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SECTION 1. H4CPlus™ SERIES PRODUCT PROFILE 

1.1 DESCRIPTION 
The H4CPlus Series arrays feature 3.3V, 5V and 

mixed-voltage capability, high-speed interfaces, and an 
analog Pll for chip-to-chip clock skew management. 
The gate length has been reduced to 0.65 11m leff to 
provide optimum performance in a mixed-voltage envi
ronment. 

The low- and mixed-voltage capability lets designers 
customize the H4CPlus arrays to fit power and perfor
mance needs. All H4CPlus arrays have dual Voo rails 
with custom power/ground bus tying to power input and 
output buffers for all 3.3V, all 5V or a mix of system volt
age levels. Additionally, the core of the arrays may be 
powered by either 3.3V or 5V. 

New, high-speed CMTl TM, GTl TM, and PECl macros 
offer enhanced chip-to-chip communication. Motorola's 
CMTl (Current Mode Transceiver logic™) interface 
enables differential operation up to 400 MHz and up to 
200M Hz for single-ended configurations with active ter
minations. GTl inputs and outputs, and a PECl input is 
also available for additional interfacing options. 

Also, new PCI (Peripheral Component Interface) 
compliant I/O buffers are available in 5V and 3.3V ver
sions. 

Each array may have two Analog PlLs, one embed
ded into each of two corners of the die, for on-chip clock 
signals up to 125 MHz with only 250ps jitter and in
cludes on-Chip clock synthesis. 

Other design features include metal RAMs, ESSD/ 
lSSD scan macros and JTAG boundary scan macros. 

H4CPlus Series Features 
• 0.65 11m leff, channelless, 3-metal gate 

arrays 
• Typical gate delay of 280 ps at 5V and 420 

ps at 3.3V (NAN2, F0=2) 
• low power, 1l1W/gatelMHz (3.3V), 311W/ 

gate/MHz (5V) 
• 3.3V, 5V or mixed system and core voltage 

levels 
• Custom power bus tying and ground bus 

isolation for special power needs 
• Configurable I/O cell supports 2 to 24 mA, 

up to 48mA using dual I/O cells 
• PCI compliant 5V and 3.3V I/O buffers 
• High-speed CMTl interface 
• GTl I/O and PECl input macros 
• Analog Pll for clocks up to 125MHz 
• JTAG 1149.1 boundary scan 
• ESSD/lSSD scan macros 
• Single-, dual-, and quad-port metal SRAMs 
• Powerful design environment using Mentor 

Graphics' Falcon, Cadence's point tools, 
and Motorola design tools 

• OMPACTM ball-grid array, MicroCoolTM, and 
PQFP packaging 

Table 1·1 H4CPlus Series Arrays 
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1.2 HIGH-PERFORMANCE TECHNOLOGY 
The H4CPlus Series uses a self-aligned twin tub pro

cess in which n-type and p-type well implants are driven 
together to form deep, balanced wells to improve short 
n-channel transistor performance, see Figurel-l. A 
lightly doped drain (LDD) diffusion is used to reduce hot 
carrier injection effects caused by a high electric field in 
the short channel transistors. A highly-reliable multi
layer metal structure is achieved by a planarization 
technique using tapered contacts and vias. 

The combination of a small feature size and a thin 
gate oxide coating provides both high gate density and 
low power dissipation. The typical power dissipation for 
internal gates is only 11lW/gateIMHz at 3.3V and 31lWI 
gateIMHz at 5.0V with a load of 0.05 pF (fanout = 1). 

PSG 
Passivation 

PoIyslticon 
Gate 

Gate Oxide 

Figure 1-1 H4CPlus Series CMOS Device Cross-Section 

1.2.1 The H4CPlus Primary Cell 
The primary cell consists of four pairs of n- and p

type transistors. The transistors are the same size to 
optimize both gate density and routability. The primary 
cell is used to configure all H4CPlus Series macrocells. 

PoChannel 
Transistor 

vee 

Figurel-2 shows half of a primary cell (two p-type and 
two n-type transistors) configured in a 2-input NAND 
gate (NAN2). The typical gate delay for a 2-input NAND 
with a fanout of 2 is 280 ps at 5V and 420 ps at 3.3V. 

N-Channel 
Transistors 

vss 

4-~-_X 

Figure 1-2 2-lnput NAND Gate Implemented Within Half of a Primary Cell 
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1.2.2 Triple-layer Metal Routing 
A triple-layer metal (TlM) structure provides superior 

routing access to configure and connect macrocells 
and distribute power and ground, see Figure1-3. 

Figure 1-3 Triple-layer Metallization 

1.3 THE H4CPlus SERIES LIBRARY 

The H4CPlus Series library is an optimized set of 
macros containing a complete suite of I/O functions, 
combinatorial and sequential functions. Many basic 
logic functions come in several versions including stan
dardlhigh-drive capacity and scan/non-scan to provide 
you with the widest choice of functions. 

1.3.1 110 Functions 
The H4CPlus Series I/O cells, see Figure1-4, are 

configurable into inputs, outputs, bidirectionals, oscilla
tors, JTAG I/O, CMTl, GTl, and PECl interfaces. The 
standard CMOS, TIL, slew control, 3-state, open-drain 
and Schmitt-trigger 1/0 functions are available as well. 
The I/O cell also provides pull-up and pull-down resis
tors, active terminations for CMTL, voltage translation 
between 3.3V and 5V levels, and power and ground 
connections. 

• 3.3V, 5V and Mixed-Voltage 110 
The I/O cell can support any combination of 3.3V and 

5V in system and core voltage requirements. This is ac
complished with a voltage translator to translate be
tween logic levels based on the system and core 

H4CPlus Series Design Reference Guide 
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One important benefit of TlM routing is improved 
routability for higher gate utilization. TlM also provides 
improved clock distribution by moving the clock signals 
to the top metal layer where the capacitance per unit 
length is 30% less than the lower metal layers due to a 
thicker dielectric layer. In addition, TlM reduces inter
connect delays typically by 10% with shorter intercon
nect lengths and improves power distribution. 

• Gate Ensemble™ Place and Route 
The design of the routing layers is accomplished with 

Cadence's Gate Ensemble place and route system. 
Some of Gate Ensemble's capabilities include timing 
driven layout (net and path constrained), sofVfirm 
grouping of macros, clock-tree synthesis, incremental 
layout changes, and highly accurate distributed RC cal
culations. In addition, the power-bus router automati
cally uses single-, double-, or quadruple-width power 
tracks to optimize performance while minimizing spent 
routing channels where needed. 

• PrediXTM Floorplanning 
PrediX is Motorola's patented floorplanning and 

routability analysis tool that enables designers to pre
dict and improve routing congestion especially in com
plex circuits. PrediX is easy to use and interfaces with 
Gate Ensemble to assure the desired results in layout 
and timing. 

voltages, see Figure1-4. 

Figure 1-4 H4CPlus Series 110 Cell 

Low-voltage interfaces are important in systems 
requiring low-power since most of the power dissi
pated in ICs occurs in the outputs. However, perfor
mance is usually sacrificed for lower power. The 
H4CPlus Series 1/0 offers all combinations of system 
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and core voltage levels to meet power and perfor
mance goals. For example, the ONl8 is a 12mA out
put for a 3.3V/3.3V (3.3V core with 3.3V Input/Output. 
It's power dissipation is about 56% less than the 5V/5V 
ON8 output, but it is 41 % slower at 100pF, see 
Figure1-5. The ONLX8 (3.3V/5V) and the ONX8 (5V1 
3.3V) is moderately slower than the ON8. 

4 

3 

O~~~--~~~--~~--~~~ 

o 20 40 60 80 100 
Load (pF) 

Figure 1·5 Performance Comparison of 12mA 
Output Buffers 

• PCIIiO Buffers 
PCI (Peripheral Component Interface) is emerging 

as a new high performance local bus architecture. It is 
a highly flexible, processor independent architecture 
that has applications in low- to high-end desktop, server 
and low-power, mobile systems. Motorola offers PCI 
compliant 3.3V and 5V I/O buffers to allow connection 
of H4CPlus arrays to any PCllocal bus ·speedway". 

• CMTl Interface 
Motorola's new Current Mode Transceiver logic 

(CMTl) buffers provide a low-power altemative to 
high-speed interfaces. On-chip active termination 
allows for the lowest possible power dissipation while 
enhancing the performance. They may also be config
ured with external son terminations in bi-directional or 
PECl applications. The flexibility of this design allows 
Simple, direct interfaces to ECLinPS or other ECl-level 
chips operating in a PECl environment with standard 
terminations. 

MOTOROLA 
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Applications forCMTl range from video to telecom
munications to tightly-coupled processor/cache inter
faces. I/O pair delay is less than 2ns worst-case. 
Systems are no longer limited by slow buffers for criti
cal chip-to-chip paths. 

• GTl Interface 
GTl is able to drive system backplanes while still oc

cupying only a single I/O site for son and two sites for 
25n. This licensed implementation provides a high-per
formance bus interface driver for use in RISC/CISC 
processor applications at system bus speeds well in ex
cess of 50MHz. 

• PECl Input Buffer 
Standard Pseudo ECl voltage inputs created by 

ECl logic functions or special clock control and distri
bution chips can be brought directly into the chip in 
either differential or single-ended configurations. 

• JTAG Boundary Scan 110 
The H4CPlus Series I/O cell has JTAG logic built-in 

to minimize the impact on performance and gate over
head. Also, the JT AG control and scan data signals be
tween I/Os are connected automatically by design. 

• Selectable Output Drive 
Up to 24 mA is available from a single I/O cell, two 

cells may be paralleled for up to 48 mA drive from a sin
gle output pin. (All JTAG outputs and bidirectionals are 
not parallelable, but have higher current capacity ver
sions available.) Unused output drivers may also be 
used to drive highly loaded internal signals such as 
clock networks. 

• Slew Rate Control 
Slew rate control outputs are available to reduce sys

tem SSO noise as well as over-shoot and undershoot 
of output signals caused by fast rise and fall times. All 
4 and 8 mA output buffers have a moderate (10%) and 
slow (30%) slew control version. 

• Oscillators 
Three different oscillator I/O macros are available on 

the H4CPlus Series arrays: non-inverting buffer, clock 
buffer, and Schmitt trigger versions. These macros can 
be configured for ceramic resonators from 32 KHz to 
above 60 MHz with quartz crystals. Please see Section 
3.3.5 for details on using these oscillator I/O macros. 
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1.3.2 Macrocells 
The mature H4C Series library has been optimized to 

~ set of the most popular and efficient functions, includ
Ing several new scan macros, for the H4CPlus library. 
All H4CPlus macrocells have been characterized at 
typical operating conditions for 3.3V and 5.0V operation 
for the highest modelling accuracy. A summary of avail
able macrocell types is shown in Table 1-2. 

Table 1-2 Summary of Macrocells 
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----c-- NAN2 (5V) 

0 NAN2B(5V) 
0 NAN2H(5V) 
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Figure 1-6 Performance of NAN2 Macros 
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Several types of macrocells come in high-drive, bal- II 
anced slew-rate, or complementary output versions. 
High-drive versions provide improved performance on 
nets with high fanouts. Balanced slew rate versions of 
macrocells provide more symmetrical rise and fall slew 
rates with slightly better performance than standard 
macros. For example, Figure1-6 shows the NAN2H at 
3.3V and 5V to have better performance than the bal-
anced and standard-drive NAN2. 

Table 1-3 Summary of SpeCial Functions 

Analog PLL 

Internal JTAG 

• Metallized SRAMs 

1 

6 

The metal SRAMs are a family of asynchronous sin
gle, dual, and quad-port blocks up to 2304 bits. These 
RAMs are gate array based (not diffused), and are an 
excellent choice for small memory block applications 
such as "scratch-pads" or FIFOs. 

Table 1-4 Sizes of Metallized SRAMs 

8x18 

16x8 
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16x36 

32x8 

32x18 

32x36 

64x18 

64x36 

8x18 

8x36 

8x72 

16x9 

16x18 

16x36 

16x72 

32x9 

32x18 

32x36 
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16x36 

32x18 
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1.4 SPECIAL DESIGN FEATURES 
The H4CPlus Series offers solutions to many of to

day's design problems. Increasing application com
plexities place higher demands on performance, clock 
skew management, testability, 110 capability and work
station based design environments. This section de
scribes some of the special features of the H4CPlus 
Series that provide solutions to these problems. 

1.4.1 Design for Testability 
The time and cost to test an ASIC increases expo

nentially as the complexity and size of the ASIC grows. 
Using a design for test (OFT) methodology allows large, 
complex ASICs to be efficiently and economically test
ed. 

Motorola supports several OFT methodologies, in
cluding ESSDILSSD scan and JTAG boundary scan 

• ESSDILSSD Scan 
Motorola offers Edge Sensitive Scan Design and 

Level Sensitive Scan Design (ESSD/LSSD) versions of 
flip-flops, latches and other functions in the H4CPlus 
Series library. 

• JTAG Boundary Scan 
Motorola's JT AG 110 and JT AG control macrocells 

are designed to conform to the IEEE 1149.1 JTAG 
boundary scan specification. The JT AG I/O macrocells 
are designed to optimize performance and minimize sil
icon overhead by embedding all sequential and multi
plexing logic within the 110 sites of the array. 

MOTOROLA 
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1.4.2 Clock Distribution and Management 
ASICs are becoming an integral part of system de

sign and are regularly found interfacing with multiple 
chips including other ASICs, microprocessors and 
memories. Optimizing performance of such systems 
rests on maximizing communication between chips us
ing synchronous interfaces. Clock skew control and 
distribution, both on-chip and between chips, is of criti
cal importance.The Motorola solution to clock manage
ment is to use the clock tree to control skew on-Chip 
and an analog PLL to control clock skew between 
ASICs. 

• Clock Distribution 
Motorola offers clock tree synthesis during layout to 

build balanced clock distribution networks or clock 
trees. Clock trees are load-balanced networks that syn
chronizes clock signals for all on-chip sequential ele
ments. Clock trees have a minimal effect on design 
routability, critical data paths, timing driven layout and 
floorplanning. 

• Analog Phase Locked Loop 
Motorola's analog PLL (APLL) may be used to syn

chronize multiple ASICs up to 125MHz (VCO/2). The 
APLL is an embedded function and requires 6 (CMOS) 
or 7 (PECL) pins for VCO control, reference frequency, 
test, and power signals (see Section 3.8). No external 
filters are needed. 

An APLL is diffused into two opposite corners of all 
H4CPlus arrays. No area within the core of the array is 
used so the APLL does not reduce the total gate count. 
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SECTION 2. THE OPEN ARCHITECTURE CAD SYSTEM 

2.1 INTRODUCTION WAJ!~ Motorola is in partnership with several leading CADI 
CAE vendors to integrate the best design tools in the in
dustry into one system. In many cases, Motorola has 
been instrumental in the definition and refining of key 
third-party design tools. 

OpenArchHecture 
CAD System 

To satisfy specific CAD requirements, Motorola has 
developed several design tools to perform netllsting 
and translation, rule checking, delay and timing calcu
lation, fault grading and automatic test pattern genera
tion, floorplanning, test vector analysis and processing. 

eral of the industry's most powerful design tools with 
Motorola'S high-performance tools into a standard EDIF 
based CAD environment. The release of this Design 
Reference Guide corresponds to the release of two ma
jor versions of OACS: OACS 2.3 and OACS 3.15M. 

This section briefly describes Motorola'S OACS ASIC 
design system and design options. 

2.2 THE OPEN ARCHITECHTURE CAD 
SYSTEM 

OACS 2.3 is Motorola's point tool CAE solution 
based on Cadence's ConcepfI"M schematic editor, Syn
opsys' synthesis tools, and Cadence's Verilog™ logic 
simulator. 

The Open Architecture CAD System (OACS) offers 
a highly versatile and powerful design environment for 
the design of Motorola's H4CPlus, H4C Series, and 
HDC Series CMOS arrays. The system integrates sev-

OACS 3.15M is Motorola's framework based CAE 
solution using Mentor Graphics' Falcon™ Framework. 
This solution provides support of Mentor Graphics' de
sign entry tools and QuickSim II logiC simulation. 

The following sections will discuss the OACS design 
flow and how each solution fits into the flow. 

OACS 2.3 and 3.15M Features 

• EDIF 2.0.0 backplane to provide an open design environment 
• Supports the following third-party design tools: 

• Synopsys' Design CompilerTM , DesignWare™, HDL Compiler'fM and Test CompilerTM (optional) 
• Cadence's Concept™ schematic capture (2.3) 
• Cadence's Verilog XL TM simulator and Veritime™ static ,timing analysis (2.3) 
• Quad Design's MOTIVE@ static timing analysis (optional) (2.3) 
• Mentor Graphics' schematic capture Design Architect 
• Mentor Graphics' FALCONTM FRAMEWORK (3.15M) 
• Mentor Graphics' QUICKSIM IITM simulator and QUICKPATHTM static timing analysis (3.15M) 
• Mentor Graphics' AutoLogic™ design synthesis tool (3.15M) 

• Motorola design tools: 
• DECALTM delay calculator 
• FeliXTM diffused SRAM compiler (optional) 
• Mustang™ automatic test pattern generation (optional) 
• TestPASTM test vector validation and extraction 
• ERC and MARV comprehensive electrical and manufacturing rules checking 
• PrediXTM floorplanning, routability prediction, and placement tool (optional) 

• Testability support: ESSD/LSSD scan, JTAG boundary scan, BIST, and scan synthesis 
• Sophisticated delay and timing limits calculations for accurate simulation and timing analysis 

• Estimated and actual (back-annotated) wire capacitances 
• Includes intrinsic, rise/fall time, output pin loading and distributed RC delays 
• Continuous process, temperature, and voltage variation 

• Clock skew management: clock-tree synthesis, PLL, timing driven layout 
• Supports multiple technologies: HDCMOS, H4C, H4G-CDA-1C, H4CPlus 
• Supported on HP900017XX and SUN 4 Sparc@ workstations 
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2.3 THE OACS DESIGN FLOW 
From the conception of a design to its fabrication, the 

OACS design flow is accurate, efficient, and flexible. 
The design flow has three basic phases (see Figure 2-
1): design capture and verification, physical design, 
and post-layout design verification. 

2.3.1 Design Capture and Verification 
• Building the Design Directory 

The first step is to build the OACS design directory 
structure using CREATE_BLOCK. The directory struc
ture is created automatically in seconds, specific com
pany and design related information is entered for 
DESIGN_INFO. 

• Design Capture and Synthesis 
Next, there is a choice of either schematic capture or 

logic synthesis to enter the design into the OACS envi
ronment. The design can be entered in schematic form 
using either Mentor Graphics' DESIGN ARCHITECT 
design entry tool or Cadence's Concept schematic edi
tor. If synthesis is used, the design can be described in 
Verilog hardware description language, industry stan
dard VHDL, or truth tables for input to Synopsys' syn
thesis tools. Based on the OACS version being used, 

Synopsys either transfers the design to Mentor Graph
ics' EDDM database via Synopsys' Falcon IntegratorTM 
or creates a basic EDIF netlist which specifies the Mo
torola macrocells and describes their connectivity in the 
design. In the latter case, EDIFMERGE processes this 
basic EDIF netlist to include additional information such 
as cell properties and package pin assignments. The 
design VHDL description can also be input to Mentor 
Graphics' AutoLogic for design compilation and EDDM 
database creation. 

If the design requires memories they can be selected 
from several single-, dual-, and quad-port SRAMs in the 
H4CPlus Series library. 

• Netlist Generation 
NETLIST accepts schematic data or an EDIF netlist 

from EDIFMERGE to translate designs into an EDIF 
netlist, Verilog netlist, control files, and templates of 
other necessary files as needed by each of the OACS 
versions. 

• Netlist Verification 
After the EDIF netlist is ready, ERC scans the netlist 

and checks for violations in connection, I/O, and pack
age pin rules. 

Table 2-1 OACS DESIGN TOOLS 
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Figure 2-1 OACS Design Flow 
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• Pre-Layout Simulation and Timing Analysis 
Before releasing designs for layout best and worst

case simulations must be performed using Verilog or 
QUickSim II. For OACS 2.3, DECAL calculates delay 
and timing data based on intrinsic delays, net and gate 
loading, slew rate effects, and net RC delays. For 
OACS 3.15M, TimeBase™ (Mentor Graphics' Central 
Delay Calculator) is invoked by QuickSim II to calculate 
the delay and timing data based on the same informa
tion as DECAL. 

• Static Timing Analysis 
Static timing analysis is optional and is supported on 

Mentor Graphics' QuickPath, Cadence's Veritime, and 
Quad Design's MOTIVE. Also, automatic test pattern 
generation and fault grading is available on Motorola's 
Mustang tool. 

• Test Vector Processing 
TestPAS is a system of tools that process your sim

ulation and scan test vectors into vectors that are com
patible with automatic IC test equipment. 

2.3.2 Physical Design 

• Floorplanning and Placement 
Prior to release, designer's may elect to floorplan 

their design to optimize for density or performance. Pre
diX, Motorola's floorplanning tool, allows experimenta
tion with various floorplans to achieve gate density and 
performance goals. In addition, the designer may elect 
to use PrediX to place design components onto the 
base array to improve the accuracy of the pre-route de
lay estimation. 

• Routability Prediction 
A Unique feature in PrediX is it's patented routability 

prediction capabilities. PrediX, void of floorplan and/or 

placement information, will give the designer immedi
ate insight into the designs routability 

• Place and Route 
Physical design is performed by Motorola's Option 

Development Engineers (ODE). An ODE is dedicated 
to each option and works directly with designers to sat
isfy layout requirements. Options such as timing driven 
layout and clock tree synthesis are available to optimize 
silicon performance. Upon completion of the physical 
design, back-annotation data of actual wire routing 
lengths and RC parasitics are provided for post-layout 
verification and simulation. 

2.3.3 Post-Layout Design Verification 
The post-layout design verification is performed by 

the customer to assure that the physical layout of the 
design satisfies all performance and timing require
ments. Post-layout simulations use the actual wire 
lengths and RC parasitics obtained from the physical 
layout to provide simulations that represent the circuit's 
behavior in silicon. Following a successful post-layout 
design verification and customer sign-off, Motorola be
gins manufacturing of the ASIC design. 

2.4 OACS TECHNICAL SUPPORT 
Motorola produces a complete set of manuals and 

provides direct access to technical assistance to sup
port the OACS tools. 

Accompanying the OACS software are five manuals 
which provide all the information needed to complete a 
successful ASIC design. 

Motorola also offers on-line technical assistance 
from several regional design centers (RDCs) and CAD 
applications engineers to handle any problems. The 
ROC engineers are fully trained in the OACS software 
and third-party tools as well as in ASIC design. 

Figure 2·2 OACS 2.3 and 3.15M Documentation 
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SECTION 3. DESIGN CONSIDERATIONS 

3.1 INTRODUCTION 

This chapter describes the special features and de
sign considerations of the H4CPlus Series arrays in
cluding 1/0 macros, power and ground requirements, 
power estimation, delay calculations, metallized 
SRAMs, and operation and use of the analog PlL. 
Where applicable, supporting documents such as ap
plication notes are cited for additional information. 

3.2 GENERAL DESIGN INFORMATION 

Core macro cells may be powered by either of the 
two basic supply voltages 3.3 V or 5.0 V. There is no 
core power segmentation. All core macro cells are fully 
characterized at both voltages. Core macros use the 
same name for both voltages, for example, a two-input 
"AND" gate would use the macro name, AND2, regard
less of the selected supply voltage. 1/0 macros all have 
unique names. Not all 1/0 macros can be used with a 
single core voltage. When a core voltage is selected, a 
library containing the appropriate set of core macro 
switching characteristics is selected and the appropri
ate subset of 1/0 macros is then available for use. For 
a 5.0 V core (4.0-5.5 V), the library is H4CP5; for a 
3.3 V core (2.7-4.0 V), the library is H4CP3. 

For mixed voltage designs, the recommended pow
ering sequence is to always activate or deactivate the 
highest voltage supply first for tuming on or off the ASIC 
respectively. 

3.3 H4CPlus SERIES 110 MACROS 

This section describes the 1/0 cell and its various 
configurations as input, output, bidirectional, system in
terconnect, and oscillator macrocells. Included are de
sign rules for 1/0 macros and oscillator pin placement. 

The 1/0 cells provide all possible signal translation 
between mixed 3.3 V and 5.0 V systems. Input cells are 
powered from the core supply (VDD) independent of 
the input Signal swing. Each output cell may be pow
ered with either 3.3 V or 5.0 V independent of the core 
power supply. 

The 1/0 cells that encircle the gate array core are de
signed to be highly-flexible and configurable into nu
merous 1/0 macro combinations. Each 1/0 cell contains 
input and output drivers, pull-resistors, ESD protection 
diodes and JTAG circuitry (see Figure 3-1). 
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110 Cell Configurations: 
• Inputs: Standard CMOS and TTL, Schmitt trig

ger, and high-drive macros 
• Outputs: Standard CMOS and TTL, 3-state, and 

open-drain in 3 to 48 mA drive capacities 
• Bidirectionals: all standard 1/0 types 
• System Interconnect: CMTl 1I0's, GTl 1I0's, 

PClllO's and PECl inputs (see Section 3.3.4) • 
• JTAG boundary scan 1/0 macros 
• Oscillator macrocells 
• Power and ground sites 
• ENID (enable 100) test pin (see Section 3.4.7) 

Figure 3-1 Simplified Diagram of the H4CPlus 
Series 110 Cell 

3.3.1 Input Macros 

The various input macro configurations include 
CMOS, TTL, inverting/non-inverting, Schmitt trigger, 
and high-drive clock input macros. Table 3-1 lists the 
various types of input macros available. All input 
macros are available in a JTAG version. See Section 5 
Macro Naming Conventions. 

Each input macro symbol, see Figure 3-2, has place 
holders for the input signal name (customer defined) 
and package pin number (also customer defined). 
Three connection ports (PAD, IC and 01) are also avail
able. 
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Table 3·1 H4CPlus Series Input Macros (Non JTAG) 

MACRO NAME 

I 

PAD ON-CHIP 
PACKAGE PIN SIGNAL 

NUMBER 

Figure 3·2 Example Input Symbol 

The internal pull-resistors can be used to prevent the 
input macros from floating to an unknown state when 
they are not being driven by an external source. When 
selected, a pull-up resistor (about 75K ohms), always 
tied to the core power bus (VDD), is connected to the 
IC port of the input symbol as shown in Figure 3-3, to 
provide a high logic state. A pull-down resistor (about 
35K ohms), always tied to the output ground rail 
(OVSS), may be connected to provide a low logic state. 

MOTOROLA 
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Differential input or differential bidirectional pins may 
use pull-resistors. If pull-resistors are used on differen
tial inputs, two pull-resistors must be used, one pull-up 
on IC and one pull-down on IC2 or the reverse, but not 
one input with a pull-resistor and the other input with no 
pull-resistor. 

Pull-resistors are not meant to replace external pull
up or pull-down resistors which are attached to 3-state 
open-drain buses. 

PUL 

~~ICI 
I 

XXX 
PAD ~ IC 

Figure 3-3 Example of an Input with a Pull·Up 
Resistor 

All input macros are tied to the core power bus 
(VDD). For a 3.3 V core power bus chip with 3.3 V out
puts and 5.0 V inputs, input macros must have their 
ESD diode connected to 5.0 V. Therefore, OVDD5 
must be connected to 5.0 V, even though all outputs 
may be 3.3 V macros. 

3.3.2 Output Macros 
The various output macro configurations include 

standard CMOS, TIL, 3-state, slew-rate control, and 
open-drain output macros. Note that the number in the 
standard output macro name is not the output drive 
strength in mA (see Table 3-2). Most output macros are 
available in a JTAG version with the exception of 3 and 
48 mA drive outputs. See Section 5 Macro Naming 
Conventions. 

Each output symbol has place holders for the output 
signal name and package pin number. Each output also 
has a threshold-level (CMOS or TIL) property (not dis
played) and two or three signal ports (DO, EN, and 
PAD), see Figure 3-4. The 3-state output macros have 
an additional port "EN" for the output enable signal. 

The threshold-level property defines the CMOS or 
TIL switching level for timing purposes. The default 
value is "CMOS". 

The 48 mA drive outputs (ON32x) require two I/O 
cells. The location of the output pad within the two cells 
is selected through the MASTER_OFFSET property in 
OACS. The default for this property is a zero. This plac
es the output pad in the numerically lower location. 
When this property is set to one, the numerically higher 
pad is selected. 
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Table 3-2 H4CPlus Series Output Macros (Non 
JTAG) 

1. See eleC1rical specifications for additional information. 
x = Suffix such as 52, T, and 00. 

3.3.2.1 Slew Rate Control Output Macros 
Fast signal transitions and simultaneously switching 

outputs can cause crosstalk on adjacent signal pins 
and power bus noise. Output macros with the slew rate 
control can be used to slow the transition times of the 
output signal and reduce both types of noise. The slew 
rate control option is available for all ON4 through 
ON32 type output macros. Outputs with the "S2" suffix 
(ON4S2, ON8S2, etc.) provide a slew rate reduction of 
about 10% forON4S2, ON8S2, ON16S2, and ON32S2 
with 25, 50, 100, and 200 pF loads respectively. 

MACRO~~~il:~~"E 
xxx 

DO ~ PAD 

EN . PAD 
PACKAGE PIN NUMBER 

Figure 3-4 Example Output Symbol (3-State) 
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3.3.2.2 3-State Output Macros 
3-state output macros are commonly used in bus ap

plications when a high-impedance state is desired 
when the output is not used. For bidirectional 3-8tate 
macros, pull-resistors can be used to force the output 
to a "weak" low or high state while the output is dis
abled. However, the pull-resistors are not meant to re
place external pull-up or pull-down resistors that are 
attached to a 3-state bus. The CAD system does not 
model pull-resistors on outputs because these resistors 
are parametrically checked on the tester but functional
ly will be over driven by test circuitry. Table 3-3 contains 
the states for bidirectional output macros with and with
out pull-resistors. All 3-state outputs use the 'T' suffix 
(ON2T, ON16T, etc.). 

Table 3-3 Function Table for 3-State Bidirec
tional Output Macro 

3.3.2.3 Open-Orain Output Macros 
Open-drain output macros are often used to "wire

AND" multiple control signals on a common bus. The 
common bus will maintain a "low-state" as long as one 
or more signals is low. This avoids signal contention 
causing invalid logic states on the bus. For bidirectional 
open-drain macros, an external pull-up resistor is used 
to hold the output of the open-drain macro to a weak 
"high-state" until a low input forces its output to a "Iow
state", see Table 3-4. Open-drain outputs use the "00" 
suffix (ON20D, ON160D, etc.). Internal pull-resistors 
are not meant to replace external pull-up or pull-down 
resistors which are attached to an open-drain bus. 

Table 3-4 Open-Orain Output Macro Function 
Table 
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3.3.3 Bidirectional Macros 
Bidirectional macros are configured using a 3-state 

output macro and an input macro, see Figure 3-5. Only 
output and input macros with a "B" prefix can be used to 
configure bidirectional macros. 

Internal pull-up and pull-down resistors may also be 
used in bidirectional macros by connecting the resistors 
to the "BIC" or "BC" ports or on the connecting net. 

The available outputs and inputs used to configure bi
directional macros are listed in Table 3-5. 

Table 3-5 Bidirectional Input and Output Macros (Non JTAG) 

MOTOROLA 
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MACRO SIGNAL 
NAME '\ NAME \ 

BON16T 1\ 
xxx 

~ '(AD 

PAD 

01 

Figure 3-5 Example Bidirectional Macro 
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3.3.4 System Interconnect Macros 
For high-speed chip-to-chip communications, the 

H4CPlus Series arrays support four types of data inter
face circuitry; Current Mode Transceiver logic (CMTl), 
Gunning Transceiver logic (GTl), Peripheral Compo
nent Interconnect (PCI) and Pseudo ECl (PECl). The 
available output and input macros used to configure 
each data transmission system are listed in Table 3-7. 
logic level information about each of the four systems 

DESIGN CONSIDERATIONS 

is displayed in Table 3-8. See Table 3-9 for worst case 
operating frequencies. Each of the data transmission 
systems has advantages and disadvantages as de
scribed in Table 3-6. The designer should select the ap
propriate system or systems for each design. For 
detailed application and performance information, refer 
to application note AN1521/D, High-Performance 
CMOS Interfaces for H4CPlus TMSeries Gate Arrays. 

Table 3-6 Comparison of System Interface Types 

Table 3-7 H4CPlus Series System Interface Macros 
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Table 3·8 Logic Levels for System Interface Macros 

Table 3·9 Worst Case Operating Frequencies (Preliminary) 

1. GTl and PCI operate in the single-ended mode. 

2. CMTl and PECloperate In differential mode. 

3. Output frequencies are dependent on PC board layout techniques, transmission 
line and crosstalk. 

3.3.4.1 Current Mode Transceiver Logic 
Current Mode Transceiver Logic (CMTL) was de

signed by Motorola to provide a high-speed interface 
with the following characteristics: 

• Reduced voltage swings 
• Low standby power 
• High noise margins 
• No external components for point to point 
• Matched resistor termination for multi-tap 
• Single or differential drive 
• Differential bidirectional bus driving 
• Internal active termination 

The CMTL driver output stage is a complimentary 
push-pUll CMOS output circuit with a reduced output 
voltage swing centered at the mid-point of the VDD 

MOTOROLA 
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power supply (VDD/2). The output stage eliminates the 
Miller capacitance and uses smaller devices than GTL 
in order to provide a higher bandwidth. Figure 3-6 
shows an example of the OD32TCMT macro, a 32 mA 
CMTL differential output driver with an active termina
tion across the outputs (denoted with the symbol 'T'). 
The active termination is a pair of FETs connected like 
back to back diodes in order to further limit the swing at 
the output. The active termination sets the quiescent 
current of the driver at about 3.7 rnA for VDD = 5.0 V. 

The OD32TCMT is used to drive twisted pair line 
(Zo = 100 to 150 ohms) or two controlled impedance 
printed circuit board (PCB) lines (Zo = 50 to 100 ohms). 
The latter may have a CMTL receiver connected at the 
end of the lines without using termination resistors. The 
resistors are not needed for point to point connections 
due to the effective output impedance of the driver (32 
ohms for VDD = 5.0 V and 50 ohms for VDD = 3.3 V) 
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which provides a series termination for twisted pair 
lines having a Zo of 100 ohms or controlled impedance 
PCB lines having a Zo of 50 ohms. For mUlti-taps on the 
lines, a resistor can be placed across the twisted pair at 
the end of the line with a value equal to the character
istic impedance of the pair of lines. Figure 3-7 shows an 
example of the ICMD macro which is a CMTl differen
tial receiver. For VDD = 5.0 V, the receiver has an input 

sensitivity of ±200 mV differential for frequencies less 
than 200 MHz. The OD32TCMT can also be connected 
to an ECl receiver such as the ECLinPS MC10El16! 
1 OOEl 16 for ECl receiver communications between 
CMOS arrays and to ECl operating on a positive sup
ply voltage. Figure 3-8 shows an example of differential 
CMTl driving two transmission lines with no termina
tion for point to point communications. 

DO 

DO 

OUTPUT SIGNAL NAME 

\ MACRO NAME 
r----

~= :u9L: '\ XXX 
PAD 

XXX 
'(AD2 

PAD 

II~I 
I PAD2 I 
____ ...J 

EN PACKAGE PIN NUMBER Active Termination Circuit 

EN 

Figure 3-6 Example CMTl Driver Symbol 

INPUT SIGNAL NAME 

PAD '" ! MACR~NAME 

XXX 
PAD2 

xxx 
PAD 

ON-CHIP 
SIGNAL 

PACKAGE PIN NUMBER 

Figure 3-7 Example CMTl Receiver Symbol 

ZO,ld 

ZO,ld 

Coaxial Tranmission Lines 

CHIP"A" I OFF CHIP I CHIP"B' 

Figure 3-8 Differential CMTL with Active Termination 

01 
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3.3.4.1.1 Differential VO Rules 
Differential 1/0 require two adjacent pads and at

tached package pins and two 1/0 cell sites. When using 
differential macros it is helpful to refer to the array floor
plans or pad-to-pin cross-reference tables to locate 
suitable 110 cells for differential macros. Not all 110 cells 
have connecting die pads and depending on the pack
age, not all die pads are connected to a package pin. 

Design Rules for Differential VO Macros: 
1. Differential pads (PAD and PAD2) must be on 

the same side of the chip and occupy adjacent 
1/0 cells connected to bond pads and package 
pins. See Figure 3-16 for the general layout of 
1/0 cells and pads. 

2. PAD must always be associated with an 1/0 cell. 
3. PAD2 (10_PIN1) must always be associated 

with a lower 1/0 site number than PAD 
(l0_PIN2). 

3.3.4.2 Gunning Transceiver Logic 
Gunning Transceiver Logic (GTL), is a single-ended 

transmission line system with receivers, drivers and bi
directional macros (see Figure 3-9 and Figure 3-10). 

The GTL drivers are open drain N-channel devices 
and the receivers are high gain differential compara
tors. The inverting input of all the GTL receivers is con
nected to the reference voltage pin, INPVROB (see 
Section 3.4.6.1). This pin is required if a GTL macro is 
used in the design and should be connected to O.B V to 
maximize the noise margin. The GTL receivers have an 
uncertainty band of ± 50 mV around the reference volt
age, INPVROB. The output sink current of the GTL driv
er ON20G macro is 24 mA while the BON40G macro is 
48 mAo The ON20G macro is used to drive 50 ohm sin
gle-ended transmission lines with a 50 ohm resistor 
connected at the end of the line between the VI supply 
(VI = 1.2 V) and the signal line. 

The BON40G macro is used to drive a bidirectional 
50 ohm transmission line with a 50 ohm resistor con
nected at each end of the transmission line between the 
VI supply and the signal line. BON40G is a single pad, 
dual site macro. OVSSP is a single pad, dual site macro 
which co-exists on the same sites as the BON40G. 
OVSSP is a special macro that provides the hi-drive ca
pability (currents above 24 mAl to the adjacent macro. 
It must be placed in the numerically lower 1/0 cell site 
adjacent to the BON40G macro. By driving terminated 
transmission lines, high performance buses can be de
signed which minimize signal reflections that cause 
overshoot and undershoot. 
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INPUT SIGNAL 

/NAME I 
MACRO NAME 

xxx 
PAD 

PAD ON·CHIP 
PACKAGE PIN SIGNAL 

NUMBER 

Figure 3-9 Example Gunning Receiver Symbol 

OUTPUT SIGNAL NAME 

MACRO NAMl......ON~OG \ 

---{»--1 - ~ 't ~~ 
DO tl \ 

',l PAD 

PACKAGE PIN NUMBER 

Figure 3-10 Example Gunning Driver Symbol 

3.3.4.3 PCI (Peripheral Component Interconnect) 
The PCI bus was developed to provide a high-speed 

standard expansion bus for interfacing peripheral 1/0 to 
the processor and memory subsystems. It is processor 
independent and the bus is guaranteed to oper~te a~ 
33 MHz. It was also designed for future expansion with 
3.3 and 5.0 volt component combinations and 32 and 
64 bit data interface. The benefits are lower costs 
through larger volumes, auto-configuration eliminates 
setup, upgradeable to higher performance, and plug 
and play. PCI is being used with the PowerPCTM, AI
pha™, 486, Pentium™ processors, and other chip set~, 
graphics, bridges and controllers, SCSI, IDE, communi
cation, video, and multimedia. 

The PCI interface is basically a CMOS bus that has 
virtually no power during steady state conditions. The 
PCI output drivers (see Figure 3-11 and Figure 3-12) 
are designed to switch only half the bus voltage re
quired in order to reduce switching currents, reduce de
vice sizes and improve circuit propagation delays. As 
the waveform reaches the end of the unterminated bus, 
the voltage doubles and returns back to the driver 
where the signal is terminated by the source imped
ance of the driver. This technique is called reflected 
wave switching in which, after the driver switches, it 
takes two times the line delay of the bus for all receivers 
to see a valid voltage. The fully loaded bus is assumed 
to be as low as 32 ohms while the unloaded trace im
pedance is 65 ohms. See Table 3-7 for a listing of the 
PCI macros that are available. 
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MACRO NAME OUTPUT SIGNAL NAME 

\NPC \ 

OO~~~~ 
V ~\AO 

PACKAGE PIN NUMBER 

Figure 3-11 Example PCI Driver Symbol 

INPUT SIGNAL MACRO NAME 

/
NAME I 

~
PCH 

xxx 01 
PAD ~ IC / 

PAD ON-CHIP 
PACKAGE PIN SIGNAL 

NUMBER 

Figure 3-12 Example PCI Receiver Symbol 

The DC specifications are very similar to TTL for the 
5.0 volt PCI as shown in Table 3-10. For 3.3 volt opera
tion, PCI uses a new, proportional input specification 
centered at 0.4 x (VDD). Proportional specifications 
provide better performance and larger noise margins. 
For input buffers, VIH and VIL are the logic threshold pa
rameters. 

What separates the specification of PCI from stan
dard CMOS is the new AC voltage and current drive 
specifications for the outputs. Table 3-10 shows the 
minimum and maximum VOH and VOL to guarantee 
successful reflected wave switching. VoH(AC) min and 
VodAC) max are the main parameters that set the 
maximum value for the output impedance. 

For instance at VDD = 4.75 V, when the output is 
switching from a low to a high, the output must reach at 
least to VoH(AC) min of 1.4 V (for a Zo = 32 ohms re
quiring at least 44 mA for 1.4V) so that with reflected 
wave switching the voltage will be twice this value, or 
2.B V. Since V IH min of the receiver is 2.0 V, this 
achieves a noise margin of BOO mV which provides ad
equate margin for transient voltage ringing. 
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Table 3-10 PCI DC and AC Voltage Specifications 

VoHmln 
2.4 Volts @-2.0mA 

VOLmax 
0.55 Volts @6.0mA 

VoH(AC)mln 
1.4 Volts @ -44mA 

VoH(AC)max 
3.1 Volts @ -142 mA 

VoL(AC)max 
2.2 Volts @95mA 

VoL(AC)min 
0.71 Volts @ 206mA 

When the output is switching from a high to a low, the 
output must reach at least to VOL(AC) max of 2.2 V 
which results in a voltage change of 3.05 V for VDD = 
5.25 V and 2.55 V for VDD = 4.75 V. This results in a 
minimum current of 95 mA for VDD = 5.25 V for a Zo of 
32 ohms. With reflected wave switching the voltage will 
be twice the voltage change reaching a VOL of -0.B5 V 
for VDD = 5.25 V or -0.35 V for VDD = 4.75 V which pro
vides a noise margin of greater than the required BOO 
mY. 

3.3.4.4 Pseudo ECl 

Pseudo ECl (PECl), is ECl operating at VCC = 5.0 
V and VEE = 0.0 V. PECl can be used in a differential 
system to gain the advantages of higher performance, 
high common mode noise immunity and signal ground 
noise immunity to minimize thermal voltage level prob
lems. However, two package pins are used by the dif
ferential system. Transmission lines normally used with 
PECl are twisted pair, coaxial cables, and controlled 
impedance printed circuit board interconnects that are 
terminated with a resistor matching the characteristic 
impedance of the transmission line. Normally an exter
nal supply, Vt = 3.0 V, is required to connect to the ter
mination resistor. PECl is also capable of driving low 
impedance (25 ohms) lines. Differential inputs require 
special rules, (see Section 3.3.4.1.1). 
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INPUT SIGNAL NAME 

PAD " ! MACR~NAME 

xxx 
PAD2 

XXX 
PAD 

ON-CHIP 
SIGNAL 

PACKAGE PIN NUMBER 

Figure 3-13 Example PECl Receiver Symbol 

3.3.5 Oscillator Macros 
Oscillator macros are used to generate clock signals 

from an external crystal and other discrete compo
nents. There are six oscillator 1/0 macros available for 
configuring crystal oscillator circuits (see Table 3-11). 
The OSCPB and the OSCPBL are the standard oscilla
tor macros for 5.0 V and 3.3 V respectively. The OS
CPHB and OSCPHBL macros are high-drive versions 
for driving high fanout clock networks. The OSCPSB 
and OSCPSBL use a Schmitt trigger input to insure 
CMOS edge speeds from very low crystal frequencies. 

The oscillator macros have two pad ports, PAD I and 
PADO, and one internal port 01 (see Figure 3-14). The 
output pad, PADO, provides the inverted signal feed
back to the crystal that is necessary for oscillation and 
01 provides the Intemal clock signal to the array core. 

Table 3-11 Oscillator Macrocells 

When using oscillator macros it is helpful to refer to 
the array floorplans or Pad-to-Pin Cross-Reference Ta
bles to locate suitable 1/0 cells for oscillator macros. 
Not all 1/0 cells have die pads and depending on the 
package not all die pads are connected to a package 
pin (see Figure 3-16). The following rules must be used 
for the oscillator to function properly. 
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PADI 
PACKAGE 
PIN NUMBER 

01 

Figure 3-14 Example Oscillator Symbol 

Design Rules for H4CPlus Series Oscillator 
Macros: 

1. Oscillator pads (PADI and PADO) must be on 
the same side of the chip and occupy adjacent 
1/0 cells connected to bond pads and package 
pins, see Figure 3-16. 

2. PADO must always be associated with an 1/0 
cell with a lower location number than PADI. 

Note: Use the Array Floorplans or Pad-to-Pin Cross
Reference Tables in Section 4 to determine correct os
cillator macro locations. 

Adjacent VO Celts Having Pad 
and Package Pin Connections 

---------1 
PAOO I 

_________ .J 

BOard Circuitry ASIC 
CHIP 

Figure 3-15 Example Oscillator Application 

01 

The oscillator macrocells contain an inverting ampli
fier and a driver to the internal array. The customer 
must supply the necessary external components to 
build a working oscillator. A typical implementation is 
shown in Figure 3-15. Please refer to the crystal manu
facturers' specifications for crystal characteristics and 
oscillator deSign. 
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Oscillator Design Hints: 
• Follow crystal manufacturers' recommendations 

for circuit components. 
• Keep PCB traces and component leads short as 

possible to avoid parasitic capacitances and 
inductances. 

• Select I/O cells with the shortest bond wire 
lengths (usually near the center of the die) to 
minimize parasitic inductances. 

• Use high quality components. 
• For fast start-up, use crystals with low series 

resistance (high 0). 

rk-i~~~ _ Unconnected 
VOCal! 

110 Cell 

Ole Pad 

Figure 3-16 Die Section Showing Valid 
Oscillator Macro Placement 

3.4 POWER AND GROUND CONSIDERATIONS 
This section describes the H4CPlus array power and 

ground buses, required power and ground rules, pre
cautions for Simultaneously Switching Outputs (SSO), 
and rules for location of SSO pins. Additionally, special 
power and ground requirements for system intercon
nect macros and the use of the required test pin are ad
dressed. A description of voltage selection and 
implementation is available in application note AN 1514, 
H4CPlu5fM Series 3.3V/5V Design Considerations. 
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3.4.1 Power and Ground Buses 
All H4CPlus Series arrays have three power and two 

ground buses, plus four reference voltage buses for 
system interconnect use (see Section 3.4.6.1). The 
buses VDD and VSS supply power and ground to the 
core and input macros. OVDD3 and OVDD5 are the 
3.3 V and 5.0 V power buses for most output and oscil
lator macros and OVSS is the ground bus for most out
put and oscillator macros. 

Table 3-12 Power and Ground Macros 

The OVDD3 and OVDD5 buses may be combined 
when all outputs are operating at a single voltage level. 
The core and output VDD buses may optionally be 
combined to form common power buses by using mac
ros. This is often desirable in reducing power bus noise 
since the bus capacitance is increased and the induc
tance decreased. Other advantages include better utili
zation of OVDDIVDD and OVSSIVSS pins and 
decreased SSO noise. Table 3-13 illustrates the cus
tomer selectable power configuration options and the 
legal power and bus tying macros. Note that VSS and 
OVSS are unaffected by the power selection options. 

3.4.2 Required Core Power and Ground Pins 
A fixed set of five power and ground pads exists at 

each corner of the array to allow easy access for func
tional probe testing (see Figure 3-17). Depending on 
the array and package type, additional core power and 
ground pins may be required (see Pin-to-Pad Cross
Reference Tables). Note: Some array/package combi
nations have no fixed power or ground pads connected 
to package pins. 
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Table 3·13 Legal Combinations of Power and Bus Tying Macros 

3.3V S.OV NlA 

S.OV S.OV No 

S.OV 3.3V NlA 

MOTOROLA 
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Yes 

Yes 

Yes 

Yes Yes 

Figure 3·17 Power and Ground Bus 

OVDD5 
OVDD3 
OVSS 
VSS 
VDD 
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The VDD and VSS requirements can be checked by 
using Eq. (3-1). The equation will determine if additional 
VDD pins are required. If the value of PAis negative, no 
additional VDD pins are required. A positive value for 
PA requires additional VDDNSS pins to be added to the 
design and the number should be equal to the numeric 
value of PA rounded up to the next integer. More pins 
may be added to improve any design. An equal num
ber of VSS pins must also be added to the design. 

E 
P A = N - P pk (3-1 ) 

where: 
PA = Total additional VDD pins required 
E = Number of equivalent gates used in the design 
N = Number of gates that can be powered from a 

power/ground pair, see Table 3-14 
Ppk = Fixed VDD pins for the selected package (see 

Pin-to-Pad Cross-Reference Tables in Section 4) 

Table 3-14 Core Power Specification 

Rules and Recommendations for VDD and VSS 
Pins: 

1. The fixed power and ground pins on each array 
are required and cannot be altered. 

2. All power bus macros require assignment to an 
I/O cell that is connected to a package pin. 

3. Additional VDDNSS pads should be evenly 
spaced with fixed VDDNSS pads. 

4. Place VDD and VSS pads near or within groups 
of high-current output macros. 

5. Use power macros to connect internal and out
put power buses. (This reduces the number of 
package pins required for VDDNSS.) 

Note: 
Depending on the deSign, rules 4 and 5 should be 

used only after consideration of SSO noise since this 
may cause increased noise in the core. 

3.4.3 Required 110 Macro Power and Ground Pins 
Depending on the array and package type, addition

al pins may be required for I/O macro power (OVDD3 
and OVDD5) and ground (OVSS). The following DC re
quirement must be met. No I/O macro may be located 
more than 25 I/O cell sites from the power macro or pin 
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supplying it with power or ground. 

Note: Some array/package combinations have no 
fixed power or ground pads preassigned to package 
pins. 

Rules for Additional OVDD and OVSS Pins: 
1. The fixed power and ground pins on each array 

are required and cannot be altered. 
2. All power macros require assignment to an I/O 

cell that is connected to a package pin. • 
3. Additional OVDD/OVSS pads should be evenly 

spaced with fixed OVDD/OVSS pads. 

3.4.4 Optional Peripheral Power Pins for SimUlta
neously Switching Outputs (SSO) 

Simultaneously switching outputs are output macros 
which change state within four nanoseconds of each 
other. As an output macro switches state, it must 
charge or discharge an external capacitive load in a 
short period of time, but the required current sourced or 
sunk by the output is inhibited by the cumulative induc
tances of the package leads and the gate array. The to
tal effect of the inductance and rapid current change 
(plus crosstalk) can be observed as voltages induced 
on the power and ground buses and also on adjacent 
signal pins, see Figure 3-18. 

Time ----. 

Figure 3-18 SSO Derived Noise 

As the number of SSO's increase so does the sever
ity of the power bus noise and other SSO related prob-
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lems such as quiet-driver noise and SSO delay. Quiet
driver noise is the induced voltage swing of an output 
macro caused by power bus noise, while SSO delay is 
the additional time needed by the output macro to 
charge or discharge a capacitive load due to reduced 
power caused by SSO. 

There are several ways to minimize SSO problems. 

Controlling SSO Noise: 
1. Provide sufficient OVDD3, OVDD5 and OVSS 

pins and distribute them as required. (see Eq. 
(3-2» 

2. Place SSO pins as close as possible to 
OVDD3, OVDD5 and OVSS pins. 

3. Place noise sensitive input signal pins such as 
clocks, enables, and resets near VSS pins and 
away from SSO's. 

Table 3-15 SSO Multiplier for Macro and Logic Type 

MOTOROLA 
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The following is an equation to determine if the max
imum number of SSO's between OVSS or OVDD pins 
has been violated. If the relationship is not true, SSO 
must be redistributed such that fewer SSO's exist be
tween OVSS or OVDD pins. If this cannot be achieved, 
additional OVSS andlor OVDD pins must be added. 

where: 
AN = Array scaling factor see Table 3-16 
MN = Macro scaling factor see Table 3-15 

(3-2) 

Table 3-16 SSO Multiplier for Array Type and 
Package (AN) 

For example, assume an H4CP075 array in a 208 
QFP with CMOS outputs. ON8 outputs are to be used 
in a bus application. AN, the SSO multiplier for array 
and package type is 8, and MN for an ON8 output is 64. 
From Eq. (3-2) it can be calculated that no more than 8 
ON8 SSO's can be placed between OVDD or OVSS 
pins; 8(8/64) S 1. Therefore, if 64 SSO ON8 outputs are 
required, at least 8 OVDD and 8 OVSS pins are re
quired. Note: As stated in Section 3.4.3, a DC check 
must also be made to determine the minimum number 
of OVDD and OVSS pins. 

3.4.5 Rules for Optional Peripheral SSO OVDD and 
OVSS Pins: 

1. The fixed power and ground pins on each array 
are required and cannot be altered. 

2. All power macros require assignment to an 1/0 
cell that is connected to a package pin. 

3. Place additional SSO OVDD and OVSS pads 
near or within groups of high-current output 
macros. 
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3.4.6 Special Requirements for System Intercon
nectMacros 

System interconnect macros have several unique re
quirements such as a reference voltage and ground 
bus segmentation. 

3.4.6.1 Reference Voltages 
System interconnect macros require a reference 

voltage if they are used single-ended. Each reference 
voltage macro is only used once in the design. All refer
ence macros require assignment to an 1/0 cell that is 
connected to a package pin. 

The following reference voltage pin names and bus
es are supported: 

INPVR08 0.8 V reference for single-ended 
GTL inputs 

INPVR25 2.5 V reference for single-ended 
CMTL inputs in 5.0 V systems 

INPVR16 1.6 V reference for single-ended 
CMTL inputs in 3.3 V systems 

INPVR38 3.8 V reference for single-ended 
PECL inputs 

For example, if a GTL input macro is used in the de
sign, a INPVR08 macro is required. 

3.4.6.2 GTL Ground Segmentation 
Segmentation of the output ground bus (OVSS) will 

only be supported for GTL output macros. Power bus 
segmentation macros isolate sections of the OVSS 
bus for isolation of GTL outputs. The isolated OVSS 
bus segments must contain dedicated pins and as 
many additional OVSS pins as required by the number 
of GTL output macros used in the design. GTL gener
ated noise on OVSS could cause false triggering in the 
1/0 or core section if OVSS bus segmentation is not 
used to isolate the GTL output. 

Rules for OVSS Bus Segmentation: 
1 . 1/0 cells designated for fixed VDDNSS cannot 

be used. 
2. All bus segmentation macros requiring a pack

age pin must be assigned to an 1/0 cell that is 
connected to a package pin. 

3. A fixed OVSS pin is required in every segment 
so that the segment will be powered when 
unpackaged chips are probed. 

4. An OVSS pin is required for every two GTL out
put macros that have a 48 mA sink current 
(such as BON40G or BONL40G). An OVSS pin 
is required for every four GTL output macros 
that have a 24 mA sink current (such as 
ON20G or ONL20G). 
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The bus segmentation macros cut the OVSS buses. 
The OVSSL and OVSSR macros are used to cut the 
bus to the left or right respectively and supply the 
power to the right or left respectively. These macros 
are also connected to an I/O pad l>uch that they can be 
connected to a package pin. The OSVSSL and 
OSVSSR macros are not connected to an I/O pad. 
They may be used when a design is pin limited. Table 
3-17 lists the available power bus segmentation mac
ros and describes their use. 

Table 3-17 OVSS Bus Segmentation Macros 

The term left (L) and right (R) is used to denote the 
direction as viewed from the edge of the chip looking 
toward the center. Since the die pads and I/O sites are 
numbered counterclockwise, left refers to a lower num
ber and right refers to a higher number. For example, 
refer to the die pad and 1/0 site numbering in Section 
4, Figure 4-1. 

The OVSSP macro may be used with dual-cell GTL 
macros (BON40G and BONL40G) to provide an output 
ground connection. The OVSSP macro may be placed 
on the adjacent pad to the GTL output thus utilizing this 
pad for ground. 

Table 3-18 contains an example of how a 9 bit GTL 
bus could be implemented on an H4CP048 array in a 
128 QFP. Since the design is pin limited, an attempt 
was made to use as few package pins as possible. Nine 
BON40G, (48ma bidirectional GTL outputs) were used. 
In addition to the nine signal pins, five pins (one for ev
ery pair of BON40G outputs) are required to be con
nected to the isolated OVSS bus. In this example, a 
total of 14 package pins were used. 

MOTOROLA 
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Table 3-18 GTL Macro Placement for 9Bit Bus on 
Left Side of H4CP048 128 QFP 

1. Die pad/cell and Package numbers start a1 top of LEFT side and 
Increment counter·clockwise 

2. OVSS, and OVDD5 Indicate fixed power and ground pads on the die for 
probe test and are array dependent. 
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3.4.7 Test Pin 
The ENID pin is required on all designs. 
A test pin, ENID (enable 100), must be added to 

each array in order to test for 100 device leakage. The 
customer must place the ENID pin in the schematic like 
any other input pin and assign it a pin number. For syn
thesis, the ENID pin must be added to the attributes 
files, similar to the power and ground pins (Le. OVDD3, 
OVDD5, VDD, OVSS and VSS). Other than selecting 
the pin number, the customer should do nothing with 
this pin; it will not be modeled and will not be simulated. 

This pin will be used at test to disable termination 
and pull·up current flow as well as disable the current 
sources in comparator inputs. The ENID pin is active 
high and has a pull-down resistor (the pull-down resis
tor current will be sourced by the tester and will not af
fect the 100 test measurement). In normal usage the 
ENID pin must be grounded. 

3.5 POWER ESTIMATION 

This section describes a manual power estimation 
method to assist in determining package requirements 
and chip junction temperature. The accuracy of this 
method is dependent upon understanding the design 
and its application. A definition of data rate and frequen
cy will help clarify the power equations. Data rate is one 
bit of data per unit of time (b/s) or a maximum of one 
transition per unit of time. Frequency is, two bits of data 
per unit of time (Hz) or a maximum of two transitions. 
For example, a data rate of 1.0 Mb/s equals a frequen
cy of 0.5 MHz. Therefore, if a flip-flop has an input clock 
frequency of 30 MHz, the maximum bit rate is 30 Mb/s 
and the maximum output frequency is 15 MHz. 

Information needed to estimate power: 
• H4CPlus array supply voltage & switching fre· 

quency 
• Estimate of utilized and simultaneously switch

ing gates 
• Number of RAMs 
• Number and types of inputs, outputs, and bidi

rectional macros 
• Loads on the outputs 
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The estimated total power dissipated by an H4CPlus 
Series array is the sum of the core, RAM, and I/O pow
er. 

(3-3) 

3.5.1 Core Power 
The bulk of the power dissipated by the intemal 

array (Poore) is based upon dynamic power of internal 
capacitive components including the input capacitance 
of each gate (NAN2 equivalent), the capacitive load of 
metal routing between macros and the output capaci
tance of 3-state macros (if applicable). The contribu· 
tion of leakage currents, and therefore static power, is 
negligible. The internal power (excluding RAMs) is: 

(3-4) 

where: 
Cg = 0.05 pF (typical gate input capacitance) 
C m = typical metal capacitance (see Table 3-27) 
Ct = 0.06 pF (typical 3-state macro output capaci-

tance) 
Ngn = number of gates switching at fn 
Nmn = number of macros switching at fn 
Ntn = number of 3-state macros switching at fn 
Voo = supply voltage {V} 
fn = output frequency of macros switching at fn 

{MHz} 
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Table 3-19 RAM Power Estimates 

2. Assumes all RAM outputs are switching. 

3.5.2 RAM Power 
A design may have several sizes of RAMs. The pow

er consumed by the RAMs must be calculated sepa
rately from the rest of the core circuitry since RAMs 
generally have higher gate density and greater num
bers of simultaneously switching gates. The combined 
power dissipated by all RAMs is 

{1.lW} (3-5) 

An estimate of the worst-case power dissipated by a 
RAM is based on its total equivalent capacitance. 

(3-6) 

where: 
Cram = total equivalent capacitance of RAMs (see 

Table 3-19) 
VOO = supply voltage {V} 
f = 1 I (total address cycle time in lIS) {MHz} 

3.5.3 I/O Power 
1/0 power (Plo) is composed of three components, 

static (Plostat), dynamic (Plodyn), and system intercon
nect (Psyslnt) power (see Section 3.5.5). 
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(3-7) 

3.5.3.1 Static I/O Power (CMOS, TTL and PCI) 
Static 1/0 power, Plostat, is caused by the leakage 

currents (lIn) of input macros and pull-resistors. lin can 
be significant if many inputs with pull-reSistors and TTL 
input macros are used. 

The leakage current of an input is dependent on the 
configuration and logic state of the input, see Table 3-
20. For example, if an input has a pull-down resistor it 
will only draw significant current during the times the in
put is in a high state. Therefore, it is necessary to esti
mate the active time an input is drawing current versus 
the total operation time. The total static 1/0 power is: 

{IlW} (3-8) 

where: 
lin = input leakage current {!lA} (see Table 3-20) 
tactlve = estimate of percentage of time when an 

input draws current (e.g.: use 0.5 for 50%) 

Table 3-20 Typical Leakage Currents for Inputs 
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Table 3-21 Estimated Short Circuit Power for 
VOMacros 

• Input edge rate = 0.5ns, Typical 25°C 

3.5.3.2 Dynamic 110 Power (CMOS, TTL and PCI) 
Dynamic 1/0 power, P1odyn, is the largest contributor 

to power dissipation by the array and is mostly the re
sult of capacitive loads (Cd on the outputs. The short 
circuit 1/0 power, Pioshort, also contributes to the dy
namic power and is estimated in Table 3-21. (The loads 
on input macros are usually small and are not consid
ered.) The dynamic 1/0 power is: 

where: 
CL = capacitive load on outputs {pF} 
f = output switching frequency {MHz} 
Pioshort = estimated short circuit power for 1/0 mac

ros (see Table 3-21) 
Voo = supply voltage {V} 
Vo = maximum output voltage swing at the operat

ing frequency {V} 

3.5.4 Power Estimation Example 
The following example estimates the total power dis

sipation of a hypothetical design and determines an ap
propriate package and junction temperature for 
simulation. 

The assumptions are: 
• Array: H4CP109 
• Utilized Gates: 70,000 gates (logic only), 25% 

worst-case switching activity; 2,000 gates (clock 
distribution), 100% worst case switching activity 

• 1/0 Types and loads: 70 CMOS inputs at 5.0 V 
swing, 30 with PUL resistors, 28 ONX2 outputs 
with 50 pF loads at 5.0 V swing and 24 BON8T 
with 50 pF loads at 5.0 V swing 

• Conditions: Core bus VDD is 3.3 V, Output bus 
OVDD5 is 5.0 V, Output bus OVDD3 is tied to 
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bus OVDD5, input clock frequency = 66 MHz, 
logic and output signals switching at 16.5 and 
8.25 MHz 

• An average fanout for macros of 2 
• No system interconnect macros are used 
• No RAM Macros are used 

The input clock is immediately divided by two and by 
four. Of the 2,000 gates in the clock path, one-half are 
at 33 MHz (NgL = 1,000) and one-half are at 16.5 MHz 
(Ng2 = 1,000). The number of macros, Nmj , is 133 (as- 3 
suming 7.5 gates/macro) and Nmt = Nm2. Of the 70,000 
utilized gates about 25% (17,500) of the gates are de-
termined to be switching during a clock cycle. One-half 
of the gates have outputs switching at 16.5 MHz (Nga = 
8,750) and one-half have outputs switching at 8.25 
MHz (Ng4 = 8,750). The number of macros, Nm3 is 875 
(assuming 10 gates/macro) and Nm = Nm4. The metal 
capacitance is obtained from Table §-27, Cm = 0.36 pF 
for the H4CP109 with an average fanout of two. No 3-
state macros are used, therefore N'nC, = zero. The 
power consumed by the internal array provided by Eq. 
(3-4) is: 

Pcore = 3.32 [33(1000(0.05) + 133(0.36» 

+ 16.5 (1000 (0.05) + 133 (0.36» 

+16.5(8750(0.05) +875(0.36» 

+ 8.25 (8750 (0.05) + 875 (0.36»] 

P core = 255,582 I1W or O.26W 

The power consumed by the 1/0 is the sum of static 
and dynamic power, (see Eq. (3-7)). 

The static I/O power is the sum of the leakage cur
rents of all inputs during their active time. In this exam
ple 40 inputs have no pull-resistors and draw 1!1A (see 
Table 3-20) all the time and 30 inputs have a PUL resis
tor which are active low about 20% of the time. The pull
up resistor is tied to VDD. The static 1/0 power using 
Eq. (3-8) is: 

Piostat = (40 (1) 1.0 + 30 (15) 0.20) 3.3 

Ploatat = 429 I1W or O.OO429W 

The dynamic I/O power is the sum of the powers con
sumed by the 28 ONX2 outputs driving 50 pF, the 24 
BON8T driving 50 pF, and the short circuit power of all 
the 1/0. The dynamic I/O power using Eq. (3-9) is: 
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Piodyn = [28(50) (5)2+ 28 (150)]8.25 

+ [24(50) (5)2+24(490)] 16.5 

Piodyn = 1,012,440 J.l.Wor1.01W 

The 1/0 power is: 

Pio = 0.00 + 1.01 = 1.01 W 

The total estimated power dissipated is: 

Po = 1.27W 

This design uses 122 signal pins which fits into either 
a 208 QFP or a 208 MicroCoolTM. For this design, the 
maximum allowed junction temperature, Tj, is 85·C (as
suming an ambient temperature of 25·C). To determine 
the required air flow, the thermal resistance Uunction
to-ambient), RaJA, must first be calculated: 

RaJA = (85 - 25) /1.27 = 47.2°C/W 

An RaJA of 47.2 °CIW can be supported by the 208 
QFP or the 208 MicroCool with no air flow (see Table 
4-2 of Packaging Section). 

3.5.5 System Interconnect VO Power 
The power consumed by the system interconnect 

output macros must be calculated separately from the 
rest of the 1/0 macros because of the special equations 
that are required. The system interconnect power is: 

The DC receiver power, PREC, is listed in Table 3-22. 

3.5.5.1 GTL Output Power 
The power dissipation of the GTL output, PGTL, can 

be expressed using the following equation: 
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Table 3-22 DC Receiver Macro Power (typ.) 

where: 

(3-13) 

where: 
CL = Total capacitance due to the input fan-in and 

package. {pF} 
f = Maximum frequency that the output is switching. 

{MHz} 
RL = Termination load resistance for matching the 

characteristic impedance, Zo, of the transmis
sion line. Note: if 50 ohm load resistors are used 
at both ends of the line for bidirectional lines, RL 
= 25 ohms. {O} 

tLOW = Fractional percentage of the cycle time the 
. output is in the LOW state. For worst case, use 
1.0.(e.g. use 0.5 for 50%) 

Vo = Output voltage swing at the operating fre
quency with the equivalent RL and CL load. Nor
mally equal to VI - VOL. {V} 

VOL = Output low voltage, 0.25 V typ., 0.4 V 
max. {V} 

VI = External GTL power supply voltage, normally 
1 .2 V, for connecting to the termination 
resistor. {V} 

The power dissipated in the external resistor load is: 

t 
P (V - V ) 2 LOWX1Q6 I"W} (3-14) EXT _RL = I OL RL U" 

Where each term is as previously described. 
As an example assume that a GTL driver is driving a 

single-ended line (1.0 ft.) terminated with a 50 ohm re
sistor to VI = 1.2 V, assume CL = 10 pF at a frequency 
off= 66 MHz. 
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The DC power using Eq. {3-12)is: 

(1.2-0.25) X106 23 5 W P GTL_DC = 0.25 50 0.5 = 7 11 

The AC power using Eq. {3-13)is: 

PGTL_AC = (10) (1.2) (1.2-0.25) (66) 

=752.4I1W 

The total GTL power is: 

PGTL = 2375 + 752.4 = 3127.411Wor 3.1 mW 

Using Eq. (3-14) the external resistor power is: 

PEXT_RL = (1.2-0.25)2(~~)X106 
= 9,025 I1W or 9.03 mW 

Note that the length of the transmission line is not a 
factor in the power dissipation. 

3.5.5.2 CMTL Output Power 

Power consumption for CMTL outputs (PCMTLl, is 
dependent on the power-supply voltage, frequency of 
operation, macro through current, termination method, 
transmission line, and load. The power dissipation for a 
CMTL output can be calculated from the following 
equation: 

where: 
PCL = power due to through-current and load 

capacitance. 

PRL = driver power due to external resistor load for 
terminated lines. Note: For differential drive, 
multiply PRL times four. 

Pact = power due to active termination. Note: If K = 
1 in Eq. (3-21) below, then Pact = O. 
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PLiNE = power due to unterminated transmission 
line. Note: PLiNE = 0, if the line is terminated at 
the receiving end with a matching impedance. 
Also, for differential drive, PLiNE must be dou
bled. 

where: 
CL = total capacitive load due to input fan-in and 

package. For differential drive, CL must be dou
bled since there are two lines. {pF} 

Cpd = power dissipation capacitance of output 
device due to through-current {pF} 
(see Table 3-23) 

CTL MOD = modified transmission line capacitance 
for power dissipation. 

TL MOD 3 
CTL MOD = -Z-Xl0 {pF} 

- a 
(3-20) 

f = the maximum switching frequency {MHz} 
lact = static current due to active termination (see 

Table 3-23) 
Note: if K =1 in Eq. (3-21), then lact = O. 

K = positive integer (when Ps is a negative number 
see Eq. (3-24» ~ 1. Note: When K = 1, voltage 
at the receiver is a maximum when the voltage 
at the driver is constant at VDD 12. 

(3-21) 

RL = termination resistor connected to VDD 12 for 
single-ended drive. For differential drive RL is 
the total resistance between the differential 
lines. {O} 

Ro = the output impedance of the CMTL driver 
{ohms} (see Table 3-23) 

T = switching period (l/f) Xl 03 {ns} 
T L = total transmission line delay {ns} 
T L MOD = modified transmission line delay for cal

-culating K and CTL..MOD {ns}; to calculate 
T L MOD use only one of the appropriate equa
tions, either Eq. (3-22) or Eq. (3-23). 

o to N. Then use Eq. (3-22) 

for n = integer from 
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or 

if 

from 0 to N. Then use Eq. (3-23) 

T 
T L_MOO = (N + 1) 2 - T L 

(3-22) 

(3-23) 

Note: The value for T L MOD must be adjusted, if Ps 
is a negative number, so that K is an integer in Eq. (3-
21). However, if K> 5, the PUNE term (1-ps k/(1+ps k) 
'" 1, for I Ps I < 0.5. The adjusted value of T L_MOO that is 
used in Eq. (3-21) must be used in Eq. (3-20). For twist
ed pair differential drive, CrL_MOO should be doubled. 

Tave = average rise and fall times for power dissipa
tioncalculations (see Table 3-23) 

Voo = Supply voltage {V} 
Vo = The output voltage swing in volts (see Tab~e 

3-23) at the operating frequency and the eqUiva
lent load condition. For unterminated lines, the 
total load capacitance should include the capac
itance for the specific line length of CrL_MOO. 
For terminated lines, the load should include the 
termination resistor. 

Zo = is the characteristic impedance of the trans
miSSion line to AC ground for controlled imped
ance printed circuit board line. For twisted pair 
differential drive, Zo is the characteristic imped
ance between the two lines. {n} 

Ps = The source coefficient of reflection 

Ro-Zo 
Ps = Ro+Zo 

(3-24) 

For terminated lines, the external load resistor, RL, 
will dissipate power as shown in Eq. (3-25). For single
ended lines with RL connected to VDD/2, then PEXT_AL 
is 1/4 the value calculated in Eq. (3-25). 

2 
Vo 6 

PEXT AL = -R X10 
- L 

(3-25) 

The PeL term lumps the total load capa?itance, i~
cluding capacitance due to the package, With the tyPI
cal power dissipation capacitance, Cpd· Cpd is a 
measure of internal capacitances given specifically for 
power consumption calculations. It provides a simpli
fied and accurate method for calculating an output pow
er dissipation caused by the switching through current. 

The PAL term is the power dissipated in the output 
device due to a termination or load resistor. It does not 
include the power dissipated in the load resistor itself 
(see Eq. (3-25». 

The Pact term calculates the power due to active self
termination. A static current is present when a CMTL 
output is terminated with the active network which re
sults in a DC power at low frequencies that can be cal
culated using Eq. (3~18). The PUNE term in the equation 
is the power dissipated due to driving an unterminated 
transmission line. 

The PUNE reaches a maximum power whenever the 
line delay is equal to a quarter wavelength (also 3/4T, 
5/4T, etc.) at which time the receiver voltage reaches a 
maximum along with the power. The PUNE reaches a 
minimum power whenever the line delay is equal to a 
half wavelength (also T, 3/2T, etc.) at which time the 
driver appears to have zero line capacitance with the 
voltage at the driver and receiver being the same with 
no overshoot or undershoot. 

Table 3-23 CMTL (OD32TCMT) Output Characteristics Versus VDD 

MOTOROLA 
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3.5.5.2.1 eMTl Power Example 
As an example of calculating PCMTl assume that a 

differential CMTl driver (OD32TCMT) with active termi
nation (see Figure 3-8) is used for point to point com
munications driving an unterminated controlled 
impedance PCB lines having a Zo of 50 ohms. Assume 
VDD = 5.0 V, f = 100 MHz, and T L = 4.0 ns. From Table 
3-23, Ro = 32 ohms, lac! = 3.7 mA, Cpd = 14.7 pF, Tave 
= 1.35 ns, and Vo = 1.83 V. Assume the package and 
fan-in capacitance is such that Cl = 5.0 pF/line. For f = 
100 MHz, T = 10.0 ns. 

From Eq. (3-16): 

PCl = (10 + 14.7) (1.83) (5) (100) 

= 22,600 IJ-W or 22.6 mW 

From Eq. (3-17) PRl = 0 since Rl is not used. 
From Eq. (3-18): 

Pac! = (100) (5) (3.7) (10-2(1.35» 

= 13,5051J-W or 13.5 mW 

From Eq. (3-23): 

Since solving for n gives N = 0; then ~ < T l < ~ 
or 2.5 <T l <5 

From Eq. (3-24): 

32-50 
Ps = 32+50 ",-0.22 

From Eq. (3-21): 

10 
K = 4 (1) = 2.5 

Therefore PLiNE must be calculated for K = 2 
(T l_MOD2 = 1.25 ns) and K = 3 (T L_MOD3 = 0.833 ns) 
and then interpolate for K = 2.5. 

From Eq. (3-20): 

CTl MOD = 1 .25 = 25 pF and 
2 0.05 

0.833 
CTl_MOD3 = 0.05 = 16.67 pF 

From Eq. (3-19): 2 
(1 - (-022) ) 

PLiNE = (100) (25) (5) (1.83) . 2 
2 (1 + (-0.22) ) 

= 20,763 IJ-W 
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(1 - (-022) 3) 
PLiNE = (100) (16.67) (5) (1.83) . 3 

3 (1 + (-0.22) ) 

= 15,581 1J-W 

Interpolating for K = 2.5, PLiNE = 18,172 IJ-W or 18.2 
mW, but for differential drive, PLiNE must be doubled 
since there are two lines. Use the value of 36.4 mW for 
line power. 

Therefore, the total CMTl power is: 
PCMTl = (22.6) + (0) + (13.5) + (36.4) 

=72.5mW 

As another example, assume that the previous exer
cise used a termination resistor of Rl = 100 ohms in or
der to match the two 50 ohm transmission lines. The 
loaded Vo can be calculated using the following equa
tion. 

Zo (50) 
V 0 (loaded) = V 0 Ro + Zo = 1.83 32 + 50 (3-26) 

= 1.12 Volts 

lac! '" 0.19 mA due to the reduced Vo amplitude 
which is approximately the same as VDD = 3.6 V (@ 1.0 
MHz) with no output load (see Table 3-23). 

From Eq. (3-16): 
PCl = (10+ 14.7) (1.12) (5) (100) 

= 13,832 IJ-W = 13.83 mW 

From Eq. (3-17): 

PRl = 4(4~1~~) )(5-1.12)X106 = 43,4561J-W 

= 43.46 mW 
From Eq. (3-18): 

Pac! = (100) (5) (0.19) (10-2(1.35» 

= 694 IJ-W or 0.69 mW 

Since the differential lines are terminated, PLiNE = 0, 
therefore the total power is: 

P CMTL = 13.83 + 43.46 + 0.69 = 57.98 mW 

The external power dissipated by Rl from Eq. (3-25): 

2 
P (1.12) X106 

EXT_RL = 100-
= 12,5441J-W or 12.5 mW 

The CMTl on-chip power for the unterminated line 
(72.5 mW) is higher than the terminated line (57.98 
mW) at 100 MHz for V DO = 5 volts. 
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3.6 DELAY ESTIMATION 

The switching characteristics (SC) data which is in
cluded on each macro data sheet (see example in Fig
ure 3-19) shows the nominal performance of the macro 
under typical conditions, but the .BC tables can also be 
used in calculating delay paths under various condi
tions. The delay calculations described in this section 
are useful in estimating critical paths under any operat
ing condition. The following equations are the same as 
those used by the CAD system, except for certain sim
plifications and assumptions. A complete description of 
the delay and timing equations is available in application 
note AN1093/D, Delay and Timing Methods for CMOS 
ASICs. 

3.6.1 Delay Equations 
The macro delay is dependent on the no-load delay, 

input rise/fall time delay, load delay and operating con
ditions. (Note that the RC delay is neglected in these 
equations.) The rising and falling delay equations are: 

tpLH = (tpLHO+tINPr +K1CLout)PTV (3-27) 

tpHL = (tPHLO + t lNPf + K2CLout)PTV (3-28) 

where: 
tpLHO' t PHLO = rising and falling macro no-load 

delays (see Figure 3-19) 
tlNPr tlNPf = estimated input rise/fall time delay 

(Table 3-24) 
K1, K2 = rising and falling load sensitivity K-factors 

(see Figure 3-19) 
CLout = total capacitive load on the output net {pF} 

(Table 3-27) 

CMOS SWITCHING CHARACTERISTICS 

PTV = process, temperature, and voltage scaling 
factors for 3.3V and 5.0V. (Table 3-25, Table 3-
26) 

The input rise/fall time delay, tlNPo of a macro is de
pendent on the output rise and fall time of the driving 
macro. The output rise and fall time of the driving macro 
can be determined by the following equations. 

tr = trO + K3CUn (3-29) 

t f = ~O + K4CUn (3-30) 

where: 
trO, tlO = no-load output riselfall times from driving 

macro (see Figure 3-19) 
K3, K4 = output rise/fall time K-factors from driving 

macro (see Figure 3-19) 
CLin = total capacitive load on the input net {pF} 

(Table 3-27) 

Table 3-24 Estimated Input Rise/Fall Time Delays 

(Input Edge Rate tr,t, = 1.oons) T J = 2S.0·C (Nominal) all units are in ns. 

Sym 
5.0 V 3.3 V 

Parameter 
FO=O F0=2 FO=8 K(n~p~ FO=O FO=2 T FO=8 K (n~p~ 

DFFRP 
1.23-6--

rv:1\. 
IpLH Propagation Delay, 0.90 0.98 1.23 1. K1 ~1.17 
tpHL CKtoa 0.91 0.99 1.22(TpHLO'l-. 1.32 1.( K2~ ~ 0.92 
tpLH Propagation Delay, 1.0S 1.13 1.38 ~ 1.Sl 1. 1.16 
tpHL CKtoaS 1.11 1.19 1.41 0.76 1.56 1.66 I 1.93 0.92 
IpHL Propagalion Delay, RS to a 0.40 0.47 0.70 0.76 0.57 0.67 I 0.94 0.93 
IpLH Propagation Delay, RS 10 as 0.55 0.63 0.8ty trO ~ 0.77 O. KaV 1.16 

tr Output Rise Time, a 0.18 0.42 1.15~- 0.23 o. ~ 3.42 
I, Output Fall Time, a 0.17 0.29 0.64{ tlO ).- 0.21 0.( K4lL1 ~ 1.41 
tr Output Rise Time, as 0.13 0.37 1.11 ~ 0.18 0:~6 3.45 
tf Output Fall Time, as 0.14 0.26 0.61 1.17 0.21 0.35 I 0.77 1.40 

CapaCitance per fanout = 0.05 pF (metal capacitance IS not Included) 

MOTOROLA 
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Figure 3-19 Example Switching Characteristics Table 
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Table 3-25 3.3 V Process, Voltage, Temperature Scaling Factors (Normalized to Typical) 

Table 3-26 5.0 V Process, Voltage, Temperature Scaling Factors (Normalized to Typical) 

H4CPlus Series Design Reference Guide MOTOROLA 
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Table 3-27 Metal and Total Load Capacitance Based on Array and Fanout 

1.91 2.74 4.33 
1.48 2.08 3.22 
1.98 2.83 4.47 
1.61 2.27 3.52 
2.11 3.02 4.77 

3.3 V logic VOO = 3.0 V 

o O~'----<J 

>--...-ICK 

Net Fanout = 6 

DFFRP 

OB 
RB 

Figure 3-20 Example Delay Path 

3.6.2 Example Delay Calculation 
The delay calculation for path CKIN to OUT in Figure 

3-20 is demonstrated below. The assumptions are: P = 
worst-case, T = 700 C, VDD = 3.0 V, tr = 1.0 ns at CKIN, 
and the array is an H4CP109. The values for the no-load 
delays (tpLHO, tPHLO) and K-factors can be found in the 
Switching Characteristics (SC) tables in Section 7 for 
macros ICXN, DFFRP, NAN2, and ONL 16. 

The input signal swing to macro ICXN is 5.0 V and the 
core logic is 3.3 V, with a 3.3 V output macro. Each delay 
calculation must take into account the logic signal swing 
and the associated VDD voltage. For I/O macros there 
are four possible logic signal swings to consider and as
sociated VDD voltages and for the core macros only two 
logic swings and associated VDD voltages are possible. 

Only the rising edge will trigger the clock input of 
DFFRP and the path is CKIN to the CK input of DFFRP. 
The DFFRP CK input is non-inverting, therefore only the 
rising edge will be calculated for the input path to 
DFFRP input CK. The path from DFFRP Q output to the 
OUT pin will have both rising and falling edges 
calculated. 

MOTOROLA 
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3.6.2.1 Delay from CKIN to Node A 
The signal at CKIN is a 5.0 V logic swing with a rise 

time of 1.0 ns and the Signal at pOint A is a 3.3 V logic 
swing. The macro type is ICXN with VDD = 3.0 V 
since all input macros are tied to the core power bus. 
The input ESD diode is connected to 5.0 V because it 
is interfacing to a 5.0 V logic level. The correct SC ta
ble for this macro has a heading of 5.0/3.3 V. The ris
ing edge delay time is calculated by using Eq. (3-27). 

tpLH = (0.39+0.05+0.15(1.27»1.66 = 1.05ns 

where: 
The first term tpLHO is the rising macro no-load de

lay. This number is from the ICXN SC table. tpLHO = 
0.39 

The term tlNPr is the input rise time delay. This num
ber is from Table 3-24, for a 1.0 ns rise time. tlNPr = 
0.05 

The third term K1 (CLout) is composed of two parts. 
The first K1 is the rising load sensitivity K-factor and 
is from the ICXN SC table. The other part CLout is the 
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capacitive load on Node A and is determined from Table 
3-27, for array type H4CP109 with a fanout of 6. 
K1 =0.15, CLout = 1.27 pF 

The last term, PTV, is from Table 3-25. PTV = 1.66 

3.6.2.2 Delay from Node A to Node B 
From this point on two cases must be considered. 

Case1 is when DFFRP output Q is a rising edge and 
case 2, when DFFRP output Q is a falling edge. Each 
case will retain the phase information through out this 
example, so that case 1 and 2 may be summed at the 
end, for a total input output delay for each output edge. 

Case 1: 
The signal at A is a 3.3 V logic swing with an un

known rise time and a fanout of 6. The signal at point B 
is a 3.3 V logic swing. The macro type is DFFRP, and 
the SC table heading is 3.3 V. The rising edge delay 
time will be calculated, but first the input rise time of the 
driving signal at point A needs to be calculated. 

Node A rise time is calculated by using Eq. (3-1). 

tr = 0.15 + 0.35 (1.27) = 0.59ns 

where: 
The first term tro is the no-load output rise time from 

the driving macro, ICXN. This number is determined 
from the ICXN SC table. tra = 0.15 

The next term K3(CLin) is composed of two parts, the 
first, K3, is the output rising time K-factor and is deter
mined from the ICXN SC table. The other part, CLin, is 
the capacitive load on Node A, is determined from Table 
3-27, for array type H4CP109 with a fanout of 6. 
K3 = 0.35, CLin = 1.27 pF 

Now that the rise time of node A is known. The rising 
edge delay time is calculated by using Eq. (3-27). 

tpLH = (1.23+0.01 +1.17(0.29»1.66 = 2.62ns 

where: 
The first term tpLHO is the rising macro no-load delay. 

This number is determined from the DFFRP SC table. 
tpLHO = 1.23 

The term t INPr is the input rise time delay. This num
ber is determined from Table 3-24, using the 0.59 ns 
rise time that was calculated above. t INP '" 0.01 

The third term, K1 (CLout), is composed of two parts, 
the first, K1 , is the rising load sensitivity K-factor and is 
determined from the DFFRP SC table. The other part, 
CLout, is the capacitive load on Node B and is deter
mined from Table 3-27, for array type H4CP109 with a 
fanout of one. K1 = 1.17, CLOUT = 0.29 pF 

The last term PTV is from Table 3-25. PTV = 1 .66 
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Case 2: 
The signal at A is a 3.3 V logic swing with a 0.59 ns 

rise time as calculated above in Case 1. The signal at 
point B is a 3.3 V logic swing. The macro type is DFFRP, 
and the SC table heading is 3.3 V. The falling edge de
lay time will be calculated, by using Eq. (3-28) with a 
~~all change. The second term t INPf is changed to the 
rising edge t INPr because only the rising edge will trig
ger the clock input of macro DFFRP. 

tpHL = (1.32+0.01 +0.92(0.29»1.66 = 2.65ns 

Where each term is determined similarly as in case 1. 

3.6.2.3 Node B to Node C 
Two cases need to be considered. Case 1 is when the 

NAN2 output is a falling edge and case 2, when the 
NAN2 output is a rising edge. 

Case 1: 
The signal at B is a 3.3 V logic swing with an unknown 

rise time and a fanout of one. The signal at point C is a 
3.3 V logic swing. The macro type is NAN2, and the SC 
table heading is 3.3 V. 

First, the input rise time of the driving signal at point 
B must be calculated. The input signal is inverted prop
agating through macro NAN2, so the falling output delay 
calculation requires that the input rise time be used. 
Node B rise time is calculated by using Eq. (3-1). 

tr = 0.~3 + 3.42 (0.29) = 1.22ns 

Where each term is determined similarly as previous
ly described. 

Now that the rise time of node B is known, the falling 
edge delay time will be calculated by using Eq. (3-28) 
with a ~~all change. The second term, ! INPf' is changed 
to the rising edge t INP because of the Input edge being 
inverted as it passes through macro NAN2. 

tpHL = (0.34+0.12+1.50(1.14»1.66 = 3.61ns 

Where each term is determined similarly as previous
ly described. 

CLout is the capacitive load on Node C. The load on 
Node C is equivalent to one ONL 16 plus the metal for a 
fanout of one. 

Use the equation below to find the capacitive load on 
NodeC. 

Clout = IPC + Cm 

CLout = 0.90 + 0.24 = 1.14pF 
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where: 
The first term is IPC of the output macro. This num

ber is determined from the ONL 16 input capacitance ta
ble. IPC = 0.90 

The last term is from Table 3-27. Cm = 0.24 

Case 2: 
The signal at B is a 3.3 V logic swing with an un

known fall time and a fanout of one. The signal at point 
C is a 3.3 V logic swing. The macro type is NAN2, and 
the SC table heading is 3.3 V. 

First, the input fall time of the driving signal at point B 
must be calculated. Node B fall time is calculated by us
ing Eq. (3-30). 

tf = 0.21 + 1.41 (0.29) = 0.62ns 

Where each term is determined similarly as previ
ously described. 

Now that the fall time of node B is known, the rising 
edge delay time will be calculated by using Eq. (3-27) 
with a small change. The second term, t INPr, is 
changed to the falling edge t INP, because of the input 
edge being inverted as it passes through macro NAN2. 

tpLH = (0.17 + 0.01 + 1.15 (1.14» 1.66 = 2.48ns 

Where each term is determined similarly as previ
ously described. 

3.6.2.4 Node C to Pad OUT 
Two cases need to be considered. Case 1 is when 

the ONL 16 output is a falling edge and case 2, when 
the ONL 16 output is a rising edge. 

Case 1: 
The signal at C is a 3.3 V logic swing with an un

known fall time and a fanout of two. The signal at point 
OUT is a 3.3 V logic swing. The macro type is ONL 16, 
and the SC table heading is 3.3 V. 

First, the input fall time of the driving signal at point C 
must be calculated. Node C fall time is calculated by us
ing Eq. (3-30). 

tf = 0.22+2.54(1.14) = 3.12ns 

Where each term is determined similarly as previ
ously described. 

Now that the fall time of node C is known, the falling 
edge delay time will be calculated by using Eq. (3-28). 

tpHL = (0.82 + 0.31 + 0.02 (50» 1.66 = 3.53ns 

MOTOROLA 
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CLOUT is the capacitive load on Node OUT. The load 
on Node OUT is 50 pF. CLOUT = 50 pF 

All other terms are determined similarly as previously 
described. 

Case 2: 
The signal at C is a 3.3 V logic swing with an un

known rise time and a fanout of two. The signal at point 
OUT is a 3.3 V logic swing. The macro type is ONL 16, 
and the SC table heading is 3.3 V. 

First the input rise time of the driving signal at point 
C must be calculated. Node C rise time is calculated by 
using Eq. (3-1). 

tr = 0.29+3.44(1.14) = 4.21ns 

Where each term is determined similarly as previ
ously described. 

Now that the rise time of node C is known, the rising 
edge delay time will be calculated by using Eq. (3-27). 

tpLH = (0.71 + 0.53 + 0.02 (50» 1.66 = 3.71 ns 

CLout is the capacitive load on Node OUT. The load 
on Node OUT is 50 pF. CLout = 50 pF 

All other terms are determined similarly as previously 
described. 

3.6.2.5 The Total Path Delay 
The total delay from CKIN to OUT is the sum of the 

delays across each macro. The two cases are not iden
tical because the rising and falling delays are not the 
same. The general equation is: 

l;tp = tp(CKINtOA) +tp(AtOB) 
+t +t 

P(BtoC) p(CtoOUT) 

For Case 1 the delay total is: 
l; tp = 1.05 + 2.62 + 3.61 + 3.53 = 10.81 ns 

For Case 2 the delay total is: 
l;tp = 1.05 + 2.65 + 2.48 + 3.71 = 9.89ns 

3.7 METALLIZED SRAMs 
The H4CPlus Series library includes a family of asyn

chronous single-, dual-, and quad-port metallized 
SRAM blocks up to 2304 bits. Single-port SRAMs are 
designed for low-power and dual-port SRAMs are opti
mized for high-speed. A comprehensive guide to using 
these blocks and their performance is shown in the 
SRAM macro data sheets in Section 7.5. 
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Table 3-28 Features of Metallized SRAMs 

Table 3-29 Sizes of Metallized SRAMs 

3.7.1 Multiple Memory Blocks 
It is possible to combine two or more memory blocks 

to create larger memory blocks. When multiple memory 
blocks are used, the customer is responsible for creat-
ing the external decoder logic needed. The maximum 
number of SRAM blocks on an array is restricted to 16, 
depending on array/SRAM sizes. 

3.7.2 Array Sizing 

To choose an array into which a design with 
SRAM(s) will fit, two considerations must be evaluated: 
the physical size/layout of the SRAM(s) and the gate 
utilization. This information is given in the SRAM macro 
data sheets in Section 7.5. 
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3.8 ANALOG PHASE LOCKED LOOP 
Motorola's analog phase locked loop (APLL) optimiz

es ASIC and system-level clock skew by reducing in
sertion delay and providing frequency multiplication. 
Clock skew is caused by the difference in insertion de
lay required for the system clock to propagate into each 
IC. Further, insertion delay into an IC is dependent on 
the load of the internal clock tree and the input edge 
rate. The APLL controls IC-to-IC clock skew by syn
chronizing their internal clocks with the system clock. 
For further description regarding the use of the APLL for 
maximizing operating frequencies see application note, 
AN15221D, Analog Phase-Locked-Loop for H4CPlus 
and M5C Arrays. 

Motorola's Analog PLL Features: 
• Supported output clock rates (FVCO): 

60 to 160 MHz @ 3.3 V 
70 to 250 MHz @ 5.0 V 

• Lock Time < 25 I1s 
• Input reference frequency: 

FREF = FVCO/N where N ::;;16 
• ± 200 ps jitter 
• Phase Error ± 50 ps single-ended input 
• Phase Error ± 200 ps differential input 
• No external components required 
• Insertion delay reduction 
• Frequency multiplication 
• Application note available 

Table 3-30 APLL Macro Selection Guide 

APL2 3.3V 

APDL2 3.3V 

AP1 5.0V 

APD1 5.0V 

AP2 5.0V 

APD2 5.0V 

5S;NS;16 

5s;NS;16 

1S;NS;4 

1s;Ns;4 

5s;NS;16 

5s;NS;16 
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r---
I 
I 
I 
I 
I 
r---
I 
I 

~'-......AVSS 

TESTSEL 

FREF 

TESTOUT 

VCOCTL 

FREF_CORE 

FREF_MUX 

FVCO 

FVCO_DIV2 

FFB --
1- ---
I 
I 
I 
I 
I 
r---
I 
I 

~'-...... 
AVSS 

TESTSEL 

FREF 

TESTOUT 

VCOCTL 

FREF_CORE 

FREF_MUX 

FVCO 

FVCO_DIV2 

FFB --

Figure 3-21 Analog PLL Macro Symbols 

3.8.1 General Description 
Two basic versions of the APLL are offered. A normal 

CMOS single-ended clock input version (FREF), and a 
PECL differential clock input version (FREF and 
FREFB). In addition, different versions exist for 3.3 V 
and 5.0 V cores as well as for the integer multiple (N) 
between output and input reference frequencies. All to
gether, eight combinations of the APLL exist and are 
summarized in Table 3-30. As an example, if an APLL is 
desired to operate with a 3.3 V core, single-ended (S.E.) 
clock input and with an integer multiple of 10 (FREF = 
FVCO/10), the APl2 macro would be selected. 

On arrays which use 3.3 V and 5.0 V power simulta
neously, the APLL 110's are powered by the same sup
ply as the array core. 

3.8.2 APLL Macrocell Descriptions 
The APLL macro symbol is shown in Figure 3-21 and 

is supported in Motorola's H4CPlus Series library. Three 
test pins are utilized to bypass the APLL to test the core 
logic and to test the APLl. The three test pins are tied to 
AVSS in the application. Table 3-31 contains a descrip
tion of the six (seven for differential PECL) fixed 1/0 pins 
for the APLl. Table 3-32 describes the five APLL signals 
which interface to the array core. Up to two APLL's may 
be used on an array. If one APLL is used, P1 must be 
appended to the array name in design_info and the 
APLL is located in the lower left corner of the die. If two 
APLL's are used, P2 is appended to the array name and 
the second APLL is located in the upper right corner of 
the die. 

Table 3-31 Analog PLL Pin Description 
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Table 3-32 Analog Pll Core Signal Descriptions 

TESTSEL 

FREFB* 

FREF 

TESTOUT 

OVDD3 

OVDD5 

OVSS 

Bottom of Die 

-I/OCell 

;>1--.... FREF _CORE 
;>1-....... 1- FREF _MUX 
r---.... FVCO 

r--...... ~ FVCO_DIV2 
FFB 

• The FREFB input and its related 1/0 cell is only used with the PECl version of the APLl. 

Figure 3-22 Typical Analog Pll layout 
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CORE Macros 
APLL VO Macro ----------, .---P LDELAYi 

FREF_CORE ~ 
I - D Q t-,. 

-~ I> 
.- -FREF_MUX ...... 

Board-Level 
- D Q t-System Clock 

~ FVCO .... Clock ,. FREF ,. 
Tree 

~ 
-

FVCO_DIV2 _ .... 
+L '-,-

r--
FFB ~ rY 

- D Q -
+M 

I ... 
1--

AP1 
CIRCUIT 
BOARD ASIC 

Figure 3-23 Clock Distribution with APLL 

Figure 3-22 shows the lower left corner of an 
H4CPlus array with a PECL Differential APLL. All of the 
circuitry is located inside the thick black line and uses 
four (five with PECL input) I/O cell sites. For single-end
ed APLL macros, signal FREFB is not used and TEST
SEL is placed in that location. Only the first three die 
pads and I/O cells are used on the left side of the die 
with a single-ended clock input (FREF). 

Figure 3-23 contains a typical application of the 
APLL. The divider blocks (+ Land + M) are used to ad
just for desired clock frequencies and to center the 
APLL FVCO and FVCO_DIV2 outputs. The PLLDELAY 
macro is a delay element for matching the delay of the 
M divider block when M > 1. As an example, assume a 
5.0 Volt core, and a 40 MHz clock tree is desired. With 
an input reference frequency of 20 MHz, L = 2 and M = 
2. By selecting N = 8, (2 x 2 x 2), the FVCO_DIV2 is 
forced to 80 MHz. This is approximately the middle of 
the operation frequency range, since the FVCO_DIV2 
range is between 35 and 125 MHz. (In this example 
macro PLLDELAY is used to adjust delay times.) 
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3.8.3 APLL Operation 
Figure 3-24 contains a block diagram of the APLL 

macro. Basically, the APLL is a classical second order 
system that compares the phase of the input reference 
clock (FREF) with the phase of the feedback signal 
(FFB), and adjusts the phase of the FFB signal to be 
locked in phase and frequency with the FREF signal. It 
uses a type IV phaselfrequency detector that sends 
correction pulses to a charge pump. The charge pump, 
based on the correction pulses, either adds or subtracts 
charge from the on-chip passive loop filter, thereby al
tering the control voltage of the VCO. The VCO, in turn, 
produces a different phase and frequency which is fed
back to the phase detector. Correction pulses are gen
erated until the APLL is locked. Frequency 
multiplication is easily implemented by putting a digital 
divider in the feedback path. 
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Figure 3-24 APLL Block Diagram 

3.9 JTAG BOUNDARY SCAN 

JTAG is a standardized boundary scan methodology 
used for board-level testing to detect faults in package 
and board connections, as well as internal circuitry. In 
1985, a group of European companies (Joint Test Ac
tion Group) developed a method of system test which 
was later standardized. This standard, IEEE 1149.1, 
defines testing of interconnections between ICs, inter
nallC circuitry, and observing and modifying normal cir
cuit operation. 

Motorola fully supports the IEEE 1149.1 standard 
with a complete family of JTAG 1/0 buffers and JTAG 
control functions. 

A complete guide to the use of Motorola's JTAG is 
available in an application note, AN1500ID, IEEE Std. 
1149.1 Boundary Scan for H4CTM Arrays With 
H4CPlus™ Supplement. 

3.9.1 General Description 

The minimum IEEE 1149.1 JTAG architecture, see 
Figure 3-25, consists of a Test Access Port, TAP con
troller, scannable instruction register, bypass register, 
and boundary scan register. Device 10 and design test 
registers are optional. 
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3.9.1.1 TAP and VO Periphery Signals 

The Test Access Port (TAP) provides access to on
chip test structures and consists of five externally ac
cessible signals which are used to control and observe 
boundary scan test data. (An additional pin is required 
if Mustang ATPG is used.) 

TCK is the test clock used to synchronize all JTAG 
functions and allow test data flow independent of the 
system clock. The Test Mode Select signal, TMS, con
trols the operation of the JTAG circuitry by controlling 
the TAP controller. TRSTB is an optional reset input for 
the TAP controller. TDI and TOO are the Test Data Input 
and Output ports for test instructions and data. 

Six internal JTAG signal lines encircle the periphery 
of the array to provide efficient interconnection for the 
JTAG 1/0 macrocells. These signal lines include CKDR, 
SHDR, UDDR, IMC, OMC, and TDIITDO (TDI and TOO 
share the same signal network). Except for TDIITDO, 
these signals require special buffers to interface the 1/0 
periphery with the JTAG logiC within the core. 
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Motorola JTAG Features: 
• IEEE 1149.1 standard 
• Minimum impact on silicon area and performance 
• Mustang and FastScan ATPG compatible 
• Only four pins are required for JTAG signals 

ARRAY 
CORE 

110 
PERIPHERY 

Figure 3-25 Simplified JTAG Functional Diagram 

3.9.1.2 JTAG Control and Test Registers 
The TAP Controller (FMC_ TAPC) is a synchronous, 

16-state machine which controls and manages the 
mode of operation for the test circuitry, see Figure 3-26. 
An example of the operation of the tap controller is 
shown in Figure 3-27 where the TAP controller is se
quenced through most of its test states. The TAP con
troller (FMC_ TAPC) is a soft macro that is placed as a 
unit. 

The Instruction Register encodes various public 
and private instructions defining which test registers are 
used and the serial test data register path between TDI 
and TOO. Public instructions are defined by the 1149.1 
specification to perform several basic tasks, see Table 
3-33. Extestchecks the board interconnections between 
components, Intest is used to perform tests on the inter
nal logic of the ASIC, Sample allows the normal opera
tion of the ASIC while sampling external I/O Signals, 
IDcode selects the Device 10 register to extract the iden
tification code, and Bypass selects the Bypass register 
to redirect the test data from TDI directly to TOO, effec
tively removing the IC from the boundary scan chain. 
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Private instructions are defined by the user to perform 
additional tasks as needed. The Instruction Register is 
configured from MC_IREG or MC_IREG4 macros to 
provide the necessary number of instruction bits. 

The Instruction Decoder is user-defined and trans
lates the instructions into separate signals for controlling 
the test registers and register multiplexer. 

The Boundary Scan Register is the chain of JT AG 
I/O macrocells that are linked together to form a shift 
register around the periphery of the array. This register 
enables non-intrusive monitoring of 1/0 signals and the 
scanning of predetermined patterns into the register to 
produce a known condition in the 1/0 buffers. Test data 
enters the boundary scan register through the TDI port, 
then is shifted around the array through each JT AG 1/0 
cell in a counterclockwise direction, and finally exits 
through the TOO port. Non-JT AG 1/0 macrocells and 
unused 1/0 sites are not part of the boundary scan reg
ister, and therefore are transparent to the test data 
movement. 
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TAP Controller 

o - Logic State of TMS 
"0" = Off/Low 
"1" = On/High 
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Select-OR-Scan I--'----..... ~I 
:'---::r:---' 

Figure 3-26 TAP Controller 16-State Diagram 

RB 
,....--;----;----:----:----:-----,----1 CKIR 

SHIR 
L-~--~----~----~--~----~---4 

UDIR 
1===~====~==~====~==~==~~==~~~~~~~~====~==~CKDR 

L-.L-__ ----'L-__ -j SHDR 
r-_~~_~ __ ~ __ ~ __ ~ __ ~ __ ~ ___ ~ ____ ~ __ ~u ____ ~ ____ ,UDDR 

r,r-----; SL 

EN 
'---'-----'----1 

1000.0 2000.0 3000.0 4000.0 5000.0 6000.0 7000.0 8000.0 9000.0 10000.0 11000.0 1 2000.0 

Figure 3-27 Example Timing Diagram for JTAG Test Cycle 
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Table 3-33 Public Instructions 

The Bypass Register is a single-bit shift register 
used to provide the shortest path between TDI and 
TOO. This enables the scan chain of one ASIC to be 
minimized so that another component may be more 
easily tested. The Bypass register is implemented us
ing a BPREG macro. 

The Device Identification Register is a 32-bit regis
ter which holds a manufacturer's identity code, part 
number and version code. The bit assignment for the 10 
code is given in Table 3-34. Customers must use a 
Motorola assigned JTAG identification numbers. 
Please contact a Motorola sales representative for in
formation. 

Table 3-34 IDREG 10 Codes 

Design Test Registers are design-dependent and 
are optionally used to provide additional design-specific 
testability. Various forms of scan methodologies, in
cluding Edge/Level Sensitive Scan Design (ESSD/ 
LSSD) and Built-In Self Test (BIST), can be used. 

3.9.2 General Design Guidelines 

The following guidelines are presented here to pro
vide a general view of JTAG design requirements. 

Guidelines for Designing with JTAG: 
• Special design rules apply depending on array 

size, speed requirements, and Mustang ATPG 
compatibility for ESSD/LSSD scan. 
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• When using the ISS2000™ tester, TDI, TDOUT, 
TMS and TCK I/O macros must each be 
assigned to a "scannable" package pin identified 
by an asterisk (*) in the pad-to-pin cross-refer
ence tables. 

• All JTAG output buffers have high-drive versions 
available for greater current capacity. 

• All JTAG I/O macros must comply with standard 
ERC (electrical rule checks) for non-JTAG I/O. 

• Some JTAG macros require either an I/O site 
without a bonding pad or an I/O site whose pad 
is not assigned to a package pin. 

3.10 H4CPlus Versus H4C Performance 

Major performance improvements have been 
achieved in the design of H4CPlus in comparison to 
H4C. The performance improvements are in the output 
drive strength (IDS) of the devices. However, because 
device sizes are the same, major intrinsic delay im
provements are not expected. There are four factors 
which contribute to the internal macro improvements. 

1. The drive factor for H4CPlus is better. 
2. Input gate loading capacitance is lower (0.05 

v.S. 0.06 pF). 
3. Routed metal capacitance is lower. 
4. Typical rise time will be faster than H4C. 

The combination of these factors result in better rise/ 
fall times and therefore better performance. This perfor
mance improvement has been verified in test cases us
ing Verilog and Decal. Improvement can also be 
verified by running a timing simulation on critical nets 
using the Motorola OACS system. 

Data published in the reference guides may not al
ways seem to support the performance improvements. 
The reason for this is in data presentation. The 
H4CPlus library data uses a more accurate measure
ment for voltage input threshold (0.4 X VDD), where in 
H4C VDD/2 was used for the AC measurement. The 
major difference in the generation of the data within the 
reference guides is in the balanced "B" macros (Le. 
NAN2B). The "B" type macros were not characterized 
at their actual threshold of 2.5 V for H4CPlus, and 
therefore the two edges will appear unbalanced. 
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SECTION 4. PACKAGES AND ARRAY FLOORPLANS 

4.1 PACKAGE SELECTION 

Table 4-1 Package Selection 

12SQFP(CU) 
160QFP(CU) 
20SQFP(CU) 

240 QFP (CU) 

Q 
Q 
Q 

Q 

'Numbers indicate Wirebond pads availability 

A,F 

A 

A,F 

A,F 

A 

A 

A,F 

A,F 

A,F 

A 

QFP: Plastic Quad Flat Pack (CU) denotes Cavity Up (CD) denotes Cavity Down 
MicroCool: QFP·type package with heat slug 
All QFPs and MicroCools are manufactured with Molded Carrier Ring (MCR) 
OMPAC: Over·Molded Pad Array Carrier, a PGA type package with solder balls instead of pins, 

A,F 

A,F 

A,F 

A 
A 

P 
A 

Prototypes for the 169 and 225 OMPAC are supplied in a GTPAC package (see Page 4·70 and Page 4·75 
for mechanical drawings) 

A·Avaiiable 
F· Flexible power pin assignment. 
p. Planned. 
Q. Qualified. (Consult factory for qualification status) 
Note: The 225 OMPAC package is limited to the following three combinations of mixed (System/Core) power combinations: 

5 V 15 V, 3 V &5 V 15 V, and 3 V 13V. 
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4.2 PACKAGE THERMAL AND POWER INFORMATION 

Table 4-2 Estimated Theta Junction to Ambient for Packages 

Note: See conditional information regarding power dissipation in section 4.3 

QFP: Plastic Quad Flat Pack MCR: Molded Carrier Ring (CD) 
MicroCool: QFP-Type Package with heat slug 
OMPACTM: Over-Molded Pad Array Carrier, a PGA type package with solder balls instead of pins 

n/a = not available at this time 
(CD) Denotes Cavity Down 
(CU) Denotes Cavity Up 

+: Actual, thermal test die used and characterized using a 
thermally enhanced test board. 

8: Preliminary information. 

Note: Die and Cavity/Flag size are in mils x mils. Die Sizes listed are not actual, but are a close approximation. 
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4.3 CHOOSING A PACKAGE 

Package cooling decisions will differ depending on 
which power level target the customer wants to meet. 
Hence, the thermal resistance data is interpreted to 
provide recommendations for package cooling. The 
following examples describe probable environmental 
conditions anticipated when utilizing "low power" 
CMOS technology in various system markets. 

1. In the Mainframe Computer Market, forced air 
cooling with 500 LFM airflow is standard in the 
industry. Designers generally expect to use a 
heatsink with any package. Currently the most 
prevalent TJ(max) in this specific market is 
105°C, with the highest ambient temperature 
of the system specified at 60°C. 

2. In the Small Mainframe, Workstation, and PC 
Markets the most desirable cooling is passive, 
meaning free air cooling (possibly aided by 
utilizing a heatsink). If any airflow in these 
systems Is to be tolerated, it will be minimal 
(less than 300 LFM at the location of the 
package). In this marketTJ(max) is between 70 
- 85°C, with the highest system ambient 
temperature typically at 40°C. 

3. The Telecommunications Market generally 
uses no forced air or other special cooling 
capabilities but these systems allow for higher 
TJ(max), typically up to 115°C with system 
ambient temperatures of 70°C. 

This wide variation, in both anticipated cooling 
environments and temperature differentials between 
package and ambient, clearly dictates the implemen
tation of differently designed packages. 

The following is one example of a package and its 
associated estimated power dissipation which illus
trates the considerations required to make a proper 
choice in packaging. 

20SQFP: 

This package can dissipate up to 1.5 W of power 
in a telecom environment with the 45°C temperature 
differential and 1.3 W in the PC environment without 
forced air. But in the 500 LFM airflow, mainframe 
environment, the power dissipation could be raised to 
nearly 2.0 W. 
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4.4 CALCULATING JUNCTION 
TEMPERATURE: 

A calculation of the average junction temperature 
is based on the concept of thermal resistance 
between the junction and a temperature reference 
point on the case. A fine wire thermocouple should be 
used, such as #36 AWG, to determine case tempera
ture. Average operating junction temperature can be 
computed from the following equation: 

TJ =T A + (R aJAX Po) 

where: T J = Junction Temperature (0C) 

T A= Ambient Temperature (0C) 

RaJ A = Thermal Resistance Junction 

to Ambient as specified (OCIW). 
Po = power dissipated in the device (W). 

4.5 FIXED POWER AND GROUND 
Each array has fixed power and ground as noted 

in the array footprints and in the pin to pad tables. In 
the pin to pad tables, fixed power and ground pads, 
VSS, VDD, OVSS, OVDD3 and OVDD5 on the die 
are for probe test and are array dependent. These are 
identified by 0 around the I/O cell number. Package 
dependent power and ground, OVSS and OVDD5 are 
for final test and are noted in the pin to pad tables by 
o around the word, OVSS, OVDD5. 

Note: 
In the 225 OMPAC package the power planes tie 

VDD and OVDD5 together which limits it to the fol
lowing three combinations of mixed (Core/System) 
power combinations: 

5V /5V, 5V 13V &5V, and3V /3V. 

4.6 ANALOG PHASE LOCK LOOP 
Each of the H4CPlus Arrays has the option of add

ing an Analog Phase Lock Loop (APLL). There are 
two APLL options available, APLL option 1 - located 
in the bottom left corner of the array or APLL option 2 
-located in the bottom left and top right corners of the 
array. I/O to pad interconnect will change for the top 
and or the bottom side of the array and pad to pin 
tables will change accordingly. I/O to pad interconnect 
tables for each APLL option have been added to the 
end of each array portion of Section 4. Naming con
vention for the APLL options are as follows: 

H4CPXXX Base Array -No APLL 
H4CPXXXP1 Base Array -with 1 APLL 
H4CPXXXP2 Base Array -with 2 APLL 
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VDD 

60 

10 

20 

30 

Note: 

150 140 

H4CP028 
Die Size 239 X 239 

VSS (4) VDD (4) 
OVSS (4) OVDD5 (4) 

OVDD3(4) 

4.8 Mil Linear Pad Pitch (176 Total, 44/Side) 
4.0 Mil Linear I/O Pitch (160 Total, 40/Side) 

_ Unconnected I/O Sites 

Rev. 2.0 
3124194 

Figure 4-1 H4CP028 Footprint 

P1 = Analog PLL option 1 (H4CP028P1) bottom left corner only, 
see Table 4-6 for 1/0 to pad configuration. 

P2 = Analog PLL option 2 (H4CP028P2) bottom left and top right corners, 
see Table 4-7 for 1/0 to pad configuration. 

11 

00 

'\ vss 
OVSS 

i.::IO~VDD 
OVDD OVDD5 
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Table 4-3 H4CP028 128 (CU) QFP Pad to Pin Cross Reference 

1. Die pad/cell and Package numbers start at top of LEFT side and increment counter-clockwise. 
2. VSS. VDD. OVSS. OVDD3 and OVDD5 indicate fixed power and ground pads on the die(Array) for probe test. 
Rev. 1.0 11/22/93 JEB 
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Table 4-4 H4CP028 160 (CU) QFP Pad to Pin Cross Reference 

1. Die pad/cell and Package numbers start at top of LEFT side and increment counter-clockwise. 
2. VSS, VDD, OVSS, OVDD3 and OVDD5 indicate fixed power and ground pads on the die(Array) for probe test. 

Rev. 1.0 11122193 J EB 

MOTOROLA 

4-6 

H4CPlus Series Design Reference Guide 



Table 4-5 H4CP028 169 OMPAC Pad to Pin Cross Reference 

1. Die Pad/IO-Cell numbers slart at top of LEFT side and increment counter-clockwise. 
2. Pkg Pin and Bond Finger numbers start at top of LEFT side and increment counter-clockwise. 
3. VSS, VDD, OVSS, OVDD3 and OVDD5 indicate fixed power and ground pads on the die (Array) for probe test. 
4. OVSS & OVDD5 in () are power and ground for Final Test and are fixed on the Package. 
5. The following is a cross reference of package dependent Power and Ground Pkg Pin numbers: 
GND: a=F7, G6, G7, Ga, H7 

Rev. 1.0 3/07/94 J EB 
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Table 4-6 H4CP028P1 
Analog PLL Option 1 

Note: This side of each 
pad to pin table for each array/package combination 
when Analog PLL option 1 is used in the H4CP028 
array. 
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Table 4-7 H4CP028P2 
Analog PLL Option 2 

Note: This table replaces the BOnOM and the TOP 
side of each pad to pin table for each array/package 
combination when Analog PLL option 2 is used in the 
H4CP028 array. 
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40 

Note: 

200 190 170 

H4CP048 
10 Die Size 287 X 287 

40 

VSS (4) VDD (4) 
OVSS (12) 
OVDD3(4) 
OVDD5 (8) 

4.8 Mil Linear Pad Pitch (216 Total, 54/Side) 
4.0 Mil Linear 110 Pitch (208 Total, 521Side) 

_ Unconnected 110 Site 

Rev. 2.0 
3/25/94 

Figure 4-2 H4CP048 Footprint 

P1 = Analog PLL option 1 (H4CP048P1) bottom left corner only, 
see Table 4-13 for I/O to pad configuration. 

P2 = Analog PLL option 2 (H4CP048P2) bottom left and top right corners, 
see Table 4-14 for I/O to pad configuration. 
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OVSS 

140 

OVDD5 

130 

OVSS 

VDD 
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Table 4-8 H4CP048 128 (CU) QFP Pad to Pin Cross Reference 

ci:FT PACKAGE~ 
V::;::;-~ 

2 
3 
4 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

2 
26 
2 
28 
29 
30 
31 
32 

34 

VOD 

2 

8 
9 
10 

12 
13 
14 

16 
17 
18 
19 
20 

, 2· 

22 
23 
24 

27 
28 
29 
30 

34 

~:8 

39 40 
40 41 
41 42 
42 43 
43 44 
44 45 
45 46 
46 47 
47 48 
48 49 
49 50 
50 5' 
5· 52 
52 DVD03 
53 OVD05 
54 OVSS 
Notes: 

-
2 
3 
4 
5 
6 
-
7 
8 
-
9 
10 

-
-

12 
13 
-
-

14 " 

16' 

--
-

17 
18 
111 

-
20 
21 

22 
23 
24 

25 
26 
-

27 
28 
29 
30 
3 
32 
-
--

Oti VLJLJ 

08 54 
59 55 
60 56 
61 57 
62 58 
63 59 
64 60 
tiO ti· 

ti7 ti::! 

72 
73 
(4 

70 
71 
7 
71 
71 
81 
81 
82 
83 
84 

tlti 
tl7 
88 
89 
90 
91 
92 
93 
\14 

1100 
11U 

'1.04 

'105 
106 
107 

, 108 

OV~ S(67) 
68 
69 
/U 

7 
'72 

73 
74 
75 
76 

VVUU"I 

79 
tlU 
81 

tl4 
85 
86 
87 
89 
90 

OVSS(91) 
92 

94 
95 
96 
97 
98 
99 
lUU 
lU' 

102 
103 
104 

OVDD3 
OVDD5 
UV::;::; 

- 110 VDD 
lU:I 

34 1 Uti 
35 )7 

36 
37 
38 
-

39 118 112 
4U III 13 
- l:.!U 14 

41 1:1 
42 1. lti 
43 1. 
- 1. lt1 

-
44 
45 ,127 121 

- 122 
- 1:'!1I 

46 , " 

47 
48 
-
-
- 1136 131 

49 
50 1138 133 

- 14U 1::!1i 

- 14· l::1f 

-
52 
53 
- .145 112 
- 1146 OVSS(I43) 

14f 144 
14ti 140 

56 141 146 

-
57 15' 148 
58 
- .15:150 

59 1154 151 

ti' 

62 107 154 

63 
64 
- 160 OVDD3 

- 1161 OVDD5 
- lti:.! UV::;::; 

tili 
07 

69 

.n 
72 

74 
(0 

77 

(tI, 

79 
tlU 

-
81 
82 

-
-
-

--
86 
tlf 
tItI 

89 

-
91 

94 

-
-
-

1. Die pad/cell and Package numbers start at top of LEFT side and increment counter-clockwise. 

164 ~ 
1651§? 
llili 1:111 

1:111 
litl lliU 
69 lti' 

7U Iii:.! 

173 
(4 

(:I HI 
(ti llill 

llill 
7t1 (U 

,182 ~ 

lti4 '" 
lt10 If 

jti 1(1 

111 

1190 ...!I!' 
1191 ...!.II! 
1192 .1Ilfj 

1\14 lilt! 

1110 11111 
19ti IIiU 

1201 ,1.96 
I :.!U:.! III( 

I:.! lilt 

12 ~Ul 

I :.!UII :.!U4 
I:.!ll :.!U:I 

1214 ~ 
1215 uvuuo 
I :.!11i uv::;::; 

2. VSS. VDD. OVSS. OVDD3 and OVDD5 Indicate fixed power and ground pads on the die(Array) for probe test. 

Rev. 1.06/18/93 JEB 

1111 
lUU 
IU' 

IU:.! 

-
105 
IUIi 
IU( 

-
-

-
-

nu 

I:.! 

-
-
-

-
-
-

-
-

.118 
III 

l:.!U 

-

-
1:.!4 
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Table 4-9 H4CP048 160 (CU) QFP Pad to Pin Cross Reference 

~~ ~ RIG~ _ 

~~~ VO IDlE 1/0 
CELL PACKAGE CELL PACKAGE 

v:;:; - lUll v:;:; -
2 VDD - 56 VDD - 110 VDD 164 VDD 
3 1 1 5f 5~ 41 lU5 81 165 157 
4 l! 2 511 54 42 12 lU Ill! 11l1l 158 
5 3 3 59 55 4: 13 113 IIl~ 159 

4 4 56 ij. 14 54 166 IliU 
5 57 41 15 lie lli9 Iii' 

_6 6 511 41 16 l' Ilf 7U Ili2 
7 6 59 4~ 117 ,. _Il~ 1Jl 163 

10 8 64 60 48 118 I' 8E 172 IE4 
11 9 9 65 61 49 119 113 89 173 165 
12 10 66 62 - 120 114 - 174 166 
13 11 10 67 63 50 121 115 90 175 167 
14 12 11 68 64 51 122 116 91 176 168 
15 13 Il! li9 li5 5l! 1l!~ 92 In 169 
lli 14 I~ 7U Iili 53 1l!4 III 9~ 71! fU 

OV5i 15) T OV55(6~ - 125 .IV;)"\I1~1 - 79 OV55(17 
8_ 14 72 68 54 126 .1~0 ~~ 72 
9 15 73 69 55 127 121 ~5 1 73 

2 7~ 70 - 128 .1~2 - 174 
21 16 75 71 56 129 123 96 1 175 
22 20 17 76 72 57 130 124 97 184 176 
23 21 (( ,~ - 1~1 ll!b - 11!b 177 
l!4 l!l! III 71! 74 511 1~l! 1l!1i III! 11!1i (I! 

l!5 l!~ 19 79 75 59 133 1l!~ 99 11l~ 179 
l!1i l!4 2U 110 76 60 134 1211 IUU 11111 11lU 
l!~ IVUU::>\<:::>j 81 - 135 OVDD5(129) - 189 OVDD5(18' 
28 27 21 82 79 61 136 131 101 l~O 1II~ 
29 28 22 83 80 62 137 132 102 191 184 
30 29 84 81 - 138 133 - 192 185 
31 30 23 85 82 Ii~ 1~1I 134 103 193 186 
32 32 24 61! 1!4 li4 140 1~1i lU4 1114 188 
~~ ~~ 117 115 - 141 1~7 - 1115 11!1I 
~4 34 l!5 811 86 65 142 13 IU5 196 19U 
~5 ~5 l!6 89 87 66 143 13 IU6 197 191 
36 37 2~ 90 89 67 144 14 10I 198 193 
37 38 28 91 90 68 145 14 108 199 194 
38 OVSS(39) - 92 OVSS(91) - 146 UV:;:;(14~} - 200 OVSS(195) 
39 40 29 93 92 69 147 144 109 201 196 
40 41 30 114 !I~ 7U 141! 145 10 l!Ul! 197 
41 4l! ~' 95 94 T 149 146 2U3 1911 
42 43 - !IIi 95 - 150 147 - l!U4 199 
4~ 44 ~l! 97 !IIi 72 151 148 Il! l!U5 l!UU 
44 45 ~3 98 97 73 152 149 13 2U6 2C 
45 46 ;34 99 98 74 153 150 114 207 202 
46 47 35 100 99 75 154 151 115 208 203 
47 48 36 101 100 76 lbb Ibl! 116 209 204 
48 49 37 lUl! IU' 17 Ibli Ib~ l!lU l!Ub 
49 50 38 103 lul! (t! Ib7 154 11t! l!' l!UIl 
50 51 39 lU4 103 79 158 155 119 l!12 l!U7 
5' 52 4U IU5 ~4_ ~o_ ,15.9 .15.6 12Q 213 2U8 
52 ()V[)D.3 106 OVDD3 - 160 OVDD3 - 214 OVDD3 
53 OVDD5 107 OVDD5 - 161 OVDD5 - 215 OVDD5 
54 OVSS 108 OVSS - 1 Ill! UV:;:; - ,216 OVSS 
Not es: 
1. Die padlcell and Package numbers start at top of LEFT side and increment counter-clockwise. 
2. VSS. VDD. OVSS. OVDD3 and OVDD5 indicate fixed power and ground pads on the die(Array) for probe test. 

Rev 1.06/18/93 JEB 
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121 
122 
1l!~ 

124 
1l!5 
121i 
12~ 

1211 
129 
-

130 
131 
132 
133 
-

134 
135 
-

]3E 
137 
-

138 
1~1I 

14U 
-

141 
142 
-

143 
144 
-

145 
141i 
147 
148 
-

149 
150 
15' 

15l! 
15~ 

154 
155 
156 
157 
I 51! 
159 
16U 
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Table 4-10 H4CPQ48 169 OMPAC Pad to Pin Cross Reference 
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Table 4-10 H4CP048169 OMPAC Pad to Pin Cross Reference r-----------------

1. Die PadilO-Cell numbers stan at top of LEFT side and increment counter-clockwise. 
2. Pkg Pin and Bond Finger numbers stan at top of LEFT side and increment counter-clockwise. 
3. VSS, VDD, OVSS, OVDD3 and OVDD5 indicate fixed power and ground pads on the die(Array) for probe test. 
4. OVSS & OVDD5 in () are power and ground for Final Test and are Package dependent 
5. The following is a cross reference of package dependent Power and Ground Pin numbers: 
GND: a = H6, H7, HB, G6, G7, GB, F6, F7, FB 
PWR: b = E9, c = ES, 04, d =.15, e = J9, K10 
6. Only OVDD5 is connected to package PWR pins. 
7. VDD must be supplied separately through 110 package pins for all applications. 
B. OVDD3 must be supplied separately through 110 package pins for mixed voltage (5V 13.3V applications). 

Rev. 1.06118193 JEB 
Rev. 1.1 5111194 JEB added note 6. 
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Table 4-11 H4CP048 208 QFP Pad to Pin Cross Reference 

~~ ~ C;7Kf PACKAOE_ I~~~ VO IDlE 
CELL PACKAGE 

v:;:; 109 
2 VDD 2 56 VDD 

... ~ ~ VC 1M VUL )Il 
3 3 57 53 55 11l l.I: ].I ].I~ ~ .!~ 
4 2 4 5B 54 56 .~ l.I: ].I ~ ~ .!~ 
5 3 5 59 55 57 113 Jor !()~ JI>~ ~ .!~ 
6 4 6 6U tl6 oil 114 lOB 110 L16tl ~ ~ 
7 5 7 6' 0; 511 110 lUll 111. L16~ ~ ~ 
8 6 8 6<! 58 60 116 110 112 1170 ~ ~ 
9 9 63 511 6' I ( 113 1171 163 165 
lC 8 lC 64 60 62 Ill! 11<! 14 If<! 1M HltI 
1 9 1 65 61 63 .!!!I.. ..!!3!. 15 173 lt10 lt1_ 
12 10 - 66 62 ~ ~ - ~ ~ -
13 11 12 67 63 64 1.21 l1~ ~ ~ ~ ~ 
14 12 13 6B 64 65 1~2 l1~ JR 176 16t! 1611 
15 13 14 69 65 66 1~3 .!!r ~ ~ ~ ~ 
16 14 15 70 66 67 124 118 119 178 ~ .!r! 
17 UY""1I0, Itl UY""IDI 6t! Ii!o UV:;:;\ HI) Ii!U 1179 ~.'f5I~ L1.~ 
18 16 17 7<! 6t! 611 l<!tI I<!U li! It!l Ifi! f.., 
19 18 73 69 70 1<!7 I<!' I<!<! It!' If.., (4 
2C 74 70 l<!tI I<!<! I<!- 5<! 1f4 (0 
2 2 75 71 72 ~ ~ I<!- 53 1(0 1(6 

76 r 2 7~ @(J 124 I<! 54 1ftl 1(( 

2 : 2 77 73 74 @! ~ ~ L1~ L1!!.. ~ 
2 !2 23 7B 74 75 132 126 127 U6 ~ ~ 
25 23 24 79 75 76 133 127 128 lB7 ~ L1.I!() 
26 24 25 BO 76 77 134 12B 129 lBB ~ L1II! 
27 26 t!' 7t! 1"'0 I..,U IIl\l Itsi! 
28 2· 27 8<! 79 79 136 13' 13' ll1U Its.., Ill.., 
29 28 28 83 80 60 13 13<! 13<! 111· Its4 IIl4 
30 29 29 B4 t!' 8' 13t! 133 133 III<! Illo Illo 
3' 30 30 B5 82 B2 .!l!! ~ ~ ~ ~ ~ 
32 32 31 B6 B4 B3 .110 J3~ .~~ ~ ~ ~ 
33 33 32 B7 B5 84 '141 137 136 195 ~ JIll! 
34 34 33 8B B6 85 ! 142 13B 137 196 190 189 
35 35 34 till t! B6 143 13\1 13t! 111 1\1 I\ll 
36 3 35 90 89 8 144 14- 1311 1\I1l 1\1.., 1\1· 
37 38 36 9 90 18 145 14<! 14U 11111 1\14 I \Ii! 
38 37 9<! UY""I" 19 146 UY""I'''< 14 I <!UU IV ""'I '''_ 1\13 
39 40 38 93 92 90 Jil' ~ ~ @!! ~ ~ 
40 4' 39 94 93 91 L48 .!~ .~~ @J~ ~ ~ 
41 42 40 95 94 92 1149 146 144 1203 ~ -.l~. 
42 43 - 96 95 lOU 14 I i!U4 1\1\1 
43 44 4- II( 116 113 10 14S 140 I <!Uo . i!yu 1\11 

44 45 4<! lit! II B4 10<! 1411 14t1 I<!UtI i!U 1 \Ill 
45 46 43 9\1 lit! 95 103 loU 14 I <!U i!Ui! 1\1\1 
46 47 44 100 !III 9.6 ~ ~ ~ ~ ~ ~ 
47 48 45 101 100 97 -~ .!5~ .~~ l?0~ ~ ~ 
48 49 46 102 101 9B 1156 153 150 1210 ~~ _2()2 
49 50 47 1103 102 99 1157 154 151 1211 206 i!U'" 
50 51 48 1104 lU3 lOU lOll 100 10i! I <!1i! _ i!lJf _ i!U4 
51 52 4\1 lUo lU4 lU' 10\1 loti 10'" i!1.., i!UIl i!UO 
52 UVUD3 OU lU6 UVDD3 102 180 UVUU3 104 <!14 UVUU.., <!UtI 
53 UVDD5 5' 1O~ OVDD5 103 161 ~ ~ ~ ~ ~ 
54 OVSS 52 J()8 OVSS 104 ~ -g",~ ~.~ ..?1.§. ~ ~ 
Not IS: 
1, Die pad/cell and Package numbers start at top of LEFT side and increment counter-clockwise, 
2, VSS. VDD. OVSS. OVDD3 and OVDD5 indicate fixed power and ground pads on the die(Array) for probe test, 

Rev 1,0 6/18/93 JEB 
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Table 4-12 H4CP048 225 OMPAC Pad to Pin Cross Reference 
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PACKAGING 

Table 4-12 H4CP048 225 OMPAC Pad to Pin Cross Reference 

1. Ole Pad/IO-Cell numbers start at top of LEFT side and increment counter-clockwise. 
2. Pkg Pin and Bond Finger numbers start at top of left side and increment counter-clockwise. 
3. VSS, VDD, OVSS, OVDD3 and OVDDS indicate fixed power and ground pads on the die(Array) for probe test. 
4. OVSS & OVDDS in () are power and ground for Final Test and are Package dependent. 
S. The following is a cross reference of package dependent Power and Ground Pkg Pin numbers: 
GND: a =K7, K8, K9, JS, J7, J8, J9, Jl0, HS, H7, H8, H9, Hl0, GS, G7, G8, G9, Gl0, F7, F8, F9 
PWR: b = Gll, FlO, E9, Ell, c = GS, FS, ES, E7, d = L5, L7, KS, JS, e = L9, Lll, Kl0, Jll 
S. Both OVDD5 and VDD are connected together through the package PWR pins. 
7. The 225 OMPAC package is limited to the following three combinations of mixed (Core/System) power combinations: 

5 V IS V, 5 V 13 V & 5 V, and 3 V 13 V. 

Rev. 1.0 S/I8193 JEB 
Rev. 1.1 5111194 added note 6. 
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Table 4-13 H4CP048P1 
Analog PLL Option 1 

Note: This the BOnOM side of 
each pad to pin table for each array/package com
bination when Analog PLL option 1 is used in the 
H4CP048 array. 

H4CPlus Series Design Reference Guide 

Table 4-14 H4CP048P2 
Analog PLL Option 2 

PACKAGING 

Note: This table replaces the BOnOM and the 
TOP side of each pad to pin table for each arrayl 
package combination when Analog PLL option 2 is 
used in the H4CP048 array. 
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4-17 

i 
II , 



I 

PACKAGING 

10 H4CP075 
Die Size 337 X 337 

20 

VSS (4) VDD (4) 
OVSS (20) 
OVDD3(4) 

OVSS 
30 OVDD5 (12) 

4.8 Mil Linear Pad Pitch (256 Total, 64/Side) 
40 4.0 Mil Linear 110 Pitch (256 Total, 64/Side) 

- Unconnected 110 Site 

Rev. 2.0 
3/25194 

Figure 4-3 H4CP075 Footprint 
Note: 
P1 = Analog PLL option 1 (H4CP075P1) bottom left corner only, 

see Table 4-20 for 110 to pad configuration. 
P2 = Analog PLL option 2 (H4CP075P2) bottom left and top right corners, 

see Table 4-21 for 1/0 to pad configuration. 

MOTOROLA 
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Table 4-15 H4CP075128 (CU) QFP Pad to Pin Cross Reference 
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PACKAGING 
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PACKAGING 

Table 4-15 H4CP075 128 (CU) QFP Pad to Pin Cross Reference 

1. Die pad/ceH and Package numbers start at top 01 LEFT sjde and increment counter-clockwise. 
2. VSS. VDO. avss. aVDD3 and aVD05 indi,cate fixed power and grolJnd pads on the die(Array) for probe test. 
Rev 1.0 11129193 JEB . 
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Table 4-16 H4CP075160 (CU) QFP Pad to Pin Cross Reference 

H4CPlus Series Design Reference Guide 
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PACKAGING 

Table 4-16 H4CP075160 (CU) QFP Pad to Pin Cross Reference 

1. Die pad/cell and Package numbers start at top of LEFT side and increment counter-clockwise. 
2. VSS, VOO, OVSS, OV003 and OV005 indicate fixed power and ground pads on the die (Array) for probe test. 

Rev 1.0 6/18/93 JEB 
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Table 4-17 H4CP075 169 OMPAC Pad to Pin Cross Reference 

H4CPlus Series Design Reference Guide 

PACKAGING 
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PACKAGING 

Table 4-17 H4CP075 169 OMPAC Pad to Pin Cross Reference 

1. Die PadilO-Cell numbers start at top of LEFT side and increment counter-clockwise. 
2. Pkg Pin and Bond Finger numbers start at top of LEFT side and increment counter-clockwise. 
3. VSS, VDD, OVSS, OVDD3 and OVDDS indicate fixed power and ground pads on the die (Array) for probe test. 
4. OVSS & OVDDS in () are power and ground for Final Test and are Package dependent 
S. The following is a cross reference of package dependent Power and Ground Pkg Pin numbers: 
GND: a =F6, F7, F8, G6, G7, G8, H6, H7, H8 
PWR: b = ES, c = JS, K4, d = J9, e =010, E9 
6. Only OVDDS is connected to package PWR pins. 
7.VDD must be supplied separately through 1/0 package pins for all applications. 

Rev. 1.0 6118193 JEB 
Rev. 1.1 5111194 JEB added note 6. 
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PACKAGING 

Table 4·18 H4CP075 208 (CU) QFP Pad to Pin Cross Reference 

i:FT"CKAG~ RIG~ _ 

~~~ I/O 
CELL PACKAGE 

1 VSS 65 --vss - 129 vss_ - -
2 VDD 66 VDD - 130 VDD - 19:4 If[)D -
3 1 1 67 65 53 131 129 105 195 193 157 
4 2 2 68 66 54 132 130 106 196 194 158 
5 :i :i 1;9 1;1 55 l:i:i l:i1 lUt 197 195 159 
6 4 4 7~ 68 56 1M l:i2 lU8 198 191; 160 

5 5 T 69 57 135 133 lU9 199 197 11;1 
8 6 6 '2 7C 58 136 134 10 2UU 198 11;2 
9 7 7 73 71 59 137 135 111 2~ 199 163 
10 8 8 74 72 60 138 136 112 202 200 164 
11 OVSS(9) 75 VVUU"V"I - 139 uv;;;;p;:s, - 203 OVDD5(201) -
12 10 9 76 74 61 140 138 113 204 202 165 
l:i IU 77 '5 62 141 1:i9 14 2U5 203 166 
14 12 78 76 63 142 140 15 2U6 2U4 11;7 
15 12 79 '7 64 143 141 16 207 205 11;8 
]6 l' 13 80 78 65 144 142 11]' 2()Ij 206 169 
17 .11 14 81 79 66 145 143 118 .2011 207 
18 11 15 82 80 67 146 144 119 210 208 171 
19 OVDD5(17) - 83 OVSS(81) - 147 - i 211 
20 HI 11; 84 82 1;8 148 141; 12U 1212 210 172 
2- 19 85 8:i 69 149 147 121 j21:i 2- ,:i 
22 2U 18 81; 84 7U 15~ 148 122 1214 212 '4 
23 2- 19_ 87 85_ 71 151 J4!1_ 123 1215 213 '5 
24 22 20 88 87 72 152 150 124 1216 215 176 
25 23 21 89 88 73 1153 151 125 1217 216 177 
26 24 22 90 89 74 1154 152 126 1218 217 178 
27 25 23 9- 9U 75 155 15:i 127 1219 218 179 
2B 26 24 92 92 76 i6 154 12B 1220 22U 18U 
29 28 25 93 93 r7 156 129 122· 22· 18-
30 OV: ,8(29) - 94 - i8 JV;;;;llOf - 1222 -
~1 - 95 95 - h9 159 122~ _~3 -
32 32 26 96 96 78 160 160 130 1224 224 182 
33 33 27 97 97 79 161 161 131 1225 225 183 
34 34 28 98 98 80 11;2 11;2 l:i2 1221; 226 184 
35 UV::;::;(:i5) - 99 VV"''''lIUUJ - ,3 UV;;" I''''' 122. -
36 :il; 29 100 10- 8· )4 i4 133 1228 229 lB5 
37 37 30 1~ 82 11)5 165 134_ 1l22..!1 ~~- 186 

_38 _39 31 102 104 83 11)6 167 135 1230 232 187 
39 40 32 103 105 84 1167 168 136 1231 233 188 
40 41 33 104 106 85 1168 169 137 1232 234 189 
41 42 M IU5 10, 8B 11;9 'U l:i8 12:i:i 2:i5 19U 
42 44 :i5 IU6 108 87 72 l:i9 12M 231; 19-
4:i 45 :il; IU7 109 BB 73 140 1235 23. 192 
44 41; 3. 108 11C .!Ill 1]2 .174 141. 12~ 238 193 
45 47 _38 109 111 90 173 175 142 1237 239 194 
46 UVUUO\49) - 110 OVDD5(112) - 174 OVDD5(177) 1238 -
47 50 39 111 113 9· '5 78 143 1239 241 195 
48 51 4U 112 15 ~2 144 1240 24 191; 
49 52 4- 113 16 ~3 IT. 181 14~ I~ .£.4 ]97 
50 53 42 114 ~ .!7' 18 14~ 12~ ~ ]98_ 
51 54 43 115 118 ~5 171 18 147 243 24 199 
Ji~ _55 44 116 119 96 180 183 148 244 247 200 
53 56 45 117 120 97 181 184 149 245 248 201 
54 OVSS(57) - 118 vV""l'''' I 182 UVSS(185) - 248 -
55 58 41; 119 122 9B 183 186 150 247 250 202 
51; 59 4. 120 123 99 184 187 151 248 251 203 
57 60 48 12· 194 100 185 188 152 249 252 204 

Ji8 _61 49 122 125 101 _ 186 189 153 250 253 205 
59 62 50 1123 126 102 18. 190 154 251 254 201; 
60 63 51 124 12. 103 lB8 19- 155 252 255 207 
1;1 64 52 125 128 104 189 192 156 253 256 208 

H4CPlus Series Design Reference Guide MOTOROLA 
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PACKAGING 

Table 4-18 H4CP075 208 (CU) QFP Pad to Pin Cross Reference 

1. Die pad/cell and Package numbers start at top of LEFT side and increment counter-clockwise. 
2. VSS, VDD, OVSS, OVDD3 and OVDD5 indicate fixed power and ground pads on the die (Array) for probe test. 

Rev 1 .0 6/18193 JEB 
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Table 4-19 H4CP075 225 OMPAC Pad to Pin Cross Reference 
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PACKAGING 

Table 4-19 H4CP075 225 OMPAC Pad to Pin Cross Reference 
r---~~~~-----

1. Die Pad/IO-Cell numbers start at top of LEFT side and Increment counter-clockwise. 
2. Pkg Pin and Bond Finger numbers start at top of LEFT side and increment counter-clockwise. 
3. VSS, VDD, OVSS, OVDD3, & OVDD5 indicates fixed power and ground pads on the die (Array) for probe tesl. 
4. OVSS & OVDD5 in () are power and ground for Final Test and are Package dependent, 
5. The following is a cross reference of package dependent Power and Ground Pkg Pin numbers: 
PWR: a = F9,Fl0,Gl0 e=F6, F7, G6 d=J6, K6, K7 e=K9. Kl0, Jl0 
GND: b =F8, G7, G8, G9, H6, H7, H8, H9, H10, J7, J8, J9, K8 
6. Both OVDD5 and VDD are coMected together through the package PWR pins. 
7. OVDD3 must be supplied separately through VO package pins for mixed voltage (5V /3.3V) I/O applications. 
8. The 225 OMPAC package is IimHed to the following three combinations of mixed (Core/System) power combinations: 

5 V /5 V, 5 V /3 V & 5 V, and 3 V /3 V. 

REV. 1.06/18/93 JEB 
REV. 1.1 7/12193 JEB Updated PWR, defined power planes a, c,d and e. 
REV. 1.25111194 JEB Added notes 8 and 7. 
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Table 4-20 H4CP075P1 
Analog PLL Option 1 

H4CPlus Series Design Reference Guide 

Table 4-20 H4CP075P1 
Analog PLL Option 1 

PACKAGING 

Note: This table replaces the BOTTOM side of each pad 
to pin table for each array/package combination when 
Analog PLL option 1 is used in the H4CP075 array. 
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Table 4-21 H4CP075P2 
Analog PLL Option 2 

Table 4-21 H4CP075P2 
Analog PLL Option 2 

Note: This table replaces the BOTTOM and the TOP 
side of each pad to pin table for each array/package 
combination when Analog PLL option 2 is used in the 
H4CP075 array. 

H4CPlus Series Design Reference Guide 



310 

H4CP109 
Die Size 391 X 391 

4.8 Mil Linear Pad Pitch (304 Total, 76/Side) 
4.0 Mil Linear I/O Pitch (312 Total, 78/Side) 

VSS (4) VDD (4) 
OVSS (24) 
OVDD3 (4) 

OVDD5 (16) 

_ Unconnected I/O Sites 

PACKAGING 

~~~~~nT~~~~~~R~eV~'~2~'0~~~~~~~~~~~liilll~ 3/25194 

160 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~)~q~ VSS 
.... OVSS 

Figure 4-4 H4CP109 Footprint 

Note: 
P1 = Analog PLL option 1 (H4CP1 09P1) bottom left corner only, 

see Table 4-29 for 1/0 to pad configuration. 
P2 = Analog PLL option 2 (H4CP109P2) bottom left and top right corners, 

see Table 4-30 for 1/0 to pad configuration. 
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Table 4-22 H4CP109160 (CU) QFP Pad to Pin Cross Reference 
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Table 4-22 H4CP109160 (CU) QFP Pad to Pin Cross Reference 

1. Die pad/cell and Package numbers start at top of LEFT side and increment counter-clockwise. 
2. VSS, VDD, OVSS, OVDD3 and OVDD5 indicate fixed power and ground pads on the die (Array) for probe test 

Rev 1.0 6118193 JEB 
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Table 4-23 H4CP109 160 MicroCool Pad to Pin Cross Reference 
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Table 4-23 H4CP109160 MicroCool Pad to Pin Cross Reference 

1. Die pad/cell numbers start at top of LEFT side and increment counter-clockwise. 
2. Package numbers start at bottom of the LEFT side and increment clockwise 
3.VSS, VDD, OVSS, OVDD3 and OVDD5 indicate fixed power and ground pads on the die (Array) for probe test.. 

Rev 1.0 6/18/93 JEB 
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Table 4-24 H4CP109 208 (CU) QFP Pad to Pin Cross Reference 

VDD (8 VUU • 1154 VDD .: 230 ~ • 
3 
4 
5 
6 
7 
8 6 
9 7 
10 8 

9 

UVUL'tlI131 

17 1: 
18 OV55(16) 
19 17 
20 11 
2 11 
22 21 
23 2' 
24 22 
25 23 
26 24 
2' OVSS(25) 

OVD[)5(26: 
:!9 21 
ao 21 
: 30 
32 31 
33 33 
34 34 

39 
40 
4' 

14 

)6 
47 
46 

)0 

54 

57 
58 
59 
60 
6i 
62 

OVS:,(39) 
40 
41 
42 
14 
15 
16 
~7 

48 
50 

UV itl~ 

58 
60 
61 
62 

84 
85 
66 
67 

MOTOROLA 
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2 
3 
4 
5 
6 
7 
8 

2 

· 
13 
14 

· 
15 
16 
17 

· 
· 

18 
19 
20 
· 
· 

21 
22 
23 

· 
· 
· 

24 
25 
26 
· 

27 
28 
29 
· 
· 
· 

30 
31 
32 

· 
· 

33 
34 
35 

36 

38 

79 79 03 ItItI lt1{ 1 Uti 1 ~31 ~3~ ~ 

Jl1 8' l)l) 107 10! lU7 1 ~33 ~:H 1 till 

83 83 57 1.159 , 1(1 _1~ ~..E~ ~ 

85 85 59 1161 163 111 1237 ~ ~ 
tIti 86 t;U 16~ 164 112 1238...?~ ~~ 
87 87 6' 163 1~ 113 I~II ~3 165 
88 18 62 164 166 114 1 ~ ~44 ltl6 
89 89 63 ~ l!iI 110 ~4 16{ 
90 90 64 ~ ~ ~ ~ 168 
91 Vy l!iI~ - . 

93 93 66 1169 171 118 I. 245 ~ .!Z!l. 
114 UV::i::i(lI4i \fU VY.,.,\ '1<1 • 1246 • 
9: 90 6~ 1f3 1111 1 ~4{~' If 

9 96 68 rl 174 l~l I ~48 ~tI~ If~ 

99 99175 172 ~ ~ 
1100 100 70 176 178 122 1252 ~ 
1101 10' ({ 179 123 1253 _25]' 

lU2 lU2 72 (8 180 1~4 I ~M ~tltI 1ftl 
103 OV55(104) • 79 VY"" I 2t1t1 'Y", ,,:6Uj · 
104 OVDD5(105) ~ ~[ (182 I 206 
105 106 .73111} 125 1207 2~ 

106 107 74 1112 1~ ]~ LEllil. .£!: 
1107 109 75 I 183 186 1,?7 12~9 ~ 
1108 110 • 1184 187 1260 _261) · 

lU9 • 18t1 1811 • 1 ~6' ~tl · 
Il( 12 • 186 190 • 1262 ~tl8 · 

113 116 78 189 ,11/04 _1~ L2~ ~ 
114 OVSS(117) • 119OvV<>"I"'''1 • 1266 ~ · 
115 118 (9 111 lilt; 131 1267 --.<!~ 
116 12U 80 111'.! 111 13~ 1 ~tl8 ~(tl 

17 12 8' 113 198 133 1 269 ~({ 

· 
119 123 • _l!1l) _2()! • L.?l! ~ · 
120 124 • L11111 _~ • ~ ~ · 
121 126 82 1197 203 134 1273 ~ 

1122 127 83 1\18 ~U4 135 127428.3 187 
123 128 84 199 ~ 136 l2ItI ~t14 

124 IOVDD5(129) • 12Ul 1 OVDDO(2U • 1276 
OVSS(131) • l.?()! • L.?!L ~ 

13: 85 1.?.Il?_ --'<!Qll.1E. L??II. ~ 

2E 134 87 1 204 212 139 1 280 ~ 
129 136 • 1 ~UtI ~13 • 1 ~8' ~~ 
13U 137 • 1206 ~14 • 1 ~8~ ~1I3 

13' 138 88 12U7 216 14~ 1 283 ~1I4 

132 139 89 ~ ~ ~ ~ ~ 
133 140 90 12,1)9 218 1.42 1285 ~ 
134 Vy.,.,\ , .. I) 1210 • 1286 

39 135 142 91 1211 220 143 287 298 195 
40 136 143 92 1212~' 144 288 1116 

137 144 1213 ~ ~ · 
4' 138 145 jJ3 ~ ~ ~ ~ 
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Table 4-24 H4CP109 208 (CU) QFP Pad to Pin Cross Reference 

1. Die pad/cell and Package numbers start at top of LEFT side and increment counter-clockwise. 
2. VSS. VDD. OVSS. OVDD3 and OVDD5 indicate fixed power and ground pads on the die (Array) for probe test. 

Rev 1.0 6/18/93 JEB 
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Table 4-25 H4CP109 208 MicroCool Pad to Pin Cross Reference 

L~ ~ 
I~~~ UO IDlE 

CELL PACKAGE 

v;:;;:; -" 1.0<1 
2 VDD - 78 VDD 154 
3 1 52 79 79 208 155 
4 2 51 80 80 207 156 
0 ;i OU III III l!UH 1:>1 

H 4 411 Ill! Ill! l!UO 156 
7 0 48 83 83 204 109 
8 ti 47 84 114 2U3 ltiU 
9 46 2')2 
1( 45 2' ,2 

44 2' j3 

1; 0 43 N9 11>4 
1: 42 89 89 198 165 
14 12 41 90 90 197 168 
15 UVUUb\l~) - II" V"'""'"""I" 167 
16 14 40 92 92 196 168 
II 10 <Ill 11<1 1I;i 1110 lHII 
111 VY"''''I'OI - 114 UV:;:;\1I4) - TO 

19 <III 9 95 1114 IT 
21 37 193 172 
2" ~~ 192 173 
2: 2 - 1.71 
2: 2 - - 175 
24 22 35 100 100 191 176 
25 23 34 101 101 190 177 
26 24 ~;i 1Ol! lUl! 11111 III 
l!1 VY"''''I'''''1 - 10<1 UV:;:;\1U4) - I Til 
l!1I - lU4 I UVDD5(105) - 18U 
29 28 32 lOti 188 18" 
3~ 29 3" 107 18~ 182 
31 30 3C .1Q.9_ 186 18:i 
32_ 31 - 110 - 184 
33 33 - 109 111 - 185 
34 34 - 110 112 - 186 
35 35 29 111 l;i 1110 187 
36 ;:It; l!1I Il! 15 1114 1811 
;i7 <III U l;i 116 1113 19 
;ill 14 VV"''''1 - 10 
;is 40 26 15 118 182 1!1.1 
4C ".41 25 116 120 181 1112 
41 42 24 117 121 180 193 
4~ 44 - 118 122 - 194 
43 40 19 1l!<I - 195 
44 46 ll!U 1l!4 - 19H 
45 47 l!;i 1l!" 1l!6 179 197 
48 48 2l! 122 127 178 IS 
47 00 2" 12'! 121 177 1119 
18_ JVUL Ol~ 124 OVDD5 [129) - 200 
49 - 125 VY"''''I ,,,1) - 201 
50 53 20 126 13: IIH l!lT~ 

51 55 III 1l!l l;i<l 110 l!U;i 
52 56 III 1l!1I 1;i4 rT4 .l!04 
o;:s 0, 1l!1I 1;i6 - ,l!05 
54 011 13G 137 - 1206 
55 60 r~ 131 138 173 1207 
§B_ 61 16 132 139 172 1208 
57 62 15 ' 133 140 171 1209 
58 : 134 VY"''''I''t - ll!lU 
59 64 14 : 135 14l! ITG Il!" 
60 65 l;i 136 143 169 1212 
6" 66 137 144 - 1213 
62 67 12 138 145 168 1214 

MOTOROLA 

4-38 

c~7~ PACKAGE_ 
V;:;~ 

VDD 1230 VDD -
157 156 L2:il. 235 104 
158 155 1232 236 103 
1:>11 154 1233 237 102 
lHU lo;i 1234 238 101 
lH" 10l! 1l!;iO l!;ill lUU 
lHl! 151 1236 240 99 

,;i IoU 1237 241 98 
,4 149 1238 l!42 9~ 

,5 141 123! 24: 96 
H6 14" 95 
1,7 141 _9.1 
168 J~: 93 

OVDD5(169) ~7l -
170 144 1244 24 92 

143 1245 249 91 
UV:;:;\1Il!) - 1l!4H -

17<1 14l! 1l!47 l!o" IIU 
174 14" 1248 l!5l! 1111 " 
175 140 1245 2 88 
176 - 125( 2 -
177 - 125" 2 -
178 139 125~ 2 87 
179 138 1253 257 86 
180 137 1254 258 85 

UV:;:;\ll1" - Il!oo VY"''''I",ouJ -
UVDDo(ll1l!) - ll!oH -

184 13H 120~ 2Hl! 114 
185 135 21 l!H, 8;i 
l8~ 134 21 26f 82 
187 - 26( ""261 -
189 - 21 26, -
190 - 262 268 -
191 133 263 269 81 
19l! l;il! l!H4 l!T IIU 
194 1<11 l!H5 l!ll! 79 

UV"''''I'''''J - l!HH UY"''''I'''''J 
19t> 13~ 267 274 18 
197 129 268 276 77 
198 128 269 277 76 
l!UU - 270 278 
l!Ul - l!T l!711 
202 - 272 280 
20;i 127 l!73 l!1I2 15 
204 126 .274 28: 14 
206 125 ,275 28< 73 

- ,276 -
1277 VY"''''I ~o/) -

l!U9 1l!4 lUll l!1I1 72 
l!" Il!;i 1279 289 71 
l!1l! Il!l! 1l!1IU l!9U (U 

l!13 128" 292 -
214 1282 293 -
216 121 1283 294 69 
217 120 1284 295 68 
218 119 1285 296 67 

VY"''''I''''''i - 1l!IIH -
l!"~U 1111 1l!1I, l!911 H6 
22" 17 1288 299 65 
222 1289 300 -
223 116 1290 301 64 
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Table 4-25 H4CP109 208 MicroCool Pad to Pin Cross Reference 

1. Die pad/cell numbers start at top of LEFT side and increment counter-clockwise. 
2. Package numbers start at bottom of the LEFT side and increment clockwise. 
3.VSS. VDD. OVSS. OVDD3 and OVDD5 indicate fixed power and ground pads on the die (Array) for probe test. 

Rev 1.0 6/18/93 JEB 
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Table 4-26 H4CP109 225 OMPAC Pad to Pin Cross Reference 
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Table 4-26 H4CP109 225 OMPAC Pad to Pin Cross Reference 

1. Die Pad/IO-Cell numbers start at top of LEFT side and increment counter-clockwise. 
2. Pkg Pin and Bond Finger numbers start at top of left side and increment counter-clockwise. 
3.VSS, VDD, OVSS, OVDD3, & OVDD5 indicates fixed power and ground pads on the die(Array) for probe test. 
4. OVSS & OVDD5 in () are power and ground for Final Test and are Package dependent 
5. The following is a cross reference of package dependent Power and Ground Pkg Pin numbers: 
PWR; a = F9,Fl0,Gl0, F6, FT, G6, J6, K6, 1<7, K9, Kl0, Jl0. 
GND: b =FB, G7, GB, G9, H6, H7, HB, H9, Hl0, J7, JB, J9, K8 
6. Both OVDD5 and VDD are connected together through the package PWR pins. 
7. OVDD3 must be supplied seperately through I/O package pins for mixed voltage ( 5V /3.3V) I/O applications. 
8. The 225 OMPAC package is limited to the following three combinations of mixed ( Core/System) power combinations: 

5 V /5V, 5 V /3V &5V, and 3 V /3V. 

Rev. 1.0 1/4/94 JEB 
Rev. 1.1 5111194 JEB added notes 6 and 7. 
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Table 4-27 H4CP109 240 (CU) QFP Pad to Pin Cross Reference 

Lm ~ mmrr _ 
~~~ 00 IDlE I/O 

CELL PACKAGE CELL PACKAGE 

1 vss· . 153 vss· . 
l! VlJlJ 
3 
4 2 
5 3 

0 
11 9 
12 10 
13 11 
14 1l! 
15 OVD[ 5(13) 

.1..6. 
J7 .1~ 
18 OVSS (16) 
19 1 ~ 
20 18 
l!' 19 
22 20 
23 2' 
24 22 
25 23 
26 24 
27 OVSS(25) 
28 VVUUOI"'O} 
29 l!tI 
3U l!9 
<I' 3U 
<12 31 
3~ 33 
3'1 .~~ 
3~ 35 
3€ 36 
37 38 
38 VV""I""} 
39 40 
4(; 41 
4" 4Z 
42 44 
43 45 
44 46 
45 47 
46 48 
47 50 
4tI 
49 IV' ;'<:, 

5[ 5 
~ ? 
5~ 5 
5~ 57 
~ 58 
00 6U 
06 61 

62 
58 DV~ ;S(63) 
59 64 
)0 65 
61 66 
62 67 

MOTOROLA 
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· 

2 
3 
4 
5 

.6 
7 
8 
9 
10 

12 
· 

13 
14 
· 

15 
16 
17 

11:1 
19 
2U 
21 
22 
· 
· 

l!3 
24 
25 
26 
· 

27 
28 
29 
30 
· 

<I" 
32 
33 
34 

· 
.35 
36 
37 
38 
· 
· 

39 
40 
41 
42 
43 
44 
45 

.46 

47 
48 

49 

71:1 VlJlJ 
79 79 
10 eo 

8' 
12 82 
13 63 )~ 

54 84 66 
85 85 67 
86 86 68 
87 87 69 
88 88 70 
1:19 1:19 
90 90 72 
9' VVUU;'11l · 
92 92 73 
93 93 74 
94 
95 95 75 
96 96 (6 
9, 97 
98 9B 78 
99 99 79 
100 !Oll J!O 
101 101 81 
102 102 82 
103 OVSS(104) · 
104 I OVDD5(105) · 
IUS 106 tI3 
lU6 lUf 1:14 
IU, 109 1:15 
108 10 66 
JIl9 m · 
110 112 87 
I'll 113 88 
112 115 89 
113 116 90 
114 VV""1 · 

15 11:1 91 
16 92 

H 93 
18 .1..2L! 94. 
19 123 · 
20 124 95 
!1 126 96 

122 lU 9f 
1l!3 121:1 91:1 
124 IOVDD5(IZ9) · 
.125 OVSS(131) · 
126 132 99 
127 133 100 
128 134 101 
129 136 102 
1<1U 137 1U3 
13' 131:1 104 

32 139 105 
133 140 106 
134 VV"".I 1'+ I) 
135 142 107 
136 143 108 
137 144 
131:1 145 109 

154 VlJlJ · 1230 VDD · 
55 157 1l!~ 1l!31 l!35 181 
56 158 122 1232 236 182 

159 123 1233 l!37 11:13 
124 1234 238 184 

1235 239 185 
1236 240 186 

I: 1237 241 187 
162 1: 1238 242 188 
163 165 129 1239 243 189 
164 166 130 1240 244 190 
165 167 131 1241 245 191 
166 161 132 1242 246 192 
16, OVD[ 169) · 124: UVDlJ5 (247J 
168 1 133 124< 24 193 
169 1 134 124f 24 194 
170 VVO<l ''''; 1241 
171 17: 135 1247 25 195 

7l! If4 136 1248 252 196 
73 75 137 1l!49 l!S<I 19f 
74 76 131:1 12:>0 l!54 191:1 
75 139 125' 255 199 

1J~ 7B 140 1252 256 200 
177 179 141 L253 257 201 
178 180 142 1254 258 202 
179 vvoOl'O' 1255 
11:10 UVlJlJ5(182) 1256 
lt1' lt14 I'll! 1257 262 203 
11:1l! 11:10 144 1258 263 204 
lt1<1 166 145 259 l!65 l!UO 
184 18, 146 260 266 2U6 
185 189 26' ~61' · 
186 190 147 262 268 207 
187 191 148 263 269 208 
188 192 149 264 271 209 
189 194 150 265 272 210 
190 OVSS( 195) · 266 VV""I"""} · 

19l 15' 267 274 2 
152 268 276 212 

1 153 21;9 2 213 
I 154 2·'0 g7l1. 214 
I · 2' !79 -
196 155 272 280 215 
197 203 156 273 282 216 
191:1 l!O4 157 274 283 217 
199 ZOO 151:1 275 l!1:I4 211:1 
200 OVDD5(20, · 276 OVD[ 5(285) · 
201 · 277 7) · 
202 209 159 278 2118 219 
203 211 160 279 2119 220 
204 212 161 280 290 221 
205 213 162 1281 292 222 

;l!OO l!14 16<1 il!l:Il! 29<1 223 
,2U7 216 164 1 Zt13 294 2'l4 
1208 217 165 L 2!1-4. 295 ~2.? 
1209 218 166 1285 296 g26 
1210 OVSS(219) · 1286 VV:l:l\"9, 
1211 220 167 1287 298 227 
1212 221 168 1288 299 228 
1l!1<1 222 · 121:19 3UU 
1214 223 169 1290 30" 229 
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Table 4-27 H4CP109 240 (CU) QFP Pad to Pin Cross Reference 

1. Die pad/cell and Package numbers start at top of LEFT side and increment counter-clockwise. 
2. VSS, VDD, OVSS, OVDD3 and OVDD5 indicate fixed power and ground pads on the die (Array) for probe test. 

Rev 1.0 6/18/93 JEB 
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Table 4-28 H4CP109 313 OMPAC Pad to Pin Cross Reference 
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Table 4-28 H4CP109 313 OMPAC Pad to Pin Cross Reference 

1. Die Pad/IO-Cell numbers start at top of LEFT side and increment counter-clockwise. 
2. Pkg Pin and Bond Finger numbers start at top of LEFT side and increment counter-clockwise. 
3.VSS, VDD, OVSS, OVDD3, & OVDD5 indicates fixed power and ground pads on the die (Array) fOr probe test. 
4. OVSS & OVDD5 in () are power and ground for Final Test and are Package dependent. 
5. The following is a cross reference of package dependent Power and Ground Pkg Pin numbers: 
PWR: a = J13, KIa, K16, L II, L13, L 15, M12, M14, N9, NIl, N13, N15, N17, P12, P14, Rll, R13, R15, S16, T13 
ODD3: c = Y2, AA2 d =AA22, AA24 e = A25, B24 f = C3, E5 
GND: b =G7, G19, HS, HIS, J9, J17, S10, T9, T17, US, U1S, V7, V19. 
6. Only OVDD5 is connected to package PWR pins. VDDis be supplied seperately through I/O package pins. 

REV. 1.05111194 JEB 
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Table 4-29 H4CP109P1 
Analog PLL Option 1 

Table 4-29 H4CP109P1 
Analog PLL Option 1 

Note: This table replaces the BOnOM side of each 
pad to pin table for each array/package combination 
when Analog PLL option 1 is used in the H4CP109 
array. 
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Table 4-30 H4CP109P2 
Analog PLL Option 2 

H4CPlus Series Design Reference Guide 

Table 4-30 H4CP109P2 
Analog PLL Option 2 

PACKAGING 

Note: This table replaces the BOTTOM and the TOP 
side of each pad to pin table for each array/package 
combination when Analog PLL option 2 is used in the 
H4CP109 array. 
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PACKAGING 

Note: 

H4CP146 
Die Size 438 X 438 

VSS (10) VDD (8) 
OVSS (24) OVDD5 (18) 

OVDD3(4) 

4.8 Mil Linear Pad Pitch (344 Total, 86/Side) 
4.0 Mil Linear I/O Pitch (360 Total, gO/Side) 

_ Unconnected I/O Sites 

Rev. 2.0 
3125194 

Figure 4-5 H4CP146 Footprint 

P1 = Analog PLL option 1 (H4CP146P1) bottom left corner only, 
see Table 4-34 for 1/0 to pad configuration 

P2 = Analog PLL option 2 (H4CP146P2) bottom left and top right corners, 
see Table 4-35 for 1/0 to pad configuration. 

220 
VDD 

__ "..-- OVDD5 

MOTOROLA 
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Table 4-31 H4CP146160 MicroCool Pad to Pin Cross Reference 

Lm ~ 
~l~ VO IDlE 

CELL PACKAGE 

1 vss - 173 
2 VDD 66 VDC - 174 
3 .1 .40 _69_ 91 160 17:5 
4 2 39 90 92 159 176 
5 3 38 91 93 158 177 
6 4 37 92 94 157 178 
7 5 - 93 95 - If~ 

II ti ~ti ~4 ~ti lOti IIIU 
9 ~5 95 97 155 1111 
10 UVSS(6) - 96 UV55{96] - 162 
_1! 9 a~ _ 97: .. 99 _ 154_ 1~3_ 
12 10 33 98 100 153 184 
13 .UYU_U"1 - 99 UYUU"I,ul) - 185 
14 12 - 100 102 - 186 
15 13 - .101 103 - 1187 
16 14 32 102 lU4 102 1 till 

15 3' 1O~ 105 151 1119 
18 16 - 104 106 - 191: 
19 17 - 10fj 107 - 191 
20 18 - 106 108 - 192 
21 19 30 107 109 150 1193 
22 20 29 108 110 149 194 
23 21 - .109 111 - 1195 
24 22 - 11U 12 - 19ti 
25 UVS:;{2~) - DVS5{ 13) 19, 
26 24 26 12 114 148 196 
27 ~5 27 113 115 147 199 
~6 ~6. - 114 116 1200 
29 28 - 115 118 1201 
30 29 - 116 119 1202 
31 30 26 117 12U 140 12U~ 

32 ~1 20 1111 12' 145 1204 
~~ v:;S{~~) - 119 VSS{12~) 1205 
14 34 - 120 124 1206 
15 35 24 '121 125 144 1207 
16 36 23 122 126 143 1208 
17 OVSS(37) - 123 UY""I'''' 1209 
38 38 - 124 128 1210 
39 40 - 125 I~U 2' 
4U 41 22 126 '1 3'1 142 1212 

42 21 127 132 141 1213 
~2 43 - 128 133 1214 
~3 - 129 OVDD5(135) 1215 
w 46 20 130 136 140 1216 
45 47 19 131 1~, 1~9 12 
46 4tI 111 1~2 1~1I 136 216 
4, VUU{oU) - 133 VDD{l40) 219 
48 51 - 134 141 220 
49 52 - 135 142 221 
50 53 17 136 143 137 222 
51 54 16 137 144 136 223 
52 56 - 138 14ti - 224 
53 57 - 139 14, - 225 
54 VSS{56] - 140 : OVDD5(148) - 226 
55 59 15 141 149 135 227 
56 60 14 142 150 134 228 
57 62 - 143 10<: - 22~ 

58 63 - 144 lo~ - 2~ 

59 ti4 - 145 154 231 
tiU ti5 - 146 155 .232. 
ti' ti7 13 147 157 133 233 
62 68 12 148 158 132 234 

H4CPlus Series Design Reference Guide 

mG~ _ 
VO 

CELL PACKAGE 

vss - -
VDC - 2tiU 
1111 120 261 
162 119 262 
183 118 263 
184 117 264 
1110 - 265 
IlIti 16 ' 266 
1117 15 :2tif 

"'V~~llllll' - i 2till 
169 14 i 2ti9 
190 _113 i 27Q 

UYUU"I'" - 1271 
192 - i 272 
193 - 1273 
194 112 1274 
195 1270 
196 - 1276 
197 - 1277 
198 - 1278 
199 110 1279 
200 109 1280 
201 - 1281 
2U2 - 12112 

- 1211~ 

204 06 1264 
205 107 1265 
206 - 1286 
208 - 1287 
209 - 1288 
l!10 106 1289 
21 100 1290 

VSS(213) 129' 
214 129'.1 
215 104 1293 
216 103 1294 

UY""I" 1295 
218 296 
22U 29, 

.221. 102 296 
222 101 299 
223 300 

OVDD5(225) 301 
226 100 302 
Z.1, 99 303 
2".16 911 ~O4 

VDD{2~OL - 305 
231 - 306 
232 - 307 
233 97 308 
234 96 309 
2~ti - ~1U 

237 - 3' 
VSS(238) - 312 

239 95 313 
240 94 314 
242 - ~15 

243 - ~lti 

244 - 317 
245_ - 316 
247 93 319 
248 92 ,320 

VDD 
27 
_272 
273 
274 
275 
276 
2{( 

279 
2E 

UVUU: >\<:11; 
2E2 
2E3 
284 
285 
2116 
211, 
288 

_28_9. 
290 
291 
292 

294 
295 
296 
298 
299 
300 
301 

V:;S{~U~) 

304 
305 
306 

UII""I"ul 
308 
al0 
3" 
312 
313 

Uyuu"I,,15) 
316 
317 
~111 

VDD(320) 
321 
322 
323 
324 
~2ti 

327 
OVDD5(328) 

329 
330 
~~<: 

~~~ 

334 
335 
337 
338 

-
6l 
79 
78 
77 

76 
75 

r4 
r3 
-
-
-

72 
71 

--
70 
69 
-
-
-

till 
6: 
-
-
-

66 
65 
-
-

64 
63 
-
-
-

62 
61 
-
-

60 
59 
511 
-
-

57 
56 

55 
54 
-
-
-
-

53 
52 
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Table 4-31 H4CP146 160 MicroCool Pad to Pin Cross Reference 

1. Die pad/cell and Package numbers start at top of LEFT side and increment counter-clockwise. 
2. VSS, VDD, OVSS, OVDD3 and OVDD5 indicate fixed power and ground pads on the die for probe test and are array dependent. 

Rev 1.0 11/22/93 JEB 

MOTOROLA 

4-50 

H4CPlus Series Design Reference Guide 



Table 4-32 H4CP146 208 MicroCool Pad to Pin Cross Reference 

2 
3 
4 

9 

1: 
1: 
14 
15 
16 
17 
16 
19 
20 
2' 
22 
23 
24 
25 
26 

26 
29 
3U 

33 
34 
35 
36 
37 
36 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 

55 

58 
59 
60 

62 

c"ri':FT PACKAGE~ 
VSS ~ 
VDD 

1 
2 
3 
4 

7 
)V:;S(8) 

o 
UYIJI'''I 

12 
13 
14 
15 
16 

18 
19 
2() 
21 
22 

OVSS(23) 
24 

26 
26 
29 
30 
31 

VSS{33) 
34 
35 
36 

OVSS(37) 
36 
40 
41 
42 
43 

46 
4f 

VDD(5U) 
51 
52 
53 
54 
56 

V::;::;15tl) 
59 
61) 
62 
63 
64 
65 

68 

52 
51 
:>U 
49 

46 
47 

45 

44 
43 

42 
4' 

40 
39 

38 
37 
36 
· 

34 

· 
33 
32 

· 
3' 
3C 
· 

29 
28 

27 

· 
23 
· 

22 
21 
2U 
· 

19 
18 

· 
17 
16 

· 
15 
14 

88 VDD • 174 VDD 
89 91 208 175 181 
90 92 207 176 182 

HS" 
176 164 
179 16:> 

94 96 2U4 18U 166 
95 97 2U3 1 6~ 
96 )VSS(98) . 82 )VSS(188) 

183 185 
98 100 201 184 19( 
99 IOVDD5(101) • 185 OVDD5:191) 
100 102 • 186 19~ 

101 103 200 187 193 
102 104 199 188 194 
1U" 10:> • 
lU4 106 • 190 196 
105 107 198 

19~ 18 
107 109 • 
108 110 • 194 lO 
109 111 196 195 !Ol 
110 112 195 196 202 
111 OVSS(113) • 197 
112 114 194 198 204 

13 15 193 199 205 
14 16 192 200 206 
15 116 . 2C 206 

19 191 202 209 
190 203 210 

118 1'!1 • 204 211 
119 VSS(123) • 205 VSS(213) 
120 124 189 206 214 
121 125 188 207 215 
122 126 • 208 216 
12" UV""I ,,::, • 2U9 UV::;::;(217; 
124 128 187 21U 218 
125 13U!86_ 
126 131 • 212 221 
127 132 185 213 222 
128 133 184 214 223 
129 IOVDD5(135) • 215 UVIJIJ"I""J 
130 136 16" 
13' 137 162 217 22~ 

132 138 18' 218 228 
133 VDD(140) • £1~ VDD(230) 
134 141 180 220 231 
135 142 179 221 232 
136 143 • 222 233 
137 144 178 223 234 
138 146 17~ 224 236 
139 147 176 225 237 
14U I UVUU::>I '''til • 226 VSS(238) 
14' ].19 175 
142 150 174 228 240 
143 152 • 229 242 
144 153 173 230 243 
145 154 172 231 244 
146 155 • 232 245 
14~ 157 IT 233 247 
148 158 170 234 248 
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1260 .VQD 
156 1261 271 
155 1262 272 
154 1263 273 
1:>" 1264 274 

15' 26, 2, 

• 261 
150 261 2~ 

1~9 271 281 
• 21' 
• 272 2B~ 

148 273 283 
147 274 284 

• 275 285 
• 2f6 286 

146 27~ 26~ 

145 27 288 
• 27 289 
• 211 290 

144 28 291 
143 282 292 

· 283 UY""I'''''J 
142 284 294 
141 265 295 
140 286 296 

• 267 296 
139 266 299 
138 289 300 

· 290 30' 
• 291 VSS(303) 

137 292 304 
136 293 305 

· 294 306 
• 295 

135 296 308 
134 297 310 

- 298~1 
133 299 312 
132 300 313 

• 301 UYIJIJ"I,,15) 
131 302 316 
l"U 3U3 31 
129 304 318 

• 3U5 VDD(32U) 
128 306 321 
127 307 322 

• 308 323 
126 309 324 
125 31U 326 
124 3' 327 

• 312 OVDD5(328) 
lOla 313 329 
122 .314 330 

• 315 332 
121 316 333 
120 ·317 334 

· 318 a;!5 
19 ·319 337 

118 .320 338 

PACKAGING 

· 
104 
103 
102 
101 
· 

100 
99 
· 

98 
97 
· 
· 

96 
95 

· 
· 

94 
93 
· 
· 

91 

· 
90 
89 
66 
· 

67 
86 
· 
· 

85 
84 
· 
· 

63 
82 
· 

81 
80 

79 
f6 
77 

r6 
75 

74 
73 

70 

69 
68 

66 
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Table 4-32 H4CP146 208 MicroCool Pad to Pin Cross Reference 

1. Die padfcell and Package numbers start at top of LEFT side and increment counter-clockwise. 
2. VSS. VDD. OVSS. OVDD3 and OVDD5 indicate fixed power and ground pads on the die for probe test and are array dependent. 

Rev 1.0 11122193 JEB 
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Table 4-33 H4CP146 313 OMPAC Pad to Pin Cross Reference 
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Table 4-33 H4CP146 313 OM PAC Pad to Pin Cross Reference 

1. Die Pad/IO-Cell numbers start at top of LEFT side and increment counter-clockwise. 
2. Pkg Pin and Bond Finger numbers start at top of left side and increment counter-clockwise. 
3. V88, VDD, OV88, OVDD3 and OVDD5 indicate fixed power and ground pads on the die (Array) for probe test. 
4. OV88 & OVDD5 in () are power and ground for Final Test and are Package dependent 
5. The following is a cross reference of package dependent Power and Ground Pkg Pin numbers: 
GND: a=J13, K10, K16, L11, L13, U5, M12, M14, N9, N11, N13, N15, N17, P12, P14, R11, R13, R15, 816, T13 
OVDD3: c = Y2, AA2 d = AA22, AA24 e = A25, B24 f = C3, E5 
PWR: b = G7, G19, H8, H18, J9, J17, 810, T9, T17, UB, U18, V7, V19 
6. Only OVDD5 is connected to package PWR pins. 

Rev. 1.05111194 JEB 
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Table 4·34 H4CP146P1 
Analog PLL Option 1 

H4CPlus Series Design Reference Guide 

Table 4-34 H4CP146P1 
Analog PLL Option 1 

PACKAGING 

Note: This table replaces the BOnOM side of 
each pad to pin table for each array/package com
bination when Analog PLL option 1 is used in the 
H4CP146 array. 
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MOTOROLA 
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Table 4-35 H4CP146P2 
Analog PLL Option 2 

Table 4-35 H4CP146P2 
Analog PLL Option 2 

Note: This table replaces the BOnOM and the TOP 
side of each pad to pin table for each array/package 
combination when Analog PLL option 2 is used in the 
H4CP146 array. 

H4CPlus Series Design Reference Guide 



10 

20 H4CP178 
Die Size 476 X 476 

30 

VSS (12) VDD (8) 

40 OVSS (28) OVDD5 (20) 
OVDD3 (4) 

50 

60 4.8 Mil Linear Pad Pilch (376 Tolal, 94/Side) 
4.0 Mil Linear I/O Pilch (400 Tolal, 100/Side) 

70 

_ Unconnected 1/0 Sites 

80 

Rev. 2.0 
3/25/94 

90 

110 120 130 140 150 160 

Figure 4-6 H4CP178 Footprint 
Note: 
P1 = Analog PLL option 1 (H4CP178P1) bottom left corner only, 

see Table 4-39 for 1/0 to pad configuration. 
P2 = Analog PLL option 2 (H4CP178P2) bottom left and top right corners, 

see Table 4-40 for 1/0 to pad configuration. 
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280 

270 

260 
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240 
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220 
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OVDD! 

OVDD! 

OVSS 
240 

210 
OVDD! 

OVSS 

200 
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Table 4-36 H4CP178160 MicroCool Pad to Pin Cross Reference 

1 

c~LEFf PACKA.E~ ~;trr PACICAGE_ 
vss - ~~18~9-~.~~~-+----
VDU - 90 VUD - 19IJ VUU ~tl4 VDD 

4 
5 
6 
7 
8 
9 

10 
11 
12 

14 
15 
16 
17 
18 
19 
20 
21 

24 
25 

27 
28 
29 
3U 
31 

33 
34 

36 
37 
38 
39 
4U 
41 
42 
43 
44 
45 
46 
47 
4t1 
49 
5G 

52 
53 
54 
55 
50 
57 
58 
59 
60 
61 
62 

2 
3 
4 
5 
6 
7 
8 
9 
lU 

12 
13 

UV"''''l1'') 
15 
16 
17 

19 
2U 

22 
23 

25 
27 

33 
VSS(34) 

35 
36 
37 
39 

4" 

45 
46 
47 
4B 
5U 

VUD(5" 
52 
53 
55 
56 
57 

59 
01 

61 
67 

V:S:S\otl) 

MOTOROLA 
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41 97 10" loG 19" 2U1 1~U ~tlo ;ro1 tlU 
3! 98 102 159 192 202 19 ~tID 3U2 79 
31 9~ 1(J3_ 158 193 203 18 21 03 7t1 
3" 100 104 157 194 204 lJ7 2118 04 
36 101 105 156 195 205 116 2119 05 76 
- 102 106 - 196 206 - 2!/O 06 -
- 103 107 - 197 207 - 291 07 -
- 104 108 - 198 ro8 - 292 308 -

35 105 109 155 199 209 115 293 309 75 
34 100 11G 1M 120U 210 14 ~94 310 74 
- 10, 1 20" 2" - ~95 3" -
-)8 - 1202 212 - 290 312 -
-)9 - 1203 2" - 297 313 -
- OVSS, 14) - 1204 - 29t1 OVS::;(314) -

73 
32 112 116 152 1206 216 112 300 3..16_ 
- 113 117 1207 217 - 301 31 -
- 114 OVDD5(118) 1208 VVUU"I"'O) - 302 VVUU"I"'OJ -

31 115 19 15" 1209 219 111 303 319 71 
3U lID 120 15U 121U 220 10" 3U4 3~U 70 
- 17 12" 12" 22' -" 3U5 32" -
- 118 122 1212 ~ - 100 122 -
- 119 123 1213 ~2a -07 123 -

29 120 124 149 1214 224 109 10~ ~4_ 

28 121 125 148 1215 225 108 109 125 68 
- 122 127 1216 ~7 - '310 327 -
- 123 I~" - 1311 -
- 1~4 1~9 1 ~1t1 2~9 - 1312 329 -

27 125 130 147 1219 23C lU7 1313 07 
26 126 13" 146 1220 106 i 314 DO 
- 12, 133 122" 13 - 1315 333 -
- 128 VSS(134) 1222 VSl (234) - 1_316 VSS(334) -
- 129 135 1223 ~ 15 - 1317 335 -

25 130 136 145 1224 236 105 1318 336 65 
24 131 137 144 225 237 104 1319 337 64 
- 132 139 226 239 - I 320 339 -
- 133 ~~. - 1 3~" -

23 134 14" 143 22t1 24" IU3 1322 34" 
22 135 142 142 229 242 102 1323 342 02 
- 136 UIr"''''1 ""1 230 UV"''''\~''3J - 1324 UV"''''\3''3) -
- 137 145 - 231 245 - 13~ 345 -
- 138 146 - 232 246 - 1326 346 -

21 139 147 141 233 247 101 1327 347 61 
20 14U 14t1 14U 234 246 100 1328 348 60 

14" 15' - 235 2i)() 1329 35U 

- 142 VDDr - 236 VD[ [251 1 330 VDD(351 
- 143 15 - _231' " 21'2_ 1~3" 352 

144 15" - 238 2!,3 332 353 
19 145 155 139 239 ~5 99 333 355 59 
18 146 156 138 240 256 98 334 356 58 
17 147 157 13. ~41 20. 9. 335 357 57 

14t1 1V:S:S(15t1) - 242 330 -
149 159 -' 243 259 - 337 359 -
100 161 - I~ ~1 - 338 361 -
151 IOVDD5(162) - 1245 OVDD5(262) - 339 OVDD5(362) -

_16 152 163 136,246 263 96 340 363 56 
15 153 164 135 i 247 264 95 341 364 55 

154 165 -! 248 265 - 342 365 -
100 107 - 1249 207 - 343 307 -

- 150 V::;:S(10tl) - 125U V::;::;(2t!8] - 344 V::;::;(30tl] -

H4CPlus Series Design Reference Guide 



PACKAGING 

Table 4-36 H4CP178160 MicroCool Pad to Pin Cross Reference 

1. Die pad/cell and Package numbers start at top of LEFT side and increment counter-clockwise. 
2. VSS, VDD, OVSS, OVDD3 and OVDD5 indicate fixed power and ground pads on the die for probe test and are array dependent. 

Rev t.O 11/22/93 JEB 
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Table 4-37 H4CP178 208 MicroCool Pad to Pin Cross Reference 

2 
3 
4 
5 

10 
11 
12 
13 
14 
11 
11 
l' 
11 
19 
2~ 

22 

24 
25 
26 
27 
21 
2! 
31 
3 
3; 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
4<1 
44 

46 
47 
48 
49 
5C 
5' 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 

c~'; PACKAGE~ 
vss .~ 
VDD • 96 VDD • 190 

1 52 97 101 208 191 
2 51 IIH 102 207 192 

4 49 100 10 205 
.5 • 10' 10 
6 • 102 10 
7 48 103 10 
B 47 104 101 
9 • 105 109 
10 • W6 10 

OVSl [14) 
11 
16 
17 

111 
20 

22 
23 
24 

27 
OVSS(28J 

29 
30 
31 
33 

Vtiti\<l4) 
35 
36 
37 
39 

41 
42 

UV""I4.lJ 

4 
48 
50 

VDD(51 
52 
53 
55 
56 
57 

61 

63 
64 
65 
6f 

VSS(68) 

· 

45 
· 
· 

44 
43 
.' 

42 
4' 

· 
40 
39 
· 

37 
· 
· 

36 
35 
· 
· 
· 

34 
33 
· 

32 

3C 
29 
28 
27 

26 
25 

24 
23 

2' 

20 
19 
· 
· 

/8 
/9 
10 OVS 114) 

I'll 11 
112 116 
I;' 

14 IVUUO "D) 

15 
16 12( 

117 12' 
118 122 
119 123 
120 124 
12' 12 

DV: 128) 

126 131 
12l 1;'<1 

129 

13'1: 
132 1: 
133 VVUU"I ''tV) 

134 141 
1<15 142 
131 DVS~ 143) 

139 1'>7 
140 148 
141 H,U 
142 VDD\151 
143 152 
144 153 
145 155 
146 156 
147 1:>( 
14H UV""IIOO) 

149 159 
5C 16' 

151 U'vuu<>1 'O"'J 

152 163 
153 164 

,154 165 
100 167 
156 VSS(l68) 

204 
203 

201 

200 
11111 

198 
19, 

196 
195 

194 
193 

192 
191 

· 
· 

J90 
J89 
· 
· 

lH8 

186 
185 
184 
183 
· 
· 

182 
181 

· 
180 
1(11 

· 
178 

· 
176 
175 

· 
· 

198 
199 

121 
1202 

1205 
206 
207 
2UH 

121 
122 
1213 
1214 
2' 

220 

22 
22 
22 
22 
227 

2211 
230 
231 
232 
233 
234 
235 
236 

238 
239 
240 

243 
1244 

1245 
! 246 
1247 

1250 

MOTOROLA 
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C~i~GHT PACKAGE_ 
vss . 1283 
VDD 
201 
202 

2 

2 
2 
208 
209 
210 
21 
2' 

21 
21 
217 

IH) 
21 
22 
22 
22 
223 
224 
22 

231 

239 

241 

245 
246 
247 
248 

VDD(25' 
252 
253 
255 
256 
2:>( 

259 

263 
264 

VSS(268) 

• 1284 VDD_ 
156 1285 301 
155 1286 302 
1::>4 12H( ;:ru;, 
15;' 12,RI ;:ru4 

· 
· 

152 
151 

• 513 309 
• 1294 310 
• 12115 ;'1 

15C 12116 31 
149 121 31 

L21~ C 
• 121111 31 

148 1300 31 
147 1301 317 

1 ;'U2 IH) 
146 I;' ;'1 
145 14 321 

32' 
144 6 32: 
143 13( "32: 

• 13('8 324 
142 ;'25 
14' 10 32 

12 32 
140 13 33 
139 1314 331 

1315 333 
• 1 <116 Vtiti\;'<I4) 

131 <13 
138 1318 33 
l37 319 33 

• 320 33 
• 321 VVUU"I""VJ 

1<15 <12<1 <142 
• 324 

134 325 .345 
133 326346 
132 327 347 
131 328 348 

• <1211 ;'5U 
• 330 VDD(35' 

129 332 353 
• 333 355 

128 334 356 
12f <1<1:> ;'57 

• ';';'6 

126 ,337 351 
125 ! 33836' 

• 1339 
• ! 340 36: 

124 1341 364 
123 1342 ;'60 

• 1 344 VSS(368) 

104 
103 
102 
10' 

· 
100 
99 

· 
· 
· 

98 
9~ 

· 
· 

96 
95 

· 
114 
93 
· 

92 
91 
· 

90 
89 

· 
· 

88 
87 
· 
· 
· 

86 
85 

· 
· 

H4 

H<I 

· 
82 
81 
80 
79 
· 

I8 
77 

76 
(:> 

74 
73 
· 
· 

72 
T 

· 
· 
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PACKAGING 

Table 4-37 H4CP178 208 MicroCool Pad to Pin Cross Reference 

1. Ole pad/cell and Package numbers S1art at top of LEFT side and increment counter-clockwlse. 
2. VSS, VOO, OVSS, OV003 and OVD05 indicate fixed power and ground pads on the die for probe teS1 and are array dependent. 

Rev 1.0 11122193 JEB 
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Table 4-38 H4CP178 313 OM PAC Pad to Pin Cross Reference 
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Table 4-38 H4CP178 313 OMPAC Pad to Pin Cross Reference 

1. Die Pad/IO-Cell numbers start at top of LEFT side and increment counter-clockwise. 
2. Pkg Pin and Bond Finger numbers start at top of LEFT side and increment counter-clockwise. 
3.VSS, VDD, OVSS, OVDD3, & OVDD5 indicates fixed power and ground pads on the die (Array) for probe test. 
4. OVSS & OVDD5 In () are power and ground for Final Test and are Package dependent. 
5. The following is a cross reference of package dependent Power and Ground Pkg Pin numbers: 
PVVR,a=J13,K10,K16,L11,L13,L15,M12,M14,N9,N11,N13,N15,N17,P12,P14,R11,R13,R15,S16,T13 
GNO, b = G7, G19, H8, H18, J9, J17, S10, T9, T17, U8, U18, V7, V19 
6. Only OVD05 is connected to package PVVR pins. VOD must be supplied seperately through I/O package pins. 

REV.1.05/11194JEB 
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Table 4-39 H4CP178P1 
Analog PLL Option 1 

Table 4-39 H4CP178P1 
Analog PLL Option 1 

Note: This table replaces the BOTTOM side of each 
pad to pin table for each array/package combination 
when Analog PLL option 1 is used in the H4CP178 
array. 

H4CPlus Series Design Reference Guide 



Table 4-40 H4CP178P2 
Analog PLL Option 2 
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Table 4-40 H4CP178P2 
Analog PLL Option 2 

PACKAGING 

Note: This table replaces the BOnOM and the TOP 
side of each pad to pin table for each array/package 
combination when Analog PLL option 2 is used in the 
H4CP178 array. 
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4.7 MECHANICAL DATA 
Note: Where formal case outlines are not available, prelimi

nary drawings are shown. 

4.8 Geometric Characteristics.and Symbols 
The following is a list of common characters, text, and symbols 

used in Motorola Case Outlines: 

LJ Flatness 

Straightness 

0 Circularity (Roundness) 

,(y Cylindricity 

.l Perpendicularity (Squareness) 

L Angularity 

~ Parallelism 

0 Profile of a Surface 

" 
Profile of a Line 

LV Total Runout 

? Circular Runout 

$ Position 

0> Concentricity 

Symmetry 

BSC BASIC -Untoleranced dimensions locating true 
position 

Ref. A dimension which is obtained from other dimensions 
and their tolerances. 

MOTOROLA 
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MECHANICAL DRAWINGS INCLUDED 

• QFP-Excised from MCR 
128, 160, 208, 240 Pin 

• MicroCool QFP -Excised from MCR 
160,208 Pin 

• OM PAC 
169,225,313 Pin 

• MCR 

@ 

® 
(9 

® 
Rf 

AB Ring 

Maximum Material Condition MMC 

Regardless of Feature Size RFS 

Least Material Condition LMC 

PrOjected Tolerance Zone 

Diametrical (Cylindrical) Tol. Zone or Feature 

Basic, or Exact, Dimension 

Datum Feature Symbol I. 1 ¢ .00581 A 1 Feature Control Frame 

~ Datum Target 

~ 

H4CPlus Series Design Reference Guide 



PACKAGING 

128·PIN PACKAGES ----------

PLASTIC QUAD FLAT PACK 
CASE 862A-01 

(Excised from the AB MCR, see page 4-37) 

A 
... 0.20 0.008 C A-B 

0.20 0.008 H A- o 

NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI Y14.5M, 1982. 

2. CONTROLLING DIMENSION: MILLIMETER. 

> 

bill 
DATUM PLANE 

3. DATUM PLANE -H- IS LOCATED AT BOTTOM OF LEAD AND IS COINCIDENT WITH 
THE LEAD WHERE THE LEAD EXITS THE PLASTIC BODY AT THE BOTTOM OF THE 
PARTING LINE. 

4. DATUMS A-B AND -0- TO BE DETERMINED AT DATUM PLANE -H-. 

5. DIMENSIONS S AND V TO BE DETERMINED AT SEATING PLANE -Co. 

6. DIMENSIONS A AND B DO NOT INCLUDE MOLD PROTRUSION. ALLOWABLE PRO
TRUSION IS 0.25(.010) PER SIDE. DIMENSIONS A AND B DO INCLUDE MOLD 
MISMATCH AND ARE DETERMINED AT DATUM PLANE -H-. 

7. DIMENSION 0 DOES NOT INCLUDE DAMBAR PROTRUSION. ALLOWABLE DAMBAR 
PROTRUSION SHALL BE 0.08(.003) TOTAL IN EXCESS OF THE 0 DIMENSION AT 
MAXIMUM MATERIAL CONDITION. DAMBAR CANNOT BE LOCATED ON THE LOWER 
RADIUS OR THE FOOT. 

H4CPlus Series Design Reference Guide 

IlmtL -A,B, 

DETAIL 'A' 

I~F N 

METAL o 
1+1 Q.2Q IQ008l4llcl •. A G1 P (Sl 

SECTlONB8 
RJrATED7'CCW 

DETAIL'B' 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 27.90 28.10 
B 27.90 28.10 
C 3.45 3.85 
0 0.30 0.45 
E 3.17 3.67 
F 0.30 0.40 
G 0.80 BSC 

H 0.25 0.35 

J 0.13 0.23 

K 0.75 0.92 

L 24.80 REF 

M 5° 16° 
N 0.13 0.17 
P 0.40 BSC 
Q 0° f' 
R 0.13 0.30 
S 31.10 31.37 
T 0.13 ---
U 0° ---
V 31.10 31.37 
W 0.40 --
X 1.60 REF 
Y 1.60 REF 
Z 1.60 REF 

1.098 1.106 
1.098 1.106 
0.136 0.152 
0.012 0.018 
0.125 0.144 
0.012 0.016 

0.032 BSC 
0.010 0.014 
0.005 0.009 
0.030 0.036 

0.976 REF 

5° 16° 
0.005 0.007 

0.016 BSC 
0° 7° 

0.005 0.012 
1.224 1.235 
0.005 ---

0° ---
1.224 1.235 
0.016 ---

0.063 REF 
0.063 REF 
0.063 REF 

MOTOROLA 
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160·PIN PACKAGES 

PLASTIC QUAD FLAT PACK 
CASE 864A-Q1 

(Excised from the AB MCR, see page 4-37) 

A 
O. 0.008 H A 
O. 0.002 A-

S 
0.2 0.008 A-B 

SEATING 
PLANE 

NOTES: 

1. DIMENSIONING AND TOlERANCING PER ANSI Y14.5M, 1982. 

2. CONTROLLING DIMENSION: MILLIMETER. 

3. DATUM PLANE -H-IS LOCATED AT BOTTOM OF LEAD AND IS COINSIDENT 
WITH THE LEAD WHERE THE LEAD EXITS THE PLASTIC BODY AT THE 
BOTTOM OF THE PARTING LINE. 

4. DATUMS A-B AND -0- TO BE DETERMINED AT DATUM PLANE -H-. 

5. DIMENSIONS S AND V TO BE DETERMINED AT SEATING PLANE -C-. 

6. DIMENSIONS S AND V TO BE DETERMINED AT SEATING PLANE -C-. 
PROTRUSION IS 0.25 (0.010) PER SIDE. DIMENSIONS A AND B 00 
INCLUDE MOLD MISMATCH AND ARE DETERMINED AT DATUM PLANE -H-. 

7. DIMENSION 0 OOES NOT INCLUDE DAMBAAPAOTRUSION. ALLOWABLE 
DAMBAR PROTRUSION SHAlL BE o.~.o~ TOTAl IN EXCESS OF THE 0 
DIMENSION AT MAXIMUM MATERIAL NDI ON. DAM BAR CANNOT BE 
LOCATED ON THE LOWER RADIUS OR THE FOOT. 

MOTOROLA 
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.... 
~ 

"" 00 
,,0 

g 
0", 

"''' 00 

t:l±J 

DETAIL "A" 

I~,' 
METAL 

o 
HlIO.13(O.006) <91 d .... aes! Des! 

SECTION B-B 
ROTATED 1 CCW 

DETAIL"a" 

DATUM 
PLANE 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 27.90 28.10 1.098 1.108 
B 27.90 28.10 1.098 1.108 
C 3.35 3.85 0.132 0.152 
0 0.22 0.33 0.009 0.013 
E 3.20 3.50 0.126 0.138 
F 0.22 0.38 0.009 0.015 
G 0.650BSC 0.0256 sse 
H 0.25 0.35 0.010 0.012 
J 0.11 0.23 0.004 0.009 
K 0.70 0.90 0.028 0.035 
L 25.35 REF 0.998 REF 
M 5° 16° 5° 160 

N 0.11 0.19 0.004 0.007 
P 0.0.325 BS~o 0.0130 BSC 
0 0° 7· 
R 0.13 0.30 0.005 0.012 
S 31.00 31.40 1.220 1.238 
T 0.13 O·ogi 
U 0° 
V 31.00 31.40 1.220 1.236 
W 0.40 0.016 
X 1.60 REF 0.083 REF 
Y 1.33 REF 0.052 REF 
Z 1.33 REF 0.052 REF 
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160-PIN PACKAGES 

MicroCool QUAD FLAT PACK 
CASE 8640-02 

PACKAGING 

(Excised from the AS MCR, see page 4-37) 

SEATING 
PLANE 

NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI Y14.5M, 1982. 

2. CONTROLLING DIMENSION: MILLIMETER. 

3. DATUM PLANE -H- IS LOCATED AT BOTTOM OF LEAD AND IS COINSIDENT 
WITH THE LEAD WHERE THE LEAD EXITS THE PLASTIC BODY AT THE 
BOTTOM OF THE PARTING UNE. 

4. DATUMS A-B AND -0- TO BE DETERMINED AT DATUM PLANE -H·. 

5. DIMENSIONS S AND V TO BE DETERMINED AT SEATING PLANE -0-. 

6. DIMENSIONS S AND V TO BE DETERMINED AT SEATING PLANE -C-. 
PROTRUSION IS 0.25 (0.010) PER SIDE. DIMENSIONS A AND B 00 
INCLUDE MOLD MISMATCH AND ARE DETERMINED AT DATUM PLANE .H-. 

7. DIMENSION D OOES NOT INCLUDE DAMBARPROTRUSION. ALLOWABLE 
DAMBAR PROTRUSION SHALL BE 0.08 bO.~ TOTAL IN EXCESS OF THE D 
DIMENSION AT MAXIMUM MATERIAL C NDI ION. DAMBAR CANNOT BE 
LOCATED ON THE LOWER RADIUS OR THE FOOT. 
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t~lt!1f 
l-A,B,D-I 

El±I 
DATUM 
PLANE 

MILUMETERS 
DIM MIN MAX 

A 27.90 28.10 
B 27.90 28.10 
C 3.45 3.85 
D 0.22 0.38 
E 3.20 3.50 
F 0.22 0.33 
G 0.850B80 
H 0.25 0.35 
J 0.13 0.23 
K 0.7fs.35 RE~·95 
L 
M 5° 16° 

DETAIL "A" 

1+10.13(0.005) <91 dA-8<10Cl 
SECTlONB-B 

ROTATED" ccw 
DETAIL"B" 

INCHES 
MIN MAX 

1.098 1.106 
1.098 1.106 
0.136 0.152 
0.009 0.015 
0.126 0.138 
0.009 0.013 

0.0256 BSC 
0.010 0.012 
0.005 0.009 
0.030 0.037 

0.998 REF 
5° 16° 

N 0.13 0.197 o.oos 0.007 
0.0130 BSC P 0.0.325 BS~. Q 

R 0.13 0.30 
S 31.10 31.37 
T 0.13 
U O· 
V 31.10 31.37 
W 0.40 
X 1.60 REF 
Y 1.33 REF 
Z 1.33 REF 

AA 16.30 18.30 

rf 7' 
o.oos 0.012 
1.224 1.235 

O.~ 
1.224 1.235 
0.016 

0.063 REF 
0.OS2REF 
0.OS2REF 

0.642 0.720 
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PACKAGING 

169-PIN PACKAGES 

OMPAC 

CASE 938 

GTPAC (used for prototypes only) 

B -, [±] 
---

0 

F 

f-'--

E 

DIMENSIONS for OMPAC 

MILLIMETERS INCHES 

DIM MIN MAX MIN MAX 

A 22.90 23.10 0.902 0.909 

B 22.90 23.10 0.902 0.909 

C 1.33 1.73 0.0523 0.0681 

D 1.83 2.43 0.0720 0.0956 

E 19.30 19.70 0.7598 0.7755 

F 19.30 19.70 0.7598 0.7755 

G 1.50 BSC 0.0590 BSC 

H 0.690 0.810 0.0271 0.0318 

J 2.400 2.600 0.094 0.102 

K 0.310 0.410 0.012 0.016 

NOTES: 

1. DIMENSIONING AND TOLERANCING 

PER ANSI Y14.5M, 1982 

2. CONTROLLING DIMENSION: MILLIMETER 
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CASE 971-01 

0.20(0.008) 

13121110987654321 

A ooooooooooooo~~~ 
B ooooooooooooo~~-r 
C 0000000000000 
o 0000000000000 
E 0000000000000 
F 0000000000000 
G 0000000000000 
H 0000000000000 
J 0000000000000 
K 0000000000000 
L 0000000000000 
M 0000000000000 
N 0000 00000000 

G 

1-$-1 0.50 (0.020) ®I Tis ® R @) 1 

DIMENSIONS for GTPAC 

MILLIMETERS INCHES 

DIM MIN MAX MIN MAX 

A 22.90 23.10 0.902 0.909 

B 22.90 23.10 0.902 0.909 

C 1.526 2.134 0.060 0.084 

D 2.026 2.834 0.080 0.112 

E 15.300 19.300 0.602 0.760 

F 15.300 19.300 0.602 0.760 

G 1.50BSC 0.0590BSC 

H 0.690 0.810 0.0271 0.0318 

J 2.400 2.600 0.094 0.102 

K 0.510 0.610 0.020 0.024 
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208-PIN PACKAGES 

PLASTIC QUAD FLAT PACK 

CASE 872A-Ol 

1.6 FOOT LENGTH 

(Excised from the AB MCR see page 4-37) 

y ~---------L--------~ 
156 105 

157 
104 

L 

A 
0.20 0,008 H A-a 
0.05 0.002 A-B 

S 
0.2 O.OOS A-

C E 

NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI Y14.5M, 1982. 

2. CONTROLLING DIMENSION: MILLIMETER. 

3. DATUM PlANE -H-IS LOCATED AT BOTTOM OF LEAD AND IS COINSIDENT 
WITH THE LEAD WHERE THE LEAD EXITS THE PlASTIC BODY AT THE 
BOTTOM OF THE PARTING LINE. 

4. DATUMS A-B AND -0- TO BE DETERMINED AT DATUM PlANE -H-. 

5. DIMENSIONS S AND V TO BE DETERMINED AT SEATING PLANE -G-. 

6. DIMENSIONS A AND B DO NOT INCLUDE MOLD PROTRUSION. ALLOWABLE 
PROTRUSION IS 0.25 (0.010) PER SIDE. DIMENSIONS A AND B DO 
INCLUDE MOLD MISMATCH AND ARE DETERMINED AT DATUM PLANE -H-. 

7. DIMENSION 0 DOES NOT INCLUDE DAMBAR PROTRUSION. DAMBAR 
PROTRUSION SHALL NOT CAUSE THE 0 DIMENSION TO EXCEED 
0.38 (0.015). 
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ffiI 
DATUM 
PLANE 

-H- DATUM PLANE 

MILLIMETERS 
DIM MIN MAX 

A 27.90 28.10 
B 27.90 28.10 
C 3.45 4.10 
D 0.17 0.27 
E 3.20 3.60 

F 0.17 0.23 

G 0.500 BSC 
H 0.25 -
J 0.09 0.20 
K 0.75 0.95 
L 25.5 REF 
M 5" 16" 
N 0.09 0.16 
P 0.2S0BSC 
a 0° 7° 
R 0.13 0.25 
S 31.00 31.40 
T 0.13 --
U O· --
V 31.00 31.40 

W 0.20 --
X 1.60 REF 

Y 1.25 REF 
Z 1.25 REF 

PACKAGING 

DETAIL "A" 

i+lO.08(O.OO3)C9\C IA-B41J! oro 
SECTIONB-B 

ROTATE07"CCW 

DETAIL"C" 

INCHES 

MIN MAX 

1.098 1.106 
1.098 1.106 
0.136 0.161 
0.007 0.011 
0.126 0.142 
0.007 0.009 

0.020 BSC 
0.010 -
0.003 0.008 
0.030 0.037 

1.004 REF 
5° 

0.003 
0.010 BSC 

0" 
0.005 
1.220 
0.005 

o· 
1.220 
0.008 

0.063 REF 
0.049 REF 
0.049 REF 

16" 
0.006 

7· 
0.010 
1.236 

----
1.236 
--
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PACKAGING 

208·PIN PACKAGES 

PLASTIC QUAD FLAT PACK MicroCoolTM 
CASE 872G-01 

1.6 FOOT LENGTH 
(Excised from the AB MCR see page 4-37) 

t'---'-'--'-"-'I ~ : 
l-A,S,Dj 

A 

C E 

NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI Y14.5M, 1982. 

2. CONTROLLING DIMENSION: MILLIMETER. 

3. DAruM PLANE -H-IS LOCATED AT BonOM OF LEAD AND IS COINSIDENT 
WITH THE LEAD WHERE THE LEAD EXITS THE PLASTIC BODY AT THE 
BonOM OF THE PARTING LINE. 

4. DATUMS A-B AND -0- TO BE DETERMINED AT DAruM PLANE -H-. 

5. DIMENSIONS S AND V TO BE DETERMINED AT SEATING PLANE-C-. 

6. DIMENSIONS A AND B DO NOT INCLUDE MOLD PROTRUSION. ALLOWABLE 
PROTRUSION IS 0.25 (0.010) PER SIDE. DIMENSIONS A AND B DO 
INCLUDE MOLD MISMATCH AND ARE DETERMINED AT DAruM PLANE -H-. 

7. DIMENSION 0 DOES NOT INCLUDE DAMBAR PROTRUSION. DAMBAR 
PROTRUSION SHALL NOT CAUSE THE 0 DIMENSION TO EXCEED 
0.35 (0.014). 
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llil 
DATUM 
PLANE 

- - DATUM PLANE 

MILLIMETERS 
DIM MIN MAX 

A 27.90 28.10 
B 27.90 28.10 
C 3.45 4.10 
D 0.17 0.27 
E 3.20 3.60 
F 0.17 0.23 
G O.500BSC 
H 0.25 ----
J 0.09 0.20 
K 0.75 0.95 
L 25.5 REF 
M 5° 16° 
N 0.09 0.18 
P 0.250 BSC 
Q 0° 7° 
R 0.13 0.25 
S 31.00 31.40 
T 0.13 ---
U 0° ---
V 31.00 31.40 
W 0.20 --
X 1.60 REF 
Y 1.25 REF 
Z 1.25 REF 

AA 16.80 18.80 

DETAIL "A" 

1+1 0.06(0.002) &I d A-iS! D®I 

SECTIONS-S 
ROTATED"" CCW 

DETAIL"8" 

DETAIL"C" 

INCHES 

MIN MAX 

1.098 1.106 
1.098 1.106 
0.136 0.161 
0.007 0.011 
0.126 0.142 
0.007 0.009 

0.020 BSC 
0.010 ----
0.003 0.008 
0.030 0.037 

1.004 REF 
5° 16' 

0.003 0.007 
0.010 BSC 

0° 7° 
0.005 0.010 
1.220 1.236 
0.005 ---0° ---
1.220 1.236 
0.008 ---

0.063 REF 
0.049 REF 
0.049 REF 

0.661 0.740 
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PACKAGING 

MOLDED CARRIER RING 

SIZE AS: FOUR UNITS PER STRIP 
CASE OUTLINES 884(120 pin), 885(128 pin), 887(160 pin),888-01(208 pin) 

~77~~~~~~~ 

M2PL 

AJI2 

~VIEW 
TfEI ==U=N=IT=S=IDtE=V1=E=W==3 

NOTE 
6.0 

Lb 
f FEl ft i~l~ 

'-- VIEWB t 
M1 
NOTEB.O 

SIDE VIEW H 

BOTTOM VIEW OF UNIT IN MOLDED 
CARRIER RING 

SECTIONE-E 

@ 0.07fQ.OO3) @ AI BmC@ 

VIEWB 

G 

U 
EE 

01 
Iii"! 0.20(0.008) cql AI B<MI CXM! 

VIEWD 

SECTIONC-C 
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PACKAGING 

MOTOROLA 
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MOLDED CARRIER RING 

SIZE AB: (Continued) 

NOTES: 

1. ALL DIMENSIONS AND TOLERANCES CONFORM TO ANSI Y14.SM-1982. 

2. CONTROLLING DIMENSION: MILLIMETER. 

3. A, DIMENSION DOES NOT INCLUDE MOLD PROTRUSION. ALLOWABLE MOLD 
PROTRUSION IS 0.20(0.008) PER SIDE. 

4. A AND S DIMENSIONS INCLUDE MOLD MISMATCH, AND ARE MEASURED 
AT THE PARTING LINE. 

5. UNLESS OTHERWISE SPECIFIED DIMENSIONS ARE SYMMETRICAL 
ABOUT CENTERLINES. 

6. BAND C DATUM HOLES ARE TO BE USED FOR TRIM, FORM AND 
EXCISE OF THE MOLDED PACKAGE ONLY. HOLES 01 AND 02 ARE TO BE 
USED FOR ELECTRICAL TESTING ONLY. 

7. NON-DATUM HOLES ONLY. 

8. APPLIES TO RING AND PACKAGE FEATURES. 

Ml.l.JIIETEH) Ir-o-es w.M:IB'B NH:S 
[]M MN ~ W,J ~ []M MN ~ W,J ~ 

A 45.87 46.13 1.806 .1.816 M 1 .. 30 2.30 0.051 0.091 
A1 45.70BSC 1.799BSC M1 8PMAX 8P MAX 
A2 45.17 45.43 1.778 1.789 N 0.13 0.17 0.005 0.007 
B 16.10BSC 0.634 BSC P 1.77 2.03 0.070 0.080 
C 4.70 4.90 0.185 0.193 R 0.40 0.60 0.016 0.024 
D 0.40 0.50 0.016 0.020 R1 3.50 4.50 0.138 0.177 
D1 0.22 0.38 0.009 0.015 R2 2.00 3.00 0.079 0.118 
E 1.90 2.10 0.075 0.083 S 37.87 38.13 1.491 1.501 
F 0.22 0.33 0.009 0.013 T 16.10 BSC 0.634BSC 
G 0.65 BSC 0.026BSC V 26.30 26.40 1.035 1.039 
G1 0.65 BSC 0.026BSC W 1.45 1.55 0.057 0.061 
H 1.70 1.90 0.067 0.075 AA 0.45 0.85 0.018 0.033 
J 0.13 0.23 0.005 0.009 AB 0.30 0.60 0.012 0.024 
L 32.20BSC 1.268 BSC AC 1.37 1.63 0.054 0.064 
L1 35.20BSC 1.386BSC AD 1.37 1.63 0.054 0.064 

AH 27.90 28.10 1.098 1.106 
AJ 3.20 3.40 0.126 0.134 
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PACKAGING 

225-PIN PACKAGES 

OMPAC 

CASE 938A 

GTPAC (used for prototypes only) 

CASE 970-01 

I'-"-B-~·I I-s-I -, 
A~ 

_1 

- -~ 

0 

F 

1 -

.. E • 

DIMENSIONS for OMPAC 

MILLIMETERS INCHES 

DIM MIN MAX MIN MAX 

A 26.90 27.10 1.0590 1.0669 

B 26.90 27.10 1.0590 1.0669 

C 1.330 1.730 0.0523 0.0681 

D 1.830 2.430 0.072 0.956 

E 23.80 24.20 0.9370 0.9527 

F 23.80 24.20 0.9370 0.9527 

G 1.SOOBSC 0.590BSC 

H 0.690 0.810 0.0271 

J 2.900 3.100 0.114 

K 0.310 0.410 0.012 

NOTES: 

1. DIMENSIONING AND TOLERANCING 

PER ANSI Y14.SM, 1982 

0.0318 

0.122 

0.016 

2. CONTROLLING DIMENSION: MILLIMETER 

H4CPlus Series Design Reference Guide 

0.20(0.008) 

151413121110987654321 

A 00 0 0 0 0 0 0 0 0 0 0 0 0 0-4-~J
B ooooooooooooooo-+~~ 
C 000000000000000 
o 000000000000000 
E 000000000000000 
F 000000000000000 
G 000000000000000 
H 000000000000000 
J 000000000000000 
K 000000000000000 
L 000000000000000 
M 000000000000000 
N 000000000000000 
P 000000000000000 
R 0000 0000000000 

G 

1-$-10.50 (0.020) 

DIMENSIONS for GTPAC 

MILLIMETERS INCHES 

DIM MIN MAX 

A 26.90 27.10 

B 26.90 27.10 

C 1.526 2.134 

D 2.026 2.834 

E 17.780 22.860 

F 17.780 22.860 

G 1.500 BSC 

H 0.690 0.810 

J 2.900 3.100 

K 0.510 0.610 

MIN MAX 

1.0590 1.0669 

1.0590 1.0669 

0.060 0.084 

0.080 0.112 

0.700 0.900 
0.700 0.900 

0.590 BSC 

0.0271 

0.114 

0.020 

0.0318 

0.122 

0.024 
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PACKAGING 

240-PIN PACKAGES 

PLASTIC QUAD FLAT PACK 
CASE 961-01 

Free Leaded (not build in MCR) 

Y L ....:.-
1180 1121 I 

181 
j120 

~ 
L - -- -- t 

I- "' 

I 

~ 0 61 

zl 1 
P 60 

--I ~ 
A 

S 
DETAIL"Y" 

M f-., .. II!,,".-..... ~f 
NOTES: 

1. DIMENSIONING AND TOlERANCING PER ANSI Y14.SM, 1982. 

2. CONTROlLING DIMENSION: MILLIMETER. 

3. DIMENSIONS S AND V TO BE DETERMINED AT SEATING PLANE -T-. 

4. DIMENSIONS A AND B DO NOT INCLUDE MOlD PROTRUSION. 

ALLOWABLE PROTRUSION IS 0.25 (0.010) PER SIDE. DIMENSIONS A AND B 
DO INCLUDE MOlD MISMATCH AND ARE DETERMINED WHERE THE BOTTOM 
OF THE LEADS EXIT THE PLASTIC BODY. 

5. DIMENSION D DOES NOT INCLUDE DAMBAR PROTRUSION. ALLOWABLE DAMBAR 

SHALL NOT CAUSE THE 0 DIMENSION TO EXCEED 0.38 (0.015). 

6. MINIMUM SOLDER PLATE THICKNESS SHALL BE 0.0076 (0.00030). 
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A 

DIM 

A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
L 
M 
N 
P 
Q 
R 
S 
T 
U 
V 
W 
X 
Y 

F 

D 

t;I 0.08 fO.D03l OM TI 

SECTION M·M 

MII..I..IMET1!R I\ICI& 
MIN MAX MIN MAX 

31.90 32.10 1.256 1.264 
31.90 32.10 1.256 1.264 
3.42 4.20 0.135 0.165 
0.10 0.30 0.004 0.012 
3.17 3.50 0.125 0.138 
0.18 0.24 0.007 0.009 

O.500BSC 0.020BSC 
0.25 0.45 0.010 0.Q18 
0.09 0.20 0.003 0.008 
0.35 0.65 0.014 0.026 

25.5 REF 1.004 REF 
~ 16' 5' 16' 
0.11 0.14 0.004 0.006 

0.250BSC 0.010 BSC 
c! 10' ~ 10' 
0.13 0.30 0.005 0.012 

34.35 34.85 1.352 1.372 
0.13 0.05 
0' 0' 

34.35 34.85 1.352 1.372 
0.40 0.Q16 

1.30 REF 0.051 REF 
1.25 REF 0.049 REF 
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1 .... 04I----B 

--'--1 0 

A 

1 
04 E 

MILLIMETERS 

DIM MIN MAX 

A 34.90 35.10 

B 34.90 35.10 

C 1.53 1.93 

D 2.03 2.63 

E 29.80 30.20 

F 29.80 30.20 

G 2.54 BSC 

H 0.690 0.810 

J 1.8BSC 

313-PIN PACKAGES 

~ 

OMPAC 
(Preliminary Drawing) 

- r-~ 

F 

-1 
INCHES 

MIN MAX 

1.3740 1.3819 

1.3740 1.3819 

0.0602 0.076 

0.0799 0.1035 

1.1732 1.1890 

1.1732 1.1890 

0.100 BSC 

0.0271 0.0318 

0.707BSC 
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PACKAGING 

25 23 21 1917 15 13 11 9 7 5 3 1 
24 22 20 18 16 14 12 10 8 6 4 2 

o 000 0 0 0 0 0 0 0 0 0 
o 0 0 0 0 0 0 0 000 0 

o 0 0 0 0 0 0 0 0 0 0 0 0 
o 000 0 000 0 0 0 0 

000 000 0 0 0 0 0 0 0 
o 0 0 0 0 000 000 0 

00000 0 0 0 0 0 0 0 0 
o 0 0 0 0 0 0 0 0 000 

o 0 0 0 0 0 0 0 0 0 000 
o 0 0 0 0 0 0 0 0 0 0 0 

o 0 0 0 0 000 0 0 000 
000 0 0 0 0 0 0 0 0 0 

o 0 0 0 0 0 0 0 0 0 000 
o 000 0 0 0 0 0 0 0 0 

o 0 0 0 0 0 0 0 0 000 0 
o 0 0 0 0 000 0 0 0 0 

o 000 0 0 0 0 000 0 0 
o 0 0 0 0 0 0 0 0 0 0 0 

000 0 0 0 0 0 0 0 0 0 0 
o 0 0 0 0 0 0 0 000 0 

o 0 0 0 0 000 0 0 000 
o 0 0 0 0 0 0 0 000 0 

o 0 0 0 0 0 0 0 0 0 000 
o 0 0 0 0 000 000 0 

000 000 

A 
B 

C o 
E 

G F 
H 

J 
K 

LM 
N 

P 
R 

S 
T 

U 
V 
Xw 
zY 

AA 
AB 

313X ~ H 
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MACRO NAMING CONVENTIONS 

SECTION 5. MACRO NAMING CONVENTIONS 

The naming convention for the Motorola H4CPlus 
Macrocell Array Series is the same as that used for Mo
torola's H4C and 62A Series Macrocell Arrays. 

Basic Gates: 
Begin with a descriptive prefix usually followed by the 

number of inputs of the gates. A list of the prefixes is 
shown below: 

NAN - NAND gate 
NOR - NOR gate 
AND - AND gate 
OR - OR gate 
EXOR - Exclusive OR gate 
EXNOR - Exclusive NOR gate 
AOI - AND/ORllnvert gate 
OAI - ORlANDnnvert gate 
ANDOI - AND + NOR into a NOR 
ONDAI - OR + NAND into a NAND 
MAJ - Majority 
TBUF - "3-state" buffer 
INVT - Inverting 3-state buffer 
DS - Schmitt trigger 

Suffix Options: 
# - Refers to the number of inputs 
H - High drive (usually 2X drive Output) 
B - Balanced drive 
C - Complementary outputs 

Buffersllnverters: 
Use the same convention as for Basic Gates with the 

exception that the (#) number refers to the number of 
devices in parallel on the output or X# Drive. A list of 
the prefixes is shown below: 

INV - Inverter 
BUF - Non-inverting buffer 

Suffix Options: 
#-X#drive 
B - Balanced drive 
C - Complementary outputs 
X - Uses an Output buffer from an 110 site 
P - Uses an Output buffer from a Power/GND 

site 

H4CPlus Series Design Reference Guide 

Flip-Flops: 
Begin with the type followed by a number of different 

options which explain the functionality of the flip flop. 
DFF - D type flip-flop 
D - Used as an abbreviation of DFF if the 

macro name becomes too long. 
JKFF - JK type flip-flop 
JK - Used as an abbreviation of JKFF if the 

macro name becomes too long. 
TFF - Toggle type flip-flop 

Suffix Options: 
R - Reset 
S-Set 
L - LSSD or scan type Input 
P - Positive-edge clocked 
T - 3-state Output 
H - High drive (usually 2X drive Output) 
A or B - These are used when different versions 

of the same function (such as the DFFRTPA or the JK
FFRSPB) already exist in other technologies but have 
different states when both Set and Reset are taken low 
at the same time. 

Latches: 
Names have many of the same suffixes as flip-flops 

with the following differences: 
LAT- Latch 
CCND - Cross-coupled NAND latch 
L 1 LSSD - L 1 type LSSD latch 
SRLSSD1 - SR type LSSD1 latch 

Suffix Options: 
N - Negative gate latched 
P - Positive gate latched 
R - Reset 
S- Set 
G - Common gated input 
H - High drive (usually 2X drive Output) 

MOTOROLA 
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MACRO NAMING CONVENTIONS 

Inputs: 
Begin with an I which is followed by a C (CMOS), T 

(TTL), S (CMOS level Schmitt Trigger), or TS (TTL level 
Schmitt Trigger) which indicates switching voltage lev
els. An I or N is placed in the name which indicates 
whether the input is Inverting (I)or Non-Inverting (N). 

Prefix Options: 
B - Bidirectional version (same as above 

without pad) 

Suffix Options: 
H - Clock buffer (High drive) 

Example: 
ICN - InputlCMOSINon-lnverting 
BICN - Bidirectional version of ICN 

(without the pad) 
ICNH - ICN with High drive (uses output 

buffer transistors) 

Outputs: 
The base begins with an 0 which is followed by an I 

(Inverting) or a N (Non-Inverting). The third alphanu
meric indicates the approximate source & sink current 
drive in mAo 

NOTE: 
The number following ON is approximately the number of 

mA that buffer can source and sink and still maintain the prop
er threshold voltages across commercial worst case temper
ature, voltage and process. The actual current in mA is 
generally significantly higher. For an exact breakdown of typ
ical currents at different temperatures and voltages please re
fer to the DC Electrical Specifications in Section 8. 

Prefix Options: 
B - Bidirectional version (same as above 

without pad) 

Suffix Options: 
T - 3-state output 
00 - Open-Drain output 

Example: 
ON4 - OutputINon-inverting/4 mA drive 
ON4T - OutputINon-inverting/4 mA drivel 

3-state Output 
BON4T - Bidirectional version of ON4T 

(with BIC port) 
ON40D - OutputINon-inverting/4 mA drive 

10pen-Drain Output 

MOTOROLA 
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SPECIAL Input and Outputs: 
CMTL, GTL, PCI and PECL 1I0's have the same 

naming convention's as standard inputs and outputs. 
An M (CMTL), G (GTL), PC (PCI), or a P (PECL) is add
ed to the name to identify its special function. 

JT AG macros end with a J and follow all of the stan
dard naming conventions. 

Analog Phase Look Loop: 
All APLL macros begin with AP. 

Suffix Options: 
1 - CMOS PLL Type 1 
2 - CMOS PLL Type 2 
01 - PECl Pll Differential Type 1 
02 - PECL PLL Differential Type 2 

System/Core 110 Voltage definition and 
naming convention: 

5/5 V = 5 Volt System and 5 Volt Core 
(standard naming convention) 

e.g.: ICN, ON2 

5/3.3 V = 5 Volt System and 3.3 Volt Core 
(standard name with an X) 

e.g.: ICXN, ONX2 

3.315 V = 3.3 Volt System and 5 Volt Core 
(standard name with LX) 

e.g.: Il TXN, ONLX2T 

3.313.3 V = 3.3 Volt System and 3.3 Volt Core 
(standard name with an L) 

e.g.: ILCN, ONL2 

Resistors: 
Begin with a PD (Pull-Down) or PU (Pull-Up) 

Suffix Options: 
H - Higher current pull 
L - lower current pull 

H4CPlus Series Design Reference Guide 



QUICK REFERENCE GUIDE 

H4CPlus Series Design Reference Guide MOTOROLA 



QUICK REFERENCE GUIDE 

MOTOROLA H4CPlus Series Design Reference Guide 



H4CPlus Quick Reference Guide 

SECTION 6. MACRO DESCRIPTIONS AND QUICK REFERENCE GUIDE 
The following tables detail the elements which make up 
the H4CPlus Series library. The elements are orga
nized into the following categories: Internal Macrocells, 
Memory Blocks (RAM Macrocells), Peripheral Macros 
(Input/Output Macrocells) and JTAG Macros. 

Gates = equivalent gate count (Internal Macrocells) 
System/Core I/O Voltage definition: 
5/5 V = 5 Volt System and 5 Volt Core 
513.3 V = 5 Volt System and 3.3 Volt Core 
3.3/5 V = 3.3 Volt System and 5 Volt Core 
3.3/3.3 V = 3.3 Volt System and 3,3 Volt Core 

S = Sections Used (#of Input/Output drivers used for 
function). 

1 AND2 2-lnput AND Gate 
2 AND2H 2-lnput AND Gate, 2X Drive 
3 AND3 3-lnput AND Gate 
4 AND3H 3-lnput AND Gate, 2X Drive 
5 AND4 4-lnput AND Gate 
6 AND4H 4-lnput AND Gate, 2X Drive 
7 AND8H 8-lnput AND Gate, 2X Drive 

NAND GATES 
1 NAN2 2-lnput NAND Gate 
2 NAN2H 2-lnput NAND Gate, 2X Drive 
3 NAN2B 2-lnput NAND Gate, Balanced 
4 NAN3 3-lnput NAND Gate 
5 NAN3H 3-lnput NAND Gate, 2X Drive 
6 NAN4 4-lnput NAND Gate 
7 NAN4H 4-lnput NAND Gate, 2X Drive 
a NAN5 5-lnput NAND Gate 
9 NAN5H 5-lnput NAND Gate, 2X Drive 
10 NAN6CH 6-lnput NAND Gate, 2X Drive, 1 X Complementary Output 
11 NAN8H 8-lnput NAND Gate, 2X Drive 

OR GATES 
1 OR2 2-lnput OR Gate 
2 OR2H 2-lnput OR Gate, 2X Drive 
3 OR3 3-lnput OR Gate 
4 OR3H 3-lnput OR Gate, 2X Drive 
5 OR4 4-lnput OR Gate 
6 OR4H 4-lnput OR Gate, 2X Drive 
7 OR8H a-Input OR Gate, 2X Drive 

NOR GATES 
1 NOR2 2-lnput NOR Gate 
2 NOR2H 2-lnput NOR Gate, 2X Drive 
3 NOR2B 2-lnput NOR Gate, Balanced 
4 NOR3 3-lnput NOR Gate 
5 NOR3H 3-lnput NOR Gate, 2X Drive 
6 NOR4 4-lnput NOR Gate 
7 NOR4H 4-lnput NOR Gate, 2X Drive 
a NOR5 5-lnput NOR Gate 
9 NOR5H 5-lnput NOR Gate, 2X Drive 
10 NOR6CH 6-lnput NOR Gate, 2X Drive, 1 X Complementary Output 
11 NOR8H a-Input NOR Gat$, 2X Drive 
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1 
2 
2 
2 
4 
4 
4 
4 
5 
6 
7 

7-195 
7-195 
7-196 
7-196 
7-197 
7-197 
7-198 

7-305 
7-305 
7-305 
7-307 
7-307 
7-308 
7-308 
7-310 
7-310 
7-312 
7-313 

7-330 
7-330 
7-331 
7-331 
7-332 
7-332 
7-333 

7-314 
7-314 
7-314 
7-316 
7-316 
7-317 
7-317 
7-319 
7-319 
7-321 
7-323 
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1 EXNORA 
2 EXNOR3H 
3 EXORA 
4 EXOR3H 
5 EXOR4H 

1 ANDOl22 
2 ANDOl22H 
3 A021H 
4 A022H 
5 A0321H 
6 A04321H 
7 AOl21 
8 AOl21H 
9 AOl211 
10 AOl211H 
11 AOl22 
12 AOl22H 
13 0A21H 
14 0A22H 
15 OAI21 
16 OAI21H 
17 OAI211 
18 OAI211H 
19 OAI22 
20 OAI22H 
21 ONDAI22 
22 ONDAI22H 

1 INV 
2 INVB 
3 INV2 
4 INV2B 
5 INV4 
6 INV4B 
7 INV8 
8 INV8B 
9 INVX 

1 BUF 
2 BUF2 
3 BUF2B 
4 BUF4 
5 BUF4B 
6 BUF8 
7 BUF8B 
8 BUFX 
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2-lnput Ex NOR, Unbuffered Inputs 3 7-259 
3-lnput Exclusive NOR, 2X Drive 8 7-260 
2-lnput Exclusive OR, Unbuffered Inputs 3 7-261 
3-lnput Exclusive OR, 2X Drive 8 7-262 
4-lnput Exclusive OR, 2X Drive 10 7-263 

ANDlNOR, AND/OR, ORINAND, & ORlAND GATES 
2-lnput AND + 2-lnput NOR, into 2-lnput NOR 3 7-199 
2-lnput AND+2-lnput NOR,-+2-lnput NOR 2X Drive 4 7-199 
2-lnput AND, 1-Wide,-+2-lnput OR, 2X 3 7-201 
2-lnput AND, 2-Wide, into 2-lnput OR, 2X 3 7-202 
3,2,1-input AND-OR Gate, 2X Drive 5 7-203 
4,3,2,1-input AND-OR Gate, 2X Drive 8 7-204 
2-lnput AND, 1-Wide, into 2-input NOR 2 7-206 
2-lnput AND, 1-Wide, into 2-input NOR, 2X 3 7-206 
2-lnput AND, 1-Wide, into 3-input NOR 2 7-207 
2-lnput AND, 1-Wide, into 3-input NOR, 2X 4 7-207 
2-lnput AND, 2-Wide, into 2-input NOR 2 7-208 
2-lnput AND, 2-Wide, into 2-input NOR,2X 4 7-208 
2-lnput OR, 1-Wide, into 2-input AND, 2X 3 7-325 
2-lnput OR, 2-Wide, into 2-input AND, 2X 3 7-326 
2-lnput OR, 1-Wide, into 2-input NAND 2 7-327 
2-lnput OR, 1-Wide, into 2-input NAND,2X 3 7-327 
2-lnput OR, 1-Wide, into 3-input NAND 2 7-328 
2-lnput OR, 1-Wide, into 3-input NAND,2X 4 7-328 
2-lnput OR, 2-Wide, into 2-input NAND 2 7-330 
2-lnput OR, 2-Wide, into 2-input NAND, 2X 4 7-330 
2-lnput OR + 2-lnput NAND, into 2-lnput NAND 3 7-332 
2-lnput OR + 2-lnput NAND, into 2-lnput NAND, 2X Drive 4 7-332 

INVERTING BUFFERS 
Inverter 1 7-266 
Inverter, Balanced(Symmetrical Rise & Fall) 1 7-266 
2-lnverters in parallel 1 7-267 
2-lnverters in parallel, Balanced (Symmetrical Rise & Fall) 2 7-267 
4-lnverters in parallel 2 7-268 
4-lnverters in parallel, Balanced (Symmetrical Rise & Fall) 4 7-268 
8-lnverters in parallel 4 7-269 
8-lnverters in parallel, Balanced (Symmetrical Rise & Fall) 8 7-269 
Inverted Buffer (used to drive internal logic from an 1/0 Site) -- 7-272 

NON-INVERTING BUFFERS 
1 X drive Buffer 1 7-210 
2X drive Buffer 2 7-211 
2X drive Buffer, Balanced (Symmetrical Rise & Fall) 3 7-211 
4X drive Buffer 3 7-212 
4X drive Buffer, Balanced (Symmetrical Rise & Fall) 5 7-212 
8X drive Buffer 5 7-213 
8X drive Buffer, Balanced (Symmetrical Rise & Fall) 9 7-213 
Non-Inverting Buffer (used to drive internal logic from an 1/0 Site) -- 7-214 
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1 TBUF 3-state Buffer, Active Low Enable 4 7-343 
2 TBUFH 3-state Buffer, Active Low Enable, 2X Drive 5 7-343 
3 TBUFP 3-state Buffer, Active High Enable 4 7-344 
4 TBUFPH 3-state Buffer, Active High Enable, 2X Drive 5 7-344 
5 INVT Inverting 3-state Buffer, Active Low Enable 2 7-270 
6 INVTH Inverting 3-state Buffer, Active Low Enable, 2X Drive 3 7-270 
7 INVTP Inverting 3-state Buffer, Active High Enable 3 7-271 
8 INVTPH Inverting 3-state Buffer, Active High Enable, 2x Drive 4 7-271 

D TYPE FLIP-FLOPS 
1 DFF1A Scan 0 Flip-Flop 15 7-222 
2 DFF4A 4-Bit Scan 0 Flip-Flop 48 7-224 
3 DFFGLP o Flip-Flop, Multiplexed (or Scan) Input with HOLD function 13 7-226 
4 DFFP o Flip-Flop 8 7-230 
5 DFFPH DFFP, 2X Drive 8 7-230 
6 DFFLPA o Flip-Flop, Multiplexed (or Scan) W/Unbuffered InpuU Clock 8 7-228 
7 DFFLPAH DFFLP, 2X Drive 9 7-228 
8 DFFRP o Flip-Flop with Reset 8 7-232 
9 DFFRPH DFFRP, 2X Drive 10 7-232 
10 DFFRLP o Flip-Flop W/Reset, Multiplexed (or Scan) Input 11 7-234 
11 DFFRLPH DFFRLP, 2X Drive 11 7-234 
12 DFFRSLPB o Flip-Flop w/Set and Reset 14 7-238 
13 DFFRSPHB o Flip-Flop w/Set and Reset, 2X Drive 10 7-236 
14 DFFSCH DFFSC, 2X Drive 18 7-240 
15 DFFSCAH DFFSCA, 2X Drive 20 7-242 
16 DFFSP o Flip-Flop with Set 8 7-245 
17 DFFSPH DFFSP, 2X Drive 10 7-245 
18 DFFSLP D Flip-Flop w/Set, Multiplexed (or Scan) Input 12 7-247 
19 DFFSLPH DFFSLP, 2X Drive 12 7-247 
20 DFFSRPA D Flip-Flop with Synchronous Reset 9 7-249 
21 DFFSRLPA D Flip-Flop, Multiplexed (or Scan) Input with Synchronous Reset 12 7-251 
22 DFFSSP D Flip-Flop with Synchronous Set 
23 DFFSSLP D Flip-Flop, Multiplexed (or Scan) Input with Synchronous Set 

LATCHES 
1 LATN D-Type Latch, Neg Gate Latched 
2 LATNH LATN, 2X Drive 
3 LATP D-Type Latch, Pos Gate Latched 
4 LATPH LATP, 2X Drive 
5 LATRN D-Type Latch W/Reset, Neg Gate Latched 
6 LATRNH LATRN, 2X Drive 
7 LATRP D-Type Latch W/Reset, Pos Gate Latched 
8 LATRPH LATRP, 2X Drive 
9 LAT4TH LAT4TH, 2X Drive 
10 LSSD1AH LSSD1 A, 2X Drive 
11 SRLSSD1H SRLSSD1, 2X Drive 
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23 
14 
13 

7-253 
7-255 

7-276 
7-276 
7-278 
7-278 
7-280 
7-280 
7-282 
7-282 
7-284 
7-286 
7-341 
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and Analog PLL 

1 MUX2A 
2 MUX2H 
3 MUX21H 
4 MUX4H 
5 MUX41A 
6 MUX41AH 
7 MUX8AH 
8 MX41 
9 MX41H 
10 MX61 
11 MX61H 
12 MX81 
13 MX81H 

1 DEC4H 
2 DEC4AH 
3 DEC10F8 
4 DEC8AH 

1 AD4FULA 
2 AD4PG 
3 ADFULH 
4 ADFULHA 
5 ADHALFH 
6 ECOMP4 
7 LACG4 
8 MCOMP4 

1 DCR4H 
2 DLY8 
3 INC4H 
4 ROT8A 
5 SHIFT8 
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2-1 Multiplexer, 1 X Drive 3 7-291 
2-lnput Multiplexer, 2X Drive 3 7-292 
MUX21, 2X Drive 3 7-293 
4-lnput Multiplexer, 2X Drive 7 7-294 
Four 2-1 MUX with Common Select 12 7-295 
MUX41 A, 2X Drive 14 7-295 
7-lnput Multiplexer, 2X Drive 18 7-296 
4-lnput Multiplexer with individual Selects, 2X Drive 5 7-298 
MX41 , 2X Drive 6 7-298 
6-lnput MultiplexerW/lndividual Selects 8 7-300 
MX61 , 2X Drive 9 7-300 
8-lnput Multiplexer W/lndividual Selects 10 7-302 
MX81 , 2X Drive 12 7-302 

DECODERS 
DEC4, 2X Drive 9 7-217 
1 of 4 Decoder, Active High Outputs, 2X Drive 14 7-218 
1 of 8 Decoder with Enable, Active Low Outputs 16 7-219 
1 of 8 Decoder with Enable, Active High Outputs, 2X Drive 30 7-220 

ARITHMETIC CIRCUITS 
4-Bit Full Adder, 2X Drive 40 7-185 
4-Bit Full Adder with Propagate & Generate, 2X Drive 94 7-187 
ADFUL, 2X Drive 10 7-192 
Full Adder, 2X Drive 10 7-193 
ADHALF, 2X Drive 6 7-194 
4-Bit Equality Comparator 16 7-258 
4-bit Look-Ahead-Carry Generator 32 7-273 
4-bit Magnitude Comparator 35 7-289 

MISCELLANEOUS 
4-Bit Decrementer, 2X Drive 28 7-215 
7-Stage Inverter Delay5/5 Volt 4 7-257 
4-Bit Incrementer, 2X Drive 28 7-264 
8-Bit Rotate, 1 X Drive 54 7-338 
8-Bit Shift Register 45 7-340 
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MEMORY BLOCKS 

1 RDB8X9 8 word X9 bit 
2 RDB8X18 8 word X 18 bit 
3 RDB8X36 8 word X 36 bit 
4 RDB8X72 8 word X 72 bit 
5 RDB16X9 16 word X 9 bit 
6 RDB16X18 16 word X 18 bit 
7 RDB16X36 16 word X 36 bit 
8 RDB16X72 16 word X 72 bit 
9 RDB32X9 32 word X 9 bit 
10 RDB32X18 32 word X 18 bit 
11 RDB32X36 32 word X 36 bit 
12 RDB32X72 32 word X 72 bit 

QUAD Port RAM's 
1 RQB16X18 16 word X 18 bit 
2 RQB16X36 16 word X 36 bit 
3 RQB32X18 32 word X 18 bit 
4 RQB32X36 32 word X 36 bit 
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356 
608 
1112 
2156 
725 
1193 
2129 
4050 
1400 
2300 
4100 
7798 

2200 
3766 
4762 
7738 

7-352 
7-352 
7-352 
7-352 
7-352 
7-352 
7-352 
7-352 
7-352 
7-352 
7-352 
7-352 

7-358 
7-358 
7-358 
7-358 
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1 ICI 
2 BICI 
3 ICN 
4 BICN 
5 ICNH 
6 ISN 
7 BISN 
8 ISNH 
9 ITN 
10 BITN 
11 ITNH 
12 ITSN 
13 BITSN 
14 ITSNH 

15 ICXN 
16 BICXN 
17 ICXNH 
18 ISXN 
19 BISXN 
20 ISXNH 

21 IlTXN 
22 BllTXN 
23 IlTXNH 

1 IlCI 
2 BllCI 
3 IlCN 
4 BllCN 
5 IlCNH 
6 IlSN 
7 BllSN 
8 IlSNH 

1 ON2 
2 ON4 
3 ON8 
4 ON16 
5 ON32 
6 ON4S2 
7 ON8S2 
8 ON16S2 
9 ON32S2 
10 ON2T 
11 BON2T 
12 ON4T 
13 BON4T 
14 ON8T 
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CMOS, Inverting Input 1/0 7-1 
CMOS, Invertinst Input (Input part of Bidirectional) 1/0 7-1 
CMOS, Non-inverting Input 1/0 7-2 
CMOS, Non-inverting Bidirectional Input 1/0 7-2 
CMOS, Non-inverting Clock Driver Input 1/1 7-2 
CMOS Schmitt, Non-inverting Input 1/0 7-3 
CMOS Schmitt, Non-inverting Bidirectional Input 1/0 7-3 
CMOS, Schmitt, Non-inverting Clock Driver Input 111 7-3 
TTL, Non-inverting Input 1/0 7-4 
TTL, Non-inverting Bidirectional Input 1/0 7-4 
TTL, Non-inverting Clock Driver Input 1/1 7-4 
TTL Schmitt, Non-inverting Input 1/0 7-5 
TTL, Schmitt, Non-inverting Bidirectional Input 1/0 7-5 
TTL, Schmitt, Non-inverting Clock Driver Input 1/1 7-5 

5/3.3 Volt INPUTS 
CMOS, Non-inverting Input 1/0 7-2 
CMOS, Non-inverting Bidirectional Input 1/0 7-2 
CMOS, Non-inverting Clock Driver Input 1/1 7-2 
CMOS Schmitt, Non-inverting Input 1/0 7-3 
CMOS Schmitt, Non-inverting Bidirectional Input 1/0 7-3 
CMOS, Schmitt, Non-inverting Clock Driver Input 1/1 7-3 

3.3/5 Volt INPUTS 
TTL, Non-inverting Input 1/0 7-4 
TTL, Non-inverting Bidirectional Input 1/0 7-4 
TTL, Non-inverting Clock Driver Input 1/1 7-4 

3.3/3.3 Volt INPUTS 
CMOS, Inverting Input 1/0 7-1 
CMOS, Inverting Bidirectional Input 1/0 7-1 
CMOS, Non-inverting Input 1/0 7-2 
CMOS, Non-inverting Bidirectional Input 1/0 7-2 
CMOS, Non-inverting Clock Driver Input 1/1 7-2 
CMOS Schmitt, Non-inverting Input 1/0 7-3 
CMOS Schmitt, Non-inverting Bidirectional Input 1/0 7-3 
CMOS, Schmitt, Non-inverting Clock Driver Input 1/1 7-3 

5/5 Volt OUTPUTS 
3mA Standard Output 0/1 7-6 
6mA Standard Output 0/1 7-6 
12mA Standard Output 0/1 7-6 
24mA Standard Output 0/1 7-6 
32mA Standard Output 0/1 7-6 
6mA Standard Output with Slew Control 0/1 7-9 
12mA Standard Output with Slew Control 0/1 7-9 
24mA Standard Output with Slew Control 0/1 7-9 
32mA Standard Output with Slew Control 0/1 7-9 
3mA 3-State Output 0/1 7-11 
3mA 3-State Bidirectional Output 0/1 7-11 
6mA 3-State Output 0/1 7-11 
6mA 3-State Bidirectional Output 0/1 7-11 
12mA 3-State Output 0/1 7-11 
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OUTPUT MACROS 

1 ONX2 3mA Standard Output 
2 ONX4 6mA Standard Output 
3 ONX8 12mA Standard Output 
4 ONX2T 3mA 3-State Output 
5 BONX2T 3mA 3-State Bidirectional Output 
6 ONX4T 6mA 3-State Output 
7 BONX4T 6mA 3-State Bidirectional Output 
8 ONX8T 12mA 3-State Output 
9 BONX8T 12mA 3-State Bidirectional Output 

3.315 Volt OUTPUTS 
1 ONLX2 2mA Standard Output 
2 ONLX4 3mA Standard Output 
3 ONLX8 6mA Standard Output 
4 ONLX16 12mA Standard Output 
5 ONLX2T 2mA 3-State Output 
6 BONLX2T 2mA 3-State Bidirectional Output 
7 ONLX4T 3mA 3-State Output 
8 BONLX4T 3mA 3-State Bidirectional Output 
9 ONLX8T 6mA 3-State Output 
10 BONLX8T 6mA 3-State Bidirectional Output 
11 ONLX16T 12mA 3-State Output 
12 BONLX16T 12mA 3-State Bidirectional Output 
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0/1 
0/1 
0/1 
0/1 
0/1 
0/1 
0/1 
0/1 
0/1 

0/1 
0/1 
0/1 
0/1 
0/1 
0/1 
0/1 
0/1 
0/1 
0/1 
0/1 
0/1 

7-6 
7-6 
7-6 

7-11 
7-11 
7-11 
7-11 
7-11 
7-11 

7-6 
7-6 
7-6 
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7-11 
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H4CPlus Quick Reference Guide OUTPUT, OSCILLATOR and CMTL 
MACROS 

1 ONL2 2mA tandard utput 0/1 7-6 
2 ONl4 3mA Standard Output 011 7-6 
3 ONl8 6mA Standard utput 0/1 7-6 
4 ONL16 12mA Standard Output 0/1 7-6 
5 ONL2T 2mA 3-State Output 0/1 7-11 
6 BONL2T 2mA 3-State Bidirectional Output 0/1 7-11 
7 ONl4T 3mA 3-State Out ut 0/1 7-11 
8 BONl4T 3mA 3-State Bidirectional Output 0/1 7-11 
9 ONl8T 6mA 3-State Output 0/1 7-11 
10 BONl8T 6mA 3-State Bidirectional Output 0/1 7-11 
110Nl16T 12mA3-StateOutput 0/1 7-11 
12 BONl16T 12mA 3-State Bidirectional Output 0/1 7-11 
13 ONl40D 3mA (Sink) Open-Drain Output 0/1 7-19 
14 ONl80D 6mA (Sink) Open-Drain Output 0/1 7-19 
15 BONl80D 6mA (Sink) Open-Drain Bidirectional Output 0/1 7-19 
16 ONL160 12mA (Sink) Open-Drain Output 0/1 7-19 
17 BONl160D 12mA (Sink) Open-Drain Bidirectional Output 0/1 7-19 

Note: Any of the "B" prefix Outputs may be used with any of the "B" prefix Inputs (above) to form a unique Bidirec
tional combination (with or without any of the two "pull" resistors). 

5/5 Volt OSCILLATORS 
1 OSCPB Standard Oscillator 212 7-21 
2 OSCPHB Oscillator with Clock Driver Buffer 212 7-21 
3 OSCPSB Oscillator with Schmitt Trigger Buffer 212 7-21 

3 3/3.3 Volt OSCILLATORS 
1 OSCPBl Standard Oscillator 2/2 7-21 
2 OSCPHBl Oscillator with Clock Driver Buffer 212 7-21 
3 OSCPSBl Oscillator with Schmitt Trigger Buffer 212 7-21 

RESISTORS 
Pull-Up, low current/speed Resistor 
Pull-Down, low current/speed Resistor 

Note: Anyone of these two resistors may be used with any Input or Bidirectional. 

1 AP1 
2 AP2 
3 APD1 
4 APD2 
5 PllDelay 

1 APl1 
2 APL2 
3 APDl1 
4 APDL2 
5 PllDelay 
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5/5 Volt ANALOG PLL MACROS 
Analog CMOS Pll Type 1 0 7-362 
Analog CMOS Pll Type 2 0 7-362 
Analog PECl Pll Differential Type 1 0 7-365 
Analog PECl Pll Differential Type 2 0 7-365 
Non-Inverting Analog Pll Buffer 1 7-368 

3.313.3 Volt ANALOG PLL MACROS 
Analog CMOS Pll Type 1 0 7-362 
Analog CMOS Pll Type 2 0 7-362 
Analog PECl Pll Differential Type 1 0 7-365 
Analog PECl Pll Differential Type 2 0 7-365 
Non-Inverting Analog Pll Buffer 1 7-368 
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5/5 Volt CMTL INPUT/OUTPUT 
1 ICMD CMTL Differential Input 1/0 7-24 
2 BICMD CMTL Differential Bidirectional Input 1/0 7-24 
3 OD32TCMT CMTL 3-State Differential Output with Active Termination 011 7-25 
4 BOD32TCMT CMTL Bidirectional 3-State Differential Output with Active Termination 0/1 7-25 
5 032CM CMTL Output Single Ended 
6 OD32CMT CMTL 3-State Differential Output 

5/3.3 Volt CMTL INPUT/OUTPUT 
IODLX32CMT I CMTL 3-State Differential Output 

3.315 Volt CMTL INPUT/OUTPUT 
IODX32CM ICMTL Differential Output 

3.313.3 Volt CMTL INPUT/OUTPUT 
CMTL Differential Input 
CMTL 3-State Differential Output 

5/5 Volt GTL INPUT/OUTPUT 
1 IGI Inverting GTL Input 
2 IGN Non-Inverting GTL Input 
3 BIGN Non-Inverting GTL Bidirectional Input 
4 ON20G GTLOutput 
5 BON40G GTL Bidirectional Output 

3.313.3 Volt GTL INPUT/OUTPUT 
1 ILGI Inverting GTL Input 
2 ILGN Non-Inverting GTL Input 
3 BILGN Non-Inverting GTL Bidirectional Input 
4 ONL20G GTLOutput 
5 BONL40G GTL Bidirectional Output 

5/5 Volt PECL INPUT/OUTPUT 
IIPD I PECl Differential Input 

5/3.3 Volt PECL INPUT/OUTPUT 
IIpXD I PECL Differential Input 

3.313.3 Volt PECL INPUT/OUTPUT 
IILPD I PECl Differential Input 

5/5 Volt PCIINPUT/OUTPUT 
1 IPCH PCI Non-Inverting Clock Input 
2 ONPC PCI Standard Output 
3 ONTPC PCI 3-State Standard Output 
4 BONTPC PCI 3-State Bidirectional Output 

3.313.3 Volt PCIINPUT/OUTPUT 
1 ILPC PCI Non-Inverting Input 
1 BILPC PCI Non-Inverting Bidirectional Input 
2 ILPCH PCI Non-Inverting Clock Input 
3 ONlPC PCI Standard Output 
4 ONLTPC PCI 3-State Standard Output 
5 BONLTPC PCI 3-State Bidirectional Output 
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011 
0/1 

0/1 

0/1 

1/0 
1/0 
1/0 
0/1 
0/1 

1/0 
1/0 
1/0 
0/1 
0/1 

1/0 

1/0 

1/0 

1/0 
1/0 
1/0 
1/0 

1/0 
1/0 
1/0 
1/0 
1/0 
1/0 

7-29 
7-27 

7-27 

7-26 

7-30 
7-31 
7-31 
7-32 
7-32 

7-30 
7-31 
7-31 
7-32 
7-32 

7-33 

7-33 

7-33 

7-34 
7-35 
7-36 
7-36 

7-34 
7-34 
7-34 
7-35 
7-36 
7-36 
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H4CPlus Quick Reference Guide JTAG INPUT and OUTPUT MACROS 

1 BPREG 
2 ENSCANI 
3 IDREG 

1 ICNJ 
2 BICNJ 
3 ICNCKHJ 
4 ISNJ 
5 BISNJ 
6 ISNCKHJ 
7 ITNJ 
8 BITNJ 
9 ITNCKHJ 
10 ITSNJ 
11 BITSNJ 
12 ITSNCKHJ 

1 ICXNJ 
2 BICXNJ 
3 ICXNCKHJ 
4 ISXNJ 
5 BISXNJ 
6 ISXNCKHJ 

1 ILTXNJ 
2 BILTXNJ 
3 ILTXNCKHJ 

1 ILCNJ 
2 BILCNJ 
3 ILCNCKHJ 
4 ILSNJ 
5 BILSNJ 
6 ILSNCKHJ 

1 ON4J 
2 ONBJ 
3 ON16J 
4 ON4S2J 
5 ONBS2J 
6 ON16S2J 
7 ON4TJ 
8 BN4TJ 
9 ON8TJ 
10 BN8TJ 
11 ON16TJ 

MOTOROLA 
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1-Bit Bypass Register 10 7-172 
Enable Boundary scan Macro 20 7-173 
32-Bit device Identification Code Register 256 7-175 
1-Bit pf Instruction Register (Soft Macro) 25 7-177 
1-Bit pf Instruction Register (Soft Macro) 124 7-178 
TAP Controller (FIRM Macro) Fixed Placement which effects Routing 276 7-179 

5/5 Volt INPUTS 
CMOS, Non-inverting Input 1/0 7-105 
CMOS, Non-inverting Bidirectional Input 1/0 7-73 
CMOS, Non-inverting Clock Driver Input 1/0 7-114 
CMOS Schmitt, Non-inverting Input 1/0 7-108 
CMOS Schmitt, Non-inverting Bidirectional Input 1/0 7-74 
CMOS Schmitt, Non-inverting Clock Driver Input 1/0 7-117 
TIL, Non-inverting Input 1/0 7-110 
TIL, Non-inverting Bidirectional Input 110 7-75 
TIL, Non-inverting Clock Driver Input 1/0 7-119 
TIL Schmitt, Non-inverting Input 1/0 7-112 
TIL Schmitt, Non-inverting Bidirectional Input 1/0 7-76 
TIL, Schmitt, Non-inverting Clock Driver Input 1/1 7-120 

5/3.3 Volt INPUTS 
CMOS, Non-inverting Input 1/0 7-105 
CMOS, Non-inverting Bidirectional Input 1/0 7-73 
CMOS, Non-inverting Clock Driver Input 1/0 7-114 
CMOS Schmitt, Non-inverting Input 1/0 7-108 
CMOS Schmitt, Non-inverting Bidirectional Input 1/0 7-74 
CMOS Schmitt, Non-inverting Clock Driver Input 1/0 7-117 

3.3/5 Volt INPUTS 
TIL, Non-inverting Input 1/0 7-110 
TIL, Non-inverting Bidirectional Input 1/0 7-75 
TIL, Non-inverting Clock Driver Input 1/0 7-119 

3.3/3.3 Volt INPUTS 
CMOS, Non-inverting Input 1/0 7-105 
CMOS, Non-inverting Bidirectional Input 1/0 7-73 
CMOS, Non-inverting Clock Driver Input 1/0 7-114 
CMOS Schmitt, Non-inverting Input 1/0 7-108 
CMOS Schmitt, Non-inverting Bidirectional Input 1/0 7-74 
CMOS Schmitt, Non-inverting Clock Driver Input 1/0 7-117 

5/5 Volt OUTPUTS 
6mA Standard Output 0/1 7-121 
12mA Standard Output 011 7-125 
24mA Standard Output 0/1 7-128 
6mA Standard Output with Slew Control 0/1 7-131 
12mA Standard Output with Slew Control 0/1 7-131 
24mA Standard Output with Slew Control 0/1 7-131 
6mA 3-State Output 011 7-142 
6mA 3-State Bidirectional Output 0/1 7-83 
12mA 3-State Output 0/1 7-146 
12mA 3-State Bidirectional Output 0/1 7-89 
24mA 3-State Output 0/1 7-150 
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5/5 Volt (Continued) 
12 BN16TJ 24mA 3-State Bi-directional Output 0/1 7-94 
13 ON4TS2J 6mA 3-State Output with Slew Control 0/1 7-154 
14 BN4TS2J 6mA 3-State Output with Slew Control 0/1 7-99 
15 ON8TS2J 12mA 3-State Output with Slew Control 0/1 7-154 
16 BN8TS2J 12mA 3-State Output with Slew Control (Output part of Bidirectional) 0/1 7-89 
17 ON16TS2J 24mA 3-State Output with Slew Control 0/1 7-154 
18 BN16TS2J 24mA 3-State Output with Slew Control (Output part of Bidirectional) 0/1 7-99 
19 ON40DJ 6mA (Sink) Open-Drain Output 0/1 7-135 
20 ON80DJ 12mA (Sink) Open-Drain Output 0/1 7-138 
21 BN80DJ 12mA (Sink) Open-Drain Bidirectional Output 0/1 7-77 
22 ON160DJ 24mA (Sink) Open-Drain Output 0/1 7-140 
23 BN160DJ 24mA (Sink) Open-Drain Bidirectional Output 0/1 7-80 

5/3.3 Volt OUTPUTS 
1 ONX4J 6mA Standard Output 0/1 7-121 
2 ONXBJ 12mA Standard Output 0/1 7-121 
3 ONX4TJ 6mA 3-State Output 0/1 7-121 
4 BNX4TJ 6mA 3-State Bidirectional Output 0/1 7-83 
5 ONX8TJ 12mA 3-State Output 0/1 7-146 
6 B NX8TJ 12mA 3-State Bidirectional Output 0/1 7-89 

3.3/5 Volt OUTPUTS 
1 ONLX4J 3mA Standard Output 0/1 7-121 
2 ONLXBJ 6mA Standard Output 0/1 7-125 
3 ONLX16J 12mA Standard Output 0/1 7-128 
4 ONLX4TJ 3mA 3-State Output 0/1 7-142 
5 BNLX4TJ 3mA 3-State Bidirectional Output 0/1 7-83 
6 ONLX8TJ 6mA 3-State Output 0/1 7-146 
7 BNLX8TJ 6mA 3-State Bidirectional Output 0/1 7-89 
8 ONLX16TJ 12mA 3-State Output 0/1 7-150 
9 BNLX16TJ 12mA 3-State Bidirectional Output 0/1 7-94 

3.3/3.3 Volt OUTPUTS 
1 ONL4J 3mA Standard Output 0/1 7-121 
2 ONL8J 6mA Standard Output 0/1 7-125 
3 ONL16J 12mA Standard Output 0/1 7-128 
4 ONL4TJ 3mA 3-State Output 011 7-142 
5 BNL4TJ 3mA 3-State Bidirectional Output 0/1 7-83 
6 ONL8TJ 6mA 3-State Output 0/1 7-146 
7 BNL8TJ 6mA 3-State Bidirectional Output 011 7-89 
8 ONL16TJ 12mA 3-State Output 0/1 7-150 
9 BNL16TJ 12mA 3-State Bidirectional Output 0/1 7-94 
10 ONL40DJ 3mA (Sink) Open-Drain Output 0/1 7-135 
11 ONL80DJ 6mA (Sink) Open-Drain Output 0/1 7-138 
12 BNL80DJ 6mA (Sink) Open-Drain Bidirectional Output 0/1 7-77 
13 ONL160DJ 12mA (Sink) Open-Drain Output 0/1 7-140 
14 BNL160DJ 12mA (Sink) Open-Drain Bidirectional Output 0/1 7-80 

" " " " 
.. 

Note. Any of the B prefix Outputs may be used with any of the B prefix Inputs (above) to form a umque Bidirec
tional combination (with or without any of the two ·pull" resistors). 
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H4CPlus Quick Reference Guide JTAG, OSCillATOR, CMTl, GTl, 
PECl and PCI MACROS 

1 OSCPBJ B-S Register Oscillator W/Non-lnverting 212 7-158 
2 OSCPHBJ Input/Oscillator W/Clock Buffer Input 212 7-158 
3 OSCPSB Oscillator W/Schmitt Trigger Input -JTAG 212 7-158 

3.313.3 Volt OSCillATORS 
1 OSCPBW B-S Register Oscillator WIN on-Inverting 212 7-158 
2 OSCPHBW Input/Oscillator W/Clock Buffer Input 212 7-158 
3 OSCPSBW Oscillator W/Schmitt Trigger Input -JTAG 2/2 7-158 

515 Volt CMTl INPUT/OUTPUT 
1 ICMDJ CMTL Differential Input 1/0 7-37 
2 OD32TCMTJ CMTL 3-State Differential Output with Active Termination 0/1 7-38 
3 OD32CMTJ CMTL 3-State Differential Output 0/1 7-40 

3.313.3 Volt CMTl INPUT/OUTPUT 
4 I ODL32CMT J I CMTL 3-State Differential Output 0/1 7-40 

1 IGNJ 
2 BIGNJ 
3 ON20GJ 
4 BN40GJ 

1 ILGNJ 
2 BILGNJ 
3 ONL20GJ 
4 BNL40GJ 

pPDJ 

1 IPCHJ 
2 ONPCJ 
3 ONTPCJ 
4 BNTPCJ 

1 ILPCJ 
1 BILPCJ 
2 ILPCHJ 
3 ONLPCJ 
4 ONLTPCJ 
5 BNLTPCJ 
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5/5 Volt GTl INPUT/OUTPUT 
Non-Inverting GTL Input 1/0 7-42 
Non-Inverting GTL Bidirectional Input 110 7-44 
GTLOutput 0/1 7-45 
GTL Bidirectional Output 0/1 7-45 

3.313 3 Volt GTl INPUT/OUTPUT 
Non-Inverting GTL Input 1/0 7-42 
Non-Inverting GTL Bidirectional Input 1/0 7-44 
GTLOutput 0/1 7-45 
GTL Bidirectional Output 0/1 7-45 

5/5 Volt PECl INPUT/OUTPUT 
I PECL Differential Input 1/0 7-49 

515 Volt PCIINPUT/OUTPUT 
PCI Non-Inverting Input 110 7-51 
PCI Standard Output 1/0 7-54 
PCI 3-State Standard Output 1/0 7-56 
PCI 3-State Bidirectional Output 110 7-59 

3.313 3 Volt PCIINPUT/OUTPUT 
PCI Non-Inverting Input 1/0 7-50 
PCI Non-Inverting Bidirectional Input 1/0 7-53 
PCI Non-Inverting Input 1/0 7-51 
PCI Standard Output 1/0 7-54 
PCI 3-State Standard Output 1/0 7-56 
PCI 3-State Bidirectional Output 1/0 7-59 
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JTAG TAP MACROS and 
BOUNDARY SCAN MACROS 

1 TCKX Test Clock 
2 TCKHX Test Clock, High Drive 
3 TCKTX Test Clock, TTL Levels 
4 TCKHTX Test Clock, TTL Levels, High Drive 
5 lOlX Test Data Input 
6 lOlTX Test Data Input,TTL Levels 
7 lOOUTX Test Data Output 
8 TMSX Test Mode Select 
9 TMSTX Test Mode Select, TTL Levels 
10 TRSTBX Test Reset (Bar) 
11 TRSTBTX Test Reset (Bar),TTL Levels 

3.315 Volt TAP Inputs/Outputs Functions 
1 TCKLTX Test Clock, TTL Levels 
2 TCKHLTX Test Clock, TTL Levels, High Drive 
3 lOlLTX Test Data Input,TTL Levels 
4 TDOUTLX Test Data Output 
5 TMSLTX Test Mode Select, TTL Levels 
6 TRSTBTX Test Reset (Bar),TTL Levels 

3.313.3 Volt TAP Inputs/Outputs Functions 
1 TCKL Test Clock 
2 TCKHL Test Clock, High Drive 
3 lOlL Test Data Input 
4 TDOUTL Test Data Output 
5 TMSL Test Mode Select 
6 TRSTBL Test Reset (Bar) 

Miscellaneous Boundary-Scan Macrocells 
1 CKDRMID B-S Register Clock Driver -JTAG 
2 CKDRCC1 B-S Register Clock Driver -JTAG 
3 CKDRCC2 B-S Register Clock Driver -JTAG 
4 ENSCANJ B-S Register Enable Scan Macro -JTAG 
5 IMCDR B-S Register Input Mode Control Driver -JTAG 
6 OMCDR B-S Register Output Mode Control Driver -JTAG 
7 ISOR Clock Net ISO and Test Data Resync- JTAG 
8 SHDR, B-S Register Shift Driver -JTAG 
9 lOBUF B-S Register Test Data Buffer -JTAG 
10 UDDR B-S Register Update Driver -JTAG 
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ICVBICIILCIIBILCI 

MOTOROLA TECHNICAL DATA 

SECTION 7. H4CP SERIES MACRO COMPOSITES 

Section 7.1 Periphery Cells (InputsJOutputsIBidirectionals) 

Inverting CMOS Inputs and Bidirectional Input 
(3.3 V and 5 V System/Core Voltage) 

MACRO I SECTIONS USED I 
ICIIILCI I 1/0 I 

Function Table 

BICI/BILCII 1/0 I 
Rev. 1.07 

OUTPUTSIINPUTS 

01 I PAD,IC 
DI/BC 

MACRO INPUT CAP. 

ICI/ILCI PAD: 5.29pF 
BICIIBILCI BC:O.39pF 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=l.00ns) T J= 25.00C (Nominal) all units are in ns. 

Sym Parameter 
FO::O FO=2 

515 V 

F0::8 K (ns/pF) 

ICVBICI 

tpLH Propagation Delay, 0.18 0.19 0.23 0.12 

tpHL PADtoDI 0.16 0.18 0;22 0.15 

tr Output Rise Time, DI 0.18 0.20 0.27 0.24 
tf Output Fall Time, DI 0.17 0.19 0.25 0.18 

Capacitance per fanout = 0.05 pF (meta cepacitance is not included). 

H4CPlus Series Design Reference Guide 

5/5 V 
3.3/3.3 V 

ICIIBICI 
ILCIIBILCI 

XXX 
PAD 

FO=O 

0.23 
0.20 
0.20 
0.15 

ICI/ILCI 

~DI 
~ ICV 

BICI/BILCI 

BC -[>o-DI 

3.313.3 V 

FO=2 FO=8 

ILCVBILCI 

0.24 0.29 
0.22 0.27 
0.23 0.33 
0.18 0.25 

Rev 107 

K(ns/pF) 

0.15 
0.18 
0.33 
0.24 

MOTOROLA 
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ICNIBICNlICNH 

•••••••• MOTOROLA TECHNICAL DATA _______ _ 

Non-Inverting CMOS Inputs, Bidirectional 
Inputs and Clock Inputs 
(3.3 V and 5 V System/Core Voltage) 

MACRO SECTIONS USED SECTIONS USED 
ICNlICXN/llCN 1/0 
BICNlBICXN/ 

1/0 
BllCN 

111 

Rev 107 .. OUTPUTSJlNPUTS 
MACRO OUTPUTSJlNPUTS DI/PAD,IC 

ICNlICXN/llCN DI/PAD,IC 
BICN/BICXN/ 

DI/BC 
BllCN 

INPUT CAP. 
PAD: 5.16pF 

MACRO INPUT CAP. Function Table 
ICN/ICXN/llCN PAD: 5.06pF 
BICNlBICXN/ 

BC: 0.10pF BllCN 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,II=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

515 V 
Parameter 

515 V 
5/3.3 V 
3.3/3.3 V 

XXX 
PAO 

XXX 
PAO 

ICN/BICN/ICNH 
ICXN/BICXNIICXNH 
ILCN/BILCNIILCNH 

ICN /ICXN /llCN 

O----f'>-Ol II!!J IC V 
ICNH /ICXNH /llCNH 

~Ol 
~ IC_._.~_ .... 

BICN / BICXN / BllCN 

BC-{:>--Ol 

Rev. 1.07 
515 V 

Sym 
FO=O FO=2 FO=8 K (nslpF) FO=O FO=25 FO=50 K (nslpF) 

ICN/BICN 

tpLH Propagalion Oelay, 0.35 0.36 0.39 0.11 

IpHL PAOto 01 0.36 0.37 0.42 0.15 
tf OUlpul Rise Time, 01 0.13 0.15 0.23 0.25 
tf Output Fall Time, 01 0.12 0.14 0.20 0.20 

Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,II=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 

Sym 
513.3 V 

Parameter 
FO=O FO=2 FO=8 K (nslpF) 

ICXN/BICXN 

tpLH Propagation Oelay, 0.39 0.41 0.45 0.15 

tpHL PAO 1001 0.44 0.46 0.52 0.19 
t, Output Rise Time, 01 0.15 0.19 0.29 0.35 

tf Output Fall Time, 01 0.13 0.16 0.23 0.25 
-Capacitance per fanout _ 0.05 pF (metal capacitance IS not Included). 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

8ym Parameter 
513.3 V 

FO=O FO=25 FO=50 

ICXNH 

~ Propagation Oelay, 0.31 0.38 0.45 

tpHL PAOto 01 0.26 0.36 0.47 
I, OUlput Rise Time, 01 0.18 0.36 0.54 

tf OUlput Fall Time, 01 0.20 0.37 0.54 
l;apacitance per fanoul = 0.05 pF (metal capacitance is not Included). 
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K (nslpF) 

0.05 
0.09 
0.14 
0.14 

ICNH 

0.38 0.47 0.55 0.07 
0.41 0.50 0.58 0.07 
0.16 0.28 0.39 0.09 
0.21 0.30 0.39 0.07 

Rev 107 
3.3/3.3 V 

FO=O FO=2 FO=8 K (nslpF) 

IlCN/BllCN 

0.45 0.46 0.51 0.15 
0.48 0.50 0.56 0.19 
0.17 0.21 0.31 0.34 
0.17 0.20 0.27 0.24 

Rev. 1.07 

3.313.3 V 

FO=O FO=25 FO=50 K (nslpF) 

IlCNH 

0.50 0.61 0.72 0.09 
0.51 0.61 0.72 0.09 
0.20 0.36 0.53 0.13 
0.22 0.35 0.48 0.10 
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MOTOROLA TECHNICAL DATA 

Non-Inverting CMOS Schmitt Trigger 
Inputs and Bidirectional Input 
(3.3 V and 5 V SystemIC ore Voltage) 

515 V 
5/3.3 V 
3.3/3.3 V 

MACRO SECTIONS USED SECTIONS USED 

ISNJISXNJILSN 1/0 
BISN/BISXN/ 

1/0 
BILSN 

111 

Rev. 1.07 
Rev 107 .. OUTPUTSIINPUTS 

MACRO OUTPUTS/INPUTS DI/PAD,IC 
ICN/ICXN/ILCN 011 PAD,IC 
BISN/BISXN/ 

DI/BC 
BILSN 

INPUT CAP. 

PAD: 5.20pF 

MACRO INPUT CAP, Function Table 
ISNIISXNIILSN PAD:5.08pF 
BISN/BISXN/ 

BC:0.12pF BILSN 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr 11=1 OOns) TJ= 250°C (Nominal) all units are in ns , 

5/5 V 
Parameter 

XXX 
PAO 

XXX 
PAO 

ISN/BISNIISNH 

ISN/BISNIISNH 
ISXN/BISXN/ISXNH 
ILSN/BILSN/ILSNH 

ISN IISXN /ILSN 

~Ol II!!J IC V 
ISNH IISXNH IILSNH 

~Ol 
~ IC V 

BISN I BISXN I BILSN 

BCv- 01 

Rev 107 

5/5 V 
Sym 

FO=O FO=2 FO=8 K (nsJpF) FO=O FO=25 FO=50 K (nsJpF) 

ISNIBISN 

tpLH Propagation Oelay, 0.55 0.56 0.59 0.11 
tpHL PAOto 01 0.80 0.82 0.87 0.18 

tr Output Rise Time, 01 0.16 0.18 0.26 0.25 

tf Output Fall Time, 01 0.27 0.29 0.35 0.20 
Capacitance per fanout - 0.05 pF (metal capacitance IS not Included). 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns 

513.3 V 
Sym Parameter 

FO=O FO=2 FO=8 K (nsJpF) 

ISXN/BISXN 

tpLH Propagation Oelay, 0.48 0.50 0.55 0.16 
tpHL PAOto 01 0.98 1.01 1.08 0.24 

tr Output Rise Time, 01 0.16 0.20 0.32 0.39 
tf Output Fall Time, 01 0.39 0.41 0.49 0.25 

Capacilance per fanout = 0.05 pF (metal capacitance IS not Included). 

I 
CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,II=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

Sym Parameter 
5/3.3 V 

FO=O FO=25 FO=50 K (nsJpF) 

ISXNH 

~ Propagation Oelay, 0.46 0.52 0.59 0.05 

tpHL PAOto 01 0.93 1.04 1.16 0.09 

tr Output Rise Time, 01 0.21 0.38 0.56 0.14 

tf Output Fall Time, 01 0.44 0.60 0.76 0.13 
Capacitance per fanout - 0.05 pF (metal capacitance IS not Included). 

H4CPlus Series Oesign Reference Guide 

ISNH 

0.49 0.54 0.59 
0.90 0.99 1.08 
0.20 0.34 0.48 
0.35 0.49 0.64 

3.3/3.3 V 

FO=O FO=2 FO=8 

ILSN/BILSN 

0.65 0.66 0.71 
1.07 1.09 1.16 
0.20 0.24 0.34 
0.31 0.34 0.41 

3.3/3.3 V 

FO=O FO=25 FO=50 

ILSNH 

0.59 0.66 0.73 
1.26 1.37 1.49 
0.25 0.42 0.59 
0.52 0.69 0.86 

0.04 
0.07 
0.11 
0.12 

Rev 107 

K (nsJpF) 

0.17 
0.24 
0.34 
0.26 

Rev 107 

K (nsJpF) 

0.06 
0.09 
0.14 
0.14 
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ITN/BITNlITNH 

MOTOROLA TECHNICAL DATA _ ••••••• 

Non-Inverting TTL Inputs and Bidirectional 
Input and Clock Inputs 
(3.3 V and 5 V SystemlCore Voltage) 

I MACRO I SECTIONS USED SECTIONS USED 

I ITN/ILTXN I 1/0 1/1 
I BITN/BILTXN I 1/0 Rev. 1.07 

Rev 107 .. OUTPUTS/INPUTS 
MACRO OUTPUTS/INPUTS 01 I PAD,IC 

ITN/ILTXN 011 PAD,IC 
BITNIBIL TXN DJ/BC INPUT CAP. 

MACRO INPUT CAP. 
PAD:5.06pF 

ITN/ILTXN PAD: 5.05pF 
BITNIBIL TXN BC: 0.09pF Function Table 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 

5/5 V 
Parameter 

515 V 
3.3/5 V 

XXX 
PAD 

XXX 
PAD 

ITN/BITN/ITNH 
I LTXN/BI LTXNII LTXN H 

ITN/ILTXN 

~Ol II!J IC V 
ITNH IILTXNH 

~Ol 
[[!J IC ~ .. _ .. 

BITN I BILTXN 

BC a-(:>-- 01 

Rev. 1.07 

3.315 V 
Sym 

FO=O FO=2 FO=8 K (nsJpF) FO=O FO=2 FO=8 K (nsJpF) 

ITN/BITN 

tpLH Propagation Delay, 0.29 0.31 0.34 0.11 

tpHL PAD to 01 0.64 0.65 0.71 0.18 

tr Output Rise Time, 01 0.12 0.15 0.22 0.24 
tf Output Fall Time, 01 0.28 0.30 0.36 0.20 

Capacitance per fanout - 0.05 pF (metal capacitance is not included). 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

515 V 
Sym Parameter 

FO=O FO=25 FO=50 

ITNH 

tpLH Propagation Delay, 0.49 0.55 0.62 

tpHL PAD to 01 0.80 0.89 0.98 

tr Output Rise Time, 01 0.11 0.23 0.35 
tf Output Fall Time, 01 0.19 0.29 0.39 

Capacitance per fanout = 0.05 pF (metal capacitance IS not included). 

MOTOROLA 
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K (nsJpF) 

0.05 
0.07 
0.09 

0.08 

ILTXN/BIL TXN 

0.29 0.31 0.34 0.11 

0.64 0.65 0.71 0.18 

0.12 0.15 0.22 0.24 

0.28 0.30 0.36 0.20 

Rev. 1 07 

3.315 V 

FO=O FO=25 FO=50 K (nsJpF) 

ILTXNH 

0.48 0.48 0.49 0.04 

0.76 0.77 0.79 0.07 

0.11 0.13 0.16 0.11 
0.20 0.21 0.25 0.12 
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MOTOROLA TECHNICAL DATA 

Non-Inverting TTL Schmitt Trigger Input 
(5 V System/Core Voltage) 

SECTIONS USED 
Function Table 

1/0 

5/5 V 

ITSN/BITSN 

ITSN/BITSN 

ITSN 
1/0 

Rev. 1.07 

OUTPUTsnNPUTS 

XXX 
PAD rl-----I'>- 01 

~ IC V DI/PAD,IC 
DI/BC 

MACRO INPUT CAP. I 
ITSN PAD:5.17pF I 

BITSN BC: 0.21pF I 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 2S.0°C (Nominal) all units are in ns. 

5/5 V 
Sym Parameter 

FO=O FO=2 FO=8 

ITSNlBITSN 

tpLH Propagation Delay, 0.47 0.48 0.51 

tpHL PAD to 01 1.03 1.05 1.10 

tr Output Rise Time, 01 0.13 0.16 0.23 
tf Output Fall Time, 01 0.33 0.35 0.41 

Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

H4CPlus Series Design Reference Guide 

BITSN 

BC~OI 

Rev. 1.07 

K (ns/pF) 

0.11 
0.19 
0.25 
0.20 

MOTOROLA 
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.0Nn PN.XnONlX,n ON!:-n 
•••••••• MOTOROLATECHNICALDATA _. __ •• __ 

Output Buffers 
(3.3 V and 5 V System/Core Voltage) 

515 V 
5/3.3 V 
3.3/5 V 
3.3/3.3 V 

ONn 
ONXn 

ONLXn 
ONLn MACRO 

All 
Rev. 1.07 

MACRO OUTPUTSIINPUTS 
All PAD/DO 

MACRO INPUT CAP. 
ON2,ONL2 DO: 0.28pF 

ONLX2 DO: 0.30pF 
ON4,ONL4 DO: 0.39pF 

ONLX4 DO: 0.54pF 
ON8,ONL8 DO:0.56pF 

ON16,ONLX16,ONL 16 DO: 0.90pF 

ON32 DO: 1.66pF 
ONX2,ONX4 DO:0.40pF 

ONX8 DO:0.47pF 

ONLX8 DO:0.75pF 

CMOS SWITCHING CHARACTERISTICS 

n=2, 4, 8, 16 or 32 

Function Table 
ONn I ONXn I ONLXn I ONLn 

DO~XXX 
V ~PAD 

(Inpul Edge Rate Ir,tf=1.00ns) T J= 25.0°C (Nominal) all unils are in ns. Rev. 1.07 

Sym Parameter 

~ Propagation Delay, 

tpHL DO to PAD 

I, Oulpul Rise Time, PAD 

If Oulput Fall Time, PAD 

~ Propagation Delay, 

IpHL DOlo PAD 

I, Oulpul Rise Time, PAD 

If Oulpul Fall Time, PAD 

tpLH Propagation Delay, 

IpHL DOlo PAD 

I, Output Rise Time, PAD 

tf Output Fall Time, PAD 

tpLH Propagation Delay, 

tpHL DO to PAD 

t, Output Rise Time, PAD 

If Output Fall Time, PAD 

tpLH Propagation Delay, 
tpHL DO to PAD 

tr Output Rise Time, PAD 

tf Output Fall Time, PAD 

MOTOROLA 
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pF=O 

0.41 
0.38 
0.22 
0.23 

0.59 
0.58 
0.28 
0.30 

0.43 
0.75 
0.21 
0.46 

0.52 
0.64 
0.36 
0.42 

0.34 
0.54 
0.38 
0.72 

515 V 

pF=50 pF=100 

ON2 

4.92 9.43 
6.27 12.15 
10.61 21.00 
11.80 23.37 

ON4 

2.86 5.12 

2.56 4.55 
5.41 10.55 
4.08 7.87 

ONS 

1.74 3.05 
2.03 3.32 
3.13 6.06 
3.29 6.11 

ON16 

1.39 2.27 
1.53 2.42 
2.09 3.81 
1.87 3.32 

ON32 

0.84 1.34 
1.08 1.61 
1.33 2.29 
1.33 1.93 

3.315 V 

K (ns/pF) pF=O pF=50 pF=100 K (ns/pF) 

ONLX2 

0.09 0.89 4.85 8.80 0.08 
0.12 0.35 4.47 8.59 0.08 
0.21 0.36 9.34 18.33 0.18 
0.23 0.18 9.55 18.92 0.19 

ONLX4 

0.05 0.55 2.79 5.03 0.04 
0.04 0.41 2.48 4.54 0.04 
0.10 0.26 5.31 10.37 0.10 
0.08 0.18 4.84 9.50 0.09 

ONLXS 

0.03 0.77 2.19 3.61 0.03 

0.03 0.68 1.87 3.07 0.02 
0.06 0.53 3.46 6.40 0.06 
0.06 0.48 2.79 5.10 0.05 

ONLX16 

0.02 0.76 2.18 3.60 0.03 
0.02 0.50 1.20 1.90 0.01 
0.03 0.50 3.44 6.38 0.06 
0.03 0.39 1.59 2.79 0.02 

0.01 N/A 
0.01 
0.02 
0.01 

H4CPlus Series Design Reference Guide 



MOTOROLA TECHNICAL DATA 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr 11=1 OOns) T J= 250°C (Nominal) all units are in ns , 

513.3 V 
Sym Parameter 

pF=O pF=5O pF=100 K (ns/pF) pF=O 

ONX2 

tpLH Propagation Delay, 0.70 5.19 9.69 0.09 0.55 

tpHL DO to PAD 0.86 6.56 12.27 0.11 0.53 

t, Output Rise Time, PAD 0.49 10.87 21.26 0.21 0.32 

tf Output Fall Time, PAD 0.54 12.10 23.66 0.23 0.31 

ONX4 

tpLH Propagation Delay, 1.02 3.28 5.55 0.05 0.75 

tpHL DO to PAD 0.86 3.79 6.73 0.06 0.73 

t, Output Rise Time, PAD 0.47 5.58 10.68 0.10 0.32 

tf Output Fall Time, PAD 0.36 6.11 11.87 0.12 0.35 

ONX8 

tpLH Propagation Delay, 1.06 2.49 3.92 0.03 0.57 

tpHL DO to PAD 1.15 2.72 4.29 0.03 0.95 

t, Output Rise Time, PAD 0.70 3.57 6.43 0.06 0.25 

tf Output Fall Time, PAD 0.58 3.40 6.23 0.06 0.56 

tpLH Propagation Delay, 0.71 

tpHL DO to PAD N/A 0.82 

t, Output Rise Time, PAD 0.46 

tf Output Fall Time, PAD 0.52 

TTL SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

515 V 
Sym Parameter 

pF=O pF=5O pF=100 K (ns/pF) pF=O 

ON2 

tpLH Propagation Delay, 0.36 2.63 4.90 0.05 0.87 

tpHL DO to PAD 0.45 9.58 18.71 0.18 0.37 
t, Output Rise Time, PAD 0.22 10.61 21.00 0.21 0.36 

tf Output Fall Time, PAD 0.23 11.80 23.37 0.23 0.18 
ON4 

tpLH Propagation Delay, 0.53 1.69 2.85 0.02 0.53 

tpHL DO to PAD 0.63 3.70 6.76 0.06 0.43 

t, Output Rise Time, PAD 0.28 5.41 10.55 0.10 0.26 

tf Output Fall Time, PAD 0.30 4.08 7.87 0.08 0.18 

ONS 

tpLH Propagation Delay, 0.37 1.06 1.75 0.01 0.71 

tpHL DO to PAD 0.84 2.76 4.68 0.04 0.73 

t, Output Rise Time, PAD 0.21 3.13 6.06 0.06 0.53 

tf Output Fall Time, PAD 0.46 3.29 6.11 0.06 0.48 

H4CPlus Series Design Reference Guide 

ONn ONXn ONLXn ONLn 

3.313.3 V 

pF=5O pF=100 

ONL2 

6.95 13.35 

7.58 14.63 
14.63 28.93 

14.40 28.49 

ONL4 

3.95 7.16 
3.12 5.50 
7.43 14.53 
4.96 9.58 

ONL8 

2.41 4.25 

2.49 4.03 

4.28 8.32 

3.98 7.41 

ONL16 

1.89 3.08 
1.88 2.95 

2.80 5.15 

2.26 4.01 

3.315 V 

pF=5O pF=100 

ONLX2 

3.90 6.94 

5.54 10.72 
9.34 18.33 
9.55 18.92 

ONLX4 

2.25 3.98 

3.02 5.62 

5.31 10.37 
4.84 9.50 

ONLXS 

1.84 2.98 

2.18 3.63 

3.46 6.40 
2.79 5.10 

Rev 107 

K (ns/pF) 

0.13 

0.14 
0.29 

0.28 

0.06 

0.05 
0.14 
0.09 

0.04 

0.03 

0.08 
0.07 

0.02 

0.02 

0.05 
0.03 

Rev 107 

K (ns/pF) 

0.06 

0.10 

0.18 

0.19 

0.03 
0.05 

0.10 

0.09 

0.02 

0.03 

0.06 

0.05 
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ONn ONXn ONLXn ONLn 
________ MOTOROLA TECHNICAL DATA _______ _ 

TTL SWITCHING CHARACTERISTICS 
(Input Edge Rate tr tf-1 OOns) T J= 250°C (Nominal) all units are in ns , - . 

51SV 
8ym Parameter 

pF=O pF=SO pF=100 K (nsJpF) 

ON16 

tpLH PropagCltion Delay, 0.40 0.91 1.42 

tpHL DOtoPAD 0.73 2.02 3.30 

tr Output Rise Time, PAD 0.36 2.09 3.81 
tf Output Fall Time, PAD 0.42 1.87 3.32 

ON32 

tpLH Propagation Delay, 0.14 0.44 0.74 

tpHL DO to PAD 0.67 1.41 2.15 

tr Output Rise Time, PAD 0.38 1.33 2.29 

tf Output Fall Time, PAD 0.72 1.33 1.93 

TTL SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

8ym Parameter 

tpLH Propagation Delay, 

tpHL DO to PAD 

tr Output Rise Time, PAD 

tf Output Fall Time, PAD 

tpLH Propagation Delay, 

tpHL DO to PAD 

tr Output Rise Time, PAD 

tf Output Fall Time, PAD 

tpLH Propagation Delay, 

tpHL DO to PAD 

tr Output Rise Time, PAD 

tf Output Fall Time, PAD 

tpLH Propagation Delay, 

tpHL DO to PAD 

tr Oi,Jtput Rise Time, PAD 

tf Output Fall Time, PAD 

MOTOROLA 
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pF=O 

0.59 
1.01 
0.49 
0.54 

0.92 
0.95 
0.47 

0.36 

0.85 
1.27 
0.70 

0.58 

513.3 V 

pF=SO pF=100 

ONX2 

2.85 5.11 
9.96 18.91 
10.87 21.26 
12.10 23.66 

ONX4 

2.08 3.25 
5.51 10.07 
5.58 10.68 

6.11 11.87 
ONX8 

1.70 2.54 

3.64 6.01 
3.57 6.43 

3.40 6.23 

N/A 

0.01 

0.03 
0.03 
0.03 

0.01 
0.01 
0.02 
0.01 

K (nsJpF) 

0.05 
0.18 

0.21 
0.23 

0.02 
0.09 
0.10 
0.12 

0.02 

0.05 
0.06 
0.06 

Rev 107 
3.31SV 

pF=O pF=SO pF=100 K (nsJpF) 

ONLX16 

0.70 1.83 2.96 0.02 
0.54 1.37 2.19 0.02 
0.50 3.44 6.38 0.06 
0.39 1.59 2.79 0.02 

NlA 

Rev. 1.07 

3.313.3 V 

pF=O pF=SO pF=100 K (nsJpF) 

ONL2 

0.52 5.48 10.43 0.10 
0.57 9.23 17.90 0.17 
0.32 14.63 28.93 0.29 
0.31 14.40 28.49 0.28 

ONL4 

0.72 3.21 5.69 0.05 
0.76 3.68 6.60 0.06 
0.32 7.43 14.S3 0.14 

0.35 4.96 9.58 0.09 
ONL8 

0.55 1.99 3.42 0.03 
1.00 2.85 4.70 0.04 
0.25 4.28 8.32 0.08 
0.56 3.98 7.41 0.07 

ONL16 

0.65 1.61 2.57 0.02 
0.87 2.13 3.38 0.03 
0.46 2.80 5.15 0.05 
0.52 2.26 4.01 0.03 
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ONnS2 

MOTOROLA TECHNICAL DATA 

Output Buffers 5/5 V ONnS2 
with Slew Rate Control (S2) 
(5 V System/Core Voltage) 

n=4, 8, 16 or 32 

SECTIONS USED Function Table 

0/1 
Rev. 1.07 

OUTPUTsnNPUTS 

PAD/DO DO 

MACRO INPUT CAP. 

ON4S2 DO: 0.39pF 

ON8S2 DO: 0.60pF 

ON16S2 DO: O.90pF 

ON32S2 DO: 1.66pF 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=l.00ns) T J= 25.0°C (Nominal) all units are in ns. 

5/5 V 
Sym Parameter 

pF::O pF=50 pF=100 

ON4S2 

tpLH Propagation Delay, 1.30 3.66 6.01 

IpHL DO to PAD 1.04 3.08 5.13 

tr Output Rise Time, PAD 0.61 5.69 10.77 

tf Output Fall Time, PAD 0.48 4.24 7.99 
ONBS2 

IpLH Propagation Delay, 1.11 2.62 4.12 

tPHL DO to PAD 1.22 2.61 4.01 

tr Output Rise Time, PAD 0.70 3.60 6.49 

If Outpul Fall Time, PAD 0.66 3.50 6.33 
ON16S2 

tpLH Propagation Delay, 1.25 2.31 3.36 

tpHL DO to PAD 1.02 2.01 3.00 

tr OUlput Rise Time, PAD 0.69 2.48 4.26 

If Output Fall Time, PAD 0.56 2.04 3.53 

ON32S2 

IpLH Propagation Delay, 1.15 1.80 2.46 

IpHL DO to PAD 0.92 1.50 2.07 
tr Output Rise Time, PAD 0.98 1.80 2.62 

tf Output Fall Time, PAD 0.76 1.49 2.22 

H4CPlu5 Series Design Reference Guide 

-{5--[!]oNnS2 

~ 
XXX 
PAD 

Rev. 1.07 

K (ns/pF) 

0.05 
0.04 
0.10 

0.C8 

0.03 

0.03 
0.06 
0.06 

0.02 

0.02 
0.04 
0.03 

0.01 
0.01 
0.02 
0.01 
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ONnS2 
MOTOROLA TECHNICAL DATA _______ _ 

TTL SWITCHING CHARACTERISTICS 
(Input Edge Rate tr 1I=1.00ns) T J= 25 OOC (Nominal) all units are in ns. , Rev 107 

Sym Parameter 
pF=O pF=50 

515 V 

pF=100 K(ns/pF) 

ON4S2 

tpLH Propagation Delay, 1.13 2.42 3.70 0.03 

tpHL DO to PAD 1.13 4.25 7.37 0.06 

tr Output Rise Time, PAD 0.61 5.69 10.77 0.10 

If Output Fall Time, PAD 0.48 4.24 7.99 0.08 
ON8S2 

tpLH Propagalion Delay, 0.89 1.79 2.70 0.02 

tpHL DO to PAD 1.35 3.38 5.40 0.04 

t, Output Rise Time, PAD 0.70 3.60 6.49 0.06 

If Output Fall Time, PAD 0.66 3.50 6.33 0.06 
ON16S2 

tpLH Propagation Delay, 1.04 1.71 2.39 0.01 
tpHL DO to PAD 1.14 2.54 3.93 0.03 

t, Output Rise Time, PAD 0.69 2.48 4.26 0.04 

tf Outpul Fall Time, PAD 0.56 2.04 3.53 0.03 

ON3252 

tpLH Propagation Delay, 0.93 1.35 1.76 0.01 

tpHL DO to PAD 1.18 1.91 2.65 0.01 

t, Output Rise Time, PAD 0.98 1.80 2.62 0.02 
tf Output Fall Time, PAD 0.76 1.49 2.22 0.01 

NOTE: 
The H4CPlus Series user has Ihe option to configure outputs with slew rate control to slow down Ihe output edge rates of signals 
going off-chip. This feature helps to decrease system noise and overshooVundershoot of the output signals caused by fast rise 
or fall times. The S2 option has up to 10% reduction in slew rale. 

MOTOROLA 
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ONnT/BONnT ONXnT/BONXnT ONLXnT/BONLXnT ONLnT/BONLnT 

MOTOROLA TECHNICAL DATA 

3-State Outputs and Bidirectional Outputs 
(3.3 V and 5 V SystemlCore Voltage) 

MACRO SECTIONS USED 

ONnT/ONXnT/ONLXnT/ONLnT 011 

BONnT/BONXnT/BONLXnT/BONLnT 011 

Rev 107 .. 
MACRO OUTPUTSIlNPUTS 

ONnT/ONXnT/ONLXnT/ONLnT PAD I DO,EN 

BONnT/BONXnT/BONLXnT/BONLnT BIC/DO,EN 

MACRO INPUT CAP. 

ON2T,BON2T,ON4T,BON4T,ON8T,BON8T, 
ONX2T,BONX2T,ONX4T,BONX4T,ONX8T,BONX8T, 

DO: 0.24pF 
ONLX2T,BONLX2T,ONLX4T,BONLX4T,ONLX8T, 

BONLX8T,ONL2T,BONL2T,ONL4T,BONL4T, 
EN: 0.19pF 

ONL8T,BONL8T 

ON16T,BON16T,ONLX16T,BONLX16T, 
DO,EN: 0.24pF 

ONL 16T,BONL16T 

MACRO OUTPUT CAP. 

ON2T,BON2T,ON4T,BON4T,ONX2T,BONX2T, 
ONX4T,BONX4T ,ONLX2T ,BONLX2T ,ONLX4T, PAD: 4.96pF 

BONLX4T,ONL2T,BONL2T,ONL4T,BONL4T 

ON8T,BON8T,ONX8T ,BONX8T,ONL8T,BONL8T PAD: 5.10pF 

ON16T,BON16T,ONLX8T,BONLX8T,ONLX16T, 
PAD: 5.76pF 

BONLX16T,ONL 16T,BONL 16T 

ON32T,BON32T PAD: 9.52pF 

CMOS SWITCHING CHARACTERISTICS 

515 V 
5/3.3 V 
3.3/5 V 

ONnT/BONnT 
ONXnT/BONXnT 

ONLXnT/BONLXnT 
3.3/3.3 V ONLnT/BONLnT 
n=2, 4, 8, 16 or 32 

ONnT I ONXnT I ONLXnT I ONLnT 

DO~XXX vr ~ PAD 

EN 

BONnT I BONXnT I BONLXnT / BONLnT 

DO~XXX X PAD 
BIC 

EN 

Function Table 
DO EN PAD 
L L Z 
L H L 
H L Z 
H H H 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0oC (Nominal) all units are in ns. Rev. 1.07 
5/5 V 

Sym Parameter 
pF=O pF=50 pF=100 

ON2T/BON2T 

tpLH Propagation Delay, 0.64 5.15 9.66 
tpHL DO to PAD 0.66 6.54 12.43 

tpLZ Propagation Delay, 0.34 0.34 0.35 

tpZL EN to PAD 0.47 6.35 12.24 

tpzH Propagation Delay, 0.56 5.07 9.58 

tpHZ EN to PAD 0.64 0.64 0.65 
t, Output Rise Time, PAD 0.23 10.60 20.98 

tf Output Fall Time, PAD 0.24 11.79 23.35 
ON4T/BON4T 

tpLH Propagation Delay, 0.84 3.11 5.37 

tpHL DO to PAD 0.85 2.84 4.82 
tpLZ Propagation Delay, 0.78 0.79 0.79 
tpZL EN to PAD 0.69 2.68 4.66 

tpZH Propagation Delay, 0.77 3.03 5.30 

tpHZ EN to PAD 0.77 0.77 0.78 
t, Output Rise Time, PAD 0.31 5.38 10.44 
tf Output Fall Time, PAD 0.32 4.07 7.83 

H4CPlus Series Design Reference Guide 

K (ns/pF) pF=O 

0.09 1.10 
0.12 0.64 
0.00 0.62 
0.12 0.52 
0.09 1.03 
0.00 1.03 
0.21 0.42 
0.23 0.19 

0.05 0.91 
0.04 0.80 
0.00 0.84 
0.04 0.75 
0.05 0.83 

0.00 0.83 
0.10 0.31 
0.08 0.30 

3.3/5 V 

pF=50 pF=100 K (ns/pF) 

ONLX2T/BONLX2T 

5.05 9.00 0.08 
4.76 8.88 0.08 

0.63 0.63 0.00 
4.64 8.76 0.08 

4.98 8.93 0.08 
1.03 1.04 0.00 
9.27 18.12 0.18 
9.54 18.89 0.19 

ONLX4T/BONLX4T 

3.15 5.39 
2.87 4.93 
0.85 0.85 
2.81 4.88 
3.07 5.31 

0.83 0.84 
5.34 10.37 
3.38 6.47 

0.04 
0.04 
0.00 
0.04 
0.04 
0.00 
0.10 
0.06 

MOTOROLA 
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________ MOTOROLA TECHNICAL DATA _______ _ 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr 1f=1 DOns) T J= 25 DoC (Nominal) all units are in ns , 

515 V 
Sym Parameter 

pF=O pF=50 pF=100 K (nsJpF) 

ON8T/BON8T 

tpLH Propagation Delay, 0.78 2.09 3.40 0.03 

tpHL DO to PAD 0.87 2.15 3.44 0.03 

tpLZ Propagation Delay, 0.62 0.62 0.63 0.00 
tpZL EN to PAD 0.66 1.95 3.23 0.03 

tpzH Propagation Delay, 0.69 2.00 3.31 0.03 

tpHZ EN to PAD 0.96 0.96 0.97 0.00 

t, Output Rise Time, PAD 0.22 3.15 6.08 0.06 

tf Output Fall Time, PAD 0.34 2.77 5.20 0.05 
ON16T/BON16T 

tpLH Propagation Delay, 0.82 1.70 2.57 0.02 
tpHL DO to PAD 0.97 1.86 2.75 0.02 
tpLZ Propagation Delay, 0.68 0.68 0.69 0.00 

tPZL EN to PAD 0.67 1.56 2.45 0.02 
tpzH Propagation Delay, 0.72 1.59 2.47 0.02 

tpHZ EN to PAD 1.14 1.14 1.15 0.00 
t, Output Rise Time, PAD 0.29 2.17 4.04 0.04 
tf Output Fall Time, PAD 0.33 1.95 3.56 0.03 

ON32T/BON32T 

tpLH Propagation Delay, 1.04 1.55 2.06 0.01 

tpHL DO to PAD 1.07 1.60 2.13 0.01 
tpLZ Propagation Delay, 0.97 0.97 0.98 0.00 

tpzL EN to PAD 0.87 1.40 1.93 0.01 

tpZH Propagation Delay, 0.93 1.44 1.95 0.01 

tpHZ EN to PAD 0.95 0.95 0.96 0.00 
t, Output Rise Time, PAD 0.37 1.36 2.35 0.02 

tf Output Fall Time, PAD 0.73 1.33 1.92 0.01 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J", 25.0°C (Nominal) all units are in ns. 

Sym Parameter 

tpLH Propagation Delay, 

tpHL DO to PAD 

tpLZ Propagation Delay, 
tpZL EN to PAD 

tpZH Propagation Delay, 
tpHZ EN to PAD 

t, Output Rise Time, PAD 

tf Output Fall Time, PAD 

MOTOROLA 

7-12 

pF=O 

1.33 
1.81 
0.83 
1.59 
1.22 

1.20 
0.49 
0.54 

513.3 V 

pF=50 pF=100 K (nsJpF) 

ONX2T/BONX2T 

5.84 10.34 0.09 
7.70 13.59 0.12 
0.84 0.84 0.00 
7.48 13.37 0.12 
5.72 10.23 0.09 
1.21 1.21 0.00 
10.88 21.27 0.21 
12.11 23.68 0.23 

Rev 107 
3.315 V 

pF=O pF=50 pF=100 K (nsJpF) 

ONLX8T/BONLXBT 

1.08 2.50 3.92 0.03 

0.80 1.99 3.19 0.02 
0.84 0.85 0.85 0.00 
0.74 1.94 3.13 0.02 
0.99 2.41 3.83 0.03 
0.99 0.99 1.00 0.00 

0.48 3.52 6.56 0.06 
0.30 2.36 4.42 0.04 

ONLX16T/BONLX16T 

0.99 2.41 3.83 0.03 
0.79 1.49 2.19 0.01 
0.80 0.80 0.81 0.00 
0.71 1.41 2.11 0.01 
0.89 2.31 3.73 0.03 

0.89 0.89 0.90 0.00 
0.44 3.49 6.54 0.06 

0.30 1.67 3.05 0.03 

N/A 

Rev 107 

3.313.3 V 

pF=O pF=50 pF=100 K (nsJpF) 

ONL2T/BONL2T 

0.92 7.32 13.72 0.13 
0.89 7.94 14.99 0.14 
0.75 0.75 0.76 0.00 
0.67 7.72 14.77 0.14 
0.81 7.21 13.61 0.13 
0.79 0.80 0.80 0.00 
0.33 14.62 28.92 0.29 
0.31 14.39 28.46 0.28 

H4CPlus Series Design Reference Guide 



MOTOROLA TECHNICAL DATA 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

5/3.3 V 
Sym Parameter 

pF=O pF=50 pF=100 K (ns/pF) pF=O 

ONX4T/BONX4T 

tpLH Propagation Delay, 1.65 3.92 6.19 0.05 1.18 

tpHL DOto PAD 1.97 4.92 7.88 0.06 1.16 

tpLZ Propagation Delay, 0.98 0.99 0.99 0.00 1.01 
tpzL EN to PAD 1.73 4.69 7.64 0.06 0.93 

tpZH Propagation Delay, 1.54 3.81 6.08 0.05 1.06 
tpHZ EN to PAD 1.48 1.48 1.49 0.00 1.04 

t, Output Rise Time, PAD 0.47 5.58 10.69 0.10 0.38 

tf Output Fall Time, PAD 0.37 6.13 11.88 0.12 0.38 
ONX8T/BONX8T 

tpLH Propagation Delay, 1.96 3.40 4.85 0.03 1.15 

tpHL DO to PAD 1.99 3.58 5.17 0.03 1.17 

tpLZ Propagation Delay, 1.17 1.18 1.18 0.00 1.00 

IpZL EN to PAD 1.76 3.35 4.94 0.03 0.92 
tpZH Propagation Delay, 1.85 3.29 4.74 0.03 1.03 

tpHZ EN to PAD 1.67 1.67 1.68 0.00 1.01 
t, Output Rise Time, PAD 0.84 3.63 6.43 0.06 0.28 

tf Output Fall Time, PAD 0.58 3.40 6.22 0.06 0.42 

tpLH Propagation Delay, 1.21 

tpHL 0010 PAD 1.29 

tpLZ Propagation Delay, 1.01 

tpZL EN to PAD N/A 0.94 

tpZH Propagation Delay, 1.08 

tpHZ EN to PAD 1.06 
t, Output Rise Time, PAD 0.38 

tf Output Fall Time, PAD 0.42 

TTL SWITCHING CHARACTERISTICS 
(Inpul Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns 

515 V 
Sym Parameter 

pF=O pF=50 pF=100 K(ns/pF) pF=O 

ON2T/BON2T 

tpLH Propagation Delay, 0.59 2.86 5.13 0.05 1.06 
tpHL DO to PAD 0.72 9.85 18.98 0.18 0.66 

tpLZ Propagation Delay, 0.65 0.65 0.66 0.00 0.65 
tpZL EN to PAD 0.55 9.68 18.81 0.18 0.55 
tpZH Propagation Delay, 0.51 2.78 5.05 0.05 0.98 

IpHZ EN to PAD 0.51 0.52 0.52 0.00 0.98 
I, Output Rise Time, PAD 0.23 10.60 20.98 0.21 0.42 

tf Output Fall Time, PAD 0.24 11.79 23.35 0.23 0.19 

H4CPlus Series Design Reference Guide 

Rev 107 .. 
3.3/3.3 V 

pF=50 pF=100 K (ns/pF) 

ONL4TIBONL4T 

4.39 7.59 0.06 
3.55 5.93 0.05 
1.02 1.02 0.00 
3.32 5.70 0.05 
4.27 7.47 0.06 
1.04 1.05 0.00 
7.37 14.36 0.14 
4.94 9.50 0.09 
ONL8T/BONL8T 

2.99 4.83 0.04 
2.71 4.25 0.03 
1.01 1.01 0.00 
2.46 4.00 0.03 
2.87 4.71 0.04 
1.01 1.02 0.00 
4.29 8.30 0.08 
3.36 6.30 0.06 

ONL16T/BONL16T 

2.40 3.58 0.02 
2.35 3.42 0.02 

1.02 1.02 0.00 
2.00 3.07 0.02 
2.26 3.45 0.02 
1.06 1.07 0.00 
2.88 5.39 0.05 
2.35 4.27 0.04 

Rev 107 
3.3/5 V 

pF=50 pF=100 K (ns/pF) 

ONLX2T/BONLX2T 

4.09 7.13 
5.83 11.01 

0.65 0.66 
5.72 10.90 
4.02 7.05 

0.99 0.99 
9.27 18.12 
9.54 18.89 

0.06 
0.10 
0.00 
0.10 
0.06 
0.00 
0.18 
0.19 

MOTOROLA 
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________ MOTOROLA TECHNICAL DATA _______ _ 

• 

TTL SWITCHING CHARACTERISTICS 
(Input Edge Rate tr tf=1 DOns) T J= 25 DoC (Nominal) all units are in ns , 

Sym Parameter 

tplH Propagation Delay, 

tpHl DO to PAD 

tpLZ Propagation Delay, 
tpZL EN to PAD 

tpZH Propagation Delay, 
tpHZ ENto PAD 

tr Output Rise Time, PAD 

tf Output Fall Time, PAD 

tplH Propagation Delay, 
tpHl DO to PAD 

tpLZ Propagation Delay, 
tpZl EN to PAD 

tpzH Propagation Delay, 
tpHZ EN to PAD 

tr Output Rise Time, PAD 
tf Output Fall Time, PAD 

tpLH Propagation Delay, 
tpHL DO to PAD 

tpLZ Propagation Delay, 
tpZl EN to PAD 

tpZH Propagation Delay, 
tpHZ EN to PAD 

tr Output Rise Time, PAD 

tf Output Fall Time, PAD 

tplH Propagation Delay, 
tpHl DOto PAD 

tpLZ Propagation Delay, 
tpZl EN to PAD 

tpZH Propagation Delay, 
tpHZ EN to PAD 

tr Output Rise Time, PAD 

tf Output Fall Time, PAD 

MOTOROLA 

7·14 

pF=O 

0.76 
0.92 
0.86 

0.77 

0.67 
0.67 
0.31 
0.32 

0.76 
0.92 

0.86 
0.77 

0.67 

0.67 
0.31 
0.32 

0.74 

1.04 

0.68 
0.76 
0.63 

1.14 
0.29 

0.33 

0.93 
1.29 
1.11 

1.02 

0.82 
0.83 
0.37 
0.73 

515 V 

pF=50 pF=100 K (nsJpF) 

ON4T/BON4T 

1.92 3.08 0.02 
3.99 7.05 0.06 

0.86 0.87 0.00 

3.83 6.90 0.06 
1.83 2.99 0.02 

0.68 0.68 0.00 
5.38 10.44 0.10 
4.07 7.83 0.08 

ON8T/BON8T 

1.92 3.08 0.02 
3.99 7.05 0.06 

0.86 0.87 0.00 

3.83 6.90 0.06 

1.83 2.99 0.02 

0.68 0.68 0.00 
5.38 10.44 0.10 
4.07 7.83 0.08 

ON16T/BON16T 

1.25 1.76 0.01 
2.33 3.61 0.03 

0.68 0.69 0.00 
2.05 3.33 0.03 
1.14 1.65 0.01 

1.14 1.15 0.00 
2.17 4.04 0.04 

1.95 3.56 0.03 
ON32T/BON32T 

1.24 1.56 0.01 
1.95 2.62 0.01 

1.12 1.12 0.00 

1.69 2.35 0.01 
1.13 1.45 0.01 
0.83 0.84 0.00 
1.36 2.35 0.02 
1.33 1.92 0.01 

Rev 107 
3.315 V 

pF=O pF=50 pF=100 K (nsJpF) 

ONLX4T/BONLX4T 

0.88 2.60 4.33 0.03 
0.83 3.43 6.02 0.05 
0.86 0.87 0.87 0.00 

0.77 3.37 5.96 0.05 
0.79 2.52 4.24 0.03 

0.79 0.80 0.80 0.00 
0.31 5.34 10.37 0.10 
0.30 3.38 6.47 0.06 

ONLX8T/BONLX8T 

1.02 2.15 3.29 0.02 
0.83 2.28 3.73 0.03 
0.87 0.88 0.88 0.00 
0.77 2.22 3.67 0.03 
0.93 2.06 3.20 0.02 
0.93 0.93 0.94 0.00 
0.48 3.52 6.56 0.06 
1.02 2.15 3.29 0.02 

ONLX16T/BONLX16T 

0.93 2.06 3.19 0.02 
0.82 1.65 2.47 0.02 

0.82 0.83 0.83 0.00 
0.73 1.56 2.38 0.02 
0.83 1.96 3.09 0.02 

0.83 0.84 0.84 0.00 
0.44 3.49 6.54 0.06 
0.30 1.67 3.05 0.03 

NlA 
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MOTOROLA TECHNICAL DATA 

TTL SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

513.3 V 
Sym Parameter 

pF=O pF=50 pF=100 K (nsJpF) pF=O 

ONX2T/BONX2T 

tpLH Propagation Delay, 1.23 3.49 5.76 0.05 0.89 

tpHL DO to PAD 1.97 11.10 20.24 0.18 0.93 

tpLZ Propagation Delay, 0.83 0.84 0.84 0.00 0.79 

tpZL EN to PAD 1.78 10.92 20.05 0.18 0.71 

tpZH Propagation Delay, 1.10 3.37 5.63 0.05 0.78 

tpHZ EN to PAD 1.20 1.21 1.21 0.00 0.76 

tr Output Rise Time, PAD 0.49 10.88 21.27 0.21 0.33 

tf Output Fall Time, PAD 0.54 12.11 23.68 0.23 0.31 
ONX4T/BONX4T 

tpLH Propagation Delay, 1.55 2.72 3.88 0.02 1.15 

tpHL DO to PAD 2.07 6.65 11.23 0.09 1.20 

tpLZ Propagation Delay, 0.98 0.99 0.99 0.00 1.05 

tpZL EN to PAD 1.84 6.42 11.00 0.09 0.97 

tpZH Propagation Delay, 1.43 2.60 3.76 0.02 1.02 

tpHZ EN to PAD 1.48 1.48 1.49 0.00 1.00 

tr Output Rise Time, PAD 0.47 5.58 10.69 0.10 0.38 

tf Output Fall Time, PAD 0.37 6.13 11.88 0.12 0.38 

ONX8T/BONX8T 

tpLH Propagation Delay, 1.96 3.40 4.85 0.03 1.11 

tpHL DO to PAD 1.99 3.58 5.17 0.03 1.22 

tpLZ Propagation Delay, 1.17 1.18 1.18 0.00 1.06 

tpZL EN to PAD 1.76 3.35 4.94 0.03 0.97 

tpZH Propagation Delay, 1.85 3.29 4.74 0.03 0.99 
tpHZ EN to PAD 1.67 1.67 1.68 0.00 0.97 

tr Output Rise Time, PAD 0.84 3.63 6.43 0.06 0.28 

tf Output Fall Time, PAD 0.58 3.40 6.22 0.06 0.42 

tpLH Propagation Delay, 1.17 
tpHL DO to PAD 1.33 

tpLZ Propagation Delay, 1.06 
tpZL EN to PAD 

N/A 0.99 

tpZH Propagation Delay, 1.03 
tpHz EN to PAD 1.01 

tr Output Rise Time, PAD 0.38 

tf Output Fall Time, PAD 0.42 

H4CPlus Series Design Reference Guide 

Rev. 1.07 

3.313.3 V 

pF=50 pF=100 K (nsJpF) 

ONL2TIBONL2T 

5.84 10.80 0.10 
9.60 18.26 0.17 

0.80 0.80 0.00 
9.37 18.04 0.17 

5.73 10.69 0.10 

0.76 0.77 0.00 
14.62 28.92 0.29 
14.39 28.46 0.28 

ONL4T/BONL4T 

3.63 6.12 0.05 
4.12 7.04 0.06 

1.05 1.06 0.00 

3.89 6.81 0.06 

3.51 5.99 0.05 

1.01 1.01 0.00 
7.37 14.36 0.14 
4.94 9.50 0.09 

ONL8T/BONL8T 

2.55 3.98 0.03 
3.07 4.92 0.04 

1.06 1.07 0.00 

2.82 4.67 0.04 

2.42 3.86 0.03 

0.98 0.98 0.00 
4.29 8.30 0.08 
3.36 6.30 0.06 

ONL16T/BONL16T 

2.13 3.09 
2.59 3.84 

1.07 1.07 
2.24 3.50 
1.99 2.95 

1.02 1.02 
2.88 5.39 
2.35 4.27 

0.02 
0.03 

0.00 

0.03 
0.02 

0.00 
0.05 
0.04 

MOTOROLA 
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ONnTS2 BONnTS2 

•••••••• MOTOROLA TECHNICAL DATA ••••••• _ 

3-State Outputs and Bidirectional Outputs 
with Slew Rate Control (S2) 

5/5 V 
n=4,8,or16 

ONnTS2 
BONnTS2 

(5 V System/Core Voltage) 

MACRO SECTIONS USED ONnTS2 BONnTS2 

ON4TS2,ONBTS2,ON 16TS2 0/1 

BON4TS2,BON8TS2,BON16TS2 0/1 
DO -f>..--..[:l XXX vr ~PAD 

EN 

DO~XXX x PAD 
BIC 

EN 

.. 
MACRO OUTPUTSIINPUTS 

Rev 107 

ON4TS2,ON8TS2,ON16TS2 PAD/DO,EN 

BON4TS2,BON8TS2,BON16TS2 BIC/DO,EN 
Function Table 

MACRO INPUT CAP. 
DO EN PAD 
L L Z 

ON4TS2,BON4TS2,ON8TS2, DO:0.24pF L H L 
BON8TS2 EN:0.19pF 

ON16TS2,BON16TS2 DO,EN: 0.24pF 

H L Z 
H H H 

MACRO OUTPUT CAP. 

ON4TS2,BON4TS2 PAD:4.96pF 

ON8TS2,BON8TS2 PAD:5.10pF 

ON16TS2,BON16TS2 PAD:5.76pF 

ON32TS2,BON32TS2 PAD: 9.52pF 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 

5/5 V 
Sym Parameter 

pF=O pF=50 pF=100 K (ns/pF) 

ON4TS2IBON4TS2 

tpLH Propagation Delay, 1.32 4.07 6.81 0.05 

tpHL DO to PAD 1.16 3.54 5.93 0.05 

tpLZ Propagation Delay, 1.10 1.11 1.11 0.00 

tpZL ENto PAD 1.01 3.44 5.87 0.05 

tPZH Propagation Delay, 1.25 4.04 6.83 0.06 

tpHZ ENto PAD 1.25 1.26 1.26 0.00 
t, Output Rise Time, PAD 0.57 5.72 10.87 0.10 

tf Output Fall Time, PAD 0.45 4.28 8.11 0.08 
ON8TS2nlON8TS2 

tpLH Propagation Delay, 1.18 2.69 4.19 0.03 

tpHL DO to PAD 1.29 2.68 4.08 0.03 

tpLZ Propagation Delay, 1.21 1.21 1.22 0.00 

tpZL EN to PAD 1.12 2.51 3.91 0.03 

tpZH Propagation Delay, 1.11 2.61 4.12 0.03 

tpHz ENtoPAD 1.10 1.11 1.11 0.00 
t, Output Rise Time, PAD 0.62 3.71 6.80 0.06 
tf Output Fall Time, PAD 0.54 3.62 6.71 0.06 

MOTOROLA H4CPlus Series Design Reference Guide 
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MOTOROLA TECHNICAL DATA 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr tf",l OOns) T J", 25 O°C (Nominal) all units are in ns. , 

Sym Parameter 
pF=O 

5/5 V 

pF=50 pF=100 

ON16TS2IBON16TS2 

tpLH Propagation Delay, 1.35 2.40 3.46 

tpHL DO to PAD 1.20 2.19 3.18 

tPl2 Propagation Delay, 1.06 1.06 1.07 

tpZL ENto PAD 0.97 1.96 2.95 

tpZH Propagation Delay, 1.25 2.31 3.36 

tpHZ ENto PAD 1.26 1.26 1.27 

t, Output Rise Time, PAD 0.55 2.62 4.70 

tf Output Fall Time, PAD 0.42 2.19 3.95 
ON32TS2IBON32TS2 

tpLH Propagation Delay, 1.66 2.30 2.94 

tpHL DO to PAD 1.39 1.97 2.55 

tPl2 Propagation Delay, 1.26 1.27 1.27 

tpZL EN to PAD 1.17 1.75 2.33 

tpZH Propagation Delay, 1.57 2.21 2.85 

tpHZ EN to PAD 1.59 1.59 1.60 
t, Output Rise Time, PAD 0.76 1.70 2.63 

tf Output Fall Time, PAD 0.75 1.46 2.17 

TTL SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

515 V 
Sym Parameter 

pF=O pF=50 pF=100 

'ON4TS2IBON4TS2 

tpLH Propagation Delay, 1.15 2.83 4.50 

tpHL DO to PAD 1.26 4.70 8.15 

tPl2 Propagation Delay, 1.21 1.22 1.22 

tpZL EN to PAD 1.12 4.66 8.21 

IpZH Propagation Delay, 1.07 2.76 4.45 
IpHZ EN 10 PAD 1.07 1.07 1.08 

t, Outpul Rise Time, PAD 0.57 5.72 10.87 

tf Oulpul Fall Time, PAD 0.45 4.28 8.11 
ON8TS2IBON8TS2 

IpLH Propagation Delay, 1.00 1.90 2.81 

IpHL 0010 PAD 1.41 3.43 5.46 

tPl2 Propagalion Delay, 1.35 1.35 1.36 

tpZL EN 10 PAD 1.26 3.28 5.31 
tpZH Propagation Delay, 0.91 1.81 2.72 

tpHZ EN to PAD 0.91 0.91 0.92 
I, Output Rise Time, PAD 0.62 3.71 6.80 

tf Output Fall Time, PAD 0.54 3.62 6.71 

H4CPlus Series Design Reference Guide 

ONnTS2 BONnTS2 

Rev 107 

K(ns/pF) 

0.02 
0.02 
0.00 
0.02 
0.02 
0.00 
0.04 
0.04 

0.01 
0.01 
0.00 

0.01 
0.01 

0.00 
0.02 
0.01 

Rev. 1.07 

K (ns/pF) 

0.03 
0.07 
0.00 
0.07 
0.03 

0.00 
0.10 
0.08 

0.02 
0.04 
0.00 
0.04 

0.02 
0.00 

0.06 
0.06 

MOTOROLA 
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ONnTS2 BONnTS2 
________ MOTOROLA TECHNICAL DATA _______ _ 

TTL SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.O"C (Nominal) all units are in ns. Rev. 1.07 

Sym Parameter 
pF=O pF=50 

5/5 V 

pF=l00 K (ns/pF) 

ON16TS2IBON16TS2 

tpLH Propagation Delay, 1.19 1.86 2.54 0.01 
tpHL DO to PAD 1.30 2.70 4.09 0.03 
tpLZ Propagation Delay, 1.17 1.18 1.18 0.00 
tpZL EN to PAD 1.09 2.48 3.88 0.03 
tpZH Propagation Delay, 1.08 1.76 2.43 0.01 
tpHZ EN to PAD 1.09 1.09 1.10 0.00 

tr Output Rise Time, PAD 0.55 2.62 4.70 0.04 
tf Output Fall Time, PAD 0.42 2.19 3.95 0.04 

ON32TS2IBON32TS2 

tpLH Propagation Delay, 1.46 1.87 2.29 0.01 
tpHL DO to PAD 1.62 2.37 3.12 0.Q1 
tpLZ Propagation Delay, 1.56 1.56 1.57 0.00 

tpZL EN to PAD 1.48 2.23 2.98 0.Q1 

tpZH Propagation Delay, 1.33 1.75 2.16 0.01 
tpHZ EN to PAD 1.34 1.34 1.35 0.00 

tr Output Rise Time, PAD 0.76 1.70 2.63 0.02 
tf Output Fall Time, PAD 0.75 1.46 2.17 0.01 

NOTE: 
The H4CPlus Series user has the option to configure outputs with slew rate control to slow down the output edge rates of signals 
going off-chip. This feature helps to decrease system noise and overshoot/undershoot of the output signals caused by fast rise 
or fall times. The S2 option has up to 10% reduction in slew rate. 

MOTOROLA 
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ONnOD/BONnOD ONLnOD/BONLnOD 

MOTOROLA TECHNICAL DATA 

Open-drain Outputs and 
Bidirectional Outputs 
(3.3 V and 5 V System/core Voltage) 

MACRO SECTIONS USED 

ON20D/ON40D/ONL40D/ON80DI 
ONL80D/ON160D/ONL 160DI 0/1 

ON320D 

BON40D/BONL40D/BON80DI 
BONL80D/BON 160D/BONL 160DI 1/0 

BON320D 

Rev 107 .. 
MACRO OUTPUTsnNPUTS 

ON20D/ON40D/ONL40D/ON80DI 
ONL80D/ON160D/ONL 160DI PAD I DO 

ON320D 
BON40D/BONL40D/BON80DI 

BONL80D/BON160D/BONL 160DI BIC/DO 
BON320D 

MACRO INPUT CAP. 

ON20D DO: 0.19pF 

ON40D/ONL40D, DO: 0.24pF 

ON80D/BON80D/ONL80DI 
DO: 0.30pF 

BNL80D 

ON160D/BON160D/ONL 160DI 
DO: 0.45pF 

BONL160D 

ON320D/BON320D DO: 0.76pF 

CMOS SWITCHING CHARACTERISTICS 

5/5 V 
3.3/3.3 V 
n=4, 8, 16 or 32 

ONnOD/BONnOD 
ONLnOD/BONLnOD 

>< xxx ONnOD/ONLno~_ 
DO{»>1~ >< PAD 

BONnOD / BONL~OD .. >< xxx 
DO-~~ >< PAD 

-y"'l'l BIC 

MACRO OUTPUT CAP. 

ON20D/ON40D/ONL40D/ON80DI 
ONL80D/ON160D/ONL 160DI 

PAD: 4.96pF BON40D/BONL40D/BON80DI 
BONL80D/BON160D/BONL 160D 

ON320D,BON320D PAD: 7.92pF 

Function Table 

(Input Edge Rate tr,ti=1.00ns) T J= 25.0°C (Nominal) all units are in ns Rev 107 

515 V 
Sym Parameter 

pF=O pF=50 pF=100 

ON20D 

tpLZ Propagation Delay, 0.35 0.35 0.36 

tPZL DO to PAD 0.34 6.61 12.88 

tr Output Rise Time, PAD 0.00 0.Q1 0.01 

tf Output Fall Time, PAD 0.29 15A5 30.62 
ON40D 

tpLZ Propagation Delay, 0.47 0.47 0.48 

tpZL DO to PAD OA6 2.66 4.86 

tr Output Rise Time, PAD 0.00 0.01 0.01 

tf Output Fall Time, PAD 0.36 4.37 8.37 
ON80D/BON80D 

tpLZ Propagation Delay, 0.40 0.40 0.41 

tpzL DO to PAD OAO 2.05 3.70 

tr Output Rise Time, PAD 0.00 0.01 0.01 

tf Output Fall Time, PAD 0.37 2.91 5.45 

H4CPlus Series Design Reference Guide 

K (ns/pF) pF=O 

0.00 
0.13 
0.00 
0.30 

0.00 0.59 
0.04 0.75 

0.00 0.00 
0.08 0.77 

0.00 0.57 
0.03 0.67 
0.00 0.00 
0.05 1.10 

3.313.3 V 

pF=50 pF=100 K (ns/pF) 

N/A 

ONL40D 

0.59 0.60 0.00 
3.14 5.52 0.05 
0.Q1 0.Q1 0.00 
6.01 11.25 0.10 

ONL80D/BONL80D 

0.57 0.58 
2.26 3.85 
0.Q1 0.01 
3.80 6.50 

0.00 
0.03 
0.00 
0.05 

MOTOROLA 

7-19 



ONnOD/BONnOD ONLnOD/BONLnOD 

________ MOTOROLA TECHNICAL DATA ••••••• _ 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

Sym Parameter 
pF=O pF=50 

515 V 

pF=100 K (ns/pF) 

ON160D/BON160D 

tpLZ Propagation Delay, 0.39 0.40 0.40 0.00 

tpZL DO to PAD 0.39 1.28 2.17 0.02 

t, Output Rise Time, PAD 0.00 0.Q1 0.01 0.00 

tf Output Fall Time, PAD 0.38 2.04 3.70 0.03 
ON320D/BON320D 

tpLZ Propagation Delay, 0.39 0.39 0.40 0.00 

tpZL DO to PAD 0.39 0.96 1.54 0.Q1 

t, Output Rise Time, PAD 0.00 0.Q1 0.Q1 0.00 

tf Output Fall Time, PAD 0.78 1.41 2.03 0.Q1 

TTL SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

Sym Parameter 

tpLZ Propagation Delay, 
tpZL DO to PAD 

t, Output Rise Time, PAD 

tf Output Fall Time, PAD 

tpLZ Propagation Delay, 
tpZL DO to PAD 

t, Output Rise Time, PAD 

tf Output Fall Time, PAD 

tpLZ Propagation Delay, 
tpZL DO to PAD 

t, Output Rise Time, PAD 

tf Output Fall Time, PAD 

tpLZ Propagation Delay, 
IpZL DOlo PAD 

t, Outpul Rise Time, PAD 

If Output Fall Time, PAD 

IpLZ Propagation Delay, 
IpZL DO to PAD 

I, Output Rise Time, PAD 

If Output Fall Time, PAD 

MOTOROLA 
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pF=O 

0.42 
0.42 
0.00 
0.29 

0.54 
0.54 
0.00 
0.36 

0.49 
0.49 
0.00 
0.37 

0.49 
0.49 

0.00 
0.38 

0.43 
0.52 
0.00 
0.78 

5/5 V 

pF=50 pF=100 K (ns/pF) 

ON20D 

0.43 0.43 0.00 
10.62 20.81 0.20 

0.01 0.01 0.00 
15.45 30.62 0.30 

ON40D 

0.55 0.55 0.00 
3.86 7.18 0.07 
0.01 0.Q1 0.00 
4.37 8.37 0.08 
ON80D/BON80D 

0.50 0.50 0.00 

2.80 5.11 0.05 
0.01 0.01 0.00 
2.91 5.45 0.05 

ON160D/BON160D 

0.49 0.50 0.00 
1.77 3.06 0.03 
0.01 0.01 0.00 
2.04 3.70 0.03 

ON320D/BON320D 

0.43 0.44 0.00 
1.31 2.11 0.02 
0.01 0.01 0.00 
1.41 2.03 0.Q1 

Rev. 1.07 

3.3/3.3 V 

pF=O pF=50 pF=100 K (ns/pF) 

ONL160DIBONL160D 

0.62 0.63 0.63 0.00 

0.66 1.80 2.94 0.02 
0.00 0.01 0.Q1 0.00 
1.35 2.73 4.11 0.03 

N/A 

Rev. 1.07 
3.3/3.3 V 

pF=O pF=50 pF=100 K (ns/pF) 

N/A 

ONL40D 

0.82 0.83 0.83 0.00 
0.92 3.79 6.66 0.06 
0.00 0.01 0.01 0.00 

0.77 6.01 11.25 0.10 
ONL80DIBONL80D 

0.56 0.57 0.57 0.00 

0.76 2.66 4.56 0.04 

0.00 0.01 0.01 0.00 
1.10 3.80 6.50 0.05 

ONL 160D/BONL 160D 

0.59 0.60 0.60 0.00 
0.74 2.09 3.44 0.03 
0.00 0.01 0.01 0.00 
1.35 2.73 4.11 0.03 

NlA 
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OSCPB/OSCPBL OSCPHBlOSCPHBL OSCPSB/OSCPSBL 

MOTOROLA TECHNICAL DATA 

Oscillator WI Non-Inverting Input 
Oscillator WI Clock Buffer Input 
Oscillator WI Schmitt Trigger Input 
(3 V and 5 V System/Core Voltage) 

515 V 
3.3V13.3V 

SECTIONS USED 

1/0 
Rev. 1.07 

OUTPUTS/INPUTS Function Table 

DI,PADO / PADI 

INPUT CAP. 

PADI: 5.76pF 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

5/5 V 
Sym Parameter 

FO=O FO=2 FO=8 K (ns/pF) 

OSCPB 

tplH Propagation Delay, 0.33 0.34 0.37 0.09 

tpHL PADOto 01 0.36 0.37 0.41 0.14 

tr Output Rise Time, 01 0.05 0.08 0.16 0.27 

tf Output Fall Time, 01 0.04 0.06 0.13 0.22 

OSCPHB 

tpLH Propagation Delay, 0.29 0.29 0.30 0.03 
tpHl ' PADOtoDI 0.40 0.41 0.43 0.06 

tr Output Rise Time, 01 0.07 0.08 0.11 0.10 

tf Output Fall Time, 01 0.07 0.08 0.11 0.10 

OSCPSB 

tplH Propagation Delay, 0.73 0.73 0.75 0.03 

tpHL PADOto 01 0.99 1.00 1.02 0.06 

Ir Output Rise Time, 01 0.07 0.08 0.11 0.10 

tf Output Fall Time, 01 0.07 0.08 0.11 0.10 
Capacitance per fanout - 0.05 pF (metal capacitance IS not Included). 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) TJ= 250°C (Nominal) all units are in ns 

Sym Parameter 
515 V 

pF=O pF=50 pF=100 K (ns/pF) 

OSCPB 

tplH Propagation Delay, 0.41 3.33 6.24 0.06 
tpHL PAD I to PADO 0.38 2.60 4.82 0.04 

tr Output Rise Time, PADO 0.16 5.17 10.18 0.10 

tf Output Fall Time, PADO 0.41 3.33 6.24 0.06 
Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

H4CPlus Series Design Reference Guide 

XXX 
PADI 

FO=O 

0.46 

0.52 
0.08 

0.05 

0.41 
0.53 

0.10 

0.09 

1.00 
1.38 

0.10 

0.09 

pF=O 

0.48 

0.46 

0.21 

0.18 

OSCPB/OSCPBL 
OSCPHB/OSCPHBL 
OSCPSB/OSCPSBL 

3.3/3.3 V 

FO=2 FO=8 

OSCPBL 

0.47 0.51 

0.54 0.59 
0.11 0.23 

0.08 0.16 

OSCPHBL 

0.41 0.43 

0.54 0.56 

0.11 0.16 

0.10 0.14 

OSCPSBL 

1.01 1.02 

1.39 1.41 

0.11 0.15 

0.10 0.14 

3.3/3.3 V 

pF=50 pF=100 

OSCPBL 

3.99 7.51 

3.62 6.78 

7.18 14.15 

6.99 13.81 

01 

Rev 107 

K (ns/pF) 

0.13 

0.17 
0.38 

0.27 

0.05 

0.08 

0.14 

0.12 

0.05 

0.08 

0.14 
0.12 

Rev 107 

K (ns/pF) 

0.07 
0.06 

0.14 

0.14 
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II 

OSCPB/OSCPBL OSCPHB/OSCPHBL OSCPSB/OSCPSBL 
MOTOROLA TECHNICAL DATA _______ _ 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

515 V 
Sym Parameter 

pF=O pF=50 pF=100 K (nsJpF) 

OSCPHB 

tpLH Propagation Delay, 0.42 3.05 5.69 0.05 

tpHL PADltoPADO 0.40 2.62 4.84 0.04 

tr Output Rise Time, PADO 0.18 5.19 10.20 0.10 

tf Output Fall Time, PADO 0.15 5.18 10.21 0,10 
OSCPSB 

tpLH Propagation Delay, 0.41 3.05 5.68 0.05 

tpHL PAD I to PADO 0.39 2.61 4.83 0.04 

tr Output Rise Time, PADO 0.17 5.18 10.19 0.10 

tf Output Fall Time, PADO 0.14 5.17 10.21 0.10 
Capacitance per fanout = 0.05 pF (melal capacitance IS not Included) . 

MOTOROLA 
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PADI 

PADO 

FUNCTIONAL DIAGRAM: OSCPB 

Rev. 1.07 
3.313.3 V 

pF=O pF=50 pF=100 K (nsJpF) 

OSCPHBL 

0.48 3.66 6.84 0.06 
0.47 3.63 6.79 0.06 
0.23 7.20 14.17 0.14 
0.19 6.34 12.49 0.12 

OSCPSBL 

0.48 3.66 6.84 0.06 
0.47 3.63 6.79 0.06 
0.22 7.19 14.16 0.14 
0.17 6.33 12.49 0.12 

DI 
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Pull-Up Resistors I 
Pull-Down Resistors 

MOTOROLA TECHNICAL DATA 
PULPDL 

$PUL 

RC+ 
RCt 

l PDL 

PUL 
POL 

The Pull-up and Pull-down resistors are used to attach to any of the input macros. Their main purpose is to keep the inputs from 
floating to an illegal state when they are not being driven. These resistors are not meant to replace external pull-up and pull-down 
resistors which are attached to a 3-state bus, or open-drain 3-state bus. 
The low current option offered is used when a slower pull is desired, or when power dissipation and 100 (standby current) need 
to be kept to a minimum. For exact breakdown of typical currents at different temperatures please see Section 8 "H4CPlus DC 
ELECTRICAL CHARACTERISTICS" on page 1 of that section. 
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ICMO BICMO ILCMO 
MOTOROLA TECHNICAL DATA _______ _ 

Section 7.2 SpeciallnputlOutputIBidirectionals Macros 
7.2.1 CMTL 

CMTL Differential Input and 
Bidirectional Input 
(3.3 V and 5 V System/Core Voltage) 

MACRO SEcnONS USEO Function Table 

ICMO/ILCMO 1/0 
PAOIBC PA02IBC2 

L H 
BICMO 110 H L 

.. Rev 107 L L 

MACRO OUTPUTSIINPUTS H H 
NO = Not Defined 

ICMO/ILCMO 011 PAO,PA02,IC,IC2 
BICMO 01 I BC,BC2 

MACRO . INPUT CAP. 

PAO,PAD2: 5.06pF 
BICMO BC,BC2: 0.130F 

CMTl SWITCHING CHARACTERISTICS 

01 
L 
H 

NO 
NO 

xxx 

5/5 V 
3/3 V 

ICMD 
BICMD 
ILCMD 

ICMO/ILCMO 

PA02 ~ -. 01 

XXX 
PAD 

BICMO 

-4i BC2 
01 + 

BC 

(Input Edge Rate tr tf=1 OOns) T J= 25 O°C (Nominal) all units are in ns , Rev. 1.07 

MOTOROLA 
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515 V 
Sym Parameter 

FO::O F0=2 FO=8 K (nslpF) 

ICMDIBICMD 

tpLH Propagation Delay, 0.88 0.89 0.93 0.11 

tpHL PAD,PAD2 to 01 0.83 0.85 0.89 0.15 

t, Output Rise Time, 01 0.08 0.08 0.10 0.04 

t, Output Fall Time, 01 0.05 0.06 0.10 0.12 

CMTl SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.00c (Nominal) all units are in ns Rev. 1.07 

3.313.3 V 
Sym Parameter 

FO=O F0::2 F0::8 K (nslpF) 

ILCMD 

tpl H Propagation Delay, 1.22 1.24 1.29 0.17 

tPHI PAD,PAD2 to 01 1.27 1.29 1.34 0.19 
t, Output Rise Time, 01 0.09 0.10 0.14 0.13 

It Output Fall Time, 01 0.09 0.11 0.16 0.16 
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MOTOROLA TECHNICAL DATA 

CMTL Differential Output and Bidirectional 5/5 V 
Output with Active Termination 
(5 V System/Core Voltage) 

MACRO 

OD32TCMT 

BOD32TCMT 

MACRO 

OD32TCMT 

BOD32TCMT 

MACRO 

All 

SECTIONS USED 

011 

0/1 

Rev 107 .. 
OUTPUTSIINPUTS 

PAD,PAD21 DO,EN 

BIC,BIC21 DO,EN 

INPUT CAP. 

DO:O.44pF 
EN:0.24pF 

OUTPUT CAP. 

PAD,PAD2: 4.96pF 

DO 
L 
L 
H 
H 

Function Table 
EN PAD PAD2 
L Z Z 
H L H 
L Z Z 
H H L 

CMTL SWITCHING CHARACTERISTICS 

DO 

DO 

(Input Edge Rate tr tf=1 OOns) T J= 25 (lOC (Nominal) all units are in ns , 

EN 

EN 

515 V 
Sym Parameter 

pF=O pF=50 pF=100 

OD32TCMT/BOD32TCMT 

tpLH Propagation Delay, 0.51 2.54 4.58 

tpHL DO to PAD 0.61 1.86 3.12 

tpLH Propagation Delay, 0.63 1.89 3.14 

tpHL DOtoPAD2 0.48 2.51 4.55 
tpl2 Propagation Delay, 0.53 0.54 0.54 
tp71 EN to PAD 1.00 2.25 3.51 
tp71-1 Propagation Delay, 1.40 3.43 5.47 
tpI-I7 EN to PAD,PAD2 0.54 0.55 0.55 

IpLZ Propagalion Delay, 0.56 0.57 0.57 

tPZL ENIoPAD2 1.00 2.25 3.51 
I, Output Rise Time, PAD 0.91 2.96 5.00 
t, OUlput Fall Time, PAD 0.54 4.73 8.92 
t, Output Rise Time, PAD2 0.89 2.97 5.04 
t, Oulput Fall Time, PAD2 0.65 5.01 9.38 

H4CPlus Series Design Reference Guide 

OD32TCMT BOD32TCMT 

OD32TCMT 
BOD32TCMT 

Rev. 1.07 

K (nslpF) 

0.04 
0.03 
0.03 
0.04 
0.00 
0.03 
0.04 
0.00 
0.00 
0.03 
0.04 
0.08 
0.04 
0.09 

XXX 
PAD 

XXX 
PAD2 

XXX 
PAD 

XXX 
PAD2 
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ODX32CM 

••••••• _ MOTOROLA TECHNICAL DATA ••••••• _ 

CMTL Differential Output 
(5 V Systern/ 3.3 V Core Voltage) 

Function Tabla 
SECTIONS USED DO PAD PAD2 

L L H 
H H L 0/1 

Rev. 1.07 
OUTPUTSIINPUTS 

PAD,PAD21 DO 

INPUT CAP. 

DO:0.65pF 

OUTPUT CAP. 

PAD,PAD2: 4.96pF 

5/3.3 V 

DO 

ODX32CM 

XXX 
PAD 

xxx 
PAD2 

CMTL SWITCHING CHARACTERISTICS (Input Edge Rate tptF1.00ns) Rev. 1.07 

MOTOROLA 
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Sym 

tpLH 
tpl-IL 
tpLH 
tpHL 

tr 
t, 
t, 
t, 

Parameter 
pF=O 

ODX32CM 

Propagation Delay, 1.30 
DO to PAD 1.28 
Propagation Delay, 1.14 
DO to PAD2 1.19 
Output Rise Time, PAD 0.39 
Output Fall Time, PAD 0.58 
Output Rise Time, PAD2 0.23 
Output Fall Time, PAD2 0.47 

513.3 V 

pF=50 pF=100 K (nslpF) 

2.08 2.87 0.02 
2.05 2.82 0.02 
1.90 2.66 0.02 
1.94 2.69 0.01 
3.14 5.90 0.06 
2.53 4.49 0.04 
2.96 5.68 0.05 
2.40 4.32 0.04 
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OD32CMT ODLX32CMT ODL32CMT 

MOTOROLA TECHNICAL DATA 

CMTL 3-State Differential Output 
(3.3 V and 5 V System/Core Voltage) 

MACRO SECTIONS USED I 
0/1 

Rev. 1.07 

OUTPUTSIINPUTS 

PAD,PAD21 DO,EN 

INPUT CAP. 

DO: O.44pF 
EN:0.24pF 

OUTPUT CAP. 

PAD,PAD2: 4.96pF 

Function Table 
DO PAD PAD2 
L L H 
H H L 

5/5 V 
3.3/5 V 
3.3/3.3 V 

DO 

EN 

OD32CMT 
ODLX32CMT 

ODL32CMT 

XXX 
PAD 

XXX 
PAD2 

OD32CMT I ODLX32CMT I ODL32CMT 

CMTL SWITCHING CHARACTERISTICS (Input Edge Rate tr,tf=1.00ns) Rev. 1.07 

515 V 
Sym Parameter 

pF=O pF=50 pF=100 
OD32CMT 

tpLH Propagation Delay, 0.63 1.34 2.05 

tpHL DO to PAD 0.56 1.24 1.93. 

tpLH Propagation Delay, 0.59 1.27 1.96 

tpHL DO to PAD2 0.59 1.30 2.01 

tpLZ Propagation Delay, 0.46 0.47 0.47 

tpZL EN to PAD 1.13 1.81 2.50 

tPZH Propagation Delay, 1.67 2.38 3.09 

tpHZ EN to PAD,PAD2 0.46 0.46 0.47 

tpLZ Propagation Delay, 0.48 0.49 0.49 

tp 71 EN to PAD2 1.13 1.81 2.50 

tr Output Rise Time, PAD 1.18 2.45 3.72 

tf Output Fall Time, PAD 0.62 2.35 4.09 

!L. Output Rise Time, PAD2 1.35 2.56 3.76 

tf Output Fall Time, PAD2 0.76 2.45 4.15 

H4CPlus Series Design Reference Guide 

K (nslpF) pF=O 

0.01 0.72 

0.01 0.74 
0.01 0.98 
0.01 1.08 
0.00 0.52 
0.01 1.45 
0.01 2.30 
0.00 0.64 
0.00 0.60 

0.01 1.45 
0.03 1.75 
0.03 0.91 
0.02 1.97 
0.03 0.87 

3.315 V 

pF=50 pF=100 
ODLX32CMT 

1.69 2.66 
1.64 2.53 
1.92 2.87 
2.01 2.94 
0.53 0.53 
2.66 3.87 
3.48 4.65 
0.64 0.65 

0.60 0.61 
2.66 3.87 
3.80 5.84 
2.84 4.78 
3.93 5.88 
3.36 5.84 

K(nslpF) 

0.02 
0.02 
0.02 
0.02 
0.00 
0.02 
0.02 
0.00 
0.00 
0.02 
0.04 
0.04 
0.04 
0.05 
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OD32CMT ODLX32CMT ODL32CMT 

MOTOROLA 
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MOTOROLA TECHNICAL DATA •••••••• 

CMTL SWITCHING CHARACTERISTICS (Input Edge Rate tr,tr=1.00ns) Rev. 1.07 

3.313.3 V 
Sym Parameter 

pF=O pF=50 pF=100 K (nslpF) 

ODL32CMT 

tpLH Propagation Delay, 0.83 1.77 2.71 0.02 

tpHL DO to PAD 0.81 1.68 2.55 0.02 

tpLH Propagation Delay, 1.11 2.04 2.97 0.02 

tPHI DOtoPAD2 1.23 2.16 3.09 0.02 

tpLZ Propagation Delay, 0.60 0.60 0.61 0.00 
tpZL EN to PAD 1.72 2.90 4.07 0.02 

tpZH Propagation Delay, 2.34 3.52 4.71 0.02 

tpH7 EN to PAD,PAD2 1.78 1.79 1.79 0.00 

tpLZ Propagation Delay, 0.68 0.69 0.69 0.00 

tpZL EN to PAD2 1.72 2.90 4.07 0.02 

t Output Rise Time, PAD 1.76 3.39 5.02 0.03 

tr Output Fall Time, PAD 0.87 3.26 5.65 0.05 

t Output Rise Time, PAD2 1.92 3.76 5.59 0.04 

tt Output Fall Time, PAD2 1.27 3.57 5.88 0.05 
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032CM 

MOTOROLA TECHNICAL DATA 

CMTLOutput 
(5 V System/Core Voltage) 

SECTIONS USED 
0/1 

OUTPUTSIINPUTS 

PAD/DO 

INPUT CAP. 

DO:O.90pF 

5/5 V 

Function Table r II Pt 

032CM 

032CM 

DO~XXX 
V ~PAD 

CMTl SWITCHING CHARACTERISTICS (Inpul Edge Rale Ir,I,=1.oons) Rev. 1.07 

Sym Parameter 
pF=O 

032CM 

IpLH Propagation Delay, 0.51 

IpHL DOlo PAD 0.45 
I, OUlpul Rise Time, PAD 1.36 

I, OUlpul Fall Time, PAD 0.75 

H4CPlus Series Design Reference Guide 

513.3 V 

pF=50 pF=100 

1.17 1.82 
1.24 2.04 
2.78 4.21 

2.30 3.85 

K (nslpF) 

0.Q1 

0.02 
0.03 
0.03 
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IGIILGI 
_______ • MOTOROLA TECHNICAL DATA _______ _ 

II 

7.2.2 GTL 
Inverting GTL Input 
(3.3 V and 5 V System/Core Voltage) 

Function Table 
PAD 01 

L H 
H L 

GTL SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns 

515 V 
Sym Parameter 

FO=O FO=2 FO=8 

IGI 

~ Propagation Delay, 1.00 1.01 1.04 

m PADtoDI 0.90 0.92 0.97 

t Output Rise Time, DI 0.14 0.16 0.23 

t, Output Fall Time, DI 0.15 0.17 0.23 
Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 
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5/5 V 
3.3/3.3 V 

IGI 
ILGI 

K (nslpF) 

0.10 

0.16 

0.24 

0.19 

IGI/ILGI 

xxx~ 
PAD tJ-+ V DI 

Rev. 1.07 

3.313.3 V 

FO=O FO=2 FO=8 K (nslpF) 

ILGI 

1.34 1.35 1.40 0.15 

1.34 1.36 1.42 0.20 

0.15 0.18 0.29 0.35 

0.17 0.19 0.27 0.25 
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IGNIBIGN ILGNlBILGN 

MOTOROLA TECHNICAL DATA 

Non-Inverting GTL Input and 
Bidirectional Input 
(3.3 V and 5 V System/Core Voltage) 

Function Table 

MACRO SEcnONS USED PAD 01 
L L 

IGN/ILGN 1/0 H H 
BIGN/BILGN 1/0 

Rev 107 .. 
MACRO OUTPUTSIINPUTS 

IGNIILGN DI/PAD 

BIGNIBILGN DIIBC 

MACRO INPUT CAP. 

IGNIILGN PAD: 5.06pF 

BIGNIBILGN BC: 0.10pF 

GTL SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25 ooG (Nominal) all units are in ns 

515 V 
Sym Parameter 

FO=O FO=2 FO=8 

IGNIBIGN 

Wew- Propagation Delay, 0.95 0.96 0.99 

tpH PAD to 01 0.90 0.92 0.97 

tr Output Rise Time, 01 0.13 0.15 0.23 

tf Output Fall Time, 01 0.15 0.17 0.23 
Capacitance per fanout = 0.05 pF (metal capaCItance IS not Included). 

H4GPIus Series Design Reference Guide 

5/5 V 
3.3/3.3 V 

XXX 
PAO 

IGN/BIGN 
ILGNIBILGN 

IGN/ILGN 

~Ol 
~-+ V 

BIGN/BILGN 

BGV- ol 

Rev. 1.07 

3.3/3.3 V 

K (nslpF) FO=O FO=2 FO=8 K (nslpF) 

0.11 1.32 

0.15 1.26 

0.24 0.15 

0.19 0.18 

ILGNlBILGN 

1.33 1.37 

1.28 1.34 

0.18 0.29 

0.21 0.28 

0.15 

0.20 

0.35 

0.24 
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ON2OG BON4OG ONL20G BONL40G 
•• ____ •• MOTOROLA TECHNICAL DATA _______ _ 

GTL Output and Bidirectional Output 
(3.3 V and 5 V System/Core Voltage) 

MACAO SECTIONS USED Function Table 
ON20GlONUlOG 0/1 

BON40G/BONL4OG 0/1 

Rev 107 .. 
MACRO OUTPUTSIINPUTS 

ON20GlONL20G PAD/DO 

BON40GIBONL40G BIC/DO 

MACRO INPUT CAP. 

ON20GlONL20G DO:0.62pF 

BON4OGIBONL4OG DO: 1.09pF 

MACRO OUTPUT CAP. 

ON20G/ONL2OG PAD:4.96pF 

BON40G/BONL4OG PAD:4.96pF 

GTl SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

8ym Parameter 
pF=O 

5/5 V 

pF=50 pF=100 

ON20G 

tPI Propagation Delay, 0.30 2.61 4.93 

tpHL DO to PAD 0.25 0.80 1.35 

t, Output Rise Time, PAD 0.11 5.44 10.76 

t, Output Fall Time, PAD 0.35 1.13 1.92 

BON40G 

tpLH Propagation Delay, 0.32 1.44 2.55 

tpHL DO to PAD 0.20 0.57 0.95 
t, Output Rise Time, PAD 0.13 2.75 5.37 

tf Output Fall Time, PAD 0.33 0.75 1.18 

Note: 

5/5 V 
3.3/3.3 V 

ON20G 
BON40G 
ONL20G 

BONL40G 

K(nslpF) 

0.05 

0.01 

0.11 

0.02 

0.02 

0.01 

0.05 

0.01 

ON20G/ON~L20G 

-~xxx 
DO~~ PAD 

BON4OG I BON~4OG 
_~ -~xxx 

D0--v"l~ PAD 

~ BIC 

Rev. 1.07 

3.313.3 V 

pF=O pF=50 pF=100 K (nslpF) 

ONL20G 

0.36 2.59 4.82 0.04 

0.44 1.19 1.95 0.02 

0.13 5.44 10.75 0.11 

0.55 1.60 2.65 0.02 

BONL40G 

0.45 1.53 2.60 0.02 

0.43 0.91 1.40 0.01 

0.29 2.92 5.56 0.05 

0.58 1.12 1.65 0.01 

The GTL Output Switching Characteristics are specified with a pull-up resistor to 1.2 V. 
ON20G and ONL20G use 50 Ohms 
BON40G and BONL40G use 25 Ohms 
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MOTOROLA TECHNICAL DATA 

7.2.3 PECl 
PEel Differential Input 
(3.3 V and 5 V System/Core Voltage) 

SECTIONS USED 

1/0 
Rev. 1.07 

OUTPUTSIINPUTS 

011 
PAO,PAD2,IC,IC2 

INPUT CAP. 

PAO,PA02: 4.98pF 

Function Table 
PAD PA02 

L L 
L H 
H L 
H H 

NO = Not DefIned 

PECl SWITCHING CHARACTERISTICS 

01 
NO 
L 
H 

NO 

515 V 
5/3.3 V 
3.3/3.3 V 

XXX 
PAD2 

XXX 
PAD 

(Input Edge Rate tr tf=l OOns) T J= 25 O°C (Nominal) all units are in ns , 
515 V 

Sym Parameter 
FO"O FO=2 FO=8 

IPO 

tpLH Propagation Delay, 0.74 0.75 0.78 

tpHl PAD,PAD2 to DI 0.75 0.76 0.81 

t, Output Rise Time, DI 0.13 0.16 0.23 

If Outpul Fall Time, DI 0.12 0.14 0.20 
Capacitance per fanout = 0.05 pF (metal capacitance Is not included). 

PECl SWITCHING CHARACTERISTICS 
(Inpul Edge Rate tr tf=l OOns) T J= 25 OOC (Nominal) all unils are in ns , 

5J3.3V 
Sym Parameter 

pF=O pF=50 pF=100 K (ns/pF) pF=O 

IPXO 

tpLH Propagation Delay, 0.92 0.93 0.97 0.14 0.93 

tpHL PAD,PAD2 to DI 0.93 0.95 1.01 0.19 1.01 

I, Outpul Rise Time, DI 0.14 0.17 0.28 0.35 0.16 

I, Output Fall Time, DI 0.14 0.17 0.24 0.25 0.18 

H4CPlus Series Design Reference Guide 

IPD IPXD ILPD 

Rev. 1.07 

K(ns/pF) 

0.11 

0.15 

0.24 

0.20 

3.3/3.3 V 

pF=50 pF=100 

ILPO 

0.94 0.99 

1.03 1.09 

0.20 0.31 

0.20 0.28 

IPD 
IPXD 
IlPD 

DI 

Rev. 1.07 

K(ns/pF) 

0.14 

0.18 

0.37 

0.26 

MOTOROLA 
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IPCH ILPCIILPCHlBILPC 

•••••••• MOTOROLA TECHNICAL DATA •••• _ •• _ 

7.2.4 pel 
PCI Input and Bidirectional Input 
(3.3 V and 5 V System/Core Voltage) 

MACRO SECTIONS USED MACRO SECTIONS USED 

ILPC i/O IPCH 1/1 
BILPC i/O ILPCH 111 

Rev 107 . . Rev 107 .. 
MACRO OUTPUTSIINPUTS MACRO OUTPUTSIINPUTS 

ILPC DI/PAD,IC IPCH DI/PAD,IC 
BILPC DI/Be ILPCH DI/PAD,IC 

MACRO INPUT CAP. MACRO INPUT CAP. 

ILPC PAD: 5.02pF IPCH PAD:5.40pF 
BILPC BC:O.06pF ILPCH PAD:5.37pF 

Function Table 
PAD 01 

L L 
H H 

PCI SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=l.00ns) T J= 25.00C (Nominal) all units are in ns. 

515 V 
Sym Parameter 

FO=O FO=25 FO=50 

IPCH 

tpLH Propagation Delay, 0.29 0.33 0.38 

tpHL PAD to 01 0.51 0.60 0.69 

tr Output Rise Time, 01 0.11 0.24 0.36 

t, Output Fall Time, 01 0.18 0.31 0.45 
Capacitance per fanout = 0.05 pF (metal capacitance is not included). 

PCI SWITCHING CHARACTERISTICS 

515 V 
3.3/3.3 V 

IPCH 
ILPCIILPCHlBILPC 

ILPC 

~EJ=-C>-ol 
IPCH I ILPCH 

xxx 
PAD E}---i?:OI 

-+ BILPC 

BCo/DI 

Rev. 1.07 

3.313.3 V 

K(nsfpF) FO=O FO=25 FO=50 K (nsfpF) 

ILPCH 

0.04 0.37 0.45 0.53 0.06 

0.07 0.51 0.64 0.77 0.10 

0.10 0.11 0.28 0.45 0.14 

0.11 0.17 0.31 0.46 0.12 

(Input Edge Rate tr,tf=l.00ns) T J= 25.0°C (Nominal) all units are in ns. Rev. 1.07 
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3.313.3 V 
Sym Parameter 

FO=O F0=2 FO=8 K(nsfpF) 

ILPClBILPC 

tpi H Propagation Delay, 0.45 0.46 0.51 0.15 

tpHL PAD to 01 0.74 0.76 0.83 0.22 

t, Output Rise Time, 01 0.15 0.19 0.29 0.35 

t, Output Fall Time, 01 0.26 0.28 0.36 0.24 
Capacitance per fanout = 0.05 pF (metal capacitance IS not included). 
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MOTOROLA TECHNICAL DATA 

PCIOutput 
(3.3 V and 5 V System/Core Voltage) 

Function Table 

MACRO SECTIONS USED DO PAD 

ONPC 011 
L L 
H H 

ONLPC 011 
Rev 107 .. 

MACRO OUTPUTSIINPUTS 
ONPC PAD I DO 
ONLPC PAD I DO 

MACRO INPUT CAP. 
ONPC DO: 0.68pF 
ONLPC DO: O.90pF 

PCI SWITCHING CHARACTERISTICS 
(Input Edge Rale tr,tf=1.00ns) T J= 25.0°C (Nominal) all unils are in ns. 

515 V 
Parameter 

5/5 V 
3.3/3.3 

Sym 
pF=O pF=50 pF=100 K (nslpF) 

ON PC 

tpLH Propagation Delay, 0.46 1.25 2.04 0.02 
tpHl 0010 PAD 0.74 2.03 3.31 0.03 

tr Output Rise Time, PAD 0.33 3.74 7.15 0.07 

tf Output Fall Time, PAD 0.48 1.91 3.35 0.03 
Capacitance per fanout = 0.05 pF (metal capacitance is not included). 

H4CPlus Series Design Reference Guide 

ONPCONLPC 

ON PC 
ONLPC 

~xxx 
DO ~PAD 

pF=O 

0.69 

0.92 
0.53 

0.57 

Rev. 1.07 

3.3/3.3 V 

pF=50 pF=100 K (nslpF) 

ONLPC 

1.64 2.59 
2.17 3.42 
2.87 5.21 

2.31 4.04 

0.02 

0.02 

0.05 

0.03 
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ONTPCIBONTPC ONLTPCIBONLTPC 
________ MOTOROLA TECHNICAL DATA _______ _ 

PCI 3-State Output and 
Bidirectional Output 
(3.3 V and 5 V System/Core Voltage) 

ALL 
I SEcnO:~ USED I Function Table 

MACRO 

Rev 107 
DO EN PAD 
L H L .. 

MACRO OUTPUTSIINPUTS H H H 
ONTPCIONL TPC PAD/DO,EN X L Z 

BONTPCIBONL TPC BIC/DO,EN 

MACRO INPUT CAP. 

ALL DO,EN: 0.24pF 

I MACRO OUTPUT CAP. 

I ONTPC,BONTPC PAD:5.10pF 
IONL TPC,BONL TPC PAD:5.76pF 

PCI SWITCHING CHARACTERISnCS 
(Input Edge Rate tr tf=1 OOns) T J= 25 O·C (Nominal) all units are in ns , 

515 V 
Parameter 

5/5 V 
3.3/3.3 V 

DO 

ONTPCIBONTPC 
ONLTPC/BONLTPC 

ONTPC I ONLTPC 

XXX 
PAD 

""1?'i ~ t XXX 
DO -+ ~ PAD 

·EN BIC 

Rev. 1.07 

3.313.3 V 
Sym 

pF=O pF=50 pF=100 K (nslpF) pF=O pF=50 pF=100 K (nslpF) 

ONTPClBONTPC 

tpLH Propagation Delay, 0.74 1.66 2.58 
tpHL DO to PAD 1.03 2.62 4.20 
tPlZ Propagation Delay, 0.90 0.91 0.91 
tpZL EN to PAD 0.81 2.39 3.98 
tp7H Propagation Delay, 0.62 1.54 2.46 
tpHZ EN to PAD 0.61 0.62 0.6.2 

t Output Rise Time, PAD 0.33 3.74 7.15 
t, Output Fall Time, PAD 0.40 1.99 3.59 

Capacitance per fanout = 0.05 pF (metal capacitance is nol included). 
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ONLTPClBONL TPC 

0.02 1.34 2.29 3.24 0.02 
0.03 1.55 2.80 4.05 0.02 
0.00 1.13 1.14 1.14 0.00 
0.03 1.06 2.31 3.56 0.02 
0.02 1.08 2.03 2.98 0.02 
0.00 1.06 1.06 1.07 0.00 
0.07 0.53 2.87 5.21 0.05 
0.03 0.58 2.32 4.06 0.03 
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MOTOROLA TECHNICAL DATA 

7.2.5 CMTL -JTAG 

CMTL Differential Input and 
Bidirectional Input -JTAG 
(3.3 V and 5 V System/Core Voltage) 

I MACRO I SECTIONS USED Function Table 
PADIBC PA02IBC2 1/0 ICMDJ 

Rev 107 .. L H 
H L 
L L 

MACRO OUTPUTS/INPUTS 

01 ,TOO I H H 
ICMDJ PAD,PAD2,IC,IC2,CKDR,UDDR, NO = Not Defined 

IMC,SHDR,TDI 

MACRO INPUT CAP. 

CKDR,TDI: O.04pF 
ICMDJ IMC,SHDR,UDDR: 0.10pF 

PAD,PAD2: 5.06pF 

5/5 V 

01 
L 
H 

NO 
NO 

ICMDJ 

ICMDJ 

ICMDJ 

DI 

TDO 

IC2 t t IC 

CMTL SWITCHING CHARACTERISTICS 
(Input Edge Rate tr 11=1 OOns) T J= 250°C (Nominal) all units are in ns , 

515 V 
Sym Parameter 

FO=O FO=2 FO=8 

ICMDJ 

tpL~ Propagation Delay, 0.70 0.70 0.70 

tpHL CKDRtoTDO 0.72 0.72 0.72 

tpLH Propagation Delay, 0.76 0.78 0.85 

tpHL IMCtoD 0.51 0.52 0.56 

tpLH Propagation Delay, 0.97 0.99 1.02 

tpHI PAD,PAD2 to DI 0.93 0.95 1.00 

tpLH Propagation Delay, 0.76 0.78 0.82 

tpHL TDOtoDI 0.85 0.87 0.93 

tpLH Propagation Delay, 0.88 0.89 0.93 
tpHL UDDRtoDI 1.02 1.04 1.11 

t Output Rise Time, DI 0.19 0.22 0.29 

It Output Fall Time, DI 0.21 0.23 0.30 
t, Output Rise Time, TDO 0.63 0.63 0.63 

tf Output Fall Time, TDO 0.41 0.41 0.41 
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xxx 
PAD2 

Rev 107 

K(nslpF) 

0.00 
0.00 
0.21 

0.14 
0.12 

0.18 
0.13 
0.21 
0.13 
0.21 

0.23 
0.22 
0.00 

0.00 
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OD32TCMTJ 

•••••••• MOTOROLA TECHNICAL DATA _ •••••• _ 

CMTL Differential Output 
with Active Termination -JTAG 
(5 V System/Core Voltage) 

MACRO SECTIONS USED 

OD32TCMTJ 0/1 
Rev 107 

MACRO OUTPUTS/INPUTS 

PAD,PAD2,TDO 1 
OD32TCMTJ DO,EN,CKDR,UDDR,SHDR, 

TDI,OMC 

MACRO INPUT CAP. 

CKDR,TDI: 0.04pF 
DO:O.35pF 

OD32TCMTJ EN:0.24pF 
OMC,SHDR: 0.10pF 

UDDR: 0.08pF 

MACRO OUTPUT CAP. 

OD32TCMTJ PAD,PAD2: 4.96pF 

5/5 V OD32TCMTJ 

Function Table EN DO 

DO EN PAD PAD2 
L L Z Z 
L H L H 
H L Z Z 
H H H L 

TDO 

OD32TCMTJ 

CMTL SWITCHING CHARACTERISTICS 

MOTOROLA 
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(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. Rev 107 

Sym Parameter 
pF=O pF=50 

515 V 

pF=100 K (nslpF) 

OD32TCMTJ 

tpLH Propagation Delay, 0.71 0.71 0.71 0.00 

tpHL CKDRtoTDO 0.72 0.72 0.72 0.00 

tpLH Propagation Delay, 1.29 2.14 2.99 0.02 

tpHL DO to PAD,PAD2 1.25 2.10 2.95 0.02 

tpLZ Propagation Delay, 1.45 1.45 1.46 0.00 
tpZL EN to PAD 1.53 2.38 3.23 0.02 

tpZH Propagation Delay, 1.53 2.38 3.23 0.02 

tpHZ EN to PAD 1.43 1.43 1.44 0.00 
tpLZ Propagation Delay, 1.26 1.27 1.27 0.00 

tpZL EN to PAD2 1.35 2.25 3.15 0.02 

tpZH Propagation Delay, 1.66 2.46 3.26 0.02 

tPHZ EN to PAD2 1.56 1.57 1.57 0.00 

tpLH Propagation Delay, 1.55 2.40 3.25 0.02 

tpHL OMC to PAD 1.46 2.31 3.16 0.02 

tpLH Propagation Delay, 1.46 2.31 3.16 0.02 

tpHL OMCtoPAD2 1.55 2.40 3.25 0.02 

tpLH Propagation Delay, 1.79 2.64 3.49 0.02 

tpHL TDO to PAD 1.68 2.53 3:38 0.02 
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MOTOROLA TECHNICAL DATA 

CMTL SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.O"C (Nominal) all units are in ns. Rev. 1.07 

Sym Parameter 
pF=O pF=50 

515 V 

pF=100 K (nsJpF) 

tpLH Propagation Delay, 1.68 2.53 3.38 0.02 

tpHL TOOtoPAD2 1.79 2.64 3.49 0.02 

tpLH Propagation Delay, 1.92 2.77 3.62 0.02 

tpHL UDDR to PAD 1.85 2.70 3.55 0.02 

tpLH Propagation Delay, 1.85 2.70 3.55 0.02 
tpHL UDDRto PAD2 1.92 2.77 3.62 0.02 

tr Output Rise Time, PAD 0.39 1.54 2.69 0.02 

tf Output Fall Time, PAD 0.34 1.74 3.14 0.03 

Ir Output Rise Time, PAD2 0.37 1.57 2.77 0.02 

If Output Fall Time, PAD2 0.33 1.73 3.13 0.03 

Ir Output Rise Time, TOO 0.62 0.62 0.62 0.00 

If Oulput Fall Time, TOO 0.41 0.41 0.41 0.00 

CMTL TIMING REQUIREMENTS 
(Input Edge Rale tr,tf=1.00ns) T J= 25.0OC (Nominal) all units are in ns. Rev. 1.07 

515 V 
Sym Parameter 

Minimum Requirement 

OD32TCMTJ 

tsu Sel Up Time, DO,SHDR to CKDR 0.23 

tsu Set Up Time, TDI to CKDR 0.14 

th Hold Time, CKDR to DO 0.27 

th Hold Time, CKDR to SHDR 0.19 

th Hold Time, CKDR to TDI 0.32 

Iw Pulse Width, CKDR(L) 0.40 

tw Pulse Width, CKDR(H) 0.78 

tw Pulse Width, UDDR(H) 0.47 
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OD32CMTJ ODI..32CMT J 

•••••••• MOTOROLA TECHNICAL DATA ____ ---

CMTL 3-State Differential Output -JTAG 
(3.3 V and 5 V System/Core Voltage) 

MACRO SeCTIONS USED 
All 011 

Rev 107 .. 
MACRO OUTPUTSIINPUTS 

All 
PAD,PAD2,TDO I 

DO,EN,CKDR,UDDR,SHDR,TDI,OMC 

MACRO INPUT CAP. 
CKDR,TDI: O.04pF 

DO:0.35pF 
All EN:0:24pF 

OMC,SHDR: 0.1OpF 
UDDR: O.08pF 

MACRO OUTPUT CAP. 
All PAD,PAD2: 4.96pF 

515 V 
3.313.3 V 

Function Table 
DO PAP PAD2 
l l H 
H H l 

OD32CMTJ 
ODL32CMTJ 

OD32CMTJ 
ODL32CMTJ 

EN DO 

CKDR 
UDDR 

SHDR 
TDI TOO 
OMC 

xxx XXX 
PAD2 PAD 

CMTL SWITCHING CHARACTERISTICS (I t Ed R t t t 1 00 s) npu ge ae'ro'F'· n R 107 ev. 

Sym Parameter 

tpLH Propagation Delay, 
tpHL CKDR to TOO 

tplH Propagation Delay, 
tpHl DO to PAD 

tpl.H Propagation Delay, 
tpHL DO to PAD2 

tpLZ Propagation Delay, 
tplL EN to PAD 

tP7H Propagation Delay, 
tpHZ EN to PAD 

tpLZ Propagation Delay, 

IpZl ENtoPAD2 

tpZH Propagation Delay, 
tpHZ EN to PAD2 

tplH Propagation Delay, 
tpHl OMCtoPAD 

MOTOROLA 
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S15V 

pF=O pF=50 pF=100 

OD32CMTJ 

0.71 0.71 0.71 
0.72 0.72 0.72 
1.26 2.51 3.76 
1.31 2.26 3.21 
1.31 2.26 3.21 
1.26 2.51 3.76 
1.44 1.44 1.45 
1.52 2.47 3:42 
1.52 2.47 3.42 
1.41 1.42 1.42 
1.26 1.27 1.27 
1.35 2.40 3.45 
1.64 2.54 3.44 
1.54 1.55 1.55 
1.52 2.77 4.02 
1.52 2.47 3.42 

3.3f3.3V 

K (ns/pF) pF=O pF=50 pF=100 K(ns/pF) 

ODL32CMTJ 

0.00 1.04 1.04 1.04 0;00 
0.00 1.01 1.01 1.01 0.00 
0.03 1.74 3.99 6.24 0.04 
0.02 2.00 3.45 4.90 0.03 
0.02 2.00 3.45 4.90 0.03 
0.03 1.74 3.99 6.24 0.04 
0.00 1.90 1.90 1.91 0.00 
0.02 1.98 2.98 3.98 0.02 
0.02 2.02 3.02 4.02 0.02 
0.00 1.93 1.93 1.94 0.00 
0.00 1.67 1.68 1.68 0.00 
0.02 1.75 2.80 3.85 0.02 
0.02 2.21 3.16 4.11 0.02 
0.00 2.11 2.12 2.12 0.00 
0.03 2.11 4.36 6.61 0.04 
0,02 2.27 3.72 5.17 0.03 
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OD32CMT J ODL32CMT J 

MOTOROLA TECHNICAL DATA 

CMTL SWITCHING CHARACTERISTICS (Input Edge Rate t tFl OOns) f> 

515 V 
Sym Parameter 

pF=O pF=50 pF=l00 K (nslpF) 

tpLH Propagation Delay, 1.52 2.47 3.42 0.02 

tpHL OMCto PAD2 1.52 2.77 4.02 0.03 

tpLH Propagation Delay, 1.85 2.80 3.75 0.02 

tpHL TDOtoPAD 1.74 2.69 3.64 0.02 

tpLH Propagation Delay, 1.75 2.70 3.65 0.02 

tpHL TOO to PAD2 1.85 2.80 3.75 0.02 

tpLH Propagation Delay, 1.89 3.14 4.39 0.03 

tpHL UDDRto PAD 1.92 2.87 3.82 0.02 

tplH Propagation Delay, 1.92 2.87 3.82 0.02 

tpHL UDDRtoPAD2 1.89 3.14 4.39 0.03 
t, Output Rise Time, PAD 0.10 1.25 2.40 0.02 

It Output Fall Time, PAD 0.21 1.61 3.01 0.03 
t, Output Rise Time, PAD2 0.20 1.40 2.60 0.02 

It Output Fall Time, PAD2 0.14 1.55 2.95 0.03 

1- Output Rise Time, TOO 0.62 0.62 0.62 0.00 
I, Output Fall Time, TOO 0.41 0.41 0.41 0.00 

CMOS TIMING REQUIREMENTS (Input Edge Rate t"tFl.00ns) 

515 V 
Sym Parameter 

Minimum Requirement 

OD32CMTJ 

Isu Set Up Time, DO to CKDR 0.24 

Isu Set Up Time, SHDR 10 CKDR 0.24 

tsu Set Up Time, TDI 10 CKDR 0.14 

Ih Hold Time, CKDR 10 DO 0.27 

th Hold Time, CKDR to SHDR 0.19 

th Hold Time, CKDR to TDI 0.32 

tw Pulse Width, CKDR(L) 0.40 

tw Pulse Width, CKDR(H) 0.78 

Iw Pulse Width, UDDR(H) 0.47 

H4CPlus Series Design Reference Guide 

Rev 107 

3.3/3.3 V 

pF=O pF=50 pF=100 K (nslpF) 

2.27 3.72 5.17 0.03 

2.11 4.36 6.61 0.04 

2.86 4.31 5.76 0.03 

2.63 4.03 5.43 0.03 

2.64 4.04 5.44 0.03 
2.86 4.31 5.76 0.03 
2.65 4.90 7.15 0.04 

2.85 4.25 5.65 0.03 
2.85 4.25 5.65 0.03 
2.65 4.90 7.15 0.04 
0.00 1.75 3.50 0.03 
0.13 2.08 4.03 0.04 
0.02 1.72 3.42 0.03 
0.00 1.95 3.90 0.04 

0.87 0.87 0.87 0.00 
0.52 0.52 0.52 0.00 

Rev. 1.07 

3.3/3.3 V 

Minimum Requirement 

ODL32CMTJ 

0.38 

0.43 

0.28 

0.38 

0.25 

0.42 

0.67 

1.18 

0.64 

MOTOROLA 
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••••••• _ MOTOROLA TECHNICAL DATA •••••••• 

7.2.6 GTL 
Non-Inverting GTL Input 
(3.3 V and 5 V System/Core Voltage) 

5/5 V 
3.3/3.3 V 

MACRO 
IGNJIlLGNJ 

MACRO 

IGNJIILGNJ 

SECTIONS USED 

1/0 
Aev.l.07 

OUTPUTSIINPUTS 

DI,TOOI 
PAD,CKDA,UDDA,IMC,SHDA,TDI 

INPUT CAP. 

CKDA,TDI: O.04pF 
IMC,SHDA,UDDA: 0.10pF 

PAD:5.06pF 

GTL SWITCHING CHARACTERISTICS 

Function Table 
PAD 01 

L L 
H H 

(Input Edge Rate tr,tf=l.00ns) T J= 25.0OC (Nominal) all units are in ns. 

515 V 
Sym Parameter 

FO=O FO=2 FO=8 K(nsJpF) 

IGNJ 

~ Propagation Delay, 0.70 0.70 0.70 0.00 

tpHL CKDRtoTDO 0.72 0.72 0.72 0.00 

~ Propagation Delay, 0.76 0.79 0.85 0.21 

tpHL IMCtoDI 0.51 0.52 0.56 0.14 

~ Propagation Delay, 0.75 0.76 0.80 0.12 

tpHL PAD to 01 0.88 0.89 0.95 0.19 

~ Propagation Delay, 0.76 0.78 0.82 0.13 

tpHL TOO to 01 0.85 0.87 0.93 0.21 

~ Propagation Delay, 0.88 0.89 0.93 0.13 

tpHL UDDRto 01 1.02 1.04 1.11 0.21 

tr 10utput Rise Time, 01 0.17 0.19 0.27 0.25 

tf Output Fall rime, DI 0.23 0.25 0.32 0.22 

tr Output Rise Time, TOO 0.63 0.63 0.63 0.00 

tf I Output Fall Time, TOO 0.41 0.41 0.41 0.00 
Capacitance per ranout = 0.05 pF lmetal capacitance is not inc uaed). 

IGNJ 
ILGNJ 

FO=O 

1.04 
1.01 
1.07 
0.70 
1.24 
1.22 
1.14 
1.27 
1.21 
1.48 
0.22 
0.34 
0.87 
0.52 

01 

IGNJ 
ILGNJ 

TOO 

xxx 
PAD 

3.313.3 V 

FO=2 FO=8 

ILGNJ 

1.04 1.04 
1.01 1.01 
1.10 1.20 
0.72 0.78 
1.25 1.30 
1.25 1.33 
1.16 1.21 
1.30 1.39 
1.23 1.28 
1.51 1.60 
0.26 0.36 
0.37 0.45 
0.87 0.87 
0.52 0.52 

Rev. 1.07 

K(nsJpF) 

0.00 
0.00 
0.31 
0.19 
0.17 
0.26 
0.19 
0.31 
0.20 
0.31 
0.34 
0.27 
0.00 
0.00 

MOTOROLA 
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IGNJ ILGNJ 

MOTOROLA TECHNICAL DATA 

GTL TIMING REQUIREMENTS (Input Edge Rate tr,tF1.00ns) Rev. 1.07 

515 V 3.313.3 V 
Parameter Sym 

Minimum Requirement Minimum Requirement 

IGNJ ILGNJ 

tsu Set Up Time, PAD to CKDR 0.97 1.52 

tsu Set Up Time, SHDR to CKDR 0.31 0.49 

tsu Set Up Time, TDI to CKDR 0.13 0.26 

th Hold Time, CKDR to PAD -0.41 -0.78 

th Hold Time, CKDR to SHDR 0.16 0.23 

th Hold Time, CKDR to TDI 0.31 0.41 

tw Pulse Width, CKDR(L) 0.45 0.71 

tw Pulse Width, CKDR(H) 0.80 1.20 

tw Pulse Width, UDDR(H) 0.71 1.01 

FUNCTIONAL DIAGRAM: IGNJ 

DI 
INTERNAL LOGIC 

.""""""""".""""""""""""""""".,' 

PAD 

H4CPlus Series Design Reference Guide 

PERIPHERY 

2t01 FFD 
MUX r----, 

X D a 
....------, LATa 

2to 1 
MUX 

A X 
B 
SL 

-========:'=========1[0 
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Non-Inverting GTL Bidirectional Input 
(3.3 V and 5 V System/Core Voltage) 

MACRO SECTIONS USED 

I All 1/0 
Rev. 1.07 

MACRO OUTPUTSIINPUTS 
All IP/BC I Function Table 

PAD IP 

MACRO INPUT CAP. 

I 
L H 
H L 

All BC:0.09pF 

MACRO OUTPUT CAP. 

I All IP: 0.23pF 

GTL SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

Sym Parameter 
FO::O FO=2 

515 V 

FO=8 K(ns/pF) 

BIGNJ 

~ Propagation Delay, 0.80 0.80 0.80 0.00 
tpHL BCtolP 0.93 0.93 0.93 0.00 

tr Output Rise Time, IP 0.57 0.57 0.57 0.00 
tf Output Fall Time, IP 0.32 0.32 0.32 0.00 

Capacitance per fanout" 0.05 pF (metal capacHance is not included). 

NOTE: 

FO=O 

1.10 
1.26 
0.75 
0.41 

BIGNJ 
BILGNJ 

BC~IP 
BIGNJ I BILGNJ 

Rev. 1.07 
3.313.3 V 

FO=2 FO=8 K(ns/pF) 

BILGNJ 

1.10 1.10 0.00 
1.26 1.26 0.00 
0.75 0.75 0.00 
0.41 0.41 0.00 

Path delay from PAD to 01 in the bidirectional buffer will be non-inverted when used together with JTAG bidirectional output 
buffers. 

MOTOROLA 

7-44 

H4CPlus Series Design Reference Guide 



ON20GJ BN40GJ ONL20GJ BNL40GJ 

MOTOROLA TECHNICAL DATA 

GTL Output and Bidirectional Output 
(3.3 V and 5 V System/Core Voltage) 

5/5 V 
3.3/3.3 V 

MACRO SECTIONS USED Function Table 
ON20GJ/ONL20GJ 011 
BN40GJIBNL40GJ 011 EHEAD DO 

L L 
H Z Rev 107 

DO 

.. 
MACRO OUTPUTSIINPUTS 

ON20GJ/ONL2OGJ 
PAD,TDOI 

DO,CKDR,UDDR,SHDR,TDI,OMC 

-CKDR 
-UDDR 

BIC,DI,TOO I -SHDR 

ON20GJ 
BN40GJ 

ONL20GJ 
BNL40GJ 

-CKDR 
-UDDR 
-IMC 
-SHDR BN40GJ/BNL40GJ DO,CKDR,UDDR,IMC,SHDR,TDI, 

OMC,IPT 
TOI TDO -TOI TDO 

MACRO INPUT CAP. 

CKDR,TDI: O.04pF 

ON20GJ/ONL20GJ 
DO: 0.26pF 

OMC,SHDR: 0.10pF 
UDDR: 0.08pF 

CKDR,TDI: O.04pF 

BN40GJIBNL40GJ 
DO:0.31pF 

IMC,OMC,SHDR,UDDR: 0.1 OpF 
IPT: 0.22pF 

MACRO OUTPUT CAP. 

All PAD:4.96pF 

GTL SWITCHING CHARACTERISTICS 
(Input Edge Rate tr 11=1 OOns) T J= 25 oac (Nominal) all units are in ns , 

Sym Parameter 
pF=O 

515 V 

pF=50 pF=100 

ON20GJ 

tpLH Propagation Delay, 0.70 0.70 0.70 

tpHL CKDRtoTOO 0.72 0.72 0.72 
tpLZ Propagation Delay, 0.71 3.06 5.41 

tpzL DO to PAD 0.78 1.08 1.38 
tpLZ Propagation Delay, 0.72 3.07 5.42 

tpZL OMCto PAD 0.98 1.23 1.48 
tpLZ Propagation Delay, 1.04 1.54 2.04 

tpzL TDOtoPAD 1.12 1.42 1.72 
tpLZ Propagation Delay, 1.25 3.60 5.95 

tpZL UDDRtoPAD 1.29 1.59 1.89 
tr Output Rise Time, PAD 0.23 5.59 10.94 
tf Output Fall Time, PAD 0.45 1.10 1.75 

tr Output Rise Time, TDO 0.63 0.63 0.63 
tf Output Fall Time, TDO 0.41 0.41 0.41 

H4CPlus Series Design Reference Guide 

-OMC 

ON20GJ 
ONL20GJ 

-OMC 

BN40GJ 
BNL40GJ 

rch rUaJBIC ':::" ~ 

XX 

XXX 
PAD 

K(ns/pF) 

0.00 
0.00 
0.05 
0.01 
0.05 
0.00 
0,01 
0,01 
0.05 
0.01 
0.11 
0,01 
0.00 
0.00 

XXX 
PAD 

pF=O 

1.04 
1.01 
0.90 
1.12 
0.96 
1.42 
1.51 
1.68 
1.68 
1.90 
0.24 
0.65 
0.87 
0.52 

Rev 107 
3.3/3.3 V 

pF=50 pF=100 K (ns/pF) 

ONL20GJ 

1.04 1.04 0.00 
1.01 1.01 0.00 
3.15 5.40 0.04 
1.57 2.02 0.01 
3.26 5.56 0.05 
1.77 2.12 0.01 
1.91 2.31 0.01 
2.13 2.58 0,01 
3.93 6.18 0.04 
2.35 2.80 0,01 
5.59 10.94 0.11 
1.55 2.45 
0.87 0.87 
0.52 0.52 

0.02 
0.00 
0.00 
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ON20GJ BN40GJ ONL2OGJ BNL40GJ 
MOTOROLA TECHNICAL DATA _______ _ 

GTL SWITCHING CHARACTERISTICS 
(Input Edge Rate tr tf=1 OOns) T J= 25 O°C (Nominal) all units are in ns. , 

Sym Parameter 
pF=O 

515 V 

pF=50 pF=100 K(nsJpF) 

BN40GJ 

tpLH Propagation Delay, 0.70 0.70 0.70 0.00 

tpHL CKDRtoTDO 0.72 0.72 0.72 0.00 
tpLZ Propagation Delay, 0.66 1.86 3.06 0.02 

tpZL DO to PAD 0.83 1.03 1.23 0.00 

tpLZ Propagation Delay, 0.70 1.90 3.10 0.02 

tpZL OMCtoPAD 1.46 1.61 1.76 0.00 

tpLZ Propagation Delay, 1.70 2.85 4.00 0.02 

tpzL TDOlo PAD 1.83 2.03 2.23 0.00 

IpLZ Propagalion Delay, 1.81 2.96 4.11 0.02 

IpZL UDDRlo PAD 2.00 2.20 2.40 0.00 
t, Output Rise Time, PAD 0.24 2.89 5.54 0.05 
I, Oulpul Fall Time, PAD 0.40 0.75 1.10 0.D1 
t, Oulpul Rise Time, TDO 0.63 0.63 0.63 0.00 
I, Outpul Fall Time, TDO 0.41 0.41 0.41 0.00 

GTL SWITCHING CHARACTERISTICS 
(Inpul Edge Rale Ir,tf=1.00ns) T J= 25.0°C (Nominal) all unils are in ns. 

Sym Parameter 
FO=O FO=2 

515 V 

FO=8 K (nsJpF) 

BN40GJ 

IpLH Propagation Delay, 0.51 0.52 0.56 0.13 

IpHL IMCloDI 0.76 0.78 0.85 0.22 
IpLH Propagation Delay, 0.16 0.17 0.20 0.12 
IpHL IPTlo DI 0.32 0.34 0.40 0.18 
IpLH Propagation Delay, 0.79 0.80 0.84 0.13 
IpHL TDOloDI 0.88 0.90 0.97 0.21 
IpLH Propagation Delay, 0.89 0.91 0.95 0.13 

IpHL UDDRto DI 1.05 1.08 1.14 0.22 
Ir OUlpul Rise Time, DI 0.20 0.23 0.29 0.22 
t, OUlpul Fall Time, DI 0.24 0.25 0.31 0.19 

CapaCitance per fanout - 0.05 pF (metal capacHance is not Included). 

CMOS TIMING REQUIREMENTS (Inpul Edge Rale Ir,I,=1.00ns) 

MOTOROLA 
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Sym 

Isu 

Isu 

Isu 

th 

th 

th 

Parameter 

Sel Up Time, DO 10 CKDR 

Sel Up Time, SHDR 10 CKDR 

Sel Up Time, TDI to CKDR 

Hold Time, CKDR to DO 

Hold Time, CKDR to SHDR 

Hold Time, CKDR 10 TDI 

515 V 

Minimum Requirement 

ON20GJ 

0.18 

0.24 

0.13 

0.29 

0.19 

0.31 

Rev 107 
3.313.3 V 

pF=O pF=50 pF=100 K(nsJpF) 

BNL40GJ 

1.04 1.04 1.04 0.00 
1.01 1.01 1.01 0.00 
0.97 2.12 3.27 0.02 
0.92 1.12 1.32 0.00 
1.05 2.20 3.35 0.02 
1.73 1.88 2.03 0.00 
2.52 3.67 4.82 0.02 
2.35 2.55 2.75 0.00 
2.59 3.74 4.89 0.02 
2.56 2.76 2.96 0.00 
0.24 2.89 5.54 0.05 
0.40 0.75 1.10 0.01 
0.87 0.87 0.87 0.00 
0.52 0.52 0.52 0.00 

Rev 107 
3.313.3 V 

FO=O FO=2 FO=8 K (nsJpF) 

BNL40GJ 

0.68 0.70 0.76 0.19 
1.07 1.10 1.20 0.31 
0.28 0.29 0.34 0.16 
0.48 0.50 0.57 0.23 
1.17 1.19 1.25 0.19 
1.32 1.35 1.44 0.31 
1.25 1.27 1.33 0.19 
1.52 1.55 1.65 0.31 
0.18 0.21 0.32 0.35 
0.24 0.27 0.35 0.26 

Rev. 1.07 

3.313.3 V 

Minimum Requirement 

ONL20GJ 

0.36 

0.43 

0.26 

0.39 

0.26 

0.39 
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ON20GJ BN40GJ ONL20GJ BNL40GJ 

MOTOROLA TECHNICAL DATA 

CMOS TIMING REQUIREMENTS (Input Edge Rate tr,tf=1.00ns) Rev. 1.07 

515 V 3.313.3 V 
Parameter Sym 

Minimum Requirement Minimum Requirement 

tw Pulse Width, CKDR(L) 0.41 

tw Pulse Width, CKDR(H) 0.65 

tw Pulse Width, UDDR(H) 0.46 

BN40GJ 

Isu Set Up Time, DO to CKDR 0.75 

tsu Set Up Time, IPT to CKDR 0.67 

tsu Set Up Time, SHDR to CKDR 0.31 

tsu Set Up Time, TDlto CKDR 0.13 

th Hold Time, CKDR to DO 0.14 

th Hold Time, CKDR to IPT 0.00 

th Hold Time, CKDR to SHDR 0.16 

th Hold Time, CKDR to TDI 0.31 

tw Pulse Width, CKDR(L) 0.41 

tw Pulse Width, CKDR(H) 0.77 

tw Pulse Width, UDDR(H) 0.74 

FUNCTIONAL DIAGRAM: ON20GJ 

CKDR 

2to 1 
MUX 

A X 
B 
SL 

------------ ------UODR IMC----------
SHDR-------- --------------

.-----, LATQ 

J"QC::::::::- -------------- ---------
2~2 __________________________________ _ 

0.67 

1.00 

0.66 

BNL40GJ 

1.03 

0.53 

0.26 

0.16 

-0.08 

0.23 

0.41 

0.68 

1.18 

0.08 

0.36 

2to 1 
MUX 

A X 
B 
SL 

PAD 
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ON20GJ BN40GJ ONL2OGJ BNL40GJ 
_____ ••• MOTOROLA TECHNICAL DATA _______ • 

FUNCTIONAL DIAGRAM: BN40GJ 
01. DO 

. . INTERNAL 
.,,"""""""""""" "".' ,~'''''''''''''''''''''.'-'''' ,',,,,, ~""""""""'~""""""""""""" '.' ~" 
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2to1 
MUX 

x 
2 to 1 
MUX 

PE IPHERY 

2 to 1 
MUX 

A~----------~;-----------, 
B ~----------. 
SLr--------1r-~====~1 L-___ --' 

2 to 1 
MUX 

a 
LATa A x 

DaB 
LATCH SL 

G OB 

.... ----"!"'---------
--- .... --;;....------- :1[0 

- ... BICNJ 
f!rt»-- --------------,PT 

PAD 
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MOTOROLA TECHNICAL DATA 

7.2.7 PECl 
PECl Differential Input 515 V 
(3.3 V and 5 V System/Core Voltage) 

SECTIONS USED I Function Table 

Rev. 1.07 

PAD PA02 01 
L L NO 
L H L 

1/0 

OUTPUTSIINPUTS H L H 
011 PAO,PA02,IC,IC2 H H NO 

NO = Not Defined 

INPUT CAP. 

PAO,PA02: 4.98pF 

PECl SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.00c (Nominal) all units are in ns. 

515 V 
Sym Parameter 

FO=O FO=2 FO=8 

IPDJ 

tpLH Propagation Delay, 0.70 0.70 0.70 
tpHL CKDR to TOO 0.72 0.72 0.72 
tpLH Propagation Delay, 0.76 0.78 0.85 
tpHL IMCtoDI 0.51 0.52 0.56 
tpLH Propagation Delay, 0.84 0.85 0.88 
tpHL PAD,PAD2 to DI 0.83 0.85 0.91 
tpLH Propagation Delay, 0.76 0.78 0.82 
tpHL TOOtoDI 0.85 0.87 0.93 
tpLH Propagation Delay, 0.88 0.89 0.93 
tpHL UDDRtoDI 1.02 1.04 1.11 

tr Output Rise Time, DI 0.16 0.18 0.26 
tf Output Fall Time, 01 0.21 0.23 0.30 
tr Output Rise Time, TOO 0.63 0.63 0.63 
tf Output Fall Time, TDO 0.41 0.41 0.41 

Capacitance per fanout = 0.05 pF (metal capacitance is not Included). 

H4CPlus Series Design Reference Guide 

IPDJ 

DI 

CKDR 
UDDR 
IMC 
SHDR 
TDI 

IPDJ 

IPDJ 

TDO 

xxx XXX 
PAD2 PAD 

Rev. 1.07 

K (ns/pF) 

0.00 
0.00 
0.21 
0.14 
0.11 
0.18 
0.13 
0.21 
0.13 
0.21 
0.25 
0.22 
0.00 
0.00 
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7.2.8 PCI 
PCllnput -JTAG 3.3/3.3 V 
(3.3 Vand 5 V System/Core Voltage) 

I MACRO I 
ILPCJ 

MACRO 

ILPCJ 

SECTIONS USED 
1/0 

Rev. 1.07 
OUTPUTSIINPUTS 

01 ,TOO I 
PAO,IC,CKOR,UOOR,IMC,SHOR,TOI 

INPUT CAP. 
CKOR,TOI: O.04pF 

IMC,SHOR,UOOR: 0.1 OpF 
PAO:5.02pF 

FUNCTION TABLE 
JTAG 

PAD 01 

L L 

H H 

JTAG 

For JTAG Trulh Table Information, 
See Table 3, "JTAG Logic Truth Ta· 
bles -Inputs," on page 181 in this 

Manual. 

PCI SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0·C (Nominal) all units are in ns. 

Sym Parameter 
FO=O 

3.3/3.3 V 

FO=2 FO=8 

ILPCJ 

tpLH Propagation Delay, 1.04 1.04 1.04 
tpHL CKDRtoTDO 1.01 1.01 1.01 
tpLH Propagation Delay, 1.07 1.10 1.19 

tpHL IMCtoDI 0.70 0.72 0.78 
tpLH Propagation Delay, 0.68 0.70 0.75 
tpHL PAD to 01 1.01 1.04 1.13 
tpLH Propagation Delay, 1.14 1.16 1.21 

tPHL TOO to 01 1.27 1.30 1.39 
tpLH Propagation Delay, 1.21 1.23 1.28 

tpHL UDDRtoDI 1.48 1.51 1.60 
tr Output Rise Time, 01 0.27 0.31 0.41 

tr Output Fall Time, 01 0.42 0.45 0.54 
tr Output Rise Time, TOO 0.87 0.87 0.87 

tr Output Fall Time, TOO 0.52 0.52 0.52 
Capacitance per fanout = 0.05 pF (metal capacitance is not included). 

NOTE 
For Functional Diagram see page 7-43 

01 

CKDR 
UDDR 
IMC 
SHDR 

ILPCJ 

TDI TOO 

ILPCJ 

Rev. 1.07 

K (nslpF) 

0.00 
0.00 
0.31 
0.19 
0.17 
0.29 
0.19 
0.31 
0.20 
0.31 
0.33 
0.29 
0.00 
0.00 

xxx 
PAD 

MOTOROLA 
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MOTOROLA TECHNICAL DATA 

PCllnput -JTAG 
(3.3 V and 5 V System/Core Voltage) 

515 V 
3.313.3 V 

MACRO SECTIONS USED 

All 1/0 
Rev.L07 

MACRO OUTPUTSIINPUTS 

All 01 ,TOO I 
PAD,IC,CKDR,SHDR,TDI 

MACRO INPUT CAP. 

CKDR,TDI: O.04pF 
All PAD:5.40pF 

SHDR: O.09pF 

PCI SWITCHING CHARACTERISTICS 

FUNCTION TABLE 

JTAG 

PAD 01 

L L 

H H 

JTAG 

For JTAG Truth Table Information, 
See Table 3, "JTAG Logic Truth Ta
bles - Inputs," on page 181 in thl. 

Manual). 

(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

Sym Parameter 
FO=O FO=2 

515 V 

FO=8 K (nslpF) 

IPCHJ 

tpLH Propagation Delay, 0.68 0.68 0.68 0.00 

tpHL CKDRto TDO 0.71 0.71 0.71 0.00 

tpLH Propagation Delay, 0.37 0.37 0.38 0.04 

tpHL PAD to DI 0.47 0.47 0.50 0.07 

tr Output Rise Time, DI 0.05 0.06 0.09 0.10 

tf Output Fall Time, DI 0.07 0.08 0.11 0.11 

tr Output Rise Time, TDO 0.58 0.58 0.58 0.00 

tf Output Fall Time, TDO 0.39 0.39 0.39 0.00 
Capacitance per fanout = 0.05 pF (metal capacitance is not included). 

PCI TIMING REQUIREMENTS (Input Edge Rate tr,tf=1.00ns) 

FO=O 

1.01 
0.98 
0.40 
0.53 
0.08 
0.08 
0.79 
0.49 

IPCHJ 
ILPCHJ 

3.3/3.3 V 

FO=2 FO=8 

ILPCHJ 

1.01 1.01 
0.98 0.98 
0.41 0.43 
0.54 0.57 
0.09 0.13 
0.09 0.13 
0.79 0.79 
0.49 0.49 

IPCHJ 
ILPCHJ 

DI 

TDO 

xxx 
PAD 

Rev. 1.07 

K (nslpF) 

0.00 
0.00 
0.05 
0.08 
0.14 
0.14 
0.00 
0.00 

Rev. 1.07 

Sym Parameter 
Nom. Voo= 5.0 V, TJ= 25.0°C 

Minimum Requirement Minimum Requirement 

IPCHJ ILPCHJ 

tsu Set Up Time, DI to CKDR 0.47 0.67 

tsu Set Up Time, SHDR to CKDR 0.25 0.43 

tsu Set Up Time, TDI to CKDR 0.13 0.26 
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••••••• - MOTOROLA TECHNICAL DATA ••••••• _ 

PCI TIMING REQUIREMENTS (Input Edge Rate tr,tF1.00ns) Rev. 1.07 

Sym Parameter 
Nom. VDD= 5.0 V, T J= 25.O"C 

Minimum Requirement Minimum Requirement 

th Hold Time, CKDR to DI 0.10 0.07 

th Hold Time, CKDR to SHDR 0.19 0.25 

th Hold Time, CKDR to TDI 0.31 0.41 

tw Pulse Width, CKDR(L) 0.45 0.71 

Iw Pulse Width, CKDR(H) 0.65 0.98 

FUNCTIONAL DIAGRAM: IPCHJ 

DI 

INTERNAL LOGIC 
"""""" "'.""""""""""".""""""",, 

MOTOROLA 
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PAD 

PERIPHERY 

D 0 
F-F 

CK OB 

-::::::::_~::::::::1[o 
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MOTOROLA TECHNICAL DATA 

Inverting PCI Bidirectional 
Input Buffer-JTAG 
(3.3 V System/Core Voltage) 

SECTIONS USED 

0/1 

OUTPUTSIINPUTS 

IP/BC 

INPUT CAP. 

BC:0.06pF 

OUTPUT CAP. 

IP: 0.16pF 

FUNCTION TABLE 

JTAG 
Be IP 

~ II ~ 

PCI SWITCHING CHARACTERISTICS 

3.3/3.3 V 

(Input Edge Rate tr,tf=1.00ns) T J= 25.O"C (Nominal) all units are in ns. 
3.3/3.3 V 

Sym Parameter 
FO=O FO=2 FO=8 

BILPCJ 

tpLH Propagation Delay, 0.62 0.62 0.62 
tpHL BCtolP 0.55 0.55 0.55 

tr IOutput Rise Time, IP 1.32 1.32 1.32 
tf Output I-all Time, IP 0.52 0.52 0.52 

Capacitance per fanout = 0.05 pF (metal capacitance Is not includeO). 

NOTE: 

BILPCJ 

BILPCJ 

BC~IP 
BILPCJ 

Rev. 1.07 

K{nslpF) 

0.00 
0.00 
0.00 
0.00 

Path delay from PAD to DI in the bidirectional buffer will be non-inverted when used together with JTAG bidirectional output 
buffers. 
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ONPCJ ONLPCJ 

•••••••• MOTOROLA TeCHNICAL DATA ••••••• _ 

PCI Output -JTAG 
(3.3 V and 5 V System/Core Voltage) 

515 V 
3.3/3.3 V 

MACRO 

ONPCJ 

MACRO 

ONPCJ 

MACRO 

ONPCJ 

MACRO 

ONPCJ 

SECTIONS USED 

. 011 
Rev. 1.07 

OUTPUTSJINPUTS 

PAD,Tool 
DO,CKDR,UDDR,SHDR,TDI,OMC 

INPUT CAP. 

CKDR,TDI: O.04pF 
DQ:0.24pF 

OMC,SHDR: 0.1 OpF 
UDDR: 0.08pF 

OUTPUT CAP. 

PAD:5.10pF 

PCI SWITCHING CHARACTERISTICS 

FUNCTION TABLE 
JTAG 

DO PAD 

L L 

H H 

Jl'AG 

For Jl'AG Truth Table Information, 
See Table 4, • JTAG Logic Truth Ta
bles - Outputs," on page 181 In this 

Manual. 

(Input Edge Rate tr tf-1 OOns) T J- 25 (JOC (Nominal) all units are in ns , ~ . -
515 V 

Sym Parameter 
pF=O pF=50 pF=100 K (nslpF) 

ONPCJ 

tpLH Propagation Delay, 0.71 0.71 0.71 0.00 

tpHL CKDRto TDO 0.72 0.72 0.72 0.00 
tpLH Propagation Delay, 0.81 2.31 3.81 0.03 

tpHL DO to PAD 1.04 1.89 2.74 0.02 
tpLH Propagation Delay, 1.00 2.50 4.00 0.03 

tpHL OMCtoPAD 1.24 2.09 2.94 0.02 

tpLH Propagation Delay, 1.25 2.75 4.25 0.03 

tpHL TDOtoPAD 1.40 2.25 3.10 0.02 

tpLH Propagation Delay, 1.38 2.88 4.38 0.03 

tpHL UDDRtoPAD 1.58 2.43 3.28 0.02 

tr Output Rise Time, PAD 0.31 3.76 7.21 0.07 
tf uutput Fall Time, PAD 0.50 1.90 3.30 0.03 

tr Output Rise Time, TDO 0.62 0.62 0.62 0.00 

tf Output Fall Time, TDO 0.41 0.41 0.41 0.00 

pF=O 

1.04 
1.01 
1.21 
1.52 
1.52 
1.79 
1.96 
2.08 
2.04 
2.30 
0.52 
0.58 
0.87 
0.52 

ONPCJ 
ONLPCJ 

ONPCJ 
ONLPCJ 

DO 

CKDR 
UDDR 

SHDR 
TDI TDO 
OMC 

XXX 
PAD 

Rev 107 
3.3/3.3 V 

pF=50 pF=100 K (nslpF) 

ONLPCJ 

1.04 1.04 0.00 
1.01 1.01 0.00 
2.36 3.51 0.02 
2.52 3.52 0.02 
2.67 3.82 0.02 
2.79 3.79 0.02 
3.11 4.26 0.02 
3.08 4.08 0.02 
3.19 4.34 0.02 
3.30 4.30 0.02 
2.87 5.22 0.05 
2.28 3.98 0.03 
0.87 0.87 0.00 
0.52 0.52 0.00 
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MOTOROLA TECHNICAL DATA 

TTL SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.O"C (Nominal) all units are in ns. 

515 V 3.3f3.3V 
Sym Parameter 

pF=O pF=50 pF=100 K (nslpF) pF=O pF=50 pF=100 

ONPCJ ONLPCJ 

tpLH Propagation Delay, 0.71 0.71 0.71 0.00 1.04 1.04 1.04 

tpHL CKDRtoTDO 0.72 0.72 0.72 0.00 1.01 1.01 1.01 

tpLH Propagation Delay, 0.74 1.49 2.24 0.01 1.15 2.05 2.95 

tpHL DO to PAD 1.15 2.35 3.55 0.02 1.58 2.78 3.98 

tpLH Propagation Delay, 0.93 1.68 2.43 0.01 1.46 2.36 3.26 

tpHL OMCtoPAD 1.34 2.59 3.84 0.03 1.85 3.05 4.25 

tpLH Propagation Delay, 1.18 1.93 2.68 0.01 1.90 2.80 3.70 

tpHL TDOtoPAD 1.51 2.76 4.01 0.03 2.13 3.33 4.53 

tpLH Propagation Delay, 1.31 2.06 2.81 0.01 1.98 2.88 3.78 

tpHL UDDR to PAD 1.69 2.89 4.09 0.02 2.36 3.56 4.76 

tr Output Rise Time, PAD 0.31 3.76 7.21 0.07 0.52 2.87 5.22 

tf Output Fall Time, PAD 0.50 1.90 3.30 0.03 0.58 2.28 3.98 

tr Output Rise Time, TOO 0.62 0.62 0.62 0.00 0.87 0.87 0.87 

tf Output Fall Time, TOO 0.41 0.41 0.41 0.00 0.52 0.52 0.52 

CMOSIITL TIMING REQUIREMENTS (Input Edge Rate tr,tF1.00ns) Rev. 1.07 

515 V 3.3f3.3V 
Sym Parameter 

Minimum Requirement Minimum Requirement 

ONPCJ ONLPCJ 

tsu Set Up Time, DO to CKDR 0.18 0.37 

tsu Set Up Time, SHDR to CKDR 0.25 0.43 

tsu Set Up Time, TDI to CKDR 0.14 0.28 

th Hold Time, CKDR to DO 0.26 0.35 

th Hold Time, CKDR to SHDR 0.19 0.25 

th Hold Time, CKDR to TDI 0.32 0.42 

tw Pulse Width, CKDR(L) 0.40 0.67 

tw Pulse Width, CKDR(H) 0.78 1.18 

tw Pulse Width, UDDR(H) 0.47 0.64 

NOTE 
For Functional Diagram see page 7-47 

H4CPlus Series Design Reference Guide 

Rev. 1 07 

K(nslpF) 

0.00 
0.00 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.05 
0.03 
0.00 
0.00 
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ONTPCJ ONL TPCJ 

••••••• _ MOTOROLA TECHNICAL DATA ••••••• _ 

PCI Non-Inverting 3-State Output -JTAG 
(3 V and 5 V System/Core Voltage) 

5/5 V 
3.3/3.3 V 

MACRO 

MACRO 

ONTPCJ 

ONLTPCJ 

MACRO 

ONTPCJ 
ONLTPCJ 

SECTIONS USED 

011 
Rev. 1.07 

OUTPUTSIINPUTS 

PAD,TDOI 
DO,EN,CKDR,UDDR,SHDR,TDI,OMC 

INPUT CAP. 

CKDR,TDI: O.04pF 
DO,EN: 0.24pF 

OMC,SHDR: 0.10pF 
UDDR: 0.08pF 

CKDR,TDI: O.04pF 
DO,EN: 0.23pF 

OMC,SHDR: 0.10pF 
UDDR: O.OBpF 

OUTPUT CAP. 

PAD:5.10pF 
PAD:4.96pF 

PCI SWITCHING CHARACTERISTICS 

FUNCTION TABLE 

JTAG 
DO EN PAD 
L H L 
H H H 

X L Z 

JTAG 
For JTAG Truth Table Information, See 

Table 6, "JTAG LogIC Truth Tables-
OutpulS," on page 182 in this Manual. 

(Input Edge Rate tr 11=1 OOns) T J= 250°C (Nominal) all units are ih ns , 

Parameter 
515 V 

ONTPCJ 
ONLTPCJ 

ONTPCJ 
ONlTPCJ 

EN DO 

ONTPCJ 

CKDR 
UDDR 

xxx 
PAD 

3.313.3 V 

TOO 

Rev 107 

Sym 
pF=O pF=50 pF=100 K (ns/pF) pF=O pF=50 pF=100 K (ns/pF) 

tpLH Propagation Delay, 

tpHL CKDRtoTDO 

tpLH Propagation Delay, 

tpHL DO to PAD 

tpLZ Propagation Delay, 

tpZL EN to PAD 

IpZH Propagation Delay, 

tpHz EN to PAD 

tpLH Propagation Delay, 

tpHL OMCtoPAD 

tpLH Propagation Delay, 

tpHL TOO to PAD 

tpLH Propagation Delay, 

tpHL UDDRtoPAD 

tr Output Rise Time, PAD 

tf Output Fall Time, PAD 

tr Output Rise Time, TDO 

It Output Fall Time, TDO 

MOTOROLA 
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ONTPCJ 

0.71 0.71 0.71 
0.72 0.72 0.72 
0.92 2.42 3.92 
1.15 2.00 2.85 
0.89 0.90 0.90 
0.98 1.83 2.68 
0.77 2.32 3.87 
0.76 0.76 0.77 
1.10 2.60 4.10 
1.33 2.18 3.03 
1.34 2.84 4.34 
1.50 2.35 3.20 
1.48 2.98 4.48 
1.67 2.52 3.37 
0.31 3.76 7.21 
0.50 1.90 3.30 
0.62 0.62 0.62 
0.41 0.41 0.41 

ONLTPCJ 

0.00 1.04 1.04 1.04 0.00 
0.00 1.01 1.01 1.01 0.00 
0.03 1.49 2.64 3.79 0.02 
0.02 1.58 2.58 3.58 0.02 
0.00 1.19 1.20 1.20 0.00 
0.02 1.27 2.27 3.27 0.02 
0.03 1.23 2.38 3.53 0.02 
0.00 1.20 1.20 1.21 0.00 
0.03 1.77 2.92 4.07 0.02 
0.02 1.85 2.85 3.85 0.02 
0.03 2.20 3.35 4.50 0.02 
0.02 2.14 3.14 4.14 0.02 
0.03 2.29 3.44 4.59 0.02 
0.02 2.35 3.35 4.35 0.02 
0.07 0.52 2.87 5.22 0.05 
0.03 0.59 2.29 3.99 0.03 
0.00 0.87 0.87 0.87 0.00 
0.00 0.52 0.52 0.52 0.00 
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ONTPCJ ONL ,PCJ 

MOTOROLA TECHNICAL DATA 

TTL SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=l.00ns) T J= 25.0<>C (Nominal) all units are in ns. 

Sym Parameter 
pF=O pF=50 

515 V 

pF=100 K(nsJpF) 

ONTPCJ 

tpLH Propagation Delay, 0.71 0.71 0.71 0.00 
tpHL CKDR to TOO 0.72 0.72 0.72 0.00 

tpLH Propagation Delay, 0.84 1.59 2.35 0.01 

tpHL DO to PAD 1.26 2.46 3.66 0.02 

tpLZ Propagation Delay, 1.00 1.01 1.01 0.00 

tpZL EN to PAD 1.10 2.35 3.60 0.03 

tpZH Propagation Delay, 0.69 1.49 2.29 0.02 

tpHZ EN to PAD 0.69 0.69 0.70 0.00 

tpLH Propagation Delay, 1.02 1.77 2.52 0.01 

tpHL OMCtoPAD 1.42 2.67 3.92 0.03 

tpLH Propagation Delay, 1.27 2.02 2.77 0.01 

tpHL TOO to PAD 1.61 2.81 4.01 0.02 

tpLH Propagation Delay, 1.41 2.16 2.91 0.01 
tpHL UDDRtoPAD 1.78 2.98 4.18 0.02 

tr Output Rise Time, PAD 0.31 3.76 7.21 0.07 

tf Output Fall Time, PAD O.SO 1.90 3.30 0.03 

tr Output Rise Time, TOO 0.62 0.62 0.62 0.00 

tf Output Fall Time, TOO 0.41 0.41 0.41 0.00 

PCIITTL TIMING REQUIREMENTS (Input Edge Rate tr,t,=1.0Ons) 

515 V 
Sym Parameter 

Minimum Requirement 

ONTPCJ 

tsu Set Up Time, 00 to CKDR 0.19 

tsu Set Up Time, SHDR to CKDR 0.25 

Isu Set Up Time, TDI to CKDR 0.14 

th Hold Time, CKDR to DO 0.25 

th Hold Time, CKDR to SHDR 0.19 

th Hold Time, CKDR to TDI 0.32 

tw Pulse Width, CKDR(L) 0.40 

Iw Pulse Width, CKDR(H) 0.78 

Iw Pulse Width, UDDR(L) 0.05 

tw Pulse Width, UDDR(H) 0.46 

H4CPlus Series Design Reference Guide 

Rev. 1.07 
3.313.3 V 

pF=O pF=50 pF=100 K (nsJpF) 

ONLTPCJ 

1.04 1.04 1.04 0.00 
1.01 1.01 1.01 0.00 
1.43 2.33 3.23 0.02 
1.64 2.84 4.04 0.02 
1.25 1.26 1.26 0.00 
1.33 2.53 3.73 0.02 
1.17 2.07 2.97 0.02 
1.14 1.14 1.15 0.00 
1.71 2.61 3.51 0.02 
1.91 3.11 4.31 0.02 
2.14 3.04 3.94 0.02 
2.20 3.40 4.60 0.02 
2.23 3.13 4.03 0.02 
2.41 3.61 4.81 0.02 
0.52 2.87 5.22 0.05 
0.59 2.29 3.99 0.03 
0.87 0.87 0.87 0.00 
0.52 0.52 0.52 0.00 

Rev. 1.07 

3.313.3 V 

Minimum Requirement 

ONLTPCJ 

0.40 

0.43 

0.28 

0.35 

0.25 

0.42 

0.67 

1.18 

0.08 

0.64 
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ONTPCJ ONL TPCJ 

MOTOROLA TECHNICAL DATA ._ ••••• _ 

FUNCTIONAL DIAGRAM: ONTPCJ 

EN DO 
INTERNAL LOGIC 

.. " " " " " " " " " " "'II. " " " " " ~. "lito. " " " " " " " " '. " " " " " " ., ". "' " " " " " ,. " " " " " " '\,. " 'II .. " " 

CKDR -u'5i5R-----
IMC-----
SHDR---------
}QC::::: 

2 to 1 
MUX 

A X 
B 
SL 

PERIPHERY 

FFD .------, 
D 

2 to 1 
MUX 

.-----,LATO A X 
D Ol-----IB 

LATCH SL 
G OB 

1[0 
~~f _________________________________ _ 
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BNTPCJ BNL TPCJ 

MOTOROLA TECHNICAL DATA 

PCI Non-Inverting 3-State Bidirectional 
Output -JTAG 
(3 V and 5 V System/Core Voltage) 

FUNCTION TABLE 
SECTIONS USED JTAG 

1/0 DO EN PAD 
Rev 107 L H L 

MACRO OUTPUTSIINPUTS H H H 
BIC,Dt,TDO 1 

All DO,EN,CKDR,UDDR,tMC,SHDR, 
X L Z 

TDt,OMC,tPT 
JTAG 

MACRO INPUT CAP. Fo, JTAG Truth Table Information, 

CKDR,TDt: O.04pF 

All 
DO,tPT: 0.24pF 

EN: 0.21pF 

See Table 6, "JTAG Logic Truth Ta-
bles - Outputs," on page 182 in this 

Manual. 

tMC,OMC,SHDR,UDDR: O.10pF 

OUTPUT CAP. 

PAD:5.10pF 

PCI SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

Sym Parameter 
pF=O pF=50 

515 V 

pF=100 K (ns/pF) 

BNTPCJ 

tpLH Propagation Delay, 0.70 0.70 0.70 0.00 

tpHL CKDRtoTOO 0.72 0.72 0.72 0.00 

tpLH Propagation Delay, 0.92 2.42 3.92 0.03 

tpHL DO to PAD 1.15 2.00 2.85 0.02 

tpLZ Propagation Delay, 0.90 0.91 0.91 0.00 

tpZL EN to PAD 0.99 1.84 2.69 0.02 

tpZH Propagation Delay, 0.75 2.30 3.85 0.03 

tpHZ EN to PAD 0.74 0.75 0.75 0.00 

tpLH Propagation Delay, 1.38 2.88 4.38 0.03 

tpHL OMCtoPAD 1.70 2.50 3.30 0.02 

tpLH Propagation Delay, 1.91 3.41 4.91 0.03 

tpHL TOO to PAD 2.13 2.93 3.73 0.02 
tpLH Propagation Delay, 2.01 3.51 5.01 0.03 

tpHL UDDRtoPAD 2.31 3.11 3.91 0.02 
t, Output Rise Time, PAD 0.31 3.76 7.21 0.07 

tf Output Fall Time, PAD 0.50 1.90 3.30 0.03 
t, Output Rise Time, TOO 0.63 0.63 0.63 0.00 

tf Output Fall Time, TOO 0.41 0.41 0.41 0.00 

H4CPlus Series Design Reference Guide 

5/5 V 
3.3/3.3 V 

BNTPCJ 
BNLTPCJ 

BNTPCJ 
BNLTPCJ 

EN DO 01 

CKDR 
UDDR 
IMC 
SHDR 
TOI 
OMC 

xxx 
PAD 

Rev. 1.07 

3.313.3 V 

pF=O pF=50 pF=100 

BNLTPCJ 

1.04 1.04 1.04 
1.01 1.01 1.01 
1.56 2.71 3.86 
1.59 2.59 3.59 
1.30 1.30 1.31 
1.38 2.38 3.38 
1.36 2.51 3.66 
1.34 1.34 1.35 
2.18 3.33 4.48 
2.28 3.08 3.88 
3.03 4.13 5.23 
3.00 3.95 4.90 
3.10 4.20 5.30 
3.20 4.15 5.10 
0.52 2.87 5.22 
0.59 2.29 3.99 
0.87 0.87 0.87 
0.52 0.52 0.52 

K (ns/pF) 

0.00 
0.00 
0.02 
0.02 
0.00 
0.02 
0.02 
0.00 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.05 
0.03 
0.00 
0.00 
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BNTPCJ BNLTPCJ 

••••••• _ MOTOROLA TECHNICAL DATA ••••••• _ 

PCI SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.00c (Nominal) all units are in ns. 

Sym Parameter 515 V 

FO=O FO=2 FO=8 

BNTPCJ 

tpLH Propagation Delay, 0.75 0.77 0.84 

tpHL IMCtoD! 0.51 0.52 0.56 

tpLH Propagation Delay, 0.16 0.17 0.20 

tpHL IPTto 01 0.32 0.34 0.40 

tpLH Propagation Delay, 0.79 0.80 0.84 

tpHL TOO to 01 0.88 0.90 0.97 

tpLH Propagation Delay, 0.89 0.91 0.95 

tpHL UDDRtoDI 1.05 1.08 1.14 

tr Output Rise Time, 01 0.20 0.23 0.29 

tf Output Fall Time, 01 0.24 0.25 0.31 
Ca acitance er fanout = 0.05 IF metal c p p p ( ap acitance Is not included . 

TTL SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=l.00ns) T J= 25.0°C (Nominal) all units are in ns. 

Sym Parameter 

tpLH Propagation Delay, 

tpHL CKDRtoTOO 

tpLH Propagation Delay, 

tpHL DO to PAD 

tpLZ Propagation Delay, 

tpzL EN to PAD 

tpZH Propagation Delay, 

tpHZ EN to PAD 

tpLH Propagation Delay, 

tpHL OMCto PAD 

tpLH Propagation Delay, 

tpHL TOO to PAD 

tpLH Propagation Delay, 

tpHL UDDRto PAD 

tr loutput Rise Time, PAD 

tf Output Fall Time, PAD 

tr Output Rise Time, TOO 

tf Output Fall Time, TOO 

MOTOROLA 
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515 V 

pF=O pF=50 pF=100 

BNTPCJ 

0.70 0.70 0.70 
0.72 0.72 0.72 
0.85 1.60 2.35 
1.26 2.51 3.76 
1.02 1.02 1.03 
1.10 2.35 3.60 
0.68 1.48 2.28 
0.67 0.68 0.68 
1.31 2.07 2.81 
1.82 2.82 3.82 
1.84 2.59 3.34 
2.24 3.44 4.64 
1.94 2.69 3.44 
2.42 3.62 4.82 
0.31 3.76 7.21 
0.50 1.90 3.30 
0.63 0.63 0.63 
0.41 0.41 0.41 

Rev 107 

3.313.3 V 

K(ns/pF) FO=O FO=2 FO=8 K (ns/pF) 

BNLTPCJ 

0.22 1.07 1.10 1.19 0.31 
0.13 0.68 0.70 0.76 0.19 
0.12 0.28 0.29 0.34 0.16 
0.18 0.48 0.50 0.57 0.23 
0.13 1.17 1.19 1.25 0.19 
0.21 1.32 1.35 1.44 0.31 
0.13 1.25 1.27 1.33 0.19 
0.22 1.52 1.55 1.65 0.31 
0.22 0.18 0.21 0.32 0.35 
0.19 0.24 0.27 0.35 0.26 

Rev. 1.07 

3.313.3 V 

K (ns/pF) pF=O pF=50 pF=100 K(ns/pF) 

BNLTPCJ 

0.00 1.04 1.04 1.04 0.00 
0.00 1.01 1.01 1.01 0.00 
0.01 1.50 2.40 3.30 0.02 
0.03 1.65 2.85 4.05 0.02 
0.00 1.36 1.36 1.37 0.00 
0.03 1.44 2.64 3.84 0.02 
0.02 1.30 2.20 3.10 0.02 
0.00 1.28 1.28 1.29 0.00 
0.Q1 2.13 3.03 3.93 0.02 
0.02 2.34 3.34 4.34 0.02 
0.01 2.97 3.87 4.77 0.02 
0.02 3.06 4.21 5.36 0.02 
0.01 3.04 3.94 4.84 0.02 
0.02 3.26 4.41 5.S6 0.02 
0.07 0.S2 2.87 S.22 O.OS 
0.03 0.S9 2.29 3.99 0.03 
0.00 0.87 0.87 0.87 0.00 
0.00 0.S2 0.S2 0.S2 0.00 
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BNTPCJ BNL TPCJ 

MOTOROLA TECHNICAL DATA 

PCIITTL TIMING REQUIREMENTS (Input Edge Rate tr,t,=1.oons) 

515 V 
Sym Parameter 

Minimum Requirement 

BNTPCJ 

tsu Set Up TIme, DO to CKDR 0.33 

tsu Set Up TIme, EN,IPT to CKDR 0.65 

tsu Set Up TIme, SHOR to CKDR 0.31 

tsu Set Up Time, TDI to CKOR 0.13 

th Hold TIme, CKOR to DO,SHDR 0.15 

th Hold Time, CKOR to EN 0.08 

th Hold Time, CKOR to IPT 0.00 

th Hold Time, CKOR to TOI 0.31 

lw Pulse Width, CKOR(L) 0.42 

tw Pulse Width, CKOR(H) 0.78 

tw Pulse Width, UODR(H) 0.75 

H4CPlus Series Design Reference Guide 

Rev. 1.07 

3.3/3.3 V 

Minimum Requirement 

BNLTPCJ 

0.63 

1.03 

0.53 

0.26 

0.20 

0.04 

-0.08 

0.23 

0.41 

0.72 

0.08 
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BNTPCJ BNL TPCJ 

••••••• _ MOTOROLA TECHNICAL DATA ••••••• _ 

MOTOROLA 

7·62 

2 to 1 
MUX 

X Ar---------~-r--------_, Br----------, 
SLj-------III1r~~~, 

1--____ ..... 2 to 1 
MUX 

A X 
B D 0 LAT 

LATCH SL 
G OB 

::::::: - TQO 

1' ... ..... , » ............................... . 
IC V'" IPT 

BICNJ 

PAD 
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TC~CKHTC~CKHXTCKUTCKHL 

MOTOROLA TECHNICAL DATA 

Section 7.3 JTAG Boundary Scan Functions 
Section 7.3.1Test Macros -JTAG 

Test Clock Buffer - JTAG 
1 X & 2X Drive, CMOS Levels 
(3.3 V and 5 V System/Core Voltage) 

MACRO SECTIONS USED FUNCTION TABLE 

TCKfTCKX/TCKL 110 
JTAG 

PAD TCK 

Rev. 1.07 ~ II L 
H 

111 TCKHITCKHX!rCKHL 

MACRO OUTPUTsnNPUTS 
All TCK/PAD,IC 

MACRO INPUT CAP. 

TCKfTCKX/TCKL PAD:5.06pF 
TCKHITCKHX!rCKHL PAD:5.16pF 

CMOS SWITCHING CHARACTERISTICS 

5/5 V 
5/3.3 V 
3.3/3.3 V 

TCKlTCKH 
TCKXlTCKHX 
TCKUTCKHL 

TCK 

TCK/TCKX I TCKL 
TCKH I TCKHX I TCKHL 

XXX 
PAD 

(Input Edge Rate tr,tf=1.00ns) T J= 25.()OC (Nominal) all units are in ns. Rev 107 

5J5V 
Sym Parameter 

FO=O FO=2 FO=8 

TCK 

tpLH Propagation Delay, 0.33 0.34 0.38 
tpHL PADtoTCK 0.37 0.39 0.43 

tr Output Rise Time, TCK 0.13 0.15 0.23 

tf Output Fall Time, TCK 0.12 0.14 0.20 

TCKH 

tpLH Propagation Delay, 0.36 0.36 0.37 
tpHL PADtoTCK 0.44 0.45 0.47 

tr Output Rise Time, TCK 0.16 0.17 0.20 

tf Output Fall Time, TCK 0.21 0.22 0.25 
Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=l OOns) TJ= 25 ()OC (Nominal) all units are in ns 

Sym Parameter 
FO=O 

513.3 V 

FO=2 FO=8 K(ns/pF) FO=O 

TCKX 

tPLH Propagation Delay, 0.21 0.23 0.27 0.15 0.43 
tpHL PADtoTCK 0.62 0.64 0.70 0.19 0.50 

tr Output Rise Time, TCK 0.15 0.19 0.29 0.35 0.17 
tf Output Fall Time, TCK 0.13 0.16 0.23 0.25 0.17 

TCKHX 

tpLH Propagation Delay, 0.25 0.26 0.27 0.05 0.48 
tpHL PAD to TCK 0.64 0.65 0.68 0.08 0.53 

tr Output Rise Time, TCK 0.17 0.18 0.22 0.14 0.20 

tf Output Fall Time, TCK 0.22 0.23 0.27 0.13 0.22 
(.;apacltance per fanout = 0.05 pF (metal capacitance is not included). 

H4CPlus Series Design Reference Guide 

K(ns/pF) 

0.11 
0.15 
0.25 
0.20 

0.04 
0.07 
0.10 
0.11 

3.313.3 V 

FO=2 FO=8 

TCKL 
0.44 0.49 
0.52 0.58 
0.21 0.31 
0.20 0.27 

TCKHL 

0.48 0.50 
0.54 0.57 
0.21 0.25 
0.23 0.27 

Rev 107 

K(ns/pF) 

0.15 
0.19 
0.34 
0.24 

0.05 
0.08 
0.14 
0.13 
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TCKTITCKHT TCKTXITCKHTX TCKL TXlTCKHL TX 

_ ••••••• MOTOROLA TECHNICAL DATA _ ••••••• 

,. 

Test Clock Buffer - JTAG 
1 X and 2X Drive, TTL Levels 
(3.3 Vand 5 V System/Core Voltage) 

MACRO SECTIONS USED 
TCKTITCKTXffCKL TX 1/0 

TCKHTITCKHTXI 111 TCKHLTX 
Rev. 1.07 

MACRO OUTPUTSnNPUTS 
All TCK/PAD,IC 

MACRO INPUT CAP. 
TCKTITCKTXffCKLTX PAD: 5.05pF 

TCKHTITCKHTXI PAD: 5.40pF TCKHLTX 

CMOS SWITCHING CHARACTERISTICS 

FUNCTION TABLE 
JTAG 

PAD TCK 

~ 11 ~ 

(Input Edge Rate tr,ti=1.00ns) T J= 25.0OC (Nominal) all units are in ns. 

Sym Parameter 
FO=O 

515 V 

FO=2 FO=8 

TCKT 

tPLH Propagation Delay, 0.29 0.31 0.34 
tpHL PADloTCK 0.64 0.65 0.71 

IT OUlpul Rise Time, TCK 0.12 0.15 0.22 
If Output Fall Time, TCK 0.28 0.30 0.36 

Capacitance per fanout = 0.05 pF (metal capaCitance is not included). 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,ti=1.00ns) T J= 25 OOC (Nominal) all units are in ns. 

Sym Parameter 
FO=O 

513.3 V 

FO=2 FO=8 

TCKTX 

tpLH Propagation Delay, 0.45 0.47 0.51 
IpHL PADloTCK 0.38 0.40 0.46 

tT Outpul Rise Time, TCK 0.15 0.19 0.29 
tf Oulpul Fall Time, TCK 0.13 0.16 0.23 

~apacitance per fanout" 0.05 pF (metal capacitance is not Included). 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.00c (Nominal) all units are In ns. 

Sym Parameter 
FO=O 

515 V 

FO=2 FO=8 

TCKHT 

tpLH Propagation Delay, 0.33 0.33 0.34 
IpHL PADtoTCK 0.47 0.47 0.50 

IT OUlpul Rise Time, TCK 0.11 0.12 0.15 
If OUlput Fall Time, TCK 0.18 0.19 0.22 

CapaCitance per fanout = 0.05 PI" (metal capacitance IS not incluaed). 

MOTOROLA 
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515 V 
5/3.3 V 
3.3/5 V 

TCKTITCKHT 
TCKTXlTCKHTX 

TCKL TXlTCKHLTX 

TCK 

TCKT/TCKTX/TCKLTX 
TCKHT/TCKHTX I TCKHLTX 

IC 

K (ns/pF) FO=O 

0.11 0.29 
0.18 0.64 
0.24 0.12 
0.20 0.28 

K(ns/pF) FO=O 

0.15 0.49 
0.19 0.40 
0.35 0.17 
0.25 0.22 

K(ns/pF) FO=O 

0.04 0.33 
0.07 0.47 
0.10 0.11 
0.11 0.18 

3.3/5 V 

FO=2 FO=8 

TCKLTX 
0.31 0.34 
0.65 0.71 
0.15 0.22 
0.30 0.36 

513.3 V 

FO=2 FO=8 

TCKHTX 
O.SO 0.51 
0.41 0.44 
0.18 0.22 
0.23 0.27 

3.3/5 V 

FO=2 FO=8 

TCKHLTX 
0.33 0.34 
0.47 O.SO 
0.12 0.15 
0.19 0.22 

XXX 
PAD 

Rev. 1.07 

K (ns/pF) 

0.11 
0.18 
0.24 
0.20 

Rev 107 

K (ns/pF) 

0.05 
0.08 
0.14 
0.13 

Rev. 1.07 

K (ns/pF) 

0.04 
0.07 
0.10 
0.11 
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TDI TOIX TOIL 

MOTOROLA TECHNICAL DATA 

Test Data Input Buffer - JTAG 
(3.3 V and 5 V System/Core Voltage) 

SECTIONS USED FUNCTION TABLE 
JTAG 

PAD II TOle TDIP 

L II L J L H H H 

1/0 
Rev. 1.07 

OUTPUTSIINPUTS 

TDIC,TDIP I PAD,IC 

INPUT CAP. 

PAD:5.06pF 

CMOS SWITCHING CHARACTERISTICS 

515 V 
5/3.3 V 
3.3/3.3 V 

TOil TOIX I TOIL 

(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. Rev. 1.07 

5J5V 
Sym Parameter 

FO=O FO=2 FO=8 K (nslpF) 

TOI 

tpLH Propagation Delay, 0.38 0.39 0.42 0.12 

tpHL PADtoTDIC 0.42 0.43 0.48 0.16 
tpLH Propagation Delay, 0.44 0.48 0.59 0.39 
tpHL PAD to TOIP 0.40 0.43 0.54 0.34 

tr Output Rise Time, TDIC 0.14 0.17 0.24 0.25 

tf Output Fall Time, TDIC 0.13 0.15 0.21 0.21 

tr Output Rise Time, TDIP 0.17 0.27 0.58 1.04 

tf Output Fall Time, TDIP 0.13 0.18 0.32 0.47 
Fanout (FO) capacitance does not include estimated metal lengths (each FO '" 0.05pF). 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0OC (Nominal) all units are in ns. 

513.3 V 3.313.3 V 
Sym Parameter 

FO=O FO=2 FO=8 K (nslpF) FO=O FO=2 FO=8 

TOIX TOIL 

tpLH Propagation Delay, 0.25 0.26 0.31 0.15 0.48 0.49 0.54 
tpHL PAD to TDIC 0.68 0.70 0.76 0.20 0.56 0.58 0.64 
tpLH Propagation Delay, 0.29 0.35 0.51 0.56 0.54 0.59 0.76 
tpHL PAD to TDIP 0.67 0.71 0.84 0.41 0.55 0.60 0.72 

tr Output Rise Time, TDIC 0.15 0.19 0.29 0.36 0.20 0.23 0.33 

tf Output Fall Time, TDIC 0.16 0.18 0.26 0.25 0.16 0.19 0.26 

tr Output Rise Time, TDIP 0.16 0.31 0.76 1.48 0.20 0.34 0.78 

" Output Fall Time, TDIP 0.17 0.23 . 0.40 0.57 0.17 0.23 0.40 
Fanout (F ») capacitance does not include estimated metal lengths (each FO '" ( .05pF). 

H4CPh.is Series Design Reference Guide 

TOI 
TOIX 
TOIL 

TOIP 

XXX 
PAD 

Rev. 1.07 

K(nslpF) 

0.16 
0.20 
0.56 
0.41 
0.34 
0.25 
1.47 
0.57 
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TDIT TOITX TOIL TX 

•••••••• MOTOROLA TECHNICAL DATA ••••••• _ 

Test Data Input Buffer - JTAG 
(3.3 V and 5 V SystemlCore Voltage) 

I SEcn~: USED I FUNCTION TABLE 
MACRO 

JTAG 
ALL PAD -'I TOle. I. TOIP 

Rev. 1.07 
~ II ~ I L 

MACRO OUTPUTSIINPUTS H 

ALL TDIC,TDIP I PAD,IC 

MACRO INPUT CAP. 

ALL PAD:5.05pF 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0"C (Nominal) all units are in ns. 

515 V 
Parameter 

515 V 
5/3.3 V 
3.3/5 V 

TDIT I TDITX I TOIL TX 

3.3/5 V 

TDIT 
TDITX 

TDILTX 

u 
is 
I-

TOIP 

XXX 
PAD 

Rev 107 

Sym 
FO=O FO=2 FO=8 K (ns/pF) FO=O FO=2 FO=8 K (ns/pF) 

TOIT TOILTX 

tpLH Propagation Delay, 0.33 0.34 0.37 0.11 0.33 0.34 0.37 0.11 
tpHl PAD to TOIC 0.76 0.78 0.84 0.20 0.76 0.78 0.84 0.20 
tpLH Propagation Delay, 0.36 0.40 0.51 0.38 0.36 0.40 0.51 0.38 
tpHL PAD to TOIP 0.71 0.75 0.88 0.42 0.71 0.75 0.88 0.42 

t, Output Rise Time, TDIC 0.14 0.16 0.23 0.24 0.14 0.16 0.23 0.24 

It Output Fall Time, TDIC 0.34 0.36 0.42 0.20 0.34 0.36 0.42 0.20 
t, Output Rise Time, TDIP 0.14 0.24 0.56 1.05 0.14 0.24 0.56 1.05 

It Output Fall Time, TDIP 0.33 0.38 0.52 0.46 0.33 0.38 0.52 0.46 
Fanout (F ) capacitance does not include estimated metal lengths (each FO '" 0.05pF). 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.00C (Nominal) all units are in ns. Rev. 1.07 

Sym Parameter 
FO=O FO=2 

513.3V 

FO=8 K (ns/pF) 

TOITX 

tpLH Propagation Delay, 0.49 0.50 0.55 0.15 
tpHL PAD to TDIC 0.44 0.46 0.52 0.20 
tpLH Propagation Delay, 0.53 0.59 0.75 0.56 
tpHL PADtoTDIP 0.43 0.47 0.60 0.41 

t, Output Rise Time, TDIC 0.15 0.19 0.29 0.36 

It Output Fall Time, TDIC 0.16 0.18 0.26 0.25 
t, Output Rise Time, TDIP 0.16 0.31 0.76 1.48 

tf Output Fall Time, TDIP 0.17 0.23 0.40 0.57 
Fanout (FI ) capacitance does not Include estimated metal lengths (each FO '" 0.05pF). 
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TMS TMSX TMSL 

MOTOROLA TECHNICAL DATA 

Test Mode Select Buffer - JTAG 
(3.3 V and 5 V System/Core Voltage) 

MACRO SECTIONS USED I 
ALL 1/0 

Rev. 1.07 

MACRO OUTPUTSIINPUTS 

FUNCTION TABLE 
JTAG 

PAD " TMS 

~ II L 
H 

ALL TMS/PAD,IC 

MACRO INPUT CAP. 

515 V 
5/3.3 V 
3.313.3 V 

ALL PAD:5.06pF TMS/TMSX/TMSL 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=l.00ns) T J= 25.O"C (Nominal) all units are in ns. Rev. 1.07 

Sym Parameter 
FO=O FO=2 

515 V 

FO=8 K(ns/pF) 

TMS 

tpLH Propagation Delay, 0.33 0.34 0.38 0.11 
tpHL PAD to TMS 0.37 0.39 0.43 0.15 

tr Output Rise Time, TMS 0.13 0.15 0.23 0.25 

tf Output Fall Time, TMS 0.12 0.14 0.20 0.20 
Fanout (FO) capacitance does not include estimated metal lengths (each FO = 0.05pF). 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 

5/3.3 V 3.313.3 V 
Sym Parameter 

FO=O FO=2 FO=8 K(ns/pF) FO=O FO=2 FO=8 

TMSX TMSL 

tpLH Propagation Delay, 0.21 0.23 0.27 0.15 0.43 0.44 0.49 
tpHL PAD to TMS 0.62 0.64 0.70 0.19 0.50 0.52 0.58 

tr Output Rise Time, TMS 0.15 0.19 0.29 0.35 0.17 0.21 0.31 
tf Output Fall Time, TMS 0.13 0.16 0.23 0.25 0.17 0.20 0.27 

Fanout (FO) capacitance does not include estimated metal lengths (each FO = 0.05pF). 

H4CPlus Series Design Reference Guide 

TMS 
TMSX 
TMSL 

TMS 

IC 

Rev. 1.07 

K (ns/pF) 

0.15 
0.19 
0.34 
0.24 
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I 

TMST TMSTX TMSL TX 
MOTOROLA TECHNICAL DATA _______ _ 

Test Mode Select Buffer - JTAG 
(3.3 V and 5 V System/Core Voltage) 

CMOS SWITCHING CHARACTERISTICS 

FUNCTION TABLE 
JTAG 

PAD II TMS 
L II L 
H II H 

(Input Edge Rate tr tf=1 OOns) T J= 250°C (Nominal) all units are in ns , 

Sym Parameter 
FO=O 

515 V 

FO=2 FO=8 

TMST 
tpLH Propagation Delay, 0.29 0.31 0.34 
tpHL PADtoTMS 0.64 0.65 0.71 

t, Output Rise Time,TMS 0.12 0.15 0.22 
t, Output Fall Time, TMS 0.28 0.30 0.36 

K (ns/pF) 

0.11 
0.18 
0.24 
0.20 

515 V 
5/3.3 V 
3.3/5 V 

TMST 
TMSTX 

TMSLTX 

TMS 

TMST I TMSTX I TMSL TX 

FO=O 

0.29 
0.64 
0.12 
0.28 

3.315 V 

IC 

xx 
xxx 
PAD 

Rev 107 

FO=2 FO=8 K (ns/pF) 

TMSLTX 
0.31 0.34 0.11 
0.65 0.71 0.18 
0.15 0.22 0.24 
0.30 0.36 0.20 

Fanout (FO) capacitance does not include estimated metal lengths (each Fo = O.OSpF). 
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CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 250°C (Nominal) all units are in ns. Rev 1 07 

513.3 V 
Sym Parameter 

FO=O FO=2 FO=8 K (ns/pF) 

TMSTX 
tpLH Propagation Delay, 0.45 0.47 0.51 0.15 
tpHL PAD to TMS 0.38 0.40 0.46 0.19 

t, Output Rise Time, TMS 0.15 0.19 0.29 0.35 
t, Output Fall Time, TMS 0.13 0.16 0.23 0.25 

f"anout (F J) capacitance does not include estimated metal lengths (each FO = O.OSpF). 
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TRSTB TRSTBX TRSTBL 

MOTOROLA TECHNICAL DATA 

Test Reset (Bar) Buffer - JTAG 
(3.3 V and 5 V System/Core Voltage) 

5/5 V 
5/3.3 V 
3.3/3.3 V 

TRSTB 
TRSTBX 
TRSTBL 

TRSTB 

FUNCTION TABLE 
SECTIONS USED JTAG 

110 PAD II TRSTB 

TRSTB I PAD,le 
TRSTB/TRSTBX/TRSTBL 

Rev. 1.07 L II L 
H H 

OUTPUTsnNPUTS 

INPUT CAP. 

PAD: 5.06pF 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr tf=l oons) T J= 250°C (Nominal) all units are in ns , 

515 V 3.3/3.3 V 
Sym Parameter 

FO=O FO=2 FO=8 K (ns/pF) FO=O FO=2 FO=8 

TRSTB TRSTBL 

tpLH Propagation Delay, 0.33 0.34 0.38 0.11 0.43 0.44 0.49 
tpHL PADtoTRSTB 0.37 0.39 0.43 0.15 0.50 0.52 0.58 

tr Output Rise Time, TRSTB 0.13 0.15 0.23 0.25 0.17 0.21 0.31 
tl Output Fall Time, TRSTB 0.12 0.14 0.20 0.20 0.17 0.20 0.27 

Fanout (F J) capacitance does not include estimated metal lengths (each FO = 0.05pF). 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,ti=l.oons) T J= 25.0°C (Nominal) all units are in ns. Rev. 1.07 

Sym Parameter 
FO=O 

513.3 V 

FO=2 FO=8 K (ns/pF) 

TRSTBX 

tpLH Propagation Delay, 0.21 0.23 0.27 0.15 
tpHL PADtoTRSTB 0.62 0.64 0.70 0.19 

tr Output Rise Time, TRSTB 0.15 0.19 0.29 0.35 
tf Output Fall Time, TRSTB 0.13 0.16 0.23 0.25 

Fanout (FO) capacitance does not include estimated metal lengths (each FO = 0.05pF). 

IC 

xx 
XXX 
PAD 

Rev 107 

K (ns/pF) 

0.15 
0.19 
0.34 
0.24 
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I 

TRSTBT TRSTBTX TRSTBLTX 

MOTOROLA TECHNICAL DATA ••••••• _ 

Test Reset (Bar) Buffer - JTAG 
(3.3 V and 5 V System/Core Voltage) 

SECTIONS USED FUNCTION TABLE 

Rev. 1.07 
1/0 JTAG 

PAD TRSTB 
L II L 
H H OUTPUTSJlNPUTS 

TRSTB / PAD,le 

INPUT CAP. 
PAD:5.05pF 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=l.00ns) T J= 25.0°C (Nominal) all units are in ns. 

Sym Parameter 
FO=O 

515 V 

FO=2 FO=8 

TRSTBT 

tpLH Propagation Delay, 0.29 0.31 0.34 
tpHL PADtoTRSTB 0.64 0.65 0.71 

tr Output Rise Time, TRSTB 0.12 0.15 0.22 
tf Output Fall Time, TRSTB 0.28 0.30 0.36 

515 V 
513.3 V 
3.3/5 V 

TRSTBT 
TRSTBTX 

TRSTBLTX 

TRSTB 

TRSTBT/TRSTBTX/TRSTBLTX 

K{ns/pF) FO=O 

0.11 0.29 
0.18 0.64 
0.24 0.12 
0.20 0.28 

3.315 V 

IC 

xx 

XXX 
PAD 

Rev. 1.07 

FO=2 FO=8 K (ns/pF) 

TRSTBLTX 

0.31 0.34 0.11 
0.65 0.71 0.18 
0.15 0.22 0.24 
0.30 0.36 0.20 

Fanout (F ) capacitance does not include estimated metal lengths (each FO - 0.05pF). 
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CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=l.00ns) TJ= 25.00C (Nominal) all units are in ns. Rev. 1.07 

Sym Parameter 
FO=O 

513.3 V 

FO=2 FO=8 K (ns/pF) 

TRSTBTX 

tpLH Propagation Delay, 0.45 0.47 0.51 0.15 
tpHL PAD to TRSTB 0.38 0.40 0.46 0.19 

tr Output Rise Time, TRSTB 0.15 0.19 0.29 0.35 

If Oulpul Fall Time, TRSTB 0.13 0.16 0.23 0.25 
Fanout (F ) capacitance does not include estimated metal lengths (each FO - 0.05pF). 
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TDOUTTDOUTXTDOUTLXTDOUTL 

MOTOROLA TECHNICAL DATA 

Test Data Output Buffer - JTAG 
(3.3 V and 5 V System/Core Voltage) 

SECTIONS USED FUNCTION TABLE 

011 EN DO PAD 
L X Z 

Rev. 1.07 H L L 
OUTPUTSIINPUTS H H H 

TOOC,PAO I DO,EN,TOI 
TOI -II TOOC 

MACRO INPUT CAP. 
L II L 
H H 

DO:0.24pF 
ALL EN: 0.19pF 

TOI: O.llpF 

JTAG 
For JTAG Truth Table Infonnation, 

See Table 7-6:JTAG Logic Truth Ta-
bles - Outputs on page 7-184 In this 

Manuaii. 
OUTPUT CAP. 

PAD: 5.1OpF 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

515 V 
Parameter 

5/5 V 
5/3.3 V 
3.3/5 V 
3.3/3.3 V 

TDOUT 
TDOUTX 

TDOUTLX 
TDOUTL 

TDI 

TDOUT I TDOUTX 
TDOUTLX I TDOUTL 

3.315 V 

XXX 
PAD 

Rev 107 

Sym 
pF=O pF=50 pF=100 K (ns/pF) pF=O pF::50 pF=100 K (ns/pF) 

TDOUT 

tpLH Propagation Delay, 0.82 2.25 3.67 
tpHL DO to PAD 0.92 2.46 4.00 
tpLZ Propagation Delay, 0.78 0.78 0.79 
tpZL EN to PAD 0.72 2.34 3.95 
tpZH Propagation Delay, 0.74 2.18 3.61 
tpHZ EN to PAD 1.06 1.07 1.07 
tpLH Propagation Delay, 0.32 5.65 10.97 
tpHL TDltoTDOC 0.33 7.93 15.54 

tr Output Rise Time, PAD 0.31 3.23 6.15 

tf Output Fall Time, PAD 0.41 2.82 5.22 
tr Output Rise Time, TDOC 0.13 12.57 25.02 

tf Output Fall Time, TDOC 0.13 10.11 20.09 

H4CPlus Series Design Reference Guide 

0.03 1.14 
0.03 0.95 
0.00 0.62 
0.03 0.97 
0.03 1.06 
0.00 1.24 
0.11 0.32 
0.15 0.33 
0.06 0.57 
0.05 0.47 
0.25 0.13 
0.20 0.13 

TDOUTLX 

2.84 4.55 
2.41 3.88 
0.62 0.63 
3.45 5.93 
2.78 4.50 
1.24 1.25 
5.65 10.97 
7.93 15.54 
3.59 6.61 
2.93 5.39 
12_57 25.02 
10.11 20.09 

0.03 
0.03 
0.00 
0.05 
0.03 
0.00 
0.11 
0.15 
0.06 
0.05 
0.25 
0.20 
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TDOUT TDOUTX TDOUTLX TDOUTL 

MOTOROLA TECHNICAL DATA _ •••• _ •• 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf:;;:1.00ns) T J= 25.0"C (Nominal) a" units are in ns. Rev. 1.07 

Sym 
513.3 V 3.313.3 V 

Paramete.r 
pF=O pF=SO pF=100 K (nslpF) pF=O pF=50 pF=100 K (nslpF) 

TDOUTX TDOUTL 

tpLH Propagation Delay, 1.54 2.81 4.09 0.03 1.21 3.16 5.10 0.04 
tpHL DO to PAD 1.90 3.83 5.76 0'04_ 1.24 3.11 4.99 0.04 
tpLZ Propagation Delay, 1.18 1.19 1.19 0.00 0.88 0.89 0.89 0.00 
tPZL EN to PAD 2.23 4.18 6.13 0.04 0.99 2.93 4.80 0.04 
tpZH Propa9ation Delay, 1.42 2.71 3.99 0.03 1.09 3.07 5.04 0.04 
tpHZ EN to PAD 1.59 1.60 1.60 0.00 1.25 1.25 1.26 0.00 
tpLH Propagation Delay, 0.41 8.09 15.1.6 0.15 0.41 8.09 15.76 0.16 
tpHL TDltoTDOC 0.45 9.76 19.06 0.19 0.45 9.76 19.06 0.19 

Ir Output Rise Time, PAD 0.30 2.97 5.64 0.05 0.40 4.40 8.40 0.08 

~ Output Fa" Time, PAD 0.52 3.46 6.39 0.06 0.52 3.43 6.34 0.06 
tr Output Rise Time, TDOC 0.17 17.56 34.95 0.36 0.17 17.56 34.95 0.35 
tf Output Fa" Time, TDOC 0.15 12.45 24.75 0.25 0.15 12.45 24.75 0.25 

FUNCTIONAL DIAGRAM: TDOUT 

EN DO TDOC 

r I INTERNAL LOGIC t 
" "" """""""""""" '\. " " " p'l:~I~AER"" " " " "" " " " 

PAD 
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MOTOROLA TECHNICAL DATA 

Section 7.3.2 Bidirectional Macros -JTAG 

Non-Inverting CMOS Bidirectional 
Input Buffer - JTAG 
(3.3 V and 5 V System/Core Voltage) 

SECTIONS USED FUNCTION TABLE 

0/1 
Rev. 1.07 JTAG 

Bell IP 
L II H 
H L 

OUTPUTsnNPUTS 

IP/BC 

INPUT CAP. 

BC:0.l0pF 

OUTPUT CAP. 

IP: 0.24pF 

CMOS SWITCHING CHARACTERISTICS 

5/5 V 
5/3.3 V 
3.3/3.3 V 

(Input Edge Rate tr,lI=l.oons) T J= 25.0°C (Nominal) all units are in ns. 

515 V 
Sym Parameter 

FO=O FO=2 FO=8 

BICNJ 

tpLH Propagation Delay, 0.30 0.30 0.30 

tpHL BCtolP 0.39 0.39 0.39 

tr Output Rise Time, IP 0.49 0.49 0.49 

tf Output Fall Time, IP 0.47 0.47 0.47 
vapacitance per Tanout = u.u5 pF (metal capacitance is not incluaed). 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,II=1.00ns) T J= 25.000 (Nominal) all units are in ns. 

513.3V 
Sym Parameter 

FO=O FO=2 FO=8 K(ns/pF) FO=O 

BICXNJ 

tpLH Propagation Delay, 0.52 0.52 0.52 0.00 0.40 

tpHL BCtolP 0.24 0.24 0.24 0.00 0.48 

tr loutput Rise Time, IP 0.60 0.60 0.60 0.00 0.62 
tf Output Fall Time, IP 0.43 0.43 0.43 0.00 0.55 

l.iapacitance per fanout = 0.05 pF (metal capacitance is not Included). 

NOTE: 

BICNJ 
BICXNJ 
BILCNJ 

BC~IP 
BICNJ I BICXNJ I BILCNJ 

Rev. 1.07 

K(nslpF) 

0.00 
0.00 
0.00 
0.00 

Rev 107 

3.3/3.3 V 

FO=2 FO=8 K (nslpF) 

BILCNJ 

0.40 0.40 0.00 
0.48 0.48 0.00 
0.62 0.62 0.00 
0.55 0.55 0.00 

Path delay from PAD to 01 in the bidirectional buffer will be non-inverted when used together with JTAG bidirectional output 
buffers. 
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BISNJ BISXNJ BILSNJ 
MOTOROLA TECHNICAL DATA _______ _ 

Non-Inverting CMOS Schmitt Trigger 
Bidirectional Input Buffer - JTAG 
(3.3 V and 5 V System/Core Voltage) 

FUNCTION TABLE 

SECTIONS USED 

Rev. 1.07 

JTAG 
Be II IP 
L II H 
H L 

Oil 

OUTPUTSJINPUTS 

IP/BC 

INPUT CAP. 

BC: 0.12pF 

OUTPUT CAP. 

IP:0.27pF 

CMOS SWITCHING CHARACTERISTICS 

5/5 V 
5/3.3 V 
3.3/3.3 V 

(Inpul Edge Rale Ir,If=1.oons) T J= 25.00C (Nominal) all units are in ns. 

Sym Parameter 
FO=O 

515 V 

F0=2 FO=8 

BISNJ 

IpLH Propagation Delay, 0.70 0.70 0.70 

tpHL BClo IP 0.66 0.66 0.66 
I, Oulpul Rise Time, IP 1.27 1.27 1.27 
I, IOutput Fall Time, IP 0.59 0.59 0.59 

Ga acilance p pe r lanout = 0.05 F melal ca acilance is not included. p ( p 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,lf=1.00ns) T J= 25.00c (Nominal) all units are in ns. 

Sym 
513.3V 

Parameter 
FO=O FO=2 FO=8 K (ns/pF) FO=O 

BISXNJ 

tpLH Propagation Delay, 1.04 1.04 1.04 0.00 0.93 
tpHL BCtolP 0.42 0.42 0.42 0.00 0.80 

tr uulput Rise Time, IP 1.78 1.78 1.78 0.00 1.77 
t, Output Fall Time, IP 0.53 0.53 0.53 0.00. 0.68 

vapacitance per fanout = 0.05 pF (metal capacitance Is not included). 

NOTE: 

BISNJ 
BISXNJ 
BILSNJ 

BC~IP 
BISNJ I BISXNJ I BILSNJ 

Rev. 1.07 

K(ns/pF) 

0.00 
0.00 
0.00 
0.00 

Rev. 1 07 

3.3/3.3 V 

FO=2 FO=8 K (ns/pF) 

BILSNJ 

0.93 0.93 0.00 
0.80 0.80 0.00 
1.77 1.77 0.00 
0.68 0.68 0.00 

Path delay from PAD to DI in the bidirectional buffer will be non-inverted when used together with JTAG bidirectional output 
buffers. 
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MOTOROLA TECHNICAL DATA 

Non-Inverting TTL Bidirectional 
Input Buffer-JTAG 
(3.3 V and 5 V System/Core Voltage) 

SECTIONS USED 

0/1 
Rev. 1.07 

OUTPUTSJINPUTS 

IP/BC 

INPUT CAP. 

BC:0.09pF 

OUTPUT CAP. 

IP: 0.23pF 

CMOS SWITCHING CHARACTERISTICS 

FUNCTION TABLE 

JTAG 
Be II IP 
L II H 
H II L 

5/5 V 
3.3/5 V 

(Input Edge Rate tr,tf=1.00ns) T J= 25.00C (Nominal) all units are in ns. 

Sym 
515 V 

Parameter 
FO=O FO=2 FO=8 K (nsJpF) FO=O 

BITNJ 

~ Propagation Delay, 0.49 0.49 0.49 0.00 0.51 
tpHL BCtolP 0.38 0.38 0.38 0.00 0.47 

t, Outpul Rise Time, IP 1.28 1.28 1.28 0.00 1.30 
I, Output Fall TIme, IP 0.31 0.31 0.31 0.00 0.41 

Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

NOTE: 

BITNJ Bil TXNJ 

BITNJ 
BILTXNJ 

BC -={:>o--IP 

BITNJ I Bil TXNJ 

Rev. 1.07 
3.3/5 V 

FO=2 FO=8 K (nsJpF) 

BILTXNJ 

0.51 0.51 0.00 
0.47 0.47 0.00 
1.30 1.30 0.00 
0.41 0.41 0.00 

Palh delay from PAD to 01 in Ihe bidirectional buffer will be non-inverted when used togelher with JTAG bidireclional output buff
ers. 

H4CPlus Series Design Reference Guide MOTOROLA 

7-75 

II 
I' l 
I' 1 



BITSNJ 
_______ MOTOROLA TECHNICAL DATA _______ _ 

Non-Inverting TTL Schmitt Trigger 
Bidirectional Input Buffer-JTAG 
(5 V System/Core Voltage) 

SECTIONS USED 

0/1 
Rev. 1.07 

OUTPUTSIINPUTS 
IP/BC 

INPUT CAP. 
BC: 0.18pF 

OUTPUT CAP. 

IP: 0.35pF 

FUNCTION TABLE 

JTAG 
Be II IP 
L II H 
HilL 

CMOS SWITCHING CHARACTERISTICS 

5/5 V 

(Input Edge Rate tr tf=1 OOns) T J= 25 O°C (Nominal) all units are in ns , 

Sym Parameter 
FO=O 

515 V 

FO=2 FO=8 

BITSNJ 

tpLH Propagation Delay, 0.84 0.84 0.84 
tpHL BCtolP 0.72 0.72 0.72 

tr Output Rise Time, IP 1.53 1.53 1.53 

tf Output Fall Time, IP 0.55 0.55 0.55 
Capacitance per fanout = 0.05 pF (metal capacitance is not included). 

NOTE: 

BITSNJ 

BC~IP 
BITSNJ 

Rev 107 

K (nslpF) 

0.00 
0.00 
0.00 
0.00 

Path delay from PAD to 01 in the bidirectional buffer will be non-inverted when used together with JTAG bidirectional output buff
ers. 
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MOTOROLA TECHNICAL DATA 

Non-Inverting Open-Drain 
Bidirectional Output Buffers - JTAG 
(3.3 V and 5 V System/Core Voltage) 

MACRO SECTIONS USED FUNCTION TABLE 

All 1/0 
Rev 107 

MACRO OUTPUTSIINPUTS 

BIC,DI,Too I 
All DO,CKDR,UDDR,IMC,SHDR, 

TDI,OMC,IPT 

DO 
L 
H 

IPT 
L 
H 

JTAG 

II 

II 
JTAG 

PAD 
L 
Z 

01 
H 
L 

515 V 
3.3/3.3 V 

BN80DJ 
BNLBOOJ 

MACRO INPUT CAP. For JTAG Trulh Table Inlormalion, See 

CKDR,TDI: 0.04pF 
DO:0.19pF 

All IMC,OMC,SHDR,UDDR: 

Table 7-1:JTAG Logic Truth Tables-
Bidlrectionals on page 7-181 in this 

Manual. 

0.10pF 
IPT: 0.22pF 

MACRO OUTPUT CAP. 

All PAD:4.96pF 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr tf=l OOns) T J= 250°C (Nominal) all units are in ns , 

Sym Parameter 
pF=O 

515 V 

pF=50 pF=100 K (ns/pF) pF=O 

BN80DJ 

tpLH Propagation Delay, 0.76 0.76 0.76 0.00 1.13 

tpHL CKDRtoTDO 0.68 0.68 0.68 0.00 0.95 
tpLZ Propagation Delay, 0.98 0.98 0.99 0.00 1.33 
tpZL DO to PAD 0.97 2.22 3.47 0.03 1.30 
tpLZ Propagation Delay, 1.82 1.83 1.83 0.00 2.36 
tpZL OMCto PAD 1.82 2.87 3.92 0.02 2.36 
tpLZ Propagation Delay, 1.90 1.90 1.91 0.00 2.63 

tpZL TDOtoPAD 1.90 3.15 4.40 0.03 2.63 
tpLZ Propagation Delay, 2.08 2.08 2.09 0.00 2.82 
tpZL UDDRtoPAD 2.08 3.33 4.58 0.03 2.82 

tr Output Rise Time, PAD 0.00 0.Q1 0.Q1 0.00 0.00 
tf Output Fall Time, PAD 0.53 2.88 5.23 0.05 0.64 
tr Output Rise Time, TOO 0.63 0.63 0.63 0.00 0.87 
tl Output Fall Time, TOO 0.41 0.41 0.41 0.00 0.52 
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BN800J BNL800J 

BN80DJ 
BNL80DJ 

CKDR 
UDDR 
IMC 
SHOR 
TOI TDO 
OMC 

rIJ~BIC -= ~ 
XX 

XXX 
PAD 

3.313.3 V 

Rev 107 

pF=50 pF=100 K(ns/pF) 

BNL80DJ 

1.13 1.13 
0.95 0.95 
1.33 1.34 
2.80 4.30 
2.36 2.37 
3.61 4.86 
2.64 2.64 
4.13 5.63 
2.83 2.83 
4.32 5.82 
0.Q1 0.01 
3.54 6.44 
0.87 0.87 
0.52 0.52 

0.00 
0.00 
0.00 
0.03 
0.00 
0.02 
0.00 
0.03 
0.00 
0.03 
0.00 
0.06 
0.00 
0.00 
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BN80DJ BNL80DJ 
MOTOROLA TECHNICAL DATA _______ _ 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,If=1.00ns) T J= 25.0OC (Nominal) all units are in ns. 

515 V 
Sym Parameter 

FO=O F0=2 FO=B 

BNBODJ 

tpLH Propagation Delay, 0.52 0.54 0.59 

tpHL IMCtoDI 0.74 0.76 0.81 

tpLH Propagation Delay, 0.18 0.20 0.24 

tpHL IPTtoDI 0.29 0.31 0.36 

tpLH Propagation Delay, 0.81 0.82 0.87 

tpHL TOOtoDI 0.85 0.87 0.93 

tpLH Propagation Delay, 0.89 0.91 0.95 

tpHL UDDRto DI 1.05 1.07 1.14 

tr Output Rise Time, DI 0.20 0.23 0.29 

tf Output Fall Time, DI 0.24 0.25 0.31 
Capacitance per fanout - 0.05 pF (metal capacitance IS not Included). 

TTL SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,If=1.00ns) TJ= 25.0OC (Nominal) all units are in ns. 

Sym Parameter 

tpLH Propagation Delay, 
tpHL CKDR to TOO 

tpLZ Propagation Delay, 
tpZL DO to PAD 

tpLZ Propagation Delay, 
tpZL OMCto PAD 

tpLZ Propagation Delay, 
tpZL TOO to PAD 

tpLZ Propagation Delay, 
tpZL UDDRto PAD 

tr Output Rise Time, PAD 
tf Output Fall Time, PAD 

tr Output Rise Time, TDO 

" Output Fall Time, TDO 
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515 V 

pF=O pF=50 pF=100 

BNBODJ 

0.76 0.76 0.76 
0.68 0.68 0.68 
1.09 1.09 1.10 
1.08 2.98 4.88 
2.17 2.17 2.18 
2.17 3.77 5.37 
2.01 2.01 2.02 
2.01 3.91 5.81 
2.19 2.19 2.20 
2.19 4.09 5.99 
0.00 0.01 0.01 
0.53 2.88 5.23 
0.63 0.63 0.63 
0.41 0.41 0.41 

Rev. 1.07 
3.313.3 V 

K (nsJpF) FO=O FO=2 FO=B K (nsJpF) 

BNLBODJ 

0.16 0.71 0.73 0.80 0.22 
0.19 1.03 1.06 1.14 0.28 
0.14 0.30 0.32 0.38 0.19 
0.17 0.45 0.47 0.53 0.21 
0.16 1.20 1.22 1.29 0.22 
0.19 1.28 1.31 1.39 0.28 
0.13 1.25 1.27 1.33 0.19 
0.22 1.52 1.55 1.65 0.31 
0.22 0.18 0.21 0.32 0.35 
0.19 0.24 0.27 0.35 0.26 

Rev. 1.07 
3.313.3 V 

K (ns/pF) pF=O pF=50 pF=100 K (ns/pF) 

BNLBODJ 

0.00 1.13 1.13 1.13 0.00 
0.00 0.95 0.95 0.95 0.00 
0.00 1.39 1.39 1.40 0.00 
0.04 1.35 3.20 5.05 0.04 
0.00 2.53 2.53 2.54 0.00 
0.03 2.53 4.08 5.63 0.03 
0.00 2.69 2.69 2.70 0.00 
0.04 2.69 4.49 6.29 0.04 
0.00 2.88 2.89 2.89 0.00 
0.04 2.88 4.73 6.58 0.04 
0.00 0.00 0.01 0.01 0.00 
0.05 0.64 3.54 6.44 0.06 
0.00 0.87 0.87 0.87 0.00 
0.00 0.52 0.52 0.52 0.00 
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BN800J BNLBOOJ 

MOTOROLA TECHNICAL DATA 

CMOsnTL TIMING REQUIREMENTS 
(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 

515 V 
Sym Parameter 

Minimum Requirement Minimum Requirement 

BN80DJ BNL80DJ 

tsu Set Up Time, DO to CKDR 0.65 0.97 

tsu Set Up Time, IPT to CKDR 0.65 1.02 

tsu Set Up Time, SHDR to CKDR 0.31 0.53 

tsu Set Up Time, TOI to CKDR 0.13 0.26 

th Hold Time, CKDR to DO 0.15 0.17 

th Hold Time, CKDR to IPT -0.01 -0.09 

th Hold Time, CKDR to SHDR 0.15 0.23 

th Hold Time, CKDR to TDI 0.31 0.41 

tw Pulse Width, CKDR(L) 0.41 0.68 

tw Pulse Width, CKDR(H) 0.77 1.18 

tw Pulse Width, UDDR(H) 0.74 1.04 

FUNCTIONAL DIAGRAM: BNxODJ 

DI DO 
INTERNAL 

"""""""".""""""""""""",T"""",""""~ 

A 
B 
SL 

2 to 1 
MUX 

X A 
B 
SL 

2 to 1 
MUX 
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PERIPHERY 

2 to 1 
MUX 

X A~----------~~--------~ 
BI-------. 

SL t-----ili==:::::=:;:::::;--, 
L..-____ ---' 2 to 1 

LATa A 
DaB 

LATCH SL 
G OB 

MUX 
X 

:}[O 

- ... BICNJ 
f!,---f>----------------,PT 

PAD 
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BN160DJ BNL160DJ 
________ MOTOROLA TECHNICAL DATA _______ _ 

II 

Non-Inverting Open-Drain 
Bidirectional Output Buffers - JTAG 
(3.3 V and 5 V System/Core Voltage) 

MACRO SECTIONS USED 

All 1/0 
Rev 107 

MACRO OUTPUTSIINPUTS 

BIC,DI,TDO 1 
All DO,CKDR,UDDR,IMC,SHDR, 

TDI,OMC,IPT 

MACRO INPUT CAP. 

CKDR,TDI: O.04pF 
DO: O.19pF 

All IMC,OMC,SHDR,UDDR: 
O.10pF 

IPT:O.22pF 

MACRO OUTPUT CAP. 

All PAD:4.96pF 

CMOS SWITCHING CHARACTERISTICS 

FUNCTION TABLE 

DO 
L 
H 

IPT 
L 
H 

II 

II 
JTAG 

PAD 
L 
Z 

DI 
H 
L 

For JTAG TruthTable Information, See 
Table 7-2:JTAG Logic Truth Tables-
Bidirectionals on page 7-182 In this 

Manual. 

(Input Edge Rate tr 1I=1.oon5) T J= 25 OOC (Nominal) all units are in ns , 

Parameter 
515 V 

5/5 V 
3.3/3.3 V 

BN160DJ 
BNL160DJ 

-CKDR 
-UDDR 
-IMC 
-SHDR 
-TDI 

BN160DJ 
BNL160DJ 

-OMC TDO 

XXX 
PAD 

3.313.3 V 
Rev 107 

Sym 
pF=O pF=50 pF=100 K (nsJpF) pF=O pF=50 pF=100 K(nsJpF) 

tpLH Propagation Delay, 
tpHL CKDRtoTDO 

tpLZ Propagalion Delay, 
tpzL DO to PAD 

tpLZ Propagation Delay, 
tpZL OMClo PAD 

tpLZ Propagation Delay, 
tpZL TDOtof>AD 

tpLZ Propagation Delay, 
tpZL UDDRtoPAD 

tr Output Rise Time, PAD 

If Output rail I ime, PAD 

tr output Rise Time, TOO 

tf Output Fall Time, TDO 
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BN160DJ 

0.76 0.76 0.76 
0.68 0.68 0.68 
1.01 1.02 1.02 
1.01 1.86 2.71 
1.72 1.73 1.73 
1.72 2.42 3.12 
1.94 1.94 1.95 
1.94 2.79 3.64 
2.12 2.12 2.13 
2.12 2.97 3.82 
0.00 0.Q1 0.Q1 
0.53 1.98 3.43 
0.63 0.63 0.63 
0.41 . 0.41 0.41 

BNL160DJ 

0.00 1.13 1.13 1.13 0.00 
0.00 0.95 0.95 0.95 0.00 
0.00 1.39 1.39 1.40 0.00 
0.02 1.35 2.35 3.35 0.02 
0.00 2.23 2.24 2.24 0.00 
0.01 2.23 3.08 3.93 0.02 
0.00 2.68 2.69 2.69 0.00 
0.02 2.68 3.68 4.68 0.02 
0.00 2.89 2.89 2.90 0.00 
0.02 2.89 3.89 4.89 0.02 
0.00 0.00 0.01 0.01 0.00 
0.03 0.64 2.39 4.14 0.03 
0.00 0.87 0.87 0.87 0.00 
0.00 0.52 0.52 0.52 0.00 
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MOTOROLA TeCHNICAL DATA 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) a" units are in ns. 

515 V 
Sym Parameter 

FO=O FO=2 FO=8 K(nslpF) FO=O 

BN160DJ 

tpLH Propagation Delay, 0.51 0.52 0.56 0.13 0.71 

tpHL IMCtoDI 0.76 0.78 0.85 0.22 1.03 

tpLH Propagation Delay, 0.16 0.17 0.20 0.12 0.30 

tpHL IPTtoDI 0.32 0.34 0.40 0.18 0.45 

tpLH Propagation Delay, 0.79 0.80 0.84 0.13 1.20 

tpHL TOO to 01 0.88 0.90 0.97 0.21 1.28 

tpLH Propagation Delay, 0.89 0.91 0.95 0.13 1.25 

tpHL UDDRtoDI 1.05 1.08 1.14 0.22 1.52 

tr Output Rise Time, DI 0.20 0.23 0.29 0.22 0.18 
t, Output Fa" Time, DI 0.24 0.25 0.31 0.19 0.24 

-Capacitance per fanout - 0.05 pF (metal capacitance IS not Included). 

TTL SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.00c (Nominal) a" units are in ns. 

515 V 
Sym Parameter 

pF=O pF=50 pF=100 K (nslpF) pF=O 

BN160DJ 

tpLH Propagation Delay, 0.76 0.76 0.76 0.00 1.13 
tpHL CKDRtoTDO 0.68 0.68 0.68 0.00 0.95 
tpLZ Propagation Delay, 1.13 1.13 1.14 0.00 1.45 

tpZL DO to PAD 1.12 2.37 3.62 0.03 1.41 
tpLZ Propagation Delay, 1.97 1.98 1.98 0.00 2.36 
tpZL OMCtoPAD 1.97 3.02 4.07 0.02 2.36 
tPlZ Propagation Delay, 2.05 2.06 2.06 0.00 2.74 

tPZL TDOtoPAD 2.05 3.30 4.55 0.03 2.74 
tpLZ Propagation Delay, 2.23 2.24 2.24 0.00 2.95 
tpZL UDDRtoPAD 2.23 3.48 4.73 0.03 2.95 

tr Output Rise Time, PAD 0.00 0.01 0.Q1 0.00 0.00 
t, Output Fa" Time, PAD 0.53 1.98 3.43 0.03 0.64 
tr Output Rise Time, TDO 0.63 0.63 0.63 0.00 0.87 
t, Output Fa" Time, TDO 0.41 0.41 0.41 0.00 0.52 
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BN160DJ BNLl60DJ 

3.3/3.3 V 

FO=2 FO=8 

BNL160DJ 

0.73 0.80 
1.06 1.14 
0.32 0.38 
0.47 0.53 
1.22 1.29 
1.31 1.39 
1.27 1.33 
1.55 1.65 
0.21 0.32 
0.27 0.35 

3.3/3.3 V 

pF=50 pF=100 

BNL160DJ 

1.13 1.13 
0.95 0.95 
1.45 1.46 
2.61 3.81 
2.36 2.37 
3.36 4.36 
2.75 2.75 
3.94 5.14 
2.95 2.96 
4.15 5.35 
0.01 0.Q1 
2.39 4.14 
0.87 0.87 
0.52 0.52 

Rev. 1.07 

K (nslpF) 

0.22 
0.28 
0.19 
0.21 
0.22 
0.27 
0.19 
0.31 
0.35 
0.26 

Rev. 1.07 

K (nslpF) 

0.00 
0.00 
0.00 
0.02 
0.00 
0.02 
0.00 
0.02 
0.00 
0.02 
0.00 
0.03 
0.00 
0.00 
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II 

BN160DJ BNL 160DJ 

MOTOROLA TECHNICAL DATA ••••••• _ 

CMOsmL TIMING REQUIREMENTS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

Sym P$rameter 

tsu Set Up Time, DO to CKDR 

tsu Set Up Time, IPT to CKDR 

tsu Set Up Time, SHDR to CKDR 

tsu Set Up Time, TDI to CKDR 

th Hold Time, CKDR to DO 

~ Hold Time, CKDR to IPT 

th Hold Time, CKDR to SHDR 

th Hold Time, CKDR to TDI 

tw Pulse Width, CKDR(L) 

tw Pulse Width, CKDR(H) 

tw Pulse Width, UDDR(H) 

NOTE: For Functional Diagram see page 7- 79 

MOTOROLA 
7-82 

515 V 

Minimum Requirement 

BN160DJ 

0.66 

0.66 

0.31 

0.13 

0.15 

-0.01 

0.15 

0.31 

0.41 

0.77 

0.74 

Rev. 1.07 

3.313.3 V 

Minimum Requirement 

BNL160DJ 

0.99 

1.02 

0.53 

0.26 

0.17 

-0.09 

0.23 

0.41 

0.68 

1.18 

1.04 
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BN4TJ BNX4TJ BNLX4TJ BNL4TJ 

MOTOROLA TECHNICAL DATA 

Non - Inverting 3-State Bidirectional 
Output Buffers 
(3.3 V and 5 V SystemlCore Voltage) 

MACRO I SECTIONS USED FUNCTION TABLE 

All 1/0 
Rev 107 

DO 
L 

MACRO OUTPUTS/INPUTS H 
BIC,DI,TDO 1 X 

All DO,EN,CKDR,UDDR,IMC,SHDR, 
TDI,OMC,IPT 

MACRO INPUT CAP. 

CKDR,TDI: 0.04pF 

IPT 
L 
H 

EN 
H 
H 
L 

JTAG 

II 
JTAG 

PAD 
L 
H 
Z 

DI 
H 
L 

515 V 
5/3.3 V 
3.3/5 V 
3.3/3.3 V 

BN4TJ 
BNX4TJ 

BNLX4TJ 
BNL4TJ 

TDO 

ALL 
DO,IPT: 0.24pF 

EN: 0.21pF 
IMC,OMC,SHDR,UDDR: 0.10pF 

For JTAG Truth Table Information, See 
Table 7·2, "JTAG Logic Truth Tabtes· 
Bidirectionals," on page 7·182 in this 

BN4TJ 
BNX4TJ 
BNLX4T J L-r-,.-""'..;..J 

Manual. 

MACRO I OUTPUT CAP. 

ALL PAD:4.96pF 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr tf=1 OOns) T J= 25 ODC (Nominal) all units are in ns , 

515 V 
Sym Parameter 

pF=O pF=50 pF=100 

BN4TJ 

tpLH Propagation Delay, 0.70 0.70 0.70 

tpHL CKDRto TDO 0.72 0.72 0.72 
tpLZ Propagation Delay, 0.99 3.24 5.49 

tpZL DO to PAD 1.02 2.97 4.92 

tpLZ Propagation Delay, 0.83 0.83 0.84 

tpZL ENto PAD 0.92 2.92 4.92 

tpZH Propagation Delay, 0.84 3.14 5.44 

tpHZ EN to PAD 0.83 0.84 0.84 
tpLZ Propagation Delay, 1.44 3.69 5.94 
tpZL OMCtoPAD 1.59 3.54 5.49 
tpLZ Propagation Delay, 1.98 4.23 6.48 

tpZL TDOtoPAD 2.01 3.96 5.91 
tpLZ Propagation Delay, 2.08 4.33 6.58 

tpZL UDDRto PAD 2.20 4.15 6.10 

tr Output Rise Time, PAD 0.38 5.53 10.68 
tf Outpu1 Fall Time, PAD 0.37 4.17 7.97 

Ir Output Rise Time, TDO 0.63 0.63 0.63 

tf Output Fall Time, TDO 0.41 0.41 0.41 

H4CPlus Series Design Reference Guide 

K (ns/pF) 

0.00 
0.00 
0.05 
0.04 
0.00 
0.04 
0.05 
0.00 
0.05 
0.04 
0.05 
0.04 
0.05 
0.04 
0.10 
0.08 
0.00 
0.00 

BNL4TJ 

pF=O 

0.70 
0.72 
1.04 
0.83 
1.06 
1.16 
0.89 
0.88 
1.49 
1.40 
2.04 
1.83 
2.13 
2.01 
0.38 
0.28 
0.63 
0.41 

XXX 
PAD 

3.315 V 

pF=50 pF=100 

BNLX4TJ 

0.70 0.70 
0.72 0.72 
3.29 5.54 
2.88 4.93 
1.07 1.07 
3.51 5.86 
3.19 5.49 
0.89 0.89 
3.74 5.99 
3.45 5.50 
4.29 6.54 
3.88 5.93 
4.38 6.63 
4.06 6.11 
5.53 10.68 
4.93 9.58 
0.63 0.63 
0.41 0.41 

Rev 107 

K (ns/pF) 

0.00 
0.00 
0.05 
0.04 
0.00 
0.05 
0.05 
0.00 
0.05 
0.04 
0.05 
0.04 
0.05 
0.04 
0.10 
0.09 
0.00 
0.00 
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BN4TJ BNX4TJ BNLX4TJ BNL4TJ 

•••••••• MOTOROLA TECHNICAL DATA •••••••• 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr tf=1 OOns) T J= 25 OOC (Nominal) all units are in ns. , 

515 V 
Sym Parameter 

FO=O FO=2 FO=8 

BN4TJ 

tplH Propagation Delay, 0.75 0.77 0.84 

tpHL IMCtoDI 0.51 0.52 0.56 

tplH Propagation Delay, 0.16 0.17 0.20 

tpHL IPTtoDI 0.32 0.34 0.40 

tpLH Propagation Delay, 0.79 0.80 0.84 

tpHL TDOtoDI 0.88 0.90 0.97 

tpLH Propagation Delay, 0.89 0.91 0.95 

tpHl UDDRto DI 1.05 1.08 1.14 

tr Oulput Rise Time, DI 0.63 0.63 0.63 

tf Output Fall Time, DI 0.41 0.41 0.41 
Ca acitance er fanout - 0.05 )1" metal c p p p ( ap acitance is not included . 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

Sym Parameter 

tplH Propagation Delay, 
tpHl CKDRtoTDO 

tpLZ Propagation Delay, 
tpZl DO to PAD 

tpLZ Propagation Delay, 
tpZl EN to PAD 

tpZH Propagation Delay, 
tpHZ EN to PAD 

tpLZ Propagation Delay, 
tpzl OMCto PAD 

tpLZ Propagation Delay, 
tpZl TDOtoPAD 

tpLZ Propagation Delay, 
tpZl UDDRto PAD 

tr Output Rise Time, PAD 

tf Output Fall lime, PAD 

tr Output Rise Time, TDO 

tf Output Fall lime, TDO 

MOTOROLA 

7-84 

5/3.3 V 

pF=O pF=50 pF=100 

BNX4TJ 

1.04 1.04 1.04 
1.01 1.01 1.01 
1.68 3.93 6.18 
1.93 4.88 7.83 
1.23 1.24 1.24 
1.34 4.14 6.94 
1.47 3.77 6.07 
1.44 1.45 1.45 
2.30 4.55 6.80 
2.62 5.52 8.42 
3.15 5.40 7.65 
3.38 6.28 9.18 
3.22 5.47 7.72 
3.55 6.45 9.35 
0.43 5.58 10.73 
0.34 6.09 11.84 
0.87 0.87 0.87 
0.52 0.52 0.52 

Rev. 1.07 
3.315 V 

K (ns/pF) FO=O FO=2 FO=8 K (ns/pF) 

BNLX4TJ 

0.22 0.75 0.77 0.84 0.22 
0.13 0.51 0.52 0.56 0.13 
0.12 0.16 0.17 0.20 0.12 
0.18 0.32 0.34 0.40 0.18 
0.13 0.79 0.80 0.84 0.13 
0.21 0.88 0.90 0.97 0.21 
0.13 0.89 0.91 0.95 0.13 
0.22 1.05 1.08 1.14 0.22 
0.00 0.20 0.23 0.29 0.22 
0.00 0.24 0.25 0.31 0.19 

Rev. 1.07 
3.3/3.3 V 

K (ns/pF) pF=O pF=50 pF=100 K(ns/pF) 

BNL4TJ 

0.00 1.04 1.04 1.04 0.00 
0.00 1.01 1.01 1.01 0.00 
0.04 1.36 4.56 7.76 0.06 
0.06 1.37 3.72 6.07 0.05 
0.00 1.07 1.07 1.08 0.00 
0.06 1.15 3.60 6.05 0.05 
0.05 1.16 4.46 7.76 0.07 
0.00 1.13 1.14 1.14 0.00 
0.04 1.98 5.18 8.38 0.06 
0.06 2.13 4.38 6.63 0.04 
0.04 2.82 6.02 9.22 0.06 
0.06 2.86 5.11 7.36 0.04 
0.04 2.90 6.10 9.30 0.06 
0.06 3.05 5.30 7.55 0.04 
0.10 0.48 7.63 14.78 0.14 
0.11 0.44 5.09 9.74 0.09 
0.00 0.87 0.87 0.87 0.00 
0.00 0.52 0.52 0.52 0.00 
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BN4TJ BNX4TJ BNLX4TJ BNL4TJ 

MOTOROLA TeCHNICAL DATA 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) TJ= 25.0DC (Nominal) all units are in ns. 

515 V 
Sym Parameter 

FO=O FO=2 FO=8 

BNX4TJ 

tpLH Propagation Delay, 1.07 1.10 1.19 
tpHL IMCtoDI 0.68 0.70 0.76 

tpLH Propagation Delay, 0.28 0.29 0.34 

tpHL IPTtoDI 0.48 0.50 0.57 

tpLH Propagation Delay, 1.17 1.19 1.25 

tpHL TOO to 01 1.32 1.35 1.44 

tpLH Propagation Delay, 1.25 1.27 1.33 

tpHL UDDRtoDI 1.52 1.55 1.65 
t, Output Rise Time, 01 0.18 0.21 0.32 

It Output Fall Time, 01 0.24 0.27 0.35 
Capacitance pe, fanout - 0.05 pF (metal capacitance is not included). 

TTL SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0DC (Nominal) all units are in ns. 

Sym 
515 V 

Parameter 
pF=O pF=50 pF=100 

BN4TJ 

tpLH Propagation Delay, 0.70 0.70 0.70 
tpHL CKDRtoTOO 0.72 0.72 0.72 
tpLZ Propagation Delay, 0.91 2.06 3.21 
tpZL DO to PAD 1.10 4.16 7.20 
tpLZ Propagation Delay, 0.91 0.92 0.92 

tpZL EN to PAD 1.01 4.16 7.31 
tpZH Propagation Delay, 0.75 1.90 3.05 

tpHZ EN to PAD 0.75 0.75 0.76 
tpLZ Propagation Delay, 1.36 2.51 3.66 
tpzL OMCtoPAD 1.67 4.72 7.77 
tpLZ Propagation Delay, 1.90 3.05 4.20 
tpZL TOO to PAD 2.09 5.14 8.19 
tpLZ Propagation Delay, 2.00 3.15 4.30 
tpZL UDDRto PAD 2.29 5.34 8.39 

t, Output Rise Time, PAD 0.38 5.53 10.68 
tf Output Fall Time, PAD 0.37 4.17 7.97 
t, Output Rise Time, TOO 0.63 0.63 0.63 
tf Output Fall Time, TOO 0.41 0.41 0.41 

H4CPlus Series Design Reference Guide 

K (nslpF) FO=O 

0.31 1.07 
0.19 0.68 
0.16 0.28 
0.23 0.48 
0.19 1.17 
0.31 1.32 
0.19 1.25 
0.31 1.52 
0.35 0.18 
0.26 0.24 

K(nslpF) pF=O 

0.00 0.70 
0.00 0.72 
0.02 1.01 
0.06 0.86 
0.00 1.10 
0.06 1.19 
0.02 0.86 
0.00 0.85 
0.02 1.46 
0.06 1.43 
0.02 2.00 
0.06 1.86 
0.02 2.10 
0.06 2.04 
0.10 0.38 
0.08 0.28 
0.00 0.63 
0.00 0.41 

3.3/5 V 

FO=2 FO=8 

BNL4TJ 

1.10 1.19 
0.70 0.76 
0.29 0.34 
0.50 0.57 
1.19 1.25 
1.35 1.44 
1.27 1.33 
1.55 1.65 
0.21 0.32 
0.27 0.35 

3.3/5 V 

pF=50 pF=100 

BNLX4TJ 

0.70 0.70 
0.72 0.72 
2.76 4.51 
3.46 6.06 
1.10 1.11 
4.14 7.09 
2.61 4.36 
0.85 0.86 
3.21 4.96 
3.98 6.53 
3.70 5.40 
4.41 6.96 
3.85 5.60 
4.59 7.14 
5.53 10.68 
4.93 9.58 
0.63 0.63 
0.41 0.41 

Rev. 1.07 

K (ns/pF) 

0.31 
0.19 
0.16 
0.23 
0.19 
0.31 
0.19 
0.31 
0.35 
0.26 

Rev. 1.07 

K (nslpF) 

0.00 
0.00 
0.04 
0.05 
0.00 
0.06 
0.04 
0.00 
0.04 
0.05 
0.03 
0.05 
0.04 
0.05 
0.10 
0.09 
0.00 
0.00 
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BN4TJ BNX4TJ BNLX4TJ BNL4TJ 
MOTOROLA TECHNICAL DATA _______ _ 

TTL SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,II=1.00ns) T J= 25.00C (Nominal) all units are in ns. Rev. 1.07 

513.3 V 3.313.3 V 
Sym Parameter 

pF=O pF=50 pF=100 K (nslpF) pF=O pF=50 pF=100 K(ns/pF) 

BNX4TJ BNL4TJ 

tpLH Propagation Delay, 1.04 1.04 1.04 0.00 1.04 1.04 1.04 0.00 

tpHL CKDRto TDO 1.01 1.01 1.01 0.00 1.01 1.01 1.01 0.00 
tpLZ Propagation Delay, 1.59 2.74 3.89 0.02 1.31 3.81 6.31 0.05 
tpZL DO to PAD 2.02 6.57 11.12 0.09 1.41 4.31 7.21 0.06 

tpLZ Propagation Delay, 1.33 1.34 1.34 0.00 1.10 1.10 1.11 0.00 
tpZL EN to PAD 1.44 5.94 10.44 0.09 1.11 1.11 1.12 0.00 

tpZH Propagation Delay, 1.37 2.52 3.67 0.02 1.19 4.19 7.19 0.06 

tpHZ EN to PAD 1.35 1.35 1.36 0.00 1.11 3.66 6.21 0.05 
tpLZ Propagation Delay, 2.21 3.36 4.51 0.02 1.93 4.43 6.93 0.05 
tpzL OMCtoPAD 2.72 7.27 11.82 0.09 2.17 4.97 7.77 0.06 
tpLZ Propagation Delay, 3.06 4.16 5.26 0.02 2.78 5.23 7.68 0.05 
tpZL TDOtoPAD 3.47 8.02 12.57 0.09 2.90 5.65 8.40 0.05 
tpLZ Propagation Delay, 3.13 4.28 5.43 0.02 2.85 5.30 7.75 0.05 
tpZL UDDRto PAD 3.64 8.19 12.74 0.09 3.09 5.89 8.69 0.06 

tr Output Rise Time, PAD 0.43 5.58 10.73 0.10 0.48 7.63 14.78 0.14 
tf Output Fall Time, PAD 0.34 6.09 11.84 0.11 0.44 5.09 9.74 0.09 
tr Output Rise Time, TDO 0.87 0.87 0.87 0.00 0.87 0.87 0.87 0.00 
tf Output Fall Time, TDO 0.52 0.52 0.52 0.00 0.52 0.52 0.52 0.00 

CMOsmL TIMING REQUIREMENTS 
(Input Edge Rate tr,II=1.00ns) T J= 25.0°C (Nominal) all units are in ns. Rev. 1.07 

515 V 3.315 V 
Sym Parameter 

Minimum Requirement Minimum Requirement 

MOTOROLA 

7-86 

tsu 

tsu 

tsu 

tsu 

th 

th 

th 

th 

tw 

tw 

tw 

Set Up Time, DO,SHDR to CKDR 

Set Up Time, EN to CKDR 

Set Up Time, IPT to CKDR 

Set Up Time, TDI to CKDR 

Hold Time, CKDR to DO,SHDR 

Hold Time, CKDR to EN 

Hold Time, CKDR to IPT 

Hold Time, CKDR to TDI 

Pulse Width, CKDR(L) 

Pulse Width, CKDR(H) 

Pulse Width, UDDR(H) 

BN4TJ BNLX4TJ 

0.33 0.33 

0.63 0.62 

0.67 0.67 

0.13 0.13 

0.15 0.15 

0.11 0.12 

0.00 0.00 

0.31 0.31 

0.42 0.42 

0.78 0.78 

0.75 0.75 
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BN4T J BNX4T J BNLX4T J BNL4T J 

MOTOROLA TECHNICAL DATA 

CMOSITTL TIMING REQUIREMENTS 
(Input Edge Rate tr,tf=l.00ns) T J= 25.00c (Nominal) all units are in ns. 

513.3V 
Sym Parameter 

Minimum Requirement 

BNX4TJ 

tsu Set Up lime, DO to CKDR 0.62 

tsu Set Up Time, EN to CKDR 1.16 

tsu Set Up Time, IPT to CKDR 1.03 

tsu Set Up Time, SHDR to CKDR 0.53 

tsu Set Up Time, TDI to CKDR 0.26 

th Hold Time, CKDR to DO 0.19 

th Hold Time, CKDR to EN 0.01 

th Hold Time, CKDR to IPT -0.08 

th Hold Time, CKDR to SHDR 0.23 

th Hold Time, CKDR to TDI 0.41 

tw Pulse Width, CKDR(L) 0.72 

tw Pulse Width, CKDR(H) 1.18 

tw Pulse Width, UDDR(H) 1.05 

H4CPlus Series Design Reference Guide 

Rev. 1.07 

3.313.3 V 

Minimum Requirement 

BNL4TJ 

0.62 

0.99 

1.03 

0.53 

0.26 

0.20 

0.07 

-0.08 

0.23 

0.41 

0.72 

1.18 

1.05 

MOTOROLA 
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BN4TJ BNX4TJ BNLX4TJ BNL4TJ 
MOTOROLA TECHNICAL DATA _______ _ 

EN 

",t""""""" 

MOTOROLA 

7-88 

2 to 1 
MUX 

X 

FUNCTIONAL DIAGRAM: BNXT J 

2 to1 
MUX 

X A 
B 

SL 
2 to 1 

2to 1 MUX 
MUX LATa 

A X 
X D a D a B 

LATCH SL 
G OB 

~" ······1 )0 •••••••••••••••••••••••••••••••.•••• 
BIC ~...... IPT 

BICNJ 

PAD 
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BNBT J BNXBT J BNLXBT J BNLBT J 

MOTOROLA TECHNICAL DATA 

Non-Inverting 3-State Bidirectional 
Output Buffers - JTAG 
(3.3 V and 5 V System/Core Voltage) 

SECTIONS USED 
FUNCTION TABLE 

1/0 DO 
Rev 107 .. L 

MACRO OUTPUTSIINPUTS H 
BIC,OI,TOO I X 

All DO,EN,CKDR,UDDR,IMC,SHDR, 
TDI,OMC,IPT 

MACRO INPUT CAP. 

CKDR,TDI: O.04pF 

IPT 
L 
H 

JTAG 
EN 
H 
H 
L 

II 
JTAG 

PAD 
L 
H 
Z 

01 
H 
L 

5/5 V 
5/3.3 V 
3.3/5 V 
3.3/3.3 V 

ALL DO,IPT: 0.24pF 
EN: 0.21pF 

IMC,OMC,SHDR,UDDR: 0.10pF 

For JTAG Truth Table Infonnation, See 
Table 7-2, "JTAG logic Truth Tables
Bidirectionals," on page 7-182 in this 

BNBTJ 
BNXBTJ 
BNLXBTJ 
BNLBTJ 

Manual. 

OUTPUT CAP. 

PAD:5.10pF 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=l.oons) T J= 25.00C (Nominal) all units are in ns. 

Parameter 
515 V 

BN8TJ 
BNX8TJ 

BNLX8TJ 
BNL8TJ 

CKDR 
UDDR 
IMC 
SHDR 
TDI 
OMC 

TDO 

3.3/5 V 

xxx 
PAD 

Rev. 1.07 

Sym 
pF=O pF=50 pF=l00 K (nslpF) pF=O pF=50 pF=100 K(nslpF) 

BN8TJ 

tpLH Propagation Delay, 0.70 0.70 0.70 
tpHL CKDRto TDO 0.72 0.72 0.72 
tpLZ Propagation Delay, 0.92 2.22 3.52 
tpZL DO to PAD 1.10 2.35 3.60 
tpLZ Propagation Delay, 0.91 0.91 0.92 
tpZL EN to PAD 1.00 2.25 3.50 

tpZH Propagation Delay, 0.75 2.05 3.35 
tpHZ EN to PAD 0.73 0.74 0.74 
tpLZ Propagation Delay, 1.37 2.67 3.97 
tpZL OMCtoPAD 1.65 2.90 4.15 
tpLZ Propagation Delay, 1.91 3.21 4.51 
tpZL TDOtoPAD 2.09 3.34 4.59 
tpLZ Propagation Delay, 2.00 3.30 4.60 
tpZL UDDRtoPAD 2.27 3.52 4.77 

tr Output Rise Time, PAD 0.29 3.24 6.19 
tf Output Fall Time, PAD 0.49 2.74 4.99 
tr Output Rise Time, TDO 0.63 0.63 0.63 
tf Output Fall Time, TOO 0.41 0.41 0.41 

H4CPlus Series Design Reference Guide 

0.00 0.70 
0.00 0.72 
0.03 1.34 
0.03 1.16 
0.00 1.26 
0.03 1.35 
0.03 1.19 
0.00 1.lB 
0.03 1.79 
0.03 1.71 
0.03 2.33 
0.03 2.15 
0.03 2.43 
0.03 2.33 
0.06 0.59 
0.05 0.54 
0.00 0.63 
0.00 0.41 

BNLX8TJ 

0.70 0.70 
0.72 0.72 
2.69 4.04 
2.26 3.36 
1.26 1.27 
2.55 3.75 
2.59 3.99 
1.18 1.19 
3.14 4.49 
2.66 3.61 
3.6B 5.03 
3.25 4.35 
3.7B 5.13 
3.43 4.53 
3.54 6.49 
2.84 5.14 
0.63 0.63 
0.41 0.41 

0.00 
0.00 
0.03 
0.02 
0.00 
0.02 
0.03 
0.00 
0.03 
0.02 
0.03 
0.02 
0.03 
0.02 
0.06 
0.05 
0.00 
0.00 
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BNBT J BNXBT J BNLXBT J BNL8T J 

MOTOROLA TECHNICAL DATA ••••••• _ 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr tf-l OOns) T J- 250°C (Nominal) all units are in ns , - . -

Sym Parameter 
FO=O 

5/SV 

FO=2 FO=8 

BN8TJ 

tpLH Propagation Delay, 0.75 0.77 0.B4 

tpHL IMCtoDI 0.51 0.52 0.56 

tpLH Propagation Delay, 0.16 0.17 0.20 

tpHL IPTto 01 0.32 0.34 0.40 

tpLH Propagation Delay, 0.79 0.80 0.B4 

tpHL TOO to 01 0.B8 0.90 0.97 

tpLH Propagation Delay, 0.B9 0.91 0.95 
tpHL UDDRtoDI 1.05 1.08 1.14 

tr Output Rise Time, 01 0.20 0.23 0.29 

It Output Fall Time, 01 0.24 0.25 0.31 
capacitance per fanout - 0.05 pF (metal capacHance is not included). 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

Sym Parameter 

tpLH Propagation Delay, 
tpHL CKDRtoTDO 

tpLZ Propagation Delay, 
tpZL DO to PAD 

tpLZ Propagation Delay, 

tpZL EN to PAD 

tpZH Propagation Delay, 

tpHZ EN to PAD 

tpLZ Propagation Delay, 

tpZL OMCloPAD 

IpLZ Propagation Delay, 
tpzL TOO to PAD 

tpLZ Propagation Delay, 
tpZL UDDRtoPAD 

Ir Outpul Rise Time, PAD 

If Output Fall Time, PAD 

tr Outpul Rise Time, TOO 

tf Output Fall Time, TOO 

MOTOROLA 

7-90 

513.3 V 

pF=O pF=50 pF=100 

BNX8TJ 

1.04 1.04 1.04 
1.01 1.01 1.01 
2.03 3.38 4.73 
2.04 3.59 5.14 
1.47 1.48 1.48 
1.57 3.07 4.57 
1.85 3.25 4.65 
1.84 1.85 1.85 
2.65 4.00 5.35 
2.72 4.27 5.82 
3.50 4.85 6.20 
3.45 5.00 6.55 
3.57 4.92 6.27 
3.64 5.14 6.64 
0.78 3.63 6.48 
0.56 3.41 6.26 
0.87 0.B7 0.B7 
0.52 0.52 0.52 

Rev 107 

3.315 V 

K (ns/pF) FO=O FO=2 FO=8 K (ns/pF) 

BNLX8TJ 

0.22 0.75 0.77 0.B4 0.22 
0.13 0.51 0.52 0.56 0.13 
0.12 0.16 0.17 0.20 0.12 
0.18 0.32 0.34 0.40 0.18 
0.13 0.79 0.80 0.84 0.13 
0.21 0.B8 0.90 0.97 0.21 
0.13 0.B9 0.91 0.95 0.13 
0.22 1.05 1.08 1.14 0.22 
0.22 0.20 0.23 0.29 0.22 
0.19 0.24 0.25 0.31 0.19 

Rev. 1.07 

3.313.3 V 

K (ns/pF) pF=O pF=50 pF=100 K (ns/pF) 

BNLBTJ 

0.00 1.04 1.04 1.04 0.00 
0.00 1.01 1.01 1.01 0.00 
0.03 1.30 3.15 5.00 0.04 
0.03 1.49 2.99 4.49 0.03 
0.00 1.19 1.20 1.20 0.00 
0.03 1.27 2.77 4.27 0.03 
0.03 1.10 2.95 4.80 0.04 
0.00 1.07 1.0B 1.08 0.00 
0.03 1.92 3.77 5.62 0.04 
0.03 2.18 3.68 5.18 0.03 
0.03 2.77 4.57 6.37 0.04 
0.03 2.89 4.34 5.79 0.03 
0.03 2.84 4.64 6.44 0.04 
0.03 3.09 4.54 5.99 0.03 
0.06 0.35 4.40 8.45 0.08 
0.06 0.59 3.34 6.09 0.05 
0.00 0.87 0.87 0.B7 0.00 
0.00 0.52 0.52 0.52 0.00 

H4CPlus Series Design Reference Guide 



BN8T J BNX8T J BNLX8T J BNL8T J 

MOTOROLA TECHNICAL DATA 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. Rev. 1.07 

515 V 
Sym Parameter 

FO=O FO=2 FO=B 

BNXBTJ 

tpLH Propagation Delay, 1.07 1.10 1.19 
tpHL IMCto 01 0.68 0.70 0.76 
tpLH Propagation Delay, 0.28 0.29 0.34 
tpHL IPTtoDI 0.48 0.50 0.57 
tpLH Propagation Delay, 1.17 1.19 1.25 
tpHL TOO to 01 1.32 1.35 1.44 
tpLH Propagation Delay, 1.25 1.27 1.33 
tpHL UDDRto DI 1.52 1.55 1.65 

tf Output Rise Time, DI 0.18 0.21 0.32 
tf Output Fall Time, DI 0.24 0.27 0.35 

-Capacitance per fanout - 0.05 pF (metal capacitance IS not Included). 

TTL SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

5/5 V 
Sym Parameter 

pF=O pF=50 pF=100 

BNBTJ 

IpLH Propagalion Delay, 0.70 0.70 0.70 
tpHL CKDRtoTDO 0.72 0.72 0.72 
tpLZ Propagalion Delay, 0.85 1.50 2.15 
tpZL DO to PAD 1.20 3.10 5.00 
tpLZ Propagalion Delay, 1.01 1.02 1.02 

tpZL EN to PAD 1.11 3.01 4.91 
tpZH Propagation Delay, 0.67 1.32 1.97 

tpHZ EN to PAD 0.66 0.67 0.67 
tpLZ Propagation Delay, 1.30 1.95 2.60 
tpZL OMCtoPAD 1.76 3.61 5.46 
tpLZ Propagation Delay, 1.84 2.49 3.14 
tpzL TDOtoPAD 2.19 4.04 5.89 
tpLZ Propagation Delay, 1.93 2.58 3.23 
tpZL UDDRto PAD 2.38 4.23 6.08 

tf Outpul Rise Time, PAD 0.29 3.24 6.19 
If Outpul Fall Time, PAD 0.49 2.74 4.99 
tf Output Rise Time, TOO 0.63 0.63 0.63 
If Oulpul Fall Time, TOO 0.41 0.41 0.41 

H4CPlus Series Design Reference Guide 

K (ns/pF) FO=O 

0.31 1.07 
0.19 0.68 
0.16 0.28 
0.23 0.48 
0.19 1.17 
0.31 1.32 
0.19 1.25 
0.31 1.52 
0.35 0.18 
0.26 0.24 

K (ns/pF) pF=O 

0.00 0.70 
0.00 0.72 
0.01 1.28 
0.04 1.22 
0.00 1.30 
0.04 1.40 
0.01 1.12 
0.00 1.11 
0.01 1.72 
0.04 1.77 
0.01 2.26 
0.04 2.20 
0.01 2.36 
0.04 2.38 
0.06 0.59 
0.05 0.54 
0.00 0.63 
0.00 0.41 

3.315 V 

FO=2 FO=B 

BNLBTJ 

1.10 1.19 
0.70 0.76 
0.29 0.34 
0.50 0.57 
1.19 1.25 
1.35 1.44 
1.27 1.33 
1.55 1.65 
0.21 0.32 
0.27 0.35 

3.315 V 

pF=50 pF=100 

BNLXBTJ 

0.70 0.70 
0.72 0.72 
2.33 3.38 
2.62 4.02 
1.31 1.31 
2.85 4.30 
2.22 3.32 
1.11 1.12 
2.77 3.82 
3.12 4.47 
3.31 4.36 
3.55 4.90 
3.41 4.46 
3.73 5.08 
3.54 6.49 
2.84 5.14 
0.63 0.63 
0.41 0.41 

K (ns/pF) 

0.31 
0.19 
0.16 
0.23 
0.19 
0.31 
0.19 
0.31 
0.35 
0.26 

Rev. 1.07 

K (ns/pF) 

0.00 
0.00 
0.02 
0.03 
0.00 
0.03 
0.02 
0.00 
0.02 
0.03 
0.02 
0.03 
0.02 
0.03 
0.06 
0.05 
0.00 
0.00 
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BN8T J BNX8T J BNLX8T J BNL8T J 

MOTOROLA TECHNICAL DATA _ •••••• _ 

TTL SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,ti=1.00ns) T J= 25.0°C (Nominal) all units are in ns. Rev. 1.07 

513.3 V 3.3/3.3 V 
Sym Parameter 

pF=O pF=50 pF=l00 K (nsJpF) pF=O pF=50 pF=100 K(nsJpF) 

BNX8TJ BNL8TJ 

tpLH Propagation Delay, 1.04 1.04 1.04 0.00 1.04 1.04 1.04 0.00 
tpHL CKDR to TOO 1.01 1.01 1.01 0.00 1.01 1.01 1.01 0.00 
tpLZ Propagation Delay, 1.80 2.60 3.40 0.02 1.27 2.67 4.07 0.03 

tpZL DO to PAD 2.15 4.50 6.85 0.05 1.54 3.34 5.14 0.04 

tpLZ Propagation Delay, 1.62 1.62 1.63 0.00 1.25 1.25 1.26 0.00 

tpZL EN to PAD 1.72 4.02 6.32 0.05 1.33 3.18 5.03 0.04 

tpZH Propagation Delay, 1.61 2.41 3.21 0.02 1.06 2.51 3.96 0.03 

tpHz EN to PAD 1.60 1.60 1.61 0.00 1.04 1.04 1.05 0.00 
tpLZ Propagation Delay, 2.42 3.22 4.02 0.02 1.89 3.29 4.69 0.03 

tpZL OMCloPAD 2.83 5.18 7.53 0.05 2.23 4.03 5.83 0.04 
IpLZ Propagalion Delay, 3.28 4.03 4.78 0.01 2.74 4.14 5.54 0.03 
IpZL TOO to PAD 3.56 5.91 8.26 0.05 2.95 4.75 6.55 0.04 
tpLZ Propagation Delay, 3.35 4.10 4.85 0.01 2.81 4.21 5.61 0.03 

tpZL UDDRto PAD 3.75 6.10 8.45 0.05 3.14 4.94 6.74 0.04 
t, Output Rise Time, PAD 0.78 3.63 6.48 0.06 0.35 4.40 8.45 0.08 
tf OUlpul Fall Time, PAD 0.56 3.41 6.26 0.06 0.59 3.34 6.09 0.05 
t, OUlput Rise Time, TDO 0.87 0.87 0.87 0.00 0.87 0.87 0.87 0.00 
If Output Fall Time, TOO 0.52 0.52 0.52 0.00 0.52 0.52 0.52 0.00 

CMOSlTTl. TIMING REQUIREMENTS 
(Inpul Edge Rale Ir,ti=1.00ns) T J= 25.0°C (Nominal) all unils are in ns. Rev. 1.07 

515 V 3.315 V 
Parameter Sym 

Minimum Requirement Minimum Requirement 

MOTOROLA 

7-92 

Isu 

tsu 

Isu 

tsu 

th 

Ih 

th 

th 

Iw 

tw 

tw 

Sel Up Time, DO,SHDR 10 CKDR 

Set Up Time, EN to CKDR 

Set Up Time, IPT 10 CKDR 

Sel Up Time, TDI 10 CKDR 

Hold Time, CKDR to DO,SHDR 

Hold Time, CKDR 10 EN 

Hold Time, CKDR to IPT 

Hold Time, CKDR to TDr 

Pulse Width, CKDR(L) 

Pulse Width, CKDR(H) 

Pulse Width, UDDR(H) 

BN8TJ BNLX8TJ 

0.33 0.32 

0.64 0.63 

0.67 0.67 

0.13 0.13 

0.15 0.15 

0.10 0.11 

0.00 0.00 

0.31 0.31 

0.42 0.42 

0.78 0.78 

0.75 0.75 
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BN8T J BNX8T J BNLX8T J BNLBT J 

MOTOROLA TECHNICAL DATA 

CMOsnTL TIMING REQUIREMENTS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0OC (Nominal) all units are in ns. Rev. 1.07 

Sym Parameter 

tsu Set Up Time, DO to CKDR 

tsu Set Up Time, EN to CKDR 

tsu Set Up Time, IPT to CKDR 

tsu Set Up Time, SHDR to CKDR 

tsu Set Up Time, TDI to CKDR 

th Hold Time, CKDR to DO 

th Hold Time, CKDR to EN 

th Hold Time, CKDR to IPT 

th Hold Time, CKDR to SHDR 

th Hold Time, CKDR to TDI 

tw Pulse Width, CKDR(L) 

tw Pulse Width, CKDR(H) 

tw Pulse Width, UDDR(H) 

NOTE: 
For Functional Diagram see page 7-88 

H4CPlus Series Design Reference Guide 

513.3V 

Minimum Requirement 

BNX8TJ 

0.63 

1.13 

1.03 

0.53 

0.26 

0.20 

0.01 

-0.08 

0.23 

0.41 

0.72 

1.18 

1.05 

3.3/3.3 V 

Minimum Requirement 

BNL8TJ 

0.61 

1.00 

1.03 

0.53 

0.26 

0.20 

0.05 

-0.08 

0.23 

0.41 

0.72 

1.18 

1.05 

MOTOROLA 
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BN16TJ BNLX16TJ BNL16TJ 
MOTOROLA TECHNICAL DATA _______ _ 

Non-Inverting 3-State Bidirectional 
Output Buffers - JTAG 
(3.3 V and 5 V System/Core Voltage) 

MACRO SECTIONS USED 
FUNCTION TABLE 

All 1/0 DO 
Rev 107 .. L 

MACRO OUTPUTSIINPUTS H 
BIC,DI,TDO I X 

All DO,EN,CKDR,UDDR,IMC,SHDR, 
TDI,OMC,IPT 

MACRO INPUT CAP. 

CKDR,TDI: 0.04pF 

IPT 
L 
H 

JTAG 
EN 
H 
H 
L 

II 
JTAG 

PAD 
L 
H 
Z 

01 
H 
L 

515 V 
3.3/5 V 
3.313.3 V 

BN16TJ 
BNLX16TJ 

BNL16TJ 

CKDR 
UDDR 
IMC 
SHDR 
TOI TOO 
OMC 

ALL DO,EN,IPT: 0.24pF 
IMC,OMC,SHDR,UDDR: 0.1 OpF 

Fo, JTAG T,uth Table Information, See 
Table 7-2, "JTAG Logic Truth Tables
Bidi,eclionals," on page 7-182 in this 

BN16TJ 
BNLX16TJ 
BNL16TJ 

MACRO OUTPUT CAP. Manual. 

ALL PAD: 5.76pF 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=l.00ns) T J= 25.0°C (Nominal) all units are in ns. 

Sym Parameter 

tpLH Propagation Delay, 
tpHL CKDR to TOO 

tpLZ Propagation Delay, 

tPZL DO to PAD 

tpLZ Propagation Delay, 

tpZL EN to PAD 

tpZH Propagation Delay, 

tpHZ EN to PAD 

tpLZ Propagation Delay, 

tpzL OMCtoPAD 

tpLZ Propagation Delay, 
tpZL TOO to PAD 

tpLZ Propagation Delay, 
tpZL UDDRto PAD 

t, Output Rise Time, PAD 

tf Output Fall Time, PAD 

t, Output Rise Time, TOO 

tf Output Fall Time, TOO 

MOTOROLA 
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5/5 V 

pF=O pF=50 pF=100 

BN16TJ 

0.70 0.70 0.70 
0.72 0.72 0.72 
1.05 1.85 2.65 
1.18 1.98 2.78 
0.92 0.92 0.93 
1.00 1.85 2.70 
0.89 1.74 2.59 
0.88 0.88 0.89 
1.50 2.30 3.10 
1.73 2.53 3.33 
2.04 2.84 3.64 
2.17 2.97 3.n 
2.14 2.94 3.74 
2.35 3.15 3.95 
0.43 2.13 3.83 
0.50 1.90 3.30 
0.63 0.63 0.63 
0.41 0.41 0.41 

K (ns/pF) 

0.00 
0.00 
0.02 
0.02 
0.00 
0.02 
0.02 
0.00 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.03 
0.03 
0.00 
0.00 

pF=O 

0.70 
0.72 
1.30 
1.07 
1.01 
1.10 
1.13 
1.12 
1.75 
1.61 
2.29 
2.05 
2.39 
2.23 
0.58 
0.46 
0.63 
0.41 

3.3/5 V 

XXX 
PAD 

Rev. 1.07 

pF=50 pF=100 K (ns/pF) 

BNLX16TJ 

0.70 0.70 0.00 
0.72 0.72 0.00 
2.65 4.00 0.03 
1.72 2.37 0.Q1 
1.01 1.02 0.00 
1.75 2.40 0.Q1 
2.53 3.93 0.03 
1.13 1.13 0.00 
3.10 4.45 0.03 
2.16 2.71 0.01 
3.64 4.99 0.03 
2.65 3.25 0.01 
3.74 5.09 0.03 
2.83 3.43 0.01 
3.53 6.48 0.06 
1.61 2.76 0.02 
0.63 0.63 0.00 
0.41 0.41 0.00 
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MOTOROLA TECHNICAL DATA 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0·C (Nominal) all units are in ns. 

8ym Parameter 
FO=O FO=2 

515 V 

FO=8 K (nsJpF) FO=O 

BN16TJ 

tpLH Propagation Delay, 0.75 0.77 0.84 0.22 0.75 

tpHL IMC to 01 0.51 0.52 0.56 0.13 0.51 

tpLH Propagation Delay, 0.16 0.17 0.20 0.12 0.16 

tpHL IPTtoDI 0.32 0.34 0.40 0.18 0.32 
tpLH Propagation Delay, 0.79 0.80 0.84 0.13 0.79 
tpHL TOO to 01 0.88 0.90 0.97 0.21 0.88 
tpLH Propagation Delay, 0.89 0.91 0.95 0.13 0.89 
tpHL UDDR to 01 1.05 1.08 1.14 0.22 1.05 

tr Output Rise Time, 01 0.20 0.23 0.29 0.22 0.20 
tf Output Fall Time, 01 0.24 0.25 0.31 0.19 0.24 

vapacitance per fanout = 0.05 pF (metal capacitance is not included). 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0·C (Nominal) all units are in ns. 

3.313.3 V 
8ym Parameter 

pF=O pF=50 pF=100 

BNL16TJ 

tpLH Propagation Delay, 1.04 1.04 1.04 
tpHL CKDRtoTDO 1.01 1.01 1.01 
tpLZ Propagation Delay, 1.49 2.64 3.79 
tpZL DO to PAD 1.59 2.59 3.59 
tpLZ Propagation Delay, 1.20 1.21 1.21 

tpZL ENtoPAD 1.28 2.28 3.28 

tpzH Propagation Delay, 1.26 2.41 3.56 
tpHZ ENtoPAD 1.24 1.25 1.25 
tpLZ Propagation Delay, 2.11 3.26 4.41 
tpZL OMCtoPAD 2.27 3.07 3.87 
tpLZ Propagation Delay, 2.97 4.07 5.17 
tpzL TOO to PAD 2.99 3.94 4.89 
tpLZ Propagation Delay, 3.05 4.15 5.25 
tpZL UDDRtoPAD 3.20 4.15 5.10 

tr Output Rise Time, PAD 0.53 2.88 5.23 

~ Output Fall Time, PAD 0.59 2.29 3.99 
tr Output Rise Time, TOO 0.87 0.87 0.87 
tf Output Fall Time, TOO 0.52 0.52 0.52 

H4CPlus Series Design Reference Guide 

BN16TJ BNLX16TJ BNL16TJ 

3.315 V 

FO=2 FO=8 

BNLX16TJ 

0.77 0.84 
0.52 0.56 
0.17 0.20 
0.34 0.40 
0.80 0.84 
0.90 0.97 
0.91 0.95 
1.08 1.14 
0.23 0.29 
0.25 0.31 

Rev.t.07 

K (nsJpF) 

0.00 
0.00 
0.02 
0.02 
0.00 
0.02 
0.02 
0.00 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.05 
0.03 
0.00 
0.00 

Rev. 1.07 

K(nsJpF) 

0.22 
0.13 
0.12 
0.18 
0.13 
0.21 
0.13 
0.22 
0.22 
0.19 
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BN16TJ BNLX16TJ BNL16TJ 

MOTOROLA TECHNICAL DATA ••••••• _ 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr tf=l oons) T J= 25.00c (Nominal) all units are in ns. , Rev 107 

3.313.3 V 
Sym Parameter 

FO=O FO=2 FO=8 K(nslpF) 

BNL16TJ 

tpLH Propagation Delay, 1.07 1.10 1.19 0.31 

tpHL IMC to 01 0.68 0.70 0.76 0.19 

tpLH Propagation Delay, 0.28 0.29 0.34 0.16 

tpHL IPrto 01 0.48 0.50 0.57 0.23 

tpLH Propagation Delay, 1.17 1.19 1.25 0.19 

tpHL TOO to 01 1.32 1.35 1.44 0.31 
tpLH Propagation Delay, 1.25 1.27 1.33 0.19 

tpHL UDDRtoDI 1.52 1.55 1.65 0.31 

tr IOutput Rise Time, 01 0.18 0.21 0.32 0.35 

tf loutput Fall Time, 01 0.24 0.27 0.35 0.26 
(;apacltance per fanout = 0.05 pF (metal capacitance is not included). 

TTL SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=l.oons) T J= 25.()OC (Nominal) all units are in ns. Rev. 1.07 

515 V 
Sym Parameter 

pF=O pF=50 pF=100 

3.3/5 V 

K(nslpF) pF=O pF=50 pF=100 K(nslpF) 

BN16TJ BNLX16TJ 

tpLH Propagation Delay, 0.70 0.70 0.70 0.00 0.70 0.70 0.70 0.00 
tpHL CKDRtoTDO 0.72 0.72 0.72 0.00 0.72 0.72 0.72 0.00 
tpLZ Propagation Delay, 0.92 1.37 1.82 0.01 1.23 2.28 3.33 0.02 
tpZL DO to PAD 0.70 0.70 0.70 0.00 1.11 1.86 2.61 0.01 
tpLZ Propagation Delay, 1.03 1.03 1.04 0.00 1.05 1.06 1.06 0.00 

tpZL EN to PAD 1.12 2.37 3.62 0.03 1.14 1.94 2.74 0.02 
tpZH Propagation Delay, 0.75 1.20 1.65 0.01 1.06 2.16 3.26 0.02 
tpHZ EN to PAD 0.75 0.75 0.76 0.00 1.05 1.06 1.06 0.00 
tpLZ Propagation Delay, 1.37 1.82 2.27 0,01 1.69 2.74 3.79 0.02 
tpZL OMCto PAD 1.84 2.84 3.84 0.02 1.67 2.32 2.97 0.01 
tpLZ Propagation Delay, 1.91 2.36 2.81 0,01 2.23 3.28 4.33 0.02 
tpZL TOO to PAD 2.27 3.47 4.67 0.02 2.10 2.85 3.60 0.01 
tpLZ Propagation Delay, 2.01 2.46 2.91 0.01 2.32 3.37 4.42 0.02 
tpZL UDDRtoPAD 2.45 3.65 4.85 0.02 2.28 3.03 3.78 0.01 

tr Output Rise Time, PAD 0.43 2.13 3.83 0.03 0.58 3.53 6.48 0.06 

It Output Fall Time, PAD 0.50 1.90 3.30 0.03 0.46 1.61 2.76 0.02 
tr luutput Rise 1 ime, TDu 0.63 0.63 0.63 0.00 0.63 0.63 0.63 0.00 

It loutput Fall Time, TOO 0.41 0.41 0.41 0.00 0.41 0.41 0.41 0.00 

MOTOROLA 

7-96 

H4CPlus Series Design Reference Guide 



BN16TJ BNLX16TJ BNL16TJ 

MOTOROLA TECHNICAL DATA 

TTL SWITCHING CHARACTERISTICS 
(Inpul Edge Rale Ir,lI=l.00ns) T J= 25.O"C (Nominal) all unils are in ns. Rev. 1.07 

3.3/3.3 V 
Sym Parameter 

pF=O pF=50 pF=100 K (nslpF) 

BNL16TJ 

IpLH Propagalion Delay, 1.04 1.04 1.04 0.00 

IpHL CKDRloTDO 1.01 1.01 1.01 0.00 
IpLZ Propagalion Delay, 1.43 2.33 3.23 0.02 
IpZL 0010 PAD 1.64 2.84 4.04 0.02 

IpLZ Propagalion Delay, 1.26 1.27 1.27 0.00 

IpZL ENlo PAD 1.34 2.54 3.74 0.02 

IpZH Propagation Delay, 1.20 2.10 3.00 0.02 

IpHZ ENloPAD 1.18 1.19 1.19 0.00 
IpLZ Propagalion Delay, 2.05 2.95 3.85 0.02 
IpZL OMCloPAD 2.33 3.33 4.33 0.02 
IpLZ Propagation Delay, 2.91 3.81 4.71 0.02 
IpZL TDOlo PAD 3.05 4.20 5.35 0.02 
IpLZ Propagation Delay, 2.99 3.89 4.79 0.02 

IpZL UDDRlo PAD 3.26 4.41 5.56 0.02 
I, OUlput Rise Time, PAD 0.53 2.88 5.23 0.05 
If OUlpul Fall Time, PAD 0.59 2.29 3.99 0.03 
I, OUlput Rise Time, TOO 0.87 0.87 0.87 0.00 

If OUlput Fall Time, TDO 0.52 0.52 0.52 0.00 

CMOsnTL TIMING REQUIREMENTS 
(Inpul Edge Rale Ir,II=1.00ns) T J= 25.0·C (Nominal) all unils are in ns. Rev. 1.07 

515 V 3.315 V 
Parameter Sym 

Minimum Requirement Minimum Requirement 

tsu Sel Up Time, DO,SHDR to CKDR 

Isu Sel Up Time, EN 10 CKDR 

tsu Sel Up Time, IPTlo CKDR 

tsu Sel Up Time, TDllo CKDR 

th Hold Time, CKDR to DO,SHDR 

~ Hold Time, CKDR to EN 

Ih Hold Time, CKDR 10 IPT 

Ih Hold Time, CKDR 10 TDI 

Iw Pulse Widlh, CKDR(L) 

Iw Pulse Widlh, CKDR(H) 

Iw Pulse Width, UDDR(H) 

H4CPlus Series Design Reference Guide 

BN16TJ 

0.33 

0.65 

0.65 

0.13 

0.14 

0.08 

0.00 

0.31 

0.42 

0.78 

0.75 

BNLX16TJ 

0.33 

0.65 

0.67 

0.13 

0.15 

0.08 

0.00 

0.31 

0.42 

0.78 

0.75 
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BN16TJ BNLX16TJ BNL16TJ 
_______ • MOTOROLA TECHNICAL DATA _______ _ 

II 

CMOSITTL TIMING REQUIREMENTS 
(Input Edge Rate tr,tf=1.00ns) TJ= 25.00c (Nominal) aU units are in ns. 

Sym Parameter 

BNL16TJ 

tsu Set Up Time, DO to CKDR 

tsu Set Up Time, EN,IPT to CKDR 

tsu Set Up Time, SHDR to CKDR 

tsu Set Up Time, TDI to CKDR 

th Hold Time, CKDR to DO 

th Hold Time, CKDR to EN 

th Hold Time, CKDR to IPT 

th Hold Time, CKDR to SHDR 

th Hold TIme, CKDR to TDI 

lw Pulse Width, CKDR(L) 

tw Pulse Width, CKDR(H) 

tw Pulse Width, UDDR(H) 

NOTE: 
For Functional Diagram see page 7-88 

MOTOROLA 

7-98 
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3.3/3.3 V 

Minimum Requirement 

0.63 

1.04 

0.53 

0.26 

0.19 

0.03 

-0.08 

0.23 

0.41 

0.72 

1.18 

1.05 
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BN4TS2J BN8TS2J BN16TS2J 

MOTOROLA TECHNICAL DATA 

Non-Inverting 3-State Bidirectional Output 
Buffers - JTAG With Slew Rate Control (S2) 
(5 V System/Core Voltage) 

5/5 V 

MACRO SECTIONS USED 

All 1/0 
Rev 107 DO 

MACRO OUTPUTSJlNPUTS L 
H 

BIC,DI,TDO 1 X 
All DO,EN,CKDR,UDDR,IMC,SHDR, 

TDI,OMC,IPT 

MACRO INPUT CAP. 

CKDR,TDI: O.04pF 

FUNCTION TABLE 

IPT 
L 
H 

JTAG 
EN 
H 
H 
L 

II 
JTAG 

PAD 
L 
H 
Z 

01 
H 
L 

BN4TS2J,BN8TS2J 
DO,IPT: 0.24pF 

EN: 0.21pF 
For JTAG Truth Table Information, See 
Table 7·2, "JTAG Logic Truth Tables

Bidirectional.; on page 7-182 IMC,OMC,SHDR,UDDR: 0.10pF 
CKDR,TDI: 0.04pF in this Manual. 

BN16TS2J DO,EN,IPT: 0.24pF 
IMC,OMC,SHDR,UDDR: 0.10pF 

MACRO OUTPUT CAP. 

BN4TS2J PAD:4.96pF 
BN8TS2J PAD: 5.10pF 

BN16TS2J PAD: 5.76pF 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr tf=1 OOns) T J= 25 ODe (Nominal) all units are in ns , 

BN4TS2J 
BN8TS2J 
BN16TS2J 

BN4TS2J 
BN8TS2J 

BN16TS2J 

EN DO DI 

CKDR 
UDDR 
IMC 
SHDR 
TOI 
OMC 

PAD 

TDO 

Rev 107 

515 V 
Sym Parameter 

pF=O 

BN4TS2J 

tpLH Propagation Delay, 0.70 

tpHL CKDRto TDO 0.72 

tpLH Propagation Delay, 1.64 

tpHL DO to PAD 1.43 
tpLZ Propagation Delay, 1.24 
tpzL EN to PAD 1.33 

tpZH Propagation Delay, 1.49 

tpHZ EN to PAD 1.49 

tpLH Propagation Delay, 2.09 

tpHL OMCtoPAD 1.99 

tpLH Propagation Delay, 2.63 

tpHL TDOto PAD 2.42 

tpLH Propagation Delay, 2.72 

tpHL UDDR to PAD 2.61 

tr Output Rise Time, PAD 0.70 

tf Output Fall Time, PAD 0.55 

tr Output Rise Time, TDO 0.63 

tf Output Fall Time, TDO 0.41 

H4CPlus Series Design Reference Guide 

pF=50 pF=100 

0.70 0.70 
0.72 0.72 
3.94 6.24 

3.43 5.43 
1.25 1.25 
3.38 5.43 
3.84 6.19 
1.49 1.50 
4.39 6.69 
3.94 5.89 
4.93 7.23 
4.37 6.32 
5.02 7.32 
4.56 6.51 
5.80 10.90 
4.35 8.15 

0.63 0.63 
0.41 0.41 

K (ns/pF) 

0.00 
0.00 
0.05 
0.04 
0.00 
0.04 
0.05 
0.00 

0.05 
0.04 

0.05 
0.04 

0.05 
0.04 
0.10 
0.08 

0.00 
0.00 
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BN4TS2J BN8TS2J BN16TS2J 

MOTOROLA 

7-100 

MOTOROLA TECHNICAL DATA _______ _ 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,ti=1.oons) T J= 25.0DC (Nominal) all units are in ns. Rev 107 

Sym Parameter 
pF=O pF=50 

515 V 

pF=100 K(nslpF} 

BN8TS2J 

tpLH Propagation Delay, 0.70 0.70 0.70 0.00 

tpHL CKDRtoTDO 0.72 0.72 0.72 0.00 

tpLH Propagation Delay, 1.58 2.98 4.38 0.03 

tpHL DO to PAD 1.37 2.67 3.97 0.03 
tpLZ Propagation Delay, 1.19 1.20 1.20 0.00 

tpZL EN to PAD 1.28 2.58 3.88 0.03 

tpZH Propagation Delay, 1.43 2.83 4.23 0.03 

tpHZ EN to PAD 1.43 1.43 1.44 0.00 

tPLH Propagation Delay, 2.03 3.43 4.83 0.03 

tPHL OMCtoPAD 1.93 3.23 4.53 0.03 

tpLH Propagation Delay, 2.57 3.97 5.37 0.03 

tpHL TOO to PAD 2.36 3.66 4.96 0.03 

tpLH Propagation Delay, 2.67 4.07 5.47 0.03 

tpHL UDDRtoPAD 2.54 3.84 5.14 0.03 
t, Output Rise Time, PAD 0.79 3.69 6.59 0.06 
tf Output Fall Time, PAD 0.70 2.95 5.20 0.05 
t, Output Rise Time, TOO 0.63 0.63 0.63 0.00 

tf Output Fall Time, TOO 0.41 0.41 0.41 0.00 
BN16TS2J 

tpLH Propagation Delay, 0.70 0.70 0.70 0.00 

tpHL CKDRtoTDO 0.72 0.72 0.72 0.00 
tpLH Propagation Delay, 1.72 2.67 3.62 0.02 

tpHL DO to PAD 1.52 2.42 3.32 0.02 
tpLZ Propagation Delay, 1.27 1.27 1.28 0.00 

tpZL EN to PAD 1.36 2.26 3.16 0.02 

tpZH Propagation Delay, 1.57 2.52 3.47 0.02 

tpHZ EN to PAD 1.56 1.56 1.57 0.00 
tpLH Propagation Delay, 2.18 3.13 4.08 0.02 

tpHL OMCtoPAD 2.07 2.97 3.87 0.02 

tpLH Propagation Delay, 2.72 3.67 4.62 0.02 

tpHL TOO to PAD 2.50 3.40 4.30 0.02 
tpLH Propagation Delay, 2.81 3.76 4.71 0.02 

tpHL UDDRto PAD 2.68 3.58 4.48 0.02 
Ir Output Rise Time, PAD 0.78 2.53 4.28 0.04 

tf Output Fall Time, PAD 0.64 2.09 3.54 0.03 

tr Output Rise Time, TOO 0.63 0.63 0.63 0.00 

tf Output Fall Time, TOO 0.41 0.41 0.41 0.00 
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MOTOROLA TECHNICAL DATA 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr tf=1 OOns) T J= 250°C (Nominal) all units are in ns , 

515 V 
Sym Parameter 

FO=O FO=2 FO=B 

BN4TS2J 

tpLH Propagation Delay, 0.75 0.77 0.84 

tpHL IMCtoDI 0.51 0.52 0.56 

tpLH Propagation Delay, 0.16 0.17 0.20 
tpHL IPTto 01 0.32 0.34 0.40 

tpLH Propagation Delay, 0.79 0.80 0.84 

tpHL TOO to 01 0.88 0.90 0.97 

tpLH Propagation Delay, 0.89 0.91 0.95 

tpHL UDDR toOl 1.05 1.08 1.14 

t, Output Rise Time, 01 0.20 0.23 0.29 

tf Output Fall Time, 01 0.24 0.25 0.31 

BNBTS2J 

tpLH Propagation Delay, 0.75 0.77 0.84 

tpHL IMCto 01 0.51 0.52 0.56 

tpLH Propagation Delay, 0.16 0.17 0.20 

tpHL IPTto 01 0.32 0.34 0.40 

tpLH Propagation Delay, 0.79 0.80 0.84 

tpHL TOO to 01 0.88 0.90 0.97 

tpLH Propagation Delay, 0.89 0.91 0.95 

tpHL UDDRtoDI 1.05 1.08 1.14 
t, Output Rise Time, 01 0.20 0.23 0.29 

tf Output Fall Time, 01 0.24 0.25 0.31 

BN16TS2J 

tpLH Propagation Delay, 0.75 0.77 0.84 

tpHL IMCto 01 0.51 0.52 0.56 

tpLH Propagation Delay, 0.16 0.17 0.20 
tpHL IPTtoDI 0.32 0.34 0.40 

tpLH Propagation Delay, 0.79 0.80 0.84 

tpHL TOO to DI 0.88 0.90 0.97 

tpLH Propagation Delay, 0.89 0.91 0.95 

tpHL UDDRto 01 1.05 1.08 1.14 
t, Output Rise Time, 01 0.20 0.23 0.29 

tf Output Fall Time, 01 0.24 0.25 0.31 
Capacitance per fanout = 0.05 pF (metal capacitance is not included. 

H4CPlus Series Design Reference Guide 
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Rev 107 

K(ns/pF) 

0.22 
0.13 
0.12 
0.18 
0.13 
0.21 
0.13 
0.22 
0.22 
0.19 

0.22 
0.13 
0.12 
0.18 
0.13 
0.21 
0.13 
0.22 
0.22 
0.19 

0.22 
0.13 
0.12 
0.18 
0.13 
0.21 
0.13 
0.22 
0.22 
0.19 
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BN4TS2J BN8TS2J BN16TS2J 

MOTOROLA TECHNICAL DATA ••••••• _ 

MOTOROLA 

7-102 

TTL SWITCHING CHARACTERISTICS 
(Input Edge Rate tr 11=1 OOns) TJ= 250°C (Nominal) all units are in ns , 

Sym Parameter 
pF=O pF=50 

BN4TS2J 

tpLH Propagation Delay, 0.70 0.70 

tpHL CKDRtoTDO 0.72 0.72 
tpLH Propagation Delay, 1.46 2.66 

tpHL DO to PAD 1.54 4.64 

tpLZ Propagation Delay, 1.36 1.37 

tpZL EN to PAD 1.45 4.65 

tpZH Propagation Delay, 1.31 2.51 
tpHZ EN to PAD 1.30 1.31 
tpLH Propagation Delay, 1.91 3.11 
tpHL OMCto PAD 2.10 5.15 

tpLH Propagation Delay, 2.45 3.65 

tpHL TOO to PAD 2.53 5.58 

tpLH Propagation Delay, 2.55 3.75 
tpHL UDDRto PAD 2.73 5.78 

tr Output Rise Time, PAD 0.70 5.80 

tf Output Fall Time, PAD 0.55 4.35 
tr Output Rise Time, TOO 0.63 0.63 

tf Output Fall Time, TOO 0.41 0.41 
BN8TS2J 

tpLH Propagation Delay, 0.70 0.70 

tpHL CKDR to TOO 0.72 0.72 
tpLH Propagation Delay, 1.35 2.15 

tpHL DO to PAD 1.52 3.47 
tpLZ Propagation Delay, 1.34 1.35 

tpZL EN to PAD 1.44 3.44 
tpZH Propagation Delay, 1.19 1.99 
tpHZ EN to PAD 1.18 1.19 
tpLH Propagation Delay, 1.80 2.60 

tpHL OMCto PAD 2.07 4.02 

tpLH Propagation Delay, 2.34 3.14 

tpHL TDOtoPAD 2.51 4.41 

tpLH Propagation Delay, 2.44 3.24 
tpHL UDDR to PAD 2.69 4.64 

tr Output Rise Time, PAD 0.79 3.69 
tf Output Fall Time, PAD 0.70 2.95 
tr Output Rise Time, TOO 0.63 0.63 
tf Output Fall Time, TOO 0.41 0.41 

Rev 107 
515 V 

pF=100 K (ns/pF) 

0.70 0.00 
0.72 0.00 
3.86 0.02 
7.74 0.06 
1.37 0.00 
7.85 0.06 
3.71 0.02 
1.31 0.00 
4.31 0.02 
8.20 0.06 
4.85 0.02 
8.63 0.06 
4.95 0.02 
8.83 0.06 
10.90 0.10 
8.15 0.08 
0.63 0.00 
0.41 0.00 

0.70 0.00 
0.72 0.00 
2.95 0.02 
5.42 0.04 
1.35 0.00 
5.44 0.04 
2.79 0.02 
1.19 0.00 
3.40 0.02 
5.97 0.04 
3.94 0.02 
6.31 0.04 
4.04 0.02 
6.59 0.04 
6.59 0.06 
5.20 0.05 
0.63 0.00 
0.41 0.00 
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BN4TS2J BN8TS2J BN16TS2J 

MOTOROLA TECHNICAL DATA 

TTL SWITCHING CHARACTERISTICS 
(Input Edge Rate tr 1f=1 oons) TJ= 250°C (Nominal) all units are in ns , 

Sym Parameter 
pF=O pF=50 

BN16TS2J 

tpLH Propagation Delay, 0.70 0.70 

tpHL CKDRto TDO 0.72 0.72 

IpLH Propagation Delay, 1.49 2.09 

tpHL DO to PAD 1.66 2.96 

tpLZ Propagation Delay, 1.42 1.42 

tpZL EN to PAD 1.50 2.80 

tpZH Propagation Delay, 1.32 1.92 

tpHZ EN to PAD 1.31 1.32 
tpLH Propagation Delay, 1.94 2.54 

tpHL OMCto PAD 2.21 3.51 

tpLH Propagation Delay, 2.48 3.03 

tpHL TDOtoPAD 2.64 3.94 

tpLH Propagation Delay, 2.58 3.13 

tpHL UDDRto PAD 2.82 4.12 

tr Output Rise Time, PAD 0.78 2.53 

tf Output Fall Time, PAD 0.64 2.09 

tr Output Rise Time, TDO 0.63 0.63 

tf Output Fall Time, TDO 0.41 0.41 

CMOSITTL TIMING REQUIREMENTS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.00C (Nominal) all units are in ns. 

Sym Parameter 

BN4TS2J 

tsu Set Up Time, DO,SHDR to CKDR 

tsu Set Up Time, EN to CKDR 

tsu Set Up Time, IPT to CKDR 

tsu Set Up Time, TOI to CKDR 

th Hold Time, CKDR to DO,SHDR 

th Hold Time, CKDR to EN 

th Hold Time, CKDR to IPT 

th Hold Time, CKDR to TDI 

tw Pulse Width, CKDR(L) 

tw Pulse Width, CKDR(H) 

tw Pulse Width, UDDR(H) 

H4CPlus Series Design Reference Guide 
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515 V 
pF=100 K(ns/pF) 

0.70 0.00 
0.72 0.00 
2.69 0.01 
4.26 0.03 
1.43 0.00 
4.10 0.03 
2.52 0.01 
1.32 0.00 
3.14 0.01 
4.81 0.03 
3.58 0.01 
5.24 0.03 
3.68 0.01 
5.42 0.03 
4.28 0.04 
3.54 0.03 
0.63 0.00 
0.41 0.00 

Rev. 1.07 

515 V 

Minimum Requirement 

0.32 

0.63 

0.67 

0.13 

0.15 

0.11 

0.00 

0.31 

0.42 

0.78 

0.75 
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BN4TS2J BN8TS2J BN16TS2J 

MOTOROLA TECHNICAL DATA _ •••••• -

CMOsmL TIMING REQUIREMENTS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

Sym Parameter 

BN8TS2J 

tsu Set Up Time, DO,SHDR to CKDR 

tsu Set Up Time, EN,IPT to CKDR 

tsu Set Up Time, TDI to CKDR 

th Hold Time, CKOR to OO,SHOR 

th Hold Time, CKDR to EN 

th Hold Time, CKOR to IPT 

th Hold Time, CKDR to TOI 

tw Pulse Width, CKDR(L) 

tw Pulse Width, CKOR(H) 

tw Pulse Width, UDDR(H) 

BN16TS2J 

tsu Set Up Time, DO to CKOR 

tsu Set Up Time, EN,IPT to CKOR 

tsu Set Up Time, SHOR to CKOR 

tsu Set Up Time, TOI to CKDR 

th Hold Time, CKDR to DO,SHDR 

th Hold Time, CKOR to EN 

th Hold Time, CKOR to IPT 

th Hold Time, CKDR to TOI 

tw Pulse Width, CKOR(L) 

tw Pulse Width, CKOR(H) 

tw Pulse Width, UODR(H) 

NOTE: 
For Functional Diagram see page 7-88 

MOTOROLA 

7-104 

Rev. 1.07 

515 V 

Minimum Requirement 

0.32 

0.65 

0.13 

0.15 

0.10 

0.00 

0.31 

0.42 

0.78 

0.75 

0.33 

0.65 

0.31 

0.13 

0.15 

0.08 

0.00 

0.31 

0.42 

0.78 

0.75 
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MOTOROLA TECHNICAL DATA 

Section 7.3.3 Input Macros -JTAG 

Non - Inverting CMOS 
Input - JTAG 
(3.3 V and 5 V System/Core Voltage) 

I MA~~O I SECTI~~ USED I 
Rev 107 .. 

MACRO OUTPUTSJlNPUTS 
DI,Tool 

All PAD,IC,CKDR,UDDR,IMC, 
SHDR,TDI 

MACRO INPUT CAP. 

CKDR,TDI: O.04pF 
All IMC,SHDR,UDDR: 0.1 OpF 

PAD:5.06pF 

FUNCTION TABLE 

JTAG 

PAD 01 

L L 

H H 

JTAG 

For JTAG Truth Table Information, 
See Table 7-3 'JTAG Logic Truth Ta
bles - Inputs' on page 7-183 in this 

Manual. 

CMOS SWITCHING CHARACTERISTICS 

5/5 V 
5/3.3 V 
3.3/3.3 V 

(Inpul Edge Rale Ir,tf=1.00ns) TJ= 25.0°C (Nominal) all unils are in ns. 

Sym Parameter 
FO=O 

5/5 V 

FO::2 FO=8 

ICNJ 

IpLH Propagation Delay, 0.70 0.70 0.70 

IpHL CKDRloTDO 0.72 0.72 0.72 

IpLH Propagalion Delay, 0.76 0.78 0.84 

IpHL IMClo DI 0.51 0.52 0.56 

IpLH Propagalion Delay, 0.47 0.48 0.52 

IpHL PADloDI 0.53 0.55 0.60 

IpLH Propagalion Delay, 0.76 0.78 0.82 

IpHL TDOlo DI 0.85 0.87 0.93 

tpLH Propagalion Delay, 0.88 0.89 0.93 

I~HL UDDRloDI 1.02 1.04 1.11 
Ir OUlpul Rise Time, DI 0.20 0.23 0.30 
If Oulput Fall Time, DI 0.22 0.24 0.31 

Ir OUlpul Rise Time, TOO 0.63 0.63 0.63 

If Oulpul Fall Time, TDO 0.41 0.41 0.41 
Capacitance per !anout = 0.05 pF Imetal capacijance is not included). 

H4CPlus Series Design Reference Guide 

ICNJ 
ICXNJ 
ILCNJ 

Rev. 1.07 

K (ns/pF) 

0.00 
0.00 
0.21 
0.14 
0.12 
0.18 
0.13 
0.21 
0.13 
0.21 
0.25 
0.23 
0.00 
0.00 

ICNJ 
ICXNJ 
ILCNJ 

01 

TDO 

XXX 
PAD 
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ICNJ ICXNJ ILCNJ 
MOTOROLA TECHNICAL DATA _______ _ 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0OC (Nominal) all units are in ns. 

Sym Parameter 
FO=O FO=2 

513.3 V 

FO=8 K (ns/pF) 

ICXNJ 

tpLH Propagation Delay, 1.04 1.04 1.04 0.00 

tpHL CKDRtoTDO 1.01 1.01 1.01 0.00 
tpLH Propagation Delay, 1.07 1.10 1.19 0.31 

tpHL IMCtoDI 0.70 0.72 0.78 0.19 

tpLH Propagation Delay, 0.41 0.42 0.48 0.17 
tpHL PAD to 01 0.86 0.88 0.96 0.25 

tpLH Propagation Delay, 1.14 1.16 1.21 0.19 

tpHL TOO to 01 1.27 1.30 1.39 0.31 
tpLH Propagation Delay, 1.21 1.23 1.28 0.20 

tpHL UDDRtoDI 1.48 1.51 1.60 0.31 

tr Output Rise Time, 01 0.23 0.27 0.38 0.36 
t, Output Fall Time, 01 0.29 0.32 0.40 0.28 
tr Output Rise Time, TOO 0.87 0.87 0.87 0.00 
t, Output Fall Time, TOO 0.52 0.52 0.52 0.00 

Capacitance per fanout - 0.05 pF metal ca acitance is not included). p 

CMOS TIMING REQUIREMENTS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.00c (Nominal) all units are in ns. 

Sym Parameter 

ICNJ 

tsu Sel Up Time, PAD to CKDR 

tsu Set Up Time, SHDR to CKDR 

Isu Set Up Time, TDI to CKDR 

th Hold Time, CKDR to PAD 

th Hold Time, CKDR to SHDR 

th Hold Time, CKDR to TDI 

tw Pulse Width, CKDR(L) 

Iw Pulse Width, CKDR(H) 

tw Pulse Width, UDDR(H) 

CMOS TIMING REQUIREMENTS 
(Input Edge Rate tr 11=1 OOns) T J= 250°C (Nominal) all units are in ns , 

MOTOROLA 
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Sym 

tsu 

Isu 

tsu 

th 

th 

th 

tw 

tw 

tw 

Parameter 

Set Up Time, PAD to CKDR 

Set Up Time, SHDR to CKDR 

Set Up Time, TDI to CKDR 

Hold Time, CKDR to PAD 

Hold Time, CKDR to SHDR 

Hold Time, CKDR to TDI 

Pulse Width, CKDR(L) 

Pulse Width, CKDR(H) 

Pulse Width, UDDR(H) 

5/3.3 V 
Minimum Requirement 

ICXNJ 

1.13 

0.49 

0.26 

0.05 

0.23 

0.41 

0.71 

1.20 

0.08 

Rev. 1.07 

3.3/3.3 V 

FO=O FO=2 FO=8 K (ns/pF) 

ILCNJ 

1.04 1.04 1.04 0.00 
1.01 1.01 1.01 0.00 
1.07 1.10 1.19 0.31 
0.70 0.72 0.78 0.19 
0.63 0.65 0.70 0.17 
0.75 0.77 0.85 0.26 
1.14 1.16 1.21 0.19 
1.27 1.30 1.39 0.31 
1.21 1.23 1.28 0.20 
1.48 1.51 1.60 0.31 
0.25 0.29 0.39 0.34 
0.29 0.32 0.40 0.28 
0.87 0.87 0.87 0.00 
1.04 1.04 1.04 0.00 

Rev.1.07 

515 V 

Minimum Requirement 

0.75 

0.31 

0.13 

-0.10 

0.16 

0.31 

0.45 

0.80 

0.71 

Rev 107 .. 
3.313.3V 

Minimum Requirement 
ILCNJ 

1.09 

0.49 

0.26 

-0.14 

0.23 

0.41 

0.71 

1.20 

0.08 
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ICNJ ICXNJ ILCNJ 

MOTOROLA TECHNICAL DATA 

FUNCTIONAL DIAGRAM: IxNJ 

01 
INTERNAL LOGIC 

"""'~"""'."""'~""""""""""""""", PERIPHERY 

2t01 FFO 
MUX .------, 

CKOR 

~--~A X 0 

PAD 

B 
SL 

H4CPlus Series Design Reference Guide 

a 
.--------, LATa 
o a 

LATCH 
G OB 

2 to 1 
MUX 

A X 
B 
SL 

-========_~========l[O 
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ISNJ ISXNJ ILSNJ 
MOTOROLA TECHNICAL DATA _______ _ 

Non - Inverting CMOS Schmitt Trigger 
Input- JTAG 
(3.3 V and 5 V System/Core Voltage) 

MACRO 

All 

MACRO 

All 

SECTIONS USED 

1/0 
Rev 107 

OUTPUTSIINPUTS 
DI,TDOI 

PAD,IC,CKDR,UDDR,IMC, 
SHDR,TDI 

INPUT CAP. 
CKDR,TDI: 0.04pF 

IMC,SHDR,UDDR: 0.10pF 
PAD:5.0BpF 

FUNCTION TABLE 
JTAG 

PAD 01 

L L 

H H 

JTAG 

For JTAG Truth Table Inlormatlon, 
See Table 7-3 'JTAG Logic Truth Ta· 
bles • Inputs' on page 7·183 in this 

Manual. 

CMOS SWITCHING CHARACTERISTICS 

5/5 V 
5/3.3 V 
3.3/3.3 V 

ISNJ 
ISXNJ 
ILSNJ 

CKDR 
UDDR 
IMC 
SHDR 

ISNJ 
ISXNJ 
ILSNJ 

DI 

TDI TOO 

XXX 
PAD 

(Input Edge Rate tr,tI=1.00ns) T J= 25.00C (Nominal) all units are in ns. Rev. 1.07 

MOTOROLA 

7-108 

8ym Parameter 

tpLH Propagation Delay, 
tpHL CKDRtoTDO 

tpLH Propagation Delay, 
tpHL IMCtoDI 

tpLH Propagation Delay, 
tpHL PAD to DI 

tpLH Propagation Delay, 
tpHl TOOtoDI 

tpLH Propagation Delay, 
tpHL UDDRtoDI 

tr Output Rise Time, DI 

tf Output Fall Time, DI 

tr Output Rise Time, TDO 

tf Output Fall Time, TDO 
cal acHance per fanout = 0.05 F metal ca p p ( pa 

515 V 

FO=O FO=2 FO=8 K (ns/pF) 

18NJ 

0.70 0.70 0.70 0.00 
0.72 0.72 0.72 0.00 
0.68 0.70 0.77 0.22 
0.51 0.53 0.57 0.14 
0.66 0.68 0.72 0.13 
0.99 1.01 1.08 0.22 
0.76 0.78 0.82 0.13 
0.85 0.87 0.93 0.21 
0.88 0.89 0.93 0.13 
1.02 1.04 1.11 0.21 
0.23 0.25 0.33 0.25 
0.40 0.42 0.49 0.22 
0.63 0.63 0.63 0.00 
0.41 0.41 0.41 0.00 

cltance Is not Included . 
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ISNJ ISXNJ ILSNJ 

MOTOROLA TECHNICAL DATA 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

513.3 V 
Sym Parameter 

FO=O FO=2 FO=8 K (ns/pF) 

ISXNJ 

tpLH Propagation Delay, 1.04 1.04 1.04 0.00 
tpHL CKDRtoTDO 1.01 1.01 1.01 0.00 

tpLH Propagation Delay, 1.02 1.05 1.14 0.31 

tpHL IMCtoDI 0.66 0.68 0.74 0.19 
tpLH Propagation Delay, 0.59 0.60 0.66 0.18 

tpHL PAD to 01 1.48 1.51 1.60 0.31 

tpLH Propagation Delay, 1.14 1.16 1.21 0.19 
tpHL TOO to 01 1.27 1.30 1.39 0.31 

tpLH Propagation Delay, 1.23 1.25 1.31 0.19 

tpHL UDDRto 01 1.48 1.51 1.60 0.31 

Ir Output Rise Time, 01 0.24 0.28 0.39 0.36 

tf Output Fall Time, 01 0.46 0.49 0.59 0.31 

tr Output Rise Time, TOO 0.87 0.87 0.87 0.00 

tf Output Fall Time, TOO 0.52 0.52 0.52 0.00 
Capacitance per fanout = 0.05 pF (metal capacitance is not included). 

CMOS TIMING REQUIREMENTS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

Sym Parameter 

ISNJ 

tsu Set Up Time, PAD to CKDR 

tsu Set Up Time, SHDR to CKDR 

tsu Set Up Time, TDI to CKDR 

th Hold Time, CKDR to PAD 

th Hold Time, CKDR to SHDR 

th Hold Time, CKDR to TDI 

tw Pulse Width, CKDR(L) 

tw Pulse Width, CKDR(H) 

Iw Pulse Width, UDDR(H) 

CMOS TIMING REQUIREMENTS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0OC (Nominal) all units are in ns. 

Sym Parameter 
513.3 V 

Minimum Requirement 
ISXNJ 

tsu Set Up Time, PAD to CKDR 1.70 

tsu Set Up Time, SHDR to CKDR 0.49 

tsu Set Up Time, TDI to CKDR 0.26 

th Hold Time, CKDR to PAD -0.34 

th Hold Time, CKDR to SHDR 0.23 

th Hold Time, CKDR to TDI 0.41 

tw Pulse Width, CKDR(L) 0.71 

tw Pulse Width, CKDR(H) 1.20 

Iw Pulse Width, UDDR(H) 0.08 
NOTE: 
For Functional Diagram see page 7-107 

H4CPlus Series Design Reference Guide 

Rev. 1.07 

3.3/3.3 V 

FO=O FO=2 FO=8 K (ns/pF) 

ILSNJ 

1.04 1.04 1.04 0.00 

1.01 1.01 1.01 0.00 

1.02 1.05 1.14 0.31 
0.66 0.68 0.74 0.19 
0.86 0.88 0.94 0.19 
1.37 1.40 1.50 0.31 

1.14 1.16 1.21 0.19 

1.27 1.30 1.39 0.31 
1.23 1.25 1.31 0.19 

1.48 1.51 1.60 0.31 
0.24 0.27 0.38 0.36 

0.46 0.49 0.59 0.31 

0.87 0.87 0.87 0.00 

0.52 0.52 0.52 0.00 

Rev. 1.07 

515 V 

Minimum Requirement 

0.75 

0.31 

0.13 

-0.10 

0.16 

0.31 

0.45 

0.80 

0.71 

Rev. 1 07 
3.313.3V 

Minimum Requirement 
ILSNJ 

1.72 

0.49 

0.26 

-0.63 

0.23 

0.41 

0.71 

1.20 

0.08 

MOTOROLA 
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ITNJ ILTXNJ 
MOTOROLA TECHNICAL DATA _______ _ 

Non-Inverting TTL Input 
Input - JTAG 
(3.3 Vand 5 V System/Core Voltage) 

SECTIONS USED 

1/0 
Rev 107 

MACRO OUTPUTS/INPUTS 

01 ,TOO I 
All PAD,IC,CKDR,UDDR,IMC, 

SHDR,TDI· 

MACRO INPUT CAP, 

CKDR,TDI: 0.04pF 
All IMC,SHDR,UDDR: 0.10pF 

PAD: 5.05pF 

FUNCTION TABLE 

JTAG 

PAD 01 

L L 

H H 

JTAG 

For JTAG Trulh Table Information, 
See Table 7-3 'JTAG Logic Truth 
Tables -Inputs' on page 7-183 In 

this Manual. 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

5/5 V 
Sym Parameter 

FO=O FO=2 FO=8 

ITNJ 

tpLH Propagation Delay, 0.70 0.70 0.70 

tpHL CKDR to TOO 0.72 0.72 0.72 

tpLH Propagation Delay, 0.68 0.70 0.77 

tpHL IMCtoDI 0.51 0.53 0.57 

tpLH Propagation Delay, 0.48 0.49 0.52 

tpHL PAD to 01 0.79 0.81 0.87 

tpLH Propagation Delay, 0.76 0.78 0.82 

tpHL TOO to 01 0.85 0.87 0.93 

tpLH Propagation Delay, 0.88 0.89 0.93 

tpHL UDDR to 01 1.02 1.04 1.11 

tr Output Rise Time, 01 0.15 0.18 0.25 

tf Output Fall Time, 01 0.39 0.41 0.48 

Ir Outpul Rise Time, TOO 0.63 0.63 0.63 

If Outpul Fall Time, TOO 0.41 0.41 0.41 
-Capac~ance per fanout - 0.05 pF (metal capacitance IS not Included). 

MOTOROLA 

7-110 

K (ns/pF) 

0.00 

0.00 

0.22 

0.14 

0.12 

0.22 

0.13 

0.21 

0.13 

0.21 

0.25 

0.23 

0.00 

0.00 

5/5 V 
3.3/5 V 

FO=O 

0.70 

0.72 

0.68 

0.51 

0.48 

0.79 

0.76 

0.85 

0.88 

1.02 

0.15 

0.39 

0.63 

0.41 

ITNJ 
ILTXNJ 

FO=2 

0.70 

0.72 

0.70 

0.53 

0.49 

0.81 

0.78 

0.87 

0.89 

1.04 

0.18 

0.41 

0.63 

0.41 

01 

CKDR 
UDDR 
IMC 
SHDR 

ITNJ 
ILTXNJ 

TOI TOO 

XXX 
PAD 

3.3/5 V 

FO=8 

ILTXNJ 

0.70 

0.72 

0.77 

0.57 

0.52 

0.87 

0.82 

0.93 

0.93 

1.11 

0.25 

0.48 

0.63 

0.41 

Rev. 1.07 

K (ns/pF) 

0.00 

0.00 

0.22 

0.14 

0.12 

0.22 

0.13 

0.21 

0.13 

0.21 

0.25 

0.23 

0.00 

0.00 
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MOTOROLA TECHNICAL DATA 

CMOS TIMING REQUIREMENTS 
(Input Edge Rate tr tf=l oons) T J= 25 O'C (Nominal) all units are in ns , Rev 107 .. 

Sym Parameter 
5/5 V 3.3/5 V 

Minimum Requirement Minimum Requirement 
ITNJ ILTXNJ 

tsu Set Up Time, PAD to CKDR 1.27 1.24 

tsu Set Up Time, SHDR to CKDR 0.31 0.31 

tsu Set Up Time, TDI to CKDR 0.13 0.13 

til Hold Time, CKDR to PAD 0.14 -0.02 

th Hold TIme, CKDR to SHDR 0.14 0.16 

th Hold TIme, CKDR to TDI 0.31 0.31 

tw Pulse Width, CKDR{L) 0.45 0.45 

tw Pulse Width, CKDR{H) 0.80 0.80 

tw Pulse Width, UDDR(H) 0.71 0.71 

NOTE: 
For Functional Diagram see page 7-107 

H4CPlus Series Design Reference Guide MOTOROLA 
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ITSNJ 

_ •• _._.- MOTOROLA TECHNICAL DATA ••••••• _ 

Non-Inverting TTL Schmitt Trigger 
Input - JTAG 

5/5 V 

(5 V System/Core Voltage) 

MACRO 

All 

MACRO 

All 

SeCTIONS useD 

110 
Rev 107 .. 

OUTPUTS/INPUTS 

ol,ToOI 
PAo,IC,CKoR,UooR,IMC, 

SHoR,Tol 

INPUT CAP. 

CKoR,Tol: O.04pF 
IMC,SHoR,UooR: 0.1 OpF 

PAD: 5.05pF 

FUNCTION TABLE 
JTAG 

PAD 01 

L L 

H H 

JTAG 

For JTAG Truth Table Information, 
See Table 7-3 'JTAG Logic Truth 
Tables • Inputs' on page 7·183 In 

this Manual. 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=l.00ns) T J= 25.0"C (Nominal) all units are in ns. 

Sym Parameter 
FO=O 

515 V 
FO=2 FO=8 

ITSNJ 

tpLH Propagation Delay, 0.70 0.70 0.70 

tpHL CKDRtoTDQ 0.72 0.72 0.72 

tPLH Propagation Delay, 0.63 0.65 0.72 

tpHL IMCtoDI 0.48 0.50 0.54 

tpLH Propagation Delay, 0.76 o.n 0.81 

tpHL PAD to 01 1.11 1.14 1.20 

tpLH Propagation Delay, 0.76 0.78 0.82 

tpHL TOO to 01 0.85 0.87 0.93 

tpLH Propagation Delay, 0.88 0.89 0.93 

tpHL UDDRto DI 1.02 1.04 1.11 

tr Output Rise Time, [)I Q.22 0.24 0.32 

tf Output Fall Time, 01 0.43 0.45 0.52 

tr Output Rise Time, TOO 0.63 0.63 0.63 

tf Output Fall Time, TOO 0.41 0.41 0.41 
capacitance per fanout = 0.05 pF (metal capacitance is not Included). 

ITSNJ 

Rev. 1.07 

K (nslpF) 

0.00 

0.00 

0.22 

0.14 
0.13 

0.22 

0.13 

0.21 

0.13 

0.21 

0.25 

0.23 

0.00 

0.00 

ITSNJ 

01 

TOO 

XXX 
PAD 

MOTOROLA 
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MOTOROLA TECHNICAL DATA 

CMOS TIMING REQUIREMENTS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.O"C (Nominal) all units are in ns. Rev 107 .. 

Sym Parameter 
51SV 

Minimum Requirement 

ITSNJ 

tsu Set Up Time, PAD to CKDR 1.S7 

tSII Set Up Time, SHDR to CKDR 0.31 

tsu Set Up Time, TDI to CKDR 0.13 

tb Hold Time, CKDR to PAD -0.38 

th Hold Time, CKDR to SHDR 0.16 

th Hold Time, CKDR to TDI 0.31 

tw Pulse Width, CKDR(L) 0.45 

tw Pulse Width, CKDR(H) 0.80 

tw Pulse Width, UDDR(H) 0.71 

NOTE: 
For Functional Diagram see page 7-107 
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ICNCKHJ ICXNCKHJ ILCNCKHJ 

•••••••• MOTOROLA TECHNICAL DATA ••••••• _ 

II 

Non - Inverting CMOS Clock Buffer 
Input-JTAG 
(3.3 V and 5 V System/Core Voltage) 

515 V 
5/3.3 V 
3.3/3.3 V 

MACRO 

All 

SEcnONS USED 

1/0 

Rev. 1.07 

OUTPUTSIINPUTS 

OI,Too/ 
PAO,IC,CKOR,SHOR,TOI 

INPUT CAP. 

CKOR,TOI: 0.04pF 
PAO:S.16pF 

SHOR: 0.09pF 

FUNCTION TABLE 

JTAG 

PAD 01 

L L 

H H 

JTAG 

For JTAG Truth Table Information, See Ta· 
ble 7·5 'JTAG logic Truth Table - Clock! 

"Sample Only" Inpuls' on page 7 ·1831n this 
Manual. 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=I.00ns) T J= 25.0°C (Nominal) all units are in ns. 

515 V 
Sym Parameter 

FO=O FO=2 FO=8 

ICNCKHJ 

tpLH Propagation Delay, 0.68 0.68 0.68 

tpHL CKDRtoTDO 0.71 0.71 0.71 

tpLH Propagation Delay, 0.44 0.45 0.46 

tpHL PAD to 01 0.38 0.39 0.41 

tr Output Rise Time, 01 0.08 0.09 0.12 

tf Output Fall Time, 01 0.06 0.07 0.11 

tr Output Rise Time, TOO 0.58 0.58 0.58 

tf Output Fall Time, TOO 0.39 0.39 0.39 
Capacitance per fanout = O.OS pF (metal capaCitance IS not Included). 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=I.00ns) T J= 25.00C (Nominal) all units are in ns. 

Sym Parameter 
FO=O FO=2 

513,3 V 

FO=8 K(nsJpF) FO=O 

ICXNCKHJ 

tpLH Propagation Delay, 1.01 1.01 1.01 0.00 1.01 

tpHI. CKDR to TOO 0.98 0.98 0.98 0.00 0.98 

IpLH Propagation Delay, 0.32 0.33 0.34 0.05 0.57 

tpHL PAOlo 01 0.62 0.63 0.65 0.08 0.50 

tr output Rise Time, 01 0.10 0.11 0.16 0.14 0.11 

tr Output Fall Time, 01 0.08 0.10 0.14 0.14 0.08 

tr Output Rise Time, TOO 0.79 0.79 0.79 0.00 0.79 

tr Output Fall Time, TOO 0.49 0.49 0.49 0.00 0.49 
~apacitance per fanout = 0.05 PF (metal cepacitance IS not incluoeo .. 

ICNCKHJ 
ICXNCKHJ 
ILCNCKHJ 

ICNCKHJ 
ICXNCKHJ 
ILCNCKHJ 

01 

CKDR 

SHDR 
TOI TOO 

Rev. 1.07 
xxx 
PAD 

K (nsJpF) 

0.00 
0.00 
0.04 
0.07 
0.10 
0.11 
0.00 
0.00 

Rev. 1.07 

3.313.3 V 

FO=2 FO=8 K(nslpF) 

ILCNCKHJ 

1.01 1.01 0.00 
0.98 0.98 0.00 
0.58 0.59 0.05 
0.51 0.54 0.08 
0.12 0.17 0.14 
0.10 0.14 0.14 
0.79 0.79 0.00 
0.49 0.49 0.00 

MOTOROLA 
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ICNCKHJ ICXNCKHJ ILCNCKHJ 

MOTOROLA TECHNICAL DATA 

CMOS TIMING REQUIREMENTS 
(Inpul Edge Rale Ir 11=1 OOns) T J= 250°C (Nominal) all unils are in ns , 

Sym Parameter 

ICNCKHJ 

1~1l Sel Up Time, DI 10 CKDR 

Isu Sel Up Time, SHDR 10 CKDR 

Isu Sel Up Time, TDI 10 CKDR 

Ih Hold Time, CKDR 10 DI 

Ih Hold Time, CKDR 10 SHDR 

Ih Hold Time, CKDR 10 TDI 

Iw Pulse Widlh, CKDR(L) 

Iw Pulse Widlh, CKDR(H) 

CMOS TIMING REQUIREMENTS 
(Inpul Edge Rale Ir,lf=1.00ns) T J= 25.0°C (Nominal) all unils are in ns. 

Sym Parameter 
513.3 V 

Minimum Requirement 

ICXNCKHJ 

Isu Sel Up Time, DI 10 CKDR 0.56 

Isu Sel Up Time, SHDR 10 CKDR 0.25 

ISIl Sel Up Time, TDI 10 CKDR 0.13 

Ih Hold Time, CKDR 10 DI -0.05 

Ih Hold Time, CKDR 10 SHDR 0.19 

Ih Hold Time, CKDR 10 TDI 0.31 

Iw Pulse Widlh, CKDR(L) 0.45 

Iw Pulse Widlh, CKDR(H) 0.65 

H4CPlus Series Design Reference Guide 

Rev 107 
515 V 

Minimum Requirement 

0.56 
0.25 
0.13 
-0.05 
0.19 
0.31 
0.45 
0.65 

Rev 107 .. 
3.3/3.3 V 

Minimum Requirement 

ILCNCKHJ 

0.82 
0.43 
0.26 
-0.04 
0.25 
0.41 
0.71 

0.98 

MOTOROLA 
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ICNCKHJ ICXNCKHJ ILCNCKHJ 

MOTOROLA TECHNICAL DATA ••••••• _ 

FUNCTIONAL DIAGRAM: IxNCKHJ 

01 
INTERNAL LOGIC ."""""" ".,""""""",.,""""""',.,"'" 

MOTOROLA 

7-116 

........ ---+-1 A 
S 
SL 

PAD 

2101 
MUX 

x 

PERIPHERY 

o a 
F-F 

CK as 

-========_~========}[O 
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MOTOROLA TECHNICAL DATA 

Non - Inverting CMOS Schmitt Trigger 
Clock Buffer Input - JTAG 
(3.3 V and 5 V SystemlCore Voltage) 

MACRO 

MACRO 

All 

SECTIONS USED 

1/0 
Rev. 1.07 

OUTPUTSIINPUTS 
DI,TDOI 

PAD,IC,CKDR,SHDR,TDI 

INPUT CAP. 
CKDR,TDI: O.04pF 

PAD: 5.20pF 
SHDR: O.09pF 

FUNCTION TABLE 
JTAG 

PAD DI 

L L 

H H 

JTAG 

For JTAG Truth Table Inlormatlon, 
See Table 7-5 'JTAG Logic Truth 

Table· ClocI<I"Sample Only" Inpuls' 
on page 7-183 In this Manual. 

CMOS SWITCHING CHARACTERISTICS 

5/5 V 
5/3.3 V 
3.3/3.3 V 

(Input Edge Rate tr,tf=l.00ns) T J= 25.0°C (Nominal) all units are in ns. 
515 V 

Sym Parameter 
FO=O FO=2 FO=8 

ISNCKHJ 

tpLH Propagation Delay, 0.68 0.68 0.68 

tPHL CKDRtoTDO 0.71 0.71 0.71 
tpLH Propagation Delay, 0.61 0.61 0.62 
tpHL PAD to 01 1.01 1.02 1.04 

tr Output Rise Time, 01 0.08 0.09 0.12 
tf Output Fall Time, 01 0.14 0.15 0.18 
tr Output Rise Time, TOO 0.58 0.58 0.58 
tf Output Fall Time, TOO 0.39 0.39 0.39 

Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) TJ= 25.0OC (Nominal) all units are in ns 

Sym Parameter 
513.3 V 

FO=O FO=2 FO=8 K(nsJpF) FO=O 

ISXNCKHJ 

tpLH Propagation Delay, 1.01 1.01 1.01 0.00 1.01 
tpHL CKDRtoTDO 0.98 0.98 0.98 0.00 0.98 
tpLH Propagation Delay, 0.46 0.47 0.48 0.05 0.80 
tpHL PAD to 01 1.53 1.53 1.56 0.08 1.43 

tr Output Rise Time, 01 0.09 0.11 0.15 0.14 0.10 
tf Output Fall Time, 01 0.19 0.20 0.24 0.14 0.19 
tr Output Rise Time, TOO 0.79 0.79 0.79 0.00 0.79 
tf Output Fall Time, TOO 0.49 0.49 0.49 0.00 0.49 

I,;apacitance per Tanout = 0.05 pF (metal capacitance IS not Included. 

H4CPlus Series Design Reference Guide 

ISNCKHJ ISXNCKHJ ILSNCKHJ 

ISNCKHJ 
ISXNCKHJ 
ILSNCKHJ 

ISNCKHJ 
ISXNCKHJ 
ILSNCKHJ 

01 

CKDR 

SHDR 
TDI TOO 

Rev. 1.07 XXX 
PAD 

K (nsJpF) 

0.00 
0.00 
0.04 
0.07 
0.10 
0.11 
0.00 
0.00 

3.313.3 V 

FO=2 FO=8 

ILSNCKHJ 

1.01 1.01 
0.98 0.98 
0.80 0.82 
1.44 1.46 
0.12 0.16 
0.20 0.24 
0.79 0.79 
0.49 0.49 

Rev. 1.07 

K (nsJpF) 

0.00 
0.00 
0.05 
0.08 
0.14 
0.14 
0.00 
0.00 

MOTOROLA 
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ISNCKHJ ISXNCKHJ ILSNCKHJ 
MOTOROLA TECHNICAL DATA _______ _ 

CMOS TIMING REQUIREMENTS 
(Input Edge Rate tr tl=1 OOns) T J= 250°C (Nominal) all units are in ns , 

Sym Parameter 

ISNCKHJ 

t.u Set Up Time, 01 to CKDR 

tsu Set Up Time, SHDR to CKDR 

ts" Set Up Time, TDI to CKDR 

th Hold Time, CKDR to 01 

th Hold Time, CKDR to SHDR 

th Hold Time, CKDR to TDI 

tw Pulse Width, CKDR(L) 

tw Pulse Width, CKDR(H) 

CMOS TIMING REQUIREMENTS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

Sym Parameter 

ts" Set Up Time, 01 to CKDR 

tsu Set Up Time, SHDR to CKDR 

tsu Set Up Time, TDI to CKDR 

th Hold Time, CKDR to 01 

th Hold Time, CKDR to SHOR 

th Hold Time, CKDR to TOI 

tw Pulse Width, CKDR(L) 

tw Pulse Width, CKDR(H) 

NOTE: 
For Functional Diagram see page 7-116 

MOTOROLA 
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513.3 V 
Minimum Requirement 

ISXNCKHJ 

1.70 

0.43 

0.26 
-0.10 

0.25 
0.41 

0.71 

0.98 

Rev 107 
515 V 

Minimum Requirement 

1.09 
0.25 

0.13 
-0.27 

0.19 

0.31 
0.45 

0.65 

Rev. 1.07 
3.313.3 V 

Minimum Requirement 

ILSNCKHJ 

1.47 

0.43 
0.26 

-0.33 
0.25 

0.41 

0.71 

0.98 
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MOTOROLA TECHNICAL DATA 

Non - Inverting TTL Clock Buffer Input 
Clock Buffer Input - JTAG 

5/5 V 
3.3/5 V 

(3.3 V and 5 V System/Core Voltage) 

MACRO 

All 

SECTIONS USED 

1/0 

OUTPUTSIINPUTS 

DI,TDOI 
PAD,IC,CKDR,SHDR,TDI 

INPUT CAP. 

CKDR,TDI: O.04pF 
PAD: 5.40pF 

SHDR: 0.09pF 

FUNCTION TABLE 

JTAG 

PAD DI 

L L 

H H 

JTAG 

Fo, JTAG Truth Table Information, 
SeeTable 7·5 'JTAG Logic Truth Ta
ble - Clockl"Sample Only" Inputs' on 

page 7·183 In this Manual. 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. 

55V 
Parameter Sym 

FO=O FO=2 FO=8 K (ns/pF) 

ITNCKHJ 

tpLH Propagation Delay, 0.68 0.68 0.68 0.00 

tpHL CKORtoTOO 0.71 0.71 0.71 0.00 

tpLH Propagation Delay, 0.37 0.37 0.38 0.04 

tpHL PAD to 01 0.47 0.47 0.50 0.07 

t, Output Rise Time, 01 0.05 0.06 0.09 0.10 
tf Output Fall Time, 01 0.07 0.08 0.11 0.11 
t, Output Rise Time, TOO 0.58 0.58 0.58 0.00 

tf Output Fall Time, TOO 0.39 0.39 0.39 0.00 
Capacitance per fanoul = 0.05 pF (metal capacitance IS not Included). 

CMOS TIMING REQUIREMENTS 
(Input Edge Rate tr tf=1 ~Ons) T J- 25 DoC (Nominal) all units are in ns , -

515 V 

FO=O 

0.68 
0.71 
0.40 
0.49 
0.05 
0.07 
0.58 
0.39 

ITNCKHJ IL TXNCKHJ 

ITNCKHJ 
ILTXNCKHJ 

ITNCKHJ 
ILTXNCKHJ 

01 

CKOR 

SHOR 
TDI TOO 

XXX 
PAD 

Rev. 1.07 

3.315 V 

FO=2 FO=8 K (ns/pF) 

ILTXNCKHJ 

0.68 0.68 0.00 
0.71 0.71 0.00 
0.40 0.41 0.04 
0.50 0.52 0.07 
0.06 0.10 0.10 
0.08 0.11 0.11 
0.58 0.58 0.00 
0.39 0.39 0.00 

Rev 107 
3.315 V 

Sym Parameter 
Minimum Requirement Minimum Requirement 

tsu Set Up Time, 01 to CKOR 

tOil Set Up Time, SHOR to CKOR 

tsu Set Up Time, TOI to CKOR 

th Hold Time, CKOR to 01 

th Hold Time, CKOR to SHOR 

th Hold Time, CKOR to TOI 

tw Pulse Width, CKOR(L) 

tw Pulse Width, CKOR(H) 
NOTE: 
For Functional Diagram see page 7-116 

H4CPlus Series Design Reference Guide 

ITNCKHJ 

0.47 

0.25 
0.13 

0.10 

0.19 
0.31 

0.45 

0.65 

ILTXNCKHJ 

0.51 
0.25 

0.13 

0.06 

0.19 
0.31 

0.45 

0.65 
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II 

ITSNCKHJ 
MOTOROLA TECHNICAL DATA _______ _ 

Non - Inverting TTL Schmitt Trigger 515 V 
Clock Buffer Input - JTAG 
(5 V System/Core Voltage) 

MACRO 

ITSNCKHJ 

SECTIONS USED 
1/0 

Rev. 1.07 
OUTPUTSJINPUTS 

DI,TDOI 
PAD,IC,CKDR,SHDR,TDI 

INPUT CAP. 
CKDR,TDI: O.04pF 

PAD: 5.27pF 
SHDR: 0.09pF 

FUNCTION TABLE 
JTAG 

PAD 01 

L L 

H H 

JTAG 

For JTAG Truth Table Information, 
SeeTabie 7-5 'JTAG Logic Truth Ta
ble - ClockI"Sampie Only" Inputs' on 

page 7-183 In this Manual. 

CMOS SWITCHING CHARACTERISTICS 

ITSNCKHJ 

01 

CKDR 

SHDR 
TDI TOO 

ITSNCKHJ 

(Input Edge Rate tr,II=1.00ns) T J= 25.00c (Nominal) all units are in ns. Rev. 1.07 

NOTE: 

55V 
Sym Parameter 

FO=O FO=2 FO=8 

ITSNCKHJ 

tpLH Propagation Delay, 0.68 0.68 0.68 
tpHL CKDRto TDO 0.71 0.71 0.71 

tplH Propagation Delay, 0.74 0.74 0.75 

tpHL PAD to 01 1.22 1.23 1.25 
tr Output Rise Time, 01 0.07 0.08 0.12 
tf loutput Fall Time, 01 0.17 0.18 0.22 
tr Output Rise Time, TOO 0.58 0.58 0.58 
tf Output Fall Time, TOO 0.39 0.39 0.39 

Capacitance per fanout = 0.05 pF (metal capacitance IS nol included . 

CMOS TIMING REQUIREMENTS 
(Inpul Edge Rate Ir 11=1 DOns) T J= 25 OOC (Nominal) all units are in ns , 

K (ns/pF) 
XXX 
PAD 

0.00 
0.00 
0.04 
0.07 
0.10 
0.11 
0.00 
0.00 

Rev 107 
515 V 

Sym Parameter 
Minimum Requlrament 

ITSNCKHJ 

Isu Set Up Time, 01 to CKDR 1.15 
I.u Set Up Time, SHDR to CKDR 0.25 
t.u Set Up Time, TDI to CKDR 0.13 
Ih Hold Time, CKDR 10 01 -0.24 
th Hold Time, CKDR to SHOR 0.19 
Ih Hold Time, CKDR to TDI 0.31 
tw Pulse Width, CKDR(L) 0.45 
Iw Pulse Width, CKDR(H) 0.65 

For Functional Diagram see page 7-116 

MOTOROLA 

7-120 

H4CPlus Series Design Reference Guide 



MOTOROLA TECHNICAL DATA 

Section 7.3.4 Output Buffers -JTAG 

Non - Inverting Output Buffers - JTAG 
(3.3 V and 5 V SystemlCore Voltage) 

515 V 
5/3.3 V 
3.3/5 V 
3.3/3.3 V 

MACRO 

ON4J 
ONL4J 

ONX4J 
ONLX4J 

SECTIONS USED 

011 
Rev. 1.07 

OUTPUTsnNPUTS 

PAD,TDOI 
DO,CKDR,UDDR,SHDR,TDI,OMC 

INPUT CAP. 

CKDR,TDI: O.04pF 
DO:O.4OpF 

OMC,SHDR: 0.10pF 
UDDR: 0.08pF 

CKDR,TDI: O.04pF 
DO:0.26pF 

OMC,SHDR: O.lOpF 
UDDR: 0.08pF 

OUTPUT CAP. 

PAD:4.96pF 

CMOS SWITCHING CHARACTERISTICS 

FUNCTION TABLE 
JTAG 

DO PAD 

L L 

H H 

JTAG 

Fo, JTAG Truth Table Infonnalion, 
See Table 7·4 'JTAG Logic Truth 

Tables· Outpuls' on page 7·183 in 
this Manual. 

(Input Edge Rate tr,If=1.00ns) T J= 25 OOC (Nominal) all units are in ns. 

Sym 
515 V 

Parameter 
pF=O pF=50 pF=100 K (nsJpF) pF=O 

ON4J 

tpLH Propagation Delay, 0.71 0.71 0.71 0.00 0.71 
tpHL CKDRto TDO 0.72 0.72 0.72 0.00 0.72 
tpLH Propagation Delay, 0.78 3.03 5.28 0.05 0.97 
tpHL DO to PAD 0.75 2.70 4.65 0.04 0.80 
tpLH Propagation Delay, 1.02 3.27 5.52 0.05 1.12 
tpHL OMCtoPAD 0.98 2.93 4.88 0.04 0.98 

\PLH Propagation Delay, 1.25 3.50 5.75 0.05 1.37 

\PHL TOO to PAD 1.16 3.11 5.06 0.04 1.16 
tpLH Propagation Delay, 1.38 3.63 5.88 0.05 1.50 
tpHL UDDRtoPAD 1.34 3.29 5.24 0.04 1.33 

t Output Rise Time, PAD 0.39 5.54 10.69 0.10 0.38 
tf Output Fall Time, PAD 0.37 4.17 7.97 0.08 0.28 
t, Output Rise Time, TDO 0.62 0.62 0.62 0.00 0.62 
tf Output Fall Time, TDO 0.41 0.41 0.41 0.00 0.41 

H4CPlus Series Design Reference Guide 

ON4J 
ONX4J 
ONLX4J 
ONL4J 

ON4J 
ONX4J 

ONLX4J 
ONL4J 

DO 

CKDR 
UDDR 

SHDR 
TDI TOO 
OMC 

XXX 
PAD 

Rev. 1.07 

3.315 V 

pF=50 pF=100 

ONLX4J 

0.71 0.71 
0.72 0.72 
3.22 5.47 
2.85 4.90 
3.37 5.62 
3.03 5.08 
3.62 5.87 
3.21 5.26 
3.75 6.00 
3.38 5.43 
5.53 10.68 
4.93 9.58 
0.62 0.62 
0.41 0.41 

K (ns/pF) 

0.00 
0.00 
0.05 
0.04 
0.05 
0.04 
0.05 
0.04 
0.05 
0.04 
0.10 
0.09 
0.00 
0.00 
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ON4J ONX4J ONLX4J ONL4J 

•••••••• MOTOROLA TECHNICAL DATA ••••••• _ 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.oons) T J= 25 ()<>C (Nominal) all units are in ns. 

Sym 
513.3 V 

Parameter 
pF=O pF=50 pF=100 

ONX4J 

tpLH Propagalion Delay, 1.04 1.04 1.04 
IpHL CKDRloTDO 1.01 1.01 1.01 
IpLH Propagation Delay, 1.26 3.46 5.66 
IpHl 0010 PAD 1.36 4.31 7.26 
Ipi Propagation Delay, 1.52 3.72 5.92 
IpHl OMClo PAD 1.59 4.54 7.49 
IplH Propagalion Delay, 1.96 4.16 6.36 
IpHl TOO 10 PAD 1.90 4.85 7.80 
IpLH Propagalion Delay, 2.04 4.24 6.44 
IpHL UDDRloPAD 2.13 5.08 8.03 

I Outpul Rise Time, PAD 0.24 5.24 10.24 
If OUlpul Fall TIme, PAD 0.33 6.08 11.83 
I Oulpul Rise Time, TOO 0.87 0.87 0.87 
If Oulpul Fall Time, TOO 0.52 0.52 0.52 

TTL SWITCHING CHARACTERISTICS 
(Inpul Edge Rale tr tf-1 OOns) T J- 25 O°C (Nominal) all unils are in ns , - . -

Sym Parameter 

IpLH Propagalion Delay, 
IpHL CKDRloTDO 

II'LIi Propagalion Delay, 
IpHL 0010 PAD 

IplH Propagalion Delay, 
IpHl OMClo PAD 

tpLH Propagalion Delay, 
IpHl TDO 10 PAD 

Ip1 H Propagation Delay, 
IpHL UDDRloPAD 

t OUlpul Rise Time, PAD 
If Oulpul Fall Time, PAD 
I Oulpul Rise TIme, TOO 
If OUlpul Fall Time, TOO 

MOTOROLA 

7-122 

515 V 

pF=O pF=50 pF=100 

ON4J 

0.71 0.71 0.71 
0.72 0.72 0.72 
0.70 1.85 3.00 
0.84 3.89 6.94 
0.94 2.09 3.24 
1.06 4.11 7.16 
1.17 2.32 3.47 
1.24 4.29 7.34 
1.30 2.45 3.60 
1.42 4.47 7.52 
0.39 5.54 10.69 
0.37 4.17 7.97 
0.62 0.62 0.62 
0.41 0.41 0.41 

Rev. 1.07 

3.3/3.3 V 
K (ns/pF) pF=O pF=50 pF=100 K (ns/pF) 

ONL4J 

0.00 1.04 1.04 1.04 0.00 
0.00 1.01 1.01 1.01 0.00 
0.04 1.04 4.24 7.44 0.06 
0.06 0.98 3.33 5.68 0.05 
0.04 1.40 4.60 7.80 0.06 
0.06 1.28 3.63 5.98 0.05 
0.04 1.82 5.02 8.22 0.06 
0.06 1.60 3.95 6.30 0.05 
0.04 1.91 5.11 8.31 0.06 
0.06 1.82 4.17 6.52 0.05 
0.10 0.48 7.63 14.78 0.14 
0.11 0.44 5.09 9.74 0.09 
0.00 0.87 0.87 0.87 0.00 
0.00 0.52 0.52 0.52 0.00 

Rev. 1.07 

3.3/5 V 

K (ns/pF) pF=O pF=50 pF=100 K (ns/pF) 

ONLX4J 

0.00 0.71 0.71 0.71 0.00 
0.00 0.72 0.72 0.72 0.00 
0.02 0.94 2.69 4.44 0.04 
0.06 0.83 3.43 6.03 0.05 
0.02 1.08 2.83 4.58 0.04 
0.06 1.01 3.61 6.21 0.05 
0.02 1.34 3.09 4.84 0.04 
0.06 1.19 3.79 6.39 0.05 
0.02 1.47 3.22 4.97 0.04 
0.06 1.36 3.96 6.56 0.05 
0.10 0.38 5.53 10.68 0.10 
0.08 0.28 4.93 9.58 0.09 
0.00 0.62 0.62 0.62 0.00 
0.00 0.41 0.41 0.41 0.00 
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ON4J ONX4J ONLX4J ONL4J 

MOTOROLA TECHNICAL DATA 

TTL SWITCHING CHARACTERISTICS 
(Input Edge Rate tr 11=1 OOns) T J= 250°C (Nominal) all units are in ns , 

Sym 
513.3 V 

Parameter 
pF=O pF=50 pF=100 K (ns/pF) 

ONX4J 

tpl.l-l Propagation Delay, 1.04 1.04 1.04 0.00 
tpHL CKDRto TDO 1.01 1.01 1.01 0.00 
tpLH Propagation Delay, 1.21 2.31 3.41 0.02 

tpHL DO to PAD 1.45 6.00 10.55 0.09 
tpLH Propagation Delay, 1.46 2.56 3.66 0.02 
tpHI OMCtoPAD 1.69 6.24 10.79 0.09 
tpLH Propagation Delay, 1.90 3.00 4.10 0.02 
tpHL TOO to PAD 1.99 6.54 11.09 0.09 
tpLH Propagation Delay, 1.99 3.09 4.19 0.02 

tpHL UDDR to PAD 2.22 6.77 11.32 0.09 
t, Output Rise TIme, PAD 0.24 5.24 10.24 0.10 
tf Output Fall TIme, PAD 0.33 6.08 11.83 0.11 
t, Output Rise Time, TDO 0.87 0.87 0.87 0.00 

tf Output Fall Time, TDO 0.52 0.52 0.52 0.00 

CMOSITTL TIMING REQUIREMENTS 
(Input Edge Rate tr 11=1 OOns) TJ= 250°C (Nominal) all units are in ns , 

Sym Parameter 
515 V 

Minimum Requirement 

ON4J 

tsu Set Up Time, DO to CKDR 0.22 

tsu Set Up Time, SHDR to CKDR 0.25 

tsu Set Up Time, TOI to CKDR 0.14 

th Hold Time, CKDR to DO 0.25 

th Hold Time, CKDR to SHDR 0.19 

th Hold Time, CKDR to TDI 0.32 

tw Pulse Width, CKDR(L) 0.40 

tw Pulse Width, CKDR(H) 0.78 

tw Pulse Width, UDDR(H) 0.47 

CMOSITTL TIMING REQUIREMENTS 
(Input Edge Rate tr 11=1 OOns) TJ= 250°C (Nominal) all units are in ns 

Sym Parameter 
513.3 V 

Minimum Requirement 

ONX4J 

tsu Set Up Time, DO to CKDR 0.36 

tsu Set Up Time, SHDR to CKDR 0.43 

tsu Set Up Time, TOI to CKDR 0.28 

th Hold Time, CKDR to DO 0.36 

th Hold Time, CKDR to SHDR 0.25 

th Hold Time, CKDR to TDI 0.42 

tw Pulse Width, CKDR(L) 0.67 

tw Pulse Width, CKDR(H) 1.18 

tw Pulse Width, UDDR(H) 0.64 

H4CPlus Series Design Reference Guide 

Rev. 1.07 

3.313.3 V 

pF=O pF=50 pF=100 K (ns/pF) 

ONL.4J 

1.04 1.04 1.04 0.00 
1.01 1.01 1.01 0.00 
1.00 3.50 6.00 0.05 
1.02 3.92 6.82 0.06 
1.35 3.85 6.35 0.05 
1.32 4.22 7.12 0.06 
1.78 4.28 6.78 0.05 
1.64 4.54 7.44 0.06 
1.87 4.37 6.87 0.05 
1.86 4.76 7.66 0.06 
0.48 7.63 14.78 0.14 
0.44 5.09 9.74 0.09 
0.87 0.87 0.87 0.00 
0.52 0.52 0.52 0.00 

Rev 107 .. 
3.3/5 V 

Minimum Requirement 

ONL.X4J 

0.18 
0.25 
0.14 

0.26 
0.19 

0.32 

0.40 
0.78 

0.47 

Rev 107 
3.3/3.3 V 

Minimum Requirement 

ONL.4J 

0.38 

0.43 
0.28 

0.38 

0.25 

0.42 

0.67 
1.18 

0.64 

MOTOROLA 
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ON4J ONX4J ONLX4J ONL4J 
MOTOROLA TECHNICAL DATA _______ _ 

FUNCTIONAL DIAGRAM: ONXJ 

DO 

INTERNAL LOGIC 
"""""""".""""""""""" .. """""",'" 

CKDR 
-UDDR- - - -- ----
IMC---------
SHDR---------
}1'!C::::::::::::::::::::::::::::::::-

2 to 1 
MUX 

A X 
B 
SL 

PERIPHERY 

2 to 1 
MUX 

r----, LATa A X 
D O~;";';;;'--fB 

LATCH SL 
G OB 

2~f __________________________________ _ 
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MOTOROLA TECHNICAL DATA 

Non - Inverting Output Buffers - JTAG 
(3.3 V and 5 V System/Core Voltage) 

5/5 V 
5/3.3 V 
3.3/5 V 
3.3/3.3 V 

MACRO 

ONSJ 
ONXSJ 
ONLSJ 

ONLXSJ 

SECTIONS USED 

0/1 
Rev. 1.07 

OUTPUTSIINPUTS 

PAD,TOOI 
OO,CKDR,UDDR,SHDR,TDI,OMC 

INPUT CAP. 

CKDR,TDI: 0.04pF 
00:0.26pF 

OMC,SHDR: O.10pF 
UDDR: 0.08pF 

CKDR,TDI: O.04pF 
00: 0.31pF 

OMC,SHDR: 0.10pF 
UDDR: 0.08pF 

OUTPUT CAP. 

PAD: 5.10pF 

CMOS SWITCHING CHARACTERISTICS 

FUNCTION TABLE 
JTAG 

DO PAD 

L L 

H H 

JTAG 

Fo, JTAG Truth Table Information, 
See Table 7-4 'JTAG Logic Truth 

Tables - OulputS' on page 7-183 in 
this Manual. 

(Input Edge Rate tr tf=1 OOns) T J= 250°C (Nominal) all units are in ns , 

Sym Parameter 
515 V 

pF=O pF=50 pF=100 K (ns/pF) 

ONBJ 

tpLH Propagation Delay, 0.71 0.71 0.71 0.00 
tpHL CKDRto TDO 0.72 0.72 0.72 0.00 

tpLH Propagation Delay, 0.90 2.20 3.50 0.03 
tpHI DO to PAD 1.04 2.29 3.54 0.03 
tpl H Propagation Delay, 1.04 2.34 3.64 0.03 
tpHL OMCtoPAD 1.22 2.47 3.72 0.03 
tpLH Propagation Delay, 1.30 2.60 3.90 0.03 
tpHL TOO to PAD 1.40 2.65 3.90 0.03 
tpLH Propagation Delay, 1.43 2.73 4.03 0.03 

IpHL UDDRto PAD 1.57 2.82 4.07 0.03 
t, Output Rise Time, PAD 0.29 3.24 6.19 0.06 
tf Output Fall Time, PAD 0.49 2.74 4.99 0.05 
t, Output Rise Time, TDO 0.62 0.62 0.62 0.00 
tf Output Fall nme, TDO 0.41 0.41 0.41 0.00 

H4CPlus Series Design Reference Guide 

pF=O 

0.71 
0.72 
1.10 
1.14 
1.29 
1.33 
1.55 
1.50 
1.68 
1.68 
0.58 
0.55 
0.62 
0.41 

ONSJ ONXSJ ONLXSJ ONLSJ 

ONSJ 
ONXSJ 
ONLXBJ 
ONLBJ 

ON8J 
ONX8J 

ONLX8J 
ONL8J 

DO 

CKDR 
UDDR 

SHDR 
TDI 
OMC 

XXX 
PAD 

TOO 

Rev. 1.07 

3.315 V 

pF=50 pF=100 

ONLX8J 

0.71 0.71 
0.72 0.72 
2.45 3.80 
2.24 3.34 
2.64 3.99 
2.43 3.53 
2.90 4.25 
2.60 3.70 
3.03 4.38 
2.78 3.88 
3.54 6.49 
2.85 5.15 
0.62 0.62 
0.41 0.41 

K (ns/pF) 

0.00 
0.00 
0.03 
0.02 
0.03 
0.02 
0.03 
0.02 
0.03 
0.02 
0.06 
0.05 
0.00 
0.00 
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ONBJ ONX8J ONLXBJ ONLBJ 
MOTOROLA TECHNICAL DATA _______ _ 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr II-lOOns) T J- 25 O°C (Nominal) all units are in ns , - . -

Sym 
513.3 V 

Parameter 
pF=O pF=50 pF=100 

ONXSJ 

tpLH Propagation Delay, 1.04 1.04 1.04 
tpHI CKDR to TOO 1.01 1.01 1.01 
tpLH Propagation Delay, 1.77 3.12 4.47 
tpHL DO to PAD 1.76 3.26 4.76 
tpLH Propagation Delay, 2.00 3.35 4.70 
tpHI OMCtoPAD 2.02 3.52 5.02 
tpLH Propagation Delay, 2.46 3.81 5.16 
tpHL TOO to PAD 2.31 3.81 5.31 
tpLH Propagation Delay, 2.53 3.88 5.23 
tpHL UDDRto PAD 2.52 4.02 5.52 

t Output Rise Time, PAD 0.66 3.56 6.46 
tf Output Fall Time, PAD 0.57 3.37 6.17 
t Output Rise Time, TOO 0.87 0.87 0.87 
tf Output Fall Time, TOO 0.52 0.52 0.52 

TTL SWITCHING CHARACTERISTICS 
(Input Edge Rate tr 11=1 OOns) T J= 25 O°C (Nominal) all units are in ns , 

Sym Parameter 

tpLH Propagation Delay, 
tpHL CKDRtoTDO 
tpi Propagation Delay, 
tpHL DO to PAD 

tpLH Propagation Delay, 
tpHL OMCtoPAD 

tpLH Propagation Delay, 
tE'HL TOO to PAD 

tpili Propagation Delay, 
tpHI UDDR to PAD 

t, Output Rise Time, PAD 

If Output Fall Time, PAD 
t, Output Rise Time, TOO 

tf Output Fall Time, TOO 

MOTOROLA 
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515 V 
pF=O pF=50 pF=100 

ON8J 

0.71 0.71 0.71 
0.72 0.72 0.72 
0.83 1.48 2.13 
1.15 3.05 4.95 
0.97 1.62 2.27 
1.32 3.22 5.12 
1.23 1.88 2.53 
1.50 3.40 5.30 
1.36 2.01 2.66 
1.67 3.57 5.47 
0.29 3.24 6.19 
0.49 2.74 4.99 
0.62 0.62 0.62 
0.41 0.41 0.41 

Rev. 1.07 

3.313.3 V 

K (nsJpF) pF=O pF=50 pF=100 K (ns/pF) 

ONL8J 

0.00 1.04 1.04 1.04 0.00 
0.00 1.01 1.01 1.01 0.00 
0.03 1.23 3.08 4.93 0.04 
0.03 1.38 2.88 4.38 0.03 
0.03 1.48 3.33 5.18 0.04 
0.03 1.63 3.13 4.63 0.03 
0.03 1.92 3.77 5.62 0.04 
0.03 1.94 3.44 4.94 0.03 
0.03 2.00 3.85 5.70 0.04 
0.03 2.15 3.65 5.15 0.03 
0.06 0.35 4.40 8.45 0.08 
0.06 0.59 3.34 6.09 0.05 

0.00 0.87 0.87 0.87 0.00 
0.00 0.52 0.52 0.52 0.00 

Rev. 1.07 

3.3/5 V 

K (nsJpF) pF-O pF=50 pF=100 K (nsJpF) 

ONLX8J 

0.00 0.71 0.71 0.71 0.00 
0.00 0.72 0.72 0.72 0.00 
0.01 1.04 2.09 3.14 0.02 
0.04 1.19 2.59 3.99 0.03 
0.01 1.23 2.28 3.33 0.02 
0.04 1.38 2.78 4.18 0.03 
0.Q1 1.48 2.53 3.58 0.02 
0.04 1.55 2.95 4.35 0.03 
0.Q1 1.62 2.67 3.72 0.02 
0.04 1.73 3.13 4.53 0.03 

0.06 0.58 3.54 6.49 0.06 
0.05 0.55 2.85 5.15 0.05 
0.00 0.62 0.62 0.62 0.00 
0.00 0.41 0.41 0.41 0.00 
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ONBJ ONXBJ ONLXBJ ONLBJ 

MOTOROLA TECHNICAL DATA 

TTL SWITCHING CHARACTERISTICS 
(Input Edge Rate tr tf=1 OOns) T J= 25 ODC (Nominal) all units are in ns , 

513.3 V 
Sym Parameter 

pF=O pF=50 pF=100 K(ns/pF) 

ONXSJ 

tpLH Propagation Delay, 1.04 1.04 1.04 0.00 
tpHI CKDRtoTDO 1.01 1.01 1.01 0.00 
tpLH Propagation Delay, 1.57 2.32 3.07 0.01 
tpHl DO to PAD 1.87 4.17 6.47 0.05 
tpLH Propagation Delay, 1.81 2.56 3.31 0.01 
tpHl OMCtoPAD 2.13 4.43 6.73 0.05 
tplH Propagation Delay, 2.27 3.02 3.77 0.01 
tpHl TOO to PAD 2.42 4.72 7.02 0.05 
tpLH Propagation Delay, 2.34 3.09 3.84 0.01 
tpHl UDDRtoPAD 2.64 4.94 7.24 0.05 

t Output Rise Time, PAD 0.66 3.56 6.46 0.06 
tl Output Fall Time, PAD 0.57 3.37 6.17 0.06 
t Output Rise Time, TOO 0.87 0.87 0.87 0.00 
tf Output Fall Time, TOO 0.52 0.52 0.52 0.00 

CMOSITTL TIMING REQUIREMENTS 
(Input Edge Rate tr,tf=1.00ns) TJ= 25.0DC (Nominal) all units are in ns. 

Sym Parameter 
515 V 

Minimum Requirement 

ONSJ 

t~1J Set Up Time, DO to CKDR 0.18 

tsu Set Up Time, SHDR to CKDR 0.25 

tsu Set Up Time, TDI to CKDR 0.14 

th Hold Time, CKDR to DO 0.26 

tIL Hold Time, CKDR to SHDR 0.19 

th Hold Time, CKDR to TDI 0.32 

Iw Pulse Width, CKDR(L) 0.40 
tw Pulse Width, CKDR(H) 0.78 

t~ Pulse Width, UDDR(H) 0.47 

CMOSITTL TIMING REQUIREMENTS 
(Input Edge Rate tr,tf=l.00ns) T J= 25.0OC (Nominal) all units are in ns. 

Sym Parameter 
513.3 V 

Minimum Requirement 

ONX8J 

tOil Set Up Time, DO to CKDR 0.36 

tsu Set Up Time, SHDR to CKDR 0.43 

tsu Set Up Time, TOI to CKDR 0.28 
th Hold Time, CKDR to DO 0.36 
th Hold Time, CKDR to SHDR 0.25 

th Hold Time, CKDR to TDI 0.42 

tw Pulse Width, CKDR(L) 0.67 
tw Pulse Width, CKDR(H) 1.18 
tw Pulse Width, UDDR(H) 0.64 

NOTE: 
For Functional Diagram see page 7-124 

H4CPlus Series Design Reference Guide 

Rev. 1.07 

3.3/3.3 V 

pF=O pF=50 pF=100 K (ns/pF) 

ONLSJ 

1.04 1.04 1.04 0.00 
1.01 1.01 1.01 0.00 
1.20 2.60 4.00 0.03 
1.44 3.24 5.04 0.04 
1.45 2.85 4.25 0.03 
1.68 3.48 5.28 0.04 
1.88 3.28 4.68 0.03 
1.99 3.79 5.59 0.04 
1.97 3.37 4.77 0.03 
2.21 4.01 5.81 0.04 
0.35 4.40 8.45 0.08 
0.59 3.34 6.09 0.05 
0.87 0.87 0.87 0.00 
0.52 0.52 0.52 0.00 

Rev 107 .. 
3.3/5 V 

Minimum Requirement 

ONLX8J 

0.18 
0.25 
0.14 
0.26 
0.19 
0.32 
0.40 
0.78 
0.47 

Rev 107 .. 
3.313.3 V 

Minimum Requirement 

ONL8J 

0.36 
0.43 
0.28 
0.37 
0.25 
0.42 
0.67 
1.18 
0.64 
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ON16J ONXL16J ONL16J 

MOTOROLA TECHNICAL DATA ••• _ ••• _ 

Non - Inverting Output Buffers - JTAG 
(3.3 V and 5 V System/Core Voltage) 

5/5 V 
3.3/5 V 
3.3/3.3 V 

MACRO 

All 

SECTIONS USED 

0/1 
Rev. 1.07 

OUTPUTSIINPUTS 

PAD,TDOI 
DO,CKDR,UDDR,SHDR,TDI,OMC 

INPUT CAP. 

CKDR,TDI: O.04pF 
DO:0.31pF 

OMC,SHDR: 0.1OpF 
UDDR: 0.08pF 

OUTPUT CAP. 

PAD:5.76pF 

CMOS SWITCHING CHARACTERISTICS 

FUNCTION TABLE 
JTAG 

DO PAD 
L L 

H H 

JTAG 
For JTAG Truth Table Information, 
See Table 7-4 'JTAG Logic Truth 

Tables· Oulputs' on page 7·183 In 
this Manual. 

(Input Edge Rate tr,tf=1.00ns) T J= 25.00c (Nominal) all units are in ns. 

Sym Parameter 
515 V 

pF=O pF=50 pF=100 K (ns/pF) 

ON16J 

tpi H Propagation Delay, 0.71 0.71 0.71 0.00 
tpHL CKDRto TDO 0.72 0.72 0.72 0.00 
tpLH Propagation Delay, 0.87 1.67 2.47 0.02 
tpHL DO to PAD 1.14 1.99 2.84 0.02 
tpLH Propagation Delay, 1.07 1.87 2.67 0.02 
tpHL OMCtoPAD 1.32 2.17 3.02 0.02 
tpLH Propagation Delay, 1.32 2.12 2.92 0.02 
tpHL TOO to PAD 1.49 2.34 3.19 0.02 
tpi H Propagation Delay, 1.45 2.25 3.05 0.02 
tpHL UDDRtoPAD 1.67 2.52 3.37 0.02 

t Output Rise Time, PAD 0.43 2.13 3.83 0.03 
tf Output Fall Time, PAD 0.49 1.89 3.29 0.03 
t Output Rise Time, TOO 0.62 0.62 0.62 0.00 
tf Output Fall Time, TOO 0.41 0.41 0.41 0.00 

pF=O 

0.71 
0.72 
1.13 
0.99 
1.33 
1.18 
1.58 
1.35 
1.71 
1.53 
0.58 
0.46 
0.62 
0.41 

ON16J 
ONXL16J 
ONL16J 

ON16J 
ONXL16J 

ONL16J 

DO 

XXX 
PAD 

TOO 

Rev. 1.07 

3.315 V 

pF=50 pF=100 K (ns/pF) 

ONLX16J 

0.71 0.71 0.00 
0.72 0.72 0.00 
2.49 3.84 0.03 
1.64 2.29 0.01 
2.68 4.03 0.03 
1.83 2.48 0.01 
2.93 4.28 0.03 
2.00 2.65 0.01 
3.06 4.41 0.03 
2.18 2.83 0,01 
3.53 6.48 0.06 
1.61 2.76 0.02 
0.62 0.62 0.00 
0.41 0.41 0.00 
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ONl6J ONXL16J ONLl6J 

MOTOROLA TECHNICAL DATA 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr tH OOns) T J- 25 OOC (Nominal) all units are in ns , - . - Rev. 1.07 

Sym Parameter 
3.313.3 V 

pF=O pF=50 pF=100 K (nslpF) 

ONL16J 

tpLH Propagation Delay, 1.04 1.04 1.04 0.00 

tpHL CKDRtoTDO 1.01 1.01 1.01 0.00 
tpLH Propagation Delay, 1.21 2.36 3.51 0.02 
tPHI DO to PAD 1.52. 2.52 3.52 0.02 
tpLH Propagation Delay, 1.52 2.67 3.82 0.02 
tpHL OMCto PAD 1.79 2.79 3.79 0.02 
tpLH Propagation Delay, 1.96 3.11 4.26 0.02 
tpHL TDOtoPAD 2.08 3.08 4.08 0.02 
tpLH Propagation Delay, 2.04 3.19 4.34 0.02 
tPHI UDDRtoPAD 2.30 3.30 4.30 0.02 

t Output Rise Time, PAD 0.52 2.87 5.22 0.05 
tf Output Fall Time, PAD 0.58 2.28 3.98 0.03 
t Output Rise Time, TOO 0.87 0.87 0.87 0.00 

tf Output Fall Time, TDO 0.52 0.52 0.52 0.00 

TTL SWITCHING CHARACTERISTICS 
(Input Edge Rate tr 11=1 OOns) T J= 250°C (Nominal) all units are in ns , 

Sym 
515 V 3.3/5 V 

Parameter 
pF=O pF=50 pF=100 K (nslpF) pF=O pF=50 pF=100 

ONl6J ONLXl6J 

tpLH Propagation Delay, 0.71 0.71 0.71 0.00 0.71 0.71 0.71 
tpHL CKDRtoTDO 0.72 0.72 0.72 0.00 0.72 0.72 0.72 

tP~1-I Propagation Delay, 0.74 1.19 1.64 0.01 1.07 2.12 3.17 
tpHI DO to PAD 1.25 2.45 3.65 0.02 1.03 1.78 2.53 
tpLH Propagation Delay, 0.95 1.40 1.85 0.01 1.26 2.31 3.36 
tpHL OMCto PAD 1.43 2.63 3.83 0.02 1.23 1.98 2.73 
tpLH Propagation Delay, 1.19 1.64 2.09 0.01 1.51 2.56 3.61 
tpHL TDOtoPAD 1.61 2.81 4.01 0.02 1.40 2.15 2.90 
tpLH Propagation Delay, 1.33 1.78 2.23 0.01 1.65 2.70 3.75 
tpHL UDDRtoPAD 1.78 2.98 4.18 0.02 1.57 2.32 3.07 

tr Output Rise Time, PAD 0.43 2.13 3.83 0.03 0.58 3.53 6.48 
tf Output Fall Time, PAD 0.49 1.89 3.29 0.03 0.46 1.61 2.76 
tr Output Rise Time, TOO 0.62 0.62 0.62 0.00 0.62 0.62 0.62 
tf Output Fall Time, TOO 0.41 0.41 0.41 0.00 0.41 0.41 0.41 

H4CPlus Series Design Reference Guide 
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K (nslpF) 

0.00 
0.00 
0.02 
0.01 
0.02 
0.01 
0.02 
0.01 
0.02 
0.01 
0.06 
0.02 
0.00 
0.00 
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II 

ON16J ONXL 16J ONL 16J 
MOTOROLA TECHNICAL DATA _______ _ 

TTL SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1 OOns) TJ= 250°C (Nominal) all units are in ns. 

Sym Parameter 
pF=O 

tpLH Propagalion Delay, 1.04 
IpHl CKDRloTDO 1.01 
IpLH Propagation Delay, 1.15 
IpHl 0010 PAD 1.58 
Ipi H Propagalion Delay, 1.46 
IpHL OMCloPAD 1.85 
IpLH Propagalion Delay, 1.90 
IpHl TOO 10 PAD 2.13 
IplH Propagation Delay, 1.98 
IpHL UDDR 10 PAD 2.36 

I, Output Rise Time, PAD 0.52 

It Output Fall Time, PAD 0.58 
Ir Output Rise Time, TOO 0.87 
If Output Fall Time, TOO 0.52 

CMOSITTL TIMING REQUIREMENTS 
(Input Edge Rale Ir tf=1 OOns) T J= 250°C (Nominal) all units are in ns , 

Sym Parameter 
515 V 

Minimum Requirement 

ON16J 

Isu Sel Up Time, DO to CKDR 0.19 

Isu Sel Up Time, SHDR to CKDR 0.25 

Isu Sel Up Time, TDI to CKDR 0.14 

th Hold Time, CKDR 10 DO 0.25 

th Hold Time, CKDR 10 SHDR 0.19 

th Hold Time, CKDR 10 TOI 0.32 

~ Pulse Width, CKDR(L) 0.40 

tw Pulse Widlh, CKDR(H) 0.78 

tw Pulse Width, UDDR(H) 0.47 

CMOSITTL TIMING REQUIREMENTS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.00c (Nominal) all unils are in ns. 

Sym Parameter 

ONL16J 

tsu Set Up Time, DO 10 CKDR 

t." Set Up Time, SHDR to CKDR 

tsu Set Up Time, TDI to CKDR 

th Hold Time, CKDR 10 DO 

Ih Hold Time, CKDR 10 SHDR 

th Hold Time, CKDR to TOI 

Iw Pulse Width, CKDR(L) 

tw Pulse Width, CKDR(H) 

tw Pulse Width, UDDR(H) 
NOTE: 
For Functional Diagram see page 7-124 

MOTOROLA 
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Rev. 1.07 

3.313.3 V 

pF=50 pF=100 K (ns/pF) 

ONL16J 

1.04 1.04 0.00 
1.01 1.01 0.00 
2.05 2.95 0.02 
2.78 3.98 0.02 
2.36 3.26 0.02 
3.05 4.25 0.02 
2.80 3.70 0.02 
3.33 4.53 0.02 
2.88 3.78 0.02 
3.56 4.76 0.02 
2.87 5.22 0.05 
2.28 3.98 0.03 
0.87 0.87 0.00 
0.52 0.52 0.00 

Rev 107 
3.3/5 V 

Minimum Requirement 

ONLX16J 

0.18 
0.25 
0.14 
0.26 
0.19 
0.32 
0.40 
0.78 
0.47 

Rev. 1.07 
3.313.3 V 

Minimum Requirement 

0.37 
0.43 
0.28 
0.35 
0.25 
0.42 
0.67 
1.18 
0.64 

H4CPlus Series Design Reference Guide 



MOTOROLA TECHNICAL DATA 

Non - Inverting Output Buffers - JTAG 
With Slew Rate Control (S2) 

5/5 V 

(5 V System/Core Voltage) 

MACRO 

MACRO 

ON4S2J 

ON8S2J 

ON16S2J 

MACRO 

ON4S2J 

ON8S2J 
ON16S2J 

SECTIONS USED 

0/1 
Rev.L07 

OUTPUTSIINPUTS 

PAD,TDOI 
DO,CKDR,UDDR,SHDR,TDI,OMC 

INPUT CAP. 

CKDR,TDI: O.04pF 
DO: O.40pF 

OMC,SHDR: O.10pF 
UDDR: O.08pF 

CKDR,TDI: O.04pF 
DO: O.26pF 

OMC,SHDR: O.10pF 
UDDR: O.08pF 

CKDR,TDI: O.04pF 
DO: O.31pF 

OMC,SHDR: O.10pF 
UDDR: O.08pF 

OUTPUT CAP. 

PAD:4.96pF 

PAD: 5.10pF 
PAD:5.76pF 

FUNCTION TABLE 
JTAG 

DO PAD 

L L 

H H 

JTAG 

For JT AG Truth Table Information, See 
Table 7-4 'JTAG Logic Truth Tables

Outputs' on page 7·183 in this Manual. 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr tf=l OOns) T J= 250°C (Nominal) all units are in ns , 

5115 V 

ON4S2J ON8S2J ON16S2J 

ON4S2J 
ON8S2J 
ON16S2J 

Rev. 1.07 

ON4S2J 
ON8S2J 

ON16S2J 

DO 

CKDR 
UDDR 

SHDR 
TOI 
OMC 

XXX 
PAD 

TDO 

Sym Parameter 
pF=O pF=50 pF=100 K (ns/pF) 

tpi H Propagation Delay, 
tpHI CKDRto TDO 
tpLH Propagation Delay, 
tpHI DO to PAD 

tpLH Propagation Delay, 
tpHL OMC to PAD 
tplH Propagation Delay, 
tpHL TOO to PAD 
tplH Propagation Delay, 
tpHL UDDRto PAD 

tr Output Rise Time, PAD 
tf Output Fall Time, PAD 
tr Output Rise Time, TDO 
tf Output Fall Time, TDO 

H4CPlus Series Design Reference Guide 

0.71 
0.72 
1.56 
1.20 
1.76 
1.39 
1.98 
1.58 
2.11 
1.75 
0.71 
0.55 
0.62 
0.41 

ON4S2J 

0.71 0.71 
0.72 0.72 
3.86 6.16 
3.20 5.20 
4.06 6.36 
3.39 5.39 
4.28 6.58 
3.58 5.58 
4.41 6.71 
3.75 5.75 
5.81 10.91 
4.35 8.15 
0.62 0.62 
0.41 0.41 

0.00 
0.00 
0.05 
0.04 
0.05 
0.04 
0.05 
0.04 
0.05 
0.04 
0.10 
0.08 
0.00 
0.00 
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II 

ON4S2J ON8S2J ON16S2J 

MOTOROLA 

7-132 

MOTOROLA TECHNICAL DATA _______ _ 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr tf=1 OOns) T J= 250°C (Nominal) all units are in ns Rev. 1.07 , 

Sym Parameter 
pF=O pF=50 

51/5 V 

pF=100 K (nslpF) 

ON8S2J 

tpLH Propagation Delay, 0.71 0.71 0.71 0.00 
tpHL CKDRto TDO 0.72 0.72 0.72 0.00 
tpLH Propagation Delay, 1.57 2.97 4.37 0.03 
tpHL DO to PAD 1.32 2.62 3.92 0.03 
tpLH Propagation Delay, 1.70 3.10 4.50 0.03 
tpHL OMCtoPAD 1.49 2.79 4.09 0.03 
tpLH Propagation Delay, 1.97 3.37 4.77 0.03 
tpHL TDOtoPAD 1.67 2.97 4.27 0.03 
tpLH Propagation Delay, 2.10 3.50 4.90 0.03 
tpHL UDDRtoPAD 1,85 3.15 4.45 0.03 

tr Output Rise Time, PAD 0.78 3.68 6.58 0.06 
tf Output Fall Time, PAD 0.70 2.95 5.20 0.05 
tr Output Rise Time, TDO 0.62 0.62 0.62 0.00 
t Output Fall Time, TDO 0.41 0.41 0.41 0.00 

ON16S2J 

ipLH Propagation Delay, 0.71 0.71 0.71 0.00 
tpHL CKDRtoTDO 0.72 0.72 0.72 0.00 
tpLH Propagation Delay, 1.53 2.48 3.43 0.02 
tpHL DO to PAD 1.49 2.39 3.29 0.02 
tpLH Propagation Delay, 1.72 2.67 3.62 0.02 
tpHI OMCtoPAD 1.67 2.57 3.47 0.02 
tpLH Propagation Delay, 1.98 2.93 3.88 0.02 
tpHI TDOtoPAD 1.85 2.75 3.65 0.02 
tpLH Propagation Delay, 2.12 3.07 4.02 0.02 
tpHL UDDRto PAD 2.02 2.92 3.82 0.02 

tr Output Rise Time, PAD 0.78 2.53 4.28 0.04 
tf Output Fall Time, PAD 0.64 2.09 3.54 0.03 
tr Output Rise Time, TDO 0.62 0.62 0.62 0.00 
tf Output Fall Time, TDO 0.41 0.41 0.41 0.00 

TTL SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 

Sym Parameter 
5115 V 

pF=O pF=50 pF=100 K (nslpF) 

ON4S2J 

tpLH Propagation Delay, 0.71 0.71 0.71 0.00 
tpHL CKDRtoTDO 0.72 0.72 0.72 0.00 
tpLH Propagation Delay, 1.38 2.58 3.78 0.02 
tpHL DO to PAD 1.31 4.41 7.51 0.06 
tpLH Propagation Delay, 1.58 2.78 3.98 0.02 
tpHL OMCtoPAD 1.51 4.61 7.71 0.06 
tpLH Propagation Delay, 1.80 3.00 4.20 0.02 
tpHL TDOtoPAD 1.69 4.79 7.89 0.06 
tpLH Propagation Delay, 1.93 3.13 4.33 0.02 
tpHL UDDRto PAD 1.87 4.97 8.07 0.06 

tr Output Rise Time, PAD 0.71 5.81 10.91 0.10 
tf Output Fall Time, PAD 0.55 4.35 8.15 0.08 
tr Output Rise Time, TDO 0.62 0.62 0.62 0.00 
tf Output Fall Time, TDO 0.41 0.41 0.41 0.00 

H4CPlus Series Design Reference Guide 



ON4S2J ON8S2J ON16S2J 

MOTOROLA TECHNICAL DATA 

TTL SWITCHING CHARACTERISTICS 
(Input Edge Rate tr tf=1 OOns) T J= 250°C (Nominal) all units are in ns Rev. 1.07 , 

Sym Parameter 
5115 V 

pF=O pF=50 pF=100 K (ns/pF) 

ON8S2J 

tpLH Propagation Delay, 0.71 0.71 0.71 0.00 
tpHI CKDRto TDO 0.72 0.72 0.72 0.00 

tpLH Propagation Delay, 1.34 2.14 2.94 0.02 
tpHL DO to PAD 1.47 3.42 5.37 0.04 

tpLH Propagation Delay, 1.47 2.27 3.07 0.02 
tpHL OMCtoPAD 1.64 3.59 5.54 0.04 

tpLH Propagation Delay, 1.74 2.54 3.34 0.02 
tpHL TDOtoPAD 1.82 3.77 5.72 0.04 
tpLH Propagation Delay, 1.87 2.67 3.47 0.02 
tpHI UDDRto PAD 1.99 3.94 5.89 0.04 

tr Output Rise Time, PAD 0.78 3.68 6.58 0.06 

tf Output Fall Time, PAD 0.70 2.95 5.20 0.05 
t, Output Rise Time, TDO 0.62 0.62 0.62 0.00 

~. Output Fall Time, TDO 0.41 0.41 0.41 0.00 
ON16S2J 

tpLH Propagation Delay, 0.71 0.71 0.71 0.00 
tpHl CKDRto TDO 0.72 0.72 0.72 0.00 
tpLH Propagation Delay, 1.30 1.90 2.50 0.01 

tp.l:tl DO to PAD 1.63 2.93 4.23 0.03 

tpLH Propagation Delay, 1.49 2.09 2.69 0.01 

tpHl OMCtoPAD 1.81 3.11 4.41 0.03 
tplH Propagation Delay, 1.75 2.35 2.95 0.01 
tpHI TDOtoPAD 1.99 3.29 4.59 0.03 

tpLH Propagation Delay, 1.88 2.48 3.08 0.01 

tpHL UDDRto PAD 2.16 3.46 4.76 0.03 
t Output Rise Time, PAD 0.78 2.53 4.28 0.04 

tf Output Fall Time, PAD 0.64 2.09 3.54 0.03 
t Output Rise Time, TDO 0.62 0.62 0.62 0.00 

tf Output Fall Time, TDO 0.41 0.41 0.41 0.00 

CMOSITTL TIMING REQUIREMENTS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. Rev. 1.07 

5/5 V 
Parameter Sym 

Minimum Requirement 

ON4S2J 

tsu Set Up Time, DO to CKDR 

tsu Set Up Time, SHDR to CKDR 

tsu Set Up Time, TDI to CKDR 

th Hold Time, CKDR to DO,SHDR 

th Hold Time, CKDR to TDI 

tw Pulse Width, CKDR(L) 

tw Pulse Width, CKDR(H) 

Iw Pulse Width, UDDR(H) 

H4CPlus Series Design Reference Guide 

0.39 

0.25 

0.14 

0.18 

0.32 

0.40 

0.78 

0.47 
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ON4S2J ON8S2J ON16S2J 
MOTOROLA TECHNICAL DATA _______ _ 

CMOSfTTL TIMING REQUIREMENTS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. Rev. 1.07 

Sym Parameter 

tsu Set Up Time, DO to CKDR 

tsu Set Up Time, SHDR to CKDR 

tsu Set Up Time, TDI to CKDR 

th Hold Time, CKDR to DO 

th Hold Time, CKDR to SHDR 

th Hold Time, CKDR to TDI 

tw Pulse Width, CKDR(L) 

tw Pulse Width, CKDR(H) 

tw Pulse Width, UDDR(H) 

tsu Set Up Time, DO to CKDR 

tsu Set Up Time, SHDR to CKDR 

tsu Set Up Time, TDI to CKDR 

th Hold Time, CKDR to DO 

th Hold Time, CKDR to SHDR 

~ Hold Time, CKDR to TDI 

tw Pulse Width, CKDR(L) 

tw Pulse Width, CKDR(H) 

tw Pulse Width, UDDR(H) 

NOTE: 
For Functional Diagram see page 7-124 

MOTOROLA 

7-134 

515 V 

Minimum Requirement 

ON8S2J 

0.18 

0.25 

0.14 

0.26 

0.19 

0.32 

0.40 

0.78 

0.46 

ON16S2J 

0.19 

0.25 

0.14 

0.25 

0.19 

0.32 

0.40 

0.78 

0.46 
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MOTOROLA TECHNICAL DATA 

Non-Inverting Open-Drain Output 
Buffers - JTAG 

5/5 V 
3.3/3.3 V 

(3.3 V and 5 V System/Core Voltage) 

MACRO 

All 

MACRO I 
All 

SECTIONS USED 

011 
Rev. 1.07 

OUTPUTSIINPUTS 

PAD,Tool 
DO,CKDR,UDDR,SHDR,TDI,OMC 

INPUT CAP. 

CKDR,TDI: 0.04pF 
DO:0.32pF 

OMC,SHDR: 0.10pF 
UDDR: 0.08pF 

OUTPUT CAP. 

PAD:4.96pF 

CMOS SWITCHING CHARACTERISTICS 

FUNCTION TABLE 
JTAG 

DO PAD 

L L 

H Z 

JTAG 

Fo, JTAG Truth Table Information, 
See Table 7-5 'JTAG Logic Truth 

Table - Clockl"Sample Only" Inputs' 
on page 7-183 In this Manual. 

(Input Edge Rate tr,tf=1.00ns) T J= 25.0·C (Nominal) all units are in ns. 

515 V 
Sym Parameter 

pF::O pF=50 pF::100 K (ns/pF) 

ON40DJ 

tpLH Propagation Delay, 0.76 0.76 0.76 0.00 

tpHL CKDR to TOO 0.68 0.68 0.68 0.00 

tpLH Propagation Delay, 0.70 0.70 0.71 0.00 

tpHL DO to PAD 0.69 2.69 4.69 0.04 

tpLH Propagation Delay, 1.54 1.55 1.55 0.00 

tpHL OMCtoPAD 1.54 3.24 4.94 0.03 

tpLH Propagation Delay, 1.05 1.05 1.06 0.00 

tpHL TOO to PAD 1.06 3.06 5.06 0.04 

tpLH Propagation Delay, 1.23 1.24 1.24 0.00 

tpHL UDDRtoPAD 1.23 3.23 5.23 0.04 

t, Output Rise Time, PAD 0.00 0.Q1 0.01 0.00 

tf Output Fall Time, PAD 0.41 4.51 8.61 0.08 

t, Output Rise Time, TOO 0.63 0.63 0.63 0.00 

tf Output Fall Time, TOO 0.41 0.41 0.41 0.00 

H4CPlus Series Design Reference Guide 

pF::O 

1.13 

0.95 

0.93 

0.88 

1.92 

1.92 

1.46 

1.46 

1.68 

1.68 

0.00 
0.48 

0.87 

0.52 

ON40DJ 
ONL40DJ 

ON40DJ ONL40DJ 

ON40DJ 
ONL40DJ 

DO 

CKDR 
UDDR 

SHDR 
TDI 
OMC 

TOO 

?~ 
XXX 
PAD 

Rev. 1.07 

3.313,3 V 

pF::50 pF::100 

ONL40DJ 

1.13 1.13 

0.95 0.95 

0.93 0.94 

3.33 5.78 

1.93 1.93 

3.97 6.02 

1.47 1.47 

3.91 6.36 

1.68 1.69 

4.13 6.58 

0.01 0.01 

5.58 10.68 

0.87 0.87 

0.52 0.52 

K (ns/pF) 

0.00 

0.00 

0.00 

0.05 

0.00 

0.04 

0.00 

0.05 

0.00 

0.05 

0.00 

0.10 

0.00 

0.00 

MOTOROLA 
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ON40DJ ONL40DJ 

_ •••••• _ MOTOROLA TECHNICAL DATA ••••••• _ 

I 
I 

TTL SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=l.00ns) T J= 25.00c (Nominal) all units are in ns. 

Sym Parameter 
pF=O 

515 V 

pF=50 pF=loo K(ns/pF) 

ON40DJ 

tpLH Propagation Delay, 0.76 0.76 0.76 0.00 

tpHL CKDRtoTDO 0.68 0.68 0.68 0.00 

tpLH Propagation Delay, 0.79 0.79 0.80 0.00 

tpHL DO to PAD 0.78 3.93 7.08 0.06 

tpLH Propagation Delay, 2.03 2.04 2.04 0.00 

tpHL OMCtoPAD 2.03 4.68 7.33 0.05 

tpLH Propagation Delay, 1.14 1.14 1.15 0.00 

tpHL TOO to PAD 1.15 4.30 7.45 0.06 

tpLH Propagation Delay, 1.32 1.32 1.33 0.00 

tpHL UDDRtoPAD 1.32 4.47 7.62 0.06 

tr Output Rise Time, PAD 0.00 0.01 0.01 0.00 

tf Output Fall Time, PAD 0.41 4.51 8.61 0.08 

tr Output Rise Time, TOO 0.63 0.63 0.63 0.00 

tf Output Fall Time, TOO 0.41 0.41 0.41 0.00 

CMOsnTL TIMING REQUIREMENTS 
(Input Edge Rate tr,tf=l.00ns) T J", 25.0°C (Nominal) all units are in ns. 

MOTOROLA 

7-136 

Sym 

tsu 

tsu 

tsu 
th 

th 

Iw 
tw 

tw 

515 V 
Parameter 

Minimum Requirement 

ON40DJ 

Set Up Time, DO to CKDR 0.18 
Set Up Time, SHDR to CKDR 0.24 

Set Up Time, TDI to CKDR 0.13 

Hold Time, CKDR to DO,TDI 0.30 

Hold Time, CKDR to SHDR 0.19 
Pulse Width, CKDR(L) 0.41 

Pulse Width, CKDR(H) 0.65 

Pulse Width, UDDR(H) 0.46 

Rev. 1.07 

3.313.3 V 

pF=O pF=50 pF=100 K (ns/pF) 

ONL40DJ 

1.13 1.13 1.13 0.00 

0.95 0.95 0.95 0.00 
0.97 0.97 0.98 0.00 

0.93 3.93 6.93 0.06 
2.17 2.17 2.18 0.00 

2.17 4.67 7.17 0.05 

1.51 1.51 1.52 0.00 

1.50 4.50 7.50 0.06 

1.72 1.72 1.73 0.00 

1.72 4.72 7.72 0.06 

0.00 0,01 0.01 0.00 

0.48 5.58 10.68 0.10 

0.87 0.87 0.87 0.00 

0.52 0.52 0.52 0.00 

Rev. 1.07 

3.313.3 V 

Minimum Requirement 

ONL40DJ 

0.34 
0.43 

0.26 

0.41 

0.25 

0.67 

1.00 

0.66 
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ON40DJ ONL40DJ 

MOTOROLA TECHNICAL DATA 

FUNCTIONAL DIAGRAM: ONxODJ 

DO 

INTERNAL 
"""""""'~""""""""~"""'" ""'~""" 

CKDR 

PERIPHERY 

2to1 FFO 
MUX .------, 

A X 0 a 
B 
SL 

....------, LATa 
o a 

LATCH 
G aB 

UDDR-------- ------ ---------
IMC--------- --------
SHDR-------- -------------- ----------J":QC::::::::- --- ----------- -::::: :::_ 
2~Q __________________________________ _ 

~ 
PAD 

H4CPlus Series Design Reference Guide 

2 to 1 
MUX 

A X 
B 
SL 
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II 

ON80DJ ONL80DJ 

MOTOROLA TECHNICAL DATA _ ••••••• 

Non-Inverting Open-Drain Output 
Buffers - JTAG 

515 V 
3.3/3.3 V 

(3.3 V and 5 V System/Core Voltage) 

MACRO 

All 

SECTIONS USED 

0/1 
Rev. 1.07 

OUTPUTSIINPUTS 

PAD,TDOI 
DO,CKDR,UDDR,SHDR,TDI,OMC 

INPUT CAP. 

CKDR,TDI: O.04pF 
DO:0.35pF 

OMC,SHDR: 0.10pF 
UDDR: O.08pF 

OUTPUT CAP. 

PAD:4.96pF 

CMOS SWITCHING CHARACTERISTICS 

FUNCTION TABLE 
JTAG 

DO PAD 

L L 

H Z 

JTAG 

For JTAG Truth Table Information, 
See Table 7-5 'JTAG Lagle Truth 

Table - Clockf'Sample Only" Inputs' 
on page 7-183 in this Manual. 

(Input Edge Rate tr,ti=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

515 V 
Sym Parameter 

pF=O pF=50 pF=100 K (ns/pF) 

ON80DJ 

tpLH Propagation Delay, 0.76 0.76 0.76 0.00 

tpHL CKDRtoTDO 0.68 0.68 0.68 0.00 

tpLH Propagation Delay, 0.74 0.75 0.75 0.00 

tpHL DO to PAD 0.75 2.00 3.25 0.03 

tpLH Propagation Delay, 1.35 1.36 1.36 0.00 

tpHL OMCtoPAD 1.35 2.40 3.45 0.02 

tpLH Propagation Delay, 1.13 1.13 1.14 0.00 

tpHL TOO to PAD 1.13 2.38 3.63 0.03 

tpLH Propagation Delay, 1.31 1.31 1.32 0.00 

tpHL UDDRtoPAD 1.31 2.56 3.81 0.03 

tr Output Rise Time, PAD 0.00 0.01 0.01 0.00 

It Output Fall Time, PAD 0.53 2.88 5.23 0.05 

tr Output Rise Time, TOO 0.63 0.63 0.63 0.00 

tf Output Fall Time, TOO 0.41 0.41 0.41 0.00 

pF=O 

1.13 

0.95 

1.03 

0.99 

1.72 

1.72 

1.58 

1.58 

1.80 

1.80 

0.00 

0.63 

0.87 

0.52 

ON80DJ 
ONL80DJ 

ON80DJ 
ONL80DJ 

DO 

CKDR 
UDDR 

SHDR 
TOI 
OMC 

TOO 

r~ 
XXX 
PAD 

Rev. 1.07 

3.3/3.3 V 

pF=50 pF=100 K (ns/pF) 

ONLBODJ 

1.13 1.13 0.00 

0.95 0.95 0.00 

1.03 1.04 0.00 

2.49 3.99 0.03 

1.73 1.73 0.00 
2.97 4.22 0.02 

1.59 1.59 0.00 

3.08 4.58 0.03 

1.80 1.81 0.00 

3.30 4.80 0.03 

0.01 0.01 0.00 

3.53 6.43 0.06 

0.87 0.87 0.00 

0.52 0.52 0.00 

MOTOROLA 
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ON80DJ ONL80DJ 

MOTOROLA TECHNICAL DATA 

TTL SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

515 V 
Sym Parameter 

pF=O pF=50 pF=100 K (nsJpF) 

ON80DJ 

tpLH Propagation Delay, 0.76 0.76 0.76 0.00 

tpHL CKDR to TOO 0.68 0.68 0.68 0.00 

tpLH Propagation Delay, 0.85 0.86 0.86 0.00 

tpHL DO to PAD 0.86 2.76 4.66 0.04 

tpLH Propagation Delay, 1.70 1.70 1.71 0.00 

tpHL OMCtoPAD 1.70 3.30 4.90 0.03 

tpLH Propagation Delay, 1.24 1.24 1.25 0.00 

tpHL TOO to PAD 1.24 3.14 5.04 0.04 

tpLH Propagation Delay, 1.42 1.42 1.43 0.00 

tpHL UDDR to PAD 1.42 3.32 5.22 0.04 

tr Output Rise Time, PAD 0.00 0.Q1 0.01 0.00 

tf Output Fall Time, PAD 0.53 2.88 5.23 0.05 

tr Output Rise Time, TOO 0.63 0.63 0.63 0.00 

tf Output Fall Time, TOO 0.41 0.41 0.41 0.00 

CMOsmL TIMING REQUIREMENTS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

515 V 
Sym Parameter 

Minimum Requirement 

ON80DJ 

tsu Set Up Time, DO to CKDR 0.18 

tsu Set Up Time, SHDR to CKDR 0.24 

tsu Set Up Time, TOI to CKDR 0.13 

th Hold Time, CKDR to DO,TDI 0.30 

th Hold Time, CKDR to SHDR 0.19 

tw Pulse Width, CKDR(L) 0.41 

tw Pulse Width, CKDR(H) 0.65 

tw Pulse Width, UDDR(H) 0.46 

NOTE: 
For Functional Diagram see page 7-137 

H4CPlus Series Design Reference Guide 

Rev. 1.07 

3.3/3.3 V 

pF=O pF=50 pF=100 K (nsJpF) 

ONL80DJ 

1.13 1.13 1.13 0.00 

0.95 0.95 0.95 0.00 

1.09 1.09 1.10 0.00 
1.05 2.90 4.75 0.04 

1.89 1.90 1.90 0.00 

1.89 3.44 4.99 0.03 

1.64 1.65 1.65 0.00 

1.64 3.49 5.34 0.04 

1.85 1.86 1.86 0.00 

1.85 3.70 5.55 0.04 

0.00 0.Q1 0.01 0.00 

0.63 3.53 6.43 0.06 

0.87 0.87 0.87 0.00 

0.52 0.52 0.52 0.00 

Rev. 1.07 

3.3/3.3 V 

Minimum Requirement 

ONLBODJ 

0.36 

0.43 

0.26 

0.40 

0.25 

0.67 

1.00 

0.66 
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ON160DJ ONL160DJ 
________ MOTOROLA TECHNICAL DATA _______ _ 

• 

Non-Inverting Open-Drain Output 
Buffers - JTAG 

5/5 V 
3.3/3.3 V 

(3.3 V and 5 V System/Core Voltage) 

MACRO 

All 

MACRO 

All 

MACRO 

All 

SECTIONS USED 

011 
Rev. 1.07 

OUTPUTSIINPUTS 

PAD,Tool 
DO,CKDR,UDDR,SHDR,TDI,OMC 

INPUT CAP. 

CKDR,TDI: O.04pF 
DO:O.40pF 

OMC.SHDR: 0.10pF 
UDDR: 0.08pF 

OUTPUT CAP. 

PAD:4.96pF 

CMOS SWITCHING CHARACTERISTICS 

FUNCTION TABLE 
JTAG 

DO PAD 

L L 

H Z 

JTAG 

For JTAG Truth Table Information. 
See Table 7·5 'JTAG Logic Truth 

Table· Clockf'Sample Only" tnputs' 
on page 7·183 In this Manual. 

(Input Edge Rate tr,tf=l.00ns) TJ= 25.0°C (Nominal) all units are in ns. 

515 V 
Sym Parameter 

pF=O pF=50 pF=100 K (nslpF) pF=O 

ON160DJ 

tpLH Propagation Delay, 0.76 0.76 0.76 0.00 1.13 

tpHL CKDRtoTDO 0.68 0.68 0.68 0.00 0.95 

tpLH Propagation Delay, 0.79 0.79 0.80 0.00 1.09 

tpHL DO to PAD 0.79 1.64 2.49 0.02 1.06 

tpLH Propagation Delay, 1.28 1.28 1.29 0.00 1.63 

tpHL OMCtoPAD 1.28 1.98 2.68 0.01 1.63 

tpLH Propagation Delay, 1.19 1.19 1.20 0.00 1.68 

tpHL TDOtoPAD 1.19 2.04 2.89 0.02 1.67 

tpLH Propagation Delay, 1.37 1.37 1.38 0.00 1.89 

tpHL UDDRtoPAD 1.37 2.22 3.07 0.02 1.89 

tr Output Rise Time, PAD 0.00 0.01 0.01 0.00 0.00 

tr Output Fall Time, PAD 0.54 1.99 3.44 0.03 0.63 

tr Output Rise Time, TDO 0.63 0.63 0.63 0.00 0.87 

tf Output Fall Time, TDO 0.41 0.41 0.41 0.00 0.52 

ON160DJ 
ONL160DJ 

DO 

CKDR 
UDDR 

SHDR 
TDI 
OMC 

ON160DJ 
ONL160DJ 

TDO 

r~I 
GJ 

XXX 
PAD 

Rev. 1.07 

3.313,3 V 

pF=50 pF=100 K(nslpF) 

ONL160DJ 

1.13 1.13 0.00 

0.95 0.95 0.00 

1.10 1.10 0.00 

2.06 3.06 0.02 

1.64 1.64 0.00 

2.48 3.33 0.02 

1.68 1.69 0.00 

2.67 3.67 0.02 

1.89 1.90 0.00 

2.89 3.89 0.02 

0.01 0.01 0.00 

2.38 4.13 0.03 

0.87 0.87 0.00 

0.52 0.52 0.00 

MOTOROLA 
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ON160DJ ONL160DJ 

MOTOROLA TECHNICAL DATA 

TTL SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

515 V 
Sym Parameter 

pF=O pF=50 pF=100 K (ns/pF) 

ON160DJ 

tpLH Propagation Delay, 0.76 0.76 0.76 0.00 

tpHL CKDRtoTDO 0.68 0.68 0.68 0.00 

tpLH Propagation Delay, 0.90 0.91 0.91 0.00 

tpHL DO to PAD 0.91 2.16 3.41 0.03 

tpLH Propagation Delay, 1.53 1.53 1.54 0.00 

tpHL OMCto PAD 1.53 2.58 3.63 0.02 

tpLH Propagation Delay, 1.30 1.30 1.31 0.00 

tpHL TDOto PAD 1.30 2.55 3.80 0.03 

tpLH Propagation Delay, 1.48 1.49 1.49 0.00 

tpHL UDDRtoPAD 1.48 2.73 3.98 0.03 

tr Output Rise Time, PAD 0.00 0.01 0.01 0.00 

tf Output Fall Time, PAD 0.54 1.99 3.44 0.03 

tr Output Rise Time, TDO 0.63 0.63 0.63 0.00 

tf Output Fall Time, TDO 0.41 0.41 0.41 0.00 

CMOsnTL TIMING REQUIREMENTS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

515 V 
Sym Parameter 

Minimum Requirement 

ON160DJ 

tsu Set Up Time, DO to CKDR 0.18 

tsu Set Up Time, SHDR to CKDR 0.24 

tsu Set Up Time, TDI to CKDR 0.13 

th Hold Time, CKDR to DO,TDI 0.31 

th Hold Time, CKDR to SHDR 0.19 

tw Pulse Width, CKDR(L) 0.41 

tw Pulse Width, CKDR(H) 0.65 

tw Pulse Width, UDDR(H) 0.46 

NOTE: 
For Functional Diagram see page 7·137 

H4CPlus Series Design Reference Guide 

Rev. 1.07 

3.313.3 V 

pF=O pF=50 pF=100 K (ns/pF) 

ONL160DJ 

1.13 1.13 1.13 0.00 

0.95 0.95 0.95 0.00 

1.15 1.16 1.16 0.00 

1.12 2.32 3.52 0.02 

1.76 1.77 1.77 0.00 

1.76 2.76 3.76 0.02 

1.74 1.74 1.75 0.00 

1.73 2.93 4.13 0.02 

1.94 1.95 1.95 0.00 

1.94 3.14 4.34 0.02 

0.00 0.01 0.01 0.00 

0.63 2.38 4.13 0.03 

0.87 0.87 0.87 0.00 

0.52 0.52 0.52 0.00 

Rev. 1.07 

3.313.3 V 

Minimum Requirement 

ONL160DJ 

0.34 

0.43 

0.26 

0.40 

0.25 

0.67 

1.00 

0.66 
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• 

ON4TJ ONX4TJ ONLX4TJ ONL4TJ 

MOTOROLA TECHNICAL DATA _ ••••••• 

Non-Inverting 3-State Output 
Buffers - JTAG 
(3.3 V and 5 V System/Core Voltage) 

515 V 
5/3.3 V 
3.3/5 V 
3.3/3.3 V 

MACRO 

All 

SECTIONS USED 

011 
Rev. 1.07 

OUTPUTSJlNPUTS 

PAD,Tool 
DO,EN,CKDR,UDDR,SHDR,TDI,OMC 

INPUT CAP. 

CKDR,TDI: O.04pF 
DO:0.24pF 
EN: 0.19pF 

OMC,SHDR: 0.10pF 
UDDR: 0.08pF 

OUTPUT CAP, 

PAD:4.96pF 

CMOS SWITCHING CHARACTERISTICS 

FUNCTION TABLE 

JTAG 
DO EN PAD 
L H L 
H H H 
X L Z 

JTAG 
For JTAG Truth Table Information, 
See Table 7-fl'JTAG Logic Truth 

Tables· Outputs' on page 7·184 In 
this Manual. 

(Input Edge Rate tr,ti=l.00ns) T J= 25.00C (Nominal) all units are in ns. 

Sym Parameter 
515 V 

pF=O pF=50 pF=100 K (ns/pF) pF=O 

ON4TJ 

tpLH Propagation Delay, 0.71 0.71 0.71 0.00 0.71 

tpHL CKDRto TDO 0.72 0.72 0.72 0.00 0.72 

tpLH Propagation Delay, 1.00 3.25 5.50 0.05 1.04 

tpHL DO to PAD 1.02 2.97 4.92 0.04 0.83 

tpLZ Propagation Delay, 0.82 0.82 0.83 0.00 0.82 

tpZL EN to PAD 0.91 2.91 4.91 0.04 0.92 

tpZH Propagation Delay, 0.86 3.16 5.46 0.05 0.91 

tpHz EN 10 PAD 0.85 0.86 0.86 0.00 0.90 

tpLH Propagation Delay, 1.16 3.41 5.66 0.05 1.21 

tpHL OMCto PAD 1.21 3.16 5.11 0.04 1.02 

tpLH Propagation Delay, 1.42 3.67 5.92 0.05 1.47 

tpHL TOO to PAD 1.38 3.33 5.28 0.04 1.19 

tpLH Propagation Delay, 1.55 3.80 6.05 0.05 1.60 

tpHL UDDRtoPAD 1.56 3.51 5.46 0.04 1.37 

tr Output Rise Time, PAD 0.38 5.53 10.69 0.10 0.38 

tf Output Fall Time, PAD· 0.37 4.17 7.97 0.08 0.28 

tr Output Rise Time, TOO 0.62 0.62 0.62 0.00 0.62 

tf Output Fall Time, TOO 0.41 0.41 0.41 0.00 0.41 

ON4TJ 
ONX4TJ 
ONLX4TJ 
ONL4TJ 

ON4TJ 
o NX4TJ 

ON LX4TJ 
ONL4TJ 

CKDR 
UDDR 

SHDR 
TOI TDO 
OMC 

Rev. 1.07 

3,3/5 V 

pF=50 pF=100 K (ns/pF) 

ON LX4TJ 

0.71 0.71 0.00 

0.72 0.72 0.00 

3.29 5.54 0.05 

2.88 4.93 0.04 

0.83 0.83 0.00 
3.77 6.62 0.06 

3.21 5.51 0.05 

0.91 0.91 0.00 

3.46 5.71 0.05 

3.07 5.12 0.04 

3.72 5.97 0.05 

3.24 5.29 0.04 

3.85 6.10 0.05 

3.42 5.47 0.04 

5.53 10.68 0.10 

4.93 9.58 0.09 

0.62 0.62 0.00 

0.41 0.41 0.00 

MOTOROLA 
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ON4T J ONX4T J ONLX4T J ONL4T J 

MOTOROLA TECHNICAL DATA 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

513.3 V 
Sym Parameter 

pF=O pF=50 pF=100 

ONX4TJ 

tpLH Propagation Delay, 1.04 1.04 1.04 

tpHL CKDRto TDO 1.01 1.01 1.01 

tpLH Propagation Delay, 1.39 3.59 5.79 

tpHL DO to PAD 1.91 4.86 7.81 

tpLZ Propagation Delay, 0.84 0.85 0.85 

tpZL EN to PAD 0.95 3.50 6.05 

tpZH Propagation Delay, 1.19 3.44 5.69 

tpHZ EN to PAD 1.17 1.18 1.18 

tpLH Propagation Delay, 1.68 3.88 6.08 

tpHL OMCtoPAD 2.19 5.14 8.09 

tpLH Propagation Delay, 2.09 4.29 6.49 

tpHL TDOtoPAD 2.49 5.44 8.39 

tpLH Propagation Delay, 2.19 4.39 6.59 

tpHL UDDRtoPAD 2.72 5.67 8.62 

tr Output Rise Time, PAD 0.24 5.24 10.24 

tf Output Fall Time, PAD 0.33 6.08 11.83 

tr Output Rise Time, TDO 0.87 0.87 0.87 

tf Output Fall Time, TDO 0.52 0.52 0.52 

TTL SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

515 V 
Sym Parameter 

pF=O pF=50 pF=100 

ON4TJ 

tpLH Propagation Delay, 0.71 0.71 0.71 

tpHL CKDRto TDO 0.72 0.72 0.72 
tpLH Propagation Delay, 0.92 2.07 3.22 

tpHL DO to PAD 1.10 4.15 7.20 
tpLZ Propagation Delay, 0.91 0.91 0.92 
tpZL EN to PAD 1.00 4.15 7.30 
tpZH Propagation Delay, 0.77 1.92 3.07 
tpHZ EN to PAD 0.77 0.78 0.78 

tpLH Propagation Delay, 1.08 2.23 3.38 
tpHL OMCto PAD 1.30 4.35 7.40 

tpLH Propagation Delay, 1.34 2.49 3.64 

tpHL TDOtoPAD 1.46 4.51 7.56 

tpLH Propagation Delay, 1.47 2.62 3.77 

tpHL UDDRto PAD 1.64 4.69 7.74 

tr Output Rise Time, PAD 0.38 5.53 10.69 

tf Output Fall Time, PAD 0.37 4.17 7.97 

tr Output Rise Time, TDO 0.62 0.62 0.62 

tf Output Fall Time, TDO 0.41 0.41 0.41 

H4CPlus Series Design Reference Guide 

K (ns/pF) pF=O 

0.00 1.04 

0.00 1.01 

0.04 1.35 

0.06 1.37 
0.00 1.07 

0.05 1.15 
0.04 1.14 
0.00 1.11 

0.04 1.65 

0.06 1.63 

0.04 2.07 

0.06 1.94 

0.04 2.15 

0.06 2.16 

0.10 0.48 

0.11 0.44 

0.00 0.87 

0.00 0.52 

K (ns/pF) pF=O 

0.00 0.71 
0.00 0.72 
0.02 1.01 
0.06 0.86 
0.00 0.86 
0.06 0.96 
0.02 0.87 
0.00 0.87 
0.02 1.18 
0.06 1.05 
0.02 1.44 
0.06 1.22 
0.02 1.57 
0.06 1.40 
0.10 0.38 
0.08 0.28 
0.00 0.62 
0.00 0.41 

3.313.3 V 

pF=50 pF=100 

ONL4TJ 

1.04 1.04 

1.01 1.01 

4.55 7.75 

3.72 6.07 
1.07 1.08 
3.60 6.05 
4.44 7.74 
1.12 1.12 

4.85 8.05 
3.98 6.33 

5.27 8.47 

4.29 6.64 

5.35 8.55 

4.51 6.86 

7.63 14.78 

5.09 9.74 

0.87 0.87 

0.52 0.52 

3.315 V 

pF=50 pF=100 

ONLX4TJ 

0.71 0.71 
0.72 0.72 
2.76 4.51 
3.46 6.06 
0.86 0.87 
4.41 7.86 
2.62 4.37 
0.87 0.88 
2.93 4.68 
3.65 6.25 
3.19 4.94 
3.82 6.42 
3.32 5.07 
4.00 6.60 
5.53 10.68 
4.93 9.58 
0.62 0.62 
0.41 0.41 

Rev. 1.07 

K (nsJpF) 

0.00 

0.00 

0.06 

0.05 
0.00 
0.05 
0.07 
0.00 

0.06 

0.05 

0.06 

0.05 

0.06 

0.05 

0.14 

0.09 

0.00 

0.00 

Rev. 1.07 

K (nsJpF) 

0.00 
0.00 
0.04 
0.05 
0.00 
0.07 
0.04 
0.00 
0.04 
0.05 
0.04 
0.05 
0.04 
0.05 
0.10 
0.09 
0.00 
0.00 
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ON4T J ONX4T J ONLX4T J ONL4T J 
MOTOROLA TECHNICAL DATA _______ _ 

TTL SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.oons) T J= 25.00c (Nominal) all units are in ns. Rev. 1.07 

513.3 V 3.313.3 V 
Sym Parameter 

pF=O pF=50 pF=100 K (ns/pF) pF=O pF=50 pF=100 K (ns/pF) 

ONX4TJ ONL4TJ 

tplH Propagation Delay, 1.04 1.04 1.04 0.00 1.04 1.04 1.04 0.00 

tpHL CKDRto TDO 1.01 1.01 1.01 0.00 1.01 1.01 1.01 0.00 

tplH Propagation Delay, 1.34 2.44 3.54 0.02 1.31 3.81 6.31 0.05 

tpHl DO to PAD 2.01 6.56 11.11 0.09 1.40 4.30 7.20 0.06 

tpLZ Propagation Delay, 0.95 0.95 0.96 0.00 1.11 1.11 1.12 0.00 

tpZL EN to PAD 1.05 5.30 9.55 0.08 1.19 4.19 7.19 0.06 

tpZH Propagation Delay, 1.13 2.28 3.43 0.02 1.09 3.64 6.19 0.05 

tpHZ EN to PAD 1.12 1.12 1.13 0.00 1.07 1.07 1.08 0.00 

tpLH Propagation Delay, 1.63 2.73 3.83 0.02 1.60 4.10 6.60 0.05 

tpHl OMCto PAD 2.28 6.83 11.38 0.09 1.67 4.57 7.47 0.06 

tpLH Propagation Delay, 2.04 3.14 4.24 0.02 2.02 4.52 7.02 0.05 

tpHl TDOtoPAD 2.58 7.13 11.68 0.09 1.97 4.87 7.77 0.06 

tpLH Propagation Delay, 2.14 3.24 4.34 0.02 2.10 4.60 7.10 0.05 

tpHL UDDRto PAD 2.81 7.36 11.91 0.09 2.19 5.09 7.99 0.06 

tr Output Rise TIme, PAD 0.24 5.24 10.24 0.10 0.48 7.63 14.78 0.14 

t, Output Fall TIme, PAD 0.33 6.08 11.83 0.11 0.44 5.09 9.74 0.09 

tr Output Rise TIme, TDO 0.87 0.87 0.87 0.00 0.87 0.87 0.87 0.00 

t, Output Fall TIme, TDO 0.52 0.52 0.52 0.00 0.52 0.52 0.52 0.00 

CMOSITTL TIMING REQUIREMENTS 
(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1 07 

515 V 3.3J5V 
Sym Parameter 

Minimum Requirement Minimum Requirement 

ON4TJ ONL4TJ 

tsu Set Up TIme, DO to CKDR 0.19 0.19 

tsu Set Up TIme, SHDR to CKDR 0.25 0.25 

tsu Set Up TIme, TDI to CKDR 0.14 0.14 

th Hold TIme, CKDR to DO 0.26 0.26 

~ Hold Time, CKDR to SHDR 0.19 0.19 

th Hold Time, CKDR to TDI 0.32 0.32 

tw Pulse Width, CKDR(L) MO 0.40 

tw Pulse Width, CKDR(H) 0.78 0.78 

tw Pulse Width, UDDR(H) 0.47 0.46 

MOTOROLA H4CPlus Series Design Reference Guide 
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ON4T J ONX4T J ONLX4T J ONL4T J 

MOTOROLA TECHNICAL DATA 

CMOsrrTL TIMING REQUIREMENTS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. Rev. 1.07 

513.3 V 3.313.3 V 
Sym Parameter 

Minimum Requirement Minimum Requirement 

ONX4TJ ONL4TJ 

tsu Set Up Time, DO to CKDR 0.36 0.35 

tsu Set Up Time, SHDR to CKDR 0.43 0.43 

tsu Set Up Time, TDI to CKDR 0.28 0.28 

th Hold Time, CKDR to DO 0.36 0.36 

th Hold Time, CKDR to SHDR 0.25 0.25 

th Hold Time, CKDR to TOI 0.42 0.42 

tw Pulse Width, CKDR(L) 0.67 0.67 

tw Pulse Width, CKDR(H) 1.18 1.18 

tw Pulse Width, UDDR(H) 0.64 0.64 

FUNCTIONAL DIAGRAM: ONxT J 

EN DO 
INTERNAL LOGIC 

",~"""""""""""""""",~."" """"",. 
PERIPHERY 

2 to 1 DDF 
MUX r-----~ 

A X 
B 
SL 

CKDR --------

TDI------ - -- ----------- ---- -- ---
-------- ---------~~2 __________________________________ _ 
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ON8T J ONX8T J ONLX8T J ONL8T J 
MOTOROLA TECHNICAL DATA _______ _ 

Non-Inverting 3-State Output 
Buffers - JTAG 
(3.3 V and 5 V System/Core Voltage) 

5/5 V 
5/3.3 V 
3.3/5 V 
3.3/3.3 V 

MACRO 

All 

SECTIONS USED 

011 
Rev. 1.07 

OUTPUTS/INPUTS 

PAD,TOOI 
DO,EN,CKDR,UDDR,SHDR,TDI,OMC 

INPUT CAP. 

CKDR,TDI: 0.04pF 
OO:0.24pF 
EN: 0.19pF 

OMC,SHDR: 0.10pF 
UDDR: 0.08pF 

OUTPUT CAP. 

PAD:5.10pF 

CMOS SWITCHING CHARACTERISTICS 

FUNCTION TABLE 

JTAG 
DO EN PAD 
L H L 
H H H 
X L Z 

JTAG 
For JTAG Truth Table Information, 
See Table 7-6 'JTAG Logic Truth 

Tables - Outputs' on page 7-184 in 
this Manual. 

(Input Edge Rale tr,tf=1.00ns) T J= 25.00c (Nominal) all units are in ns. 

515 V 
Sym Parameter 

pF=O pF=50 pF=100 K (ns/pF) 

ONBTJ 

tpLH Propagation Delay, 0.71 0.71 0.71 0.00 

tpHL CKDRto TDO 0.72 0.72 0.72 0.00 

tpLH Propagation Delay, 0.92 2.22 3.52 0.03 

tpHL DO to PAD 1.10 2.35 3.60 0.03 

tpLZ Propagation Delay, 0.90 0.90 0.91 0.00 

tpZL EN to PAD 0.99 2.24 3.49 0.03 

tpzH Propagation Delay, 0.78 2.08 3.38 0.03 

tpHZ EN to PAD 0.77 0.78 0.78 0.00 

tpLH Propagation Delay, 1.08 2.38 3.68 0.03 

tpHL OMCloPAO 1.29 2.54 3.79 0.03 

tpLH Propagation Delay, 1.35 2.65 3.95 0.03 

tpHL TDOtoPAD 1.46 2.71 3.96 0.03 

tpLH Propagation Delay, 1.48 2.78 4.08 0.03 

tpHL UDDRtoPAO 1.64 2.89 4.14 0.03 

tr Output Rise Time, PAD 0.29 3.24 6.19 0.06 

tf Output Fall Time, PAD 0.48 2.73 4.98 0.05 

tr Output Rise Time, TDO 0.62 0.62 0.62 0.00 

tf Output Fall Time, TDO 0.41 0.41 0.41 0.00 

pF=O 

0.71 

0.72 

1.34 

1.16 

1.14 
1.24 

1.21 
1.20 

1.50 

1.36 

1.77 

1.53 

1.90 

1.70 

0.59 

0.55 

0.62 

0.41 

ON8TJ 
ONX8TJ 
ONLX8TJ 
ONL8TJ 

ON8TJ 
o NX8TJ 

ON LX8TJ 
ONL8TJ 

CKOR 
UODR 

SHDR 
TDI 
OMC 

TDO 

Rev 107 

3,3/5 V 

pF=50 pF=100 K (ns/pF) 

ONLXBTJ 

0.71 0.71 0.00 

0.72 0.72 0.00 

2.69 4.04 0.03 

2.26 3.36 0.02 
1.15 1.15 0.00 
2.69 4.14 0.03 

2.61 4.01 0.03 
1.21 1.21 0.00 

2.86 4.20 0.03 

2.45 3.56 0.02 

3.12 4.47 0.03 

2.63 3.73 0.02 

3.25 4.60 0.03 

2.80 3.90 0.02 

3.54 6.49 0.06 

2.85 5.15 0.05 

0.62 0.62 0.00 

0.41 0.41 0.00 
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ON8T J ONX8T J ONLX8T J ONL8T J 

MOTOROLA TECHNICAL DATA 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=l.00ns) T J= 25.0°C (Nominal) all units are in ns. 

513.3 V 
Sym Parameter 

pF=O pF=50 pF=100 

ONX8TJ 

tpLH Propagation Delay, 1.04 1.04 1.04 

tpHL CKDRtoTDO 1.01 1.01 1.01 

tpLH Propagation Delay, 1.55 2.80 4.05 

tpHL DO to PAD 2.03 3.58 5.13 

tpLZ Propagation Delay, 1.18 1.19 1.19 

tpZL EN to PAD 1.27 2.67 4.07 

tpZH Propagation Delay, 1.35 2.65 3.95 
tpHZ EN to PAD 1.34 1.34 1.35 

tpLH Propagation Delay, 1.84 3.09 4.34 

tpHL OMCto PAD 2.30 3.85 5.40 

tpLH Propagation Delay, 2.26 3.51 4.76 

tpHL TDOtoPAD 2.60 4.15 5.70 

tpLH Propagation Delay, 2.35 3.60 4.85 

tpHL UDDRtoPAD 2.83 4.38 5.93 

t, Output Rise Time, PAD 0.19 3.04 5.89 

tf Output Fall Time, PAD 0.57 3.37 6.17 

t, Output Rise Time, TOO 0.87 0.87 0.87 

tf Output Fall Time, TOO 0.52 0.52 0.52 

TTL SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=l.00ns) T J= 25.0°C (Nominal) all units are in ns. 

515 V 
Sym Parameter 

pF=O pF=50 pF=100 

ON8TJ 

tpLH Propagation Delay, 0.71 0.71 0.71 

tpHL CKDRto TDO 0.72 0.72 0.72 

tpLH Propagation Delay, 0.85 1.50 2.15 

tpHL DO to PAD 1.20 3.10 5.00 

tpLZ Propagation Delay, 1.01 1.01 1.02 

tpZL ENto PAD 1.11 3.01 4.91 

tpZH Propagation Delay, 0.71 1.36 2.01 

tpHZ EN to PAD 0.70 0.70 0.71 

tpLH Propagation Delay, 1.01 1.66 2.31 

tpHL OMCto PAD 1.40 3.30 5.20 

tpLH Propagation Delay, 1.28 1.93 2.58 

tpHL TDOtoPAD 1.57 3.47 5.37 

tpLH Propagation Delay, 1.41 2.06 2.71 

tpHL UDDRtoPAD 1.75 3.65 5.55 

t, Output Rise Time, PAD 0.29 3.24 6.19 

tf Output Fall Time, PAD 0.48 2.73 4.98 

t, Output Rise Time, TOO 0.62 0.62 0.62 

tf Output Fall Time, TOO 0.41 0.41 0.41 

H4CPlus Series Design Reference Guide 

K (ns/pF) pF=O 

0.00 1.04 

0.00 1.01 

0.02 1.31 

0.03 1.49 
0.00 1.18 

0.03 1.27 

0.03 1.10 

0.00 1.08 

0.02 1.60 

0.03 1.76 

0.02 2.01 

0.03 2.04 

0.02 2.09 

0.03 2.26 

0.06 0.35 

0.06 0.59 

0.00 0.87 

0.00 0.52 

K (ns/pF) pF=O 

0.00 0.71 

0.00 0.72 

0.01 1.28 

0.04 1.21 

0.00 1.19 
0.04 1.28 

0.01 1.14 

0.00 1.13 

0.01 1.44 

0.04 1.41 

0.01 1.71 

0.04 1.58 

0.01 1.84 

0.04 1.75 

0.06 0.59 

0.05 0.55 

0.00 0.62 

0.00 0.41 

3.313.3 V 

pF=50 pF=100 

ONL8TJ 

1.04 1.04 

1.01 1.01 

3.16 5.01 

2.99 4.49 
1.19 1.19 

2.77 4.27 

2.95 4.80 

1.08 1.09 

3.45 5.30 

3.26 4.76 

3.86 5.71 

3.54 5.04 

3.94 5.79 

3.76 5.26 

4.40 8.45 

3.34 6.09 

0.87 0.87 

0.52 0.52 

3.3/5 V 

pF=50 pF=100 

ONLX8TJ 

0.71 0.71 

0.72 0.72 

2.33 3.38 

2.61 4.01 

1.19 1.20 
3.03 4.78 

2.24 3.34 

1.14 1.14 

2.49 3.54 

2.81 4.21 

2.76 3.81 

2.98 4.38 

2.89 3.94 

3.15 4.55 

3.54 6.49 

2.85 5.15 

0.62 0.62 

0.41 0.41 

Rev. 1.07 

K (ns/pF) 

0.00 

0.00 

0.04 

0.03 

0.00 
0.03 

0.04 

0.00 

0.04 

0.03 

0.04 

0.03 

0.04 

0.03 

0.08 

0.05 

0.00 

0.00 

Rev. 1.07 

K (ns/pF) 

0.00 

0.00 

0.02 

0.03 

0.00 
0.04 

0.02 

0.00 

0.02 

0.03 

0.02 

0.03 

0.02 

0.03 

0.06 

0.05 

0.00 

0.00 
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ON8T J ONX8T J ONLX8T J ONL8T J 
MOTOROLA TECHNICAL DATA _______ _ 

TTL SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

Sym Parameter 

tpLH Propagation Delay, 

tpHL CKDR to TOO 

tpLH Propagation Delay, 
tpHL DO to PAD 

tpLZ Propagation Delay, 
tpZL EN to PAD 

tpZH Propagation Delay, 
tpHZ EN to PAD 

tpLH Propagation Delay, 
tpHL OMCto PAD 

tpLH Propagation Delay, 
tpHL TOO to PAD 

tpLH Propagation Delay, 

tpHL UDDRto PAD 

tr Output Rise Time, PAD 

tf Output Fall TIme, PAD 

tr Output Rise TIme, TOO 

tf Output Fall Time, TOO 

MOTOROLA 

7-148 

513.3 V 

pF=O pF=50 pF=100 

ONX8TJ 

1.04 1.04 1.04 

1.01 1.01 1.01 

1.51 2.16 2.81 

2.15 4.50 6.85 
1.38 1.39 1.39 
1.47 3.67 5.87 
1.31 1.96 2.61 

1.30 1.30 1.31 

1.81 2.46 3.11 

2.41 4.76 7.11 

2.22 2.87 3.52 

2.72 5.07 7.42 

2.31 2.96 3.61 

2.94 5.29 7.64 

0.19 3.04 5.89 

0.57 3.37 6.17 

0.87 0.87 0.87 

0.52 0.52 0.52 

Rev. 1.07 

3.3/3.3 V 

K (nslpF) pF=O pF=50 pF=100 K (nslpF) 

ONL8TJ 

0.00 1.04 1.04 1.04 0.00 

0.00 1.01 1.01 1.01 0.00 

0,01 1.28 2.68 4.08 0.03 

0.05 1.54 3.34 5.14 0.04 
0.00 1.24 1.25 1.25 0.00 
0.04 1.32 3.17 5.02 0.04 
0.01 1.07 2.52 3.97 0.03 

0.00 1.05 1.05 1.06 0.00 

0.01 1.57 2.97 4.37 0.03 

0.05 1.81 3.61 5.41 0.04 

0.01 1.98 3.38 4.78 0.03 

0.05 2.10 3.90 5.70 0.04 

0.01 2.06 3.46 4.86 0.03 

0.05 2.31 4.11 5.91 0.04 

0.06 0.35 4.40 8.45 0.08 

0.06 0.59 3.34 6.09 0.05 

0.00 0.87 0.87 0.87 0.00 

0.00 0.52 0.52 0.52 0.00 
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ON8T J ONX8T J ONLX8T J ONL8T J 

MOTOROLA TECHNICAL DATA 

CMOSITTL TIMING REQUIREMENTS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

515 V 
Sym Parameter 

Minimum Requirement 

ON8TJ 

tsu Set Up Time, DO to CKDR 0.19 

tsu Set Up Time, SHDR to CKDR 0.25 

tsu Set Up Time, TDI to CKDR 0.14 

th Hold Time, CKDR to DO 0.26 

th Hold Time, CKDR to SHDR 0.19 

th Hold Time, CKDR to TDI 0.32 

tw Pulse Width, CKDR(L) 0.40 

tw Pulse Width, CKDR(H) 0.78 

tw Pulse Width, UDDR(H) 0.47 

CMOSITTL TIMING REQUIREMENTS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

5/3.3 V 
Sym Parameter 

Minimum Requirement 

ONX8TJ 

tsu Set Up Time, DO to CKDR 0.36 

tsu Set Up Time, SHDR to CKDR 0.43 

tsu Set Up Time, TDI to CKDR 0.28 

th Hold Time, CKDR to DO 0.36 

th Hold Time, CKDR to SHDR 0.25 

th Hold Time, CKDR to TDI 0.42 

tw Pulse Width, CKDR(L) 0.67 

tw Pulse Width, CKDR(H) 1.18 

tw Pulse Width, UDDR(H) 0.64 
NOTE: 
For Functional Diagram see page 7-145 

H4CPlus Series Design Reference Guide 

Rev. 1.07 

3.3/5 V 

Minimum Requirement 

ONLX8TJ 

0.19 

0.25 

0.14 

0.26 

0.19 

0.32 

0.40 

0.78 

0.46 

Rev. 1.07 

3.313.3 V 

Minimum Requirement 

ONL8TJ 

0.35 

0.43 

0.28 

0.37 

0.25 

0.42 

0.67 

1.18 

0.64 
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.ON16TJ ONLX16TJ ONL16TJ 
MOTOROLA TECHNICAL DATA _______ _ 

Non-Inverting 3-State Output 
Buffers - JTAG 
(3.3 V and 5 V System/Core Voltage) 

515 V 
3.3/5 V 
3.3/3.3 V 

MACRO 

All 

SECTIONS USED 

0/1 
Rev. 1.07 

OUTPUTSIINPUTS 

PAD,TDOI 
DO,EN,CKDR,UDDR,SHDR,TDI,OMC 

INPUT CAP. 

CKDR,TDI: 0.04pF 
DO,EN: 0.24pF 

OMC,SHDR: 0.10pF 
UDDR: 0.08pF 

OUTPUT CAP. 

PAD:5.76pF 

CMOS SWITCHING CHARACTERISTICS 

FUNCTION TABLE 

JTAG 
DO EN PAD 
L H L 
H H H 
X L Z 

JTAG 
For JTAG Truth Table Information, 
See Table 7-6 'JTAG Logic Truth 

Tables· Outputs' on page 7-184 in 
this Manual. 

(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

Sym 
515 V 

Parameter 
pF=O pF=50 pF=100 K (ns/pF) 

ON16TJ 

tpLH Propagation Delay, 0.71 0.71 0.71 0.00 

tpHL CKDRto TDO 0.72 0.72 0.72 0.00 

tpLH Propagation Delay, 1.04 1.84 2.64 0.02 

tpHL DO to PAD 1.18 1.98 2.78 0.02 

tpLZ Propagation Delay, 0.90 0.91 0.91 0.00 

tpZL EN to PAD 0.99 1.84 2.69 0.02 

tpZH Propagation Delay, 0.90 1.75 2.60 0.02 

tpHz EN to PAD 0.89 0.90 0.90 0.00 

tpLH Propagation Delay, 1.22 2.02 2.82 0.02 

tpHL OMCto PAD 1.36 2.16 2.96 0.02 

tpLH Propagation Delay, 1.47 2.27 3.07 0.02 

tpHL TDOtoPAD 1.53 2.33 3.13 0.02 

tpLH Propagation Delay, 1.60 2.40 3.20 0.02 

tpHL UDDRtoPAD 1.71 2.51 3.31 0.02 

tr Output Rise Time, PAD 0.43 2.13 3.83 0.03 

tf Output Fall Time, PAD 0.48 1.88 3.28 0.03 

tr Output Rise Time, TDO 0.62 0.62 0.62 0.00 

tf Output Fall Time, TDO 0.41 0.41 0.41 0.00 

pF=O 

0.71 

0.72 

1.29 

1.07 

0.95 
1.04 

1.14 

1.13 

1.47 

1.25 

1.72 

1.42 

1.86 

1.59 

0.58 

0.47 

0.62 

0.41 

ON16TJ 
ONLX16TJ 
ONL16TJ 

ON16TJ 
ONLX16TJ 

ONL16TJ 

CKDR 
UDDR 

SHDR 
TOI 
OMC 

XXX 
PAD 

TDO 

Rev. 1.07 

3.315 V 

pF=50 pF=100 K (ns/pF) 

ONLX16TJ 

0.71 0.71 0.00 

0.72 0.72 0.00 

2.64 3.99 0.03 

1.72 2.37 0.01 

0.96 0.96 0.00 
1.84 2.64 0.02 

2.54 3.94 0.03 

1.14 1.14 0.00 

2.82 4.17 0.03 

1.90 2.55 0.01 

3.07 4.42 0.03 

2.07 2.72 0.01 

3.21 4.56 0.03 

2.24 2.89 0.01 

3.53 6.48 0.06 

1.62 2.77 0.02 

0.62 0.62 0.00 

0.41 0.41 0.00 
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ON16TJ ONLX16TJ ONL16TJ 

MOTOROLA TECHNICAL DATA 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,ti=1.00ns) T J= 25.0"C (Nominal) all units are in ns. Rev. 1.07 

3.3/3.3 V 
Parameter Sym 

pF=O pF=50 pF=100 K (nslpF) 

ONL16TJ 

tpLH Propagation Delay, 1.04 1.04 1.04 

tpHL CKDR to TOO 1.01 1.01 1.01 

tpLH Propagation Delay, 1.49 2.64 3.79 

tpHL DO to PAD 1.58 2.58 3.58 

tpLZ Propagation Delay, 1.19 1.20 1.20 

tpZL EN to PAD 1.27 2.27 3.27 

tPZH Propagation Delay, 1.23 2.38 3.53 

tpHZ EN to PAD 1.20 1.20 1.21 

tpLH Propagation Delay, 1.77 2.92 4.07 

tpHL OMCto PAD 1.85 2.85 3.85 

tpLH Propagation Delay, 2.20 3.35 4.50 

tpHL TDOtoPAD 2.14 3.14 4.14 

tpLH Propagation Delay, 2.29 3.44 4.59 

tpHL UDDRto PAD 2.35 3.35 4.35 

t, Output Rise Time, PAD 0.52 2.87 5.22 

tf Output Fall Time, PAD 0.59 2.29 3.99 

t, Output Rise Time, TOO 0.87 0.87 0.87 

tf Output Fall Time, TOO 0.52 0.52 0.52 

TTL SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,ti=1.00ns) T J= 25.O"C (Nominal) all units are in ns. 

515 V 
8ym Parameter 

pF=O pF=50 pF=100 K (nsJpF) pF=O 

ON16TJ 

tpLH Propagation Delay, 0.71 0.71 0.71 0.00 0.71 

tpHL CKDR to TOO 0.72 0.72 0.72 0.00 0.72 

tpLH Propagation Delay, 0.92 1.37 1.81 0.01 1.23 

tpHL DO to PAD 1.29 2.49 3.69 0.02 1.11 
tpLZ Propagation Delay, 1.01 1.02 1.02 0.00 0.99 

tPZL EN 10 PAD 1.10 2.35 3.60 0.03 1.08 
tpzH Propagation Delay, 0.77 1.22 1.67 0.01 1.07 

tpHZ EN to PAD 0.76 0.76 0.77 0.00 1.06 

tpLH Propagation Delay, 1.09 1.54 1.99 0.01 1.40 

tpHL OMCto PAD 1.47 2.67 3.87 0.02 1.29 

tpLH Propagation Delay, 1.35 1.80 2.25 0.D1 1.66 

tpHL TDOtoPAD 1.64 2.84 4.04 0.02 1.47 

tpLH Propagation Delay, 1.48 1.93 2.38 0.01 1.79 

tpHL UDDR 10 PAD 1.81 3.01 4.21 0.02 1.64 

t, Output Rise Time, PAD 0.43 2.13 3.83 0.03 0.58 

tf Output Fall Time, PAD 0.48 1.88 3.28 0.03 0.47 

t, Output Rise Time, TOO 0.62 0.62 0.62 0.00 0.62 

If Output Fall Time, TOO 0.41 0.41 0.41 0.00 0.41 

H4CPlus Series Design Reference Guide 

0.00 

0.00 

0.02 

0.02 
0.00 
0.02 
0.02 
0.00 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

0.05 

0.03 

0.00 

0.00 

3.3/5 V 

pF=50 pF=100 

ONLX16TJ 

0.71 0.71 
0.72 0.72 
2.28 3.33 
1.86 2.61 
0.99 1.00 
1.98 2.88 
2.17 3.27 
1.07 1.07 
2.45 3.50 
2.04 2.79 
2.71 3.76 
2.22 2.97 
2.84 3.89 
2.39 3.14 
3.53 6.48 
1.62 2.77 
0.62 0.62 
0.41 0.41 

Rev. 1.07 

K (nsJpF) 

0.00 
0.00 
0.02 
0.01 
0.00 
0.02 
0.02 
0.00 
0.02 
0.01 
0.02 

0.01 
0.02 
0.01 
0.06 
0.02 
0.00 
0.00 
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ON16TJ ONLX16TJ ONL16TJ 
_______ MOTOROLA TECHNICAL DATA _______ _ 

• 

TTL SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. Rev. 1.07 

3.3/3.3 V 
Sym Parameter 

pF=O pF=50 pF=100 K(nslpF) 

ONL16TJ 

tpLH Propagation Delay, 1.04 1.04 1.04 0.00 

tpHL CKDRtoTDO 1.01 1.01 1.01 0.00 

tpLH Propagation Delay, 1.43 2.33 3.23 0.02 

tpHL DO to PAD 1.64 2.84 4.04 0.02 

tpLZ Propagation Delay, 1.25 1.26 1.26 0.00 

tpZL EN to PAD 1.33 2.53 3.73 0.02 

tpZH Propagation Delay, 1.17 2.07 2.97 0.02 

tpHZ EN to PAD 1.14 1.14 1.15 0.00 

tpLH Propagation Delay, 1.71 2.61 3.51 0.02 

tpHL OMCtoPAD 1.91 3.11 4.31 0.02 

tpLH Propagation Delay, 2.14 3.04 3.94 0.02 

tpHL TDOtoPAD 2.20 3.40 4.60 0.02 

tpLH Propagation Delay, 2.23 3.13 4.03 0.02 

tpHL UDDRtoPAD 2.41 3.61 4.81 0.02 

t, Output Rise Time, PAD 0.52 2.87 5.22 0.05 

It Output Fall Time, PAD 0.59 2.29 3.99 0.03 

t, Output Rise Time, TOO 0.87 0.87 0.87 0.00 

It Output Fall Time, TOO 0.52 0.52 0.52 0.00 

CMOsnTL TIMING REQUIREMENTS 
(Input Edge Rate tr,tf=l.00ns) T J= 25.00c (Nominal) all units are in ns. 

MOTOROLA 
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Sym 

tsu 

tsu 

tsu 
th 

th 

th 

tw 

tw 

tw 

Parameter 

Set Up Time, DO to CKDR 

Set Up Time, SHDR to CKDR 

Set Up Time, TDI to CKDR 

Hold Time, CKDR to DO 

Hold Time, CKDR to SHDR 

Hold Time, CKDR to TDI 

Pulse Width, CKDR(L) 

Pulse Width, CKDR(H) 

Pulse Width, UDDR(H) 

515 V 

Minimum Requirement 

ON16TJ 

0.19 

0.25 

0.14 

0.25 

0.19 
0.32 

0.40 

0.78 

0.47 

Rev. 1.07 

3.315 V 

Minimum Requirement 

ONLX16TJ 

0.19 

0.25 

0.14 

0.25 

0.19 

0.32 

0.40 

0.78 

0.47 
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MOTOROLA TECHNICAL DATA 

CMOSflTL TIMING REQUIREMENTS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0·C (Nominal) all units are in ns. 

Sym Parameter 

tsu Set Up Time, DO to CKDR 

tsu Set Up Time, SHDR to CKDR 

tsu Set Up Time, TDI to CKDR 

th Hold Time, CKDR to DO 

th Hold Time, CKDR to SHDR 

th Hold Time, CKDR to TDI 

tw Pulse Width, CKDR(L) 

tw Pulse Width, CKDR(H) 

Iw Pulse Width, UDDR(H) 

NOTE: 
For Functional Diagram see page 7-145 

H4CPlus Series Design Reference Guide 

ON16T J ONLX16T J ONL 16T J 

Rev. 1.07 
3.3/3.3 V 

Minimum Requirement 

ONL16TJ 

0.40 
0.43 
0.28 
0.35 
0.25 
0.42 
0.67 
1.18 
0.64 
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ON4TS2J ON8TS2J ON16TS2J 

MOTOROLA TECHNICAL DATA _ ••••••• 

Non-Inverting 3-State Output 
Buffers - JTAG With Slew Rate Control (S2 ) 
(5 V System/Core Voltage) 

MACRO 

All 

MACRO 

All 

MACRO 

ON4TS2J, 
ON8TS2J 

ON16TS2J 

MACRO 

ON4TS2J 
ON8TS2J 

ON16TS2J 

SECTIONS USED I 
0/1 

Rev 107 .. 
OUTPUTSIINPUTS 

PAD,TOOI 
OO,EN,CKDR,UDDR,SH 

DR,TDI,OMC 

INPUT CAP. 

CKDR,TDI: 0.04pF 
OO:0.24pF 
EN:0.19pF 

OMC,SHDR: 0.10pF 
UDDR: 0.08pF 

CKDR,TDI: 0.04pF 
OO,EN: 0.24pF 

OMC,SHDR: 0.10pF 
UDDR: O.08pF 

OUTPUT CAP. 

PAD:4.96pF 
PAD: 5.10pF 
PAD:5.76pF 

FUNCTION TABLE 

JTAG 
DO EN PAD 
L H L 
H H H 
X L Z 

JTAG 
For JTAG Truth Table Information. 
See Table 7-6 'JTAG Logic Truth 
Tables - Outputs' on page 7-184 in 

this ManUal. 

CMOS SWITCHING CHARACTERISTICS 

515 V 

ON4TS2J 
ON8TS2J 
ON16TS2J 

ON4TS2J 
ON8TS2J 

ON16TS2J 

CKDR 
UDDR 

SHDR 
TDI TOO 
OMC 

(Input Edge Rate tr 1I=1.00ns) T J= 25 COC (Nominal) all units are in ns Rev 1 07 , 
515 V 

Sym Parameter 
pF=O pF=50 pF=100 K (ns/pF) 

ON4TS2J 

tpLH Propagation Delay, 0.71 0.71 0.71 0.00 

tpHL CKDR to TOO 0.72 0.72 0.72 0.00 

tpLH Propagation Delay, 1.64 3.94 6.24 0.05 

tpHL DO to PAD 1.43 3.43 5.43 0.04 

tpLZ Propagation Delay, 1.23 1.24 1.24 0.00 

tpZL EN to PAD 1.33 3.38 5.43 0.04 

tpZH Propagation Delay, 1.52 3.87 6.22 0.05 

tpHZ EN to PAD 1.51 1.52 1.52 0.00 

tpLH Propagation Delay, 1.80 4.10 6.40 0.05 

tpHL OMCtoPAD 1.62 3.62 5.62 0.04 
tpLH Propagation Delay, 2.06 4.36 6.66 0.05 

tpHL TOO to PAD 1.79 3.79 5.79 0.04 

tpLH Propagation Delay, 2.19 4.49 6.79 0.05 

tpHL UDDRtoPAD 1.96 3.96 5.96 0.04 

tr Output Rise Time, PAD 0.70 5.80 10.90 0.10 

tf Output Fall Time, PAD 0.55 4.35 8.15 0.08 

tr Output Rise Time, TOO 0.62 0.62 0.62 0.00 

tf Output Fall Time, TOO 0.41 0.41 0.41 0.00 
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ON4TS2J ON8TS2J ON16TS2J 

MOTOROLA TECHNICAL DATA 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr tf=1 oons) T J= 25 ODC (Nominal) all units are in ns , 

Sym Parameter 
pF=O pF=50 

ON8TS2J 

tpLH Propagation Delay, 0.71 0.71 
tpHL CKDRto TDO 0.72 0.72 

tpLH Propagation Delay, 1.58 2.98 

tpHL DO to PAD 1.37 2.67 

tpLZ Propagation Delay, 1.18 1.18 

tpZL EN to PAD 1.28 2.58 

tpZH Propagation Delay, 1.46 2.86 

tpHZ EN to PAD 1.45 1.45 

tpLH Propagation Delay, 1.75 3.15 

tpHL OMCtoPAD 1.57 2.87 

tpLH Propagation Delay, 2.01 3.41 

tpHL TOO to PAD 1.73 3.03 

tpLH Propagation Delay, 2.14 3.54 

tpHL UDDRtoPAD 1.91 3.21 

tr Output Rise Time, PAD 0.79 3.69 

tf Output Fall Time, PAD 0.71 2.96 

tr Output Rise Time, TOO 0.62 0.62 

tf Output Fall Time, TOO 0.41 0.41 

ON16TS2J 

tpLH Propagation Delay, 0.71 0.71 

tpHL CKDRtoTDO 0.72 0.72 

tpLH Propagation Delay, 1.72 2.67 

tpHL DO to PAD 1.52 2.42 

tpLZ Propagation Delay, 1.26 1.27 

tpzL EN to PAD 1.35 2.25 

tpZH Propagation Delay, 1.58 2.53 

tpHZ EN to PAD 1.57 1.58 

tpLH Propagation Delay, 1.89 2.84 

tpHL OMCtoPAD 1.70 2.60 
tpLH Propagation Delay, 2.15 3.10 
tpHL TOO to PAD 1.88 2.78 
tpLH Propagation Delay, 2.28 3.23 

tpHL UDDRtoPAD 2.04 2.94 

tr Output Rise Time, PAD 0.78 2.53 

tf Output Fall Time, PAD 0.64 2.09 

tr Output Rise Time, TOO 0.62 0.62 

tf Output Fall Time, TOO 0.41 0.41 

H4CPlus Series Design Reference Guide 

515 V 

pF=1OO 

0.71 
0.72 
4.38 
3.97 
1.19 
3.88 
4.26 
1.46 
4.55 
4.17 
4.81 
4.33 
4.94 
4.51 
6.59 
5.21 
0.62 
0.41 

0.71 
0.72 
3.62 
3.32 
1.27 
3.15 
3.48 
1.58 
3.79 
3.50 
4.05 
3.68 
4.18 
3.84 
4.28 
3.54 
0.62 
0.41 

Rev 107 

K{ns/pF) 

0.00 
0.00 
0.03 
0.03 
0.00 
0.03 
0.03 
0.00 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.06 
0.05 
0.00 
0.00 

0.00 
0.00 
0.02 
0.02 
0.00 
0.02 
0.02 
0.00 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.04 
0.03 
0.00 
0.00 
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ON4TS2J ON8TS2J ON16TS2J 

MOTOROLA 

7-156 

MOTOROLA TECHNICAL DATA _______ _ 

TTL SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.oons) T J= 25.00C (Nominal) all units are in ns Rev 107 

Sym Parameter 
515 V 

pF=O pF=5O pF=100 K (ns/pF) 
ON4TS2J 

tpLH Propagation Delay, 0.71 0.71 0.71 0.00 

tpHL CKDRto TDO 0.72 0.72 0.72 0.00 

tpLH Propagation Delay, 1.46 2.66 3.86 0.02 

tpHL DO to PAD 1.54 4.64 7.74 0.06 

tpLZ Propagation Delay, 1.35 1.36 1.36 0.00 
tpZL EN to PAD 1.45 4.65 7.85 0.06 

tpZH Propagation Delay, 1.33 2.53 3.73 0.02 

tpHZ EN to PAD 1.33 1.33 1.34 0.00 

tpLH Propagation Delay, 1.63 2.83 4.03 0.02 

tpHL OMCto PAD 1.73 4.83 7.93 0.06 

tpLH Propagation Delay, 1.89 3.09 4.29 0.02 

tpHL TDOtoPAD 1.90 5.00 8.10 0.06 

tpLH Propagation Delay, 2.02 3.22 4.42 0.02 

tpHL UDDRtoPAD 2.08 5.18 8.28 0.06 

tr Output Rise Time, PAD 0.70 5.80 10.90 0.10 
t, Output Fall Time, PAD 0.55 4.35 8.15 0.08 

tr Output Rise Time, TDO 0.62 0.62 0.62 0.00 
t, Output Fall Time, TOO 0.41 0.41 0.41 0.00 

ON8TS2J 

tpLH Propagation Delay, 0.71 0.71 0.71 0.00 

tpHL CKDRtoTDO 0.72 0.72 0.72 0.00 

tpLH Propagation Delay, 1.35 2.15 2.95 0.02 
tpHL DO to PAD 1.52 3.47 5.42 0.04 

tpLZ Propagation Delay, 1.33 1.34 1.34 0.00 

tpZL EN to PAD 1.43 3.43 5.43 0.04 

tpZH Propagation Delay, 1.22 2.02 2.82 0.02 

tpHZ EN to PAD 1.21 1.22 1.22 0.00 

tpLH Propagation Delay, 1.52 2.32 3.12 0.02 
tpHL OMCtoPAD 1.71 3.66 5.61 0.04 

tpLH Propagation Delay, 1.78 2.58 3.38 0.02 

tpHL TDOtoPAD 1.88 3.83 5.78 0.04 

tpLH Propagation Delay, 1.91 2.71 3.51 0.02 

tpHL UDDRtoPAD 2.06 4.01 5.96 0.04 

tr Output Rise Time, PAD 0.79 3.69 6.59 0.06 
t, Output Fall Time, PAD 0.71 2.96 5.21 0.05 

tr Output Rise Time, TDO 0.62 0.62 0.62 0.00 
t, Output Fall Time, TDO 0.41 0.41 0.41 0.00 

ON16TS2J 

tpLH Propagation Delay, 0.71 0.71 0.71 0.00 
tpHL CKDRtoTDO 0.72 0.72 0.72 0.00 

tpLH Propagation Delay, 1.48 2.08 2.68 0.01 

tpHL DO to PAD 1.66 2.96 4.26 0.03 
tpLZ Propagation Delay, 1.41 1.42 1.42 0.00 
tpZL EN to PAD 1.50 2.80 4.10 0.03 

tpZH Propagation Delay, 1.34 1.94 2.54 0.01 
tpHZ EN to PAD 1.33 1.34 1.34 0.00 

tpLH Propagation Delay, 1.66 2.26 2.86 0.01 

tpHL OMC to PAD 1.84 3.14 4.44 0.03 
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ON4TS2J ON8TS2J ON16TS2J 

MOTOROLA TECHNICAL DATA 

TTL SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

Sym Parameter 
pF=O pF=50 

tpLH Propagation Delay, 1.91 2.51 

tpHL TDOtoPAD 2.02 3.32 

tpLH Propagation Delay, 2.05 2.65 
tpHL UDDRtoPAD 2.19 3.49 

tr Output Rise Time, PAD 0.78 2.53 

tf Output Fall Time, PAD 0.64 2.09 

tr Output Rise Time, TDO 0.62 0.62 

tf Output Fall Time, TDO 0.41 0.41 

CMOsmL TIMING REQUIREMENTS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.00c (Nominal) all units are in ns. 

Sym Parameter 

ON4TS2J 

tsu Set Up Time, DO to CKDR 

tsu Set Up Time, SHDR to CKDR 

tsu Set Up Time, TDI to CKDR 

th Hold Time, CKDR to DO 

th Hold Time, CKDR to SHDR 

th Hold Time, CKDR to TOI 

Iw Pulse Width, CKDR(L) 

tw Pulse Width, CKDR(H) 

tw Pulse Width, UDDR(H) 

ON8TS2J 

tsu Set Up Time, DO to CKDR 

tsu Set Up Time, SHDR to CKDR 

tsu Set Up Time, TDI to CKDR 

th Hold Time, CKDR to DO 

th Hold Time, CKDR to SHDR 

th Hold Time, CKDR to TDI 

tw Pulse Width, CKDR(L) 

tw Pulse Width, CKDR(H) 

tw Pulse Width, UDDR(H) 

ON16TS2J 

tsu Set Up Time, DO to CKDR 

tsu Set Up Time, SHDR to CKDR 

tsu Set Up Time, TDI to CKDR 

th Hold Time, CKDR to DO 

th Hold Time, cKDR to SHDR 

th Hold Time, CKDR to TDI 

tw Pulse Width, CKDR(L) 

tw Pulse Width, CKDR(H) 

tw Pulse Width, UDDR(H) 

NOTE 
For Funtional Diagram see page 7-145 

H4CPlus Series Design Reference Guide 

Rev. 1.07 
515 V 

pF=100 K (ns/pF) 
3.11 0.01 
4.62 0.03 
3.25 0.01 
4.79 0.03 
4.28 0.04 
3.54 0.03 
0.62 0.00 
0.41 0.00 

Rev.1.07 

515 V 

Minimum Requirement 

0.19 

0.25 

0.14 

0.26 

0.19 
0.32 

0.40 

0.78 
0.46 

0.19 
0.25 

0.14 

0.26 

0.19 

0.32 

0.40 

0.78 

0.47 

0.19 

0.25 

0.14 

0.25 
0.19 

0.32 
0.40 

0.78 

0.47 
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II 

OSCPBJ/OSCPBLJ OSCPHBJ/OSCPHBLJ OSCPSBJ/OSCPSBLJ 
MOTOROLA TECHNICAL DATA _______ _ 

Oscillator wI Non-Inverting Input I 
Oscillator wI Clock Buffer Input I 
Oscillator wI Schmitt Trigger Input 
-JTAG 

5/5 V I 3.3/3.3 V OSCPBJ/OSCPBLJ 
5/5 V 13.3/3.3 V OSCPHBJ/OSCPHBLJ 
5/5 V 13.3/3.3 V OSCPSBJ/OSCPSBLJ 

(3.3 V and 5 V System/Core Voltage) 

FUNCTION TABLE 

MACRO 

All 

MACRO 

All 

SECTIONS USED 

1/0 
Rev. 1.07 

OUTPUTsnNPUTS 

PADO,DI,TDO I 
CKDR,SHDR,TDI,PADI 

INPUT CAP. 

CKDR,TDI: O.04pF 
PADI: 5.76pF 
SHDR: 0.09pF 

PADI 

LlH 

X 

X 

CMOS SWITCHING CHARACTERISTICS 

INPUT 

PAOO CKOR SHOR 

Hil .r L 

X .r H 

X '\. X 

(Input Edge Rate tr tf=1 OOns) TJ- 25 Ooc (Nominal) all units are in ns , -
Sym Parameter 

515 V 

FO=O FO=2 FO=8 

OSCPBJ 

tpLH Propagation Delay, 0.68 0.68 0.68 
tpHL CKDRloTDO 0.71 0.71 0.71 
IplH Propagation Delay, 2.53 2.65 3.03 
tpHL PADI 10 DI 3.03 3.17 3.61 

I Outpul Rise Time, DI 0.29 0.32 0.40 
If OUlput Fall Time, DI 0.32 0.35 0.42 
t Output Rise Time, TDO 0.58 0.58 0.58 
If Oulpul Fall Time, TDO 0.39 0.39 0.39 

OSCPHBJ 

tpLH Propagalion Delay, 0.68 0.68 0.68 
IpHL CKDRto TDO 0.71 0.71 0.71 
IpLH Propagation Delay, 2.65 2.66 2.67 
tpHI PADI10 DI 4.14 4.15 4.17 

t Oulpul Rise Time, DI 2.05 2.06 2.07 
If Oulput Fall Time, DI 2.22 2.23 2.24 
t OUlput Rise Time, TDO 0.58 0.58 0.58 
If Outpul Fall Time, TDO 0.39 0.39 0.39 

OSCPSBJ 

IpLH Propagation Delay, 0.68 0.68 0.68 
IpHL CKDRloTDO 0.71 0.71 0.71 
tpLH Propagation Delay, 3.42 3.43 3.44 
IpHL PADlloDI 4.90 4.90 4.92' 

I Outpul Rise Time, DI 2.05 2.06 2.07 
If Output Fall Time, DI 2.30 2.30 2.32 
I Output Rise Time, TDO 0.58 0.58 0.58 
If Output Fall Time, TDO 0.39 0.39 0.39 

TOI 

x 
\JH 

X 

K (nsJpF) 

0.00 
0.00 
1.25 
1.44 
0.29 
0.26 
0.00 
0.00 

0.00 
0.00 
0.04 
0.06 
0.05 
0.05 
0.00 
0.00 

0.00 
0.00 
0.05 
0.06 
0.05 
0.05 
0.00 
0.00 

Fanout (FO) capacitance does not Include estimated metal lengths (each FO = 0.05pF). 
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DI 

OUTPUT 

01 TOO CKDR 

Hil HIL 

PAOO \JH SHDR 
PAOO TOO TDI TDO 

OSCPBJlOSCPBW 
OSCPHBJlOSCPHBW 
OSCPSBJIOSCPSBW 

3.313.3 V 

FO=O FO=2 FO=8 

OSCPBW 

1.01 1.01 1.01 
0.98 0.98 0.98 
3.37 3.54 4.07 
3.84 3.97 4.36 
0.34 0.38 0.49 
0.30 0.33 0.42 
0.79 0.79 0.79 
0.49 0.49 0.49 

OSCPHBLJ 

1.01 1.01 1.01 
0.98 0.98 0.98 
3.64 3.65 3.66 
5.63 5.64 5.65 
0.34 0.38 0.49 
0.30 0.33 0.42 
0.79 0.79 0.79 
0.49 0.49 0.49 

OSCPSBLJ 

1.01 1.01 1.01 
0.98 0.98 0.98 
4.72 4.73 4.75 
7.17 7.17 7.18 
0.34 0.38 0.49 
0.30 0.33 0.42 
0.79 0.79 0.79 
0.49 0.49 0.49 

PADI 
Rev 107 

K (nsJpF) 

0.00 
0.00 
1.76 
1.28 
0.37 
0.30 
0.00 
0.00 

0.00 
0.00 
0.05 
0.05 
0.37 
0.30 
0.00 
0.00 

0.00 
0.00 
0.07 
0.04 
0.37 
0.30 
0.00 
0.00 
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OSCPBJ/OSCPBW OSCPHBJ/OSCPHBW OSCPSBJ/OSCPSBW 

MOTOROLA TECHNICAL DATA 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,II=1.oons) T J= 25.0°C (Nominal) all units are in ns. 

Sym Parameter 
515 V 

pF=O pF=50 pF=100 K (ns/pF) 

OSCPBJ 

tpLH Propagation Delay, 1.61 2.66 3.71 0.02 
tpHL PADltoPADO 1.91 3.01 4.11 0.02 

tr Output Rise Time, PADO 2.32 4.72 7.12 0.05 
tr_ Output Fall Time, PADO 2.59 5.24 7.89 0.05 

OSCPHBJ 

tpLH Propagation Delay, 1.61 2.66 3.71 0.02 
tpHL PADltoPADO 1.92 3.02 4.12 0.02 

t, Output Rise Time, PADO 2.34 4.74 7.14 0.05 
tf Output Fall Time, PADO 2.60 5.25 7.90 0.05 

OSCPSBJ 

tpLH Propagation Delay, 1.61 2.66 3.71 0.02 
tpHL PADI to PADO 1.92 3.02 4.12 0.02 

tr Output Rise Time, PADO 2.34 4.74 7.14 0.05 
tf Output Fall Time, PADO 2.59 5.24 7.89 0.05 

Fanout (FO) capacitance does not Include estimated metal lengths (each FO = O.05pF). 

CMOS TIMING REQUIREMENTS 
(Input Edge Rate tr,II=1.00ns) T J= 25.00c (Nominal) all units are in ns. 

Sym Parameter 
515 V 

Minimum Requirement 

OSCPBJ 

tsu [::iet up lime, UI to GKUH 2.89 
tsu [Set Up Time, SHDR to CKDR 0.25 
tgll l::iet up lime, I ul to Gi<LJH 0.13 
th [HOld Time, CKDR to DI -2.08 
th I HOla lime, l,;I\UH to ::iHUH 0.19 
th [HOld lime, GKDR to TDI 0.31 
tw [PulSe Width, ~K IlRtl 0.45 
tw I t'Ulse wldtn,--,",Kl}':!(H) 0.65 

OSCPHBJ 

tgll l::iet up Ilme,~1 to_GKUI-i 3.19 
tsu I Set up Time, SHDR to CKDR 0.25 
tsu [Set Up Time, I UI to l,;I\UH 0.13 

~ I HOld lime, l,;KUH to UI -1.77 
th [Hold Time, CKDR to SHDR 0.19 
th IHOld Ilme,l,;I\UH tOI!JI 0.31 
tw [PUlSe Width, GKDR(L) 0.45 
Iw It'ulse wldtn,l,;KUH(H) 0.65 

OSCPSBJ 

tsu [Set Up Time, DI to l,;I\UH 3.80 
tsu I ::iet up lime, ::;HDR to GKDR 0.25 
tsu [Set Up Time, TDI to CKDR 0.13 
th lH()I~ lime, GKUH to UI -2.73 
th [HOld Time, CKDR to SHDR 0.19 
th ! HOld lime, l,;I\UH tOI!JI 0.31 
tw [t'ulse wldtn, GKUH(L) 0.45 
tw ,Pulse Wiatn, v,,"un\1 0.65 

H4CPlus Series Design Reference Guide 

Rev. 1.07 
3.313.3 V 

pF=O pF=50 pF=100 K (ns/pF) 

OSCPBW 

2.10 3.60 5.10 0.03 
2.55 3.35 4.15 0.02 
0.00 36.35 72.70 0.73 
13.65 19.33 25.00 0.11 

OSCPHBLJ 

2.10 3.60 5.10 0.03 
2.56 3.36 4.16 0.02 
0.00 36.35 72.70 0.73 
13.69 19.34 25.00 0.11 

OSCPSBW 

2.10 3.60 5.10 0.03 
2.56 3.36 4.16 0.02 
0.00 36.35 72.70 0.73 
13.67 19.34 25.00 0.11 

Rev. 1.07 
3.313.3 V 

Minimum Requirement 

OSCPBLJ 

3.67 
0.44 
0.26 
-2.75 
0.25 
0.41 
0.71 
0.98 

OSCPHBW 

3.89 
0.43 
0.26 
-2.49 
0.25 
0.41 
0.71 
0.98 

OSCPSBLJ 

4.80 
0.42 
0.26 
-3.76 
0.25 
0.41 
0.71 
0.98 

MOTOROLA 
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OSCPBJ/OSCPBW OSCPHBJ/OSCPHBW OSCPSBJ/OSCPSBW 
_______ MOTOROLA TECHNICAL DATA _______ _ 

FUNcnONAL DIAGRAM: OSCPBJ 

01 

... " ... ,-"" " " " " " '" '\. , " " " " tNJ"~ftt\.A,= ~ctG~G... " " " " " ." 'roo " '\.. " " " " " " " " " " " " " PERIPHERY 

x o a 

CKDR 
UDDR----- ---------------------
IMC------ ---------------------
SHDR----- ---------------------3QC::::::-:- -::::::::_~::::::::}~O 

~~g-----------------------------------------------
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PAOO PADI 
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MOTOROLA TECHNICAL DATA 

Section 7.3.5 Miscellaneous Boundary-Scan Macros -JTAG 

Boundry Scan Cell Clock Driver - JTAG 
(Unused I/O or Pwr/Gnd Site) 
(3.3 V and 5 V System/Core Voltage) 

FUNCTION TABLE 
EQUIV. GATES JrAG 

o A X 
R4;lv.1.07 

L L 
OUTPUTSJlNPUTS 

H H 
X/A 

INPUT CAP. 

A: O.20pF 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.00C (Nominal) all units are in ns. 

5/5 V /3.3/3.3 V 

CKDRMID 

CKDRMID 

I 
A 

X-

CKDRMID 

Rev.1.07 

515 V 3.313.3 V 
Sym Parameter 

FO=O FO=2 F0=8 K (nslpF) FO=O 

CKDRMID 

tpLH Propagation Delay, 0.48 0.48 0.50 0.07 0.65 

tpHL AtoX 0.44 0.45 0.47 0.07 0.55 

tr luutput Hise nme, X 0.43 0.44 0.48 0.13 0.61 

It loutput Fall Time, X 0.26 0.27 0.31 0.11 0.26 
capacitance per fanout = 0.05 pF (metal capacitance is not included). 

FUNCTIONAL DIAGRAM: CKDRMID 

A 

EXTRA RING 
C~R--------- ---------UDDR--------------------
~E---------------------SHDR--------------------
fOi----- ----------- -----
~~:::::::::::::::::::::: 

H4CPlus Series Design Reference Guide 

FO=2 FO=8 

0.66 0.69 
0.55 0.58 
0.62 0.67 
0.27 0.31 

K (nslpF) 

0.10 
0.09 
0.17 
0.13 

MOTOROLA 
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CKDRCC1 

••••••• _ MOTOROLA TECHNICAL DATA ••••••• _ 

Boundry Scan Cell Clock Driver - JTAG 
(Unused 1/0 or Pwr/Gnd Site) 

515 V 13.3/3.3 V CKDRCC1 

(3.3 V and 5 V System/Core Voltage) 

FUNCTION TABLE 

EQUIV. GATES JTAG 

o A CKDR 
L L 

H H 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 2S.0°C (Nominal) all units are in ns. 

515 V I Sym Parameter 
FO=O FO=2 FO=8 K (nsJpF) FO=O 

CKDRCC1 

tpLH Propagation Delay, 0.48 0.48 0.50 0.07 0.65 

tpHL AtoCKDR 0.44 0.45 0.47 0.07 0.55 

tr Output Rise Time, CKDR 0.43 0.44 0.48 0.13 0.61 

tf Output Fall Time, GKDR 0.26 0.27 0.31 0.11 0.26 
(.;apacltance per fanout - 0.05 pF (metal capacitance IS not incluCle<I). 

FUNCTIONAL DIAGRAM: CKDRCC1 

EXTRA RING A ----------- ------------

CKDR 
UOOR-------- -----------IMC----------------------
~5R---------------------

~l:::::::::::::::::::::: 
~M2 _____________________ _ 

A~ 
CKDR~ 

CKDRCC1 

Rev.1.07 

3.313.3 V 

FO=2 FO=8 K (nsJpF) 

0.66 0.69 0.10 
0.55 0.58 0.09 
0.62 0.67 0.17 
0.27 0.31 0.13 

MOTOROLA 
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CKDRCC2 

MOTOROLA TECHNICAL DATA 

Boundry Scan Cell Clock Driver - JTAG 
(Unused 1/0 or Pwr/Gnd Site) 

515 V 13.3/3.3 V CKDRCC2 

(3.3 V and 5 V SystemlCore Voltage) 

FUNCTION TABLE 

EQUIV. GATES JTAG 

o A CKDR 

Rev. 1.07 L L 

OUTPUTSIINPUTS H H 

CKDR/A 

INPUT CAP. 

A:O.21pF 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

515 V 
Sym Parameter 

FO=O FO=2 FO=8 K (nsJpF) FO=O 

CKDRCC2 

tpLH Propagation Delay, 0.48 0.48 0.50 0.07 0.65 

tpHL Ato CKDR 0.44 0.45 0.47 0.07 0.55 

tr Output Rise Time, CKDR 0.43 0.44 0.48 0.13 0.61 

tf Output Fall Time, CKDR 0.26 0.27 0.31 0.11 0.26 
(;a acitance er fanout = 0.05 F metal ca acitance is not included. p p ( p p 

FUNCTIONAL DIAGRAM: CKFRCC2 

::~3~§ _____ ~ _________ _ 

UDDR--------J(-----------
~6---------------------
~DR--------------------TDI---------------------------------------------OMC 

H4CPlus Series Design Reference Guide 

-A 
CKDR r--

CKDRCC2 

3.3/3.3 V 

FO=2 FO=8 

0.66 0.69 
0.55 0.58 
0.62 0.67 
0.27 0.31 

Rev. 1 07 

K (nsJpF) 

0.10 
0.09 
0.17 
0.13 

MOTOROLA 
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IMCDR 

_ •••••• _ MOTOROLA TECHNICAL DATA ••••••• _ 

Boundry Scan Cell Input Mode Control 
Driver - JTAG 

515 V 13.3/3.3 V IMCDR 

(Unused 1/0 or Pwr/Gnd Site) 
(3.3 V and 5 V SystemlCore Voltage) 

FUNCTION TABLE 

, 
A 

EQUIV. GATES JTAG 

o A IMe 

L L 

OUTPUTS/INPUTS H H 

IMetA IMCI--

INPUT CAP. 

A:O.2OpF 

IMCDR 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,II=1.00ns) T J= 25.0·C (Nominal) all units are in ns. Rev 107 .. 

515 V 3.3/3.3 V 
Sym Parameter 

F<>=O FO=2 FO=8 K(nsJpF) FO=O FO=2 FO=8 K(nsJpF) 

IMCDR 

tpLH Propagation Delay, 0.48 0.48 0.50 0.07 0.65 0.66 0.69 0.10 

tpHL AtolMC 0.44 0.45 0.47 0.07 0.55 0.55 0.58 0.09 

tr Output Rise Time, IMC 0.43 0.44 0.48 0.13 0.61 0.62 0.67 0.17 

tf Output Fall Time, IMC 0.26 0.27 0.31 0.11 0.26 0.27 0.31 0.13 
Capacitance per fanout = 0.05 pF (metal capacitance IS nOllncluded). 

FUNCTIONAL DIAGRAM: IMCDR 

A 

CKDR 
-UDDR- - - -- - - --
IMC----------
sHDR-------- -----------
}I2C = = = =~ ~ ~::~ = = = = = = =~::::::~ 2~Q ____________________ _ 

MOTOROLA 
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OMCDR 

MOTOROLA TECHNICAL DATA 

Boundry Scan Cell Output Mode Control 
Driver - JTAG 

5/5 V / 3.3/3.3 V OMCDR 

(Unused 110 or Pwr/Gnd Site) 
(3.3 V and 5 V System/Core Voltage) 

FUNCTION TABLE 

EQUIV. GATES JTAG 

o A OMC 

Rev. 1.07 L L 

OUTPUTSnNPUTS H H 

OMC/A 

INPUT CAP. 

A: 0.20pF 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.00c (Nominal) all units are in ns. 

515 V 
Sym Parameter 

FO=O FO=2 FO=8 K (ns/pF) 

OMCDR 

tpLH Propagation Delay, 0.48 0.48 0.50 0.07 

tpHL AtoOMC 0.44 0.45 0.47 0.07 

tr Output Rise Time, OMC 0.43 0.44 0.48 0.13 

tf Output Fall Time, OMC 0.26 0.27 0.31 0.11 
Capacitance per fanout = 0.05 pF (metal capacitance is not included). 

FUNCTIONAL DIAGRAM: OMCDR 

A 

CKDR ------------UDDR IMC----------
SHDR---------
J12C :::::::.::::: 
_O~f ________ _ 

H4CPlus Series Design Reference Guide 

FO=O 

0.65 
0.55 
0.61 
0.26 

, 
A 

OMC f--

OMCDR 

3.313.3 V 

FO=2 FO=8 

0.66 0.69 
0.55 0.58 
0.62 0.67 
0.27 0.31 

Rev.1.07 

K (ns/pF) 

0.10 
0.09 
0.17 
0.13 

MOTOROLA 
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ISOR 

••••••• _ MOTOROLA TECHNICAL DATA _ •••••• _ 

I 

Clock Net ISO and Test Data Resync- JTAG 
(Unused 1/0 or Output Pwr/Gnd Site) 

5/5 V 13.3/3.3 V ISOR 

(3.3 V and 5 V System/Core Voltage) 

SECTIONS USED 

1/0 
Rev. 1.07 

OUTPUTsnNPUTS 

TOO 1 CKORB,TOI 

INPUT CAP. 

CKOR,TOI: O.04pF 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr tf=1.oons) T J= 25.00C (Nominal) all units are in ns. , 

Sym Parameter 
FO=O FO=2 

515 V 

FO=8 K (nslpF) 

ISOR 

tpLH Propagation Delay, 0.60 0.60 0.60 0.00 

tpHL CKDRBto TDO 0.71 0.71 0.71 0.00 

tr Output Rise Time, TDO 0.58 0.58· 0.58 0.00 

tf Output Fall Time, TDO 0.38 0.38 0.38 0.00 
l.;apacitance per fanout _ 0.05 pF (metal capacitance is not included). 

CMOS TIMING REQUIREMENTS (Input Edge Rate tr,tf=1.00ns) 

515 V 
Sym Parameter 

Minimum Requirement 

ISOR 

tsu Set Up Time, TDI to CKDRB 0.11 

th Hold Time, CKDRB to TDI 0.36 

tw Pulse Width, CKDRB(L) 0.40 

Iw Pulse Width, CKDRB(H) 0.62 

FUNCTIONAL DIAGRAM: ISOR 

FO=O 

0.88 
1.01 
0.79 
0.50 

- CKDRB 

ISOR 

-TDI TDOI-

Rev 107 .. 
3.313.3 V 

FO=2 FO=8 K (ns/pF) 

0.88 0.88 0.00 
1.01 1.01 0.00 
0.79 0.79 0.00 
0.50 0.50 0.00 

Rev. 1.07 

3.313.3 V 

Minimum Requirement 

0.20 

0.49 

0.64 

0.92 

TDI _1'--------------0 [ a~ wo 

CKDR8--r>:+~ 

MOTOROLA 
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SHDR 

MOTOROLA TECHNICAL DATA 

Boundry Scan Cell Shift Driver - JTAG 
(Unused I/O or Pwr/Gnd Site) 

515 V 13.3/3.3 V SHDR 

(3.3 V and 5 V SystemlCore Voltage) 

FUNCTION TABLE 

EQUIV. GATES JTAG 

o A SHDR 

Rev. 1.07 L L 

OUTPUTSIINPUTS H H 

SHDR/A 

INPUT CAP. 

A: 0.20pF 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 250°C (Nominal) all units are in ns. 

Sym Parameter 
FO=O FO=2 

515 V 

FO=8 K (ns/pF) 

SHDR 

tpLH Propagation Delay, 0.48 0.48 0.50 0.07 

tpHL AtoSHDR 0.44 0.45 0.47 0.07 

tr Output Rise Time, SHDR 0.43 0.44 0.48 0.13 

tf Output Fall Time, SHDR 0.26 0.27 0.31 0.11 
Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

FUNCTIONAL DIAGRAM: SHDR 

CKDR 
-UDDR---------
lriiC----------

A 

FO=O 

0.65 
0.55 
0.61 
0.26 

sHDR-------- -----------
:~L:::::=:=:_=:=:::::::: 

OMC ------------------------

H4CPlus Series Design Reference Guide 

, 
A 

SHDR I--

SHDR 

3.3/3.3 V 

FO=2 FO=8 

0.66 0.69 
0.55 0.58 
0.62 0.67 
0.27 0.31 

Rev 1.07 

K(ns/pF) 

0.10 
0.09 
0.17 
0.13 
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TDBUF 
________ MOTOROLA TECHNICAL DATA _______ _ 

B - S Register Test Data Buffer 
(Unused I/O or Output Pwr/Gnd Site) 
(3.3 V and 5 V System/Core Voltage) 

5/5 V /3.3/3.3 V 
TDBUF 

EQUIV. GATES 

110 

OUTPUTSIINPUTS -TOI TOO -
TOOITDI 

INPUT CAP. TOBUF 

TDI:O.11pF 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) TJ= 25.0·C (Nominal) all units are in ns. Rev.1.07 

515 V I 3.313.3 V 
Sym Parameter 

FO=O FO=2 FO=8 K (nslpF) I FO=O FO=2 FO=8 K (nslpF) 
TOBUF 

IpLH Propagation Delay, 0.32 0.33 0.37 0.11 
tpHL TOI 10 TOO 0.33 0.34 0.39 0.15 

t, Output Rise Time, TOO 0.13 0.15 0.23 0.25 
t, Output Fall Time, TOO 0.13 0.15 0.21 0.20 

Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

MOTOROLA 
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FUNCTIONAL DIAGRAM: TDBUF 

CKOR 
lToDFr 
-IMe 
SH5R :rnr ------------ JQQ _________________ 9M~ 

0.41 0.43 0.47 0.15 
0.45 0.47 0.53 0.19 
0.17 0.21 0.31 0.35 
0.15 0.17 0.25 0.25 
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UDDR 

MOTOROLA TECHNICAL DATA 

Boundry Scan Cell Update Driver - JTAG 
(Unused 110 or Pwr/Gnd Site) 

515 V 13.3/3.3 V UDOR 

(3.3 V and 5 V SystemlCore Voltage) 

FUNCTION TABLE 

EQUIV. GATES JTAG 

o A UDDR 

Rev. 1.07 L L 

OUTPUTSIINPUTS H H 

UDDR/A 

INPUT CAP. 

A: 0.20pF 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

Sym Parameter 
FO=O FO=2 

515 V 

FO=8 K (nsJpF) FO=O 

UDDR 

tpLH Propagation Delay, 0.48 0.48 0.50 0.07 0.65 

tpHL Ato UDDR 0.44 0.45 0.47 0.07 0.55 
t, Output Rise Time, UDDR 0.43 0.44 0.48 0.13 0.61 

tf Output Fall Time, UDDR 0.26 0.27 0.31 0.11 0.26 
capacitance per fanout = 0.05 pF (metal capacHance IS not Included). 

FUNCTIONAL DIAGRAM: UDDR 

A 

CKDR -----------UDDR IMC---------
sHDR--------------------
JQL::::::::::::::::::::: 
2~2 ____________________ _ 

H4CPlus Series Design Reference Guide 

I 
A 

UDDR-

UDDR 

3.3/3.3 V 

FO=2 FO=8 

0.66 0.69 
0.55 0.58 
0.62 0.67 
0.27 0.31 

Rev 107 .. 

K (nsJpF) 

0.10 
0.09 
0.17 
0.13 
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ENSCANJ 
MOTOROLA TECHNICAL DATA _______ _ 

Enable Scan Macro - JTAG 515 V 13.3/3.3 V ENSCANJ 
(Unused 1/0 or Output Pwr/Gnd Site) 
(3.3 V and 5 V System/Core Voltage) 

MACRO EQUIV. GATES 

ENSCANJ o 
Rev 107 .. 

MACRO OUTPUTSIINPUTS 

OEN,TDOI 
ENSCANJ BSEN,RB,CKDR,UDDR, 

SHDR,TDI,OMC 

MACRO INPUT CAP. 

BSEN: 0.12pF 
CKDR,TDI: O.04pF 

ENSCANJ OMC,SHDR: 0.1OpF 
RB:0.02pF 

UDDR: 0.08pF 

CMOS SWITCHING CHARACTERISTICS 

FUNCTION TABLE 
JTAG 

For JTAG Truth Table Information. See 
Table 7-7 "JTAG Logic Truth Tables
Enable Scan" on page 7-184 In this 

Manual. 

(Input Edge Rate tr tf=1 OOns) T J= 250°C (Nominal) all units are in ns 

515 V 

CKDR 
UDDR 

SHDR 
TDI TOO 
OMC 

ENSCANJ 

Rev 107 .. 
3.3/3.3 V 

Sym Parameter 
FO=O FO=2 FO=8 K (nsJpF) I FO=O F0=2 FO=8 K (nsJpF) 

ENSCANJ 

tpLH Propagation Delay, 0.46 0.47 0.51 

tpHL BSENtoOEN 0.30 0.31 0.36 

tpLH Propagation Delay, 0.58 0.58 0.58 

tpHL CKDRto TDO 0.60 0.60 0.60 

tpLH Propagation Delay, 0.77 0.79 0.82 

tpHL OMCtoOEN 0.58 0.60 0.64 

tpHL Propagation Delay, RB to OEN 0.79 0.81 0.85 

tpLH Propagation Delay, 1.13 1.14 1.17 

tpHL TDOtoOEN 0.88 0.90 0.94 

tpLH Propagation Delay, 1.22 1.23 1.27 

tpHL UDDRto OEN 1.04 1.05 1.10 

tr IOutput Rise Time, OEN 0.21 0.24 0.31 

tf Output Fall Time, OEN 0.15 0.17 0.23 
tr Output Rise Time, TDO 0.22 0.22 0.22 

tf Output Fall Time, TDO 0.20 0.20 0.20 
Capacitance per fanout = 0.05 pF (melal capacitance is not included). 

MOTOROLA 
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0.10 0.59 0.61 0.66 0.16 
0.14 0.46 0.47 0.53 0.19 
0.00 0.85 0.85 0.85 0.00 
0.00 0.87 0.87 0.87 0.00 
0.12 1.08 1.10 1.15 0.17 
0.15 0.75 0.77 0.83 0.19 
0.15 1.11 1.13 1.19 0.19 
0.11 1.69 1.71 1.76 0.16 
0.15 1.32 1.33 1.39 0.18 
0.13 1.78 1.79 1.84 0.16 
0.15 1.49 1.51 1.56 0.18 
0.25 0.24 0.28 0.38 0.34 
0.21 0.23 0.26 0.33 0.25 
0.00 0.31 0.31 0.31 0.00 
0.00 0.25 0.25 0.25 0.00 
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ENSCANJ 

MOTOROLA TECHNICAL DATA 

CMOS TIMING REQUIREMENTS 
(Input Edge Rate tr,tf=1.00ns) T J= 2S.0OC (Nominal) all units are in ns. 

515 V 3.313.3 V 
Parameter Sym 

Minimum Requirement Minimum Requirement 

ENSCANJ 

tsu Set Up Time, BSEN to CKDR 0.23 0.37 

tsu Set Up Time, SHDR to CKDR 0.23 0.43 

tsu Set Up Time, TDI to CKDR 0.14 0.26 

th Hold Time, CKDR to BSEN 0.37 0.47 

th Hold Time, CKDR to SHDR 0.12 0.20 

th Hold Time, CKDR to TDI 0.30 0.41 

t,ee Recovery Time, RB to UDDR 0.31 0.34 

tw Pulse Width, CKDR(L) 0.42 0.69 

tw Pulse Width, CKDR(H) 0.74 1.12 

tw Pulse Width, RB(L) 0.27 0.42 

tw Pulse Width, UDDR(H) 0.47 0.66 

FUNCTIONAL DIAGRAM: ENSCANJ 

RB BSEN OEN 
---,,---

INTERNAL LOGIC 
-- ... v ... -------"" --

"""""""'-."""""""""",,',"""""'"'" 

CKDR 

'-- A 
,..- B 

SL 

2to 1 
MUX 

PERIPHERY 

Xr- 0 0 
F-F 

CK OB 
LATCH r- SL 

2 to 1 
MUX 

XI-,..-----, LATO'- A -D 0urB 
G aB ~ __ ~ 

RB 

UDDR--------r -------~------- ---------f_---------
lMC---------r --------------- ~--------f_---------
SHDR-------- r -------------------------r----------
-TDI---------- f-. - -- ------------ =:::::::::::::::::::: ::::::::::::_~::::::::::::::::::::::::::::::::IQ:O 
-o"MC---------' -,-
--------------------------------------~ ----------
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BPREG 
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Section 7.3.6 Control Macros-JTAG 

Bypass Register - JTAG 
(Internal) 

515 V 13.3/3.3 V BPREG 

(3.3 V and 5 V System/Core Voltage) 

EQUIV. GATES 

10 
Rev. 1.07 

OUTPUTSIINPUTS 

TOOl 
TDI,CKDR,SHDR 

INPUT CAP. 

TOI 
X 

X 

L 
H 
X 

CMOS SWITCHING CHARACTERISTICS 

FUNCTION TABLE 
INPUT OUTPUT 
CKDA SHDA TOO 

j L L 
j L L 
j H L 
j H H 
"\. X TOO 

(Input Edge Rate tr tf=1 OOns) T J= 25 OOC (Nominal) all units are in ns , 
515 V I Sym Parameter 

FO=O FO=2 FO=8 K (nslpF) I FO=O 

BPREG 

tpLH Propagation Delay, 0.88 0.96 1.21 0.82 1.24 

tpHL CKDR to TOO 0.98 1.06 1.29 0.77 1.42 

tr Output Rise Time, TOO 0.15 0.40 1.13 2.43 0.21 
tf Output Fall Time, TOO 0.14 0.26 0.61 1.18 0.21 

Fanout (FO) capacHance does not Include estimated metallenglhs (each FO = 0.05pF). 

CMOS TIMING REQUIREMENTS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.()<>C (Nominal) all units are in ns. 

515 V I 

- TDI TOOl--
- CKDR 
- SHDR 

BPREG 

Rev 107 
3.3/3.3 V 

FO=2 FO=8 K(nslpF) 

1.35 1.70 1.16 
1.51 1.79 0.93 
0.55 1.59 3.44 
0.36 0.78 1.41 

Rev. 1.07 
3.3/3.3 V 

Sym Parameter 
Minimum Requirement I Minimum Requirement 

MOTOROLA 
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tsu 
tAli 
th 
th 
tw 
tw 

BPREG 
set up Time, SHDH to CKDH 0.59 0.89 
Set up lime, ,I UI to \iI\UH 0.59 0.86 
HOIO lime, CKDH to SHDH -0.04 -0.07 
Hold Time, CKDR to TDI 0.06 0.03 
"'~Ise vvl~tn, \iI\UH(L.) 0.61 0.96 
Pulse WiOth, v,,~, '\' '/ 0.80 1.17 

FUNCTIONAL DIAGRAM: BPREG 

SH-::'~D F-F at--..... ·~TDO 
CKDR~CK OB. 
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ENSCANI 

MOTOROLA TECHNICAL DATA 

Enable Boundry Scan Macro 
- JTAG (Internal) 

5/5 V / 3.3/3.3 V ENSCANI 

(3.3 V and 5 V System/Core Voltage) 

MACRO EQUIV. GATES 
ENSCANI 20 

Rev 107 
MACRO OUTPUTSIINPUTS 

OEN,TDOI 
ENSCANI BSEN,RB,CKDR,UDDR,SHDR, 

TDI,OMC 

MACRO INPUT CAP. 

BSEN,OMC: 0.12pF 

ENSCANI CKDR,TDI,UDDR: 0.05pF 
RB: 0.07pF 

SHDR: 0.10pF 

CMOS SWITCHING CHARACTERISTICS 

FUNCTION TABLE 
JTAG 

For JTAG Truth Table Information. 
See Table 7-7 JTAG Logic Truth 
Tables - Enable Scan on page 7-

t83 in this Manual. 

(Input Edge Rate tr 11=1 OOns) T J= 25 O°C (Nominal) all units are in ns , 
515 V I Sym Parameter 

FO=O FO=2 FO=8 K (nslpF) I FO=O 

ENSCANI 

tpLH Propagation Delay, 0.37 0.41 0.53 0.41 0.52 

tpHL BSENtoOEN 0.37 0.41 0.51 0.35 0.52 

tpLH Propagation Delay, 0.89 0.97 1.22 0.83 1.26 
tpHI CKDRtoTDO 0.98 1.05 1.26 0.70 1.40 
tplH Propagation Delay, 0.46 0.50 0.63 0.42 0.64 
tpHL OMCto OEN 0.57 0.61 0.72 0.36 0.81 

tpHL Propagation Delay, RB to OEN 0.74 0.78 0.89 0.37 1.13 
tpLH Propagation Delay, 1.14 1.18 1.31 0.42 1.70 
tpHL TDOtoOEN 1.02 1.05 1.16 0.36 1.54 

tpLH Propagation Delay, 1.27 1.31 1.44 0.42 1.85 

tpHL UDDRto OEN 1.21 1.24 1.35 0.35 1.76 
t Output Rise Time, OEN 0.13 0.25 0.61 1.22 0.18 

tf Output Fall Time, OEN 0.15 0.20 0.36 0.54 0.20 
t Output Rise Time, TDO 0.31 0.56 1.30 2.46 0.42 
tf Output Fall Time, TDO 0.21 0.32 0.65 1.11 0.27 

Fanout (FO) capacitance does not Include estimated metal lengths (each FO = 0.05pF). 

H4CPlu5 Series Design Reference Guide 

10 Z Z 
a: w w en 0 10 

CKDR 
UDDR 

SHDR 
TDI TDO 
OMC 

ENSCANI 

3.3/3.3 V 

FO=2 FO=8 

0.58 0.75 
0.57 0.70 
1.38 1.73 
1.49 1.75 
0.70 0.87 
0.85 0.98 
1.17 1.31 
1.76 1.93 
1.58 1.72 
1.91 2.08 
1.81 1.94 
0.35 0.86 
0.26 0.46 
0.76 1.81 
0.40 0.81 

Rev 107 

K (nslpF) 

0.59 
0.45 
1.17 
0.87 
0.58 
0.45 
0.45 
0.59 
0.44 
0.59 
0.45 
1.72 
0.66 
3.47 
1.36 
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ENSCANI 
________ MOTOROLA TECHNICAL DATA _______ _ 

CMOS TIMING REQUIREMENTS 
(Input Edge Rate tr tf-l OOns) T J- 250°C (Nominal) all units are in ns , - . - Rev 107 

Sym Parameter 
515 V I 3.313.3 V 

Minimum Requirement I Minimum Requirement 

ENSCANI 

t~1I Set Up TIme, BSEN to CKDR 0.57 0.88 

tsu Set Up TIme, SHDR to CKDR 0.77 1.18 

tsu Set Up TIme, TDI to CKDR 0.61 0.94 
th Hold Time, CKDR to BSEN 0.01 0.03 

th Hold Time, CKDR to SHDR -0.17 -0.26 

th Hold Time, CKDR to TDI -0.04 -0.06 

trA~ Recovery Time, RB to UDDR 0.66 0.96 

tw Pulse Width, CKDR(L) 0.55 0.89 

tw Pulse Width, CKDR(H) 0.73 1.10 
tw Pulse Width, RB(L) 0.43 0.68 

tw Pulse Width, UDDR(H) 0.76 1.13 

FUNCTIONAL DIAGRAM: ENSCANI 

RB BSEN OEN 
~ 

2 to 1 
2 to 1 MUX 
MUX FFD LATQ'-- A XI-

..... TDI - A x- D 0 >-D 0ur=B 

..... SHDR B F-F LATCH r- SL 
SL r CK 

OB G OB 
RB 

..... CKDR TOO ..... 
UDDR 
OMC 
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IDREG 

MOTOROLA TECHNICAL DATA 

Device Identification Register (32 bit) 
- JTAG (Internal) 

5/5 V /3.3/3.3 V IDREG 

(3.3 V and 5 V System/Core Voltage) 

I MACRO I EQUIV. GATES FUNCTION TABLE 
10REG 

MACRO 

10REG 

256 
Rev. 1.07 

OUTPUTSIINPUTS 

TDO 100·09,010-019,020-
029,030,031,TOI,CKOR,SHOR 

INPUT CAP. 

CKOR: 2.20pF 
00,01,010-019,02,020-

029,03,D30,031,D4-09,TOI: 
O.06pF 

SHOR: 4.03pF 

CMOS SWITCHING CHARACTERISTICS 

INPUT 

OX CKOR SHDR 

-DO f L 
-DO f L 
X f H 
X f H 
X "\. X 

(Input Edge Rate tr tf=1 OOns) T J= 25 O·C (Nominal) all units are in ns , 
515 V 

OUTPUT 

TDI TDO 
X L 
X H 
L SHIFTED 
H DATA 
X TOO 

I Sym Parameter 
FO=O FO=2 FO=8 K (nsJpF) I FO=O 

IDREG 

tpLH Propagation Delay, o.n 0.86 1.11 0.83 1.11 
tpHI CKDRtoTDO o.n 0.84 1.06 0.72 1.10 

t Output Rise Time, TDO 0.30 0.54 1.27 2.44 0.42 
tf Output Fall Time, TDO 0.28 0.39 0.72 1.09 0.38 

Fanout (FO) capacHance does not Include estimated metal lengths (each FO = 0.05pF). 

CMOS TIMING REQUIREMENTS 
(Input Edge Rate tr,tf=I.00ns) T J= 25.0·C (Nominal) all units are in ns. 

515 V 
Parameter 

D(31:0) 

TOI TOO 
CKDR 
UDDR 

IDREG 

Rev 107 .. 
3.313.3 V 

FO=2 FO=8 K (nsJpF) 

1.23 1.58 1.17 
1.19 1.47 0.91 
0.76 1.79 3.44 
0.51 0.91 1.33 

Rev. 1.07 

3.313.3 V 
Sym 

Minimum Requirement Minimum Requirement 

tsu Set Up Time, SHDR to CKDR 

tsu Set Up Time, TDI to CKDR 

th Hold Time, CKDR to SHDR 

th Hold Time, CKDR to TOI 

Iw Pulse Width, CKDR(L) 

tw Pulse Width, CKDR(H) 

H4CPlus Series Design Reference Guide 
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0.38 

0.19 

0.21 

0.36 

0.54 

0.66 

0.62 

0.41 

0.30 

0.48 

0.86 

1.01 
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TO 

$-
rf> 

CKO IR+ -t>-
SHO R .... -f) 

.MOTOROLA . 
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Ox 
TOI 

SHOR 

CKOR 

saOIR 

.... 

IDREG Building Block 

2101 
MUX 

0 Xr- 0 a 
SOl F-F 
SE r CK oa-

saOIR 

FUNCTIONAL DIAGRAM: IDREG 

saOIR 

TOO 

saOIR saOIR 

031- 0 
°l03O= 

0 a.... 025-0 an O~ 0 o-
r-- CK CK ~ ~r-CK CK 

SOl SOl 029 10 026 l-to SOl SOl r SE 08 - !r SE OS'- r SE 08 r r SE 
08 -

saDIR saOIR saOIR saOIR 

023- 0 °l022= 0 of-+ 017- 0 
OLE 

0 o-
r-- CK CK ~ ~~CK CK -I- SOl SOl 02110 18 1-.. SOl SOl r SE as - r SE as I- r SE 08 - rSE 

08 -

saOIR saOIR saOIR saOIR 

015- 0 °lD1~ 0 Of-+ 09-0 
01 

08- 0 0-- CK CK ~ ~-CK - CK 
~ - SOl SOl 0310010 -to SOl SOl r SE as - Ir SE OSf- r SE as - r SE 

as ~ 

saOIR saOIR SBOIR saOIR 

07- 0 an 06= 
0 Of-+ 01 - 0 an 0,= 

0 or.+ - CK CK ~ (>-CK CK 
..... - SOl SOl 051002 ... SOl SOl r SE as I- rSE OEI- r SE as f- rSE 

as I-

32 STAGES 

TOO 
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MOTOROLA TECHNICAL DATA 

Instruction Register (1 Bit) - JTAG 
(Soft Macro) 

5/5 V I 3.3/3.3 V 

(3.3 V and 5 V System/Core Voltage) 

I MACRO I EQUIV. GATES 

MC IREG 25 
Rev 107 .. 

MACRO OUTPUTSIINPUTS 

SDO,TDO,IRI 
MC_IREG SDI,TDI,CKIR,SHIR,UDIR,SB, 

MSE,RB,ST 

MACRO INPUT CAP. 

MC_IREG 
SDI,TDI,UDIR,ST: 0.05 pF 
SHIA,SB,MSE,RB: 0.09 pF 

CKIR:0.14pF 

FUNCTIONAL DIAGRAM: MC_IREG 

RB 

ST 0 0 ~----~----~TOO 
CKIA CK 

OFFlPA 
TDI SOl 

SHIA SE OB 0 SB 0 SOO 
UOIA CK 

OFFASlPB 

SOl SOl 
MSE SE AB OB IA 

SB 

H4CPlus Series Design Aeference Guide 

ST 
MC_IAEG 

SOl SOO 
TOI TOO 
CKIA 
SHIA 
UOIA 
SB 
MSE IA 
AB 

SOFT_MACAO 
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MOTOROLA TECHNICAL DATA _______ _ 

Instruction Register (4 Bit) - JTAG 
(Soft Macro) 
(3.3 V and 5 V System/Core Voltage) 

I MACRO I EQUIV. GATES 

MC IREG4 124 
Rev 107 .. 

MACRO OUTPUTSIINPUTS 

SOO,TOO,IRO-IR3I 
MC_IREG4 SOI,TOI,CKIR,SHIR,UOIR, 

SBO-SB3,MSE,RBO-RB3,STO-ST3 

MACRO INPUT CAP. 

SOI,TOI"STO·ST3: 0.05 pF 
SBO·SB3,RBO-RB3: 0.09 pF 

MC_IREG4 CKIR: 0.56 pF 
SHIR,MSE: 0.36 pF 

UOIR 0.2 pF 

5/5 V /3.3/3.3 V 

SOFT_MACRO 

SDO 
TOO 

IRO 
IR1 
IR2 
IR3 

FUNCTIONAL DIAGRAM: MC_IREG4 

RBO 
RB1 
RB2 
RB3 
SBO 
SB1 
SB2 
SB3 

....... 
;::::: 
;::::: 

e-
n 
;;;;. 

n 

....... SOl 
TO I;:::;: - -

' ........ CKIR 
SHIR 
UOIR 
MSE 
ST3 
ST2 
ST1 
STO 

:~ 
....... 
;::::: 
;::::: 
;::::: 
;::::: 
;::::: -
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r-

r-
ST 

MC_REG 
SOl SOO 
TOI 
CKIR 

TOO 

SHIR 
UOIR 
SB 
MSE IR 

RB 

.---
ST 

MC_REG 

~ -t6:i5iYa1- SOl SOC 

~ Toe -Imill-TOI - CKIR r---
- SHIR r--

UOIR 
SB - MSE IR 

RB 

r--=-
ST 

MC_REG 
SOl SOO ~ 
TOI TOO ~ 
CKIR 
SHIR -
UOIR -
SB 
MSE IR 

RB 

r---
ST 

MC_REG 
SOl SOO 

TOI TOO 
CKIR 
SHIR 
UOIR 
SB 
MSE IR 

RB 

:::g 

-D 

........ -

........ -...... -

SOO 
TOO 

IRO 

IR1 

IR2 

IR3 
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MOTOROLA TECHNICAL DATA 

TAP Controller - JTAG 
(Firm Macro) 
(3.3 V and 5 V System/Core Voltage) 

MACRO EQUIV. GATES 

FMC TAPC 276 

Rev 107 .. 
MACRO OUTPUTSIINPUTS 

CKDR,CKIR,ENABLE,IDLE,MSE,RB,SHDR, 
FMC_TAPC SHIR,SL,TCKB,TDO,UDDR,UDIR,A-D I 

MTST,TCK,TDI,TMS,TRSTB 

MACRO INPUT CAP. 

MTST: 0.29pF 
TCK: 0.27pF 

FMC_TAPC TDI:0.10pF 
TMS: 0.14pF 

TRSTB: 1.02pF 

Note: 
Placement is fixed and will have a direct effect on routing outcome. 

H4CPlus Series Design Reference Guide 

5/5 V / 3.3/3.3 V 

FMC_TAPCA 
(Firm Macro) 

TDI 
MTST 
TMS 
TCK 
TRSTB 

TDO 
MSE 

SL 
RB 

ENABLE 

CKIR 
SHIR 
UDIR 

CKDR 
SHDR 
UDDR 
TCKB 
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MOTOROLA TECHNICAL DATA _______ _ 

FUNCTIONAL DIAGRAM: FMC_ TAPC 

TRST 

A DLY8 X 

~~ f-NAN2 

ro*a L{:>BUF4 NAN4 
I-- NAN2 f>O~SLP ===:::" 

~SOI 

~ 
f- NAN3 ~ r-
f"""NAN3p-

INV2 

If 
1;::::;;1".... ~UF4 O SB a 

NAN3~ r~CK 
OFFSLP 
501 BUF4 

NAN3 SE oB 
'--

INV2 
NAN4 

TO 

NAN2 

~~F4 ....... 
NAN2 NAN3 
::= 

~~ 
NAN2 

~~ 
NAN2 INV2 

NAN2 ~ BUF4 
NAN4 1-0 a 

tf>o 
NAN3 I-CK 

OFFSLP 

1-501 ~ NAN4 I-~ 

~ 
I~ 
I ~ I r-a~ rc.:\ ~ ~ Iri?CK F~ OFFLP ~ M5 I 

lAr~~ 1=~3 

~ ~BUF I 
CK- ~--...... --
- ~A NV2 

~ IN~ 
NAN2 

5 

T 

Io1T 

TM ~IV' 
'~NV2 
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~ i)"'"(i 

r-- O~~RLP~ 
501 

r-~Q 

-==a NANY 0 
It- CK 

a 

I L ~bfRLP~ 
~r-

NAN2 0 a 
CK 

OFFRLPH 
501 
SERB oE t--

~ 
~NAN9 ll'[j""Sa'Q1 n-501 

SE oB 

~ ~=! 
~ ~NAN~ MAND2) -

~ ~NAN4} 
~ CK OFFSLPI 

501 

~1 
~ ~ ~ I 

~ ro-a 
~ CK DFFRLPI 

~ 
SOl 
5ERB oB 

"':"f"""" 

!lro-a 11 CK OFFLPA 
SOl r-- 5E oB 
'--

~ 

NAN2 SL 

I OLE 

RB ~I 

~I ENABLE 

~! SHIR 

-"'" 

--"" 
--"" 

~ 
--"" 

A 

B 
C 
o 

CKIR 

UOIR 

SHOR 

CKOR 

~ UOOR 

A,...QLY8.,x..... 
TOO 

..... TCKB 

--""'MS E 
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MOTOROLA TECHNICAL DATA 

JTAG TRUTH TABLES 

Table 7-1: JTAG Logic Truth Tables - Bidirectionals 

Table 7-2: JTAG Logic Truth Tables - Bidirectionals 

NOTES FOR ALL JTAG LOGIC TRUTH TABLES: 
E = EXTEST; S == SAMPLE; 1= INTEST 

1. = Output is enabled and the JTAG boundary scan cell is monitoring the output signal. (DO) 
2. = Output is disabled and the JTAG boundary scan cell is monitoring the input Signal. (PAD) 
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• •••• _._ MOTOROLA TECHNICAL DATA _______ • 

, 

• 

Table 7-3: JTAG Logic Truth Tables - Inputs 

NOTES FOR ALL JTAG LOGIC TRUTH TABLES: 
E = EXTEST; S = SAMPLE; I = INTEST 

1. = Output is enabled and the JTAG boundary scan cell is monitoring the output signal. (DO) 
2. = Output is disabled and the JTAG boundary scan cell is monitoring the input signal. (PAD) 

MOTOROLA 
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MOTOROLA TECHNICAL DATA 

NOTES FOR ALL JTAG LOGIC TRUTH TABLES: 
E = EXTEST; S = SAMPLE; 1= INTEST 

1. = Output is enabled and the JTAG boundary scan cell is monitoring the output signal. (DO) 
2. = Output is disabled and the JTAG boundary scan cell is monitoring the input signal. (PAD) 
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MOTOROLA TECHNICAL DATA _______ _ 

R, ENB, SHIR and SHDR change on the lalHng edge 01 TCK. 

Dc;" Don't Care 

NC = No Change (Retain Previous State) 

For TAP Conlrolier Oulputs only, C = TCK Signal 

For TAP Conlrolier Oulputs only, C" = TCR Signal 

State changes occur on rising edge 01 TCK 

MOTOROLA 
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MOTOROLA TECHNICAL DATA 

7.4 Internal Cells (Gates) 

4-Bit Full Adder 
2X Drive 
(3.3 V and 5 V Core Voltage) 

MACRO 

A04FULA 

MACRO 

A04FULA 

EQUIV. GATES 

40 

Rev 107 .. 
OUTPUTSnNPUTS 

SO-S3,COI 
AO-A3,BO-B3,CI 

INPUT CAP. 

AO-A3,CI: 0.11pF 
BO-B3: 0.05pF 

FUNCTION TABLE 

ADD WORD (A) TO WORD ( B) +CARRY IN 

(S()'S3) = (A()'A3)+(Bo.B3)+CI 

NOTE: AO,eo,SO = LSB, A3,B3,S3= MSB 

Faster CI to CO 
lower input Cap 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr tf=1 OOns) T J= 25 OOC (Nominal) all units are in ns , 

sv I 
Sym Parameter FO=O FO=2 F0=8 K (nslpF) I FO=O 

AD4FULA 

Ipili Propagation Delay, 2.95 2,99 3.12 0.42 4.00 
tpHI AO to CO 2.30 2,34 2.48 0,46 3,47 
tpLH Propagation Delay, AO to SO & A1 0.99 1.04 1.17 0.43 1.40 
tpHl to S1 & A2 to S2 & A3 to S3 1.09 1.13 1.27 0.46 1.60 

tpLH Propagation Delay, 1.45 1.49 1.62 0.43 2.04 

tpHL AOtoS1 &A1 toS2&A2toS3 1.03 1.07 1.20 0.44 1.52 
Ip~ Propagation Delay, 2.05 2.10 2.22 0.43 2.87 

IpJ-lL AOtoS2&A1 toS3 1.61 1.65 1.78 0.44 2.39 
tpLH Propagation Delay, 2.24 2.28 2.41 0.43 3.03 
tpHl AOtoS3 2.73 2.78 2.91 0.44 4.11 
tpLH Propagation Delay, 2.31 2.35 2.48 0.42 3.16 
tpHl A1 to CO 1.74 1.79 1.93 0.46 2.62 
tpLH Propagation Delay, 1.69 1.73 1.86 0.42 2.32 
tpHL A2 to CO 1.17 1.22 1.35 0.45 1.75 
tpL Propagation Delay, 1.07 1.11 1.24 0.42 1.48 
tpHl A3toCO 0.59 0.63 0.75 0.41 0.86 
tpLH Propagation Delay, 3.07 3,12 3.24 0.42 4.19 
tpHl BOtoCO 2.97 3.02 3.15 0.45 4.44 
tpLH Propagation Delay, BO to SO & B1 1.17 1.22 1.34 0.42 1.60 
tpHL to S1 & B2 to S2 & B3 to S3 1.21 1.26 1.39 0.45 1.80 
tpLH Propagation Delay, 1.77 1.82 1.94 0.42 2.54 
tpHI BOto S1 & B1 to S2 & B2 to S3 1.71 1.76 1.89 0.44 2.51 
tplH Propagation Delay, 2.39 2.44 2.56 0.43 3.38 
tpHl BOto S2 & B1 to S3 2.30 2.34 2.47 0.43 3.40 
tpLH Propagation Delay, 3.03 3.07 3.20 0.43 4.23 
tpHl BOto S3 2.85 2.90 3.03 0.44 4.27 
tpLH Propagation Delay, 2.47 2.52 2.64 0.42 3.37 
tpHL 61 to CO 2.41 2.45 2.59 0.46 3.58 

Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 
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F0=2 

4.06 
3,53 
1.46 
1.66 
2.10 
1.58 
2.93 
2.45 
3.09 
4.17 
3.22 
2.68 
2.38 
1.80 
1.54 
0.92 
4.25 
4.50 
1.66 
1.86 
2.60 
2.57 
3.44 
3.45 
4.29 
4.32 
3.43 
3.64 

AD4FULA 

AD4FULA 

AD4FULA 

BO 
B1 
B2 
B3 

CI 

3.3 V 

FO=8 

4.24 
3.70 
1.64 
1.83 
2.28 
1.74 
3.11 
2.61 
3.27 
4.33 
3.40 
2.85 
2.56 
1.98 
1.72 
1.07 
4.43 
4.67 
1.84 
2.04 
2.78 
2.73 
3.62 
3.62 
4.47 
4.49 
3.61 
3.81 

Rev. 1.07 

K(nslpF) 

0.60 
0.58 
0.59 
0.58 
0.60 
0.56 
0.60 
0.55 
0.60 
0.55 
0.60 
0.58 
0.60 
0.58 
0.60 
0.52 
0.60 
0.58 
0.60 
0.58 
0.60 
0.56 
0.60 
0.55 
0.60 
0.55 
0.60 
0.58 
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________ MOTOROLA TECHNICAL DATA _______ _ 

I 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=l.00ns) T J= 25.0°C (Nominal) all units are in ns. 

5V 

Sym Parameter FO=O FO=2 FO=8 K(nslpF) 

tplH Propagation Delay, 1.83 1.87 2.00 0.42 
tpHl B2 to CO 1.84 1.88 2.02 0.45 
tpLH Propagation Delay, 1.21 1.26 1.38 0.42 
tpHl B3toCO 1.26 1.30 1.43 0.43 
tpLH Propagation Delay, 2.52 2.56 2.69 0.42 
tpHI CI to CO 2.30 2.35 2.48 0.46 
tpLH Propagation Delay, 0.42 0.46 0.59 0.43 
tpHL CI to SO 0.48 0.53 0.66 0.43 
tpLH Propagation Delay, 1.05 1.09 1.22 0.43 
tpHL CI to Sl 1.04 1.09 1.22 0.44 
tpLH Propagation Delay, 1.68 1.72 1.85 0.43 
tpHl CI to S2 1.61 1.65 1.78 0.44 
tpLH Propagation Delay, 2.30 2.35 2.47 0.43 
tpHI Clto S3 2.17 2.22 2.35 0.44 

t, Output Rise Time, CO,SO-S3 0.19 0.31 0.67 1.20 
tf Output Fall Time, CO,SO-S3 0.29 0.35 0.52 0.58 
t, Output Rise Time, CO 
tf Output Fall Time, CO 
t, Output Rise Time, SO-S3 
tt Output Fall Time, SO-S3 

Capacitance per fanout = 0.05 pF (metal capacttance IS not Included). 

BO AO 

FUNCTIONAL DIAGRAM: AD4FULA 

61 Al 

A S 
ADFULHA 

6 

B2 A2 

A S 
ADFULHA 

6 

Rev. 1.07 

3.3 V 

FO=O FO=2 F0=8 K(nslpF) 

2.51 2.57 2.75 0.60 
2.70 2.75 2.93 0.58 
1.66 1.72 1.90 0.60 
1.83 1.88 2.05 0.55 
3.36 3.42 3.61 0.60 
3.53 3.59 3.76 0.58 
0.57 0.63 0.81 0.60 
0.68 0.74 0.91 0.55 
1.42 1.48 1.66 0.60 
1.58 1.64 1.80 0.55 
2.26 2.32 2.50 0.60 
2.45 2.50 2.67 0.55 
3.11 3.17 3.35 0.60 
3.32 3.37 3.54 0.56 

0.23 0.40 0.91 1.69 
0.39 0.47 0.68 0.71 
0.26 0.43 0.94 1.69 
0.37 0.44 0.66 0.71 

B3 A3 

CI I-+---ICI COI-+---I CI COI-+---I CO 

so Sl 

NOTE: See page 7-193 for the Functional Diagram for ADFULHA. 
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MOTOROLA TECHNICAL DATA 

4-Bit Full Adder 
with Propagate & Generate 2X Drive 
(3.3 V and 5 V Core Voltage) 

EQUIV. GATES FUNCTION TABLE 
PROPAGATE ( PROPAGATE THE CARRY BIT) 

94 PR= (AO+BO)(Al+Bl)(A2+B2)(A3+B3) 

Rev 107 .. GENERATE ( GENERATE A CARRY BIT) 

MACRO OUTPUTSIINPUTS GE= (A3'B3) + (A2'B2)(A3+B3) + (Al'Bl)(A2+B2)(A3+B3) 
+ (AO'BO)(Al+Bl)(A2+B2)(A3+B3) 

ADD WORD (A) TO WORD ( B) +CARRY IN 
(S()'S3) = (AO-A3)+(B()'B3)+CI 

AD4PG SO-S3,PR,GE / 
AO-A3,BO-B3,CI 

NOTE: AO,BO,SO = LSB, A3,B3,S3= MSB 

INPUT CAP. 

AO-A3,BO-B3,CI: 0.10pF 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr 1f=1 oons) T J= 25 O°C (Nominal) all units are in ns , 

5V I 
Sym Parameter FO=O FO=2 FO=8 K (nslpF) I FO=O 

AD4PG 

tpLH Propagation Delay, 1.11 1.15 1.29 0.45 1.55 
tpHI AOtoGE 0.77 0.85 1.08 0.77 1.05 
tplH Propagation Delay, 1.12 1.16 1.30 0.45 1.53 
tpHl AOtoPR 0.88 0.92 1.04 0.40 1.25 
tpLH Propagation Delay, 1.32 1.36 1.50 0.45 
tpJil AO,BO to SO(INV=0),SO(INV=1) 1.36 1.40 1.54 0.46 
tl'Lli Propagation Delay, 1.26 1.31 1.45 0.47 
tpHI AO to S1 (INV=0),S1 (INV=1) 1.21 1.26 1.41 0.50 
tplH Propagation Delay, 1.82 1.87 2.02 0.48 
tpHl AO to S2(INV=0),S2(INV=1) 1.46 1.51 1.66 0.51 
tpLH Propagation Delay, 1.60 1.65 1.80 0.48 
tpHl AO to S3(INV=0),S3(INV=1) 1.63 1.68 1.83 0.50 
tpLH Propagation Delay, 1.83 
tE'HL AO to SO(INV=O) 1.96 
tplH Propagation Delay, 1.79 
tpHl AO to SO(INV=1) 2.00 
tplH Propagation Delay, 1.78 
tpHL AO to S1 (INV=O) 1.80 
tpLH Propagation Delay, 1.74 
tpHL AO to S1 (INV=1) 1.84 
tplH Propagation Delay, 2.64 
tpHL AO to S2(INV=0) & BO to S2(INV=1) 2.18 
tpLH Propagation Delay, 2.60 
tpHL AO to S2(INV=1) 2.22 
tpLH Propagation Delay, 2.29 
tE'HL AO to S3(INV=0) 2.43 
tplH Propagation Delay, 2.25 
tpHL AOto S3(INV=1) 2.47 
tpLH Propagation Delay, 1.32 1.37 1.50 0.43 1.88 
tpHL A1 toGE 0.94 1.01 1.25 0.78 1.30 
tpLH Propagation Delay, 1.02 1.06 1.20 0.44 1.40 
tpHL A1 to PR 0.82 0.86 0.98 0.40 1.17 

Capac~ance per fanout = 0.05 pF (metal capac~nce .s not .ncluded). 
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3.3 V 

FO=2 FO=8 

1.62 1.81 
1.16 1.47 
1.59 1.78 
1.30 1.44 

1.89 2.08 
2.02 2.20 
1.85 2.05 
2.06 2.23 
1.84 2.05 
1.87 2.06 
1.81 2.01 
1.90 2.10 
2.71 2.92 
2.25 2.45 
2.67 2.88 
2.29 2.49 
2.36 2.57 
2.50 2.69 
2.32 2.53 
2.54 2.73 
1.94 2.12 
1.41 1.73 
1.47 1.66 
1.21 1.36 

AD4PG 

AD4PG 

Rev. 1.07 

K (nslpF) 

0.64 
1.06 
0.64 
0.49 

0.64 
0.58 
0.64 
0.58 
0.68 
0.66 
0.68 
0.66 
0.69 
0.68 
0.69 
0.68 
0.69 
0.67 
0.69 
0.67 
0.61 
1.06 
0.64 
0.49 
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AD4PG 

__ ---___ MOTOROLA TECHNICAL DATA _______ _ 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr tf=1 oons) T J= 250°C (Nominal) all units are in ns , 

Sym Parameter FO=O FO=2 

tpLH Propagation Delay, 1.63 1.68 

tpHL A1 to S1(INV=0),S1(INV=1) 1.75 1.80 

tpLH Propagation Delay, 
tpHI A1 to S1(INV=0) 
tpLH Propagation Delay, 
tpHl A1 to S1(INV=1» 

tpLH Propagation Delay, 2.02 2.07 

tpHL A1 to S2(INV=0)-S3(INV=1) 1.88 1.93 

tpLH Propagation Delay, A1 to S3(INV=0) 2.05 2.10 

tpHL & B1 to S2(INV=0),S2(INV=1) 1.85 1.90 
tpLH Propagation Delay, A1 to S2(INV=0), 
tpHl S3(INV=1) & B1 to S2(INV=1 
tpLH Propagation Delay, 
tpHl A1 to S2(INV=1 

tpLH Propagation Delay, 
tpHI A1 to S3(INV=0) 
tplH Propagation Delay, 1.06 1.10 
tpHl A2 to GE 1.09 1.17 
tpLH Propagation Delay, 1.09 1.13 
tpHl A2to PR 0.91 0.95 

tpLH Propagation Delay, 2.03 2.07 

tpHl A2 to S2(INV=0),S2(INV=1) 2.18. 2.23 
tplH Propagation Delay, 2.49 2.53 
tpHl A2 to S3(INV=0),S3(INV=1) 2.17 2.22 
tpLH Propagation Delay, 
tpHl A2 to S2(INV=0 

tpLH Propagation Delay, 
tpHl A2 to S2(INV=1) 

tpLH Propagation Delay, 
tpHl A2 to S3(INV=0) 
tpLH Propagation Delay, 
tpHl A2 to S3(INV=1) 

tpLH Propagation Delay, 
tpHl A3toGE 

tpLH Propagation Delay, 0.96 1.01 

tpHL A3,B3toGE 1.12 1.20 
tpLH Propagation Delay, 1.13 1.17 
tpHl A3to PR 0.97 1.02 
tpLH Propagation Delay, 1.60 1.65 
tpHL A3,B3 to S3(INV=0),S3(INV=1) 1.61 1.66 
tpLH Propagation Delay, 
tpHL A3 to S3(INV=0) 

tpLH Propagation Delay, 
tpHL A3 to S3(INV=1) 

!Pill Propagation Delay, 1.13 1.17 

!PHL BOtoGE 0.77 0.84 
tpLH Propagation Delay, 1.06 1.11 
tpHl BOto PR 0.90 0.94 
tpLH Propagation Delay, 
tpHL BO to SO(INV=O) 

Capacitance per fanout = 0.05 pF (metal capacitance is not included). 
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SV 

FO=8 

1.82 
1.96 

2.21 
2.08 
2.24 
2.05 

1.23 
1.40 
1.27 
1.08 
2.20 
2.39 
2.68 
2.38 

1.13 
1.43 
1.31 
1.14 
1.80 
1.82 

1.31 
1.08 
1.24 
1.06 

Rev. 1.07 

3.3 V 

K (nslpF) FO=O FO=2 FO=8 K (nslpF) 
0.47 
0.52 

2.26 2.33 2.53 0.68 
2.60 2.67 2.89 0.71 
2.23 2.30 2.50 0.68 
2.64 2.71 2.92 0.71 

0.48 
0.50 
0.47 
0.51 

2.90 2.97 3.17 0.68 
2.79 2.85 3.06 0.67 
2.86 2.93 3.14 0.68 
2.83 2.89 3.10 0.67 
2.94 3.01 3.21 0.67 
2.77 2.83 3.04 0.69 

0.43 1.51 1.57 1.75 0.60 
0.77 1.57 1.68 2.00 1.07 
0.45 1.53 1.59 1.79 0.64 
0.41 1.30 1.35 1.50 0.50 
0.44 
0.52 
0.48 
0.52 

2.82 2.89 3.08 0.64 
3.21 3.28 3.50 0.72 
2.78 2.85 3.04 0.64 
3.25 3.32 3.54 0.72 
3.55 3.62 3.83 0.69 
3.21 3.28 3.49 0.70 
3.51 3.58 3.79 0.69 
3.24 3.31 3.52 0.70 
1.35 1.41 1.59 0.59 
1.63 1.74 2.06 1.07 

0.42 
0.77 
0.45 1.59 1.65 1.85 0.64 
0.41 1.39 1.44 1.59 0.51 
0.48 
0.54 

2.24 2.31 2.52 0.69 
2.37 2.44 2.66 0.73 
2.20 2.27 2.48 0.69 
2.41 2.48 2.70 0.73 

0.45 1.60 1.67 1.86 0.64 
0.78 1.07 1.18 1.49 1.06 
0.45 1.46 1.52 1.72 0.64 
0.40 1.28 1.33 1.47 0.49 

1.84 1.91 2.10 0.64 
2.01 2.06 2.24 0.58 
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MOTOROLA TECHNICAL DATA 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr tf=l OOns) TJ= 25 OOC (Nominal) all unils are in ns , 

5V 

Sym Parameter FO=O FO=2 FO=8 K (nslpF) 

IpLH Propagation Delay, 
IpHL BO to 50(INV=1) 

tpLH Propagation Delay, 1.31 1.36 1.50 0.46 

tpHL BO to 51 (INV=0),51 (INV=l) 1.49 1.54 1.69 0.50 
tpLH Propagalion Delay, 
tpHL SO 10 51 (INV=O) 

tpLH Propagation Delay, 
tpHL SO 10 51 (INV=l) 

IpLH Propagation Delay, 1.85 1.89 2.04 0.47 
tpHL BO to 52(INV=0),52(INV=1) 1.43 1.48 1.63 0.50 
tpili Propagation Delay, 
tpHL BO to 52(INV=0) 

tpLH Propagation Delay, 2.20 2.25 2.39 0.47 
tpHL BO to 53(INV=0),53(INV=1) 2.32 2.37 2.52 0.51 
tpLH Propagation Delay, 
tpHL BO to S3(INV=0) 
tplH Propagation Delay, 
tpHL BO to S3(INV=1) 

tpLH Propagation Delay, 1.34 1.39 1.52 0.43 
tpHL Bl to GE 0.94 1.01 1.25 0.78 
tpLH Propagation Delay, 0.97 1.02 1.15 0.45 
tpHL Bl to PR 0.85 0.89 1.01 0.40 

tpLH Propagation Delay, 1.98 2.02 2.15 0.44 
IpHL Bl10 Sl(INV=O),Sl(INV=l) 2.10 2.15 2.30 0.49 
IpLH Propagation Delay, 
tpHL Bl to Sl(INV=O) 

tpLH Propagation Delay, 
tpHL Bl10 Sl(1NV=l) 

tpLH Propagation Delay, 
IpHI Bl10 S2(1NV=0) 
tpLH Propagation Delay, 2.05 2.09 2.24 0.48 
tpHL Bl to S3(INV=0),S3(INV=1) 2.01 2.06 2.21 0.50 
tpLH Propagation Delay, 
tpHL Bl to S3(INV=0) 

tpLH Propagation Delay, 
IpHI Bl to S3(INV=1) 
tpl Propagation Delay, 1.08 1.12 1.25 0.42 
IpHL B210GE 1.10 1.18 1.41 o.n 
tpLH Propagation Delay, 1.05 1.10 1.23 0.45 
tpHL B2 10 PR 0.93 0.97 1.09 0.41 
IpLH Propagation Delay, 1.46 1.51 1.65 0.47 
tpHL B210 52(INV=0),S2(INV=1) 1.53 1.59 1.74 0.52 
tpLH Propagation Delay, 
tpHL B2 to S2(INV=0) 

tplH Propagation Delay, 
tpHI B2 to S2(INV=1) 

IpLH Propagation Delay, 2.04 2.09 2.23 0.47 
tpHL B2 to S3(INV=0),S3(INV=1) 1.74 1.79 1.94 0.51 
tpLH Propagation Delay, 
tpHL B2 to S3(INV=0) 

Capacitance per fanout = 0.05 pF (metal capacItance IS not Included). 
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FO=O FO=2 

1.81 1.87 
2.04 2.10 

1.84 1.90 
2.18 2.24 
1.80 1.87 
2.21 2.28 

2.67 2.74 
2.14 2.20 

3.13 3.20 
3.44 3.51 
3.10 3.17 
3.47 3.54 
1.93 1.99 
1.31 1.42 
1.32 1.39 
1.19 1.24 

2.81 2.87 
3.04 3.11 
2.n 2.83 
3.08 3.15 
2.93 3.00 
2.73 2.80 

2.88 2.95 
2.93 3.00 
2.84 2.91 
2.97 3.04 
1.57 1.63 
1.58 1.69 
1.47 1.53 
1.33 1.38 

2.05 2.12 
2.30 2.37 
2.02 2.09 
2.33 2.40 

2.95 3.01 
2.57 2.64 

3.3 V 

FO=8 

2.06 
2.27 

2.10 
2.44 
2.07 
2.47 

2.94 
2.41 

3.40 
3.71 
3.37 
3.74 
2.18 
1.74 
1.58 
1.39 

3.06 
3.31 
3.02 
3.35 
3.20 
3.00 

3.15 
3.20 
3.11 
3.24 
1.81 
2.01 
1.72 
1.53 

2.32 
2.58 
2.30 
2.61 

3.21 
2.85 

AD4PG 

Rev. 1.07 

K (nslpF) 

0.64 
0.58 

0.66 
0.66 
0.66 
0.66 

0.69 
0.68 

0.67 
0.68 
0.67 
0.68 
0.61 
1.06 
0.64 
0.49 

0.62 
0.66 
0.62 
0.66 
0.69 
0.67 

0.68 
0.67 
0.68 
0.67 
0.60 
1.07 
0.64 
0.50 

0.68 
0.70 
0.68 
0.70 

0.67 
0.69 
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II 

AD4PG 

MOTOROLA TECHNICAL DATA _______ _ 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=l.00ns) T J= 25.0"C (Nominal) all units are in ns. 

Sym Parameter FO=O FO=2 

IpLK Propagalion Delay, 
tpHI B2 to S3(INV=l) 

IpLH Propagation Delay, 
tpHL B3toGE 

tpLH Propagation Delay, 1.11 1.15 
IpHL B310PR 1.00 1.05 
tpLK Propagation Delay, 0.69 0.73 
IpHI Cll050(INV=0),50(INV=1) 0.72 0.76 
tpLH Propagation Delay, 
tpHL CI to 50(INV=O) 

tpLH Propagation Delay, 
tpHL CI to 50(INV=1) 
tpLH Propagation Delay, Clio 51 (INV=O), 0.73 0.78 
tpHL 51 (INV=1),52(INV=0) 0.75 0.80 
tpLH Propagation Delay, 
IpHL Cll051(INV=0),52(INV=0) 

tpLH Propagation Delay, 
tpHI CI to 51(INV=1),52(INV=1) 

IpLH Propagation Delay, 0.71 0.76 
tpHL Cll052(INV=1),53(INV=1) 0.76 0.81 
tpLH Propagation Delay, 
tpHL Clio 53(INV=0) 
IplH Propagation Delay, 
tpHI CI to 53(INV=1) 

IpLH Propagalion Delay, 0.72 0.76 
tpHL CI to 53(INV=0) 0.73 0.78 
tpLH Propagation Delay, 
tpHL B2 10 53(INV=0) 

tpLH_ Propagation Delay, 
tpHI B2 to 53(INV=1) 

I Oulput Rise Time, GE 0.39 0.51 
If Oulput Fall Time, GE 0.38 0.52 
I, Oulpul Rise Time, PR 0.25 0.37 
If Output Fall Time, PR 0.26 0.32 
tL Output Rise Time, 50 0.25 0.37 
tf Output Fall Time, 50 0.29 0.35 
t Output Rise Time, 51,52 0.35 0.47 
tf Output Fall Time, 51,52 0.44 0.50 
t Output Rise Time, 53 0.39 0.51 
tf Output Fall Time, 53 0.47 0.53 

CapacHance per fanout = 0.05 pF (melal capaCItance IS nollncluded). 
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5V 
FO=8 

1.28 
1.17 
0.87 
0.89 

0.92 
0.94 

0.90 
0.96 

0.90 
0.92 

0.87 
0.93 
0.73 
0.49 
0.73 
0.52 
0.83 
0.69 
0.87 
0.73 

Rev. 1.07 

3.3 V 
K (nslpF) FO=O FO=2 FO=8 K (nslpF) 

2.92 2.99 3.19 0.67 
2.60 2.67 2.87 0.69 
1.41 1.47 1.64 0.60 
1.66 1.77 2.09 1.07 

0.45 1.55 1.61 1.80 0.64 
0.41 1.44 1.49 1.64 0.51 
0.44 
0.43 

0.97 1.03 1.22 0.63 
1.02 1.07 1.23 0.54 
0.93 0.99 1.18 0.63 
1.06 1.11 1.28 0.54 

0.46 
0.48 

1.02 1.09 1.29 0.66 
1.09 1.16 1.34 0.62 
0.98 1.05 1.24 0.66 
1.14 1.20 1.39 0.62 

0.47 
0.49 

1.01 1.07 1.27 0.66 
1.05 1.12 1.30 0.62 
0.96 1.03 1.23 0.66 
1.09 1.16 1.34 0.62 

0.47 
0.48 

1.19 0.51 0.67 1.18 1.68 
1.39 0.46 0.64 1.19 1.82 
1.19 0.32 0.49 0.99 1.68 
0.57 0.31 0.38 0.58 0.68 
1.20 0.32 0.49 0.99 1.68 
0.58 0.40 0.47 0.68 0.70 
1.20 0.41 0.58 1.09 1.71 
0.63 0.62 0.70 0.93 0.76 
1.21 0.45 0.62 1.13 1.71 
0.64 0.65 0.73 0.96 0.79 
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MOTOROLA TECHNICAL DATA 

FUNCTIONAL DIAGRAM: AD4PG 

B3 

A3 

01B b-----r---.... OO=====LJ O2B 

X2------..., 
02B-----I 
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A2 
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Al 

AO 
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03 
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01 

Cl 
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03 
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Generate Carry Bit 
Section 

H4CPlus Series Design Reference Guide 

Propagate Bit 
Section 

AD4PG 

MOTOROLA 

7-191 

II 

II 
11 
II 

Ii 



I"\UrULn 

_______ MOTOROLA TECHNICAL DATA _______ • 

Full Adder 
1X & 2X Drive 
(3.3 V and 5 V Core Voltage) 

EQUIV. GATES FUNCTION TABLE 

10 A B CI S co 
Rev. 1.07 L L L L L 

OUTPUTSIINPUTS L H L H L 

H L L H L 

H H L L H 
CO,S I A,B,CI 

MACRO INPUT CAP. 
L L H H L 

L H H L H 

H L H L H 

H H H H H 

A: 0.15pF 
ADFUlH B:O.20pF 

CI:O.22pF 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr 1f=1 OOns) T J= 25 COC (Nominal) all units are in ns , 

5V 

Sym Parameter FO=O FO=2 FO=8 

ADFULH 

tpLH Propagation Delay, 0.61 0.65 0.78 
tPHI AtoCO 0.77 0.82 0.96 
tpLH Propagation Delay, 1.09 1.14 1.26 
tpHL AtoS 1.06 1.11 1.24 
tpLH Propagation Delay, 0.66 0.71 0.83 
tpHl BtoCO 0.67 0.72 0.87 
tpLH Propagation Delay, 0.88 0.92 1,05 
tE..,l BtoS 0.89 0.94 1.07 
tELH Propagation Delay, 0.64 0.69 0.82 
tpHI CI to CO 0.75 0.80 0.94 
tpLH Propagation Delay, 0.43 0.47 0.60 
tpHl CltoS 0.49 0.53 0.68 

t, Output Rise Time, CO 0.23 0.35 0.71 
tf Output Fall Time, CO 0.39 0.45 0.62 
t, Output Rise Time, S 0.24 0.35 0.71 
t/ Output Fall Time, S 0.27 0.33 0.52 

capacitance per fanout = 0.05 pF (metal capaCitance IS not Included). 

I 
K (ns/pF) I FO=O 

0.42 0.82 
0.48 1.18 
0.42 1.57 
0.44 1.58 
0.43 0.87 
0.49 1.00 
0.42 1.25 
0.43 1.35 
0.43 0.85 
0.48 1.07 
0.42 0.56 
0.49 0.75 
1.18 0.30 
0.58 0.50 
1.19 0.29 
0.64 0.82 

ADFULH 

A 
ADFULH 

B 

CI 

3.3 V 

FO=2 FO=8 

0.88 1.07 
1.24 1.43 
1.63 1.81 
1.63 1.80 
0.93 1.12 
1.06 1.26 
1.31 1.49 
1.41 1.57 
0.91 1.10 
1.13 1.32 
0.62 0.80 
0.81 1.00 
0.47 0.97 
0.57 0.80 
0.46 0.96 
0.88 1.07 

Rev. 1.07 

K(ns/pF) 

0.61 
0.63 
0.60 
0.55 
0.60 
0.64 
0.60 
0.55 
0.61 
0.64 
0.60 
0.64 
1.67 
0.75 
1.69 
0.61 

FUNCTIONAL DIAGRAM: ADFULH 
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MOTOROLA TECHNICAL DATA 

Full Adder 
2X Drive 
(3.3 V and 5 V Core Voltage) 

EQUIV. GATES A 

FUNCTION TABLE 

B CI S CO 

ADFULHA 

ADFULHA 

A 
10 L L L L L ADFULHA 

MACRO 

ADFULHA 

Rev. 1.07 
OUTPUTSJINPUTS 

CO,S I A,B,CI 

INPUT CAP. 

A,CI: 0.11pF 
B: 0.05pF 

CMOS SWITCHING CHARACTERISTICS 

L 
H 
H 
L 
L 
H 
H 

H L H L 
L L H L 
H L L H 
L H H L 
H H L H 
L H L H 
H H H H 

(Input Edge Rate tr tf-l OOns) T J- 250°C (Nominal) all units are in ns , - . -
sv 

Sym Parameter FO=O FO=2 FO=8 

ADFULHA 

tpLH Propagation Delay, 1.07 1.11 1.24 
tpHL AtoCO 0.59 0.63 0.75 

tJ>LH Propagation Delay, 1.00 1.04 1.17 
tpHI AtoS 1.09 1.14 1.28 
tpLH Propagation Delay, 1.23 1.27 1.40 
tpHl BtoCO 1.25 1.29 1.42 
tplH Propagation Delay, 1.16 1.20 1.33 
tpHL BIoS 1.23 1.28 1.41 
tpLH Propagation Delay, 0.64 0.68 0.81 

tJ>HL CI to CO 0.61 0.65 0.79 

IpUf Propagation Delay, 0.41 0.46 0.59 
tpHl CltoS 0.50 0.54 0.67 

t, Output Rise Time, CO 0.17 0.29 0.64 
tf Output Fall Time, CO 0.27 0.33 0.51 
t, Output Rise Time, S 0.19 0.31 0.67 

It Output Fall Time, S 0.28 0.34 0.51 
CapacitanCjl per fanout = 0.05 pF (metal capacitance IS not Included). 

B 

CI 

I 3.3 V 

K (ns/pF) I FO=O FO=2 FO=8 

0.42 1.49 1.55 1.73 
0.42 0.86 0.91 1.07 
0.43 1.39 1.45 1.63 
0.46 1.62 1.68 1.86 
0.42 1.69 1.75 1.93 
0.44 1.81 1.87 2.03 
0.43 1.58 1.64 1.82 
0.45 1.84 1.89 2.07 
0.42 0.87 0.93 1.11 
0.46 0.92 0.98 1.15 
0.43 0.55 0.61 0.79 
0.43 0.71 0.77 0.94 
1.19 0.25 0.41 0.91 
0.58 0.39 0.47 0.68 
1.19 0.25 0.41 0.91 
0.59 0.39 0.47 0.68 

FUNCTIONAL DIAGRAM: ADFULHA 

B 
XXH::>S 

CI~--------~------~ lDCH=:>CO 
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Rev. 1.07 

K(ns/pF) 

0.60 
0.52 
0.60 
0.59 
0.60 
0.56 
0.61 
0.58 
0.60 
0.58 
0.60 
0.56 
1.67 
0.72 
1.67 
0.72 
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ADHALFH 

________ MOTOROLA TECHNICAL DATA ________ llt. 
I 

Half Adder 
1X &2X Drive 
(3.3 V and 5 V Core Voltage) 

MACRO 

ADHALFH 

EQUIV. GATES 

6 

Rev.L07 
OUTPUTSIINPUTS 

CO,S/A,B 

INPUT CAP. 

A:O.09pF 
B:0.17pF 

CMOS SWITCHING CHARACTERISTICS 

FUNCTION TABLE 

A B S co 
L L L L 

L H H L 

H L H L 

H H L H 

(Input Edge Rate tr,tf=I.00ns) T J= 25.0·C (Nominal) all units are in ns. 
5V I 3.3 V 

ADHALFH 

S 

ADHALFH 

CO 

Rev. 1.07 

Sym Parameter FO=O FO=2 FO=8 K (nsJpF) I FO=O FO=2 FO=8 K(nslpF) 

ADHALFH 

tpLH Propagation Delay, 0.43 0.47 0.60 0.42 
tpHL AtoCO 0.38 0.42 0.54 0.39 

IpLH Propagation Delay, 0.64 0.68 0.81 0.43 
tpHI AtoS 0.72 0.77 0.90 0.44 
tpLH Propagation Delay, 0.44 0.48 0.61 0.42 
tpHL BtoCO 0.30 0.34 0.46 0.39 
tpLH Propagation Delay, 0.41 0.45 0.58 0.43 
tpHL BtoS 0.45 0.49 0.62 0.44 

te Output Rise Time, CO 0.17 0.29 0.65 1.20 
tf Output Fall Time, CO 0.16 0.22 0.39 0.58 
t, Output Rise Time, S 0.18 0.30 0.66 1.19 
t, Output Fall Time, S 0.24 0.30 0.47 0.59 

Capacitance per fanout = 0.05 pF (metal capacttance Is not Included). 

FUNCTIONAL DIAGRAM: AD HALF 
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A 

B~------~--------~~ __ ~ 

0.57 0.63 0.80 0.59 
0.54 0.58 0.73 0.48 
0.88 0.94 1.12 0.60 
1.05 1.11 1.27 0.55 
0.57 0.63 0.81 0.59 
0.47 0.52 0.66 0.47 
0.54 0.60 0.78 0.60 
0.67 0.73 0.90 0.56 
0.21 0.37 0.88 1.69 
0.20 0.27 0.47 0.68 
0.20 0.37 0.88 1.69 
0.34 0.41 0.63 0.72 

CO 
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MOTOROLA TeCHNICAL DATA 

2-lnput AND Gate 
1X & 2X Drive 
(3.3 V and 5 V Core Voltage) 

EQUIV. GATES 

2 

OUTPUTSJlNPUTS 

X/A,B 

INPUT CAP. 

A,B: 0.05pF 

CMOS SWITCHING CHARACTERISTICS 

FUNCTION TABLE 

A B X 

L L L 
L H L 
H L L 
H H H 

(Input Edge Rate tr tf=1 OOns) T J= 25 ODC (Nominal) all units are in ns , 
5V 

Sym Parameter FO=O FO=2 FO=8 

AND2 

tpLH Propagation Delay, 0.38 0.47 0.71 

tpHL AtoX 0.25 0.33 0.56 
tplH Propagation Delay, 0.37 0.46 0.70 
tpHL BtoX 0.34 0.41 0.64 

t Output Rise Time, X 0.15 0.39 1.12 
tf Output Fall Time, X 0.14 0.25 0.61 

AND2H 

tpLH Propagation Delay, 0.44 0.49 0.61 
tpHL AtoX 0.33 0.37 0.49 
tpLH Propagation Delay, 0.44 0.48 0.61 
tpHL BtoX 0.40 0.44 0.55 

tr Output Rise Time, X 0.17 0.29 0.65 
tf Output Fall Time, X 0.19 0.25 0.42 

Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

I 
K (ns/pF) I FO=O 

0.82 0.50 
0.76 0.38 
0.83 0.49 
0.76 0.47 
2.43 0.19 
1.18 0.18 

0.42 0.58 
0.38 0.48 
0.42 0.59 
0.38 0.56 
1.20 0.25 
0.57 0.24 

FUNCTIONAL DIAGRAM: AND2 

A L-.oo'~--n 

B 
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*1X for AND 2 
2XforAND2H 

X 

AND2AND2H 

AND2 
AND2H 

::E)--X 

3.3 V 

FO=2 FO-8 

0.62 0.96 
0.47 0.74 
0.61 0.96 
0.56 0.84 
0.53 1.57 
0.32 0.75 

0.64 0.82 
0.53 0.67 
0.64 0.82 
0.61 0.75 
0.42 0.92 
0.31 0.51 

Rev. 1.07 

K (ns/pF) 

1.16 
0.91 
1.16 
0.91 
3.44 
1.43 

0.59 
0.47 
0.58 
0.48 
1.69 
0.68 
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AND3AND3H 

_ •••••• _ MOTOROLA TECHNICAL DATA ••••••• _, 

3-lnput AND Gate 
1X & 2X Drive 
(3.3 V and 5 V Core Voltage) 

MACRO EQUIV. GATES 

AND3 2 
AND3H 3 

Rev. 1.07 

OUTPUTSIINPUTS 

X/A·C 

INPUT CAP. 

A-C:0.05pF 

CMOS SWITCHING CHARACTERISTICS 

FUNCTION TABLE 
A B C X 

L X X L 
X L X L 
X X L L 
H H H H 

(Input Edge Rate tr,tf=1.00ns) T J= 25.00C (Nominal) all units are in ns. 
5V 

Sym Parameter FO=O FO=2 FO=8 

AND3 

tpLH Propagation Delay, 0.50 0.58 0.83 
tpHL AtoX 0.26 0.34 0.57 
tpLH Propagation Delay, 0.52 0.60 0.85 
tpHL BtoX 0.34 0.41 0.64 
tpLH Propagation Delay, 0.50 0.58 0.83 
IpHL CtoX 0.41 0.48 0.71 

t Output Rise Time, X 0.19 0.43 1.16 
If Output Fall Time, X 0.18 0.30 0.65 

AND3H 

tpLH Propagation Delay, 0.58 0.62 0.75 
tpHL AtoX 0.34 0.38 0.50 
tpLH Propagation Delay, 0.58 0.63 0.75 
tpHL BtoX 0.40 0.44 0.55 
tpLH Propagation Delay, 0.57 0.61 0.74 
tpHL CtoX 0.47 0.51 0.62 

t, Output Rise Time, X 0.24 0.36 0.72 
tf Output Fall Time, X 0.25 0.30 0.47 

capacitance per fanout = 0.05 pF (metal capacHance IS not Included). 

I 
K (nsJpF) I FO::O FO=2 

0.83 0.63 0.75 
0.76 0.41 0.51 
0.82 0.67 0.78 
0.76 0.51 0.60 
0.83 0.69 0.80 
0.76 0.59 0.68 
2.42 0.25 0.59 
1.18 0.21 0.35 

0.43 0.74 0.80 
0.39 0.50 0.55 
0.43 0.76 0.82 
0.39 0.59 0.63 
0.43 0.79 0.85 
0.39 0.67 0.72 
1.18 0.32 0.49 
0.56 0.28 0.35 

3.3 V 

FO=8 

1.10 
0.78 
1.13 
0.87 
1.15 
0.96 
1.62 
0.78 

0.98 
0.70 
1.00 
0.78 
1.03 
0.87 
0.99 
0.56 

AND3 
AND3H 

Rev. 1.07 

K (nslpF) 

1.17 
0.92 
1.16 
0.91 
1.17 
0.93 
3.42 
1.42 

0.60 
0.48 
0.62 
0.48 
0.61 
0.49 
1.68 
0.68 

FUNCTIONAL DIAGRAM: AND3 
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MOTOROLA TECHNICAL DATA 

4-lnput AND Gate 
1X & 2X Drive 
(3.3 V and 5 V Core Voltage) 

EQUIV. GATES 

3 
Rev. 1.07 

OUTPUTSJINPUTS 

X/A-O 

INPUT CAP. 

A-O:0.05pF 

CMOS SWITCHING CHARACTERISTICS 

A 

L 
X 

X 

X 

H 

FUNCTION TABLE 

B C 0 

X X X 

L X X 

X L X 

X X L 
H H H 

(Input Edge Rate tr tf=l oons) T J= 250°C (Nominal) all units are in ns , 
5V 

Sym Parameter FO=O FO=2 FO=8 

AND4 

tpi Propagation Delay, 0.58 0.67 0.92 
tpHL AtoX 0.26 0.34 0.57 
tpLH Propagation Delay, 0.61 0.70 0.95 
tpHL BtoX 0.33 0.41 0.64 
tpLH Propagation Delay, 0.63 0.72 0.97 
tpHL CtoX 0.40 0.48 0.71 
tplH Propagation Delay, 0.62 0.70 0.95 
tpHL DtoX 0.44 0.52 0.75 

t, Output Rise Time, X 0.23 0.47 1.19 
tf Output Fall Time, X 0.21 0.33 0.68 

AND4H 

tpLH Propagation Delay, 0.67 0.71 0.85 
tpHL AtoX 0.34 0.38 0.49 
tpLH Propagation Delay, 0.70 0.74 0.88 
tpHL BtoX 0.40 0.43 0.55 
tpLH Propagation Delay, 0.71 0.76 0.89 
tpHL CtoX 0.46 0.50 0.62 
tpLH Propagation Delay, 0.70 0.75 0.88 
tpHL DtoX 0.49 0.53 0.65 

t, Output Rise Time, X 0.29 0.41 0.76 
t, Output Fall Time, X 0.27 0.32 0.49 

Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

X 

L 
L 
L 
L 
H 

I 
K (nslpF) I FO=O 

0.84 0.74 
0.76 0.42 
0.84 0.79 
0.76 0.51 
0.84 0.86 
0.76 0.61 
0.84 0.87 
0.77 0.65 
2.41 0.30 
1.18 0.25 

0.45 0.85 
0.39 0.52 
0.45 0.91 
0.39 0.59 
0.45 0.98 
0.40 0.68 
0.45 0.97 
0.41 0.72 
1.18 0.38 
0.57 0.30 

FUNCTIONAL DIAGRAM: AND4 

A 

B L--",---' 

C 

D 
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3.3 V 

FO=2 FO=8 

0.86 1.21 
0.52 0.79 
0.91 1.26 
0.60 0.88 
0.98 1.33 
0.70 0.98 
0.99 1.35 
0.75 1.03 
0.64 1.65 
0.39 0.82 

0.92 1.11 
0.56 0.71 
0.98 1.17 
0.64 0.79 
1.04 1.23 
0.73 0.88 
1.04 1.23 
0.77 0.92 
0.54 1.05 
0.36 0.57 

AND4AND4H 

AND4 
AND4H 

Rev. 1.07 

K(nslpF) 

1.18 
0.92 
1.19 
0.92 
1.19 
0.93 
1.19 
0.94 
3.40 
1.42 

0.64 
0.48 
0.64 
0.48 
0.63 
0.49 
0.64 
0.51 
1.68 
0.68 
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AND8H 

••••••• _ MOTOROLA TECHNICAL DATA ••••••• _ 

I 

8-lnput AND Gate 
2X Drive 
(3.3 V and 5 V Core Voltage) 

FUNCTION TABLE 

EQUIV.GATES A B C 0 E F G 

6 L X X X X X X 

X L X X X X X 

OUTPUTSIINPUTS X X L X X X X 

X/A·H 
X X X L X X X 

X X X X L X X 

INPUT CAP. 
X X X X X L X 

X X X X X X L 
X X X X X X X 

H H H H H H H 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=l.00ns) T J= 25.0°C (Nominal) all units are in ns. 

5V 

Sym Parameter FO=O FO=2 FO=8 

AND8H 

tpLH Propagation Delay, 0.72 0.80 1.04 
tpHL AtoX 0.33 0.37 0.49 
tpLH Propagation Delay, 0.76 0.84 1.08 
tpHL BtoX 0.39 0.43 0.55 

tali Propagation Delay, 0.77 0.85 1.09 
tpHL CtoX 0.46 0.50 0.61 
tpLH Propagation Delay, 0.76 0.84 1.09 
tpHL DtoX 0.48 0.52 0.65 
tpLH Propagation Delay, 0.72 0.80 1.04 
tpHL EtoX 0.33 0.37 0.49 
tpl H Propagation Delay, 0.76 0.84 1.08 
tpHL FtoX 0.39 0.43 0.55 
tpLH Propagation Delay, 0.77 0.85 1.09 
tpHL GtoX 0.46 0.50 0.61 
tpLH Propagation Delay, 0.76 0.84 1.09 
tpHL HtoX 0.48 0.52 0.65 

t Output Rise Time, X 0.36 0.60 1.32 
tf Output Fall Time, X 0.30 0.36 0.53 

CapacHance per fanout = 0.05 pF (metal capacHance IS not Included). 

H X 

X L 
X L 
X L 
X L 
X L 
X L 
X L 
L L 
H H 

I 
K (nsJpF) I FO=O 

0.81 0.91 
0.39 0.52 
0.80 0.97 
0.39 0.59 
0.81 1.04 
0.40 0.68 
0.81 1.04 
0.41 0.72 
0.81 0.93 
0.39 0.54 
0.80 0.99 
0.39 0.62 
0.81 1.06 
0.40 0.76 
0.81 0.49 
0.41 0.35 
2.39 0.91 
0.56 0.52 

A 

B 
C -;--..... 
D 
E 
F 
G 
H 

FO=2 

1.03 
0.56 
1.09 
0.64 
1.16 
0.73 
1.16 
0.77 
1.05 
0.59 
1.11 
0.67 
1.18 
0.81 
0.84 
0.42 
1.03 
0.56 

3.3 V 

FO=8 

1.39 
0.71 
1.45 
0.79 
1.52 
0.88 
1.52 
0.92 
1.41 
0.73 
1.47 
0.81 
1.54 
0.96 
1.88 
0.63 
1.39 
0.71 

AND8H 

x 

Rev. 1.07 

K (nsJpF) 

1.20 
0.48 
1.21 
0.49 
1.20 
0.49 
1.21 
0.51 
1.20 
0.48 
1.20 
0.49 
1.21 
0.50 
3.47 
0.68 
1.20 
0.48 

FUNCTIONAL DIAGRAM: AND8H 
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MOTOROLA TECHNICAL DATA 

2-lnput AND + 2-lnput NOR 
into a 2-lnput NOR 1X & 2X Drive 
(3.3 V and 5 V Core Voltage) 

MACRO EQUIV. GATES 

ANDOI22 3 FUNCTION TABLE 
ANDOI22H 4 A B C D 

Rev. 1.07 H H X X 
OUTPUTSIINPUTS X X L L 

X/A-O L X H X 

L X X H 

MACRO INPUT CAP. X L H X 

ANOOl22 A-O: 0.05pF X L X H 

ANOOI22H A,B:0.09pF 
C,O:O.05pF 

CMOS SWITCHING CHARACTERISTICS 

X 

L 
L 
H 
H 
H 
H 

(Input Edge Rate tr,tf=l.oons) T J= 25.0DC (Nominal) all units are in ns. 
5V 

Sym Parameter FO=O FO=2 FO-8 

ANDOI22 

tpLH Propagation Delay, 0.21 0.37 0.85 
tpHL AtoX 0.29 0.40 0.74 

tpLH Propagation Delay, 0.27 0.43 0.92 
tpHL BtoX 0.25 0.37 0.71 
tpLH Propagation Delay, 0.47 0.63 1.12 

tpHL CtoX 0.49 0.57 0.80 
tpLH Propagation Delay, 0.50 0.66 1.14 

tpHL DtoX 0.50 0.58 0.81 

tr Output Rise Time, X 0.51 1.00 2.46 
tf Output Fall Time, X 0.31 0.51 1.10 

ANDOI22H 

tpLH Propagation Delay, 0.18 0.26 0.50 
tpHL AtoX 0.25 0.31 0.48 
tpLH Propagation Delay, 0.27 0.35 0.59 
tpHL BtoX 0.24 0.30 0.47 
tpLH Propagation Delay, 0.50 0.58 0.82 
tpHL CtoX 0.59 0.63 0.75 
tpLH Propagation Delay, 0.53 0.61 0.85 

tpHL DtoX 0.59 0.63 0.75 

tr Output Rise Time, X 0.48 0.73 1.45 
t Output Fall Time, X 0.38 0.47 0.75 

Capacitance per fanout = 0.05 pF (metal capacitance IS nollncluded). 

H4CPlus Series Design Reference Guide 

I 

A 

B--. __ ~ 

C 

o 

K (nslpF) 1 FO=O FO=2 

1.61 0.21 0.37 
1.14 0.29 0.40 
1.60 0.27 0.43 
1.13 0.25 0.37 
1.61 0.47 0.63 
0.77 0.49 0.57 
1.61 0.50 0.66 
0.77 0.50 0.58 
4.87 0.51 1.00 
1.96 0.31 0.51 

0.80 0.18 0.26 
0.57 0.25 0.31 
0.80 0.27 0.35 
0.56 0.24 0.30 
0.81 0.50 0.58 
0.41 0.59 0.63 
0.81 0.53 0.61 
0.41 0.59 0.63 
2.42 0.48 0.73 
0.94 0.38 0.47 

ANDOl22 ANDOl22H 

ANDOl22 
ANDOl22H 

3.3 V 

FO-8 

0.85 
0.74 
0.92 
0.71 
1.12 
0.80 
1.14 
0.81 
2.46 
1.10 

0.50 
0.48 
0.59 
0.47 
0.82 
0.75 
0.85 
0.75 
1.45 
0.75 

x 

Rev. 1.07 

K (nslpF) 

1.61 
1.14 
1.60 
1.13 
1.61 
0.77 
1.61 
0.77 
4.87 
1.96 

0.80 
0.57 
0.80 
0.56 
0.81 
0.41 
0.81 
0.41 
2.42 
0.94 
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__ ------ MOTOROLA TECHNICAL DATA _______ • 

FUNCTIONAL DIAGRAM: ANDOl22 

VDD 

Ce>-+--r-4t1 

+-+-+--+--0 X 

BC>----------~~~il 
AC>--------------~ 

MOTOROLA· 
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FUNCTIONAL DIAGRAM: ANDOI22H 
VDD 

DI:>-~--«II 

CI:>-t--T'-«II 

BiC>----__ ------~~~ 

A,C>------------~ 
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2, 1-lnput AND-OR 
2X Drive 

MOTOROLA TECHNICAL DATA 

(3.3 V and 5 V Core Voltage) 

EQUIV. GATES 

3 FUNCTION TABLE 

A 

B 

C------/ A B C X 
OUTPUTSIINPUTS x X H H 

X/A-C H H X H 
X l l l 

INPUT CAP. l X l l 

A-C:0.05pF 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr tf=1 oons) T J= 250°C (Nominal) all units are in ns , 

5V I 
Sym Parameter FO::() FO=2 FO=8 K (ns/pF) I FO::() 

A021H 

tpLH Propagation Delay, 0.44 0.48 0.61 0.43 0.59 
tpHI AtoX 0.55 0.59 0.72 0.43 0.80 
tp'-H Propagation Delay, 0.43 0.48 0.60 0.42 0.60 
tpHL BtoX 0.64 0.68 0.81 0.44 0.94 
tplH Propagation Delay, 0.40 0.44 0.57 0.42 0.53 
tpHl CtoX 0.51 0.55 0.67 0.42 0.73 

t Output Rise Time, X 0.16 0.28 0.64 1.20 0.21 

it Output Fall Time, X 0.31 0.37 0.53 0.55 0.38 
capacitance per fanout = 0.05 pF (metal capacHance Is nollncluded). 

FUNCTIONAL DIAGRAM: A021 H 

AL...J~-' 

B L...J---' 

CU----.... 

H4CPlus Series Design Reference Guide 

X 

3.3 V 

FO=2 FO=8 

0.65 0.83 
0.86 1.02 
0.66 0.83 
1.00 1.17 
0.59 0.76 
0.78 0.94 
0.38 0.88 
0.45 0.66 

A021H 

A021H 

x 

Rev. 1.07 

K(ns/pF) 

0.60 
0.55 
0.59 
0.56 
0.59 
0.54 
1.69 
0.70 

MOTOROLA 
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A022H 
________ MOTOROLA TECHNICAL DATA _______ _ 

2-Wide, 2-lnput AND-OR 
2X Drive 
(3.3 V and 5 V Core Voltage) 

EQUIV. GATES 

3 
Rev. 1.07 

OUTPUTSIINPUTS 

X/A-D 

INPUT CAP. 

A-D:0.05pF 

CMOS SWITCHING CHARACTERISTICS 

A 

H 
X 

X 

L 
H 
L 

FUNCTION TABLE 

B C 0 X 

H X X H 
X H H H 
L L X L 
X X L L 
L H L L 
H L H L 

(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 
5V 

Sym Parameter FO:O FO=2 FO=8 

A022H 

tpLH Propagation Delay, 0.57 0.61 0.74 
tpHL AtoX 0.67 0.72 0.85 
tpLH Propagation Delay, 0.55 0.59 0.72 

tpHL BtoX 0.77 0.81 0.95 
tpi Propagation Delay, 0.45 0.49 0.62 
tpHL CtoX 0.56 0.60 0.73 
tpLH Propagation Delay, 0.44 0.49 0.61 
tpHL DtoX 0.65 0.70 0.83 

t Output Rise Time, X 0.21 0.33 0.68 
t, Output Fall Time, X 0.37 0.42 0.59 

capacitance per fanout = 0.05 pF (metal cepacHance IS not Included). 

I 

A 

B 

C 

D 

K (ns/pF) I FO=O 

0.43 0.76 
0.45 1.03 
0.43 0.73 
0.45 1.17 
0.43 0.61 
0.43 0.82 
0.42 0.61 
0.45 0.98 
1.18 0.26 
0.56 0.42 

FUNCTIONAL DIAGRAM: A022H 

X 

7-202 

A022H 

x 

Rev. 1.07 

3.3 V 

FO=2 FO=8 K (ns/pF) 

0.82 1.00 0.60 
1.09 1.26 0.57 
0.79 0.98 0.61 
1.23 1.40 0.58 
0.67 0.85 0.60 
0.87 1.04 0.56 
0.67 0.85 0.59 
1.03 1.20 0.56 
0.43 0.93 1.68 
0.49 0.70 0.69 

Design 



MOTOROLA TECHNICAL DATA 

3,2, 1-lnput AND-OR Gate 
2X Drive 
(3.3 V and 5 V Core Voltage) 

EQUIV. GATES A B 

5 L X 

Rev. 1.07 X L 

OUTPUTSIINPUTS X X 

X/A-F 
L X 

X L 

INPUT CAP. 
X X 

H H 
A·F:0.05pF X X 

X X 

FUNCTION TABLE 

C 0 E 

X L X 

X L X 

L L X 

X X L 
X X L 
L X L 
H X X 

X H H 
X X X 

CMOS SWITCHING CHARACTERISTICS 

F X 

L L 
L L 
L L 
L L 
L L 
L L 
X H 
X H 
H H 

(Input Edge Rate tr,tf=l.00ns) T J= 25.0°C (Nominal) all units are in ns. 
5V 

Sym Parameter FO=O FO=2 FO=8 

A0321H 

tpLH Propagation Delay, 0.57 0.62 0.75 
tpHL AtoX 0.37 0.43 0.60 

tpLH Propagation Delay, 0.58 0.62 0.75 

tpHL BtoX 0.43 0.49 0.66 

tpLH Propagation Delay, 0.57 0.61 0.74 

tpHL CtoX 0.50 0.55 0.73 
tplH Propagation Delay, 0.49 0.53 0.66 
tpHL DtoX 0.69 0.74 0.92 
tpLH Propagation Delay, 0.49 0.53 0.66 

tpHL EtoX 0.60 0.65 0.83 

tpLH Propagation Delay, 0.45 0.49 0.62 
tpJil. FtoX 0.55 0.61 0.78 

t Output Rise Time, X 0.27 0.39 0.75 
tf Output Fall Time, X 0.33 0.42 0.71 

Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

I 
K (ns/pF) I FO=O 

0.44 0.76 
0.57 0.55 
0.43 0.77 
0.58 0.62 
0.43 0.79 
0.58 0.71 
0.41 0.68 
0.58 0.99 
0.42 0.68 
0.57 0.85 
0.42 0.61 
0.57 0.78 
1.20 0.35 
0.97 0.38 

FUNCTIONAL DIAGRAM: A0321 H 

A 

B 

C 

D 

E L1--, 

FU>-------' 
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3.3 V 

FO=2 FO=8 

0.82 1.00 
0.62 0.85 
0.83 1.01 
0.70 0.93 
0.85 1.04 
0.79 1.02 
0.74 0.91 
1.07 1.31 
0.74 0.92 
0.93 1.16 
0.67 0.85 
0.86 1.09 
0.52 1.03 
0.50 0.88 

X 

A0321H 

A0321H 

x 

Rev. 1.07 

K (nslpF) 

0.61 
0.76 
0.62 
0.77 
0.62 
0.77 
0.59 
0.78 
0.59 
0.78 
0.59 
0.77 
1.69 
1.24 
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AU43<!lH 

_______ MOTOROLA TECHNICAL DATA _______ • 

II 

4,3,2, 1-lnput AND-OR Gate 
2X Drive 
(3.3 Vand 5 V Core Voltage) 

EQUIV.GATES FUNCTION TABLE 

8 
(A'B'C'O) (E'F'G) (WI) J 

H X X X 

OUTPUTSIINPUTS 
X H X X 

X X H X 
X/A-J 

X X X H 
l L L L 

INPUT CAP. 

A-J: O.05pF 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr 11=1 OOns) T J= 25 O°C (Nominal) all units are in ns , 

5V 

Sym Parameter FO=O FO=2 FO=8 

A04321H 

tpLH Propagation Delay, 0.66 0.70 0.84 
tpHL AtoX 0.39 0.47 0.70 
tpLH Propagation Delay, 0.68 0.73 0.86 
tpHl BtoX 0.46 0.53 0.76 
tpLH Propagation Delay, 0.70 0.75 0.89 
tpHL CtoX 0.52 0.60 0.83 
tpLH Propagation Delay, 0.70 0.74 0.88 
tpHL DtoX 0.57 0.65 0.88 
tpUl Propagation Delay, 0.64 0.68 0.81 
tpHL EtoX 0.43 0.50 0.74 
tpLH Propagation Delay, 0.64 0.68 0.81 
tpHL FtoX 0.49 0.57 0.80 
tpLH Propagation Delay, 0.63 0.67 0.80 
tpHL GtoX 0.55 0.63 0.86 
tpLH Propagation Delay, 0.53 0.57 0.70 
tpHI HtoX 0.75 0.83 1.06 
tpLH Propagation Delay, 0.54 0.58 0.71 
tpHL ItoX 0.65 0.73 0.96 
tpLH Propagation Delay, 0.49 0.53 0.66 
tpHL JtoX 0.61 0.69 0.92 

t Output Rise Time, X 0.40 0.52 0.88 
tt Output Fall Time, X 0.37 0.51 0.92 

Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

MOTOROLA 
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x 
H 
H 
H 
H 
L 

I 

A-.....r-...... 
B 
C 
D 

E ---.r--...... 

~ 
H 

J 

K (ns/pF) I FO=O FO=2 

0.45 0.86 0.93 
0.77 0.59 0.69 
0.46 0.92 0.99 
0.77 0.66 0.77 
0.46 0.99 1.05 
0.77 0.76 0.87 
0.46 0.99 1.05 
0.78 0.81 0.92 
0.43 0.85 0.91 
0.77 0.64 0.74 
0.43 0.88 0.94 
0.77 0.71 0.82 
0.43 0.89 0.95 
0.77 0.78 0.89 
0.42 0.74 0.80 
0.77 1.08 1.19 
0.42 0.75 0.81 
0.77 0.94 1.05 
0.42 0.68 0.74 
0.77 0.87 0.98 
1.20 0.50 0.66 
1.38 0.43 0.61 

A04321H 

x 

Rev. 1.07 

3.3 V 

FO=8 K (ns/pF) 

1.12 0.64 
1.01 1.05 
1.18 0.64 
1.08 1.06 
1.25 0.64 
1.19 1.06 
1.25 0.65 
1.24 1.07 
1.09 0.60 
1.06 1.05 
1.12 0.60 
1.13 1.05 
1.13 0.61 
1.21 1.06 
0.98 0.59 
1.51 1.06 
0.99 0.60 
1.37 1.07 
0.91 0.59 
1.30 1.07 
1.17 1.69 
1.16 1.80 
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MOTOROLA TECHNICAL DATA 

FUNCTIONAL DIAGRAM: A04321 H 
A 

B 

C 
D 

E NAN3H 

F 

G 

H 

J 
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AOl21 AOl21 H 

________ MOTOROLA TECHNICAL DATA _______ _ 

2, 1-lnput AND-OR-Invert 
1X & 2X Drive 
(3.3 V and 5 V Core Voltage) 

MACRO EQUIV. GATES 
AOl21 2 

AOl21H 3 
Rev. 1.07 

OUTPUTsnNPUTS 
X/A-C 

MACRO INPUT CAP. 
AOl21 A-C:0.05pF 

AOl21H A-C:0.09pF 

CMOS SWITCHING CHARACTERISTICS 

FUNCTION TABLE 

A B C X 
A 

x X H L 
B _____ ~ 

H H X L 
X L L H C------f 

L X L H 

(Input Edge Rate tr II-lOOns) T J= 25 ODC (Nominal) all units are in ns , - . 
5V I 3.3 V 

Sym Parameter FO=O FO=2 FO=8 K (nsJpF) I FO=O FO=2 FO=8 

AOl21 

tpLH Propagation Delay, 0.20 0.36 0.85 1.61 0.28 0.52 1.22 
tpHL AtoX 0.28 0.40 0.74 1.14 0.37 0.52 0.97 

Ipili Propagation Delay, 0.27 0.43 0.91 1.60 0.38 0.62 1.32 
tpHI BtoX 0.25 0.37 0.71 1.13 0.34 0.49 0.94 
tpLH Propagation Delay, 0.30 0.46 0.94 1.61 0.44 0.67 1.38 
tpHL CtoX 0.29 0.36 0.59 0.76 0.38 0.47 0.74 

tf Output Rise Time, X 0.50 0.99 2.45 4.87 0.70 1.40 3.50 
If Output Fall Time, X 0.28 0.48 1.07 1.96 0.31 0.57 1.33 

AOl21H 

tpLH Propagation Delay, 0.18 0.26 0.50 0.80 0.24 0.36 0.71 
tpHL AtoX 0.25 0.30 0.47 0.57 0.33 0.40 0.63 
tpLH Propagation Delay, 0.27 0.35 0.59 0.80 0.37 0.48 0.84 
tpHL BtoX 0.24 0.30 0.46 0.56 0.32 0.40 0.62 
tplH Propagation Delay, 0.29 0.37 0.61 0.80 0.41 0.53 0.89 
tpHl CtoX 0.26 0.29 0.41 0.38 0.34 0.39 0.52 

t Output Rise Time, X 0.49 0.73 1.46 2.42 0.66 1.00 2.05 
tf Output Fall Time, X 0.31 0.40 0.69 0.94 0.33 0.46 0.83 

Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

FUNCTIONAL DIAGRAM: AOl21 
CD--------, 

VDD 

BD-.-cI 

AD--ll---~I 

FUNCTIONAL DIAGRAM: AOl21 H 

VDD VDD 

AD----r-------~~r_-;I 

AOl21 
AOl21H 

x 

Rev. 1.07 

K(nslpF) 

2.36 
1.50 
2.35 
1.50 
2.36 
0.91 
7.01 
2.54 

1.18 
0.75 
1.18 
0.75 
1.18 
0.46 
3.50 
1.25 

MOTOROLA 
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AOl211 AOl211 H 

MOTOROLA TECHNICAL DATA 

2,1, 1-lnput AND-OR-Invert 
1X &2X Drive 
(3.3 V and 5 V Core Voltage) 

MACRO EQUIV. GATES 

AOl211 2 

AOl211H 4 
Rev. 1.07 

OUTPUTSJlNPUTS 

X/A-O 

INPUT CAP. 

A-D:0.05pF 

CMOS SWITCHING CHARACTERISTICS 

FUNCTION TABLE 

A B C D X 

H H X X L 
L H L L H 
H L L L H 
X X H X L 
X X X H L 

(Input Edge Rate tr,tf=l.00ns) T J= 25.O"C (Nominal) all units are in ns 
sv 

8ym Parameter FO=O FO=2 FO=8 

AOl211 

tpLH Propagation Delay, 0.31 0.55 1.29 
tpHL AtoX 0.35 0.46 0.81 
tpi H Propagation Delay, 0.42 0.66 1.39 
tpHI BtoX 0.31 0.42 0.77 
tpLH Propagation Delay, 0.25 0.49 1.22 
tpHL CtoX 0.22 0.30 0.52 
tpLH Propagation Delay, 0.29 0.54 1.26 
tpHL DtoX 0.25 0.32 0.55 

t Output Rise Time, X 0.77 1.50 3.70 
tf Output Fall Time, X 0.34 0.54 1.13 

AOl211H 

tpLH Propagation Delay, 0.83 0.86 0.95 
tpHI AtoX 0.70 0.73 0.81 
tpLH Propagation Delay, 0.99 1.02 1.11 
tpHL BtoX 0.69 0.72 0.80 
tpLH Propagation Delay, 0.79 0.81 0.90 
tpHL CtoX 0.53 0.56 0.64 
tpLH Propagation Delay, 0.83 0.86 0.94 

tpHL DtoX 0.58 0.60 0.68 
t Output Rise Time, X 0.21 0.28 0.51 
tf Output Fall Time, X 0.21 0.25 0.36 

Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 
FUNCTIONAL DIAGRAM: AOl211 

VDD 

AD--t---cli 

BC>-+----+ 

C D--++-t--+-II 

o 
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I 
K (nsJpF) I FO=O FO=2 

2.44 0.49 0.86 
1.15 0.46 0.61 
2.43 0.65 1.02 
1.15 0.43 0.58 
2.42 0.32 0.68 
0.76 0.31 0.40 
2.42 0.42 0.78 
0.76 0.35 0.44 
7.34 1.09 2.15 
1.96 0.38 0.63 

0.29 1.25 1.29 
0.28 1.01 1.04 
0.29 1.48 1.52 
0.28 1.00 1.04 
0.28 1.10 1.14 
0.27 0.78 0.81 
0.28 1.19 1.23 
0.26 0.81 0.85 
0.76 0.25 0.36 
0.37 0.25 0.30 

3.3 V 

FO=8 

1.94 
1.06 
2.10 
1.03 
1.77 
0.67 
1.87 
0.71 
5.34 
1.39 

1.41 
1.14 
1.64 
1.14 
1.26 
0.91 
1.35 
0.95 
0.69 
0.44 

AOl211 
AOl211H 

Rev. 1.07 

K (nsJpF) 

3.62 
1.52 
3.61 
1.52 
3.61 
0.91 
3.62 
0.91 
10.63 
2.54 

0.40 
0.34 
0.40 
0.34 
0.40 
0.34 
0.40 
0.34 
1.10 
0.46 

FUNCTIONAL DIAGRAM: AOl211H 
VDD 

Co--++-t--+-II 
X 
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AOl22 AOl22H 

_ •••••• _ MOTOROLA TECHNICAL DATA ______ _ 

2 .. Wide, 2 .. lnput AND .. OR .. lnvert 
1X & 2X Drive 
(3.3 V and 5 V Core Voltage) 

MACRO EQUIV. GATES 

AOl22 2 

AOl22H 4 
Rev. 1.07 

OUTPUTSJlNPUTS 

X/A-O 

INPUT CAP. 

A-O: 0.05pF 

CMOS SWITCHING CHARACTERISTICS 

A 

H 
X 

X 

L 

H 

L 

FUNCTION TABLE 

B C 0 X 

H X X L 

X H H L 

L L X H 
X X L H 
L H L H 
H L H H 

(Input Edge Rate tr,tf=1.00ns) T J= 25;OOC (Npmin~l) all units are in ns. 
SV 

Sym P.rametar FO=() FO;02 FOi::8 

AOI22 

tpLH Propagation Delay, O:~1 O.~ 0.69 
tPHI AtoX Q.38 0.49' , 0.84 

tpLH Propagation Delay, 0.26 0.38 0.74 
tpHL BtoX 0,34 0.46 0.80 
tpLH Propagation Delay, 0.26 O.~ 0.91 
tpHl CtoX 0.31 0.42 0;76 
tpLH Propagation Delay, 6,33 0.49 0.98, 
tpHt DtoX ,0.27 0.38 0.73 

t, Output Rise Time, X 0.61 1.10 2.56 
tf Output Fall Time, X 0.33 0.53 1.~2 

AOl22H 

tpLH Propagation Delay, 0Ji2 0.65 0;73 '" 

t!'Hl AtoX 0.76 0.79 0.87 
tPIH Propagation Delay, 0.71 '0.74 0.S2 
tpHI BtoX '0.76 0.78 0.87 
tplH Propagation Delay, 0.76 0.79 0.88 
tpHl CtoX 0.69 0.72 0.80 
tpLH Propagation Delay, 0.86 0.88 0.97 
tpHl DtoX 0.70 0.73 0.81 

tr Output Rise Time, X 0.20 0.28 0.51 

" Ol!lPUt FaU lime, X 0.22 0.26 0.37 
Capacitance per fanout = 0.05 pF (metal ~$Cltanca 1$ not inckJded). 

MOTOROLA 
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I 
K (ns/pFU FO~O FO=2 

1.22 0.31 0.49 
1.14 0.48 0.64 
1.21 0.39 0.57 
1.14 0,46 0.61 
1.61 0.38 0.61 
1.14 0.39 0.54 
1.60 0..47 0.71 
1.14 0.36 0.51 
4.87 0.84 1.55 
1.97 0.36 0.61 

0.28 0.91 0.95 
0.28 1.07 1.10 
0.28 1.02 1.06 
0.28 1.05 1.09 
0.28 1.09 1.13 
0.28 0.98 1.02 
0.29 1.26 1.30 
0.27 0.98 1.01 
0.77 0.23 0.34 
0.37 0.25 0~30 

3.3 V 
FO~8 

1.03 
1.09 
1.11 
1.06 
1.32 
0.99 
1.42 
0.96 
3.65 
1.38 

1.07 
1.21 
1.18 
1.19 
1.25 
1.12 
1.42 
1.11 
0.67 
0.43 

AOl22 
AOl22H 

x 

R ev.1.07 

K (nslpF) 

1.79 
1.51 
1.79 
1.51 
2.36 
1.50 
2.35 
1.50 
7.01 
2.55 

0.39 
0.34 
0.40 
0.34 
0.40 
0.34 
0.40 
0.34 
1.10 
0.45 
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MOTOROLA TECHNICAL DATA 

FUNCTIONAL DIAGRAM: AOl22 

AC)o-_-~ 

B ~-_+-+--+ ..... 

c n--+--1--4--1 

D~--..... --""" 

FUNCTIONAL DIAGRAM: AOl22H 

VDD 

AU--_....q 

B D-_+-+--+-' 

c n_-+-I---I----I 

DO __ .-. __ --I 
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AOl22 AOl22H 
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BUF 

MOTOROLA TECHNICAL DATA ••••••• _ 

Non-Inverting Buffer 
1X Drive 
(3.3 V and 5 V Voltage) 

EQUIV.GATES 

Rev. 1.07 
OUTPUTSIINPUTS 

X/A 

INPUT CAP. 

A:0.05pF 

CMOS SWITCHING CHARACTERISTICS 

FUNCTION TABLE ffffix 
l l 

H H 

(Input Edge Rate tr if-lOOns) TJ- 25 o"c (Nominal) all units are in ns , - . -
5V 

BUF 

~ A-V-X 

Rev 107 

I 3.3 V 
Sym Parameter 

FO=O FO=2 FO=8 K (nsJpF) I FO=O FO=2 FO=8 K (nsJpF) 

BUF 

tplH Propagation Delay, 0.29 0.37 0.62 0.82 
tpHl AtoX 0.28 0.35 0.58 0.75 

t, Output Rise Time, X 0.17 0.41 1.14 2.42 

" Output Fall Time, X 0.15 0.26 0.61 1.17 
CapacHance per fanout = 0.05 pF (metal capacitance IS not Included). 

MOTOROLA 

7·210 

FUNCTIONAL DIAGRAM: aUF 

X 

0.39 0.50 0.85 1.15 
0.37 0.46 0.74 0.91 
0.16 0.51 1.54 3.46 
0.15 0.29 0.72 1.43 
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MOTOROLA TECHNICAL DATA 

Non-Inverting Buffer 
2X Drive 
(3.3 V and 5 V Voltage) 

MACRO EQUIV. GATES 

BUF2 2 

BUF2B 3 
Rev. 1.07 

OUTPUTSIINPUTS 
X/A 

MACRO INPUT CAP. 
BUF2 A: 0.05pF 

BUF2B A: 0.07pF 

CMOS SWITCHING CHARACTERISTICS 

FUNCTION TABLE Effix 
L L 
H H 

(Inpul Edge Rale Ir,II=1.oons) T J= 25.0°C (Nominal) all unils are in ns. 
5V I Sym Parameter 

FO=O FO=2 FO=8 K (ns/pF) I FO=O 

BUF2 

IpLH Propagalion Delay, 0.34 0.38 0.50 0.41 0.44 
IpHl AloX 0.34 0.38 0.50 0.38 0.47 

I OUlpul Rise Time, X 0.15 0.27 0.63 1.20 0.17 

If Output Fall Time, X 0.16 0.22 0.39 0.56 0.22 
BUF2B 

IpLH Propagalion Delay, 0.40 0.42 0.48 0.21 0.48 
tpHl AtoX 0.25 0.28 0.40 0.38 0.38 

t Output Rise Time, X 0.14 0.19 0.37 0.58 0.16 
tf Output Fall Time, X 0.13 0.18 0.36 0.58 0.16 

Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

A 
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FUNCTIONAL DIAGRAM: BUF2 
VDD VDD VDD 

FUNCTIONAL DIAGRAM: BUF2B 

VDD 

t-~-t---C>X 

3.3 V 

FO=2 FO=8 

0.50 0.67 
0.52 0.66 
0.34 0.86 
0.29 0.49 

0.51 0.60 
0.43 0.56 
0.25 0.50 
0.23 0.43 

BUF2 BUF2B 

BUF2 
BUF2B 

Rev. 1.07 

K (ns/pF) 

0.58 
0.47 
1.72 
0.68 

0.30 
0.45 
0.83 
0.69 
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BUF4BUF4B 
MOTOROLA TECHNICAL DATA _______ _ 

Non-Inverting Buffer 
4X Drive 
(3.3 V and 5 V Voltage) 

MACRO EQUIV. GATES 

BUF4 3 
BUF4B 5 

Rev. 1.07 

OUTPUTSIINPUTS 

X/A 

MACRO INPUT CAP. 

BUF4 A:O.05pF 
BUF4B A:0.07pF 

CMOS SWITCHING CHARACTERISTICS 

FUNCTION TABLE ffffJx 
L L 
H H 

(Inpul Edge Rale Ir tf=l OOns) TJ= 25 O·C (Nominal) all unils are in ns , 
5V I Sym Parameter 

FO=O FO=2 FO=8 K (nslpF) I FO=O 

BUF4 

IpLH Propagalion Delay, 0.42 0.44 0.51 0.22 0.54 

IE'HL AloX 0.45 0.47 0.54 0.21 0.63 
I, Oulpul Rise Time, X 0.15 0.21 0.39 0.59 0.23 
I, Outpul Fall Time, X 0.22 0.25 0.33 0.28 0.29 

BUF4B 

IpLH Propagalion Delay, 0.49 0.51 0.55 0.13 0.62 

II'HL AloX 0.38 0.40 0.46 0.20 0.53 
I, Outpul Rise TIme, X 0.20 0.23 0.31 0.27 0.23 
I, Oulpul Fall TIme, X 0.17 0.20 0.28 0.28 0.24 

Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

FUNCTIONAL DIAGRAM: BUF4 
VDD 

~--r-~---+--~X 

FUNCTIONAL DIAGRAM: BUF4B 

VDD 

FO=2 

0.57 
0.66 
0.31 
0.32 

0.64 
0.55 
0.27 
0.27 

BUF4 
BUF4B 

BUF4 

A-{>-X 

Rev 107 
3.3 V 

FO=8 K (nslpF) 

0.67 0.31 
0.74 0.27 
0.56 0.82 
0.42 0.33 

0.69 0.18 
0.63 0.25 
0.39 0.40 
0.37 0.32 
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7-212 

H4CPlus Series Design Reference Guide 



MOTOROLA TECHNICAL DATA 

Non-Inverting Buffer 
8X Drive 
(3.3 V and 5 V Voltage) 

MACRO EQUIV. GATES 

BUFB 5 

BUFBB 10 

Rev. 1.07 

OUTPUTsnNPUTS 

X/A 

MACRO INPUT CAP. 

BUFB A: 0.09pF 

BUFBB A: 0.14pF 

CMOS SWITCHING CHARACTERISTICS 

FUNCTION TABLE 

LffiJx 
L L 
H H 

(Input Edge Rate tr,tf=1.00ns) T J= 25.0OC (Nominal) all units are in ns. 
5V I Sym Parameter 

FO=O FO=2 FO=8 K (ns/pF) I FO=O 

BUF8 

tpLH Propagation Delay, 0.40 0.41 0.44 0.11 
tpHl AtoX 0.41 0.42 0.46 0.12 

t Output Rise Time, X 0.14 0.17 0.26 0.29 
tf Output Fall Time, X 0.19 0.20 0.24 0.14 

BUF8B 

tplH Propagation Delay, 0.49 0.50 0.52 0.08 
tpHl AtoX 0.38 0.39 0.42 0.10 

t Output Rise Time, X 0.20 0.21 0.25 0.14 
tf Output Fall Time, X 0.19 0.20 0.24 0.13 

Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

A 

A 
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FUNCTIONAL DIAGRAM: BUF8 

VDD 

FUNCTIONAL DIAGRAM: BUF8B 
VDD 

0.51 
0.56 
0.21 
0.25 

0.61 
0.51 
0.23 
0.22 

FO=2 

0.52 
0.58 
0.25 
0.27 

0.62 
0.53 
0.25 
0.24 

BUF8 BUF8B 

BUF8 
BUF8B 

BUF8 

A-{>-X 

3.3 V 

FO=8 

0.57 
0;62 
0.37 
0.32 

0.65 
0.57 
0.31 
0.29 

Rev. 1.07 

K (ns/pF) 

0.17 
0.16 
0.40 
0.17 

0.10 
0.14 
0.21 
0.17 
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BUFX I _______ • MOTOROLA TECHNICAL DATA _______ .': 

• 

Non-Inverting Buffer, High Drive 
(Use Output Buffer From VO Site) 
(3.3 V and 5 V Voltage) 

EQUIV. GATES FUNCTION TABLE ffffix 
L L 

H H 

1/0 

OUTPUTsnNPUTS 

X/A 

INPUT CAP. 

A:O.18pF 

CMOS SWITCHING CHARACTERISTICS 
(Inpul Edge Rale Ir 11=1 OOns) T J= 25 O<>C (Nominal) all unils are in ns , 

SV I Sym Parameter 
FO=O FO=2 FO=8 K (nsJpF) I FO=O 

BUFX 

IpLH Propagation Delay, 0.25 0.26 0.27 0.05 0.37 
IpHI AloX 0.32 0.32 0.34 0.07 0.39 

I, OUlpul Rise Time, X 0.12 0.13 0.16 0.09 0.13 
If OUlpul Fall Time, X 0.20 0.21 0.23 0.07 0.20 

Capacitance per fanout = 0.05 pF (melal capacitance IS not Included) . 

FUNCTIONAL DIAGRAM: BUFX 

VDD VDD 

A +----I-L> X 

BUFX 

BUFX 

A-{>-X 

Rev 107 
3.3 V 

FO=2 FO=8 K (nsJpF) 

0.38 0.40 0.07 
0.40 0.43 0.09 
0.15 0.18 0.13 
0.21 0.24 0.11 
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MOTOROLA TECHNICAL DATA 

4-Bit Decrementer 
2X Drive 
(3.3 V and 5 V Voltage) 

FUNCTION TABLE 

EQUIV. GATES Ao-A3 CI SO-S3 CO 

28 .. 0 H AO-A3 H 
.. 0 L (Ao-A3)-1 H Rev 107 .. 

MACRO OUTPUTSJINPUTS =0 H L(AlI) H 
=0 L H(AlI) L 

NOTE: AO,SO = LSB, A3,S3 = MSB DCR4H 
SO-S3,CO,PR I 

AO-A3,CI 

MACRO INPUT CAP. 

AO-A2: 0.17pF 
DCR4H A3: 0.10pF 

CI: 0.21pF 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr 1f=1 OOns) T J= 25 O°C (Nominal) all units are in ns , 

SV 

PR 
H 
H 
L 
L 

I Sym Parameter 
FO=O FO=2 FO=8 K (nsJpF) I FO=O 

DCR4H 

tpLH Propagation Delay, 0.59 0.63 0.76 0.41 0.82 
tpHI AOtoCO 1.37 1.41 1.54 0.42 2.00 
tpLH Propagation Delay, 0.36 0.40 0.53 0.41 0.51 
tpHL AOto PR 0.98 1.04 1.19 0.51 1.42 
tpLH Propagation Delay, AO to SO & 0.62 0.66 0.79 0.43 0.89 
tpHL A1 toS1 &A2toS2&A3toS3 0.71 0.76 0.89 0.44 1.03 

tpLH Propagation Delay, 1.00 1.04 1.17 0.42 1.44 
tpHI AOtoS1 &A1 to 82 0.85 0.89 1.02 0.44 1.21 
tpLH Propagation Delay, 1.51 1.55 1.68 0.42 2.20 
tpHL AOto S2 1.18 1.23 1.36 0.44 1.69 
tpLH Propagation Delay, 2.00 2.04 2.17 0.42 2.92 
tpHL AOtoS3 1.47 1.51 1.65 0.44 2.09 

tpLH Propagation Delay, 0.61 0.65 0.77 0.42 0.85 
tpHL A1 to CO 1.43 1.47 1.59 0.42 2.14 
tpLH Propagation Delay, 0.38 0.43 0.55 0.41 0.54 
tpHL A1 to PR 1.05 1.10 1.25 0.51 1.57 

tpLH Propagation Delay, 1.49 1.53 1.66 0.42 1.45 

tpHL A1 to S3 1.15 1.19 1.32 0.44 1.24 
tpLH Propagation Delay, 0.62 0.67 0.79 0.41 2.17 
tpHL A2,A3toCO 1.52 1.56 1.68 0.42 1.63 
tpLH Propagation Delay, 0.40 0.44 0.57 0.42 0.87 
tpHL A2to PR 1.10 1.15 1.31 0.51 2.29 
tpLH Propagation Delay, 0.95 0.99 1.12 0.43 0.55 
tpHL A2toS3 0.79 0.83 0.96 0.44 1.71 
tpLH Propagation Delay, 0.40 0.45 0.57 0.42 1.40 
tpHL A3to PR 1.16 1.21 1.36 0.50 1.13 

tpLH Propagation Delay, 0.31 0.35 0.47 0.41 0.88 

tE'HL CltoCO 0.50 0.54 0.67 0.42 2.34 
Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

H4CPlus Series Design Reference Guide 

FO=2 

0.88 
2.06 
0.57 
1.49 
0.95 
1.08 
1.50 
1.26 
2.26 
1.75 
2.98 
2.14 
0.91 
2.20 
0.59 
1.64 
1.51 
1.29 
2.23 
1.68 
0.93 
2.35 
0.61 
1.78 
1.46 
1.19 
0.94 
2.39 

DCR4H 

DCR4H 

AO SO 

A1 S1 

A2 S2 
DCR4H 

A3 

C1 

3.3 V 

FO=8 

1.06 
2.22 
0.74 
1.70 
1.13 
1.25 
1.68 
1.43 
2.44 
1.92 
3.16 
2.31 
1.09 
2.35 
0.77 
1.84 
1.69 
1.46 
2.41 
1.85 
1.11 
2.51 
0.79 
1.98 
1.64 
1.36 
1.11 
2.55 

S3 

CO 

PR 

Rev 107 

K (nsJpF) 

0.59 
0.53 
0.58 
0.68 
0.60 
0.56 
0.60 
0.56 
0.60 
0.56 
0.60 
0.57 
0.58 
0.53 
0.59 
0.68 
0.60 
0.56 
0.60 
0.56 
0.58 
0.53 
0.59 
0.68 
0.60 
0.56 
0.58 
0.53 
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DCR4H 

•••••• _ MOTOROLA TECHNICAL DATA •••••••• 

II 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr tf=l OOns) T J= 25 O·C (Nominal) all units are in ns , 

Sym Parameter 
5V 

FO=O FO=2 FO=8 K (nslpF) 

tpLH Propagation Delay, 0.46 0.51 0.63 0.42 
tpHL CltoSO 0.50 0.54 0.67 0.44 
tpLH Propagation Delay, 0.73 o.n 0.90 0.43 

tPHL CI toSl 0.94 0.99 1.12 0.44 
tpLH Propagation Delay, 1.06 1.10 1.23 0.42 

IPliL CI to S2 1.47 1.51 1.64 0.44 
tpLH Propagation Delay, 1.35 1.39 1.52 0.43 
tpHl CltoS3 1.95 1.99 2.13 0.44 

t, Output Rise Time, CO 0.13 0.25 0.61 1.21 
tf Output Fall Time, CO 0.24 0.30 0.47 0.57 
t, Output Rise Time, PR 0.19 0.31 0.67 1.21 
tf Output Fall Time, PR 0.54 0.60 0.78 0.58 
t, Output Rise Time, SO-S3 0.18 0.30 0.66 1.19 
tf Output Fall Time, SO-S3 0.21 0.27 0.45 0.60 
t, Output Rise Time, SO,Sl,S3 
If Output Fall Time, SO,Sl,S3 
Ie Output Rise Time, S2 
tf Output Fall Time, S2 

Capacitance per fanout '" 0.05 pF (metal capacitance IS not Included). 

FUNCTIONAL DIAGRAM: DCR4H 

CI 

AO 

Al 

A2 

A3 
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A 

B 

SBHALFH 

S A S 

CO B CO 

*2X Drive 

Rev 107 
3.3 V 

FO=O FO=2 F0=8 K (nslpF) 

0.56 0.62 0.80 0.60 
1.76 1.83 2.03 0.68 
0.42 0.48 0.65 0.58 
0.71 o.n 0.92 0.53 
0.68 0.74 0.92 0.59 
0.72 0.78 0.95 0.56 
1.00 1.06 1.24 0.60 
1.44 1.49 1.66 0.55 
1.48 1.54 1.72 0.60 
0.31 0.38 0.59 0.70 
0.26 0.43 0.95 1.71 
0.64 0.72 0.94 0.75 

0.21 0.38 0.89 1.70 
0.30 0.38 0.59 0.71 
0.24 0.41 0.91 1.70 
0.31 0.38 0.60 0.73 

SO 

Sl 

S2 

S3 

CO 

PR 

H4CPlus Series DeSign Reference Guide 



MOTOROLA TECHNICAL DATA 

10f 4 Decoder 
2X Drive 
(3.3 V and 5 V Voltage) 

EQUIV. GATES FUNCTION TABLE 

9 
SL1 SLO XOB X1B X2B X3B 
L L L H H H 
L H H L H H 
H L H H L H 
H H H H H L 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr tf=1 oons) T J= 25 OOC (Nominal) all units are in ns , 

Sym Parameter 
5V I 

FO=O FO=2 FO=8 K (nslpF) I FO=O 

DEC4H 

tPI Propagation Delay, 0.41 0.46 0.58 0.42 0.56 
tpHL SLO to XOB,X2B 0.48 0.54 0.71 0.58 0.67 
tpLH Propagation Delay, 0.10 0.14 0.27 0.41 0.15 
tpHL SLO to X1 B,X3B 0.25 0.31 0.48 0.57 0.31 

tPLH Propagation Delay, 0.48 0.52 0.65 0.42 0.63 
tpHL SL1 to XOB,X1B 0.50 0.56 0.73 0.57 0.69 
tpLH Propagation Delay, 0.16 0.20 0.32 0.41 0.21 
tpHL SL 1 to X2B,X3B 0.24 0.30 0.46 0.55 0.30 

t, Output Rise Time, XOB-X2B 0.24 0.36 0.72 1.20 0.32 
t, Output Fall Time, XOB-X2B 0.23 0.33 0.61 0.95 0.30 
t, Output Rise Time, X3B 0.26 0.37 0.73 1.18 0.32 
t, Output Fall Time, X3B 0.22 0.31 0.59 0.94 0.26 

Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

FUNCTIONAL DIAGRAM: DEC4H 

SLO l. -",.--y---, 

,..,-~_XOB 

X1B 

X2B 

SL1 

,..,-~_X3B 

'2X Drive 
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FO=2 

0.62 
0.75 
0.21 
0.39 
0.69 
0.77 
0.27 
0.38 
0.49 
0.43 
0.49 
0.38 

DEC4H 

DEC4H 

DEC4H 

SLO XOB 

SL1 X1B 

3.3 V 

FO=8 

0.79 
0.98 
0.38 
0.61 
0.87 
1.00 
0.44 
0.60 
1.00 
0.60 
0.99 
0.75 

X2B 

X3B 

Rev 107 

K (nslpF) 

0.58 
0.77 
0.58 
0.75 
0.59 
0.77 
0.58 
0.74 
1.70 
1.23 
1.69 
1.23 
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DEC4AH 
••••••• _ MOTOROLA TECHNICAL DATA • ______ _ 

1 of 4 Decoder, Active High Outputs 
2X Drive 
(3.3 V and 5 V Voltage) 

FUNCTION TABLE 

EQUIV. GATES SL1 SLO EN XO Xl 

14 L L H H L 
L H H L H 

OUTPUTSIINPUTS H L H L L 

XO-X31 SLO,SL l,EN 
H H H L L 
X X L L L 

MACRO INPUT CAP. NOTE: 

X2 

L 
L 
H 
L 
L 

DEC4AH EN:O.20pF 
SLO,SL 1: 0.15pF 

This macro has common enable on decoder. 

CMOS SWITCHING CHARACTERiSTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

5V 

X3 
L 
L 
L 
H 
L 

I 

DEC4AH 

DEC4AH 

3.3 V 

XO 

X1 

X2 

X3 

Rev. 1.07 

Sym Parameter 
FO=O FO=2 FO=8 K (nslpF) I FO=O FO=2 FO=8 K(nslpF) 

DEC4AH 

tPLH Propagation Delay, 0.56 0.61 0.74 0.43 
tpHL ENtoXo-X3 0.46 0.50 0.62 0.40 
tPI H Propagation Delay, 0.71 0.75 0.88 0.43 
tpHl SLOtoXO,X2 0.65 0.68 0.80 0.40 
tpLH Propagation Delay, 0.56 0.60 0.73 0.43 

tPHL SLOto X1,X3 0.38 0.42 0.54 0.40 
tpLH Propagation Delay, 0.65 0.69 0.82 0.43 
tpHL SL1 toXO,X1 0.55 0.59 0.71 0.39 
tplH Propagation Delay, 0.56 0.61 0.74 0.43 
tpHL SL1 toX2,X3 0.33 0.37 0.48 0.39 

t, Output Rise Time, XO-X3 0.21 0.33 0.68 1.18 

tf Output Fall Time, XO-X3 0.23 0.29 0.46 0.57 
Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

FUNCTIONAL DIAGRAM: DEC4AH 

MOTOROLA 
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EN L...>--;:::====:;::+=I 
SLO L...o'~---' 

SL1 

*2X Drive for DEC4AH 

0.78 0.84 1.02 0.62 
0.66 0.71 0.86 0.50 
0.96 1.02 1.21 0.62 
0.89 0.94 1.08 0.49 
0.74 0.80 0.99 0.62 
0.57 0.62 0.77 0.48 
0.88 0.94 1.12 0.62 
0.78 0.83 0.97 0.48 
0.72 0.78 0.96 0.62 
0.49 0.54 0.69 0.48 
0.26 0.43 0.94 1.68 
0.28 0.35 0.56 0.69 

X1 

XO 
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MOTOROLA TECHNICAL DATA 

1 of 8 Decoder, with Enable 
Active Low Outputs 
(3.3 V and 5 V Voltage) 

EQUIV. GATES SL2 

16 L 

Rev. 1.07 L 

OUTPUTsnNPUTS L 

XOB-X7B I SLO-SL2,ENB L 
H 

MACRO INPUT CAP. H 

ENB: 0.19pF 

DEC10F8 
SLO: 0.16pF 
SL1: 0.14pF 

H 
H 
X 

SL2: 0.05pF 

SL1 

L 

L 

H 
H 
L 

L 
H 
H 
X 

CMOS SWITCHING CHARACTERISTICS 

FUNCTION TABLE 

SLO ENB XOB X1B X2B X3B 

L L L H H H 
H L H L H H 
L L H H L H 
H L H H H L 
L L H H H H 
H L H H H H 
L L H H H H 
H L H H H H 
X H H H H H 

(Inpul Edge Rate tr 1f=1 OOns) T J= 25 OOC (Nominal) all units are in ns , 
5V 

X4B )(sB X6B X7B 

H H H H 
H H H H 
H H H H 
H H H H 
L H H H 
H L H H 
H H L H 
H H H L 

H H H H 

I Sym Parameter 
FO=O FO=2 FO=8 K (ns/pF) I FO=O FO=2 

DEC10F8 

tpili Propagation Delay, 0.34 0.42 0.67 0.82 
tpHL ENB to XOB-X7B 0.83 0.95 1.31 1.20 
tpLH Propagation Delay, 0.37 0.46 0.70 0.83 

tpHL SLO to XOB,X2B,X4B,X6B 0.89 1.01 1.37 1.19 

tpLH Propagation Delay, 0.53 0.61 0.86 0.82 
tpHL SLO to Xl B,X3B,X5B,X7B 1.10 1.22 1.58 1.20 
tpili Propagation Delay, 0.39 0.47 0.72 0.83 
tpHI SL1 to XOB,Xl B,X4B,X5B 0.91 1.03 1.38 1.19 
tpLH Propagation Delay, 0.57 0.65 0.90 0.83 
tpHL SL 1 to X2B,X3B,X6B,X7B 1.15 1.27 1.63 1.19 

tpLH Propagation Delay, 0.58 0.66 0.90 0.82 

tpHL SL2 to XOB-X3B 0.59 0.71 1.05 1.15 
tpLH Propagation Delay, 0.85 0.94 1.18 0.82 
tpHI SL2 to X4B-X7B 0.91 1.02 1.37 1.14 

tr Output Rise Time, XOB-X7B 0.26 0.51 1.24 2.45 
tf Output Fall Time, XOB-X7B 0.41 0.61 1.19 1.94 

Capacitance per fanout - 0.05 pF (metal capacitance IS not Included). 

FUNCTIONAL DIAGRAM: DEC10F8 

SLOC>-r----+-~~ 

ENB C>---------' 

SL2 
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0.49 
1.21 
0.53 
1.31 
0.73 
1.61 
0.55 
1.35 
0.77 
1.71 
0.75 
0.83 
1.19 
1.22 
0.33 
0.51 

XOB 

X1B 

X2B 

X3B 

X4B 

X5B 

X6B 

X7B 

0.60 
1.37 
0.64 
1.47 
0.85 
1.77 
0.66 
1.51 
0.89 
1.87 
0.86 
0.98 
1.30 
1.37 
0.67 
0.76 

DEC10F8 

DEC10F8 

SLO 
SLl 

XOB 
X1B 

SL2 X2B 

X3B 

DC10F8 

X4B 
X5B 

X6B 
ENB X7B 

3.3 V 

FO=8 

0.95 
1.85 
0.99 
1.95 
1.20 
2.25 
1.01 
1.99 
1.24 
2.35 
1.21 
1.44 
1.65 
1.83 
1.71 
1.51 

Rev 107 

K (nslpF) 

1.16 
1.60 
1.16 
1.60 
1.16 
1.61 
1.17 
1.60 
1.16 
1.60 
1.16 
1.53 
1.16 
1.52 
3.45 
2.51 
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DEC8AH 
MOTOROLA TECHNICAL DATA _______ _ 

1 of 8 Decoder with Enable 
Active High Outputs 2X Drive 
(3.3 V and 5 V Voltage) 

DEC8AH 

FUNCTION TABLE 

MACRO 

DEC8AH 

EQUIV. GATES 

30 

OUTPUTSIINPUTS 

XO·X7 I SLO·SL2,EN 

INPUT CAP. 

EN: 0.39pF 
SLO-SL2: O.lOpF 

SL2 SL1 

L L 

L L 

L H 
L H 
H L 

H L 

H H 
H H 
X X 

CMOS SWITCHING CHARACTERISTICS 

SLO EN XO Xl X2 

L H H L L 

H H L H L 

L H L L H 
H H L L L 

L H L L L 

H H L L L 

L H L L L 
H H L L L 
X L L L L 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0<>C (Nominal) all units are in ns. 

Sym Parameter 
5V 

FO=O FO=2 FO=8 

DEC8AH 

tpLH Propagation Delay, 0.69 0.74 0.87 
tpHI ENtoXO-X7 0.48 0.52 0.64 
tpLH Propagation Delay, 1.02 1.06 1.20 
tpHL SLO to XO,X2,X4,X6 0.84 0.88 1.00 
tpLH Propagation Delay, 1.15 1.19 1.33 

tpliL SLO to X1 ,X3,X5,X7 0.90 0.94 1.06 
tpLH Propagation Delay, 0.94 0.99 1.12 
tpHI SL 1 to XO,X1 ,X4,X5 0.75 0.79 0.91 
tpLH Propagation Delay, 1.06 1.10 1.24 
tpHL SL 1 to X2,X3,X6,X7 0.80 0.84 0.96 
tpLH Propagation Delay, 0.84 0.88 1.02 

tpHL SL2to XO·X3 0.63 0.67 0.79 
tpLH Propagation Delay, 1.01 1.05 1.19 

tpHL SL2toX4-X7 0.73 0.77 0.89 

tr Output Rise Time, XC-X7 0.26 0.37 0.73 
tf Output Fall Time, XO-X7 0.28 0.33 0.50 
tr Output Rise Time, XO,X2,X4,X6 
tf Output Fall Time, XO,X2,X4,X6 

tr Output Rise Time, X1,X3,X5,X7 

It Output Fall Time, X1 ,X3,X5,X7 
CapacItance per fanout = 0.05 pF (metal capac~ance IS not Included). 

MOTOROLA 
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X3 X4 X5 X6 X7 

L L L L L 

L L L L L 

L L L L L 

H L L L L 

L H L L L 

L L H L L 

L L L H L 

L L L L H 
L L L L L 

Rev 107 
3.3 V 

K (nslpF) I FO=O FO=2 FO=8 K (nslpF) 

0.45 0.97 1.04 1.23 0.64 
0.41 0.70 0.75 0.91 0.51 
0.45 1.42 1.48 1.67 0.64 
0.41 1.16 1.21 1.36 0.50 
0.45 1.61 1.68 1.87 0.65 
0.41 1.23 1.28 1.43 0.50 
0.45 1.31 1.37 1.56 0.64 
0.39 1.05 1.09 1.24 0.49 
0.45 1.48 1.55 1.74 0.65 
0.40 1.10 1.15 1.29 0.50 
0.45 1.15 1.21 1.41 0.64 
0.39 0.88 0.93 1.07 0.49 
0.46 1.40 1.47 1.66 0.65 
0.40 1.01 1.06 1.21 0.48 
1.18 
0.56 

0.32 0.49 0.99 1.68 
0.30 0.37 0.57 0.68 
0.35 0.52 1.03 1.68 
0.30 0.37 0.57 0.68 
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MOTOROLA TECHNICAL DATA 

FUNCTIONAL DIAGRAM: DEC8AH 

SL2~----------~ 
XO 

'-----.r-'- X2 

SL1 
.---___ ~X3 

X4 

X5 

SLO X6 

,-----____ -'X7 

EN~------------------~ 
*2X Drive 
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DFF1A 
MOTOROLA TECHNICAL DATA _______ _ 

Scan D Flip Flop DFF1A 
(3.3 V and 5 V Core Voltage) 

EQUIV. GATES 
FUNCTIONAL DESCRIPTION: 

DFF1A is a redesign of the DFFl to enhance routability. 
15 

Rev 107 .. FUNCTION TABLE 

MACRO OUTPUTSIINPUTS D CK SD SE E1 E2 a sa MODE 

OFF1A 
a,sal 

O,CK,SO,SE,E1,E2 

L .r x L H H L L 
NORMAL 

H .r x L H H H H 
X .r L H X X L L 

SCAN 
MACRO INPUT CAP. X .r H H X X H H 

CK,E1,E2: 0.05pF X .r x L L X a sa HOLD OR 

OFF1A 
O:0.15pF 

SO: 0.21pF 
x .r x L X L a sa DISABLE 

SE: 0.10pF 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=l.00ns) TJ= 25.0OC (Nominal) all units are in ns. Rev. 1 07 

sv I 3.3 V 
Sym Parameter 

FO=O FO=2 FO=8 K (ns/pF) I FO=O FO=2 FO=8 K (ns/pF) 

OFF1A 

tpLH Propagation Delay, 0.79 0.83 0.96 0.43 1.10 1.17 1.35 0.61 
tpHL CKtoQ 0.77 0.82 0.96 0.46 1.13 1.19 1.36 0.60 
tpLH Propagation Delay, 1.34 1.42 1.67 0.82 1.91 2.02 2.37 1.16 

tpHL CKtoSQ 1.35 1.42 1.65 0.76 1.95 2.05 2.32 0.92 

tr Output Rise Time, Q 0.18 0.30 0.65 1.19 0.22 0.39 0.90 1.69 
tf Output Fall Time, Q 0.25 0.31 0.48 0.60 0.35 0.42 0.64 0.73 
t, Output Rise Time, SQ 0.15 0.40 1.12 2.43 0.19 0.53 1.S7 3.44 
tf Output Fall Time, SQ 0.15 0.26 0.61 1.17 0.21 0.35 0.77 1.40 

Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

CMOS TIMING REQUIREMENTS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.00c (Nominal) all units are in ns. Rev. 1.07 

SV 3.3 V 

Sym Parameter Minimum Requirement Minimum Requirement 

DFF1A 

tsu Set Up Time, 0 to CK 0.32 0.57 

tsu Set Up Time, El to CK 1.03 1.51 

tsu Set Up Time, E2 to CK 1.01 1.47 

tsu Set Up Time, SO to CK 0.55 0.98 

tsu Set Up Time, SE to CK 0.94 1.38 

th Hold Time, CK to 0 0.36 0.48 

th Hold Time, CK to El -0.29 -0.44 

th Hold Time, CK to E2 -0.25 -0.39 

th Hold Time, CK to SO 0.19 0.21 

th Hold Time, CK to SE -0.04 -0.09 

lw Pulse Width, CK(L) 0.68 1.06 

tw Pulse Width, CK(H) 1.00 1.46 

tpe, Min Period, CK 1.62 2.41 

MOTOROLA H4CPlus Series Design Reference Guide 
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MOTOROLA TECHNICAL DATA 

SYMBOL:DFF1A_BASE 

SO 
o 

cncncncnO 
~g}!:6" so 
OFF1A_BASE ~ 

FUNCTIONAL DIAGRAM: DFF1A_BASE 

r----------------------. 
CK~CK1 ON I . i V ~CKO C1K1 I 

I SE1 ..4.. I 
I .1. I 
I SO I 
I a I 

SO~-+--~ I 

o D-~I--+---""'" 

I 

I 
I 
I 
I L _______________________ J 

FUNCTIONAL DIAGRAM: DFF1A 

r----------------------, 
CK e>----J ON r---c>o--o SO 

I I I DFF1A_BASE I 
SDo---I I 

I ~ DO 
D D--I I L-_____________________ -J 

....-----------....[JSE1 

SE L>~-f ~O-_t_------_(JSEO 

E1D-----f 
..---1 __ -" 

E2D----..J 

r----DSLO 

.»--i..::> SL 1 

OFF1A 

H4CPlus Series Design Reference Guide MOTOROLA 

7-223 

II 



DFF4A 
_______ MOTOROLA TECHNICAL DATA ••••••• _ 

I 

4-Bit Scan D Flip Flop DFF4A 
(3.3 V and 5 V Core Voltage) 

FUNCTIONAL DESCRIPTION: I MACRO I EQUIV. GATES 

48 OFF4A 
OFF4A is a redesign of the OFF4 to enhance routability. 

Rev 107 .. FUNCTION TABLE 
MACRO OUTPUTSIINPUTS DO·D3 CK SDO SE E1 E2 QO.Q3 sa3 MODE 

OFF4A oo-o3,SQ31 DO-
03,CK,Soo,SE,E1,E2 

L .J" X L H H L L 
NORMAL 

H .J" X L H H H H 

MACRO INPUT CAP. 
X .J" L H X X L,Qn·1 Q2 

SCAN 
X .J" H H X X H,an·1 Q2 

CK: 0.21pF x .J" X L L X an SQ3 HOLD OR 

OFF4A 
OO-03,SOO: 0.15pF 

E1,E2: 0.05pF 
X .J" X L X L Qn SQ3 DISABLE 

SE:O.27pF 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all.uhits are in ns. Rev. 1.07 

5V J 3.3 V 
Sym Parameter 

FO=O f'"O=2 FO=8 K (nslpF) I FO=O FO=2 FOd K (nslpF) 

DFF4A 

tplH Propagation Delay, 0.79 0.83 0.96 0.43 
tpHL CKlo QO-Q3 0.78 0.82 0.96 0.46 
tpLH Propagation Delay, 1.34 1.43 1.67 0.82 
tpHL CKloSQ3 1.35 1.43 1.65 0.76 

I Oulpul Rise Time, OO-Q3 0.18 0.30 0.66 1.19 
If Outpul Fall Time, QO-Q3 0.26 0.32 0.50 0.59 
t Output Rise Time, SQ3 0.15 0.40 1.13 2.43 

It Output Fall Time, SQ3 0.13 0.25 0.60 1.18 
Capacitance per fanout = 0.05 pF (metal capacitance IS not included). 

CMOS TIMING REQUIREMENTS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

MOTOROLA 
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Sym 

tsu 

tsu 

tsu 

tsu 

th 

th 

~ 
~ 
th 

tw 

tw 

tper 

Parameter 

Set Up Time, 00-03 to CK 

Set Up Time, E1 ,E2 to CK 

Set Up Time, SOO to CK 

Set Up Time, SE to CK 

Hold Time, CK to 00-03 

Hold Time, CK to E1 

Hold Time, CK to E2 

Hold Time, CK to SDO 

Hold Time, CK to SE 

Pulse Width, CK(L) 

Pulse Width, CK(H) 

Min Period, CK 

5V 

Minimum Requirement 

DFF4A 

0.32 

1.57 

0.55 

1.11 

0.36 

.(J.77 

-0.82 

0.19 

-0.15 

0.68 

0.97 

1.59 

1.11 1.17 1.35 0.61 
1.13 1.19 1.37 0.60 
1.92 2.03 2.38 1.16 
1.94 2.03 2.30 0.91 
0.22 0.39 0.90 1.69 
0.36 0.43 0.65 0.73 
0.19 0.53 1.56 3.44 
0.19 0.33 0.76 1.41 

Rev. 1.07 

3.3 V 

Minimum Requirement 

0.57 

2.27 

0.98 

1.62 

0.47 

-1.12 

-1.20 

0.21 

-0.22 

1.05 

1.44 

2.39 
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DO 

SOO 

SE 

E1 

E2 

CK 
01 

02 

03 

D 
D 

-

MOTOROLA TECHNICAL DATA 

FUNCTIONAL DIAGRAM: DFF4A 

~ I 

'" r---

--L- I V- r---

r--
r---

~ 

~ 

I--

l..- I--
r-
'--
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I I 
SO 0 

OFF1A_BASE 
SE1 
SEO 
SL1 
SLO 
CK 
SO ON 0 

I I L-...c> 00 

SO 0 
OFF1A_BASE 
SE1 
SEO 
SL1 
SLO 
CK 
SO ON 0 

I I L-...c> 01 

SO 0 
OFF1A_BASE 
SE1 
SEO 
SL1 
SLO 
CK 
SO ON 0 

I I -~ 
I I --

02 

SO D 
DFF1A_BASE 
SE1 
SEO 
SL1 
SLO 
CK 
SO ON 0 
I ........ -- 03 

........ S03 
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DFFGLP 

•••••••• MOTOROLA TECHNICAL DATA ••••••• _ 

D Flip Flop, Multiplexed (or Scan) Input 
with HOLD Function 
(3.3 V and 5 V Core Voltage) 

EOUIV. GATES 
FUNcnON TABLE 

13 
Rev 107 0 SOIB SE CK G On+1 OBn+1 .. 

MACRO OUTPUTSIINPUTS 

DFFGLP O,OBI 
D,CK,SDIB,SE,G 

MACRO INPUT CAP. 

DFFGLP CK,D,SDIB: 0.05pF 
G,SE: O.1OpF 

X L 
X H 
L X 
H X 
X X 

CMOS SWITCHING CHARACTERISTICS 

H .r X 
H .r X 
L .r H 
L .r H 
L .r L 

(Input Edge Rate tr tf=1 OOns) T J= 25 OOC (Nominal) all units are in ns , 

Sym Parameter 
5V 

FO=O FO=2 F0=8 

DFFGLP 

tPI H Propagation Delay, 0.81 0.86 0.99 
tpHL CKto a 0.90 0.98 1.22 
tpLH Propagation Delay, 1.26 1.34 1.59 
tpHL CK to as 1.37 1.44 1.67 

t, Output Rise Time, a 0.23 0.34 0.69 
t, Output Fall Time, a 0.31 0.43 o.n 
t, Output Rise Time, as 0.13 0.38 1.12 

" Output Fall Time, as 0.09 0.22 0.62 
Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

CMOS TIMING REQUIREMENTS 

H L 
L H 
L H 
H L 
an OBn 

I 
K (nslpF) I FO=O 

0.44 1.10 
0.80 1.23 
0.82 1.73 
0.76 1.92 
1.15 0.32 
1.14 0.36 
2.47 0.20 
1.31 0.16 

FO=2 

1.17 
1.33 
1.84 
2.01 
0.49 
0.52 
0.54 
0.31 

CK 

DFFGLP 

3.3 V 

FO=8 

1.35 
1.64 
2.19 
2.28 
1.00 
1.00 
1.58 
0.77 

DFFGLP 

Rev 107 

K (nslpF) 

0.62 
1.01 
1.15 
0.90 
1.71 
1.58 
3.46 
1.51 

(Input Edge Rate tr,tf=1.00ns) T J= 25.00c (Nominal) all units are in ns. Rev. 1.07 

5V I 3.3 V 

Sym Parameter Minimum Requirement I Minimum Requirement 

DFFGLP 

tsu Set Up Time, 0 to CK 1.01 1.59 

tsu Set Up Time, G to CK 0.96 1.53 

tsu Set Up Time, SOlS to CK 0.53 0.82 

tsu Set Up Time, SE to CK 0.61 1.09 

th Hold Time, CK to 0 -0.20 -0.34 

th Hold Time, CK to G -0.32 -0.51 

th Hold Time, CK to SOlS 0.15 0.11 

~ Hold Time, CK to SE 0.01 0.02 

Iw Pulse Width, CK(L) 0.35 0.65 

tw Pulse Width, CK(H) 0.58 0.90 
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MOTOROLA TECHNICAL DATA 

FUNCTIONAL DIAGRAM: DFFGLP 

SDlBC>--------. 
Voo 

Dr>-r---~ 

Voo 

G 

':' 

SE 
Voo 

'-----L.> CB 
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DFFLPA DFFLPAH 

••••••• _ MOTOROLA TECHNICAL DATA •••••••• 

• 

D Flip Flop, Multiplexed (or Scan) Input 
1X & 2X Drive 
(3.3 V and 5 V Core Voltage) 

FUNCTIONAL DECRIPTION: 

MACRO 

OFFLPA 

OFFLPAH 

EQUIV.GATES 

8 
9 

This macro matches the functionality of the DFFLP & 
DFFLPH (respectively). The layout has been modified to 
reduce gate count and increase performance. All inputs 
including CK are unbuffered. 

Rev. 1.07 
OUTPUTSIINPUTS FUNCTION TABLE 

O,OB I O,CK,SDI,SE 
0 SOl SE CK Q QB 

L X L J L H 

MACRO INPUT CAP. 
H X L J H L 
X L H J L H 
X H H J H L CK: 0.14pF 

All O,SOI: 0.05pF 
SE:0.09pF 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr 11=1 OOns) T J= 25 OOC (Nominal) all units are in ns , 

Sym Parameter 
SV I 

FO=O FO=2 FO=8 K (nslpF) J FO=O 

DFFLPA 

tpLH Propagation Delay, 0.64 0.72 0.97 0.83 0.90 
tpHL CKto 0 0.56 0.64 0.87 0.77 0.80 

trul Propagation Delay, 0.70 0.78 1.03 0.83 0.99 
tpHL CKtoOB 0.84 0.92 1.15 0.76 1.23 

t Output Rise Time, 0 0.13 0.37 1.10 2.44 0.18 
t, Output Fall Time, 0 0.14 0.25 0.61 1.18 0.20 
t Output Rise Time, OB 0.13 0.37 1.10 2.44 0.16 
t, Output Fall Time, OB 0.14 0.25 0.61 1.18 0.21 

DFFLPAH 

tpLH Propagation Delay, 0.67 0.71 0.84 0.43 0.94 
tpHL CKto 0 0.60 0.64 0.76 0.41 0.85 
tpLH Propagation Delay, 0.82 0.86 0.98 0.41 1.13 

teHL CK to OB 0.94 0.98 1.10 0.40 1.35 
t, Output Rise Time, 0 0.16 0.28 0.64 1.19 0.21 
t, Output Fall Time, 0 0.16 0.22 0.39 0.57 0.24 
t, Output Rise Time, OB 0.11 0.23 0.59 1.21 0.17 
t, Output Fall Time, OB 0.16 0.21 0.38 0.56 0.21 

Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

CMOS TIMING REQUIREMENTS 

F0=2 

1.02 
0.89 
1.10 
1.32 
0.53 
0.34 
0.51 
0.35 

1.00 
0.90 
1.19 
1.40 
0.38 
0.31 
0.34 
0.28 

DFFLPA 
DFFLPAH 

o 
CK 

DFFLPA 

Rev 107 
3.3 V 

F0=8 K (nslpF) 

1.37 1.16 
1.17 0.93 
1.45 1.16 
1.59 0.92 
1.56 3.44 
0.77 1.41 
1.55 3.46 
0.77 1.40 

1.18 0.59 
1.05 0.50 
1.37 0.58 
1.55 0.49 
0.88 1.68 
0.51 0.68 
0.85 1.70 
0.49 0.69 

(Input Edge Rate tr,lI=l.00ns) T J= 25.0°C (Nominal) all units are in ns. Rev. 1.07 

5V 3.3 V 

Sym Parameter Minimum Requirement Minimum Requirement 

DFFLPA 

tsu Set Up Time, D to CK 0.66 1.03 

tsu Set Up Time, SDI to CK 0.71 1.09 

tsu Set Up Time, SE to CK 0.79 1.23 

th Hold Time, CK to D -0.23 -0.22 

th Hold Time, CK to SDI -0.23 -0.26 
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OFFlPA OFFlPAH 

MOTOROLA TECHNICAL DATA 

CMOS TIMING REQUIREMENTS 
(Input Edge Rate tr,II=1.oons) T J= 25.00c (Nominal) all units are in ns. 

5V 

Sym Parameter Minimum Requirement 

th Hold Time, CK to SE -0.27 

tw Pulse Width, CK(l) 0.44 

tw Pulse Width, CK(H) 0.52 

DFFLPAH 

tsu Set Up Time, 0 to CK 0.66 

tsu Set Up Time, 501 to CK 0.71 

tsu Set Up Time, SE to CK 0.79 

th Hold Time, CK to 0 -0.23 

th Hold Time, CK to 501 -0.23 

th Hold Time, CK to SE -0.27 

tw Pulse Width, CK(l) 0.44 

tw Pulse Width, CK(H) 0.63 

FUNCTIONAL DIAGRAM: DFFLPA 

oD ~ 

SDI~ 

SED---j ....... 

CKD------~l~~:~ 
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Rev. 1.07 

3.3 V 

Minimum Requirement 

-0.29 

0.67 

0.76 

1.03 

1.09 

1.23 

-0.22 

-0.26 

-0.29 

0.67 

0.89 

'1X for OFFlPA 
2X for OFFlPAH 
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OFFPOFFPH 

••••••• _ MOTOROLA TECHNICAL DATA _ ••••••• 

D Flip Flop 
1X &2X Drive 
(3.3 V and 5 V Core Voltage) 

EQUIV. GATES 

8 FUNCTION TABLE 
Rev. 1.07 0 CK a OB 

OUTPUTSIINPUTS L .r L H 
Q,QB/D,CK H .r H L 

X '- a OB 
INPUT CAP. 

CK,D: 0.05pF 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1 OOns) T J= 25 OOC (Nominal) all units are in ns 

Sym Parameter 
FO=O 

5V 

FO=2 FO=8 

DFFP 

tplH Propagation Delay, 0.85 0.94 1.18 
tpHl CKto a 0.95 1.03 1.26 
tpLH Propagation Delay, 1.08 1.16 1.41 
tpHL CKtoOS 1.05 1.12 1.35 

t Output Rise Time, a 0.14 ,0.38 1.11 
t Output Fall Time, a 0.14 0.26 0.61 
t Output Rise Time, as 0.13 0.37 1.10 
tf Output Fall Time, as 0.12 0.24 0.59 

DFFPH 

tpLH Propagation Delay, 0.90 0.94 1.07 
tpHl CKto a 1.00 1.04 1.16 
tpLH Propagation Delay, 1.20 1.24 1.37 
tpHl CKtoOS 1.15 1.19 1.31 

t Output Rise Time, a 0.19 0.31 0.66 

It Output Fall Time, a 0.19 0.24 0.41 
t Output Rise Time, as 0.16 0.28 0.64 
tf Output Fall Time, as 0.16 0.22 0.39 

Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

CMOS TIMING REQUIREMENTS 

I 
K (nsJpF) I FO=O FO=2 

0.82 1.19 1.30 
0.76 1.37 1.47 
0.83 1.54 1.66 
0.76 1.49 1.58 
2.44 0.18 0.53 
1.18 0.21 0.35 
2.44 0.16 0.51 
1.18 0.18 0.32 

0.42 1.24 1.30 
0.40 1.45 1.50 
0.41 1.71 1.77 
0.40 1.63 1.68 
1.19 0.25 0.41 
0.57 0.27 0.34 
1.20 0.22 0.39 
0.57 0.22 0.29 

DFFP 
DFFPH 

OFFP 
o 

CK 

Rev 107 
3.3 V 

FO=8 K (nsJpF) 

1.65 1.16 
1.74 0.92 
2.00 1.16 
1.85 0.91 
1.56 3.45 
0.78 1.41 
1.55 3.45 
0.75 1.42 

1.48 0.59 
1.64 0.49 
1.95 0.58 
1.82 0.48 
0.92 1.68 
0.54 0.67 
0.90 1.69 
0.49 0.69 

(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. Rev. 1.07 

5V 3.3 V 

Sym Parameter Minimum Requirement Minimum Requirement 

DFFP 

tsu Set Up Time, 0 to CK 0.27 0.45 

th Hold Time, CK to D 0.25 0.35 

tw Pulse Width, CK(L) 0.57 0.88 

tw Pulse Width, CK(H) 0.76 1.13 

DFFPH 

tsu Set Up Time, 0 to CK 0.27 0.45 

th Hold Time, CK to 0 0.25 0.35 

Iw Pulse Width, CK(L) 0.57 0.89 

tw Pulse Width, CK(H) 0.88 1.28 
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MOTOROLA TECHNICAL DATA 

FUNCTIONAL DIAGRAM: DFFP 

CK C 
C 

L-.-----I~ CKB 1. 

D 
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DFFP DFFPH 
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'1X for DFFP 
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DFFRP DFFRPH 
________ MOTOROLATECHNICAL DATA __ --___ • 

D Flip Flop with Reset 
1X & 2X Drive 
(3.3 V and 5 V Core Voltage) 

DFFRP 
DFFRPH 

MACRO EQUIV. GATES FUNCTION TABLE 

DFFRP 
DFFRPH 

MACRO 

All 

8 
10 

Rav.1.07 
OUTPUTSIINPUTS 

Q,QBi RB,D,CK 

INPUT CAP. 

CK,D: O.05pF 
RB: 0.10pF 

CMOS SWITCHING CHARACTERISTICS 

0 CK RB Q 

L .r H L 

H .r H H 
X "\. H Q 

X X L L 

(Input Edge Rate tr,If=1 OOns) T J= 25 ()OC (Nominal) all units are in ns. 

Sym Parameter 
5V 

FO=O FO=2 FO=8 

DFFRP 

tl'l.~ Propagation Delay, 0.90 0.98 1.23 
tpHL CKto 0 0.91 0.99 1.22 
tpLH Propagation Delay, 1.05 1.13 1.38 
tpHL CKtoOB 1.11 1.19 1.41 
tpHl Propagation Delay, RB to 0 0.40 0.47 0.70 
tpLH Propagation Delay, RB to OB 0.55 0.63 0.88 

t, Output Rise Time, 0 0.18 0.42 1.15 
t, Output Fall Time, 0 0.17 0.29 0.64 
t, Output Rise Time, OB 0.13 0.37 1.11 
t, Output Fall Time, OB 0.14 0.26 0.61 

DFFRPH 

tl'l.H Propagation Delay, 0.95 1.00 1.12 
tpHI CKto 0 0.96 1.00 1.12 
tpLH Propagation Delay, 1.18 1.22 1.34 
tpHl CKtoOB 1.24 1.28 1.40 
tpHL Propagation Delay, RB to Q 0.45 0.49 0.61 
tpLH Propagation Delay, RS to OB 0.66 0.71 0.83 

tr Output Rise Time, 0 0.20 0.32 0.68 
_It Output Fall Time, 0 0.21 0.27 0.44 
t, Output Rise Time, OS 0.16 0.28 0.64 
t, Output Fall Time, OS 0.18 0.24 0.41 

Capacitance par fanout = 0.05 pF (metal capacitance IS not Included). 

MOTOROLA 
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QB DFFRP 

H o 
L CK 

QB 

H 

RB 

Rev 107 

I 3.3 V 

K (ns/pF) I FO=O FO=2 F0=8 K (ns/pf) 

0.83 1.23 1.35 1.70 1.17 
0.77 1.32 1.41 1.69 0.92 
0.83 1.51 1.62 1.97 1.16 
0.76 1.56 1.66 1.93 0.92 
0.76 0.57 0.67 0.94 0.93 
0.82 0.77 0.88 1.23 1.16 
2.42 0.23 0.58 1.60 3.42 
1.17 0.21 0.36 0.78 1.41 
.2.44 0.18 0.52 1.56 3.45 
1.17 0.21 0.35 0.77 1.40 

0.43 1.30 1.36 1.54 0.61 
0.40 1.39 1.44 1.59 0.49 
0.41 1.67 1.72 1.90 0.58 
0.40 1.73 1.78 1.93 0.49 
0.40 0.63 0.68 0.83 0.50 
0.41 0.93 0.99 1.16 0.59 
1.19 0.29 0.45 0.96 1.68 
0.56 0.27 0.34 0.54 0.68 
1.20 0.24 0.41 0.93 1.70 
0.57 0.26 0.32 0.53 0.68 
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DFFRP DFFRPH 

MOTOROLA TECHNICAL DATA 

CMOS TIMING REQUIREMENTS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0"C (Nominal) all units are in ns. 

5V 

Sym Parameter Minimum Requirement 

DFFRP 

tsu Set Up Time, 0 to CK 0.42 

It, Hold Time, CK to 0 0.22 

tree Recovery Time, RB to CK -0.08 

tw Pulse Width, CK (L) 0.65 

tw Pulse Width, CK(H) 0.73 

Iw Pulse Width, RB(L) 0.65 

tw Pulse Width, RB(H) 0.03 

DFFRPH 

tsu Set Up Time, 0 to CK 0.42 

th Hold Time, CK to 0 0.22 

tree Recovery Time, RB to CK -0.09 

Iw Pulse Width, CK(L) 0.65 

Iw Pulse Width, CK(H) 0.85 

tw Pulse Width, RB(L) 0.73 

tw Pulse Width, RB(H) 0.04 

FUNCTIONAL DIAGRAM: DFFRP 

C 

1. 

o 

CKU---f C 

'------ILJ CKB 

H4CPlus Series Design Reference Guide 

Rev. 1.07 
3.3 V 

Minimum Requirement 

0.63 

0.31 

-0.11 

1.00 

1.09 

0.88 

0.04 

0.63 

0.31 

-0.11 

1.00 

1.24 

1.00 

0.05 

.;>O--C>OB 

*1X for DFFRP 
2X for DFFRPH 
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DFFRLP DFFRLPH 
MOTOROLA TECHNICAL DATA _______ _ 

D Flip Flop with Reset 
Multiplexed (or Scan) Input 1X & 2X Drive 
(3.3 V and 5 V Core Voltage) 

DFFRLP 
DFFRLPH 

EQUIV. GATES FUNCTION TABLE DFFRLP 

MACRO 

All 

MACRO 

All 

11 
Rev 107 .. 

OUTPUTSIINPUTS 

Q,QBI 
D,CK,SDI,SE,RB 

INPUT CAP. 

CK,D,SDI: 0.05pF 
RB,SE: 0.10pF 

0 

L 
H 
X 

X 

X 

x 

CMOS SWITCHING CHARACTERISTICS 

SOl SE OK RD 
X L J H 
X L J H 
L H J H 
H H J H 
X X "\. H 
x x X L 

(Input Edge Rate tr tf=l oons) T J= 25 O·C (Nominal) all units are in ns , 

Sym 
5V 

Parameter 
FO=O FO=2 FO=8 

DFFRLP 

tpLH Propagation Delay, 0.94 1.02 1.27 
tpHL CKto a 1.05 1.12 1.35 
tpLH Propagation Delay, 1.14 1.23 1.47 
tpHL CKtoOB 1.09 1.17 1.40 
tpHL Propagation Delay, RB to a 0.33 0.41 0.64 
tplH Propagation Delay, RB to OB 0.44 0.52 0.77 

t Output Rise Time, a 0.18 0.42 1.15 
tf Output Fall Time, a 0.16 0.28 0.63 
t Output Rise Time, OB 0.12 0.37 1.10 

It Output Fall Time, OB 0.12 0.24 0.59 
DFFRLPH 

tpLH Propagation Delay, 0.99 1.04 1.16 
tpHl CKto a 1.11 1.15 1.26 
tpLH Propagation Delay, 1.26 1.30 1.43 
tpHl CKtoOB 1.23 1.27 1.39 
tpHl Propagation Delay, RB to a 0.39 0.43 0.55 
tpLH Propagation Delay, RB to OB 0.57 0.62 0.74 

t Output Rise Time, a 0.19 0.31 0.67 
tf Output Fall Time, a 0.24 0.29 0.46 
t Output Rise Time, OB 0.17 0.29 0.66 

It Output Fall Time, OB 0.15 0.21 0.38 
CapacItance per fanout = 0.05 pF (metal capacitance IS not Included). 

MOTOROLA 
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a QB a 
L H 
H L 
L H 
H L 
a aD RB 
L H 

Rev 107 

J 3.3 V 

K (ns/pF) I FO=O FO=2 FO=8 K (ns/pF) 

0.83 1.31 1.43 1.78 1.17 
0.77 1.50 1.60 1.87 0.93 
0.83 1.63 1.75 2.09 1.16 
0.76 1.54 1.64 1.91 0.91 
0.76 0.50 0.59 0.87 0.92 
0.83 0.63 0.74 1.09 1.16 
2.42 0.23 0.57 1.60 3.42 
1.17 0.20 0.34 0.77 1.42 
2.45 0.17 0.52 1.55 3.45 
1.18 0.17 0.31 0.74 1.42 

0.43 1.37 1.43 1.62 0.60 
0.40 1.57 1.62 1.77 0.50 
0.41 1.80 1.86 2.03 0.58 
0.39 1.74 1.79 1.93 0.47 
0.40 0.57 0.62 0.77 0.49 
0.41 0.79 0.85 1.03 0.58 
1.20 0.27 0.44 0.94 1.69 
0.56 0.27 0.34 0.54 0.68 
1.21 0.19 0.36 0.88 1.71 
0.57 0.23 0.30 0.50 0.68 
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DFFRLP DFFRLPH 

MOTOROLA TECHNICAL DATA 

CMOS TIMING REQUIREMENTS 
(Input Edge Rate tr,ti=1.00ns) T J= 25.O"C (Nominal) aU units are in ns. 

5V 

Sym Parameter Minimum Requirement 

DFFRLP 

tsu Set Up Time, D to CK 0.67 

tsu Set Up Time, SDI to CK 0.70 

tsu Set Up Time, SE to CK 0.73 

th Hold Time, CK to D 0.11 

th Hold Time, CK to SDI 0.05 

th Hold Time, CK to SE 0.08 

tree Recovery Time, RB to CK -0.13 

tw Pulse Width, CK(L) 0.67 

tw Pulse Width, CK(H) 0.81 

tw Pulse Width, RB(L) 0.62 

tw Pulse Width, RB(H) 0.03 

DFFRLPH 

tsu Set Up Time, D to CK 0.67 

tsu Set Up Time, SDI to CK 0.70 

tsu Set Up Time, SE to CK 0.73 

th Hold Time, CK to D 0.11 

th Hold Time, CK to SDI 0.05 

th Hold Time, CK to SE 0.08 

tree Recovery Time, RB to CK -0.13 

tw Pulse Width, CK (L) 0.66 

tw Pulse Width, CK(H) 0.93 

tw Pulse Width, RB(L) 0.66 

Iw Pulse Width, RB(H) 0.03 

FUNCTIONAL DIAGRAM: DFFRLP 

SDIU----I 

SE UI-f"---i 

CK 

H4CPlus Series Design Reference Guide 

RBO---i---......I 

CKB 

Rev. 1.07 

3.3 V 

Minimum Requirement 

1.10 

1.15 

1.15 

0.16 

0.11 

0.16 

-0.16 

1.07 

1.18 

0.88 

0.04 

1.11 

1.15 

1.15 

0.16 

0.10 

0.16 

-0.16 

1.07 

1.34 

0.93 

0.04 

*1X for DFFRLP 
2X for DFFRLPH 
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DFFRSPHB 
_______ MOTOROLA TECHNICAL DATA _______ _ 

D Flip Flop with Set and Reset 
2X Drive 
(3.3 V and 5 V Core Voltage) 

MACRO EQUIV. GATES FUNCTION TABLE 

DFFRSPHB 10.0 
0 CK RB SB 

Rev. 1.07 
L f H H 

MACRO OUTPUTSJINPUTS 
H f H H 
X "\.. H H 

DFFRSPHB Q,QB I SB,D,CK,RB 
X X L H 
X X H L 

MACRO INPUT CAP. 
X X L L 

DFFRSPHB CK,D: 0.05pF 
RB,SB: 0.09pF 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=l.00ns) T J= 25.O"C (Nominal) all units are in ns. 

5V 
Sym Parameter 

FO=O FO=2 FO=8 

DFFRSPHB 

tpLH Propagation Delay, 0.91 0.96 1.08 

tpHL CKtoO 1.03 1.07 1.19 

tpLH Propagation Delay, 1.33 1.37 1.50 

tpHL CKtoOB 1.24 1.28 1.39 

tpLH Propagation Delay, 0.50 0.54 0.67 

tpHL RBtoO 0.38 0.42 0.53 

tpLH Propagation Delay, RB to OB 0.67 0.71 0.84 

tpLH Propagation Delay, SB to 0 0.88 0.93 1.05 

tpLH Propagation Delay, 0.66 0.70 0.83 

tpHL SBtoOB 0.38 0.41 0.52 

tr Output Rise Time, 0 0.23 0.35 0.71 

tf Output Fall Time, 0 0.22 0.27 0.43 

tr Output Rise Time, OB 0.27 0.38 0.74 

If Output Fall lime, OB 0.21 0.26 0.42 
Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 
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0 OB 

L H 
H L 

0 OB 

L H 
H L 
L L 

K (ns/pF) 

0.43 
0.38 

0.42 

0.37 

0.43 

0.37 

0.43 

0.43 
0.44 

0.36 

1.20 

0.53 

1.19 
0.52 

DFFRSPHB 

SB 
D 0 

CK 

DFFRSPHB 

OB 
RB 

Rev. 1.07 

I 3.3 V 

FO=O FO=2 FO=8 K (ns/pF) 

1.27 1.33 1.51 0.60 

1.52 1.57 1.71 0.47 

1.92 1.98 2.16 0.59 
1.78 1.82 1.96 0.46 

0.67 0.73 0.90 0.60 

0.56 0.60 0.74 0.46 

0.96 1.02 1.20 0.59 

1.29 1.35 1.53 0.60 

0.85 0.92 1.10 0.62 

0.55 0.59 0.73 0.46 
0.28 0.45 0.96 1.69 

0.29 0.35 0.55 0.66 

0.38 0.55 1.05 1.69 

0.25 0.32 0.51 0.65 
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DFFRSPHB 

MOTOROLA TECHNICAL DATA 

CMOS TIMING REQUIREMENTS (Input Edge Rate tr,t,=1.oons) Rev. 1.07 

5V 3.3 V 
Sym Parameter 

Minimum Requirement Minimum Requirement 

DFFRSPHB 

tsu Set Up Time, D to CK 0.48 0.76 

th Hold Time, CK to D 0.20 0.29 

th Hold Time, RB to SB 2.20 0.61 

th Hold Time, SB to RB 0.60 0.78 

tree Recovery Time, RB to CK 0.00 0.00 

tree Recovery Time, SB to CK -0.03 -0.03 

Iw Pulse Width, CK(L) 0.73 1.15 

Iw Pulse Width, CK(H) 0.98 1.46 

Iw Pulse Width, RB(L) 0.03 1.08 

Iw Pulse Width, RB(H) 0.75 0.04 

Iw Pulse Width, SB(L) 0.78 1.15 

Iw Pulse Width, SB(H) 0.04 0.04 

FUNCTIONAL DIAGRAM: DFFRSPHB 

DU----t 

CK ~~~C SB~~------------------------~ 

'-------L> CKB 
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DFFRSLPS 

••••••• _ MOTOROLA TECHNICAL DATA ••••••• _ 

• 

D Flip Flop with Set and Reset 
Multiplexed (or Scan) Input 1X Drive 
(3.3 V and 5 V Core Voltage) 

FUNCTION TABLE 

EQUIV. GATES 
14 

Rev. 1.07 
OUTPUTSIINPUTS 

Q,QBI 
SB.D,CK.SDI.SE,RB 

INPUT CAP. 
CK,D,SDI: 0.05pF 
RB,SB,SE: 0.09pF 

0 

L 
H 
X 

X 

X 

x 
X 

X 

CMOS SWITCHING CHARACTERISTICS 

SOl SE CK RB 
X L f H 
X L f H 
L H f H 
H H f H 
X X '- H 
x X X L 
X X X H 
X X X L 

(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns 

Sym Parameter 
FO=O 

5V 

FO=2 FO=8 

DFFRSLPB 

tpLH Propagation Delay, 0.77 0.88 1.20 

tpHL CKtoa 0.88 0.94 1.12 

tpLH Propagation Delay, 1.13 1.23 1.55 

tpHL CK to as 1.01 1.07 1.24 

tpLH Propagation Delay, 0.37 0.47 0.79 

tpHL RStoa 0.41 0.47 0.65 

tpLH Propagation Delay, RS to aB 0.67 0.78 1.10 

tpLH Propagation Delay, SB to a 0.88 0.98 1.30 

tpLH Propagation Delay, 0.54 0.65 0.97 

tpHL SBtoaB 0.41 0.47 0.64 

tr Output Rise Time, a 0.18 0.43 1.16 

tf Output Fall Time, a 0.18 0.29 0.62 

tr Output Rise Time, aB 0.24 0.49 1.23 

tf Output Fall Time, aB 0.16 0.27 0.60 
Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 
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SB a 
H L 
H H 
H L 
H H 
H a 
H L 
L H 
L L 

K (nslpF) 

1.07 

0.59 
1.06 

0.59 

1.07 
0.59 

1.06 

1.07 

1.07 

0.58 

2.45 
1.10 

2.46 

1.10 

DFFRSLPB 

OB SS 
H a 
L 
H 
L 

OB 
H 
L 

RS as 

L 

Rev 107 ... 
3.3 V 

FO=O FO=2 FO=8 K (nslpF) 

1.13 1.29 1.74 1.51 

1.33 1.41 1.62 0.72 
1.67 1.82 2.27 1.51 

1.51 1.58 1.79 0.71 

0.51 0.66 1.11 1.51 
0.58 0.66 0.87 0.71 

0.92 1.07 1.52 1.51 

1.25 1.40 1.86 1.50 

0.73 0.88 1.34 1.52 

0.56 0.64 0.85 0.72 

0.25 0.59 1.63 3.45 

0.24 0.37 0.78 1.35 
0.31 0.66 1.70 3.46 

0.23 0.36 0.77 1.35 
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OFFRSLPB 

MOTOROLA TECHNICAL DATA 

CMOS TIMING REQUIREMENTS (Input Edge Rate tr,lt=1.00ns) Rev. 1.07 

5V 3.3 V 
Parameter Sym 

Minimum Requirement Minimum Requirement 

tsu 

tsu 

tsu 

th 

th 

th 

th 

th 

tree 

tw 

tw 

tw 

tw 

tw 

SOIU----j 

SEU ....... ---i 

CK 

DFFRSLPB 

Set Up Time, 0 to CK 1.21 1.n 
Set Up Time, 501 to CK 1.21 1.84 

Set Up Time, SE to CK 1.16 1.77 

Hold Time, CK to 0 0.04 0.12 

Hold Time, CK to 501 -0.Q1 0.06 

Hold Time, CK to SE -0.11 -0.11 

Hold Time, RB to SB 0.47 0.61 

Hold Time, SB to RB 0.55 0.72 

Recovery Time, RB,SB to CK 0.Q1 0.00 

Pulse Width, CK(L) 1.02 1.44 

Pulse Width, CK(H) 0.78 1.13 

Pulse Width, RB(L) 0.78 1.08 

Pulse Width, RB,SB(H) 0.08 0.10 

Pulse Width, SB(L) 0.83 1.14 

FUNCTIONAL DIAGRAM: DFFRSLPB 

C 

1. 

RBL)-...... --....I 

C SB~~-------------...J 

CKB 

H4CPlus Series Design Reference Guide MOTOROLA 

7-239 



DFFSCH 
________ MOTOROLA TeCHNICAL DATA _______ _ 

D Flip Flop with Scan Latch 2X Drive 
(3.3 V and 5 V Core Voltage) 

EQUIV. GATES 

18 
Rev 107 .. 

MACRO OUTPUTSIINPUTS 

DFFSCH O,OB,SOI 
D,CK,SDI,BCLK,ACLK,EN 

MACRO INPUT CAP. 

ACLK,BCLK,EN: 0.10pF 

DFFSCH CK:0.05pF 
0: O.l6pF 

SDI:0.20pF 

FUNCTIONAL .DESCRIPTION: 
This macro consists of a 0 type Flip Flop with Q feedback 

(hold) capability. It allows scan data to be muxed into the slave 
stage and contains a separate scan latch for storing scan data 
independent of Q. CK clocks the Flip Flop, BCLK controls latch
ing scan data into the slave stage and ACLK controls the final 
scan data latch. 

FUNCTION TABLE 

0 E'" CK SOl BCLK ACLK a QB SO Notes 
X X l X L L a QB SO 1 

X L f X L L a aB sa 2 

L H f X L L L H SO 3 

H H f X L L H L sa 3 

X X L X L H a OB OB 4 

X X L L H L H L sa 5 

X X L H H L L H so 5 

X X L L H H H L L 6 

X X L H H H L H H 6 

1. No Clock 2. Active Clock, disabled 3. Active Clock, enabled 
4. Scan-out Clock applied 5. Scan-In Clock applied.6. Flush or Ring-oscillate 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.00C (Nominal) all units are in ns. 

Sym Parameter 
5V I 

FO=O FO=2 FO=8 K (ns/pF) I FO=O FO=2 

DFFSCH 

tpLH Propagation Delay, 0.67 0.75 1.00 0.83 0.98 1.09 
tpHL ACLKtoSQ 0.66 0.73 0.96 0.76 0.90 0.99 

tpLH Propagation Delay, 0.66 0.69 o.n 0.26 0.95 0.99 

tpHL BCLKtoQ 0.88 0.93 1.08 0.48 1.32 1.39 

tpLH Propagation Delay, 1.13 1.16 1.23 0.23 1.74 1.n 
tpHL BCLKtoQB 1.29 1.33 1.45 0.41 1.80 1.85 
tplH Propagation Delay, 1.83 1.91 2.16 0.83 2.n 2.89 
tpHl BCLKtoSQ 1.85 1.93 2.16 0.76 2.62 2.72 
tpLH Propagation Delay, 0.96 0.98 t.06 0.27 1.38 1.42 
tpHL CKtoQ 1.09 1.14 1.28 0.48 1.62 1.68 

tpLH Propagation Delay, 1.34 1.37 1.44 0.23 2.03 2.06 

tpHL CK to QB 1.60 1.64 1.76 0.41 2.26 2.31 
tpLH Propagation Delay, 2.18 2.26 2.51 0.83 3.28 3.39 
tpHI CKtoSQ 2.28 2.35 2.58 0.76 3.25 3.34 
tplH Propagation Delay, 0.56 0.58 0.66 0.25 0.81 0.85 
tpHL SDltoQ 0.75 0.80 0.94 0.48 1.13 1.20 
tpLH Propagation Delay, 0.96 0.98 1.05 0.24 1.54 1.58 
tpHl SDltoQB 1.12 1.16 1.28 0.40 1.58 1.63 
tpLH Propagation Delay, 1.68 1.75 1.98 0.76 2.40 2.49 
tpHl SOl to SQ 1.68 1.76 2.01 0.82 2.57 2.69 

tr Output Rise Time, Q 0.29 0.35 0.52 0.57 0.38 0.46 

tf Output Fall Time, Q 0.44 0.49 0.67 0.59 0.59 0.66 

tr Output Rise Time, Q6 0.26 0.32 0.49 0.56 0.32 0.40 
tf Output Fall Time, QB 0.31 0.36 0.53 0.55 0.36 0.43 
t,. Output Rise Time, SQ 0.20 0.44 1.17 2.44 0.25 0.60 
t, Output Fall Time, SQ 0.18 0.30 0.65 1.17 0.24 0.39 

Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

DFFSCH 

Rev. 1.07 
3.3 V 

FO=8 K(ns/pF) 

1.44 1.16 
1.27 0.92 
1.10 0.36 
1.58 0.65 
1.87 0.33 
2.01 0.52 
3.23 1.16 
2.99 0.92 
1.53 0.37 
1.88 0.64 
2.16 0.33 
2.46 0.52 
3.74 1.16 
3.61 0.92 
0.96 0.36 
1.39 0.65 
1.67 0.32 
1.78 0.52 
2.n 0.92 
3.03 1.16 
0.71 0.82 
0.89 0.75 
0.64 0.79 
0.63 0.68 
1.63 3.44 
0.81 1.40 
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OFFSCH 

MOTOROLA TECHNICAL DATA 

FUNCTIONAL DIAGRAM: DFFSCH 

~------l..>a 

;>o-----c> aB 
EN 

CK~C 
. V ~CKB 

ACLKD--1"!1 ~': 
*2X for DFFSCH 

ACKB 

SOII~------------------~ 

Note: Outputs have balanced drive. 

CMOS TIMING REQUIREMENTS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

5V 

Sym Parameter Minimum Requirement 

DFFSCH 

Isu Set Up Time, BCLK to ACLK 1.70 

tsu Set Up Time, CK to ACLK 1.34 

tsu Set Up Time, SOl to ACLK 1.67 

tsu Set Up Time, SOl to BCLK 1.33 

tsu Set Up Time, 0 to CK 0:15 

tsu Set Up Time, EN to CK 0.43 

th Hold Time, ACLK to BCLK -1.21 

th Hold Time, ACLK to CK -1.21 

th Hold Time, ACLK to SOl ~1.08 

th Hold Time, BCLK to CK -1.07 

th Hold Time, BCLK to SOl 0.00 

th Hold Time, CK to BCLK -1.05 

th Hold Time, CK to 0 0.43 

th Hold Time, CK to EN 0.23 

tree Recovery Time, CK to ACLK 1.97 

tree Recovery Time, ACLK to CK -1.49 

tw Pulse Width, ACLK(H) 0.43 

Iw Pulse Width, BCLK(H) 1.28 

tw Pulse Width, CK{L) 0.59 

Iw Pulse Width, CK(H) 1.52 

H4CPlus Series Design Reference Guide 

Rev. 1.07 

3.3 V 

Minimum Requirement 

2.59 

2.74 

2.50 

1.93 

0.34 

0.66 

-1.71 

-1.87 

-1.58 

-1.65 

-0.01 

-1.51 

0.57 

0.31 

2.93 

-2.20 

0.65 

1.89 

0.94 

2.20 
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DFFSCAH 

••••••• _ MOTOROLA TECHNICAL DATA ••••••• _ 

D Flip Flop Scan Latch with Set 2X Drive 
(3.3 Vand 5 V Core Voltage) 

EQUIV. GATES 

20 
Rev 107 .. 

MACRO OUTPUTSIINPUTS 

O,OB,SOI 
DFFSCAH D,CK,DS,SDI,BCLK, 

ACLK,ML,EN 

MACRO INPUT CAP. 

ACLK,BCLK,CK,EN, 
ML: 0.10pF 

DFFSCAH 0: 0.15pF 
DS:0.05pF 
SOl: 0.41pF 

FUNCTIONAL DESCRIPTION: 
This macro consists of a 0 type Rip Flop with Q feedback (hold) 

. capability. It allows scan data to be muxed into the Master slave or 
the slave stage and contains a separate scan latch for storing scan 
data independent of Q. CK clocks the Flip Flop, BCLK controls 
latching scan data into the slave stage, ML controls latching Scan 
data into the Master slave and ACLK controls the final scan data 
latch. OS is used when latching SOl into the master stage to ignore 
the 0 or feedback data. ML HIGH while OS is LOW is illegal. 

FUNCTION TABLE 

0 EN CK SOl BCLK ACLK OS ML a 08 so Notes 
X X L X L L L L a 08 so 1 

X L .F X L L L L a QB so 2 

L H .F X L L L L L H so 3 

H H .F X L L L L H L so 3 

X X L X L H L L a 08 08 4 
X X L L H L L L H L so 5 

X X L H H L L L L H so 5 

X X L L H H L L H L L 6 
X X L H H H L L L H H 6 

1. No Clock 2. Active Clock, disabled 3. Active Clock,enabled 
4. Scan-out Clock applied 5. Scan-In Clock applied 6. Flush or Ring-oscillate 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr 11=1 oons) T J= 25 (lOC (Nominal) all units are in ns , 

DFFSCAH 

Rev 107 

Sym Parameter 
5V I 3.3 V 

FO=O FO=2 FO=8 

DFFSCAH 

tpLH Propagation Delay, 0.63 0.71 0.96 
tpHL ACLKtoSQ 0.62 0.69 0.92 
tpLH Propagation Delay, 0.59 0.62 0.69 
tpHL BCLKtoQ o.n 0.81 0.95 
tpLH Propagation Delay, 1.06 1.08 1.15 

tpHL BCLKtoQB 1.20 1.24 1.37 
tpLH Propagation Delay, 1.73 1.82 2.06 
tpHL BCLKtoSQ 1.75 1.83 2.06 
tpLH Propagation Delay, 0.70 0.73 0.80 
tpHL CKtoQ 0.86 0.91 1.04 
tpLH Propagation Delay, 1.15 1.17 1.24 
tpHL CKtoQB 1.32 1.36 1.48 

tpLH Propagation Delay, 1.96 2.05 2.29 
tpHI CKtoSQ 2.00 2.08 2.31 
tpLH Propagation Delay, 0.99 1.01 1.09 
tpHL MLtoQ 1.21 1.25 1.39 
tpLH Propagation Delay, 1.48 1.50 1.57 
tpHL MLtoQB 1.63 1.67 1.79 
tpLH Propagation Delay, 2.32 2.40 2.65 
tpHI MLtoSQ 2.32 2.39 2.62 
tpLH Propagation Delay, 0.46 0.48 0.56 
tpHL SDltoQ 0.65 0.70 0.83 
tpLH Propagation Delay, 1.33 1.35 1.42 
tpHL SDltoQB 1.51 1.55 1.68 

Capacitance per fanout = 0.05 pF (metal cepacitance IS not Included). 

MOTOROLA 
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K (ns/pF) I FO=O FO=2 F0=8 K(ns/pF) 

0.83 0.93 1.04 1.39 1.16 
0.77 0.86 0.96 1.24 0.93 
0.24 0.81 0.84 0.95 0.34 
0.45 1.15 1.21 1.39 0.60 
0.23 1.60 1.63 1.73 0.32 
0.41 1.66 1.71 1.87 0.53 
0.82 2.61 2.73 3.08 1.16 
o.n 2.48 2.57 2.85 0.93 
0.24 0.99 1.03 1.13 0.34 
0.46 1.25 1.31 1.49 0.60 
0.23 1.70 1.74 1.83 0.33 
0.41 1.84 1.89 2.05 0.53 
0.83 2.93 3.05 3.39 1.16 
o.n 2.85 2.94 3.22 0.93 
0.25 1.46 1.50 1.60 0.34 
0.46 1.73 1.79 1.97 0.61 
0.23 2.19 2.22 2.31 0.32 
0.41 2.33 2.38 2.54 0.52 
0.82 3.40 3.52 3.87 1.16 
0.76 3.33 3.42 3.70 0.93 
0.24 0.68 0.71 0.81 0.34 
0.45 0.96 1.02 1.20 0.60 
0.23 1.98 2.01 2.11 0.32 
0.41 2.17 2.22 2.38 0.52 
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OFFSCAH 

MOTOROLA TECHNICAL DATA 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

Sym 
5V 

Parameter 
FO=O FO=2 FO=8 K (nsJpF) 

tpl H Propagation Delay, 1.59 1.67 1.92 0.83 
tpHL SOl to sa 1.59 1.66 1.89 0.76 

t Output Rise Time, a 0.28 0.34 0.52 0.58 
tf Output Fall Time, a 0.40 0.46 0.64 0.59 
t Output Rise Time, aB 0.28 0.34 0.51 0.56 
t Output Fall Time, aB 0.31 0.37 0.53 0.55 
t Output Rise Time, sa 0.21 0.45 1.18 2.44 
tf Output Fall Time, sa 0.17 0.29 0.64 1.18 

capacItance per fanout- 0.05 pF (metal capacHance 15 not Included). 

CMOS TIMING REQUIREMENTS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.00c (Nominal) all units are in ns. 

5V 

Sym Parameter Minimum Requirement 

DFFSCAH 

tsu Set Up Time, BCLK to ACLK 1.74 

tsu Set Up Time, CK to ACLK 1.74 

tsu Set Up Time, ML to ACLK 2.31 

tsu Set Up Time, SOl to ACLK 1.72 

tsu Set Up Time, SOl to BCLK 0.91 

tsu Set Up Time, 0 to CK 0.44 

tsu Set Up Time, OS to CK 0.85 

tsu Set Up Time, EN to CK 0.71 

tsu Set Up Time, ML to CK 0.94 

tsu Set Up Time, SOl to CK 1.24 

tsu Set Up Time, CK to OS 0.68 

tsu Set Up Time, 0 to OS 0.51 

tsu Set Up Time, EN to OS 0.79 

tsu Set Up Time, SOl to ML 1.28 

th Hold Time, ACLK to BCLK ·1.12 

th Hold Time, ACLK to CK -1.12 

th Hold Time, ACLK to ML -1.64 

th Hold Time, ACLK to SOl ·1.02 

th Hold Time, BCLK to CK -0.98 

th Hold Time, BCLK,CK to SOl 0.06 

th Hold Time, CK to BCLK -0.95 

th Hold Time, CK to 0 0.34 

th Hold Time, CK to EN 0.13 

th Hold Time, CK to ML -0.08 

th Hold Time, OS to 0 0.23 

th Hold Time, OS to EN 0.03 

th Hold Time, OS to ML -0.40 

th Hold Time, ML to CK 0.23 

th Hold Time, ML to OS 0.32 

H4CPlus Series Design Reference Guide 

Rev. 1.07 
3.3 V 

FO=O FO=2 FO=8 K (nslpF) 

2.41 2.52 2.87 1.16 
2.27 2.36 2.64 0.93 
0.32 0.40 0.64 0.82 
0.53 0.60 0.82 0.73 
0.33 0.41 0.65 0.80 
0.37 0.44 0.65 0.69 
0.26 0.60 1.63 3.44 
0.24 0.38 0.80 1.41 

Rev. 1.07 

3.3 V 

Minimum Requirement 

2.61 

2.64 

3.38 

2.53 

1.28 

0.72 

1.36 

1.08 

1.34 

1.76 

-0.08 

0.82 

1.18 

1.83 

-1.60 

·1.69 

·2.38 

-1.47 

-1.48 

0.08 

-1.40 

0.42 

0.17 

-0.10 

0.28 

0.02 

-0.70 

0.30 

0.45 
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OFFSCAH 
MOTOROLA TECHNICAL DATA _______ _ 

CMOS TIMING REQUIREMENTS 
(Input Edge Rate tr,tf=l.00ns) T J= 25.00c (Nominal) all units are in ns. 

5V 

Sym Parameter Minimum Requirement 

th Hold Time, ML to SOl 0.16 

tree Recovery Time, CK to ACLK 1.80 

tree Recovery Time, ACLK to CK -1.26 

tree Recovery Time, ML to CK -0.24 

tw Pulse Width, ACLK(H) 0.52 

Iw Pulse Width, BCLK(H) 1.20 

tw Pulse Width, CK (L) 0.89 

tw Pulse Width, CK(H) 1.32 

tw Pulse Width, OS(L) 0.89 

Iw Pulse Width, ML(H) 0.94 

FUNCTIONAL DIAGRAM: DFFSCAH 

..1.MC 

EN 

OD---H 

SOIC>-------~~----~ 

BCLK~BCKB 
V ~BC 

~-DCKB 

Rev. 1.07 

3.3 V 

Minimum Requirement 

0.20 

2.72 

-1.76 

-0.33 

0.79 

1.75 

1.41 

1.90 

1.34 

1.37 

»----£::> a 

»-----{:::> aB 

so 

*2X for OFFSCAH 

ACLK~ACKB 
~AC MLD-....,.I-I~:~B 

L..--DMCKB 

MOTOROLA 
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MOTOROLA TECHNICAL DATA 

D Flip Flop Latch with Set 
1X & 2X Drive 
(3.3 V and 5 V Core Voltage) 

MACRO 

DFFSP 

DFFSPH 

MACRO 

All 

EQUIV. GATES 

8 
10 

Rev. 1.07 

OUTPUTSIINPUTS 

O,OS I SS,D,CK 

INPUT CAP. 

CK,D: 0.05pF 
SS:0.09pF 

CMOS SWITCHING CHARACTERISTICS 

FUNCTION TABLE 

0 CK SB 0 OB 
L .r H L H 
H .r H H L 
X "\.. H 0 OB 
X X L H L 

(Input Edge Rate tr tf=1 OOns) T J= 25 O°C (Nominal) all units are in ns , 
5V I Sym Parameter 

FO-O FO=2 FO=8 K (ns/pF) I FO=O 

DFFSP 

tpLH Propagation Delay, 0.82 0.90 1.15 0.83 1.13 
tpHL CKto a 1.00 1.08 1.31 0.76 1.43 
tpLH Propagation Delay, 1.22 1.30 1.55 0.83 1.73 
tpHL CKtoaB 1.07 1.15 1.38 0.76 1.52 
tpHL Propagation Delay, SB to a 0.69 0.77 1.02 0.82 1.01 
tpLH Propagation Delay, SB to aB 0.32 0.39 0.62 0.76 0.47 

tf Output Rise Time, a 0.14 0.39 1.12 2.44 0.20 

It Output Fall Time, a 0.16 0.27 0.62 1.17 0.22 
tf Output Rise Time, aB 0.16 0.40 1.13 2.43 0.20 

_It Output Fall Time, aB 0.15 0.27 0.62 1.17 0.22 
DFFSPH 

tpLH Propagation Delay, 0.86 0.90 1.03 0.42 1.18 
tpHL CKto a 1.06 1.10 1.22 0.40 1.51 
tpLH Propagation Delay, 1.34 1.38 1.51 0.43 1.90 
tpHL CKtoaB 1.18 1.22 1.34 0.40 1.66 
IpHI Propagation Delay, RS 10 a 0.82 0.86 0.98 0.41 1.17 
tpLH Propagation Delay, RB to aB 0.38 0.42 0.54 0.39 0.55 

tf Output Rise Time, a 0.19 0.30 0.66 1.19 0.27 
tf Output Fall Time, a 0.19 0.25 0.42 0.56 0.26 
t Output Rise Time, aB 0.82 0.90 1.15 0.83 0.27 
tf Output Fall Time, aB 1.00 1.08 1.31 0.76 0.24 

Capacitance per fanoul- 0.05 pF (metal capacitance IS nollncluded). 

H4CPlus Series Design Reference Guide 

FO=2 

1.25 
1.53 
1.84 
1.61 
1.13 
0.56 
0.55 
0.36 
0.55 
0.36 

1.24 
1.56 
1.96 
1.71 
1.23 
0.60 
0.44 
0.32 
0.44 
0.31 

DFFSP DFFSPH 

3.3 V 
FO_8 

1.60 
1.80 
2.19 
1.88 
1.48 
0.84 
1.58 
0.78 
1.58 
0.78 

1.42 
1.71 
2.14 
1.85 
1.40 
0.75 
0.95 
0.53 
0.94 
0.51 

DFFSP 
DFFSPH 

SB 

Rev 107 

K (ns/pF) 

1.16 
0.93 
1.16 
0.92 
1.16 
0.92 
3.45 
1.41 
3.45 
1.41 

0.59 
0.50 
0.60 
0.49 
0.59 
0.49 
1.70 
0.68 
1.68 
0.68 
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DFFSP DFFSPH 
_ •••• _._ MOTOROLA TECHNICAL DATA • ______ • 

CMOS TIMING REQUIREMENTS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.O"C (Nominal) all units are in ns. Rev. 1.07 

5V 3.3 V 

Sym Parameter Minimum Requirement Minimum Requirement 

DFFSP 

tsu Set Up Time, D to CK 0.34 0.58 

th Hold Time, CK to D 0.28 0.40 

tree Recovery Time, SB to CK -0.06 -0.06 

tw Pulse Width, CK(L) 0.73 1.13 

tw Pulse Width, CK(H) 0.86 1.27 

tw Pulse Width, SB(L) 0.73 0.98 

tw Pulse Width, SB(H) 0.04 0.05 

DFFSPH 

tsu Set Up Time, D to CK 0.34 0.58 

th Hold Time, CK to D 0.28 0.40 

tree Recovery Time, SB to CK -0.06 -0.06 

tw Pulse Width, CK(L) 0.72 1.12 

tw Pulse Width, CK(H) 0.99 1.44 

tw Pulse Width, SB(L) 0.72 1.04 

tw Pulse Width, SB(H) 0.04 0.05 

FUNCTIONAL DIAGRAM: DFFSP 

CKB OB 

~ 

D o 

SB~~---------+-----------------------J 

MOTOROLA 
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CK *1 X for DFFSP 
2X lor DFFSPH 
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MOTOROLA TECHNICAL DATA 

D Flip Flop with Set, 
Multiplexed (or Scan) Input 1X & 2X Drive 
(3.3 V and 5 V Core Voltage) 

I MA~~O I EQUW;;ATES I FUNCTION TABLE 

MACRO 

All 

MACRO 

All 

Rev 107 .. 
OUTPUTSJlNPUTS 

a,aBI 
SB,D,CK,SDI,SE 

INPUT CAP. 

CK,D,SDI: 0.05pF 
SB,SE: O.llpF 

0 

L 
H 
X 

X 

X 

X 

CMOS SWITCHING CHARACTERISTICS 

501 SE CK 58 

X L .r H 
X L .r H 
L H .r H 
H H .r H 
X X '\.. H 
X X X L 

(Input Edge Rate tr 1f=1 OOns) T J= 250°C (Nominal) all units are in ns , 
5V 

Q QB 

L H 
H L 
L H 
H L 
Q Q8 

H L 

I Sym Parameter 
FO=O FO=2 FO::8 K (nS/pF) I FO=O 

DFFSLP 

tplH Propagation Delay, 0.81 0.90 1.14 0.83 1.12 
tpHL CKto 0 0.96 1.04 1.27 0.77 1.40 
tpLH Propagation Delay, 1.17 1.26 1.51 0.83 1.70 
tpHL CKtoOB 1.08 1.15 1.38 0.76 1.51 
tpHL Propagation Delay, SB to 0 0.69 0.77 1.02 0.83 1.00 
tpi Propagation Del~ SB to OB 0.32 0.40 0.63 0.76 0.48 

t, Output Rise Time, 0 0.15 0.39 1.12 2.43 0.19 

~ Output Fall Time, 0 0.16 0.28 0.63 1.17 0.21 
t, Output Rise Time, OB 0.15 0.39 1.12 2.43 0.19 

~ Output Fall Time, OB 0.16 0.28 0.63 1.17 0.21 
DFFSLPH 

tpLH Propagation Delay, 0.88 0.92 1.05 0.42 1.23 
tpHL CKto 0 1.07 1.11 1.23 0.40 1.53 
tpLH Propagation Delay, 1.37 1.42 1.54 0.43 1.97 
tpHL CKtoOB 1.23 1.27 1.39 0.40 1.74 
tpHI Propagation Delay, RB to 0 0.77 0.81 0.93 0.42 1.12 
tpLH Propagation Delay, RB to OB 0.40 0.44 0.56 0.39 0.59 

t, Output Rise Time, 0 0.20 0.31 0.67 1.19 0.25 
tf Output Fall Time, 0 0.20 0.26 0.43 0.56 0.27 
t, Output Rise Time, OB 0.22 0.34 0.69 1.18 0.28 
tf Output Fall Time, OB 0.21 0.27 0.43 0.56 0.28 

Capacitance per fanout - 0.05 pF (metal capacitance IS not Included). 

H4CPlus Series Design Reference Guide 

FO=2 

1.23 
1.49 
1.82 
1.60 
1.12 
0.57 
0.54 
0.35 
0.54 
0.35 

1.29 
1.58 
2.03 
1.79 
1.18 
0.63 
0.42 
0.33 
0.45 
0.35 

DFFSLP DFFSLPH 

3.3 V 

DFFSLP 
DFFSLPH 

SB 

CK 

DFFSLP 

Rev 107 

FO=8 K(nslpF) 

1.58 
1.77 
2.16 
1.88 
1.47 
0.84 
1.57 
0.78 
1.57 
0.78 

1.46 
1.73 
2.21 
1.94 
1.36 
0.78 
0.93 
0.54 
0.95 
0.55 

1.16 
0.93 
1.16 
0.92 
1.16 
0.92 
3.44 
1.41 
3.44 
1.41 

0.58 
0.50 
0.60 
0.49 
0.58 
0.48 
1.70 
0.69 
1.68 
0.68 
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OFFSLP OFFSLPH 

MOTOROLA TECHNICAL DATA •• _ ••••• 

CMOS TIMING REQUIREMENTS 
(Input Edge Rate tr,tf=l.00ns) T J= 25.0°C (Nominal) all units are in ns. 

5V 

Sym Parameter Minimum Requirement 

DFFSLP 

tsu Set Up Time, 0 to CK 0.74 

tsu Set Up Time, SOl to CK 0.72 

tsu Set Up Time, SE to CK 0.85 

th Hold Time, CK to 0 0.05 

th Hold Time, CK to SOl 0.10 

th Hold Time, CK to SE -o.Q1 

tree Recovery Time, SB to CK -0.03 

tw Pulse Width, CK(L) 0.71 

Iw Pulse Width, CK(H) 0.83 

tw Pulse Width, SB(L) 0.63 

tw Pulse Width, SB(H) 0.03 

DFFSLPH 

tsu Set Up Time, 0 to CK 0.85 

tsu Set Up Time, SOl to CK 0.81 

tsu Set Up Time, SE to CK 0.95 

th Hold Time, CK to 0 0.01 

th Hold Time, CK to SOl 0.08 

th Hold Time, CK to SE -0.04 

tree Recovery Time, SB to CK -0.02 

tw Pulse Width, CK(L) 0.74 

Iw Pulse Width, CK(H) 1.01 

tw Pulse Width, SB(L) 0.67 

Iw Pulse Width, SB(H) 0.03 

FUNCTIONAL DIAGRAM: DFFSLP 

SOllj----I 
SED __ -~ 

CKB 

1-

Rev. 1.07 

3.3 V 

Minimum Requirement 

1.23 

1.15 

1.35 

0.08 
0.15 

0.01 

-0.05 

1.11 

1.23 

0.90 
0.05 

1.39 
1.31 

1.50 
0.04 

0.12 

-0.03 
-0.04 

1.16 

1.47 

0.95 

0.05 

QB 

Q 

SBC>-----------~~---------~ 

CK~C 
V ~CB 

MOTOROLA 
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MOTOROLA TECHNICAL DATA 

D Flip Flop with Synchronous Reset 
(3.3 V and 5 V Core Voltage) 

FUNCTION TABLE 
EQUIV. GATES 0 CK RB Qn+1 QBn+1 

9 L ..r H L H 
H ..r H H L 

X ..r L L H 
X ..r x x x 

CMOS SWITCHING CHARACTERISTICS 
(Input E R If ) T "c (N . ) I . dge ate tr, =1.00ns J=25.0 omlnal al units are In ns. 

5V I 
Sym Parameter FO=O FO=2 FO=8 K (nslpF) I FO=O 

DFFSRP 

tplH Propagation Delay, 0.81 0.85 0.98 0.42 1.08 

tpHl CKtoa 1.07 1.14 1.37 0.76 1.45 

tplH Propagation Delay, 1.17 1.21 1.33 0.41 1.61 

tE'HL CKtoaB 1.11 1.19 1.42 0.76 1.55 
tr Output Rise Time, a 0.15 0.27 0.63 1.21 0.30 
tf Output Fall Time, a 0.17 0.29 0.67 1.26 0.26 
t, Output Rise Time, aB 0.14 0.27 0.65 1.27 0.14 

tf Output Fall Time, aB 0.16 0.29 0.67 1.29 0.28 
Capacitance per fanout - 0.05 pF (metal capaCitance IS not Included). 

CMOS TIMING REQUIREMENTS 
(Input Edge Rate tr,If=1.00ns) T J= 25.0"C (Nominal) all units are in ns. 

5V 

DFFSRPA 

DFFSRPA 

a 

as 

Rev 107 

3.3 V 

FO=2 FO=8 K(nslpF) 

1.14 1.31 0.59 
1.55 1.83 0.94 
1.66 1.84 0.58 
1.64 1.91 0.91 
0.47 0.97 1.66 
0.40 0.83 1.44 
0.31 0.84 1.75 
0.43 0.85 1.41 

Rev. 1.07 

3.3 V 

Sym Parameter Minimum Requirement Minimum Requirement 

tsu Set Up Time, D to CK 

tsu Set Up Time, RB to CK 

th Hold Time, CK to D 

th Hold Time, CK to RB 

tw Pulse Width, CK(L) 

Iw Pulse Width, CK(H) 

H4CPlus Series Design Reference Guide 

DFFSRPA 

0.42 

0.38 

0.27 

0.22 

0.34 

0.61 

0.62 

0.60 

0.30 

0.24 

0.62 

0.91 
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DFFSRPA 

_ ••••••• MOTOROLA TECHNICAL DATA ••••••• _ 

MOTOROLA 
7-250 

RBLJ--t-<I 

D U--+---60--01 

FUNCTIONAL DIAGRAM: DFFSRPA 

t-----L.>a 
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MOTOROLA TECHNICAL DATA 

D Flip Flop, Multiplexed (or Scan) Input 
with Synchronous Reset 
(3.3 V and 5 V Core Voltage) 

FUNCTION TABLE 

MACRO 

DFFSRLPA 

MACRO 

DFFSRLPA 

EQUIV. GATES 

12 
Rev 107 .. 

OUTPUTSIINPUTS 

Q,QBI 
D,CK,SDI,SE,RB 

INPUT CAP. 

CK,D,RB,SDI: O.05pF 
SE: 0.09pF 

0 SOl 

X L 
X H 

L X 
H X 
X X 

CMOS SWITCHING CHARACTERISTICS 

SE CK RS Qn+1 

H .r X L 
H .r X H 

L .r H L 
L .r H H 

L .r L L 

(Input Edge Rate tr tf-l OOns) T J= 250°C (Nominal) all units are in ns , - . 
5V 

QSn+l 

H 

L 
H 

L 
H 

I 
Sym Parameter FO=O FO=2 FO=8 K (nsJpF) I FO=O 

DFFSRLP 

tpLH Propagation Delay, 0.80 0.85 0.98 0.43 1.10 

tpHL CKtoO 0.89 0.97 1.21 0.80 1.23 
tpi H Propagation Delay, 0.97 1.01 1.13 0.41 1.32 
tpHI CK to OB 1.15 1.23 1.46 0.76 1.60 

t Output Rise Time, 0 0.20 0.31 0.67 1.18 0.33 

tf Output Fall Time, 0 0.33 0.44 0.78 1.13 0.43 
t Output Rise Time, OB 0.19 0.30 0.65 1.16 0.38 

tf Output Fall Time, OB 0.14 0.26 0.65 1.27 0.23 
Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

CMOS TIMING REQUIREMENTS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0OC (Nominal) all units are in ns. 

5V 

FO=2 

1.16 
1.33 
1.38 
1.69 
0.50 
0.57 
0.54 
0.38 

3.3 V 

FO=8 

1.35 
1.62 
1.56 
1.97 
1.00 
1.02 
1.02 
0.83 

DFFSRLPA 

DFFSRLPA 

CK 

DFFSRLP 

Rev. 1.07 

K (nsJpF) 

0.62 
0.99 
0.59 
0.94 
1.67 
1.47 
1.60 
1.49 

Rev. 1.07 

3.3 V 

Sym Parameter Minimum Requirement Minimum Requirement 

tsu Set Up Time, D,RB,SDI to CK 

tsu Set Up Time, SE to CK 

th Hold Time, CK to 0 

th Hold Time, CK to RB 

th Hold Time, CK to SOl 

th Hold Time, CK to SE 

tw Pulse Width, CK{L) 

Iw Pulse Width, CK{H) 

H4CPlus Series Design Reference Guide 

DFFSRLP 

0.63 

0.61 

-0.02 

0.06 

0.01 

0.37 

0.60 

0.63 

1.01 

1.10 

-0.04 

0.05 

-0.07 

0.01 

0.69 

0.93 
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OFFSRLPA 

_ ••••••• MOTOROLA TECHNICAL DATA ••••••• _ 

I 

FUNCTIONAL DIAGRAM: DFFSRLP 
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MOTOROLA TECHNICAL DATA 

D Flip Flop with Synchronous Set 
(3.3 V and 5 V Core Voltage) 

FUNCTION TABLE 

EQUIV. GATES D CK S Qn+1 QBn+1 

9 L J L L H 
H J L H L 

OUTPUTSIINPUTS X J H H L 

a,aB I D,CK,S X J X X X 

INPUT CAP. 

CK,D,S: 0.05pF 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr tf=1 OOns) T J= 25 OOC (Nominal) all units are in ns , 

5V I 
Sym Parameter FO=O FO=2 FO=8 K (nslpF) I FO=O 

DFFSSP 

tpLH Propagation Delay, 0.80 0.84 0.97 0.42 1.08 

tpHL CKto a 1.06 1.14 1.37 0.76 1.46 

tpLH Propagation Delay, 1.16 1.20 1.32 0.42 1.60 
tpHI CKtoaB 1.10 1.18 1.41 0.76 1.55 

t Output Rise TIme, a 0.15 0.27 0.63 1.21 0.30 
tf Output Fall Time, a 0.16 0.29 0.66 1.23 0.19 
t Output Rise Time, aB 0.13 0.26 0.63 1.26 0.19 

tf Output Fall Time, aB 0.16 0.29 0.67 1.29 0.27 
CapaCItance per fanout = 0.05 pF (metal capacItance IS not Included). 

CMOS TIMING REQUIREMENTS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.00c (Nominal) all units are in ns. 

5V 

DFFSSP 

DFFSSP 

Rev 107 
3.3 V 

FO=2 FO=8 K (nslpF) 

1.14 1.31 0.59 
1.55 1.83 0.93 
1.66 1.84 0.58 
1.64 1.91 0.91 
0.46 0.97 1.69 
0.35 0.81 1.53 
0.36 0.87 1.71 
0.42 0.85 1.44 

Rev. 1.07 

3.3 V 

Sym Parameter Minimum Requirement Minimum Requirement 

tsu Set Up Time, D,S to CK 

th Hold Time, CK to D 

th Hold Time, CK to S 

tw Pulse Width, CK(L) 

tw Pulse Width, CK(H) 

H4CPlus Series Design Reference Guide 

DFFSSP 

0.44 

0.20 

0.17 

0.44 

0.62 

0.79 

0.26 

0.24 

0.78 

0.92 

MOTOROLA 
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OFFSSP 
________ MOTOROLA TECHNICAL DATA _______ _ 

MOTOROLA 

7-254 
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MOTOROLA TECHNICAL DATA 

D Flip Flop, Multiplexed (or Scan) Input 
with Synchronous Set 
(3.3 V and 5 V Core Voltage) 

EQUIV. GATES 

12 
Rev 107 .. 

MACRO OUTPUTsnNPUTS 

DFFSSLP 
Q,QBI 

D,CK,SDI,SE,S 

MACRO INPUT CAP. 

DFFSSLP CK,D,S,SDI: 0.05pF 
SE:O.09pF 

0 

X 
X 
L 
H 
X 

SOl 

L 

H 
X 
X 
X 

CMOS SWITCHING CHARACTERISTICS 

FUNCTION TABLE 

SE CK S Qn+1 

H .r X L 

H .r X H 
L .r L L 

L .r L H 
L .r H H 

(Input Edge Rate tr 11=1 OOns) T J= 250°C (Nominal) all units are in ns , 
sv 

Sym Parameter FO=O F0=2 FO=8 

DFFSSLP 

t~LH Propagation Delay, 0.81 0.85 0.98 
tpHL CKto a 0.89 0.97 1.21 
tpLH Propagation Delay, 0.97 1.01 1.13 
tpHL CKtoaB 1.16 1.24 1.47 

tr Output Rise Time, a 0.24 0.35 0.70 
tf Output Fall Time, a 0.33 0.44 0.78 
tf Output Rise Time, aB 0.19 0.30 0.65 
tf Output Fall Time, aB 0.14 0.27 0.66 

capacitance per fanout = 0.05 pF (metal capacHance IS not Included). 

CMOS TIMING REQUIREMENTS 

QBn+1 

H 
L 
H 
L 

L 

I 
K (nalpF) I FO=O 

0.43 1.10 
0.80 1.23 
0.41 1.32 
0.76 1.60 
1.15 0.33 
1.13 0.43 
1.16 0.38 
1.30 0.23 

(Input Edge Rate tr,lI=l.00ns) T J= 25.00c (Nominal) all units are in ns. 

SV 

DFFSSLP 

DFFSSLP 

CK 

DFFSSLP 

Rev 107 
3.3 V 

FO=2 FO=8 K (nalpF) 

1.16 1.35 0.62 
1.33 1.62 0.99 
1.38 1.56 0.59 
1.69 1.97 0.94 
0.50 1.00 1.67 
0.57 1.02 1.47 
0.54 1.02 1.60 
0.38 0.83 1.49 

Rev. 1.07 

3.3 V 

Sym Parameter Minimum Requirement Minimum Requirement 

tsu Set Up Time, D to CK 

tsu Set Up Time, S to CK 

tsu Set Up Time, SOl to CK 

tsu Set Up Time, SE to CK 

th Hold Time, CK to 0 

th Hold Time, CK to S 

th Hold Time, CK to SOl 

th Hold Time, CK to SE 

tw Pulse Width, CK(L) 

tw Pulse Width, CK(H) 

H4CPlus Series Design Reference Guide 

DFFSSLP 

0.68 

0.68 

0.61 

0.61 

0.03 

0.07 

-0.02 

0.D1 

0.37 

0.61 

1.05 

1.02 

1.02 

1.09 

-0.03 

0.00 

-0.07 

0.00 

0.69 

0.93 
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DFFSSLP 
_______ MOTOROLA TECHNICAL DATA _______ _ 

FUNCTIONAL DIAGRAM: DFFSSLP 
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MOTOROLA TECHNICAL DATA 

8 Stage Inverter Delay 
(3.3 V and 5 V Core Voltage) 

EQUIV. GATES 

4 
Rev. 1.07Rev. 1.07 

OUTPUTSIINPUTS 

X/A 

INPUT CAP. 

A:0.05pF 

CMOS SWITCHING CHARACTERISTICS 

FUNCTION TABLE 

EffiJx 
L L 
H H 

(Input Edge Rate tr 11=1 OOns) T J= 25 ODC (Nominal) all units are in ns , 
5V I Sym Parameter 

FO=O FO=2 FO=8 K (nslpF) I FO=O 

DLY8 

tpLH Propagation Delay, 1.00 1.08 1.33 0.83 1.40 
tpHL AtoX 1.02 1.10 1.32 0.76 1.42 

tI Output Rise Time, X 0.12 0.37 1.10 2.44 0.17 
t, Output Fall Time, X 0.10 0.22 0.57 1.19 0.16 

capaCitance per fanout = 0.05 pF (metal cepacltance IS not Included). 

FUNCTIONAL DIAGRAM: DlVa 

A 
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-iA 

3.3 V 
FO=2 FO=8 

1.52 1.86 
1.51 1.78 
0.51 1.55 
0.30 0.73 

X 

DLY8 

DLY8 

DLY8 Xf-

Rev 107 

K{nslpF) 

1.16 
0.91 
3.45 
1.42 

MOTOROLA 
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ECOMP4 
_______ • MOTOROLA TECHNICAL DATA _______ _ 

• 

4-81t Equality Comparator 
(3.3 V and 5 V Core Voltage) 

MACRO 

ECOMP4 

EQUIV. GATES 

16 
Rev. 1.07 

OUTPUTSIINPUTS 

AEBO I AD-A3,BO·B3,AEBI 

INPUT CAP. 

AD-A3,BD-B3: 0.11pF 
AEBI: 0.05pF 

CMOS SWITCHING CHARACTERISTICS 

FUNCTION TABLE 

Data Words 
AEBI 

A=B L 
A Nol Equal 10 B L 

X H 

(Input Edge Rate tr,tf=l.00ns) T J= 25.00C (Nominal) all units are in ns. 
SV 

AEBO 

L 
H 
H 

I 3.3 V 

ECOMP4 

ECOMP4 
AD 
Al 
A2 
A3 
SO 
Bl AEBO 
B2 
B3 

AEBI 

Rev. 1 07 

Sym Parameter 
FO=O FO=2 FO=8 K (nslpF)I FO=O F0=2 FO=8 K(ns/pF) 

ECOMP4 

tpLH Propagation Delay, 0.66 0.74 0.99 0.83 
tpHL AOto AEBO 0.84 0.95 1.29 1.15 
tl'lll Propagation Delay, 0.64 0.72 0.97 0.83 
tPHL Al toAEBO 0.85 0.96 1.31 1.15 
tpLH Propagation Delay, 0.63 0.71 0.96 0.83 
tpHl A2to AEBO 0.80 0.91 1.26 1.15 
tpLH Propagation Delay, 0.80 0.69 0.93 0.83 

tE'HL A3to AEBO 0.80 0.92 1.26 1.15 
tpi H Propagation Delay, 0.32 0.41 0.65 0.82 
tpHL AEBltoAEBO 0.32 0.43 o.n 1.14 
tpLH Propagation Delay, 0.87 0.95 1.20 0.83 
tpHL BOtoAEBO 1.03 1.14 1.49 1.15 
tpLH Propagation Delay, 0.85 0.93 1.18 0.83 
tE'HL Bl toAEBO 1.03 1.15 1.49 1.15 
tplH Propagation Delay, 0.87 0.95 1.20 0.83 
tpHL B2toAEBO 1.03 1.14 1.49 1.15 
tpLH Propagation Delay, 0.82 0.90 1.15 0.83 
tpHL B3toAEBO 1.01 1.13 1.47 1.14 

tr Output Rise Time, AEBO 0.22 0.47 1.20 2.45 

"- Output Fall Time, AEBO 0.21 0.41 1.01 1.99 
Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

MOTOROLA 

7·258 

FUNCTIONAL DIAGRAM: ECOMP4 

AEBIU-------IINIV>C>----....I 

0.96 1.07 1.42 1.16 
1.24 1.39 1.84 1.52 
0.90 1.02 1.36 1.16 
1.26 1.41 1.87 1.52 
0.91 1.02 1.37 1.16 
1.17 1.33 1.78 1.52 
0.87 0.98 1.33 1.16 
1.19 1.34 1.79 1.52 
0.43 0.54 0.89 1.16 
0.44 0.59 1.04 1.51 
1.29 1.40 1.75 1.15 
1.49 1.64 2.10 1.52 
1.24 1.36 1.71 1.16 
1.51 1.66 2.12 1.51 
1.27 1.39 1.73 1.16 
1.47 1.62 2.07 1.52 
1.22 1.33 1.68 1.16 
1.47 1.62 2.07 1.52 
0.26 0.61 1.65 3.46 
0.29 0.55 1.32 2.56 

AEBO 
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MOTOROLA TECHNICAL DATA 

2-lnput Exclusive NOR Gate 
1X Drive With Unbuffered Input 
(3.3 V and 5 V Core Voltage) 

FUNCTION TABLE 

EQUIV. GATES A B X 

3 L L H 

Rev. 1.07 L H L 

OUTPUTSIINPUTS H L L 

X/A,S 
H H H 

INPUT CAP. 

A,S:0.10pF 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr 11=1 OOns) T J= 25 O°C (Nominal) all units are in ns , 

Sym Parameter 
FO=O 

5V 

FO=2 FO=8 

EXNORA 

tpLH Propagation Delay, 0.38 0.46 0.71 
tpHl AtoX 0.49 0.56 0.80 
tpLH Propagation Delay, 0.39 0.48 0.73 
tpHl BtoX 0.45 0.53 0.77 

t Output Rise Time, X 0.16 0.41 1.14 
tf Output Fall Time, X 0.21 0.33 0.67 

Capacitance per fanout = 0.05 pF (melal capacitance IS nollncluded). 

I 
K (nslpF) I FO=O 

0.83 0.49 
0.78 0.71 
0.83 0.53 
0.78 0.68 
2.44 0.19 
1.16 0.29 

FUNCTIONAL DIAGRAM: EXNORA 

BL../---,..-, 

A ........ ~-----, 
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EXNORA 

EXNORA 

EXNORA 

::[>-x 

3.3 V 

FO=2 FO=8 

0.61 0.96 
0.81 1.10 
0.64 0.99 
0.78 1.06 
0.53 1.57 
0.43 0.85 

Rev 107 

K (nslpF) 

1.16 
0.95 
1.16 
0.95 
3.44 
1.40 

MOTOROLA 
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EXNOR3H 
________ MOTOROLA TECHNICAL DATA _______ _ 

I 

3-lnput Exclusive NOR Gate, 2X Drive 
(3.3 V and 5 V Core Voltage) 

MACRO 

EXNOR3H 

EQUIV. GATES 

8 
Rev. 1.07 

OUTPUTSIINPUTS 

X/A-C 

INPUT CAP. 

A,S: 0.12pF 
C: 0.05pF 

FUNCTION TABLE 
A B C X 

L L L H 

L L H L 
L H L L 
L H H H 

H L L L 
H L H H 

H H L H 

H H H L 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,II=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

Sym Parameter 
5V 

FO=O FO=2 FO=8 

EXNOR3H 

tpLH Propagation Delay, 0.40 0.45 0.57 
tpHL AtoX 0.47 0.52 0.67 

Ieui Propagation Delay, 0.82 0.86 0.99 
tpHI BtoX 0.86 0.90 1.03 
tpLH Propagation Delay, 1.02 1.06 1.19 
tpHL CtoX 1.02 1.07 1.20 

t, Output Rise Time, X 0.18 0.30 0.66 
tf Output Fall Time, X 0.25 0.31 0.50 

Capacitance per fanout = 0.05 pF (metal capacHance IS not Included). 

EXNOR3H 

EXNOR3H 

i~x 

Rev. 1.07 

I 3.3 V 

K (nslpF) I FO=O FO=2 FO=8 K (nslpF) 

0.43 0.54 0.60 0.78 0.60 
0.49 0.73 0.79 0.99 0.65 
0.42 1.19 1.25 1.43 0.60 
0.44 1.30 1.36 1.52 0.56 
0.43 1.46 1.52 1.70 0.60 
0.44 1.52 1.58 1.74 0.56 
1.20 0.22 0.39 0.89 1.68 
0.63 0.35 0.43 0.67 0.80 

FUNCTIONAL DIAGRAM: EXNOR3H 
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MOTOROLA TECHNICAL DATA 

2-lnput Exclusive OR Gate 
1 X Drive With Unbuffered Input 
(3.3 V and 5 V Core Voltage) 

FUNCTION TABLE 

EQUIV. GATES A B X 

3 L L L 
L H H 

OUTPUTSIINPUTS H L H 

X/A.B 
H H L 

INPUT CAP. 

A.B: 0.10pF 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

5V I Sym Parameter 
FO=O FO=2 FO=8 K (nslpF) I FO=O 

EXORA 

tpLH Propagation Delay. 0.40 0.48 0.73 0.83 0.57 

tpHL AtoX 0.37 0.45 0.68 0.78 0.57 
tpLH Propagation Delay, 0.40 0.48 0.73 0.83 0.54 

tpHL BtoX 0.45 0.53 0.77 0.78 0.68 
t Output Rise Time, X 0.17 0.41 1.14 2.43 0.22 
t, Output Fall Time. X 0.22 0.34 0.69 1.16 0.30 

Capacilance per fanout = 0.05 pF (metal capacHance is not Included). 

FUNCTIONAL DIAGRAM: EXORA 

H4CPlus Series Design Reference Guide 

FO=2 

0.69 
0.67 
0.66 
0.77 
0.56 
0.44 

EXORA 

EXORA 

EXORA 

::)[)-X 

3.3 V 

FO=8 

1.04 
0.95 
1.01 
1.06 
1.60 
0.86 

Rev 107 

K(nslpF) 

1.16 
0.94 
1.16 
0.95 
3.46 
1.41 
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EXOR3H 

••••••• _ MOTOROLA TECHNICAL DATA ••••••• _ 

I 

3-lnput Exclusive OR Gate, 2X Drive 
(3.3 V and 5 V Core Voltage) 

FUNCTION TABLE 

MACRO 

EXOR3H 

EQUIV. GATES 
8 

Rev. 1.07 

OUTPUTsnNPUTS 
X/A-C 

INPUT CAP. 

A,S: 0.11pF 
C:O.05pF 

A 

L 
L 
L 
L 
H 
H 
H 
H 

CMOS SWITCHING CHARACTERISTICS 

B C X 

L L L 
L H H 
H L H 
H H L 
L L H 
L H L 
H L L 
H H H 

(Input Edge Rate tr tf=1 OOns) TJ= 25 O°C (Nominal) all units are in ns , 

Sym Parameter 
5V 

FO=O FO=2 FO=8 
EXOR3H 

tplH Propagation Delay, 0.45 0.50 0.63 
tpHL AtoX 0.45 0.49 0.62 
tpLH Propagation Delay, 0.83 0.87 1.00 
tpHL BtoX 0.86 0.91 1.04 
tpLH Propagation Delay, 1.01 1.06 1.19 
tpHL CtoX 1.02 1.06 1.19 

t OutpUI Rise Time, X 0.19 0.31 0.67 
If Output Fall Time, X 0.23 0.29 0.47 

Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

EXOR3H 

EXOR3H 

i~x 

Rev 107 

I 3.3 V 

K (nslpF) I FO=O F0=2 FO=8 K (nslpF) 

0.45 0.60 0.67 0.86 0.63 
0.43 0.68 0.74 0.90 0.55 
0.43 1.20 1.26 1.44 0.60 
0.44 1.30 1.36 1.53 0.56 
0.43 1.47 1.53 1.71 0.59 
0.44 1.51 1.56 1.73 0.56 
1.20 0.27 0.44 0.94 1.68 
0.58 0.35 0.42 0.63 0.71 

FUNCTIONAL DIAGRAM: EXOR3H 

MOTOROLA 
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MOTOROLA TECHNICAL DATA 

4-lnput Exclusive OR Gate, 2X Drive 
(3.3 V and 5 V Core Voltage) 

MACRO 

EXOR4H 

EQUIV. GATES 

10 
Rev. 1.07 

OUTPUTSIINPUTS 

X/A-O 

INPUT CAP. 

A,C: O.llpF 
B,O:0.05pF 

FUNCTION TABLE 
Number 01 Inputs A Ihrough 0 

that are HIGH 

0,2,4 

1,3 

CMOS SWITCHING CHARACTERISTICS 

X 

L 

H 

(Input Edge Rate tr tf=l OOns) T J= 250°C (Nominal) all units are in ns , 

Sym Parameter 
5V 

FO=O FO=2 FO=8 

EXOR4H 

tpLH Propagation Delay, 0.76 0,81 0.93 
tpHL AtoX 0.90 0.95 1.10 
tpLH Propagation Delay, 0.89 0.93 1.06 
tpHL BtoX 1.01 1,06 1.21 
tpLH Propagation Delay, 0.75 0.79 0.93 
tpHL CtoX 0.77 0,82 0,97 

!Pili Propagation Delay, 0.84 0.88 1.02 
tpHL DtoX 0.89 0.94 1.10 

tr Output Rise Time, X 0.26 0.38 0.73 
tf Output Fall Time, X 0.42 0.48 0.67 

CapaCHance per fanout = 0.05 pF (metal capacitance IS not Included), 

I 
K (nslpF) I FO=O 

0.43 1.15 
0.50 1.41 
0.42 1.23 
0.50 1.58 
0.45 1.04 
0.52 1.18 
0,45 1.13 
0.52 1.36 
1.18 0.31 
0.61 0.57 

FUNCTIONAL DIAGRAM: EXOR4H 
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EXOR4H 

EXOR4H 

EXOR4H 

iD-x 

3.3 V 
F0=2 FO=8 

1.21 1.39 
1.48 1.67 
1.29 1.47 
1.65 1.84 
1.11 1.30 
1.26 1.47 
1.19 1.38 
1.43 1.64 
0.48 0.98 
0.65 0.88 

Rev 107 

K (nslpF) 

0.59 
0.65 
0.59 
0.65 
0,63 
0.70 
0,63 
0.71 
1.69 
0.77 
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INC4H 

_ •• _ ••• _ MOTOROLA TECHNICAL DATA _ •••••• _ 

4-Bit Incrementer, 2X Drive 
(3.3 V and 5 V Core Voltage) 

EQUIV.GATES 

28 
Rev 107 .. 

MACRO OUTPUTSJlNPUTS 

INC4H 
SO-s3,CO,PR I 

AQ-A3,CI 

FUNCTION TABLE 

AG-A3 CI SIJ-S3 CO PR 
H(Al1) L H(AII) L H 
H(AII) H L(AlI) H H 
X(AlI)' L (AO·A3) L L 
X(AlI)' H (AG-A3)+1 L L 

NOTE: AO,SO = LSB, A3,S3 = MSB 

• Indicates don~ care for an states except H(AII) 

MACRO INPUT CAP. 

AO-A2: O.23pF 
INC4H A3: 0.10pF 

CI:0.17pF 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr tf",l OOns) T J", 25 OOC (Nominal) all units are In ns , 

SV 

INC4H 

I 3.3 V 

INC4H 

50 

51 

52 

53 

Rev 107 

Sym Parameter 
FO=O FO=2 FO=8 K (nslpF) I FO=O FO=2 F0=8 K(nslpF) 

INC4H 

tpLH Propagation Delay, 0.98 1.02 

IpHL AOtoCO 0.56 0.60 
IpLH Propagalion Delay, 0.69 0.74 
IpHL AOtoPR 0.34 0.38 
tpLH Propagalion Delay, AO to 50 & A 1 0.40 0.44 
IpHL to 51 & A2 to 52 & A3 10 53 0.43 0.48 

tPLH Propagalion Delay, 0.93 0.98 
tpHl AOt051 &Al to 52 0.88 0.93 

IpLH Propagation Delay, 1.32 1.37 

ti>Hl AOl052 1.27 1.32 
tplH Propagalion Delay, 1.60 1.64 
tpHL AOl053 1.51 1.56 
tpLH Propagation Delay, 1.00 1.05 
IpHl Al to CO 0.62 0.66 
IpLH Propagation Delay, 0.72 0.76 
tPHI Al 10 PR 0.40 0.44 

tl'Uf Propagation Delay, 1.22 1.27 
tpHI A11053 1.14 1.18 
tpLH Propagalion Delay, 1.05 1.09 
IpHL A2 to CO 0.69 0.73 
tpLH Propagation Delay, 0.76 0.80 
tpHl A2to PR 0.47 0.51 
tplH Propagation Delay, 0.83 0.87 

tpHl A2 to 53 0.76 0.81 
tpLH Propagalion Delay, 1.02 1.06 
tPHL A3loCO 0.73 0.77 
tpLH Propagalion Delay, 0.73 0.77 
IpHL A310PR 0.52 0.56 

capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

MOTOROLA 
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1.15 
0.72 
0.87 
0.49 
0.57 
0.61 
1.10 
1.06 
1.49 
1.45 
1.77 
1.69 
1.17 
0.78 
0.90 
0.56 
1.39 
1.32 
1.22 
0.85 
0.93 
0.83 
1.00 
0.94 
1.18 
0.89 
0.90 
0.68 

0.42 1.27 1.33 1.51 0.59 
0.39 0.88 0.93 1.07 0.48 
0.44 0.88 0.95 1.14 0.64 
0.40 0.54 0.58 0.73 0.48 
0.42 0.53 0.59 0.77 0.60 
0.44 0.65 0.70 0.87 0.55 
0.43 1.26 1.32 1.50 0.60 
0.45 1.34 1.40 1.57 0.57 
0.43 1.83 1.89 2.07 0.60 
0.45 1.89 1.95 2.12 0.57 
0.42 2.24 2.30 2.48 0.59 
0.44 2.26 2.32 2.48 0.55 
0.42 1.33 1.39 1.56 0.59 
0.39 0.96 1.01 1.15 0.47 
0.44 0.94 1.01 1.20 0.64 
0.40 0.61 0.66 0.81 0.49 
0.42 1.29 1.35 1.53 0.60 
0.44 1.36 1.42 1.59 0.57 
0.42 1.69 1.75 1.93 0.60 
0.39 1.73 1.78 1.95 0.55 
0.44 1.42 1.48 1.65 0.59 
0.40 1.04 1.09 1.23 0.48 
0.42 1.02 1.09 1.28 0.64 
0.44 0.71 0.76 0.91 0.50 
0.42 1.14 1.20 1.37 0.60 
0.39 1.18 1.24 1.40 0.55 
0.44 1.41 1.46 1.64 0.59 
0.41 1.09 1.14 1.28 0.48 
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MOTOROLA TECHNICAL DATA 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr 11=1 oons) T J= 25 OOC (Nominal) all units are in ns , 

Sym Parameter 
5V 

FO=O F0=2 FO=8 K (nslpF) FO=O 

tpLH Propagation Delay, 0.42 0.46 0.59 0.42 1.02 
tpHL CltoCO 0.37 0.41 0.53 0.39 0.75 
tpLH Propagation Delay, 0.58 0.62 0.74 0.42 0.54 
tpHL CI to 80 0.61 0.65 0.79 0.45 0.53 
tpLH Propagation Delay, 0.91 0.95 1.08 0.43 0.75 
tpHI Clto81 0.96 1.00 1.14 0.45 0.91 
tpLH Propagation Delay, 1.31 1.36 1.48 0.42 1.25 
tpHL CI to 82 1.34 1.38 1.52 0.45 1.41 
tpLH Propagation Delay, 1.59 1.63 1.76 0.42 1.80 
tpHL CI to 83 1.59 1.63 1.76 0.44 1.96 

t, Output Rise Time, CO 0.15 0.27 0.63 1.21 0.18 
tf Output Fall Time, CO 0.16 0.22 0.39 0.58 0.20 
t, Output Rise Time, PR 0.31 0.43 0.79 1.19 0.42 
t, Output Fall Time, PR 0.26 0.32 0.49 0.58 0.32 
tr Output Rise Time, 80 0.18 0.30 0.66 1.20 0.24 
t Output Fall Time, 80 0.28 0.34 0.52 0.60 0.39 
t, Output Rise Time, 81,82 0.21 0.33 0.69 1.20 0.24 
t, Output Fall Time, 81,82 0.29 0.35 0.53 0.60 0.39 
t, Output Rise Time, 83 0.17 0.29 0.65 1.20 0.22 
t, Output Fall Time, 83 0.22 0.28 0.46 0.60 0.31 

CapaCitance per fanout = 0.05 pF (metal capacttance IS not Included). 

FUNCTIONAL DIAGRAM: INC4H 

ADHALFH ADHALFH 

CI U------_~A CO A CO 

Aon...--....... -IB 8 B 8 

A2U-----~~---------------~ 

A3L~~++~~----------------------------------~ 

H4CPlus 8eries DeSign Reference Guide 

3.3 V 

FO=2 FO=8 
1.08 1.27 
0.80 0.95 
0.60 0.78 
0.58 0.72 
0.81 0.99 
0.97 1.14 
1.31 1.49 
1.46 1.64 
1.86 2.05 
2.01 2.18 
0.35 0.86 
0.27 0.48 
0.59 1.10 
0.39 0.60 
0.41 0.91 
0.46 0.68 
0.41 0.91 
0.46 0.68 
0.39 0.90 
0.38 0.59 

INC4H 

Rev 107 

K (nsJpF) 

0.64 
0.50 
0.59 
0.48 
0.60 
0.57 
0.60 
0.57 
0.61 
0.57 
1.70 
0.70 
1.69 
0.70 
1.68 
0.71 
1.68 
0.71 
1.70 
0.72 

80 

81 

82 

83 

CO 

PR 
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INVINVB 
________ MOTOROLA TECHNICAL DATA _______ _ 

Inverter, 1 X Drive 
(3.3 V and 5 V Core Voltage) 

I MA~~O I EQUIV.GATES 

Rev. 1.07 

OUTPUTSJlNPUTS 

X/A 

MACRO INPUT CAP. 

INY A:0.05pF 

INVB A: 0.07I'F 

FUNCTION TABLE 

LffiJx 
L H 
H L 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr tf-1 OOns) T J= 250°C (Nominal) all units are in ns , - . 

Sym Parameter 
FO=O FO=2 

INV 
tpLH Propagation Delay, 0.14 0.22 
tpHI AtoX 0.22 0.30 

t, Output Rise Time, X 0.16 0.40 
tf Output Fall Time, X 0.16 0.27 

INVB 
tpLH Propagation Delay, 0.06 0.10 
tpHL AtoX 0.27 0.34 

t, Output Rise Time, X 0.17 0.29 
lj Output Fall Time, X 0.16 0.28 

Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

MOTOROLA 
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FUNCTIONAL DIAGRAM: INV 

VDD 

X 

5V 
FO=8 

0.46 
0.52 
1.13 
0.62 

0.22 
0.57 
0.64 
0.62 

I 
K (nslpF) I FO=O FO=2 

0.82 0.17 0.28 
0.76 0.29 0.38 
2.42 0.19 0.53 
1.15 0.17 0.31 

0.42 0.10 0.16 
0.75 0.32 0.41 
1.16 0.17 0.33 
1.15 0.17 0.32 

3.3 V 

F0=8 

0.63 
0.66 
1.56 
0.73 

0.34 
0.68 
0.84 
0.74 

INV 
INVB 

Rev 107 

K (nslpF) 

1.15 
0.91 
3.44 
1.41 

0.58 
0.91 
1.68 
1.41 

FUNCTIONAL DIAGRAM: INVB 
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INV21NV2B 

MOTOROLA TECHNICAL DATA 

Inverter, 2X Drive 
(3.3 V and 5 V Core Voltage) 

MACRO EQUIV. GATES 

INV2 1 

INV2B 2 

Rev. 1.07 

OUTPUTSJlNPUTS 

X/A 

MACRO INPUT CAP. 

INV2 A:O.09pF 

INV2B A: 0.14pF 

CMOS SWITCHING CHARACTERISTICS 

FUNCTION TABLE ffffix 
L H 

H L 

(Input Edge Rate tr tf-1 OOns) T J- 250°C (Nominal) all units are in ns , - . -
Sym Parameter 

FO=O 

5V 

FO=2 FO=8 

INV2 

tpLH Propagation Delay, 0.11 0.15 0.27 
tpHL AtoX 0.19 0.23 0.34 

tr Output Rise Time, X 0.16 0.28 0.63 
tf Output Fall Time, X 0.19 0.25 0.41 

INV2B 

tpLH Propagation Delay, 0.03 0.05 0.12 
tpHI AtoX 0.25 0.29 0.40 

tr Output Rise Time, X 0.19 0.25 0.41 
tf Output Fall Time, X 0.17 0.23 0.39 

Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

FUNCTIONAL DIAGRAM: INV2 

VOD VDD 

A t----4>--1C> X 

A 
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I 
K (nsJpF) I FO=O 

0.41 0.13 
0.38 0.24 
1.18 0.17 
0.54 0.15 

0.22 0.08 
0.38 0.29 
0.54 0.18 
0.55 0.17 

3.3 V 

FO=2 FO=8 

0.19 0.36 
0.29 0.43 
0.34 0.85 
0.22 0.42 

0.11 0.19 
0.33 I 0.47 
0.26 I 0.51 
0.24 I 0.44 

INV2 
INV2B 

Rev 107 

K (nslpF) 

0.58 
0.46 
1.69 
0.68 

0.29 
0.46 
0.81 
0.67 

FUNCTIONAL DIAGRAM: INV2B 

VDD 

MOTOROLA 
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INV41NV4B 

_ ••••••• MOTOROLA TECHNICAL DATA ••••••• _ 

Inverter, 4X Drive 
(3.3 V and 5 V Core Voltage) 

MACRO EQUIV. GATES 

INV4 2 
INV4B 4 

Rev. 1.07 
OUTPUTSIINPUTS 

X/A 

MACRO INPUT CAP. 

INV4 A:0.19pF 
INV4B A:0.28pF 

CMOS SWITCHING CHARACTERISTICS 

FUNCTION TABLE 

[fffix 
L H 

H L 

(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 
5V I 3.3 V 

INV4 
INV48 

Rev. 1.07 

8ym Parameter 
FO=O FO=2 FO=8 K(ns/pF) FO=O FO=2 F0=8 K (ns/pF) 

INV4 

tpLH Propagation Delay, 0.10 0.12 0.18 0.21 
tpHL AtoX 0.15 0.17 0.23 0.20 

tr Output Rise Time, X 0.20 0.26 0.42 0.55 

tf Output Fall Time, X 0.17 0.19 0.27 0.26 
INV4B 

tpLH Propagation Delay, 0.Q1 0.02 0.06 0.13 

tpHL AtoX 0.24 0.26 0.32 0.19 

tr Output Rise Time, X 0.22 0.24 0.32 0.24 

It Output Fall Time, X 0.19 0.22 0.30 0.26 
capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

MOTOROLA 
7-268 

A 

A 

FUNCTIONAL DIAGRAM: INV4 

VDD 

t--t--t--+-I::>X 

-
FUNCTIONAL DIAGRAM: INV4B 

VDD 

0.11 0.14 0.23 0.29 
0.22 0.24 0.31 0.24 
0.20 0.28 0.53 0.82 
0.16 0.20 0.29 0.32 

0.06 0.08 0.12 0.15 
0.27 0.30 0.37 0.23 
0.21 0.25 0.37 0.38 
0.20 0.23 0.32 0.32 

H4CPlus Series Design Reference Guide 



MOTOROLA TECHNICAL DATA 

Inverter, 8X Drive 
(3.3 V and 5 V Core Voltage) 

MACRO EQUIV. GATES 

INV8 4 
INV8B 8 

Rev. 1.07 
OUTPUTSIINPUTS 

X/A 

MACRO INPUT CAP. 

INV8 A: 0.37pF 
INV8B A: 0.57pF 

FUNCTION TABLE ffffix 
L H 

H L 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr 11=1 OOns) T J= 25 O°C (Nominal) all units are in ns , 

5V 
Sym Parameter 

FO=O FO=2 FO=8 

INV8 

tpLH Propagation Delay, 0.09 0.10 0.13 
tpHL AtoX 0.14 0.15 0.18 

t Output Rise Time, X 0.17 0.20 0.28 
t, Output Fall Time, X 0.17 0.18 0.22 

INV8B 

tpi Propagation Delay, -0.01 0.00 0.02 
tpHL AtoX 0.23 0.24 0.27 

t Output Rise Time, X 0.23 0.24 0.28 
t, Output Fall Time, X 0.19 0.20 0.24 

capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

K (ns/pF) 

0.11 
0.12 
0.28 
0.13 

0.08 
0.10 
0.11 
0.13 

FUNCTIONAL DIAGRAM: INV8 

VDD 

A 

FUNCTIONAL DIAGRAM: INV8B 

VDD 

A 
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3.3 V 

FO=O FO=2 FO=8 

0.11 0.12 0.17 
0.20 0.22 0.26 
0.21 0.25 0.37 
0.18 0.19 0.24 

0.04 0.05 0.08 
0.25 0.26 0.30 
0.25 0.27 0.32 
0.18 0.20 0.25 

INV81NV8B 

INV8 
INV8B 

Rev 107 

K (ns/pF) 

0.15 
0.13 
0.39 
0.16 

0.09 
0.13 
0.17 
0.16 
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INVTINVTH 

••••••• _ MOTOROLA TECHNICAL DATA ••••••• _ 

Invertering 3-state Buffer, 
Active Low Enable 1 X & 2X Drive 
(3.3 V and 5 V Core Voltage) 

MACRO EQUIV. GATES 

INVT 2 
INVTH 3 

Rev. 1.07 

OUTPUTSIINPUTS 

OB/O,ENB 

MACRO INPUT CAP. 

INVT 
O:0.05pF 

ENB:0.07pF 

INVTH O,ENB: O.09pF 

MACRO OUTPUT CAP. 

INVT OB:0.06pF 

INVTH OB:0.11pF 

FUNCTION TABLE 

0 ENB DB 
L L H 
H L L 
X H Z 

FUNCTIONAL DIAGRAM: INVTH 
VDD 

ENB~~----~H---~ 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr 1f=1 OOns) T J= 25 O"C (Nominal) all units are in ns , 

5V 

DB 

I 

INVT 
INVTH 

0-Br0B 
ENB 

FUNCTIONAL DIAGRAM: INVT 

VDD 

ENBD~p-----c:I 

DW ........ -----i DB 

Rev 107 
3.3 V 

Sym Parameter 
FO=O FO=2 FO=8 K (nslpF) I FO=O FO=2 FO=8 K (nslpF) 

INVT 

tpLH Propagation Delay, 0.15 0.31 0.79 
tpHI Dto DB 0.24 0.35 0.69 
tpLZ Propagation Delay, 0.26 0.26 0.26 
tPZL ENBtoDB 0.68 0.79 1.13 
tPZH Propagation Delay, 0.38 0.54 1.02 
tpHZ ENBto DB 0.44 0.44 0.44 

tr Output Rise lime, DB 0.24 0.73 2.19 
tf Output Fall lime, DB 0.19 0.38 0.97 

INVTH 

tpLH Propagation Delay, 0.17 0.25 0.49 
tpHL Dto DB 0.23 0.29 0.46 
tpI7 Propagation Delay, 0.31 0.31 0.31 
tPZ1 ENBto DB 0.73 0.79 0.96 
tPZH Propagation Delay, 0.41 0.49 0.73 
tpHZ ENBtoDB 0.45 0.45 0.45 

tr Output Rise Time, DB 0.29 0.53 1.25 
If Output Fall lime, DB 0.22 0.32 0.60 

Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

MOTOROLA 
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1.60 0.20 0.44 1.14 2.36 
1.14 0.31 0.46 0.91 1.50 
0.00 0.34 0.34 0.34 0.00 
1.14 0.80 0.95 1.40 1.50 
1.61 0.48 0.72 1.43 2.36 
0.00 0.50 0.50 0.50 0.00 
4.86 0.33 1.03 3.13 7.00 
1.95 0.21 0.46 1.21 2.52 

0.80 0.22 0.34 0.69 1.18 
0.57 0.31 0.38 0.61 0.75 
0.00 0.40 0.40 0.40 0.00 
0.57 0.85 0.92 1.15 0.76 
0.81 0.52 0.64 1.00 1.18 
0.00 0.53 0.53 0.53 0.00 
2.41 0.37 0.72 1.77 3.49 
0.94 0.23 0.35 0.72 1.23 
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MOTOROLA TECHNICAL DATA 

Invertering 3-state Buffer, 
Active HIGH Enable 1 X & 2X Drive 
(3.3 V and 5 V Core Voltage) 

MACRO EQUIV. GATES 

INVTP 3 
INVTPH 4 

Rev. 1.07 

OUTPUTSIINPUTS 

XI A,EN 

MACRO INPUT CAP. 

INVTP 
A: 0.05pF 

EN:0.07pF 

INVTPH 
A: 0.05pF 

EN:O.09pF 

MACRO OUTPUT CAP. 

INVTP X: 0.06pF 

INVTPH X: 0.12pF 

FUNCTION TABLE 

A EN X 

L H H 
H H L 
X L Z 

FUNCTIONAL DIAGRAM: INVTPH 
VDD 

AO.....,..--t 

t---t--+-L~X 

ENO--+-------~--~I 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr II-lOOns) T J= 25 o"c (Nominal) all units are in ns , - . 

5V I 

INVTP INVTPH 

INVTP 
INVTPH 

'VX 
EN 

FUNCTIONAL DIAGRAM: INVTP 

VDD 

AO.....,..--t 

r---I....'"X 

ENO--+-------~I 

Rev 107 
3.3 V 

Sym Parameter 
FO::O FO=2 FO=8 K (nsfpF) I FO=O FO=2 FO=8 K (nsfpF) 

INVTP 

tpLH Propagation Delay, 0.48 0.52 0.65 
tpHL AtoX 0.51 0.62 0.96 
tpI7 Propagation Delay, 0.32 0.31 0.31 
tPZL ENtoX 0.42 0.53 0.86 

tPZH Propagation Delay, 0.60 0.64 0.77 
tpHZ ENtoX 0.45 0.45 0.45 

t Output Rise Time, X 0.12 0.24 0.60 
t, Output Fall Time, X 0.14 0.34 0.93 

INVTPH 

tpLH Propagation Delay, 0.51 0.53 0.60 
tpHL AtoX 0.57 0.62 0.79 
tpLZ Propagation Delay, 0.29 0.29 0.29 

tpZL ENtoX 0.40 0.46 0.63 
tpzH Propagation Delay, 0.63 0.65 0.72 
tpHZ ENtoX 0.60 0.60 0.60 

tr Output Rise Time, X 0.17 0.23 0.40 
t, Output Fall Time, X 0.20 0.30 0.59 

CapacItance per fanout = 0.05 pF (metal capacHance IS not Included). 

H4CPlus Series Design Reference Guide 

0.43 0.65 0.71 
1.14 0.68 0.83 
0.00 0.36 0.36 
1.10 0.49 0.64 
0.43 0.72 0.77 
0.00 0.59 0.59 
1.20 0.16 0.33 
1.99 0.20 0.45 

0.23 0.71 0.74 
0.56 0.75 0.83 
0.00 0.34 0.34 
0.56 0.48 0.55 
0.23 0.75 0.78 
0.00 0.78 0.78 
0.58 0.20 0.29 
0.96 0.24 0.36 

0.89 
1.28 
0.36 
1.07 
0.95 
0.59 
0.84 
1.21 

0.84 
1.05 
0.34 
0.77 
0.88 
0.78 
0.54 
0.74 

0.59 
1.49 
0.00 
1.46 
0.59 
0.00 
1.70 
2.54 

0.32 
0.74 
0.00 
0.74 
0.32 
0.00 
0.83 
1.24 
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INVX 
______ •• MOTOROLA TECHNICAL DATA _______ • 

Inverted Buffer, High Drive 
(Use Output Buffer From VOSite) 
(3.3 V and 5 V Core Voltage) 

EQUIV. GATES 

1/0 

CMOS SWITCHING CHARACTERISTICS 

FUNCTION TABLE 

.ffffiA. X L H 

H L 

(Input Edge Rate tr 11=1 OOns) T J", 25 O"C (Nominal) all units are in ns. , 
5V I Sym Parameter 

FO::O FO=2 FO=8 K (nslpF) I FO=O 
INVX 

tplH Propagation Delay, 0.33 0.34 0.35 0.05 0.45 
tpHl AtoX D.44 0.45 0.47 0.07 0.58 

t Output Rise Time, X 0.10 0.11 0.14 0 .. 10 0.15 
tf Output Fall Time, X 0,20 0.21 0.23 0.08 0.20 

Capacitance per fanout = 0.05 pF (metal capaCItance IS not Included). 

FUNCTIONAL DIAGRAM: INVX 

VDD VDD Voo 

A ...... -4-L> X 

INVX 

Rev 107 
3.3 V 

FO=2 FO=8 K (nsJpF) 

0.46 0.48 0.07 
0.58 0.61 0.09 
0.16 0.20 0.12 
0.21 0.24 0.10 

MOTOROLA 
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MOTOROLA TECHNICAL DATA 

4-Bit Look Ahead Carry Generator 
(3.3V and 5V Core Voltage) 

FUNCTION TABLE 
EQUIV. GATES PROPAGATE (PROPAGATE THE CARRY BIT) 

32 PR = (PO'P1'P2'P3) 

Rev 107 GENERATE ( GENERATE A CARRY BIT ) 

MACRO OUTPUTSnNPUTS GE = (P1'P2'P3'GO) + (P2'P3'G 1) + (P3'G2) + G3 

LACG4 CNX-CNZ,CO,PR,GE I 
CI,PO,GO,P1,G1,P2,G2,P3,G3 

CNX = CARRY FOR FIRST STAGE 

CNX = (PO'CI) + GO 

CNY = CARRY FOR SECOND STAGE 

MACRO INPut CAP. CNY = (PO'P1'CI) + (P1 'GO) + G1 

CI,GO,PO,P2,P3: 0.23pF CNZ = CARRY FOR THIRD STAGE 

G1: 0.17pF CNZ = (PO'P1'P2'CI) + (P1'P2'GO) + (P2'G1) + G2 

LACG4 G2: 0.1OpF CO = OVERAll CARRY OUT 
G3: 0.05pF CO = (PR'CI) + GE 
P1: 0.19pF 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.00C (Nominal) all units are in ns. 

sv I 
Sym Parameter FO::O FO=2 FO=8 K (nsJpF) I FO=O 

LACG4 

tpLH Propagation Delay, 0.39 0.48 0.73 0.83 0.52 
tpHL CltoCNX 0.29 0.40 0.74 1.14 0.42 
tpLH Propagation Delay, 0.52 0.60 0.85 0.83 0.68 
tpHl CIto CNY 0.34 0.49 0.96 1.54 0.51 
tpLH Propagation Delay, 0.62 0.71 0.96 0.85 0.82 
tpHI CltoCNZ 0.38 0.57 1.16 1.95 0.57 
tpLH Propagation Delay, 0.47 0.51 0.63 0.42 0.60 
tpHL CI 10 CO 0.35 0.41 0.58 0.58 0.51 
tpLH Propagation Delay, 0.33 0.41 0.66 0.83 0.46 
tpHl GO to CNX 0.30 0.41 0.75 1.14 0.43 
Ip~ Propagation Delay, 0.42 0.50 0.75 0.83 0.59 
tpHL GOtoCNY 0.41 0.57 1.03 1.54 0.60 
tpLH Propagation Delay, 0.55 0.63 0.88 0.84 0.74 
tpHL GO to CNZ 0.39 0.59 1.18 1.96 0.60 
tplH Propagation Delay, 1.01 1.05 1.18 0.42 1.38 
tpHl GO to CO 0.93 0.99 1.16 0.58 1.38 
tpLH Propagation Delay, 0.97 1.05 1.30 0.82 1.33 
tptIL GO to GE 0.92 0.99 1.23 0.77 1.38 
tpLH Propagation Delay, 0.38 0.46 0.71 0.83 0.52 
tpHL G1 toCNY 0.38 0.54 1.00 1.54 0.54 
tpLH Propagation Delay, 0.50 0.58 0.83 0.83 0.68 
tpHl G1 toCNZ 0.45 0.65 1.23 1.96 0.67 
tplH Propagation Delay, 0.99 1.03 1.16 0.42 1.37 
tpHl G1 to CO 0.97 1.03 1.21 0.58 1.44 
tpLH Propagation Delay, 0.98 1.06 1.31 0.82 1.32 
tpHl G1 toGE 0.95 1.03 1.26 0.77 1.44 
tplH Propagation Delay, 0.41 0.49 0.75 0.84 0.57 
tpHI G2to CNZ 0.49 0.68 1.27 1.95 0.68 
tpLH Propagation Delay, 0.94 0.98 1.10 0.42 1.31 
tpHL G2 to CO 1.01 1.07 . 1.24 0.58 1.49 
lpLH Propagation Delay, 0.91 0.99 1.24 0.83 1.26 
tpHl G2 to GE 1.00 1.08 1.31 0.77 1.48 

CapacItance per fanout = 0.05 pF (metal capacitance IS not Included). 

H4CPlus Series Design Reference Guide 

3.3 V 

FO=2 FO=8 

0.63 0.98 
0.57 1.02 
0.80 1.15 
0.72 1.35 
0.94 1.30 
0.84 1.66 
0.66 0.83 
0.58 0.81 
0.58 0.92 
0.58 1.03 
0.70 1.05 
0.81 1.44 
0.85 1.20 
0.87 1.69 
1.44 1.62 
1.46 1.69 
1.45 1.79 
1.47 1.75 
0.64 0.99 
0.75 1.38 
0.79 1.14 
0.94 1.76 
1.43 1.60 
1.51 1.74 
1.44 1.79 
1.53 1.81 
0.69 1.04 
0.95 1.77 
1.37 1.55 
1.56 1.79 
1.38 1.73 
1.57 1.85 

LACG4 

LACG4 

Rev. 1.07 

K(nsJpF) 

1.16 
1.50 
1.17 
2.11 
1.19 
2.71 
0.59 
0.76 
1.16 
1.50 
1.16 
2.11 
1.17 
2.71 
0.59 
0.77 
1.16 
0.94 
1.17 
2.10 
1.17 
2.71 
0.59 
0.77 
1.16 
0.93 
1.18 
2.72 
0.59 
0.76 
1.16 
0.93 
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LACG4 

_______ MOTOROLA TECHNICAL DATA ••••••• _ 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

5V 

Sym Parameter FO=O F0::2 FO=8 
tpi H Propagation Delay, 0.87 0.91 1.03 
tpHL G3toCO 1.04 1.09 1.27 
tpLH Propagation Delay, 0.85 0.93 1.18 

tpHl G3toGE 1.03 1.10 1.33 
tpLH Propagation Delay, 0.37 0.45 0.70 
tpHl PO to CNX 0.37 0.48 0.82 
tpLH Propagation Delay, 0.52 0.60 0.85 
tpHl POtoCNY 0.48 0.64 1.10 
tpLH Propagation Delay, 0.66 0.75 1.00 
tpHl POtoCNZ 0.56 0.76 1.35 
tplH Propagation Delay, 1.13 1.17 1.30 
tpHl PO to CO 0.85 0.91 1.08 
tpLH Propagation Delay, 0.76 0.85 1.10 

tpHl PO to PR 0.49 0.57 0.80 
tpLH Propagation Delay, 0.96 1.04 1.29 
tpHI P1 toCNY 0.85 1.00 1.47 
tpLH Propagation Delay, 1.09 1.18 1.43 
tpHl P1 to CNZ 0.95 1.15 1.73 
tpLH Propagation Delay, 1.05 1.09 1.22 
tpHl P1 to CO 1.12 1.18 1.36 
tPIH Propagation Delay, 1.02 1.10 1.35 
tpHI P1 to GE 1.12 1.20 1.43 
tpLH Propagation Delay, 0.74 0.82 1.08 
tpHl P1 to PR 0.52 0.60 0.84 
tpLH Propagation Delay, 0.99 1.07 1.32 
tpHl P2toCNZ 0.85 1.04 1.63 
tpLH Propagation Delay, 1.03 1.08 1.20 
tpHl P2 to CO 1.01 1.07 1.24 
tpLH Propagation Delay, 1.00 1.08 1.33 
tpHl P2toGE 1.00 1.08 1.31 
tpLH Propagation Delay, 0.73 0.81 1.07 

tl'HL P2 to PR 0.42 0.50 0.73 
tplH Propagation Delay, 1.06 1.10 1.23 
tpHL P3 to CO 1.08 1.14 1.31 
tpLH Propagation Delay, 1.04 1.12 1.37 
tpHl P3to GE 1.07 1.15 1.38 
tl'LH Propagation Delay, 0.71 0.79 1.05 

tl'HL P3to PR 0.36 0.44 0.67 
tt Output Rise Time, CNX 0.20 0.45 1.18 
tf Output Fall Time, CNX 0.17 0.36 0.96 
t, Output Rise Time, CNY 0.34 0.58 1.32 
tf Output Fall Time, CNY 0.29 0.57 1.41 
t, Output Rise Time, CNZ 0.45 0.69 1.42 

" Output Fall Time, CNZ 0.43 0.80 1.89 
tr Output Rise Time, CO 0.26 0.38 0.75 

_If Output Fall Time, CO 0.22 0.31 0.60 
t, Output Rise Time, GE 0.17 0.41 1.14 
tf Output Fall Time, GE 0.21 0.32 0.67 
t, Output Rise Time, PR 0.30 0.54 1.26 
tf Output Fall Time, PR 0.23 0.34 0.69 

Capacitance per fanout = 0.05 pF (metal capacitanca IS not Included). 

MOTOROLA 

7·274 

Rev. 1.07 
3.3 V 

K(nsJpF) FO=O FO=2 FO=8 K (nsJpF) 

0.42 1.22 1.28 1.45 0.59 
0.58 1.47 1.55 1.78 0.77 
0.82 1.17 1.29 1.64 1.16 
0.77 1.47 1.56 1.84 0.94 
0.83 0.51 0.62 0.97 1.16 
1.13 0.52 0.67 1.11 1.50 
0.83 0.74 0.85 1.20 1.17 
1.54 0.69 0.90 1.54 2.11 
0.85 0.97 1.09 1.44 1.19 
1.96 0.81 1.08 1.90 2.72 
0.42 1.56 1.62 1.80 0.59 
0.58 1.26 1.34 1.57 0.76 
0.86 1.05 1.18 1.54 1.21 
0.77 0.73 0.83 1.11 0.94 
0.83 1.36 1.48 1.83 1.17 
1.54 1.16 1.37 2.00 2.10 
0.85 1.59 1.71 2.06 1.19 
1.96 1.31 1.58 2.39 2.71 
0.42 1.53 1.59 1.76 0.59 
0.58 1.62 1.70 1.93 0.77 
0.83 1.48 1.59 1.94 1.16 
0.77 1.62 1.72 2.00 0.94 
0.86 1.05 1.17 1.53 1.21 
0.78 0.78 0.87 1.16 0.95 
0.85 1.40 1.52 1.88 1.19 
1.95 1.15 1.43 2.24 2.71 
0.42 1.44 1.50 1.67 0.58 
0.58 1.46 1.54 1.77 0.76 
0.83 1.38 1.50 1.84 1.16 
0.77 1.45 1.55 1.83 0.94 
0.86 0.97 1.09 1.46 1.21 
0.77 0.63 0.73 1.01 0.94 
0.42 1.51 1.57 1.74 0.59 
0.58 1.56 1.64 1.87 0.76 
0.82 1.46 1.58 1.92 1.16 
0.77 1.55 1.65 1.93 0.94 
0.85 0.91 1.03 1.40 1.21 
0.77 0.55 0.65 0.93 0.93 
2.44 0.26 0.61 1.64 3.45 
1.99 0.21 0.47 1.23 2.55 
2.44 0.45 0.80 1.83 3.45 
2.80 0.37 0.73 1.83 3.66 
2.43 0.59 0.94 1.97 3.43 
3.63 0.54 1.02 2.46 4.79 
1.20 0.34 0.51 1.02 1.70 
0.97 0.28 0.41 0.78 1.24 
2.43 0.20 0.54 1.58 3.45 
1.16 0.28 0.42 0.83 1.39 
2.40 0.36 0.70 1.72 3.39 
1.16 0.28 0.42 0.85 1.42 
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LACG4 

MOTOROLA TECHNICAL DATA 

FUNCTIONAL DIAGRAM: LACG4 
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GO~~~------~------~ 

Pl ~--t-+-9------+-I 

Gl~~~+_--~~------; 
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G3~~~+_~--------~ 

CI~~~--------------~----~ 
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LATNLATNH 

._ ••••• - MOTOROLA TECHNICAL DATA ••••••• _ 

D-Type Latch, Negative Gate Latched 
1x &2x Drive 
(3.3V and 5V Core Voltage) 

MACRO EQUIV. GATES 
FUNCTION TABLE 

LATN 5 
On G a OB 

L H L H 
LATNH 6 H H H L 

Rev. 1.07 
X 

OUTPUTSIINPUTS 
L a OB 

Q,QS/D,G 

INPUT CAP. 

D,G:0.05pF 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr tf=1 OOns) T J= 25 O"C (Nominal) all units are in ns , 

5V 

Sym Parameter FO=O FO=2 FO=8 

LATN 

tpLH Propagation Delay, 0.52 0.61 0.86 

tpHL DtoQ 0.56 0.64 0.88 

tPI Propagation Delay, 0.70 0.78 1.03 
tpHL DtoQB 0.76 0.83 1.06 
tpLH Propagation Delay, 0.67 0.75 1.00 
tpHL GtoQ 0.71 0.79 1.03 
tpLH Propagation Delay, 0.86 0.94 1.19 

tpHL GtoQB 0.89 0.97 1.20 

tr Output Rise Time, Q 0.17 0.42 1.14 
t Oulput Fall Time, Q 0.24 0.36 0.71 
I, Output Rise Time, OB 0.14 0.38 1.11 
tf Output Fall Time, QB 0.15 0.26 0.62 

LATNH 

tpLH Propagation Delay, 0.56 0.60 0.73 

tpHL DloQ 0.58 0.62 0.76 
tpLH Propagation Delay, 0.83 0.87 1.00 
tpHL DtoQB 0.87 0.91 1.03 
tpLH Propagation Delay, 0.68 0.73 0.86 
tpHL GloQ 0.72 0.76 0.90 
IpLH Propagation Delay, 0.97 1.01 1.13 

tpHL GtoQB 1.00 1.04 1.16 
tr Oulput Rise Time, Q 0.19 0.31 0.66 

If Oulpul Fall Time, Q 0.26 0.32 0.50 
I, Outp_ul Rise Time, OB 0.16 0.28 0.64 
tf Output Fall Time, QB 0.21 0.27 0.44 

capacitance per fanout = 0.05 pF (metal capacitance Is not Included). 

MOTOROLA 

7-276 

I 
K (nslpF) I FO=O FO=2 

0.83 0.71 0.83 
0.80 0.83 0.93 
0.83 1.01 1.13 
0.77 1.04 1.14 
0.83 0.93 1.05 
0.80 1.05 1.15 
0.83 1.23 1.34 
0.76 1.27 1.37 
2.42 0.23 0.58 
1.17 0.34 0.48 
2.44 0.20 0.55 
1.17 0.22 0.36 

0.43 0.75 0.81 
0.46 0.84 0.90 
0.42 1.20 1.26 
0.40 1.19 1.24 
0.43 0.96 1.02 
0.45 1.06 1.12 
0.42 1.42 1.47 
0.39 1.41 1.46 
1.19 0.25 0.42 
0.59 0.37 0.45 
1.19 0.21 0.38 
0.56 0.24 0.31 

D 

G 

3.3 V 

FO=8 

1.18 
1.23 
1.48 
1.41 
1.40 
1.44 
1.69 
1.64 
1.61 
0.90 
1.58 
0.78 

0.99 
1.08 
1.43 
1.39 
1.20 
1.29 
1.65 
1.60 
0.92 
0.66 
0.88 
0.52 

LATN 
LATNH 

Q 

LATN 

QB 

Rev. 1.07 

K (nslpF) 

1.16 
0.99 
1.16 
0.93 
1.17 
0.98 
1.16 
0.92 
3.43 
1.40 
3.44 
1.40 

0.60 
0.59 
0.59 
0.50 
0.61 
0.59 
0.59 
0.50 
1.68 
0.73 
1.69 
0.68 
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LATN LATNH 

MOTOROLA TECHNICAL DATA 

CMOS TIMING REQUIREMENTS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.()OC (Nominal) all units are in ns. Rev. 1.07 

5V 3.3V 

Sym Parameter Minimum Requirement Minimum Requirement 

tsu Set Up Time, D to G 

th Hold Time, G to D 

tw Pulse Width, G(L) 

tw Pulse Width, G(H) 

tsu Set Up Time, D to G 

th Hold Time, G to D 

tw Pulse Width, G(L) 

tw Pulse Width, G(H) 

D 

G 

H4CPlus Series Design Reference Guide 

LATN 

0.58 

0.09 

0.01 

0.63 

LATNH 

0.73 

0.06 

0.01 

0.76 

FUNCTIONAL DIAGRAM: LATN 

»-C.>Q 

·lXfor LATN 
2X for LATNH 

0.86 

0.17 

0.01 

0.92 

1.08 

0.14 

0.01 

1.11 
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LATP LATPH 
_______ MOTOROLA TECHNICAL DATA ________ 1 

• 

D-Type Latch, Positive Gate Latched 
1x &2x Drive 
(3.3V and 5V Core Voltage) 

FUNCTION TABLE 

MACRO EQUIV. GATES 0 GB a aB 
LATP 5 

L L L H 

LATPH 6 H L H L 

Rev. 1.07 X H a aB 
OUTPUTSJINPUTS 

a,aB/D,GB 

INPUT CAP. 

D,GB: 0.05pF 

CMOS SWITCHING CHARACTERISTICS 
(Inpul Edge Rate tr tf=1 OOns) T J= 25 OOG (Nominal) all units are in ns , 

5V I 3.3 V 

LATP 
LATPH 

o a 
GB 

LATN 

aB 

Rev 107 

Sym Parameter FO=O FO=2 FO=8 K (nslpF) I FO=O FO=2 FO=8 K (nslpF) 

LATP 

IpLH Propagalion Delay, 0.53 0.62 0.87 
IpHL Dloa 0.57 0.65 0.89 
IpLH Propagalion Delay, 0.72 0.81 1.05 
IpHL DloaB 0.78 0.86 1.09 
IpLH Propagation Delay, 0.60 0.69 0.94 
IpHL GBloa 0.71 0.79 1.03 
IpLH Propagalion Delay, 0.86 0.94 1.19 
IpHI GBloaB 0.84 0.91 1.15 

I, OUlpul Rise Time, a 0.17 0.41 1.14 

It Oulpul Fall Time, a 0.25 0.37 0.72 
Ir Output Rise Time, aB 0.14 0.39 1.12 

It Output Fall Time, aB 0.18 0.30 0.65 
LATPH 

tpLH Propagation Delay, 0.57 0.62 0.75 
IpHL Dloa 0.59 0.63 0.77 
IpLH Propagalion Delay, 0.84 0.89 1.01 
IpHI OtoaB 0.89 0.93 1.05 
IpLH Propagalion Delay, 0.64 0.68 0.81 
IpHL GBtoa 0.71 0.75 0.89 
tpLH Propagalion Delay, 0.97 1.01 1.13 
IpHL GBtoaB 0.95 0.99 1.11 

Ir Output Rise Time, a 0.19 0.31 0.67 
tf OUlpul Fall Time, a 0.27 0.33 0.51 
I, Output Rise Time, aB 0.17 0.28 0.64 

It Output Fall Time, aB 0.20 0.26 0.42 
CapacHance per fanout = 0.05 pF (metal capacitance IS not Included). 
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0.83 0.73 0.84 1.19 1.16 
0.80 0.85 0.95 1.25 0.99 
0.83 1.04 1.15 1.50 1.16 
o.n 1.08 1.17 1.45 0.93 
0.83 0.84 0.95 1.30 1.17 
0.80 1.05 1.14 1.44 0.99 
0.83 1.24 1.35 1.70 1.16 
o.n 1.19 1.29 1.56 0.93 
2.43 0.24 0.58 1.61 3.43 
1.16 0.38 0.52 0.94 1.40 
2.44 0.20 0.54 1.58 3.44 
1.17 0.23 0.37 0.79 1.40 

0.43 0.76 0.82 1.00 0.60 
0.46 0.86 0.92 1.10 0.59 
0.42 1.23 1.29 1.46 0.59 
0.41 1.22 1.27 1.42 0.50 
0.43 0.88 0.94 1.12 0.61 
0.45 1.04 1.10 1.28 0.59 
0.42 1.41 1.47 1.64 0.59 
0.41 1.34 1.39 1.54 0.50 
1.20 0.24 0.41 0.91 1.68 
0.59 0.39 0.46 0.68 0.72 
1.18 0.22 0.39 0.90 1.69 
0.56 0.25 0.32 0.52 0.68 
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LATPLATPH 

MOTOROLA TECHNICAL DATA 

CMOS TIMING REQUIREMENTS 
(Input Edge Rate tr,tf=1.00ns) TJ= 25.0"C (Nominal) aU units are in ns. 

5V 

Sym Parameter Minimum Requirement 

LATP 

tsu Set Up Time, D to GB 0.50 

th Hold Time, GB to D -0.07 

Iw Pulse Width, GB(L) 0.62 

LATPH 

tsu Set Up Time, D to GB 0.66 

th Hold Time, GB to D -0.10 

Iw Pulse Width, GB(L) 0.75 

FUNCTIONAL DIAGRAM: LATP 

D 

DGL-'---' 
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Rev. 1.07 

3.3V 

Minimum Requirement 

0.79 

-0.08 

0.97 

0.99 

-0.11 

1.16 

.:>o--t::::> QB 

.:>o-C>Q 

*1Xfor LATP 
2XforLATPH 
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LATRN LATRNH 
_______ MOTOROLA TECHNICAL DATA _______ _ 

D-Type Latch with Reset 
Negative Gate Latched 1 x & 2x Drive 
(3.3V and 5V Core Voltage) 

LATRN 
LATRNH 

MACRO EQUIV. GATES FUNCTION TABLE 
LATRN 

LATRNH 

MACRO 

All 

6 
7 

Rev. 1.07 
OUTPUTSIINPUTS 

O,OB I RB,D,G 

INPUT CAP. 
D,G: 0.05pF 
RB:0.07pF 

CMOS SWITCHING CHARACTERISTICS 

D G RB a 
L H H L 
H H H H 
X L H a 
x x L L 

(Inpul Edge Rale Ir,tf=1.oons) T J= 25.0·C (Nominal) all unils are in ns. 
5V 

Sym Parameter FO::O FO=2 FO=8 

LATRN 
IplH Propagation Delay, 0.74 0.82 1.07 
IpHl DloO 0.58 0.66 0.90 
IpLH Propagation Delay, 0.71 0.79 1.04 
IpHl DloOB 0.96 1.03 1.26 
IpLH Propagalion Delay, 0.78 0.86 1.12 
IpHL GloO 0.75 0.83 1.07 
IplH Propagation Delay, 0.88 0.96 1.21 
IpHI GloOB 1.00 1.08 1.31 
IpLH Propagalion Delay, 0.72 0.81 1.06 
tpHL RBloO 0.28 0.36 0.59 
IpLH Propagation Delay, 0.43 0.51 0.76 
IpHL RBloOB 0.94 1.02 1.25 

Ir Outpul Rise Time, 0 0.24 0.48 1.20 
II OUlpul Fall Time, 0 0.26 0.38 0.73 
I, OUlpul Rise Time, OB 0.14 0.38 1.12 
II Oulput Fall Time, OB 0.16 0.27 0.62 

LATRNH 
IpLH Propagalion Delay, 0.77 0.82 0.95 
IpHI DloO 0.60 0.64 0.78 
IpLH Propagation Delay, 0.85 0.89 1.02 
IpHL DloOB 1.10 1.14 1.26 
tpLH Propagalion Delay, 0.82 0.86 1.00 
IpHL GloO 0.75 0.79 0.93 
IpLH Propagation Delay, 1.00 1.04 1.17 
IpHL GloOB 1.16 1.20 1.31 
Ipi Propagation Delay, 0.76 0.80 0.94 
IpHI RBloO 0.29 0.33 0.45 
IplH Propagalion Delay, 0.52 0.56 0.68 
IpHL RB 10 OB 1.10 1.14 1.26 

I Oulpul Rise Time, 0 0.27 0.39 0.74 
It Outpul Fall Time, 0 0.28 0.34 0.52 
I OUlpul Rise Time, OB 0.17 0.29 0.65 

It OUlpul Fall Time, OB 0.21 0.26 0.43 
Capacitance per fanout = 0.05 pF (metal capacitance Is not Included). 
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QB LATRN 
H 
L 

aB 
H 

Rev. 1.07 

I 3.3 V 

K (nsJpF) I FO=O FO=2 FO=8 K(nsJpF) 

0.84 0.97 1.09 1.45 1.19 
0.81 0.89 0.99 1.29 1.00 
0.83 1.05 1.17 1.52 1.16 
0.76 1.30 1.40 1.67 0.93 
0.85 1.09 1.21 1.57 1.19 
0.81 1.11 1.21 1.51 1.00 
0.83 1.28 1.39 1.74 1.16 
0.76 1.42 1.51 1.79 0.93 
0.85 0.96 1.08 1.44 1.20 
0.77 0.47 0.56 0.84 0.93 
0.83 0.65 0.77 1.11 1.16 
0.76 1.29 1.39 1.66 0.93 
2.40 0.31 0.65 1.67 3.40 
1.17 0.40 0.54 0.96 1.41 
2.44 0.19 0.54 1.58 3.45 
1.17 0.21 0.36 0.78 1.41 

0.45 1.02 1.08 1.28 0.64 
0.47 0.90 0.96 1.14 0.61 
0.41 1.24 1.30 1.48 0.59 
0.40 1.50 1.55 1.70 0.50 
0.45 1.13 1.20 1.39 0.64 
0.47 1.12 1.18 1.36 0.60 
0.42 1.47 1.52 1.70 0.59 
0.40 1.60 1.65 1.80 0.50 
0.46 1.01 1.07 1.26 0.64 
0.41 0.48 0.53 0.68 0.50 
0.42 0.76 0.81 0.99 0.59 
0.40 1.49 1.54 1.69 0.50 
1.18 0.31 0.48 0.98 1.68 
0.60 0.39 0.46 0.68 0.73 
1.20 0.22 0.39 0.90 1.70 
0.55 0.27 0.34 0.54 0.68 
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LATRN LATRNH 

MOTOROLA TECHNICAL DATA 

CMOS TIMING REQUIREMENTS 
(Input Edge Rate tr,tf=1.00ns) TJ= 25.00c (Nominal) all units are in ns. 

SV 

Sym Parameter Minimum Requirement 

LATRN 

tsu Set Up Time, D to G 0.83 

th Hold Time, G to D 0.14 

tree Recovery Time, RB to G 0.67 

tw Pulse Width, G(L) 0.02 

tw Pulse Width, G(H) 0.76 

tw Pulse Width, RB(L) 0.43 

tw Pulse Width, RB(H) 0.05 

LATRNH 

tsu Set Up Time, D to G 1.01 

th Hold Time, G to D 0.10 

tree Recovery Time, RS to G 0.84 

tw Pulse Width, G(L) 0.02 

tw Pulse Width, G(H) 0.94 

tw Pulse Width, RB(L) 0.54 

tw Pulse Width, RB(H) 0.05 

FUNCTIONAL DIAGRAM: LATRN 

VDD 

VDD 

G 

RBC)~----------------~ 
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3.3V 

Minimum Requirement 

1.12 

0.16 

0.95 

0.05 

1.12 

0.68 

0.10 

1.36 

0.11 

1.20 

0.05 

1.35 

0.83 

0.10 

a 

*1X for LATRN 
2X for LATRNH 
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LATRP LATRPH 
________ MOTOROLA TECHNICAL DATA _______ _ 

• 

D-Type Latch with Reset 
Positive Gate Latched 1 x & 2x Drive 
(3.3V and 5V Core Voltage) 

MACRO 
LATRP 

LATRPH 

MACRO 

All 

EQUIV. GATES 
6 
7 

Rev. 1.07 
OUTPUTSIINPUTS 
a,aB I RB,D,GB 

INPUT CAP. 
D,GB: 0.05pF 

RB:0.07pF 

CMOS SWITCHING CHARACTERISTICS 

0 

L 

H 
X 

X 

FUNCTION TABLE 
G RB 0 OB 

H H L H 
H H H L 
L H 0 OB 

X L L H 

(Inpul Edge Rale Ir,tf=1.00ns) T J= 25.00c (Nominal) all unils are in ns. 
5V I 3.3 V 

LATRP 
LATRPH 

o 0 

GB 
LATRP 

Rev. 1.07 

Sym Parameter FO=O FO=2 FO=8 K (nslpF) I FO::O FO=2 F0=8 K (nslpF) 

LATRP 

IpLH Propagation Delay, 0.73 0.82 1.07 
IpHL 0100 0.57 0.66 0.90 

!PLH Propagalion Delay, 0.71 0.79 1.04 
IpHI DloOB 0.95 1.03 1.26 
IpLH Propagalion Delay, 0.73 0.82 1.07 
IpHL GBloO 0.73 0.81 1.06 
IpLH Propagation Delay, 0.86 0.95 1.20 
tp~L GB 10 OB 0.96 1.03 1.26 
IplH Propagalion Delay, 0.72 0.80 1.06 
IpHL RBloO 0.28 0.36 0.59 
IpLH Propagation Delay, 0.43 0.51 0.76 
IpHL RBloOB 0.94 1.02 1.24 

I, OUlpul Rise Time, 0 0.24 0.48 1.20 
If OUlpul Fall Time, 0 0.26 0.38 0.73 
I, OUlpul Rise Time, OB 0.15 0.39 1.13 
If Oulput Fall Time, OB 0.15 0.27 0.62 

LATRPH 

IpLH Propagalion Delay, 0.77 0.81 0.95 
IpHI 0100 0.59 0.64 0.78 
IpLH Propagalion Delay, 0.85 0.89 1.01 
IpHL DloOB 1.10 1.14 1.26 
IpLH Propagalion Delay, 0.76 0.81 0.95 
IpHL GBloO 0.74 0.78 0.92 
IpLH Propagalion Delay, 0.98 1.02 1.15 
IPHI GBloOB 1.09 1.13 1.25 
IpLH Propagalion Delay, 0.75 0.80 0.93 
IpHL RBloO 0.29 0.33 0.45 
IpLH Propagalion Delay, 0.52 0.56 0.68 
IpHL RBloOB 1.09 1.13 1.25 

I Oulpul Rise Time, 0 0.27 0.39 0.74 
If OUlput Fall Time, 0 0.28 0.34 0.52 
I Oulpul Rise Time, OB 0.18 0.30 0.66 
I Oul,,-ut Fall Time, OB 0.21 0.26 0.43 

Capacitance per fanout = 0.05 pF (metal capacitance IS not included). 
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0.84 0.97 1.08 1.44 1.19 
0.81 0.88 0.98 1.28 1.00 
0.83 1.05 1.16 1.51 1.16 
0.76 1.29 1.39 1.67 0.93 
0.85 1.01 1.13 1.49 1.19 
0.81 1.09 1.19 1.49 1.00 
0.83 1.26 1.37 1.72 1.16 
o.n 1.34 1.43 1.71 0.93 
0.85 0.95 1.07 1.43 1.19 
o.n 0.47 0.56 0.84 0.93 
0.83 0.65 0.76 1.11 1.16 
0.76 1.30 1.39 1.67 0.93 
2.41 0.31 0.65 1.67 3.40 
1.16 0.39 0.53 0.95 1.40 
2.44 0.19 0.54 1.58 3.45 
1.17 0.23 0.37 0.79 1.41 

0.45 0.97 1.08 1.44 1.19 
0.46 0.88 0.98 1.28 1.00 
0.41 1.05 1.16 1.51 1.16 
0.40 1.29 1.39 1.67 0.93 
0.45 1.01 1.13 1.49 1.19 
0.46 1.09 1.19 1.49 1.00 
0.42 1.26 1.37 1.72 1.16 
0.40 1.34 1.43 1.71 0.93 
0.46 0.95 1.07 1.43 1.19 
0.41 0.47 0.56 0.84 0.93 
0.42 0.65 0.76 1.11 1.16 
0.40 1.30 1.39 1.67 0.93 
1.18 0.31 0.65 1.67 3.40 
0.59 0.39 0.53 0.95 1.40 
1.20 0.19 0.54 1.58 3.45 
0.55 0.23 0.37 0.79 1.41 \ 
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LATRP LATRPH 

MOTOROLA TECHNICAL DATA 

CMOS TIMING REQUIREMENTS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0"C (Nominal) all units are in ns. 

5V 

Sym Parameter Minimum Requirement 

LATRP 

tsu Set Up Time, D to GB 0.71 

th Hold Time, GB to D -0.02 

tree Recovery Time, RB to GB 0.08 

tw Pulse Width, GB(L) 0.72 

tw Pulse Width, GB,RB(H) 0.04 

tw Pulse Width, RB(L) 0.59 

LATRPH 

tsu Set Up Time, D to GB 0.88 

th Hold Time, GB to D -0.05 

tree Recovery Time, RB to GB 0.19 

tw Pulse Width, GB(L) 0.88 

tw Pulse Width, GB,RB(H) 0.04 

tw Pulse Width, RB(L) 0.75 

FUNCTIONAL DIAGRAM: LATRP 

GB 

RB~~------------------~ 

H4CPlus Series Design Reference Guide 

Rev. 1.07 

3.3V 

Minimum Requirement 

0.96 

-0.08 

0.21 

1.04 

0.03 

0.87 

1.21 

-0.13 

0.34 

1.28 

0.04 

1.10 

aB 

*lX for LATRP 
2X for LATRPH 
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LAT4TH 
_______ MOTOROLA TECHNICAL DATA _______ _ 

I 

4- Bit D-Type Latch, 
with 3-State Output 2x Drive 
(3.3V and 5V Core Voltage) 

EQUIV. GATES 

23 
Rev. 1.07 

OUTPUTSIINPUTS 

QO-Q3 f 00-03,LE,OE 

INPUT CAP. 

OD-03,lE,OE: 0.05pF 

OUTPUT CAP. 

00-03: 0.06pF 

CMOS SWITCHING CHARACTERISTICS 

FUNCTION TABLE 
On LE OE Q 

L H H L 
H H H H 
X L H Q 

X X L Z 

(Input Edge Rate tr,tf=1.00ns) T J= 25.00C (Nominal) all units are in ns. 
5V 

Sym Parameter FO=O F0=2 FO=8 

LAT4TH 

tpLH Propagation Delay, DO to ao & 01 0.80 0.84 0.97 
tpHL to a1 & 02 to a2 & 03 to a3 0.82 0.93 1.25 
tpLH Propagation Delay, 1.34 1.38 1.51 
tpHL lEtoaO-a3 1.13 1.24 1.56 
tpLZ Propagation Delay, 0.92 0.92 0.92 
ipZL OEto aO-Q3 0.85 0.97 1.32 
tp7H Propagation Delay, 1.19 1.24 1.36 
tpHZ OEto aO-a3 0.89 0.89 0.89 

t, Output Rise Time, aO-a3 0.15 0.26 0.62 
It Output Fall Time, aO-a3 0.41 0.59 1.15 

Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

CMOS TIMING REQUIREMENTS 

I 
K (nslpF) I FO=O FO=2 

0.43 1.18 1.24 
1.08 1.14 1.29 
0.43 1.89 1.95 
1.08 1.59 1.73 
0.00 1.10 1.10 
1.18 1.17 1.32 
0.43 1.56 1.62 
0.00 1.17 1.17 
1.19 0.15 0.32 
1.87 0.52 0.76 

LAT4TH 

ao 
a1 
a2 

DO 
01 
02 
03 a3 

LAT4TH 

Rev. 1.07 

3.3 V 

FO=8 K (nslpF) 

1.41 0.59 
1.71 1.43 
2.12 0.59 
2.16 1.42 
1.10 0.00 
1.79 1.55 
1.80 0.59 
1.17 0.00 
0.84 1.71 
1.48 2.39 

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07 

5V 3.3V 

Sym Parameter Minimum Requirement Minimum Requirement 

LAT4TH 

tsu Set Up Time, 00-03 to LE 0.38 0.95 

th Hold Time, LE to 00-03 0.54 1.04 

Iw Pulse Width, LE(L) 0.07 0.10 

tw Pulse Width, LE(H) 0.86 1.26 
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MOTOROLA TECHNICAL DATA 

FUNCTIONAL DIAGRAM: LAT4TH 

DO 

~t------DQ1 

01 

L....t----DQ2 

02 

L....t----DQ3 

03 

OE 
LEo---(> 

H4CPlus Series Design Reference Guide 
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LSSD1AH 
_______ • MOTOROLA TECHNICAL DATA _______ _ 

II 

D-Type Latch with Scan 
into a D-Type Latch 1x & 2x Drive 

FUNCTION TABLE 

MACRO EQUIV. GATES I D SCLK SDI ACLK Ql Q1B 

LSSDIAH 14 I L H X X L H 

Rev. 1.07 H H X X H L 

MACRO OUTPUT8nNPUTS X L L H L H 

01,01 B,02,Q2B I x L H H H L 
LSSDIAH D,SCLK,SDI,ACLK,BCLK x L X L Ql Q1B 

MACRO INPUT CAP. BCK Ql Q2 Q2B 
L X Q2 Q2B 
H L L H 

LSSDIAH ACLK,BCLK,D,SCLK,SDI: 
O.OSpF 

H H H L 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.O"C (Nominal) all units are in ns. 

Sym Parameter 
5.0 V 

FO=O FO=2 F0=8 

LSSD1AH 

tpLH Propagation Delay, 1.05 1.10 1.23 
tpHL ACLKtoQl 1.25 1.31 1.47 
tpLH Propagation Delay, 1.59 1.63 1.75 
tpHL ACLKtoQ1B 1.41 1.46 1.58 
tpLH Propagation Delay, 1.92 1.96 2.10 
tpHL ACLKto Q2 2.18 2.23 2.38 
tpLH Propagation Delay, 2.45 2.49 2.62 

tpHL ACLKtoQ2B 2.22 2.26 2.38 
tpLH Propagation Delay, 0.77 0.81 0.95 

tpHL BCLKto Q2 0.79 0.84 0.99 

tpLH Propagation Delay, 1.05 1.09 1.22 
tpHL BCLKto Q2B 1.08 1.12 1.24 
tpLH Propagation Delay, 0.53 0.57 0.70 
tpHL DtoQl 0.66 0.71 0.84 
tpLH Propagation Delay, 0.98 1.02 1.14 
tpHL DtoQ1B 0.83 0.87 1.00 

IpLH Propagation Delay, 1.35 1.39 1.53 
tpHL DtoQ2 1.55 1.60 1.75 
tpLH Propagation Delay, 1.82 1.87 1.99 

tpHL DtoQ2B 1.64 1.68 1.80 
tpLH Propagation Delay, 0.81 0.86 0.99 
tpHL SCLKtoQl 0.89 0.94 1.08 
tpLH Propagation Delay, 1.19 1.23 1.35 
tpHI SCLKtoQ1B 1.13 1.17 1.30 
tpLH Propagation Delay, 1.75 1.80 1.94 
tpHL SCLKtoQ2 1.94 2.00 2.15 
tpLH Propagation Delay, 2.22 2.26 2.39 
tpHL SCLKtoQ2B 2.07 2.11 2.23 
tpLH Propagation Delay, 0.80 0.85 0.99 

IpHL SOl toQl 1.02 1.08 1.24 
Capacitance per fanout = 0.05 pF (metal capacitance is not Included). 

MOTOROLA 
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MODE 

NORMAL 

SCAN 

NOR/SCAN 

K (nslpF)1 FO=O FO=2 

0.46 1.36 1.42 
0.54 1.82 1.89 
0.42 2.27 2.33 
0.40 1.88 1.93 
0.45 2.57 2.63 
0.50 3.23 3.29 
0.41 3.58 3.64 
0.40 3.02 3.07 
0.44 1.07 1.13 
0.49 1.19 1.25 
0.42 1.54 1.60 
0.40 1.51 1.56 
0.43 0.71 0.77 
0.46 0.99 1.05 
0.41 1.43 1.49 
0.41 1.13 1.18 
0.46 1.86 1.92 
0.49 2.30 2.37 
0.42 2.72 2.77 
0.40 2.25 2.30 
0.43 1.03 1.09 
0.46 1.24 1.30 
0.42 1.63 1.68 
0.41 1.50 1.55 
0.46 2.33 2.39 
0.52 2.80 2.87 
0.42 3.18 3.24 
0.40 2.79 2.84 
0.46 1.06 1.13 
0.55 1.58 1.65 

LSSD1AH 

o 
SCK 

LSSD1AH 

SOl 

ACLK 

BCLK 

Rev 107 
3.3 V 

FO=8 K (nslpF) 

1.62 0.66 
2.11 0.73 
2.51 0.60 
2.09 0.51 
2.82 0.64 
3.48 0.65 
3.82 0.59 
3.22 0.50 
1.32 0.62 
1.44 0.63 
1.78 0.58 
1.71 0.50 
0.95 0.61 
1.22 0.59 
1.66 0.59 
1.33 0.50 
2.11 0.64 
2.56 0.65 
2.95 0.59 
2.45 0.50 
1.27 0.61 
1.48 0.59 
1.86 0.59 
1.70 0.50 
2.59 0.65 
3.07 0.69 
3.41 0.59 
2.99 0.50 
1.33 0.67 
1.87 0.73 
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LSS01AH 

MOTOROLA TECHNICAL DATA 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr tf=1 OOns) T J= 25 OOC (Nominal) all units are in ns , 

Sym Parameter 
5.0 V 

FO=O FO=2 FO=8 K(nslpF} 

tpLH Propagation Delay, 1.40 1.44 1.56 0.42 

tpHL SOlto01B 1.13 1.17 1.30 0.41 
tpLH Propagation Delay, 1.66 1.71 1.84 0.46 
tpHI 501 to 02 1.97 2.02 2.17 0.49 
tpLH Propagation Delay, 2.27 2.31 2.44 0.42 
tpHL SOlto02B 1.93 1.97 2.09 0.41 

t, Output Rise Time, 01 0.31 0.43 0.79 1.19 
tf Output Fall Time, 01 0.50 0.56 0.74 0.60 
t, Output Rise Time, 01 B 0.20 0.32 0.68 1.19 
tf Output Fall Time, 01 B 0.25 0.31 0.48 0.57 
t, Output Rise Time, 02 0.25 0.37 0.73 1.19 
tf Output Fall Time, 02 0.40 0.46 0.64 0.60 
t, Output Rise Time, 02B 0.18 0.30 0.66 1.20 
tf Output Fall Time, 02B 0.19 0.24 0.41 0.57 

CapacHance per fanout = 0.05 pF (metal capacitance IS not Included). 

CMOS TIMING REQUIREMENTS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

5V 

Sym Parameter Minimum Requirement 

LSSD1AH 

tsu Set Up Time, 501 to ACLK 1.27 

tsu Set Up Time, ACLK to BCLK 2.26 

tsu Set Up Time, 0 to BCLK 1.57 

tsu Set Up Time, SCLK to BCLK 2.03 

tsu Set Up Time, 501 to BCLK 2.01 

tsu Set Up Time, 0 to SCLK 1.02 

th Hold Time, ACLK to 501 -0.25 

th Hold Time, BCLK to ACLK -1.33 

th Hold Time, BCLK to 0 -0.07 

th Hold Time, BCLK to SCLK -1.18 

th Hold Time, BCLK to 501 -0.32 

th Hold Time, SCLK to 0 0.00 

tw Pulse Width, ACLK(H) 2.77 

tw Pulse Width, BCLK(H) 1.50 

Iw Pulse Width, SCLK(H) 2.38 

H4CPlus Series Design Reference Guide 

Rev 107 
3.3 V 

FO=O FO=2 FO=8 K (nslpF) 
2.11 2.17 2.34 0.59 
1.53 1.58 1.74 0.51 
2.28 2.34 2.53 0.64 
2.99 3.05 3.25 0.65 
3.40 3.46 3.64 0.59 
2.67 2.72 2.87 0.50 
0.37 0.54 1.04 1.67 
0.64 0.72 0.95 0.77 
0.26 0.43 0.94 1.68 
0.28 0.35 0.55 0.68 
0.33 0.50 1.01 1.68 
0.52 0.60 0.82 0.76 
0.22 0.39 0.90 1.68 
0.26 0.33 0.54 0.69 

Rev. 1.07 

3.3V 

Minimum Requirement 

2.01 

3.33 

2.36 

2.92 

3.06 

1.58 

-0.34 

-1.71 

0.01 

-1.44 

-0.34 

0.Q1 

2.77 

1.50 

2.38 
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LSSD1AH 
_______ MOTOROLA TECHNICAL DATA ____ ---. 

FUNCTIONAL DIAGRAM: LSSD1A 

DLJ------------~ 

SCLK C>---I 

SDI LJ------------i 

ACLKrJ---I 

BCLKC>---I 

MOTOROLA 
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~------C> Q1 

~-------------__[J Q1B 

:x>-----C> Q2 

:>O---LJQ2B 

*2X for LSSD1AH 
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MOTOROLA TECHNICAL DATA 

4-Bit Magnitude Comparator 
(3.3 V and 5 V Core Voltage) 

MACRO 

MCOMP4 

MACRO 

MCOMP4 

EQUIV. GATES 

35 
Rev 107 .. 

OUTPUTsnNPUTS 

AEO,ALO I AO-
AS,BO-B3 

INPUT CAP. 

AO·A3: O.l6pF 
BO-B3: O.lOpF 

AOBO 
X 

X 

X 

X 

X 

X 

AO<BO 
Al>Bl 
Al=Bl 

Al Bl 
X 

X 

X 

X 

Al<Bl 
Al>Bl 
Al=Bl 
Al=Bl 
Al=Bl 

CMOS SWITCHING CHARACTERISTICS 

FUNCTION TABLE 

A2B2 A3B3 
X A3<B3 
X A2>B2 

A2<B2 A3=B3 
A2>B2 A3=B3 
A2=B2 A3=B3 
A2=B2 A3=B3 
A2=B2 A3=B3 
A2=B2 A3=B3 
A2=B2 A3=B3 

(Input Edge Rate tr tf=l OOns) T J= 250°C (Nominal) all units are in ns , 
5V 

Sym Parameter FO=O FO=2 FO=8 

MCOMP4 

tpLH Propagation Delay, 0.91 0.96 1.09 

tpHL AOto AEO 0.78 0.83 0.95 

tPLH Propagation Delay, 0.83 0.87 1.01 
tpHI AOto ALO 0.59 0.67 0.90 
tpLH Propagation Delay, 0.97 1.01 1.15 
tpHL Al toAEO 0.81 0.85 0.98 

tpLH Propagation Delay, 0.93 0.98 1.12 

tpHL Al toALO 0.84 0.92 1.15 

Ipili Propagation Delay, 1.10 1.15 1.28 
tpHI A2 to AEO 0.87 0.91 1.03 
tpLH Propagation Delay, 0.78 0.82 0.95 
tpHl A2to ALO 0.92 1.00 1.23 
tpLH Propagation Delay, 1.11 1.15 1.28 
tpHl A3toAEO 0.83 0.87 0.99 

tpLH Propagation Delay, 0.72 0.76 0.89 
tpHI A3toALO 0.86 0.93 1.17 
tpLH Propagation Delay, 0.86 0.90 1.04 
tpHL BOto AEO 0.69 0.73 0.86 
tpLH Propagation Delay, 1.00 1.05 1.19 
tpHl BOtoALO 0.72 0.80 1.03 
tpLH Propagation Delay, 0.92 0.97 1.11 

IpHl Bl toAEO 0.73 0.77 0.89 
tpLH Propagation Delay, 1.04 1.09 1.22 
tpHl Bl toALO 0.78 0.86 1.09 
tpLH Propagation Delay, 1.01 1.06 1.19 
tpHl B2to AEO 0.76 0.81 0.93 
tpLH Propagation Delay, 0.96 1.00 1.13 
tpHL B2to ALO 1.03 1.11 1.34 
tpLH Propagation Delay, 1.02 1.06 1.20 
tpHI B3toAEO 0.74 0.78 0.90 

Capacitance per fanout = 0.05 pF (metal cepacitance is not Includ~). 

H4CPlus Series Design Reference Guide 

AEO ALO 
L H 
L L 
L H 
L L 
L H 
L L 
L H 
L L 
H L 

I 
K (nslpF) 1 FO=O 

0.46 1.32 
0.41 1.12 
0.45 1.17 
0.78 0.85 
0.45 1.39 
0.41 1.15 
0.46 1.34 
0.77 1.18 
0.45 1.58 
0.40 1.22 
0.43 1.11 
0.77 1.35 
0.45 1.58 
0.40 1.16 
0.42 1.03 
0.78 1.28 
0.45 1.21 
0.41 1.00 
0.45 1.42 
0.78 1.02 
0.45 1.32 
0.41 1.03 
0.43 1.50 
0.78 1.09 
0.45 1.45 
0.40 1.07 
0.42 1.37 
0.78 1.52 
0.46 1.46 
0.40 1.03 

FO=2 

1.39 
1.17 
1.23 
0.96 
1.46 
1.20 
1.41 
1.28 
1.65 
1.27 
1.17 
1.46 
1.64 
1.21 
1.09 
1.39 
1.27 
1.05 
1.49 
1.13 
1.38 
1.08 
1.56 
1.20 
1.51 
1.12 
1.43 
1.62 
1.53 
1.08 

MCOMP4 

MCOMP4 

MCOMP4 

AO 

BO 

3_3 V 

FO=8 

1.58 
1.32 
1.42 
1.28 
1.65 
1.35 
1.60 
1.60 
1.84 
1.41 
1.35 
1.78 
1.83 
1.36 
1.27 
1.71 
1.46 
1.20 
1.68 
1.44 
1.58 
1.23 
1.74 
1.52 
1.71 
1.26 
1.61 
1.95 
1.72 
1.23 

AEO 

Rev. 1.07 

K(nslpF) 

0.64 
0.51 
0.64 
1.06 
0.64 
0.50 
0.65 
1.05 
0.64 
0.49 
0.60 
1.07 
0,64 
0.48 
0.59 
1.07 
0.64 
0.51 
0.64 
1.05 
0.64 
0.50 
0.61 
1.06 
0.65 
0.49 
0.60 
1.07 
0.65 
0.49 
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MCOMP4 

_ •••••• _ MOTOROLA TECHNICAL DATA •••••••• 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rale Ir 1f=1 OOns) T J= 25 oae (Nominal) all unils are in ns , Rev. 1.07 

5V 3.3 V 
Sym Parameter FO=O F0=2 FO=8 K (nslpF) FO=O FO=2 FO=8 K(nslpF) 

IpLH Propagation Delay, 1.06 1.11 1.24 0.43 1.54 1.61 1.79 0.61 
IpHL B310 ALO 1.03 1.11 1.34 0.77 1.47 1.58 1.90 1.06 

t, Output Rise Time, AEO 0.28 0.40 0.75 1.18 0.35 0.51 1.02 1.68 
tf Output Fall Time, AEO 0.25 0.31 0.48 0.57 0.30 0.37 0.58 0.69 
I, Oulput Rise Time, ALO 0.39 0.51 0.87 1.19 0.50 0.67 1.18 1.69 
It Output Fall Time, ALO 0.37 0.51 0.93 1.39 0.45 0.63 1.17 1.82 

Capacitance per fanout = 0.05 pF (metal capacitance Is not Included). 

FUNCTIONAL DIAGRAM: MCOMP4 

MOTOROLA 
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J----------r~ AEO 

ALO 
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MOTOROLA TECHNICAL DATA 

2-1 Multiplexer, 1X Drive 
(3.3 V and 5 V Core Voltage) 

MACRO 

MUX2A 

EQUIV. GATES 

3 
Rev. 1.07 

OUTPUT5nNPUTS 

X/A,SL,B 

INPUT CAP. 

A,B:0.05pF 
SL: O.llpF 

CMOS SWITCHING CHARACTERISTICS 

FUNCTION TABLE 

A B SL X 

L X L L 
H X L H 
X L H L 
X H H H 

(Input Edge Rate tr tf=1 OOns) T J= 25 o"c (Nominal) all units are in ns , 
5V I 

Sym Parameter FO=O FO=2 FO=8 K (nsJpF) I FO=O 

MUX2A 

tpLH Propagation Delay, 0.45 0.54 0.78 0.83 0.61 

tpHL A,BtoX 0.48 0.56 0.79 0.78 0.71 
tpLH Propagation Delay, 0.36 0.44 0.69 0.83 0.49 
tpHL SLtoX 0.42 0.49 0.73 0.77 0.62 

tr Output Rise Time, X 0.15 0.40 1.13 2.43 0.21 

tf Output Fall Time, X 0.22 0.34 0.69 1.17 0.30 
Capacitance per fanout = 0.05 pF (metal capaCitance IS not Included). 

FUNCTIONAL DIAGRAM: MUX2A 

A 

A 

AL;----+-I 
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FO=2 

0.73 
0.81 
0.60 
0.71 
0.56 
0.44 

MUX2A 

MUX2A 

MUX2A 

3.3 V 

FO=8 

1.08 
1.09 
0.95 
0.99 
1.59 
0.86 

x 

Rev. 1.07 

K (nslpF) 

1.16 
0.95 
1.16 
0.95 
3.44 
1.41 

MOTOROLA 
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MUX2H 

MOTOROLA TECHNICAL DATA ••••••• _ 

2- Input Multiplexer, 2X Drive 
(3.3 V and 5 V Core Voltage) 

EQUIV. GATES FUNCTION TABLE 

MACRO 

MUX2H 

3 
Rev. 1.07 

OUTPUTsnNPUTS 

X/A,SL,B 

INPUT CAP. 

A,B: 0.12pF 
SL: 0.10pF 

CMOS SWITCHING CHARACTERISTICS 

A B SL 

L X L 

H X L 

X L H 
X H H 

(Input Edge Rate tr tf=1 OOns) T J= 250°C (Nominal) all units are in ns , 
5V 

Sym Parameter FO=O F0=2 F0=8 

MUX2H 

tpLH Propagation Delay, 0.38 0.42 0.55 
tpHL A,BtoX 0.37 0.41 0.53 
tplii Propagation Delay, 0.49 0.53 0.65 
tpHI SLtoX 0.56 0.59 0.71 

t, Output Rise Time, X 0.11 0.23 0.59 
t, Output Fall Time, X 0.14 0.20 0.37 

Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

X 

L 

H 
L 

H 

MUX2H 

MUX2H 

x 

Rev. 1.07 

I 3.3 V 

K (nslpF) I FO=O FO=2 FO=8 K (nslpF) 

0.41 0.52 0.58 0.76 0.59 
0.39 0.53 0.58 0.72 0.47 
0.41 0.69 0.75 0.93 0.58 
0.39 0.79 0.84 0.98 0.48 
1.21 0.16 0.33 0.84 1.72 
0.57 0.19 0.26 0.47 0.69 

FUNCTIONAL DIAGRAM: MUX2H 

MOTOROLA 
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AL>--t--I 

B D--I---I 

SL U--6--...... .......I 
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MOTOROLA TECHNICAL DATA 

2- Input Multiplexer, Inverting Output, 2X Drive 
(3.3 V and 5 V Core Voltage) 

MACRO 

MUX21H 

EQUIV. GATES 

3 
Rev. 1.07 

OUTPUTSJINPUTS 

XB/A,B,SL 

INPUT CAP. 

A,B:0.16pF 
SL: O.llpF 

CMOS SWITCHING CHARACTERISTICS 

FUNCTION TABLE 

A B SL XB 

L X L H 
H X L L 
X L H H 
X H H L 

(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 
5V I 

Sym Parameter FO=O FO=2 FO=8 K (ns/pF) I FO=O 

MUX21H 

tpLH Propagation Delay, 0.17 0.21 0.34 0.42 0.25 

tpHL A,BtoX 0.25 0.29 0.41 0.41 0.39 
tpLH Propagation Delay, 0.32 0.36 0.49 0.41 0.51 

tpHL SLtoX 0.38 0.42 0.54 0.40 0.53 
t, Output Rise Time, X 0.17 0.29 0.65 1.21 0.19 

It Output Fall Time, X 0.21 0.27 0.44 0.58 0.26 
CapaCitance per fanout = 0.05 pF (metal capacitance IS not Included). 

FUNCTIONAL DIAGRAM: MUX2IH 

A U----+-f 

B U-tl----+-I 

SLO.......L---4-..1 
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F0=2 

0.30 
0.44 
0.57 
0.57 
0.36 
0.33 

MUX21H 

MUX21H 

MUX21H 

3.3 V 

FO=8 

0.48 
0.58 
0.74 
0.72 
0.87 
0.54 

x 

Rev. 1.07 

K(nsJpF) 

0.59 
0.48 
0.58 
0.48 
1.70 
0.69 
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MUX4H 

••••••• _ MOTOROLA TECHNICAL DATA ••••••• _ 

4-1 Multiplexer, 2X Drive 
(3.3 V and 5 V Core Voltage) 

MACRO 

MUX4H 

EQUIV. GATES 

7 
Rev. 1.07 

OUTPUTsnNPUTS 

X I A·O,SlO,Sll 

INPUT CAP. 

A·O,Sl1: 0.12pF 
SlO: 0.16pF 

A 

L 

H 
X 

X 

X 

X 

X 

X 

CMOS SWITCHING CHARACTERISTICS 

B 

X 

X 

L 

H 
X 

X 

X 

X 

FUNCTION TABLE 

C D SLI SLD 

X X L L 

X X L L 

X X L H 
X X L H 
L X H L 

H X H L 

X L H H 
X H H H 

(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 
5V 

X 

L 

H 
L 

H 
L 

H 
L 

H 

I 3.3 V 

MUX4H 

A MUX4H 

B 
C 
D x 

Rev. 1.07 

Sym Parameter FO=O FO=2 FO=8 K (nslpF) I FO=O FO=2 FO=8 K (nslpF) 

MUX4H 

tpLH Propagation Delay, 0.57 0.62 0.74 0.43 
tpHl A·DtoX 0.57 0.62 0.75 0.44 

tpLH Propagation Delay, 0.70 0.74 0.87 0.43 

tpHl SLOtoX 0.80 0.84 0.97 0.44 
tpLH Propagation Delay, 0.40 0.45 0.57 0.43 
tpHI SL1 toX 0.45 0.49 0.62 0.44 

t Output Rise Time, X 0.19 0.31 0.67 1.20 

it Output Fall Time, X 0.24 0.30 0.48 0.59 
CapaCitance per fanout = 0.05 pF (metal capac~ance IS not Included). 

MOTOROLA 

7·294 

FUNCTIONAL DIAGRAM: MUX4H 

0.82 0.87 1.05 0.59 
0.85 0.91 1.08 0.56 
0.99 1.05 1.23 0.60 
1.18 1.23 1.40 0.56 
0.54 0.60 0.78 0.60 
0.69 0.74 0.91 0.55 
0.22 0.39 0.89 1.69 
0.34 0.41 0.62 0.71 

X 
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MOTOROLA TECHNICAL DATA 

4-BIT, 2-lnput Multiplexer, 1X & 2X Drive 
(3.3 V and 5 V Core Voltage) 

MACRO EQUIV. GATES 

MUX41A 12 FUNCTION TABLE 
MUX41AH 

MACRO 

All 

MACRO 

All 

14 
Rev 107 

OUTPUTSJINPUTS 

XO-X3/ 
AO,BO,A 1,B1,A2,B2,A3,B3,SL 

INPUT CAP. 

AO-A3,BO-B3: 0.12pF 
SL: 0.05pF 

CMOS SWITCHING CHARACTERISTICS 

An Bn SL 

L X L 

H X L 

X L H 

X H H 

(Input Edge Rate tr tf=l OOns) T J= 25 Ooc (Nominal) all units are in ns , 

Xn 

L 

H 

L 

H 

MUX41 A MUX41AH 

MUX41 A 
MUX41AH 

AOMUX41A 

BO XO 

Bl 

B2 
A3 

B3 

SL 

Xl 

Rev. 1.07 

5V I 3.3 V 

Sym Parameter FO=O FO=2 FO=8 K (nsJpF) FO=O FO=2 FO=8 

MUX41 A 

~ Propagation Delay, AO,BO to XO & Al, 0.33 0.41 0.66 0.82 0.48 0.59 0.94 
tpHI Bl to Xl & A2,B2 to X2 & A3,B3 to X3 0.32 0.39 0.62 0.75 0.46 0.55 0.82 

~ 
Propagation Delay, 0.96 1.05 1.30 0.83 1.31 1.42 1.77 
SL toXO 0.79 0.87 1.10 0.76 1.38 1.47 1.74 

~ 
Propagation Delay, 0.91 1.00 1.25 0.83 1.30 1.41 1.76 
SL toXl-X3 0.95 1.02 1.21 0.63 1.37 1.45 1.69 

t, Output Rise Time, XO-X3 0.15 0.39 1.12 2.45 0.18 0.53 1.56 
tf Output Fall Time, XO-X3 0.12 0.24 0.60 1.19 0.17 0.32 0.74 

MUX41AH 

~ Propagation Delay, 0.38 0.42 0.55 0.41 0.53 0.58 0.76 

tE'HL AO to XO 0.37 0.41 0.53 0.39 0.53 0.58 0.72 

~ 
Propagation Delay, A 1 ,Bl to Xl & A2, 0.38 0.38 0.38 0.00 0.53 0.53 0.53 
B2 to X2 & A3,B3 to X3 & BO to XO 0.37 0.37 0.37 0.00 0.53 0.53 0.53 

~ 
Propagation Delay, 0.93 0.93 0.93 0.00 1.31 1.31 1.31 
SL toXO-X3 1.00 1.00 1.00 0.00 1.39 1.39 1.39 

tr Output Rise Time, XO 0.11 0.24 0.60 1.21 0.16 0.33 0.84 

tf Output Fall Time, XO 0.15 0.21 0.38 0.56 0.20 0.26 0.47 
t Output Rise Time, Xl-X3 0.11 0.12 0.12 0.01 0.16 0.16 0.17 
tf Output Fall Time, X1-X3 0.15 0.15 0.15 0.01 0.20 0.20 0.20 

Capacitance per fanout = 0.05 pF (melal capacitance IS not Included). 

FUNCTIONAL DIAGRAM: MUX41A 

rr--------, ~SLB 
I SL SLI 

An~H--t---I 

SLBL..,;>-I--t---t 

BnO ........ -t---I 

SLlUH-~-....I 
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--- one bit 
*lX for MUX41A 
2X for MUX41AH 

K (nsJpF) 

1.16 
0.90 
1.16 
0.91 
1.16 
0.78 
3.45 
1.42 

0.58 
0.47 
0.01 
0.00 
0.01 
0.00 
1.70 
0.68 
0.02 
0.01 
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MUX8AH 

••••••• _ MOTOROLA TECHNICAL DATA •• _ •••• _ 

8-lnput Multiplexer, 2X Drive 
(3.3 V and 5 V Core Voltage) 

EQUIV. GATES 

18 

Rev. 1.07 
OUTPUTSIINPUTS 

X I OD-07,SLO·SL2 

MACRO INPUT CAP. 

MUX8AH DO·07,SL1:0.12pF 
SLO,SL2: 0.05pF 

CMOS SWITCHING CHARACTERISTICS 

SL2 
L 
L 
L 
L 
H 
H 
H 
H 

SLl SLO X 

L L DO 
L H 01 

H L 02 

H H 0:3 

L L D4 

L H 05 

H L 06 

H H 07 

(Input Edge Rate tr tf=l OOns) T J= 25 O"C (Nominal) all units are in ns , 
sv 

Sym Parameter FO=O FO=2 FO=8 

MUX8AH 

tpLH Propagation Delay, 0.81 0.86 0.99 
tplil. 00-03 to X 0.80 0.85 1.00 
tplH Propagation Delay, 0.78 0.82 0.95 
tpHL 04·07 to X 0.76 0.81 0.96 
tplH Propagation Delay, 1.12 1.17 1.30 
tpHL SLOtoX 1.24 1.29 1.44 
tpLH Propagation Delay, 0.83 0.87 1.01 
tf>H1. SLl to X 0.85 0.90 1.05 
tplH Propagation Delay, 0.68 0.73 0.86 
tpHL SL2toX 0.74 0.79 0.93 

t, Output Rise Time, X 0.24 0.36 0.72 
It Output Fall Time, X 0.37 0.43 0.61 

Capacitance per fanout = 0.05 pF (metal capacitance 18 not included). 

MOTOROLA 
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I 
K (ns/pF) I FO=O FO=2 

0.44 1.13 1.19 
0.50 1.24 1.31 
0.43 1.08 1.15 
0.50 1.18 1.25 
0.44 1.55 1.61 
0.50 1.85 1.92 
0.44 1.16 1.22 
0.51 1.32 1.39 
0.44 0.95 1.01 
0.49 1.11 1.18 
1.19 0.30 0.56 
0.62 0.71 0.81 

MUX8AH 

MUX8AH 
DO 
01 
02 
03 
04 
05 
06 

x 
07 
SLO 
SL1 
SL2 

Rev. 1.07 
3.3 V 

FO=8 K(ns/pF) 

1.38 0.63 
1.51 0.68 
1.33 0.62 
1.45 0.66 
1.80 0.63 
2.12 0.68 
1.41 0.63 
1.59 0.68 
1.19 0.62 
1.37 0.65 
1.36 2.65 
1.11 1.01 
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MOTOROLA TECHNICAL DATA 

FUNCTIONAL DIAGRAM: MUX8AH 

DO [J--+--I 

01L>--f--1 

")()--C>X 

02n---I-I 

03 [J.--f--I 

04 U---+-I 
~--------~-<~s~ 

05D--i-i 

060---+-1 
~+-----~----------~SL1 

070---+-1 

~-------------<~SLO 
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II 

MX41 MX41H 
MOTOROLA TECHNICAL DATA _______ • 

4-lnput Multiplexer with Individual Selects 
1X & 2X Drive 
(3.3 V and 5 V Core Voltage) 

MX41 
MX41H 

FUNCTION TABLE 
MX41 

AO 
MACRO 

MX41 
MX41H 

MACRO 

All 

EQUIV. GATES 

5 
6 

Rev 107 
OUTPUTSJINPUTS 

XI 
A.SlA.B,SlB,C,SlC,D,SlD 

INPUT CAP. 

A-D,SLA-SlD: 0.05pF 

A'SLA 

H 
X 

X 

X 

L 

CMOS SWITCHING CHARACTERISTICS 

B'SLB C'SLC 

X X 

H X 

X H 
X X 

L L 

(Input Edge Rate tr 1f=1 oons) T J= 25 OOC (Nominal) all units are in ns , 
5V 

Sym Parameter FO=O FO=2 FO=8 

MX41 

tpLH Propagation Delay, 0.50 0.58 0.83 
tpHI AtoX 0.58 0.70 1.04 
tpLH Propagation Delay, 0.40 0.48 0.73 
tpHL BtoX 0.43 0.54 0.88 
tpLH Propagation Delay, 0.53 0.61 0.86 

!PlIL CtoX 0.54 0.66 1.00 
tpLH Propagation Delay, 0.42 0.50 0.75 
tpHL DtoX 0.40 0.51 0.85 
tpLH Propagation Delay, 0.52 0.60 0.85 
tpHL SLAtoX 0.49 0.60 0.95 
tpLH Propagation Delay, 0.39 0.47 0.72 
IpHI SLBtoX 0.52 0.63 0.97 
tpLH Propagation Delay, 0.55 0.63 0.88 
tpHl SLCtoX 0.45 0.57 0.91 
tpLH Propagation Delay, 0.40 0.48 0.73 
tpHL SLDtoX 0.49 0.60 0.94 

tr Output Rise Time, X 0.26 0.51 1.24 
tf Output Fall Time, X 0.26 0.46 1.05 

MX41H 

tpLH Propagation Delay, 0.44 0.48 0.61 
IpHL AtoX 0.47 0.53 0.71 
tpLH Propagation Delay, 0.54 0.58 0.71 
tpHI BtoX 0.52 0.58 0.76 
tplH Propagation Delay, 0.49 0.53 0.66 
tpHl CtoX 0.49 0.55 0.72 
tpLH Propagation Delay, 0.59 0.63 0.76 
IpHL DtoX 0.52 0.58 0.75 
tpLH Propagation Delay, 0.44 0.48 0.61 
tpM SLAtoX 0.58 0.63 0.81 
tplH Propagation Delay, 0.54 0.59 0.71 
tpHl SLBtoX 0.62 0.69 0.87 

Capecltance per fanout = 0.05 pF (metal capecltance IS not Included). 

MOTOROLA 
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O'SLO X 
SLA 

X H B 
X H SLB X 
X H 

C 
H H SLC 
L L D 

SLD 

Rev. 1.07 

I 3.3 V 

K (nslpF) I FO=O F0=2 FO=8 K(nslpF) 

0.83 0.68 0.79 1.14 1.17 
1.15 0.85 1.00 1.46 1.52 
0.83 0.55 0.66 1.01 1.16 
1.14 0.61 0.76 1.21 1.51 
0.83 0.72 0.84 1.19 1.16 
1.14 0.81 0.96 1.41 1.51 
0.83 0.58 0.70 1.04 1.16 
1.14 0.57 0.72 1.17 1.51 
0.83 0.70 0.81 1.16 1.16 
1.15 0.73 0.88 1.34 1.52 
0.83 0.54 0.65 1.00 1.16 
1.14 0.73 0.88 1.33 1.51 
0.83 0.74 0.86 1.21 1.16 
1.15 0.69 0.84 1.29 1.51 
0.83 0.57 0.69 1.03 1.16 
1.14 0.69 0.84 1.29 1.51 
2.44 0.34 0.68 1.71 3.44 
1.98 0.33 0.58 1.34 2.52 

0.43 0.60 0.65 0.83 0.59 
0.59 0.67 0.75 0.98 0.78 
0.43 0.72 0.78 0.96 0.60 
0.60 o.n 0.85 1.08 0.79 
0.42 0.67 0.73 0.91 0.59 
0.58 0.70 0.78 1.01 o.n 
0.42 0.79 0.85 1.03 0.59 
0.57 0.76 0.84 1.07 0.78 
0.42 0.62 0.68 0.86 0.59 
0.59 0.84 0.91 1.15 0.79 
0.42 0.74 0.80 0.97 0.60 
0.61 0.93 1.01 1.25 0.80 
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MOTOROLA TECHNICAL DATA 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr 11=1 OOns) T J= 25 O"C (Nominal) all units are in ns , 

5V 

Sym Parameter FO=O FO=2 FO=8 K (ns/pF) 

tpLH Propagation Delay, 0.50 0.55 0.67 0.41 
tpHL SLCtoX 0.59 0.65 0.82 0.58 
tpu-t Propagation Delay, 0.59 0.63 0.76 0.42 
tpHL SLDtoX 0.62 0.68 0.85 0.58 

t Output Rise Time, X 0.29 0.41 0.77 1.19 
If Outpul Fall Time, X 0.29 0.39 0.67 0.95 

Capacrtance per fanout = 0.05 pF (metal capacitance IS not Included). 

FUNCTIONAL DIAGRAM: MX41 

AU---i 

SLA 

BU---i 

SLBU---i 

FO=O F0=2 

0.69 0.75 
0.84 0.92 
0.81 0.86 
0.92 0.99 
0.37 0.54 
0.37 0.50 

,.,---,---, X 
CU---i 

SLC 

D 

SLD 
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*NAN2H for MX41H 

3.3 V 

FO=8 

0.93 
1.15 
1.04 
1.23 
1.05 
0.87 

MX41 MX41H 

Rev. 1.07 

K{ns/pF) 

0.59 
0.78 
0.59 
0.78 
1.68 
1.23 
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MX61 MX61H 
MOTOROLA TECHNICAL DATA _______ _ 

6-lnput Multiplexer with Individual Selects 
1X & 2X Drive 
(3.3 V and 5 V Core Voltage) 

MACRO 

MX61 
MX61H 

MACRO 

All 

EQUIV. GATES 

8 
9 

Rev 107 
OUTPUTS/INPUTS 

XI A,SLA,B,SLB,C,SLC,D, 
SLD,E,SLE,F,SLF 

INPUT CAP. 

A-F,SLA-SLF: 0.05pF 

A'SLA 
H 
X 

X 

X 

X 

X 

L 

CMOS SWITCHING CHARACTERISTICS 

B'SLB C'SLC O'SLO 
X X X 

H X X 

X H X 

X X H 
X X X 

X X X 

L L L 

(Input Edge Rate tr 11-1 OOns) T J- 250°C (Nominal) all units are in ns , - . -
5V 

Sym Parameter FO::O FO=2 FO=8 

MX61 

tPLH Propagation Delay, 0.51 0.59 0.84 

tpHL AtoX 0.62 0.78 1.24 
tpLH Propagation Delay, 0.41 0.49 0.74 

tpHL BtoX 0.47 0.62 1.08 
tpLH Propagation Delay, 0.55 0.63 0.88 
tpHL CtoX 0.61 0.77 1.23 
tpLH Propagation Delay, 0.44 0.52 0.77 

tpHL DtoX 0.47 0.62 1.08 

tpLH Propagation Delay, 0.59 0.67 0.92 
tpHL EtoX 0.63 0.78 1.24 
tplH Propagation Delay, 0.48 0.56 0.81 
tpHL FtoX 0.49 0.64 1.10 
tpLH Propagation Delay, 0.52 0.61 0.86 
tpHL SLAtoX 0.54 0.69 1.16 

tPLH Propagation Delay, 0.40 0.49 0.74 

tpHL SLBto X 0.55 0.71 1.17 

tpLH Propagation Delay, 0.57 0.65 0.90 
tpHL SLCtoX 0.53 0.68 1.15 
tplH Propagation Delay, 0.40 0.49 0.74 
tpHL SLDtoX 0.55 0.71 1.17 
tpLH Propagation Delay, 0.61 0.69 0.94 
tpHL SLEtoX 0.54 0.70 1.16 

tpLH Propagation Delay, 0.48 0.56 0.81 

tpHL SLFtoX 0.57 0.72 1.18 
tr Output Rise Time, X 0.40 0.64 1.37 

" Output Fall Time, X 0.34 0.62 1.46 
Capacitance per fanout = 0.05 pF (metal capacHance IS not Included). 

MOTOROLA 
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E'SLE PSLF X 

X X H 
X X H 
X X H 
X X H 
H X H 
X H H 
L L L 

I 
K (ns/pF) I FO=O FO=2 

0.83 0.70 0.82 
1.55 0.90 1.12 
0.83 0.57 0.69 
1.54 0.66 0.87 
0.83 0.76 0.87 
1.55 0.90 1.11 
0.83 0.61 0.73 
1.54 0.67 0.88 
0.83 0.82 0.93 
1.55 0.93 1.14 
0.83 0.68 0.79 
1.54 0.71 0.92 
0.83 0.72 0.83 
1.54 0.78 0.99 
0.83 0.56 0.67 
1.54 0.77 0.99 
0.83 0.77 0.89 
1.55 0.78 1.00 
0.83 0.60 0.72 
1.54 0.78 0.99 
0.83 0.83 0.95 
1.55 0.82 1.03 
0.83 0.67 0.78 
1.54 0.81 1.02 
2.44 0.51 0.85 
2.80 0.42 0.78 

MX61 
MX61H 

MX61 
A 
SLA 
B 
SLB 
C 
SLC 
D 
SLD 
E 
SLE 
F 
SLF 

3.3 V 
F0::8 

1.17 
1.75 
1.03 
1.50 
1.22 
1.75 
1.08 
1.51 
1.28 
1.77 
1.14 
1.55 
1.18 
1.62 
1.02 
1.62 
1.24 
1.63 
1.07 
1.62 
1.30 
1.67 
1.13 
1.65 
1.89 
1.88 

x 

Rev. 1.07 

K (ns/pF) 

1.16 
2.12 
1.16 
2.11 
1.16 
2.11 
1.16 
2.11 
1.17 
2.11 
1.17 
2.11 
1.16 
2.12 
1.16 
2.11 
1.16 
2.11 
1.16 
2.11 
1.17 
2.11 
1.16 
2.11 
3.44 
3.66 
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MOTOROLA TECHNICAL DATA 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr tf=1 OOns) T J= 25 OOC (Nominal) all units are in ns , 

5V I 
Sym Parameter FO=O FO=2 FO=8 K (ns/pF) I FO=O 

MX61H 

tp1H Propagation Delay, 0.46 0.50 0.63 0.43 0.62 
tpHL AtoX 0.53 0.61 0.84 0.78 0.75 
tpLH Propagation Delay, 0.55 0.59 0.72 0.43 0.74 
tpHL BtoX 0.56 0.64 0.88 0.79 0.83 
tpLH Propagation Delay, 0.52 0.56 0.68 0.42 0.71 
tpHI CtoX 0.56 0.64 0.87 0.78 0.80 
tpLH Propagation Delay, 0.61 0.65 0.78 0.43 0.83 
tpHL DtoX 0.60 0.67 0.91 0.77 0.87 
tpLH Propagation Delay, 0.55 0.59 0.72 0.43 0.75 
tpHL EtoX 0.56 0.64 0.88 0.79 0.81 
tpLH Propagation Delay, 0.64 0.68 0.81 0.43 0.87 
tpHI FtoX 0.59 0.67 0.90 0.77 0.87 
tpLH Propagation Delay, 0.46 0.50 0.63 0.42 0.63 
tpHL SLAto X 0.65 0.72 0.96 0.78 0.90 
tpLH Propagation Delay, 0.55 0.60 0.72 0.42 0.76 
tpHL SLBtoX 0.69 0.77 1.00 0.78 0.98 
tplH Propagation Delay, 0.52 0.57 0.69 0.42 0.73 
tpHL SLCtoX 0.67 0.75 0.98 0.77 0.95 
tpLH Propagation Delay, 0.61 0.65 0.78 0.42 0.84 
tpHL SLDtoX 0.70 0.78 1.02 0.78 1.02 
tpLH Propagation Delay, 0.55 0.59 0.72 0.42 0.76 
tpHL SLEtoX 0.67 0.74 0.98 0.77 0.95 

teLH. Propagation Delay, 0.64 0.68 0.81 0.42 0.88 
tpHL SLFtoX 0.70 0.77 1.01 0.77 1.02 

t, Output Rise Time, X 0.41 0.53 0.89 1.19 0.52 
tf Output Fall Time, X 0.38 0.51 0.92 1.37 0.45 

Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

FUNCTIONAL DIAGRAM: MX61 

A 

SLAU---I 

B 

SLB 

C 

SLC 

D 

SLDLJ---I 

E 

SLEU---I 

FO=2 

0.68 
0.86 
0.80 
0.94 
0.77 
0.90 
0.89 
0.98 
0.81 
0.91 
0.93 
0.98 
0.69 
1.00 
0.82 
1.09 
0.79 
1.06 
0.90 
1.13 
0.82 
1.06 
0.94 
1.13 
0.69 
0.63 

X 

F 

SLFU---I *NAN3H for MX61 H 
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3.3V 

FO=8 

0.86 
1.17 
0.98 
1.26 
0.95 
1.22 
1.07 
1.30 
0.99 
1.23 
1.11 
1.30 
0.87 
1.33 
1.00 
1.42 
0.96 
1.38 
1.08 
1.45 
1.00 
1.38 
1.12 
1.45 
1.19 
1.18 

MX61 MX61H 

Rev. 1.07 

K (ns/pF) 

0.60 
1.06 
0.60 
1.08 
0.59 
1.07 
0.60 
1.07 
0.60 
1.07 
0.60 
1.07 
0.60 
1.08 
0.59 
1.09 
0.59 
1.07 
0.59 
1.08 
0.60 
1.07 
0.60 
1.07 
1.68 
1.81 
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MX81 
MOTOROLA TECHNICAL DATA _______ _ 

8-lnput Multiplexer with Individual Selects 
1X & 2X Drive 
(3.3 V and 5 V Core Voltage) 

MX81 
MX81H 

MX81 
AO 
SLA 

MACRO EQUIV. GATES FUNCTION TABLE B 

MX81 10 A'SLA B'SLB C'SLC O'SLO E'SLE 

MX81H 12 H X X X X 

Rev 107 X H X X X 

MACRO OUTPUTS/INPUTS X X H X X 

X X X H X 

X X X X H 
X I A,SLA,B,SLB,C,SLC, 

All D,SLD,E,SLE,F,SLF,G,SLG, 
H,SLH X X X X X 

X X X X X 

INPUT CAP. X X X X X 

A-H,SLA-SLH: 0.05pF L L L L L 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr 11=1 OOns) T J= 25 ()<>C (Nominal) all units are in ns , 

5V 

Sym Parameter FO=O FO=2 FO=8 

MX81 

tplH Propagation Delay, 0.52 0.60 0.85 
tpHL AtoX 0.65 0.85 1.43 
tpLH Propagation Delay, 0.42 0.50 0.75 
tpHL BtoX 0.49 0.69 1.27 
tpLH Propagation Delay, 0.56 0.65 0.89 
tpHL CtoX 0.68 0.87 1.46 
tpLH Propagation Delay, 0.47 0.55 0.80 
tpHL DtoX 0.53 0.73 1.32 
tpLH Propagation Delay, 0.60 0.68 0.93 
tpHL E,GtoX 0.70 0.90 1.49 
tpLH Propagation Delay, 0.50 0.58 0.83 
tpHL FtoX 0.57 0.77 1.36 
tpLH Propagation Delay, 0.50 0.58 0.83 
tpHL HtoX 0.57 0.77 1.36 
tpLH Propagation Delay, 0.53 0.62 0.87 
tpHL SLA toX 0.56 0.76 1.34 
tpLH Propagation Delay, 0.41 0.50 0.74 
tpHL SLBto X 0.58 0.78 1.36 
tpLH Propagation Delay, 0.58 0.66 0.91 
tpHL SLCtoX 0.59 0.79 1.37 
tpLH Propagation Delay, 0.46 0.54 0.79 
tpHI SLDtoX 0.62 0.82 1.40 
tpLH Propagation Delay, 0.61 0.70 0.95 
tpHl SLEtoX 0.62 0.B2 1.40 
tpLH Propagation Delay, 0.50 0.58 0.B3 
tpHl SLFtoX 0.65 0.85 1.44 
tpLH Propagation Delay, 0.61 0.70 0.95 
tpHI SLGtoX 0.62 0.B2 1.40 

Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

MOTOROLA 
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F'SLF G'SLG H'SLH X SLB 
X X X H C 
X X X H SLC 

X X X H 
X X X H 

D 
SLD X 
E 

X X X H SLE 
H X X H F 
X H X H SLF 
X X H H G 

L L L L SLG 
H 
SLH 

Rev. 1.07 

I 3.3 V 

K (nslpF) I FO=O FO=2 FO=8 K (nslpF) 

0.83 0.71 0.83 1.18 1.16 
1.96 0.94 1.21 2.03 2.72 
0.83 0.58 0.70 1.05 1.16 
1.95 0.69 0.96 1.77 2.71 
0.83 0.78 0.90 1.25 1.16 
1.95 0.99 1.26 2.08 2.72 
0.83 0.66 0.77 1.12 1.16 
1.96 0.77 1.04 1.85 2.72 
0.83 0.83 0.95 1.30 1.17 
1.96 1.05 1.32 2.13 2.72 
0.83 0.71 0.83 1.18 1.17 
1.96 0.83 1.10 1.92 2.72 
0.83 0.70 0.82 1.17 1.18 
1.96 0.80 1.07 1.89 2.71 
0.83 0.71 0.83 1.18 1.17 
1.95 0.83 1.10 1.92 2.72 
0.83 0.57 0.69 1.04 1.16 
1.95 0.81 1.08 1.90 2.71 
0.83 0.80 0.91 1.26 1.16 
1.96 0.87 1.14 1.96 2.72 
0.83 0.65 0.76 1.11 1.16 
1.95 0.87 1.15 1.96 2.72 
0.83 0.B4 0.96 1.31 1.17 
1.95 0.93 1.20 2.02 2.72 
0.B3 0.71 0.83 1.18 1.16 
1.96 0.94 1.21 2.03 2.72 
0.B3 0.B6 0.98 1.33 1.18 
1.95 0.92 1.19 2.01 2.72 
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MOTOROLA TECHNICAL DATA 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr 11=1 OOns) T J= 25 OOC (Nominal) all units are in ns , 

5V 

Sym Parameter FO=O FO=2 FO=8 K (nsJpF) 

tpLH Propagation Delay, 0.50 0.58 0.83 0.83 
tpHI SLHtoX 0.65 0.85 1.44 1.96 

t, Output Rise Time, X 0.50 0.75 1.48 2.44 
tf Output Fall Time, X 0.44 0.81 1.89 3.63 

MX81H 

tpLH Propagation Delay, 0.52 0.56 0.69 0.42 
tpHl AtoX 0.60 0.70 0.99 0.98 
tplH Propagation Delay, 0.61 0.65 0.78 0.43 
tpHl BtoX 0.65 0.75 1.04 0.98 
tplH Propagation Delay, 0.49 0.54 0.66 0.43 
tpHl CtoX 0.59 0.69 0.99 0.98 
tplH Propagation Delay, 0.58 0.62 0.75 0.43 
tpHl DtoX 0.64 0.74 1.03 0.98 
tpLH Propagation Delay, 0.57 0.62 0.74 0.43 
tpHL EtoX 0.66 0.76 1.06 0.98 
tplH Propagation Delay, 0.67 0.71 0.84 0.43 
tpHl F,HtoX 0.69 0.79 1.08 0.99 
tpLH Propagation Delay, 0.58 0.62 0.75 0.43 
tpHL GtoX 0.64 0.74 1.03 0.98 
tplH Propagation Delay, 0.53 0.57 0.69 0.41 
tpHI SLAtoX 0.72 0.82 1.11 0.98 
tpLH Propagation Delay, 0.62 0.66 0.78 0.42 
tpHL SLBtoX 0.76 0.86 1.15 0.98 
tpLH Propagation Delay, 0.50 0.54 0.67 0.42 
tpHI SLCtoX 0.72 0.81 1.11 0.98 
tpLH Propagation Delay, 0.59 0.63 0.75 0.42 
tpHL SLD,SLE,SLG to X 0.76 0.86 1.15 0.99 
tplH Propagation Delay, 0.66 0.71 0.83 0.43 
tpHL SLF,SLHtoX 0.80 0.90 1.19 0.98 

t, Output Rise Time, X 0.55 0.67 1.03 1.19 
t Output Fall Time, X 0.50 0.68 1.22 1.79 

Capacitance per fanout = 0.05 pF (metal capaCitance IS not Included). 
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FO=O FO=2 

0.69 0.81 
0.91 1.19 
0.63 0.97 
0.56 1.04 

0.72 0.77 
0.86 0.99 
0.83 0.89 
0.93 1.07 
0.67 0.73 
0.83 0.97 
0.79 0.85 
0.92 1.06 
0.79 0.85 
0.92 1.06 
0.92 0.97 
1.02 1.15 
0.79 0.85 
0.94 1.08 
0.73 0.79 
1.01 1.15 
0.85 0.91 
1.09 1.23 
0.69 0.75 
1.00 1.14 
0.81 0.87 
1.09 1.23 
0.92 0.98 
1.17 1.31 
0.68 0.84 
0.63 0.87 

3.3 V 

FO=8 

1.16 
2.00 
2.00 
2.47 

0.95 
1.40 
1.07 
1.48 
0.91 
1.38 
1.03 
1.47 
1.03 
1.47 
1.15 
1.57 
1.03 
1.49 
0.97 
1.56 
1.08 
1.64 
0.93 
1.55 
1.04 
1.64 
1.16 
1.72 
1.35 
1.58 

MX81H 

Rev. 1.07 

K (nsJpF) 

1.18 
2.72 
3.44 
4.78 

0.59 
1.37 
0.59 
1.37 
0.60 
1.37 
0.60 
1.38 
0.60 
1.38 
0.60 
1.37 
0.61 
1.37 
0.59 
1.37 
0.59 
1.37 
0.59 
1.37 
0.59 
1.38 
0.60 
1.37 
1.69 
2.37 
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MX81H 

_______ MOTOROLA TECHNICAL DATA ____ ----

MOTOROLA 
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A 1=>---1 

SLAD---i 

BI=>---I 

SLBI=>---I 

SLCL>---t 

FUNCTIONAL DIAGRAM: MX81 H 

x 
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MOTOROLA TECHNICAL DATA 

2-lnput NAND Gate 
1X & 2X Drive 
(3.3 V and 5 V Core Voltage) 

MACRO EQUIV. GATES 

NAN2 t 
NAN2H,NAN2B 2 

Flev. 1.07 

OUTPUTsnNPUTS 

X/A,B 

MACRO INPUT CAP. 

NAN2 A,B:0.05pF 

NAN2H A,B:0.09pF 

NAN2B A,B:0.07pF 

CMOS SWITCHING CHARACTERISTICS 

FUNCTION TABLE 

A B X 

L L H 
L H H 
H L H 

H H L 

(Inpul Edge Rale Ir tf;"t OOns) T J= 25 OOC (Nominal) all units are in ns , 
5V I 

Sym Parameter FO=O FO=2 FO=8 K (nslpF) I FO=O 

NAN2 

IpLH Propagation Delay, 0.12 0.21 0.45 0.82 0.17 

IpHL AtoX 0.27 0.38 0.72 1.14 0.34 
tpLH Propagation Delay, 0.17 0.25 0.49 0.82 0.22 
tpHL BloX 0.24 0.36 0.70 1.13 0.31 

I, OUlpul Rise Time, X 0.23 0.47 1.20 2.42 0.29 

If Outpul Fall Time, X 0.20 0.40 0.99 1.96 0.22 
NAN2H 

tpLH Propagation Delay, 0.10 0.14 0.27 0.41 0.14 
IpHl AtoX 0.25 0.31 0.48 0.57 0.31 

IpLH Propagation Delay, 0.16 0.20 0.32 0.41 0.21 
tpHl BtoX 0.24 0.30 0.46 0.56 0.30 

Ir Outpul Rise Time, X 0.25 0.37 0.73 1.18 0.29 

It Output Fall Time, X 0.22 0.32 0.60 0.94 0.22 
NAN2B 

tpLH Propagation Delay, 0.05 0.09 0.22 0.42 0.11 
tpHl AtoX 0.34 0.46 0.80 1.13 0.40 
tpLH Propagation Delay, 0.08 0.12 0.24 0.41 0.15 
tpHL BtoX 0.31 0.42 0.76 1.13 0.37 

t, Output Rise Time, X 0.23 0.35 0.70 1.17 0.23 
If OUlput Fall Time, X 0.23 0.43 1.01 1.96 0.23 

Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 
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FO=2 

0.29 
0.49 
0.34 
0.46 
0.63 
0.47 

0.20 
0.38 
0.27 
0.37 
0.46 
0.34 

0.17 
0.55 
0.21 
0.52 
0.40 
0.49 

NAN2 NAN2H NAN2B 

3.3 V 

FO=8 

0.63 
0.94 
0.68 
0.91 
1.66 
1.23 

0.38 
0.61 
0.45 
0.60 
0.97 
0.71 

0.35 
1.00 
0.38 
0.97 
0.90 
1.25 

NAN2 
NAN2H 
NAN2B 

Rev 107 

K (nslpF) 

1.15 
1.50 
1.15 
1.50 
3.44 
2.54 

0.58 
0.75 
0.58 
0.75 
1.70 
1.23 

0.58 
1.50 
0.58 
1.50 
1.69 
2.54 
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NAN2 NAN2H NAN2B 

_ •••••• _ MOTOROLA TECHNICAL DATA ••••••• _ 

• 

FUNCTIONAL DIAGRAM: NAN2 FUNCTIONAL DIAGRAM: NAN2H 

AC>---..., AD------, 

B L>-I'""<t 

~-""'---iC>X 

FUNCTIONAL DIAGRAM: NAN2B 

MOTOROLA 
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A L.;>------. 
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MOTOROLA TECHNICAL DATA 

3-lnput NAND Gate 
1X &2X Drive 
(3.3 V and 5 V Core Voltage) 

MACRO EQUIV. GATES FUNCTION TABLE 

NAN3 2 
A B C X 

NAN3H 3 
L X X H 

Rev. 1.07 
X L X H 

OUTPUTSIINPUTS 
X X L H 
H H H L 

X/A-C 

MACRO INPUT CAP. 

NAN3 A-C:0.05pF 

NAN3H A-C:0.09pF 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr 11=1 OOns) T J= 25 O°C (Nominal) all units are in ns , 

5V 

Sym Parameter FO=O FO=2 FO=8 

NAN3 

tpLH Propagation Delay, 0.13 0.21 0.46 
tpHI AtoX 0.33 0.48 0.94 
tplH Propagation Delay, 0.17 0.25 0.50 
tpHL BtoX 0.32 0.48 0.94 

tpLH Propagation Delay, 0.21 0.29 0.54 
tpHL CtoX 0.32 0.47 0.93 

t Output Rise Time, X 0.37 0.61 1.34 
tf Output Fall Time, X 0.28 0.56 1.39 

NAN3H 

tpLH Propagation Delay, 0.10 0.14 0.26 

tpHL AtoX 0.31 0.38 0.61 
tplH Propagation Delay, 0.15 0.20 0.32 
tpHL BtoX 0.30 0.38 0.61 
tpLH Propagation Delay, 0.19 0.24 0.36 
tpHL CtoX 0.29 0.37 0.60 

t Output Rise Time, X 0.37 0.49 0.84 

tf Output Fall Time, X 0.30 0.43 0.84 
Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

I 
K (ns/pF) I FO=O 

0.82 0.19 
1.53 0.39 
0.82 0.24 
1.54 0.41 
0.83 0.30 
1.54 0.42 
2.42 0.46 
2.78 0.32 

0.41 0.16 
0.76 0.36 
0.41 0.23 
0.77 0.39 
0.41 0.27 
0.77 0.39 
1.19 0.45 
1.37 0.32 

3.3 V 

FO=2 FO=8 

0.30 0.65 
0.60 1.24 
0.36 0.70 
0.62 1.25 
0.41 0.76 
0.63 1.26 
0.81 1.84 
0.69 1.79 

0.22 0.39 
0.46 0.78 
0.28 0.46 
0.49 0.81 
0.33 0.51 
0.50 0.81 
0.62 1.13 
0.50 1.05 

NAN3NAN3H 

NAN3 
NAN3H 

Rev. 1.07 

K (ns/pF) 

1.15 
2.10 
1.15 
2.10 
1.16 
2.10 
3.44 
3.67 

0.58 
1.05 
0.58 
1.05 
0.59 
1.05 
1.70 
1.83 

FUNCTIONAL DIAGRAM: NAN3 FUNCTIONAL DIAGRAM: NAN3H 
AC>-----, 

BC>--.., 

H4CPlus Series Design Reference Guide 

A C>-------, 

BC>----, 

CD--r ....... .q, 

VDD 
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NAN4 NAN4H 
_______ • MOTOROLA TECHNICAL DATA _______ _ 

II 

4-lnput NAND Gate 
1X &2X Drive 
(3.3 V and 5 V Core Voltage) 

MACRO EQUIV. GATES 

NAN4 2 

NAN4H 4 

Rev. 1.07 

OUTPUTS/INPUTS 

X/A-O 

MACRO INPUT CAP. 

NAN4 A-O: 0.05pF 

NAN4H A-O: 0.09pF 

CMOS SWITCHING CHARACTERISTICS 

FUNCTION TABLE 

A B C 0 

L X X X 

X L X X 

X X L X 

X X X L 
H H H H 

(Input Edge Rate tr tf=1 OOns) T J= 250°C (Nominal) all units are in ns , 
5V 

Sym Parameter FO=O FO=2 FO=8 

NAN4 

tplH Propagation Delay, 0.13 0.21 0.46 
tpHl AtoX 0.36 0.56 1.14 
tpLH Propagation Delay, 0.17 0.25 0.49 
tpHL BtoX 0.38 0.57 1.16 
tpLH Propagation Delay, 0.21 0.29 0.54 
tpHL CtoX 0.40 0.59 1.18 
tpl.H Propagation Delay, 0.23 0.31 0.56 
tpHI OtoX 0.37 0.57 1.15 

t Output Rise Time, X 0.45 0.70 1.42 
tf Output Fall Time, X 0.40 0.76 1.84 

NAN4H 

tpl.H Propagation Delay, 0.10 0.14 0.27 
tpHI AtoX 0.35 0.44 0.73 
tplH Propagation Delay, 0.16 0.20 0.32 
tpHl BtoX 0.38 0.48 0.77 
tplH Propagation Delay, 0.19 0.23 0.36 
tpHL CtoX 0.39 0.49 0.78 
tpLH Propagation Delay, 0.22 0.26 0.39 
tpHI DtoX 0.37 0.47 0.76 

t Output Rise Time, X 0.49 0.61 0.97 
tf Output Fall Time, X 0.41 0.59 1.13 

CapacItance per fanout = 0.05 pF (metal capacHance IS not Included). 

MOTOROLA 

7-308 

X 

H 
H 
H 
H 
L 

I 
K (ns/pF) I FO=O FO=2 

0.82 0.19 0.31 
1.94 0.42 0.69 
0.82 0.25 0.37 
1.95 0.47 0.74 
0.83 0.31 0.42 
1.95 0.53 0.80 
0.84 0.34 0.45 
1.95 0.53 0.80 
2.42 0.58 0.92 
3.62 0.47 0.95 

0.41 0.17 0.23 
0.96 0.40 0.53 
0.41 0.24 0.30 
0.97 0.47 0.60 
0.42 0.29 0.35 
0.98 0.51 0.65 
0.43 0.32 0.38 
0.98 0.52 0.66 
1.18 0.58 0.75 
1.80 0.46 0.70 

3.3 V 

FO=8 

0.66 
1.51 
0.71 
1.56 
0.77 
1.61 
0.81 
1.61 
1.95 
2.39 

0.40 
0.94 
0.47 
1.01 
0.52 
1.05 
0.56 
1.07 
1.27 
1.42 

NAN4 
NAN4H 

Rev. 1.07 

K (ns/pF) 

1.15 
2.71 
1.15 
2.71 
1.16 
2.71 
1.17 
2.71 
3.44 
4.79 

0.58 
1.35 
0.58 
1.36 
0.59 
1.36 
0.60 
1.36 
1.70 
2.38 
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MOTOROLA TECHNICAL DATA 

FUNCTIONAL DIAGRAM: NAN4 

A~----------------~ 

BU------------, 
VDD 

CC>---.., 

FUNCTIONAL DIAGRAM: NAN4H 

A~-------------------------, 

BC>----------------.., 

CC>----...., 

DC>-t-4t+-~1 
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NAN4 NAN4H 
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NAN5NAN5H I ________ MOTOROLA TECHNICAL DATA ________ 1' 

5-lnput NAND Gate 
1X &2X Drive 
(3.3 V and 5 V Core Voltage) 

MACRO EQUIV. GATES FUNCTION TABLE 

NAN5 4 
A B C 0 

NAN5H 5 
L X X X 

Rev. 1.07 
X L X X 

OUTPUTSIINPUTS 
X X L X 

X X X L 
X/A-E 

X X X X 

H H H H 
INPUT CAP. 

A-E:0.05pF 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr tf=1 oons) T J= 25 ODC (Nominal) all units are in ns , 

SV 

Sym Parameter FO=O FO=2 FO=8 

NANS 

tpLH Propagation Delay, 0.34 0.42 0.67 
tpHL AtoX 0.78 0.86 1.09 
tpLH Propagation Delay, 0.43 0.51 0.76 
tpHL BtoX 0.79 0.87 1.10 
tpLH Propagation Delay, 0.49 0.58 0.82 
tpHI CtoX 0.77 0.85 1.08 
tpLH Propagation Delay, 0.36 0.45 0.69 
tpHL DtoX 0.69 0.77 1.00 
tpLH Propagation Delay, 0.46 0.54 0.79 
tpHL EtoX 0.68 0.76 0.99 
tr Output Rise Time, X 0.15 0.40 1.13 
tf Output Fall Time, X 0.21 0.32 0.67 

NAN5H 

tpLH Propagation Delay, 0.39 0.43 0.55 
tpHL AtoX 0.87 0.92 1.04 
tpLH Propagation Delay, 0.48 0.52 0.64 
tpHL BtoX 0.90 0.94 1.07 
tpLH Propagation Delay, 0.53 0.58 0.70 
tpHL CtoX 0.87 0.91 1.04 
tpLH Propagation Delay, 0.43 0.47 0.59 
tpHL DtoX 0.78 0.82 0.95 
tpLH Propagation Delay, 0.51 0.55 0.67 
tpHL EtoX 0.78 0.82 0.95 

tr Output Rise Time, X 0.17 0.29 0.65 
tf Output Fall Time, X 0.28 0.33 0.50 

Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

MOTOROLA 
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E 

X 

X 

X 

X 

L 
H 

X 

H 
H 
H 
H 
H 
L 

I 
K (nslpF) I FO=O 

0.82 0.55 
0.77 1.05 
0.83 0.63 
0.77 1.09 
0.83 0.71 
0.77 1.10 
0.82 0.55 
0.76 0.98 
0.83 0.63 
0.77 0.98 
2.44 0.17 
1.16 0.27 

0.41 0.60 
0.42 1.20 
0.41 0.69 
0.42 1.22 
0.42 0.77 
0.42 1.24 
0.41 0.61 
0.42 1.12 
0.41 0.70 
0.42 1.11 
1.21 0.21 
0.56 0.35 

3.3 V 

F0=2 FO=8 

0.67 1.01 
1.15 1.43 
0.75 1.10 
1.18 1.46 
0.83 1.17 
1.19 1.47 
0.67 1.02 
1.07 1.35 
0.75 1.10 
1.07 1.35 
0.52 1.55 
0.41 0.83 

0.66 0.84 
1.25 1.41 
0.75 0.92 
1.28 1.43 
0.83 1.00 
1.29 1.45 
0.67 0.84 
1.17 1.33 
0.76 0.93 
1.16 1.32 
0.38 0.89 
0.42 0.62 

NAN5 
NAN5H 

Rev. 1.07 

K(nslpF) 

1.16 
0.94 
1.16 
0.94 
1.16 
0.94 
1.16 
0.94 
1.16 
0.94 
3.45 
1.39 

0.58 
0.53 
0.58 
0.53 
0.58 
0.52 
0.58 
0.52 
0.58 
0.53 
1.71 
0.69 
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FUNCTIONAL DIAGRAM: NAN5 

x 

*1X for NAN5 
2XforNAN5H 

NAN5NAN5H 

MOTOROLA 
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NAN6CH 

••• _ ••• _ MOTOROLA TECHNICAL DATA •• _ •••• _ 

II 

6-lnput NAND Gate 2X Drive 
with Complementary 1 X Drive 
(3.3 V and 5 V Core Voltage) 

EQUIV. GATES 

6 
A 

L 
X 

X 

X 

X 

X 

H 

CMOS SWITCHING CHARACTERISTICS 

B 

X 

L 
X 

X 

X 

X 

H 

FUNCTION TABLE 

C 0 E F 

X X X X 

X X X X 

L X X X 

X L X X 

X X L X 

X X X L 
H H H H 

(Input Edge Rate tr 1f=1 OOns) T J= 25 O°C (Nominal) all units are in ns , 
5V 

X y 

H L 
H L 
H L 
H L 
H L 
H L 
L H 

I 
Sym Parameter FO=O FO=2 FO=8 K (nslpF) I FO=O 

NAN6CH 

tpLH Propagation Delay, 0.40 0.44 0.56 0.41 
tpHL AtoX 0.89 0.93 1.06 0.42 
tpLH Propagation Delay, 0.49 0.53 0.65 0.41 
tpHL BtoX 0.91 0.96 1.08 0.41 
tplH Propagation Delay, 0.55 0.59 0.71 0.42 
tpHL CloX 0.89 0.93 1.05 0.41 
tpLH Propagation Delay, 0.44 0.48 0.60 0.41 
tpHL DtoX 0.90 0.94 1.07 0.42 
tpLH Propagation Delay, 0.52 0.56 0.69 0.41 
tpHL EtoX 0.91 0.95 1.07 0.42 

tpLH Propagation Delay, 0.58 0.62 0.75 0.41 
tpHI FloX 0.89 0.94 1.06 0.41 
tplH Propagation Delay, 0.09 0.17 0.42 0.82 
tpHL XtoY 0.12 0.20 0.43 0.76 

I, Output Rise Time, X 0.21 0.33 0.69 1.21 
If Output Fall Time, X 0.29 0.35 0.52 0.56 
Ir Output Rise Time, Y 0.15 0.39 1.12 2.43 
It Output Fall Time, Y 0.11 0.23 0.58 1.18 

CapacHance per fanout = 0.05 pF (metal capacHance IS not Included). 

A 

B 

C~~-

D 

E~---f 

F 

FUNCTIONAL DIAGRAM: NAN6CH 

0.62 
1.22 
0.70 
1.24 
0.78 
1.25 
0.65 
1.25 
0.74 
1.27 
0.83 
1.29 
0.12 
0.19 
0.26 
0.35 
0.19 
0.16 

NAN6CH 

~RAN6CH 
C X 
D 
E Y 
F 

Rev. 1.07 

3.3 V 

FO=2 FO=8 K(nslpF) 

0.67 0.85 0.58 
1.27 1.42 0.52 
0.76 0.93 0.58 
1.29 1.45 0.52 
0.84 1.01 0.58 
1.30 1.46 0.52 
0.71 0.88 0.58 
1.30 1.46 0.52 
0.80 0.97 0.58 
1.33 1.48 0.52 
0.89 1.06 0.58 
1.34 1.50 0.52 
0.24 0.58 1.16 
0.28 0.56 0.91 
0.43 0.94 1.71 
0.42 0.63 0.69 
0.54 1.57 3.44 
0.30 0.73 1.42 

Y 

X 

MOTOROLA 
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MOTOROLA TECHNICAL DATA 

S-Input NAND Gate, 2X Drive 
(3.3 V and 5 V Core Voltage) 

EQUIV. GATES A 

7 L 

Rev. 1.07 X 

OUTPUTSIINPUTS X 

X/A-H 
X 

X 

INPUT CAP. 
X 

X 
A-H:0.05pF 

X 

H 

CMOS SWITCHING CHARACTERISTICS 

FUNCTION TABLE 
B C 0 E F 

X X X X X 

L X X X X 

X L X X X 

X X L X X 

X X X L X 

X X X X L 
X X X X X 

X X X X X 

H H H H H 

(Input Edge Rate tr tf=l OOns) T J= 25 OOC (Nominal) all units are in ns , 
5V 

G H X 

X X H 
X X H 
X X H 
X X H 
X X H 
X X H 
L X H 
X L H 
H H L 

I 
Sym Parameter FO=O F0:2 FO=8 K (nslpF) I FO=O 

NAN8H 

tplH Propagation Delay, 0.41 0.45 0.57 0.41 
tpHI AtoX 0.83 0.88 1.06 0.57 
tpLH Propagation Delay, 0.49 0.53 0.65 0.41 
tpHL BtoX 0.86 0.92 1.09 0.57 
tpLH Propagation Delay, 0.55 0.59 0.72 0.42 
tpHL CtoX 0.88 0.94 1.11 0.57 

IpLii Propagation Delay, 0.58 0.62 0.75 0.42 
tpHI DtoX 0.86 0.91 1.09 0.57 
tpLH Propagation Delay, 0.43 0.48 0.60 0.41 
tpHL EtoX 0.83 0.89 1.06 0.57 
tpLH Propagation Delay, 0.52 0.58 0.68 0.41 
tpHL FtoX 0.87 0.93 1.10 0.57 
tpLH Propagation Delay, 0.59 0.63 0.75 0.41 

IpJ-lL GtoX 0.89 0.95 1.12 0.57 
tpLH Propagation Delay, 0.62 0.66 0.78 0.42 
tpHI HtoX 0.87 0.92 1.09 0.57 

t, Output Rise Time, X 0.27 0.39 0.76 1.21 
tf Output Fall Time, X 0.23 0.32 0.61 0.96 

CapacHance per fanout = 0.05 pF (metal capacHance IS not Included). 

FUNCTIONAL DIAGRAM: NAN8H 

A ...... ~-L-r-_ 
B 

C 
D.........,~-

E 
FU_-~ 

G 

H 
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0.63 
1.10 
0.71 
1.15 
0.80 
1.20 
0.84 
1.21 
0.67 
1.09 
0.76 
1.14 
0.84 
1.21 
0.89 
1.21 
0.30 
0.28 

FO=2 

0.68 
1.18 
0.77 
1.22 
0.86 
1.28 
0.90 
1.28 
0.73 
1.17 
0.82 
1.22 
0.90 
1.28 
0.95 
1.28 
0.47 
0.41 

A 
B 
C 
o 
E 
F 
G 
H 

3.3 V 

FO=8 

0.86 
1.40 
0.94 
1.45 
1.03 
1.51 
1.08 
1.51 
0.90 
1.40 
0.99 
1.45 
1.08 
1.51 
1.12 
1.51 
0.98 
0.78 

NAN8H 

NANSH 

x 

Rev. 1.07 

K (nslpF) 

0.58 
0.76 
0.58 
0.76 
0.58 
0.76 
0.58 
0.76 
0.58 
0.76 
0.58 
0.76 
0.58 
0.76 
0.58 
0.76 
1.71 
1.23 
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NOR2 NOR2H NOR2B 
••• _ ••• _ MOTOROLA TECHNICAL DATA • ______ _ 

2-lnput NOR Gate 
1X &2X Drive 
(3.3 V and 5 V Core Voltage) 

MACRO EQUIV. GATES 
NOR2 1 

NOR2H, 
2 

NOR2B 

Rev. 1.07 
OUTPUTSJlNPUTS 

X/A,B 

MACRO INPUT CAP. 
NOR2 A,B:0.05pF 

NOR2H A,B:0.09pF 

NOR2B A,B:0.07pF 

CMOS SWITCHING CHARACTERISTICS 

FUNCTION TABLE 

A B X 

L L H 
L H L 
H L L 
H H L 

(Input Edge Rate tr 1f=1 OOns) T J= 25 O°C (Nominal) all units are in ns 
5V J 3.3 V 

NOR2 
NOR2H 
NOR2B 

Rev 107 

Sym Parameter FO=O FO=2 F0=8 K (nslpF) I FO=O FO=2 FO=8 K (nslpF) 
NOR2 

tl'LH Propagation Delay, 0.18 0.34 0.82 
tpHL AtoX 0.21 0.28 0.51 
tpLH Propagation Delay, 0.16 0.32 0.81 

tpHL BtoX 0.24 0.31 0.54 
tr Output Rise Time, X 0.26 0.75 2.21 

" Output Fall Time, X 0.19 0.31 0.65 
NOR2H 

tpLH Propagation Delay, 0.18 0.26 0.50 
tpHL AtoX 0.18 0.22 0.33 
tplH Propagation Delay, 0.17 0.25 0.49 
tpHL BtoX 0.21 0.25 0.36 

t, Output Rise Time, X 0.29 0.53 1.26 
t, Output Fall Time, X 0.22 0.27 0.44 

NOR2B 

tpi H Propagation Delay, 0.12 0.20 0.44 
tpHL AtoX 0.27 0.34 0.57 
tpLH Propagation Delay, 0.10 0.18 0.42 
tpHL BtoX 0.32 0.39 0.62 

t Output Rise Time, X 0.27 0.52 1.24 
t, Output Fall Time, X 0.24 0.36 0.70 

Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

MOTOROLA 

7-314 

1.60 0.22 0.45 1.16 2.35 
0.76 0.29 0.38 0.65 0.91 
1.60 0.23 0.46 1.17 2.36 
0.76 0.32 0.41 0.69 0.91 
4.86 0.36 1.06 3.17 7.01 
1.15 0.21 0.35 0.78 1.41 

0.80 0.22 0.34 0.69 1.18 
0.38 0.26 0.30 0.44 0.46 
0.80 0.23 0.35 0.70 1.18 
0.38 0.29 0.34 0.48 0.46 
2.42 0.36 0.71 1.76 3.50 
0.55 0.23 0.30 0.50 0.68 

0.80 0.17 0.29 0.64 1.17 
0.75 0.34 0.43 0.70 0.91 
0.80 0.17 0.29 0.64 1.18 
0.76 0.39 0.48 0.76 0.91 
2.41 0.32 0.67 1.72 3.49 
1.15 0.26 0.40 0.82 1.41 

H4CPlus Series Design Reference Guide 



NOR2 NOR2H NOR2B 

MOTOROLA TECHNICAL DATA 

FUNCTIONAL DIAGRAM: NOR2 FUNCTIONAL DIAGRAM: NOR2H 

A~--+-----~~~ 

...----, ~X 
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FUNCTIONAL DIAGRAM: NOR2B 

VDD 

A ~----~I-4II+---d 

MOTOROLA 
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NOR3NOR3H 
MOTOROLA TECHNICAL DATA _______ _ 

3-lnput NOR3 Gate 
1X &2X Drive 
(3.3 V and 5 V Core Voltage) 

FUNCTION TABLE 
MACRO EQUIV. GATES A B C X 

NOR3 2 L L L H 
NOR3H 4 X X H L 

X H X L 
H X X L 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr tf=1.00ns) T J= 25 O"C (Nominal) all units are in ns , 

5V 
Sym Parameter FO=O FO=2 FO=8 

NOR3 

tpLH Propagation Delay, 0.25 0.49 1.22 
tpHI AtoX 0.22 0.30 0.52 
tplH Propagation Delay, 0.30 0.54 1.27 
tpHl BtoX 0.25 0.32 0.55 
tplH Propagalion Delay, 0.30 0.54 1.27 
tpHl CtoX 0.25 0.32 0.55 
I, Output Rise Time, X 0.57 1.30 3.50 
tf Output Fall Time, X 0.25 0.37 0.71 

NOR3H 

tpLH Propagation Delay, 0.64 0.68 0.81 
IpHl AtoX 0.47 0.51 0.62 
IpLH Propagation Delay, 0.65 0.69 0.82 

tPJiL BtoX 0.51 0.55 0.66 
tplH Propagalion Delay, 0.51 0.55 0.68 
tpHl CtoX 0.55 0.59 0.71 

t, Output Rise Time, X 0.22 0.34 0.70 
If Output Fall Time, X 0.20 0.26 0.43 

CapacItance per fanout = 0.05 pF (metal capacItance IS not Included). 

I 
K (nsJpF) I FO=O FO=2 

2.42 0.32 0.68 
0.76 0.31 0.40 
2.42 0.42 0.79 
0.76 0.35 0.44 
2.42 0.47 0.83 
0.76 0.36 0.45 
7.34 0.83 1.89 
1.15 0.28 0.42 

0.43 0.89 0.95 
0.39 0.70 0.74 
0.43 0.90 0.96 
0.39 0.74 0.79 
0.42 0.69 0.75 
0.39 0.78 0.83 
1.20 0.24 0.41 
0.57 0.25 0.32 

3.3 V 

FO=8 

1.77 
0.67 
1.87 
0.71 
1.91 
0.73 
5.08 
0.84 

1.13 
0.89 
1.14 
0.93 
0.93 
0.97 
0.92 
0.53 

NOR3 
NOR3H 

Rev 107 

K (nslpF) 

3.61 
0.91 
3.62 
0.91 
3.62 
0.92 
10.63 
1.41 

0.59 
0.47 
0.59 
0.47 
0.59 
0.47 
1.69 
0.68 

FUNCTIONAL DIAGRAM: NOR3 
VDD 

FUNCTIONAL DIAGRAM: NOR3H 

A 0_----<11 

CU'+--+-"""'"<t 
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MOTOROLA TECHNICAL DATA 

4-lnput NOR Gate 
1X & 2X Drive 
(3.3 V and 5 V Core Voltage) 

EQUIV. GATES 

4 
Rev. 1.07 

OUTPUTSIINPUTS 

X/A-D 

INPUT CAP. 

A-D: 0.05pF 

CMOS SWITCHING CHARACTERISTICS 

FUNCTION TABLE 

A B C 0 

L L L L 
X X X H 
X X H X 

X H X X 

H X X X 

(Input Edge Rate tr,tf=1.00ns) T J= 25.00c (Nominal) all units are in ns. 
5V 

Sym Parameter FO=O FO=2 FO=8 

NOR4 

tpLH Propagation Delay, 0.57 0.66 0.90 
tpHL AtoX 0.40 0.48 0.71 
tpLH Propagation Delay, 0.58 0.67 0.91 
tpHL BtoX 0.44 0.52 0.75 
tput Propagation Delay, 0.58 0.67 0.91 
tpHI CtoX 0.44 0.52 0.75 
tpLH Propagation Delay, 0.58 0.67 0.92 
tpHL DtoX 0.50 0.58 0.80 

tr Output Rise Time, X 0.17 0.41 1.14 
tf Output Fall Time, X 0.14 0.26 0.61 

NOR4H 

tpLH Propagation Delay, 0.62 0.66 0.79 
tpHl AtoX 0.45 0.49 0.61 
tpLH Propagation Delay, 0.63 0.67 0.80 
tpHl BtoX 0.49 0.53 0.65 
tpLH Propagation Delay, 0.63 0.67 0.80 
tpHL CtoX 0.49 0.53 0.65 
tpLH Propagation Delay, 0.63 0.67 0.80 
tpHI DtoX 0.55 0.58 0.70 

tr Output Rise Time, X 0.18 0.30 0.65 

It Output Fall Time, X 0.19 0.25 0.42 
Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

X 

H 
L 
L 
L 
L 

I 
K (ns/pF) I FO=O 

0.82 0.79 
0.76 0.59 
0.83 0.80 
0.76 0.65 
0.83 0.80 
0.76 0.68 
0.83 0.80 
0.76 0.72 
2.43 0.19 
1.18 0.18 

0.43 0.87 
0.39 0.67 
0.43 0.87 
0.39 0.72 
0.43 0.86 
0.39 0.74 
0.43 0.87 
0.39 0.78 
1.18 0.20 
0.57 0.21 

FUNCTIONAL DIAGRAM: NOR4 

AL)---\ 

BL)---I 

CU---\ 

DU---I 
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*1Xfor NOR4 
2Xfor NOR4H 

X 

FO=2 

0.91 
0.68 
0.92 
0.74 
0.92 
0.77 
0.92 
0.81 
0.53 
0.32 

0.93 
0.72 
0.93 
0.77 
0.92 
0.79 
0.93 
0.83 
0.37 
0.28 

NOR4NOR4H 

3.3 V 

FO=8 

1.25 
0.96 
1.26 
1.01 
1.27 
1.05 
1.27 
1.09 
1.57 
0.74 

1.10 
0.86 
1.11 
0.91 
1.10 
0.94 
1.11 
0.97 
0.88 
0.48 

NOR4 
NOR4H 

Rev 107 

K (ns/pF) 

1.16 
0.91 
1.16 
0.90 
1.16 
0.91 
1.16 
0.92 
3.44 
1.42 

0.59 
0.48 
0.59 
0.47 
0.59 
0.48 
0.59 
0.49 
1.68 
0.68 

MOTOROLA 
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NOR5NOR5H 

MOTOROLA TECHNICAL DATA ••••••• _i 
5-lnput NOR Gate, 1 X & 2X Drive 
(3.3 V and 5 V Core Voltage) 

MACRO EQUIV. GATES 
FUNCTION TABLE 

A B C 0 E 
NOR5 4 

L L L L L 
NOR5H 5 

X X X X H 
Rev. 1.07 

X X X H X 
OUTPUTSJINPUTS 

X X H X X 
X/A-E X H X X X 

H X X X X 
INPUT CAP. 

A-E:0.05pF 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=l.00ns) T J= 25.00c (Nominal) all units are in ns. 

5V 

Sym Parameter FO=O FO=2 FO=8 

NOR5 

tpLH Propagation Delay, 0.80 0.88 1.13 
tpHL AtoX 0.44 0.51 0.74 
tpLH Propagation Delay, 0.84 0.92 1.17 
tpHL BtoX 0.48 0.55 0.78 
tpLH Propagation Delay, 0.84 0.92 1.17 
tpHL CtoX 0.48 0.55 0.78 
tpLH Propagation Delay, 0.58 0.67 0.92 
tpHL DtoX 0.48 0.55 0.78 
tpLH Propagation Delay, 0.60 0.68 0.93 
tpHL EtoX 0.51 0.59 0.82 

t Output Rise Time, X 0.19 0.43 1.16 
tf Output Fall Time, X 0.15 0.27 0.62 

NOR5H 

tpLH Propagation Delay, 0.86 0.90 1.03 
tpHL AtoX 0.49 0.53 0.65 
tpLH Propagation Delay, 0.91 0.95 1.08 
tpHL BtoX 0.53 0.57 0.69 
tpLH Propagation Delay, 0.91 0.95 1.08 

tE'HL CtoX 0.53 0.57 0.69 
tplH Propagation Delay, 0.64 0.68 0.81 
tpHI DtoX 0.52 0.56 0.68 
tpLH Propagation Delay, 0.64 0.68 0.81 
tpHL EtoX 0.56 0.60 0.71 

t Output Rise Time, X 0.23 0.35 0.71 
tf Output Fall Time, X 0.20 0.26 0.42 

CapacItance per fanout = 0.05 pF (metal capacItance IS not Included). 

X 

H 
L 
L 
L 
L 
L 

I 
K (ns/pF) J FO=O FO=2 

0.82 1.11 1.23 
0.76 0.67 0.76 
0.83 1.20 1.32 
0.76 0.69 0.79 
0.83 1.25 1.37 
0.76 0.71 0.80 
0.83 0.82 0.94 
0.76 0.70 0.79 
0.83 0.82 0.94 
0.76 0.74 0.83 
2.43 0.23 0.57 
1.18 0.18 0.33 

0.42 1.20 1.26 
0.39 0.74 0.79 
0.42 1.29 1.35 
0.38 0.77 0.82 
0.42 1.34 1.40 
0.38 0.80 0.85 
0.42 0.88 0.94 
0.39 0.77 0.82 
0.43 0.90 0.95 
0.39 0.80 0.85 
1.18 0.28 0.44 
0.55 0.26 0.32 

3.3 V 

FO=8 

1.58 
1.03 
1.67 
1.06 
1.72 
1.08 
1.28 
1.06 
1.28 
1.10 
1.60 
0.75 

1.44 
0.93 
1.53 
0.96 
1.57 
0.99 
1.12 
0.96 
1.13 
0.99 
0.95 
0.53 

NOR5 
NOR5H 

Rev. 1.07 

K (ns/pF) 

1.16 
0.91 
1.16 
0.92 
1.16 
0.92 
1.16 
0.92 
1.16 
0.92 
3.44 
1.43 

0.60 
0.47 
0.60 
0.48 
0.60 
0.47 
0.59 
0.47 
0.59 
0.48 
1.69 
0.68 

FUNCTIONAL DIAGRAM: NOR5 
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C 

DU---\ 

EU---J *lX for NOR5 
2X for NOR5H 
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MOTOROLA TECHNICAL DATA 

6-lnput NOR Gate 2X Drive 
with Complementary Output 1 X Drive 
(3.3 V and 5 V Core Voltage) 

EQUIV. GATES FUNCTION TABLE 

6 
A B C D E F 

Rev. 1.07 
L L L L L L 

OUTPUTSIINPUTS 
X X X X X H 
X X X X H X 

X,V IA·F 
X X X H X X 

X X H X X X 
INPUT CAP. 

X H X X X X 
A·F: 0.05pF H X X X X X 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) TJ= 25.0OC (Nominal) all units are in ns. 

5V 

X Y 

H L 
L H 
L H 
L H 
L H 
L H 
L H 

I 
Sym Parameter FO=O FO=2 FO=8 K (nslpF) I FO=O 

NOR6CH 

tpLH Propagation Delay, 0.88 0.92 1.05 0.42 
tpHL AtoX 0.52 0.56 0.67 0.38 
tpLH Propagation Delay, 0.94 0.98 1.10 0.41 

tpHL BtoX 0.56 0.60 0.71 0.38 
tpLH Propagation Delay, 0.94 0.98 1.10 0.41 
tpHL CtoX 0.56 0.60 0.71 0.38 
tpLH Propagation Delay, 0.85 0.90 1.02 0.42 
tpHL DtoX 0.56 0.60 0.72 0.38 

tpLR Propagation Delay, 0.88 0.92 1.05 0.42 
tpHI EtoX 0.60 0.63 0.75 0.38 
tpLH Propagation Delay, 0.88 0.92 1.05 0.42 
tpHL FtoX 0.60 0.63 0.75 0.38 
tpLH Propagation Delay, 0.08 0.16 0.41 0.83 
tpHL XloY 0.14 0.21 0.44 0.76 

I OutplJl Rise Time, X 0.29 0.41 0.77 1.18 
I, OUlput Fall Time, X 0.23 0.29 0.46 0.57 
I Oulpul Rise Time, Y 0.17 0.41 1.13 2.42 
I, OUlpul Fall Time, Y 0.15 0.26 0.61 1.17 

CapacItance per fanoul = 0.05 pF (metal capacitance IS not Included). 

FUNCTIONAL DIAGRAM: NOR6CH 

A 

BU---t 

C 

D 

1.24 
0.77 
1.32 
0.80 
1.37 
0.83 
1.18 
0.82 
1.27 
0.86 
1.31 
0.88 
0.12 
0.22 
0.37 
0.28 
0.19 
0.20 

FO=2 

1.30 
0.81 
1.38 
0.84 
1.43 
0.87 
1.24 
0.87 
1.33 
0.91 
1.37 
0.93 
0.24 
0.31 
0.54 
0.35 
0.53 
0.34 

Y 

E 

F 
L..-----II~X 
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A 
B 
C 
D 
E 
F 

3.3 V 

F0=8 

1.47 
0.95 
1.56 
0.99 
1.61 
1.01 
1.42 
1.01 
1.51 
1.05 
1.54 
1.07 
0.58 
0.59 
1.05 
0.56 
1.56 
0.77 

NOR6CH 

NOR6CH 

Rev. 1.07 

K(nslpF) 

0.59 
0.47 
0.59 
0.47 
0.59 
0.47 
0.59 
0.47 
0.59 
0.47 
0.59 
0.47 
1.15 
0.91 
1.70 
0.69 
3.44 
1.40 

x 
Y 
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NOR8H 
_______ MOTOROLA TECHNICAL DATA _______ _ 

II 

8-lnput NOR Gate 
2X Drive 
(3.3 V and 5 V Core Voltage) 

EQUIY. GATES A 

7 L 

Rev. 1.07 X 

OUTPUTSIINPUTS X 

X/A-H 
X 

X 

INPUT CAP. 
X 

X 
A-H:0.05pF 

X 

H 

CMOS SWITCHING CHARACTERISTICS 

B 

L 
X 

X 

X 

X 

X 

X 

H 
X 

FUNCTION TABLE 
C 0 E F GF 

L L L L L 
X X X X X 

X X X X H 
X X X H X 

X X H X X 

X H X X X 

H X X X X 

X X X X X 

X X X X X 

(Input Edge Rate tr tf=l OOns) T J= 25 (lOC (Nominal) all units are in ns , 
5V 

H X 

L H 

H L 
X L 
X L 
X L 
X L 
X L 
X L 
X L 

I 

A 
B 
C 
D 
E 
F 
G 
H 

3.3 V 

NOR8H 

x 

Rev 107 

Sym Parameter FO=O FO=2 FO=8 K (nsJpF) L FO=O FO=2 FO=8 K(nsJpF) 

NOR8H 

tpLH Propagation Delay, 0.80 0.85 0.99 0.45 

tpHL AtoX 0.48 0.52 0.64 0.40 

tpLH Propagation Delay, 0.82 0.86 1.00 0.45 

tpHL BtoX 0.52 0.56 0.68 0.39 
tPIH Propagation Delay, 0.86 0.90 1.04 0.45 
tpHL CtoX 0.55 0.59 0.71 0.39 
tpLH Propagation Delay, 0.86 0.91 1.04 0.45 

tpHl DtoX 0.58 0.62 0.74 0.40 

tpLH Propagation Delay, 0.89 0.94 1.08 0.45 
tpHl EtoX 0.60 0.64 0.76 0.40 

tpLH Propagation Delay, 0.90 0.95 1.08 0.45 
tpHI F,GtoX 0.64 0.68 0.80 0.40 
tplH Propagation Delay, 0.90 0.94 1.08 0.45 
tpHl HtoX 0.66 0.71 0.83 0.41 

t Output Rise Time, X 0.26 0.38 0.74 1.18 

tf Output Fall Time, X 0.24 0.30 0.47 0.56 
CapacItance per fanout = 0.05 pF (metal capacItance IS not Included). 

MOTOROLA 
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FUNCTIONAL DIAGRAM: NORSH 
AL..)-.......;, ......... 

BL>--i 

CL,j'---' 

D[J--i 

E.....,.----, 

F[J--i 

GL>-~--' 

H[J--i 

1.11 1.17 1.37 0.64 
0.73 0.77 0.92 0.48 
1.12 1.19 1.38 0.64 
0.76 0.81 0.95 0.49 
1.18 1.25 1.44 0.64 
0.80 0.85 1.00 0.49 
1.18 1.25 1.44 0.65 
0.83 0.88 1.03 0.49 
1.25 1.32 1.51 0.65 
0.89 0.94 1.09 0.50 
1.25 1.32 1.51 0.65 
0.93 0.98 1.12 0.49 
1.28 1.34 1.53 0.64 
0.96 1.01 1.16 0.51 
0.35 0.52 1.02 1.68 
0.30 0.37 0.58 0.69 

X 
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MOTOROLA TECHNICAL DATA 

2, 1-lnput OR-AND Gate 
2X Drive 
(3.3 V and 5 V Core Voltage) 

EQUIV. GATES 

3 
Rev. 1.07 

FUNCTION TABLE 

A B C X 

x X L L 
H X H H 

A 

B 

X H H H C-------I OUTPUTSJINPUTS 

X/A-C L L X L 

INPUT CAP. 

A-C:0.05pF 

CMOS SWITCHING CHARACTERISTICS 
(Inpul Edge Rale tr,li=l.00ns) T J= 25.0°C (Nominal) all units are in ns. 

Sym Parameter 
5V J 

FO=O FO=2 FO=8 K (nalpF) I FO=O 

OA21H 

IplH Propagalion Delay, 0.42 0.46 0.59 0.43 0.57 
tpHL AtoX 0.53 0.57 0.70 0.42 0.77 
tpLH Propagation Delay, 0.48 0.52 0.65 0.43 0.63 
tpHl BtoX 0.52 0.56 0.69 0.42 0.77 
tpLH Propagalion Delay, 0.52 0.56 0.69 0.42 0.68 

tpHL CtoX 0.44 0.49 0.61 0.41 0.63 
I OUlpul Rise Time, X 0.20 0.32 0.68 1.20 0.23 
If OUlput Fall Time, X 0.27 0.33 0.49 0.55 0.33 

Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

FUNCTIONAL DIAGRAM: 0A21H 

AU--~ 

BU---I 

CU------------~ 
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3.3 V 

FO=2 FO=8 

0.63 0.81 
0.82 0.98 
0.69 0.87 
0.83 0.99 
0.74 0.92 
0.68 0.84 
0.40 0.90 
0.40 0.60 

0A21H 

OA21H 

x 

Rev 107 

K(nalpF) 

0.60 
0.54 
0.60 
0.54 
0.59 
0.51 
1.68 
0.70 
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OA22H 
________ MOTOROLA TECHNICAL DATA _______ ~ 

2-Wide, 2-lnput OR-AND Gate 
2X Drive 
(3.3 V and 5 V Core Voltage) 

EQUIV. GATES 

3 
Rev. 1.07 

OUTPUTSIINPUTS 

X/A-O 

INPUT CAP. 

A-O:O.05pF 

CMOS SWITCHING CHARACTERISTICS 

FUNCTION TABLE 

A B C 0 

H X H X 

X H H X 

H X X H 
X H X H 
L L X X 

X X L L 

(Input Edge Rale tr tf=1 OOns) T J- 25 o"c (Nominal) all units are in ns , -
Sym Parameter 

5V 

FO::O F0::2 FO=8 

OA22H 

tpLH Propagation Delay, 0.41 0.45 0.58 

tpHL AloX 0.75 0.80 0.93 
IplH Propagation Delay, 0.45 0.49 0.62 
IpHL BtoX 0.74 0.79 0.92 
IpLH Propagation Delay, 0.47 0.52 0.64 
IpHL CtoX 0.56 0.60 0.74 
tpLH Propagalion Delay, 0.47 0.51 0.64 
IpHI DloX 0.52 0.56 0.68 

I, Oulput Rise Time, X 0.19 0.31 0.67 
If Oulpul Fall Time, X 0.36 0.41 0.59 

CapacItance per fanout = 0.05 pF (metal capacItance Is not Included). 

X 

H 
H 
H 
H 
L 
L 

A 

B 

C 

o 

I 
K (nslpF) J FO=O 

0.42 0.57 
0.45 1.11 
0.43 0.63 
0.45 1.13 
0.43 0.63 
0.44 0.79 
0.43 0.63 
0.42 0.77 
1.20 0.23 
0.57 0.43 

FO=2 

0.63 
1.17 
0.69 
1.18 
0.69 
0.85 
0.69 
0.82 
0.40 
0.50 

OA22H 

x 

Rev 107 
3.3 V 

FO=8 K (nslpF) 

0.81 0.59 
1.34 0.56 
0.86 0.59 
1.35 0.56 
0.87 0.60 
1.02 0.58 
0.87 0.60 
0.98 0.54 
0.90 1.68 
0.71 0.71 

FUNCTIONAL DIAGRAM: OA22H 
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BU---I 

CU--~ 

DU---I 
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MOTOROLA TECHNICAL DATA 

2, 1-lnput OR-AND-INVERT Gate, 1 X and 2X Drive 
(3.3 V and 5 V Core Voltage) 

MACRO EQUIV. GATES 
FUNCTION TABLE 

OAI21 2 
A B C X 

H X H L 
OAI21H 3 

X H H L 
Rev. 1.07 

H X X L 

A 

B 

OAI21 OAI21 H 

OAI21 
OAI21H 

OUTPUTsnNPUTS 
X H X L C-------r x 

XfA-C L L X H 
X X L H 

MACRO INPUT CAP. 

OAI21 A·C:0.05pF 

OAI21H A·C:0.09pF 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr 1f=1 OOns) T J= 250°C (Nominal) all units are in ns , 

Sym Parameter 
5V 

FO=O FO=2 FO=8 

OAI21 

tpLH Propagation Delay, 0.19 0.35 0.83 
tpHI AtoX 0.26 0.38 0.72 
tpLH Propagation Delay, 0.17 0.33 0.82 
tpHl BtoX 0.31 0.43 0.77 
tpLH Propagation Delay, 0.21 0.29 0.54 

tpHl CtoX 0.32 0.44 0.78 

tr Output Rise nme, X 0.40 0.88 2.34 
tf Output Fall Time, X 0.28 0.48 1.07 

OAI21H 

tpLH Propagation Delay, 0.18 0.26 0.50 

!PJ-lL AtoX 0.25 0.30 0.47 
tpLH Propagation Delay, 0.17 0.25 0.50 
tpHl BtoX 0.29 0.35 0.52 
tpLH Propagation Delay, 0.20 0.24 0.36 
tpHL CtoX 0.31 0.37 0.54 

!r Output Rise Time, X 0.41 0.65 1.37 
t Output Fall Time, X 0.29 0.39 0.68 

Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

FUNCTIONAL DIAGRAM: OAI21 

VDD 

Rev 107 

I 3.3 V 

K (ns/pF) I FO=O FO=2 FO=8 K (ns/pF) 

1.61 0.25 0.49 1.20 2.36 
1.14 0.35 0.50 0.95 1.50 
1.61 0.27 0.50 1.21 2.36 
1.14 0.40 0.55 1.00 1.50 
0.82 0.28 0.40 0.74 1.16 
1.14 0.42 0.57 1.02 1.50 
4.86 0.51 1.21 3.32 7.01 
1.97 0.30 0.55 1.32 2.55 

0.80 0.25 0.36 0.72 1.18 
0.57 0.33 0.40 0.63 0.75 
0.80 0.26 0.38 0.73 1.18 
0.57 0.38 0.46 0.68 0.75 
0.41 0.26 0.31 0.49 0.58 
0.57 0.40 0.48 0.70 0.75 
2.42 0.51 0.85 1.90 3.50 
0.96 0.33 0.45 0.82 1.23 

FUNCTIONAL DIAGRAM: OAI21H 

VDD VDD 

Be>....,...----4jf---ClI 
BU~--.q 

AD-t--...... .q 

....--+----c> X 
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OAI211 OAI211 H 

••••••• _ MOTOROLA TECHNICAL DATA ________ \" 

2,1, 1-lnput OR-AND-INVERT Gate 
1X &2X Drive 
(3.3 V and 5 V Core Voltage) 

MACRO EQUIV. GATES FUNCTION TABLE 

OAI211 2 
A B C 0 X 

OAI211H 4 
H X H H L 

Rev. 1.07 
X H H H L 

OUTPUTSJINPUTS 
L L X X H 
X X L X H 

X/A-O X X X L H 

INPUT CAP. 

A-O:0.05pF 

CMOS SWITCHING CHARACTERISTICS 
(Inpul Edge Rale Ir,tf=1.00ns) T J= 25.(}OC (Nominal) all unils are in ns. 

Sym Parameter 
FO=O 

5V 

FO=2 FO=8 

OAI211 

IplH Propagalion Delay, 0.19 0.35 0.83 
IpHl AloX 0.26 0.38 0.72 
IpLH Propagation Delay, 0.17 0.33 0.82 
IpHL BloX 0.31 0.43 0.77 
IpLH Propagation Delay, 0.21 0.29 0.54 
IpHL CloX 0.32 0.44 0.78 
IpLH Propagalion Delay, 0.21 0.29 0.54 
IpHl DloX 0.32 0.44 0.78 

I, OUlpul Rise Time, X 0.40 0.88 2.34 
If OUlpul Fall Time, X 0.28 0.48 1.07 

OAI211H 

Ipi H Propagalion Delay, 0.61 0.64 0.73 
IpHI AloX 0.72 0.74 0.82 
IplH Propagalion Delay, 0.61 0.64 0.73 
IpHl BloX 0.77 0.80 0.88 
IpLH Propagalion Delay, 0.58 0.61 0.69 
IpHL CloX 0.86 0.89 0.97 
IpLH Propagalion Delay, 0.64 0.67 0.75 
IpHI DloX 0.84 0.87 0.95 

I OUlpul Rise Time, X 0.20 0.28 0.51 
If Oulpul Fall Time, X 0.23 0.27 0.38 

Capacitance per fanout = 0.05 pF (metal capacitance fS not Included). 

MOTOROLA 
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I 
K (nslpF) I FO=O FO=2 

1.61 0.27 0.51 
1.14 0.38 0.59 
1.61 0.29 0.52 
1.14 0.45 0.66 
0.82 0.29 0.41 
1.14 0.54 0.75 
0.82 0.33 0.44 
1.14 0.52 0.74 
4.86 0.63 1.33 
1.97 0.44 0.81 

0.29 0.90 0.94 
0.27 1.00 1.03 
0.28 0.91 0.95 
0.28 1.09 1.13 
0.28 0.83 0.87 
0.27 1.17 1.21 
0.28 0.88 0.92 
0.28 1.17 1.20 
0.78 0.22 0.33 
0.37 0.28 0.33 

3.3 V 

OAI211 
OAI211H 

Rev 107 

FO=8 K (nslpF) 

1.22 2.36 
1.22 2.10 
1.23 2.36 
1.30 2.11 
0.75 1.16 
1.38 2.11 
0.79 1.16 
1.37 2.11 
3.44 7.01 
1.90 . 3.67 

1.05 0.40 
1.14 0.34 
1.06 0.39 
1.23 0.34 
0.99 0.39 
1.31 0.35 
1.04 0.40 
1.31 0.35 
0.67 1.11 
0.46 0.45 
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MOTOROLA TECHNICAL DATA 

FUNCTIONAL DIAGRAM: OAI211 

A~------------~ 
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DU-------I 
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OAI220AI22H 

••••••• _ MOTOROLA TECHNICAL DATA _ •••••• _ 

2-Wide, 2-lnput OR-AND-INVERT Gate 
1X & 2X Drive 
(3.3 V and 5 V Core Voltage) 

FUNCTION TABLE 

MACRO EQUIV. GATES A B C 0 

OAI22 2 H X H X 

OAI22H 4 X H H X 

Rev. 1.07 H X X H 

OUTPUTSIINPUTS X H X H 

X/A-O 
L L X X 

X X L L 

INPUT CAP. 

A-O:0.05pF 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,ti=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

Sym Parameter 
5V 

FO=O FO=2 FO=8 
OAI22 

tpLH Propagation Delay, 0.33 0.49 0.97 
tpHL AtoX 0.31 0.43 0.77 
tpLH Propagation Delay, 0.35 0.51 0.99 
tpHL BtoX 0.32 0.40 0.66 
tpLH Propagation Delay, 0.19 0.35 0.84 
tpHL CtoX 0.31 0.43 0.77 
tpLH Propagation Delay, 0.17 0.33 0.82 
tpHL DtoX 0.28 0.37 0.65 

t Output Rise Time, X 0.74 1.23 2.69 
tf Output Fall Time, X 0.28 0.48 1.07 

OAI22H 

tpLH Propagation Delay, 0.84 0.87 0.95 
tpHL AtoX 0.69 0.72 0.80 
tplH Propagation Delay, 0.86 0.88 0.97 
tpHI BtoX 0.67 0.70 0.78 
tpLH Propagation Delay, 0.64 0.67 0.76 
tpHL CtoX 0.68 0.71 0.79 

tPLH Propagation Delay, 0.61 0.84 0.73 
tpHI DtoX 0.62 0.65 0.73 

t Output Rise Time, X 0.21 0.28 0.51 
tf Output Fall Time, X 0.21 0.25 0.36 

Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 
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X 

L 

L 

L 

L 
H 
H 

A 

B 

C 

D 

I 
K (nslpF) I FO=O 

1.61 0.45 
1.14 0.42 
1.60 0.53 
0.86 0.41 
1.61 0.25 
1.14 0.40 
1.60 0.26 
0.92 0.37 
4.87 1.01 
1.97 0.29 

0.29 1.20 
0.27 0.99 
0.28 1.25 
0.27 0.96 
0.29 0.91 
0.27 0.94 
0.29 0.87 
0.27 0.88 
0.76 0.24 
0.37 0.25 

FO=2 

0.69 
0.57 
0.77 
0.53 
0.48 
0.55 
0.49 
0.49 
1.71 
0.54 

1.24 
1.02 
1.29 
0.99 
0.95 
0.98 
0.91 
0.91 
0.35 
0.30 

3.3 V 

FO=8 

1.39 
1.02 
1.47 
0.86 
1.19 
1.00 
1.20 
0.84 
3.82 
1.31 

1.36 
1.13 
1.41 
1.09 
1.07 
1.08 
1.03 
t.o1 
0.68 
0.44 

OAI22 
OAI22H 

x 

Rev. 1.07 

K (nslpF) 

2.36 
1.50 
2.36 
1.13 
2.36 
1.50 
2.36 
1.18 
7.01 
2.55 

0.40 
0.34 
0.40 
0.34 
0.40 
0.34 
0.39 
0.34 
1.11 
0.45 
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MOTOROLA TECHNICAL DATA 

FUNCTIONAL DIAGRAM: OAI22 
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ONDAI220NDAI22H 

_ •••••• _ MOTOROLA TECHNICAL DATA •••••••• 

2-lnput OR + 2-lnput NAND Gate 
1X & 2X Drive 
(3.3 V and 5 V Core Voltage) 

MACRO EQUIV. GATES 

ONDAI22 3 
ONDAI22H 4 

Rev. 1.07 
OUTPUTSIINPUTS 

X/A-D 

MACRO INPUT CAP. 

ONDAI22 A-D:0.05pF 

ONDAI22H 
A,B:0.09pF 
C,D:0.05pF 

CMOS SWITCHING CHARACTERISTICS 

FUNCTION TABLE 
A B C D 

L L X X 

X X H H 
X H X L 
H X X L 
X H L X 

H X L X 

(Input Edge Rate tr tf=l OOns) T J= 25 ()<>C (Nominal) all units are in ns , 

Sym Parameter 
5V 

FO=O FO=2 FO=8 

ONDAI22 

tpLH Propagation Delay, 0.19 0.35 0.83 
tpHI AtoX 0.27 0.38 0.72 
tpLH Propagation Delay, 0.18 0.34 0.82 
tpHl BtoX 0.31 0.43 0.77 

tpLH Propagation Delay, 0.46 0.54 0.79 

tpHl CtoX 0.36 0.47 0.81 

tpLH Propagation Delay, 0.46 0.54 0.79 

tpHl DtoX 0.43 0.55 0.89 
t, Output Rise Time, X 0.40 0.88 2.34 
t, Output Fall Time, X 0.28 0.48 1.08 

ONDAI22H 

tpLH Propagation Delay, 0.18 0.26 0.50 
tpHI AtoX 0.24 0.30 0.47 
tpLH Propagation Delay, 0.18 0.26 0.50 
tpHl BtoX 0.29 0.35 0.52 
tpLH Propagation Delay, 0.51 0.56 0.68 
tpHL CtoX 0.42 0.48 0.65 

tpLH Propagation Delay, 0.51 0.55 0.68 

tpHL DtoX 0.49 0.54 0.72 

tr Output Rise Time, X 0.41 0.65 1.38 
t, Output Fall Time, X 0.29 0.39 0.68 

Capacitance per fanout = 0.05 pF (metal cepacitance IS not Included). 
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X 

H 
H 
L 
L 
L 
L 

A 

B 

C 

o -"'----~., 

I 
K (nslpF) I FO=O FOi::2 

1.61 0.26 0.49 
1.14 0.35 0.50 
1.61 0.27 0.51 
1.14 0.40 0.55 
0.83 0.62 0.73 
1.14 0.52 0.67 
0.83 0.61 0.73 
1.14 0.60 0.75 
4.87 0.53 1.23 
1.99 0.30 0.56 

0.80 0.24 0.35 
0.57 0.32 0.40 
0.80 0.26 0.38 
0.57 0.38 0.46 
0.42 0.69 0.75 
0.57 0.61 0.69 
0.41 0.68 0.74 
0.57 0.69 0.76 
2.42 0.55 0.90 
0.97 0.33 0.45 

ONDAI22 
ONDAI22H 

x 

Rev 107 
3.3 V 

FO=8 K (nslpF) 

1.20 2.36 
0.95 1.50 
1.21 2.36 
1.00 1.50 
1.08 1.16 
1.12 1.51 
1.07 1.16 
1.21 1.51 
3.33 7.01 
1.32 2.55 

0.71 1.18 
0.62 0.75 
0.73 1.19 
0.69 0.75 
0.92 0.59 
0.91 0.76 
0.91 0.58 
0.99 0.76 
1.95 3.50 
0.82 1.24 
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ONDAI220NDAI22H 

MOTOROLA TECHNICAL DATA 

FUNCTIONAL DIAGRAM: ONDAI22 
A~ ________________________ -, 

VDD 

t----LYX 
C D--I-----...---I 

DU-+-----; 

FUNCTIONAL DIAGRAM: ONDAI22H 

AC>-------------~ 

B 

C D--+----I 

DL>------I 
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0R20R2H 
••••••• _ MOTOROLA TECHNICAL DATA _______ • 

II 

2-lnput OR Gate 
1X & 2X Drive 
(3.3 V and 5 V Core Voltage) 

EQUIV. GATES 

2 

CMOS SWITCHING CHARACTERISTICS 

FUNCTION TABLE 

A B X 

L L L 
L H H 
H L H 
H H H 

(Input Edge Rate tr tf=1 OOns) T J= 25 OOC (Nominal) all units are in ns , 
5V I 

OR2 
OR2H 

:~X 

Rev 107 
3.3 V 

8ym Parameter 
FO=O FO=2 FO=8 K (nslpF) I FO=O FO=2 FO=8 K (nslpF) 

OR2 

tplH Propagation Delay, 0.26 0.35 0.60 0.83 
tpHl AtoX 0.42 0.50 0.73 0.77 
tpLH Propagation Delay, 0.30 0.39 0.63 0.82 
tpHL BtoX 0.44 0.51 0.74 0.76 

t[ Output Rise Time, X 0.17 0.41 1.14 2.42 

It Output Fall Time, X 0.20 0.31 0.66 1.15 
OR2H 

tpLH Propagation Delay, 0.32 0.36 0.49 0.41 
tpHL AtoX 0.53 0.57 0.69 0.41 
tpLH Propagation Delay, 0.36 0.40 0.52 0.41 
tpHl BtoX 0.53 0.57 0.69 0.41 

t, Output Rise Time, X 0.15 0.27 0.63 1.21 
tf Output Fall Time, X 0.27 0.33 0.49 0.56 

Capacitance per fanout = 0.05 pF (metal capacitance Is not Included). 
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FUNCTIONAL DIAGRAM: OR2 

:~X 
*1X for OR2 
2XforOR2H 

0.38 0.50 0.84 1.15 
0.60 0.70 0.98 0.94 
0.42 0.53 0.88 1.15 
0.61 0.70 0.98 0.94 
0.17 0.52 1.55 3.45 
0.26 0.40 0.82 1.41 

0.44 0.50 0.67 0.58 
0.74 0.79 0.95 0.53 
0.48 0.54 0.71 0.58 
0.75 0.80 0.96 0.52 
0.19 0.37 0.88 1.72 
0.32 0.39 0.59 0.70 
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MOTOROLA TECHNICAL DATA 

3-lnput OR Gate 
1X &2X Drive 
(3.3 V and 5 V Core Voltage) 

MACRO EQUIV. GATES 

OA3 2 

OA3H 3 

OUTPUTSIINPUTS 

X/A-C 

INPUT CAP. 

A-C:0.05pF 

CMOS SWITCHING CHARACTERISTICS 

FUNCTION TABLE 

A B C X 

L L L L 
L X H H 
X H X H 
H X X H 

(Input Edge Rate tr,tf=l.00ns) T J= 25.00C (Nominal) all units are in ns. 
5V I Sym Parameter 

FO=O FO=2 FO=8 K (nslpF) I FO=O 

OR3 

tpLH Propagation Delay, 0.28 0.36 0.61 0.82 

tpHL AtoX 0.62 0.70 0.94 0.81 
tpLH Propagation Delay, 0.32 0.40 0.65 0.82 

tpHL BtoX 0.67 0.75 0.99 0.81 
tpLH Propagation Delay, 0.32 0.40 0.65 0.82 
tpHL CtoX 0.67 0.75 0.99 0.81 

t Output Rise Time, X 0.16 0.40 1.13 2.44 
tf Output Fall Time, X 0.29 0.41 0.75 1.14 

OR3H 

tpLH Propagation Delay, 0.34 0.38 0.50 0.41 

tpHL AtoX 0.74 0.79 0.93 0.46 

tpLH Propagation Delay, 0.36 0.40 0.53 0.41 

tpHL BtoX 0.79 0.83 0.97 0.46 

tP3.ti Propagation Delay, 0.36 0.40 0.53 0.41 
tpHL CtoX 0.79 0.83 0.97 0.46 

t, Output Rise Time, X 0.15 0.28 0.64 1.21 
tf Output Fall Time, X 0.39 0.45 0.62 0.57 

Capacitance per fanout - 0.05 pF (metal capacitance IS not Included). 
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FUNCTIONAL DIAGRAM: OR3 

A 

BLJ~---' 

C 
*1X for OR 
2XforOR3H 

0.41 
0.89 
0.45 
0.98 
0.47 
1.03 
0.19 
0.38 

0.47 
1.07 
0.50 
1.17 
0.52 
1.20 
0.23 
0.49 

3.3 V 

FO=2 FO=8 

0.52 0.87 
0.99 1.29 
0.56 0.91 
1.08 1.39 
0.58 0.93 
1.13 1.43 
0.53 1.57 
0.52 0.94 

0.52 0.70 
1.13 1.31 
0.56 0.74 
1.23 1.41 
0.58 0.76 
1.26 1.45 
0.40 0.91 
0.56 0.78 

OR30R3H 

OR3 
OR3H 

Rev. 1.07 

K (nslpF) 

1.15 
1.01 
1.16 
1.01 
1.16 
1.00 
3.45 
1.40 

0.58 
0.61 
0.59 
0.60 
0.59 
0.61 
1.70 
0.72 
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OR40R4H 

MOTOROLA TECHNICAL DATA ••••••• _ 

4-lnput OR Gate, 1 X & 2X Drive 
(3.3 V and 5 V Core Voltage) 

I MA~IRO I EQUIV·
3
GATES I 
Rev. 1.07 

OUTPUTSIINPUTS 
X/A·D 

INPUT CAP. 
A·D: 0.05pF 

CMOS SWITCHING CHARACTERISTICS 

A 

L 
X 

X 

X 

H 

FUNCTION TABLE 
B C 0 

L L L 
X X H 
X H X 

H X x 
X X X 

(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

Sym Parameter 
SV 

FO=O F0=2 FO=8 

OR4 

tpLH Propagation Delay, 0.27 0.35 0.60 
tpHL AtoX 0.45 0.56 0.91 
tpLH Propagation Delay, 0.31 0.39 0.64 
tpHL BtoX 0.46 0.58 0.92 
tpLH Propagation Delay, 0.30 0.38 0.63 
tpHL CtoX 0.44 0.55 0.90 
tpLH Propagation Delay, 0.34 0.42 0.67 
tpHL DtoX 0.44 0.56 0.90 

t, Output Rise Time, X 0.22 0.46 1.19 

It Output Fall Time, X 0.22 0.41 1.00 
OR4H 

tpLH Propagation Delay, 0.34 0.38 0.50 
tpHL AtoX 0.90 0.95 1.10 
tpLH Propagation Delay, 0.36 0.40 0.53 
tpHL BtoX 1.00 1.05 1.20 
tpLH Propagation Delay, 0.38 0.42 0.54 
tpHL CtoX 1.07 1.12 1.27 
tpLH Propagation Delay, 0.38 0.42 0.54 
tpHL DtoX 1.07 1.12 1.27 

t Output Rise Time, X 0.16 0.28 0.64 
tf Output Fall Time, X 0.51 0.57 0.74 

CapaCitance per fanout = 0.05 pF (metal capacitance IS nol included). 

X 

L 
H 
H 

I:f 
H 

I 3.3 V 

K (nsJpF) J FO=O FO=2 FO=8 

0.82 0.39 0.50 0.85 
1.15 0.63 0.78 1.24 
0.82 0.42 0.54 0.89 
1.14 0.64 0.79 1.24 
0.83 0.42 0.54 0.89 
1.14 0.64 0.79 1.24 
0.82 0.47 0.58 0.93 
1.14 0.63 0.78 1.23 
2.43 0.27 0.61 1.65 
1.96 0.28 0.54 1.29 

0.41 0.47 0.53 0.70 
0.51 1.32 1.38 1.59 
0.41 0.51 0.57 0.74 
0.51 1.49 1.56 1.76 
0.42 0.53 0.59 0.76 
0.51 1.61 1.67 1.88 
0.42 0.53 0.59 0.77 
0.51 1.66 1.72 1.93 
1.21 0.23 0.40 0.91 
0.58 0.61 0.68 0.91 

FUNCTIONAL DIAGRAM: OR4 FUNCTIONAL DIAGRAM: OR4H 
'bD 

DL>_._----ctl 

Cr>-+--1I"""---ctl 

Br>-+---1I---t--ctl 

AL>-+-+-+--1~ 

OR4 
OR4H 

Rev. 1.07 

K(nsJpF) 

1.15 
1.51 
1.15 
1.51 
1.15 
1.S1 
1.16 
1.51 
3.45 
2.52 

0.58 
0.68 
0.59 
0.68 
0.59 
0.68 
0.60 
0.68 
1.70 
0.76 
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MOTOROLA TECHNICAL DATA 

B-Input OR Gate, 2X Drive 
(3.3 V and 5 V Core Voltage) 

EQUIV. GATES 
A 

8 
L 
X 

OUTPUTsnNPUTS 
X 

X/A-H X 

X 
INPUT CAP. X 
A·H:0.05pF X 

X 

H 

B 

L 
X 

X 

X 

X 

X 

X 

H 
X 

CMOS SWITCHING CHARACTERISTICS 

FUNCTION TABLE 

C 0 E F 

L L L L 
X X X X 

X X X X 

X X X H 
X X H X 

X H X X 

H X X X 

X X X X 

X X X X 

(Input Edge Rate tr 11=1 OOns) T J= 25 ()<>C (Nominal) all units are in ns , 
SV 

G H X 

L L L 
X H H 
H X H 
X X H 
X X H 
X X H 
X X H 
X X H 
X X H 

I Sym Parameter 
FO=O FO=2 FO=8 K (ns/pF) I FO=O 

OR8 

tpLH Propagation Delay, 0.34 0.38 0.50 0.41 
tpHI AtoX 0.63 0.73 1.02 0.98 
tpLH Propagation Delay, 0.37 0.41 0.53 0.41 
tpHL BtoX 0.64 0.73 1.03 0.98 
tpLH Propagation Delay, 0.38 0.42 0.54 0.41 
tpHL CtoX 0.68 0.78 1.07 0.97 
tpLH Propagation Delay, 0.41 0.45 0.58 0.41 
tpHI DtoX 0.68 0.78 1.07 0.98 
tplH Propagation Delay, 0.40 0.45 0.57 0.42 
tpHL EtoX 0.70 0.80 1.09 0.98 
tpLH Propagation Delay, 0.44 0.48 0.61 0.42 
tpHL FtoX 0.70 0.79 1.09 0.99 
tpLH Propagation Delay, 0.40 0.45 0.57 0.42 
tpHI GtoX 0.70 0.80 1.09 0.98 
tplH Propagation Delay, 0.44 0.48 0.61 0.42 
tpHL HtoX 0.70 0.79 1.09 0.99 

tr Output Rise Time, X 0.49 0.61 0.97 1.21 
tf Output Fall Time, X 0.46 0.64 1.17 1.78 

Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 
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FUNCTIONAL DIAGRAM: OR8H 

A l.~ ___ ---' 

BL-.,o ___ --. 

C 

DL-.,o ___ --. 

E 

F 

G 

H 

0.47 
0.87 
0.51 
0.88 
0.53 
0.94 
0.57 
0.95 
0.58 
0.99 
0.62 
1.00 
0.62 
1.00 
0.64 
1.03 
0.62 
0.58 

X 

A 
B 
C 
D 
E 
F 
G 
H 

FO=2 

0.53 
1.01 
0.57 
1.02 
0.59 
1.08 
0.63 
1.09 
0.64 
1.12 
0.68 
1.14 
0.68 
1.14 
0.70 
1.17 
0.79 
0.81 

3.3 V 

FO=8 

0.70 
1.42 
0.74 
1.43 
0.77 
1.49 
0.81 
1.50 
0.81 
1.54 
0.85 
1.55 
0.85 
1.55 
0.88 
1.58 
1.31 
1.52 

OR8H 

ORBH 

x 

Rev 107 

K (ns/pF) 

0.58 
1.37 
0.58 
1.37 
0.58 
1.37 
0.58 
1.37 
0.59 
1.38 
0.59 
1.38 
0.59 
1.38 
0.60 
1.38 
1.71 
2.37 
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• 

ROT8A 

MOTOROLA TECHNICAL DATA ••••••• _ 

8-Bit Rotate, 1 X Drive 
(3.3 V and 5 V Core Voltage) 

FUNCTION TABLE 

EQUIV. GATES SL2 SL1 SLD XD X1 X2 X3 

54 L L L AD A1 A2 A3 

L L H A1 A2 A3 A4 

OUTPUTSIINPUTS L H L A2 A3 A4 AS 

XO-X7! AO-A7,SLO-SL2 
L H H A3 A4 A5 A6 

H L L A4 A5 A6 A7 

INPUT CAP. 
H L H A5 A6 A7 AD 

H H L A6 A7 AD A1 
AO-A7,SLO-SL2: 0.10pF H H H A7 AD A1 A2 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr tf=1 OOns) T J= 250°C (Nominal) all units are in ns , 

Sym Parameter 
5V 

FO=O FO=2 FO=8 
ROT8A 

tpLH Propagation Delay, 0.88 0.97 1.22 
tpHI AO-A7 to XO-X7 0.88 0.97 1.24 
tpLH Propagation Delay, 0.92 1.01 1.26 
tpHL SLOtoXO-X7 0.91 1.00 1.26 
tpLH Propagation Delay, 1.21 1.30 1.55 
tpHL SL1 toXO-X7 1.21 1.30 1.57 
tpLH Propagation Delay, 1.32 1.40 1.66 
teHL SL2 toXO-X7 1.38 1.47 1.75 

~ Output Rise Time, XO-X7 0.28 0.52 1.24 
tf Output Fall Time, XO-X7 0.45 0.57 0.93 

Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

MOTOROLA 
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X4 

A4 

AS 

A6 

A7 

AD 

A1 

A2 

A3 

X5 X6 x:r 
A5 A6 A7 

A6 A7 AD 

A7 AD A1 

AD A1 A2 

A1 A2 A3 

A2 A3 A4 

A3 A4 A5 

A4 AS A6 

I 
K (nsJpF) I FO=O FO=2 

0.85 1.23 1.35 
0.91 1.42 1.54 
0.85 1.29 1.41 
0.86 1.38 1.49 
0.85 1.69 1.81 
0.90 1.90 2.01 
0.85 1.88 2.00 
0.91 2.16 2.27 
2.40 0.35 0.70 
1.20 0.69 0.83 

3.3 V 

FO=8 

1.71 
1.90 
1.77 
1.81 
2.17 
2.37 
2.36 
2.63 
1.72 
1.28 

ROT8A 

XO 
X1 
X2 
X3 
X4 
X5 
X6 
X7 

Rev 107 

K {nslpF} 

1.20 
1.19 
1.20 
1.09 
1.21 
1.17 
1.20 
1.18 
3.41 
1.49 
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MOTOROLA TECHNICAL DATA 

FUNCTIONAL DIAGRAM: ROT8A 

A1 

AO 

SL2 

SL1 C>----------------~ 
SLO 
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X:>O-l:::>X7 

X:>O-l:::>X6 

X>O-I:::>X5 

)OQ-I:::>X4 

)OQ--t:::>X3 

X>O-C>X2 

)OQ-I:::>X1 

>OOI---C::>:XO 

ROT8A 
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________ MOTOROLA TECHNICAL DATA _______ • 

I 

8 .. Bit Shift Register 
with Positive Edge Triggered Clock 
(3.3 V and 5 V Core Voltage) 

EQUIV. GATES FUNCTION TABLE 

MACRO 

SHIFTS 

45 
Rev. 1.07 

OUTPUTS/INPUTS 

00-07/D,CK 

INPUT CAP. 

CK:0.15pF 
D:O.05QF 

CMOS SWITCHING CHARACTERISTICS 

0 CK QO 01 

L f L QO 

H f H QO 

(Input Edge Rate tr tf=1 OOns) T J= 25 OOC (Nominal) all units are in ns , 
SV 

02 .... 
01 

01 

... 07 

Q6 

Q6 

I 

SHIFT8 

SHIFT8 

D 00 
CK 01 

3.3 V 

02 
03 
04 
05 
06 
07 

Rev 107 

Sym Parameter 
FO=O FO=2 FO=8 K (nsJpF) I FO=O FO=2 FO=8 K (nsJpF) 

ROT8A 

tpLH Propagation Delay, 1.16 1.24 1.49 0.83 1.55 1.67 2.02 
tl'Hl. CKtoOO-07 1.37 1.44 1.67 0.77 1.94 2.03 2.31 

tr Output Rise Time, Oo-a7 0.14 0.38 1.12 2.44 0.21 0.55 1.58 
tf Output Fall Time, 00-07 0.17 0.29 0.64 1.16 0.23 0.37 0.79 

Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

CMOS TIMING REQUIREMENTS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. Rev. 1.07 

SV 3.3V 

Sym Parameter Minimum Requirement Minimum Requirement 

SHIFT8 

tsu Set Up Time, D to CK 0.05 0.18 

th Hold Time, CK to D 0.70 0.96 

Iw Pulse Width, CK(L) 0.84 1.33 

Iw Pulse Width, CK(H) 0.93 1.35 

FUNCTIONAL DIAGRAM: SHIFT8 

~----------------------------------~~OO 

r-------------O 01 

r-------------L>06 

D D 0 t---<--iD 0 _ ••• D 0 D 0 07 
CK CK CK CK 

DFFP DFFP DFFP DFFP 

OB OB OB OB 

CKUI>--l------------......... • .. • ............ ·.i.------.... 

1.16 
0.93 
3.44 
1.40 
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MOTOROLA TECHNICAL DATA 

D-Type Latch with Scan 
into a D-Type 2X Drive 
(3.3 V and 5 V Core Voltage) 

MACRO 

SRLSSD1H 

MACRO 

SRLSSD1H 

EQUIV. GATES 

13 
Rev 107 .. 

OUTPUTSIINPUTS 

Ql,Q1B,Q2,Q2B I 
D,SCLK,SDI,ACLK,BCLK 

INPUT CAP. 

ACLK,SCLK: O.09pF 
BCLK,D,SDI: 0.05pF 

D 

L 

H 

X 

X 

X 

H 

X 

L 

CMOS SWITCHING CHARACTERISTICS 

SCLK 

H 
H 

L 

L 

L 

H 
H 

H 

FUNCTION TABLE 

SDI ACLK 01 01B MODE 

X L L H NORMAL 

X L H L NORMAL 

L H L H SCAN 

H H H L SCAN 

X L 01 01B NOR/SCAN 

X H H L 

H H H L 

L H L H 

BCLK 01 Q2 02B 

L X 02 02B 

H L L H 

H H H L 

, - . -(Input Edge Rate Ir tf-1 OOns) T J- 25 ()<>C (Nominal) all units are in ns 

Sym 
5V I Parameter 

FO=O FO=2 FO=8 K (ns/pF) I FO=O 

SRLSSD1H 

tpLH Propagation Delay, 0.90 0.95 1.08 0.45 1.21 
tpHL ACLK,D,SCLK,SDI to 01 1.11 1.17 1.33 0.55 1.76 

tpLH Propagation Delay, 1.63 1.68 1.81 0.43 2.44 

tpHL ACLK,SCLK to 01 B 1.31 1.35 1.49 0.44 1.83 
tplH Propagation Delay, 1.76 1.80 1.92 0.41 2.46 
tpHI ACLK,SCLK to 02 2.04 2.08 2.20 D.40 3.08 
tpLH propa~ation Delay, 2.22 2.26 2.39 0.41 3.28 
tpHL ACLK, CLK to 02B 1.91 1.95 2.06 0.39 2.71 
tpLH Propagation Delay, 0.82 0.86 0.99 0.42 0.69 

tpHL BCLKto02 0.89 0.93 1.05 0.41 1.49 

tpLI'i Propagation Delay, 1.10 1.15 1.27 0.42 1.57 

tpHL BCLKto 02B 1.10 1.14 1.26 0.39 1.56 

tpLI'i Propagation Delay, 1.65 1.70 1.82 0.43 2.51 
tpHL D,SDIto01B 1.44 1.49 1.62 0.45 2.01 
tpLI'l Propagation Delay, 1.n 1.81 1.94 0.41 2.48 
tpHL D,SDI to 02 2.02 2.06 2.18 0.41 3.05 
tpLI'l Propagation Delay, 2.24 2.28 2.40 0.41 3.35 
tpHL D,SDIto 02B 2.06 2.10 2.21 0.39 2.89 

tL Output Rise Time, 01 0.31 0.43 0.78 1.17 0.35 

It Output Fall Time, 01 0.52 0.58 0.76 0.60 0.67 
t, Output Rise Time, 01 B 0.28 0.40 0.75 1.17 0.34 
tf Output Fall Time, 01 B 0.31 0.36 0.53 0.56 0.37 
I, OUlpul Rise Time, 02 0.15 0.27 0.63 1.19 0.23 
If OUlpul Fall Time, 02 0.19 0.25 0.42 0.56 0.26 
I, OUlpul Rise Time, 02B 0.15 0.27 0.63 1.19 0.20 
I, Outpul Fall Time, 02B 0.19 0.25 0.42 0.56 0.24 

CapacHance per fanout = 0.05 pF (metal capacitance IS not IncluCled). 

H4CPlus Series Design Reference Guide 

FO=2 

1.27 
1.84 
2.50 
1.89 
2.52 
3.13 
3.34 
2.76 
0.73 
1.54 
1.63 
1.60 
2.57 
2.07 
2.54 
3.10 
3.40 
2.94 
0.52 
0.74 
0.51 
0.44 
0.40 
0.32 
0.37 
0.31 

SRLSSD1H 

SRLSSD1H 

3.3 V 

FO=8 

1.46 
2.06 
2.69 
2.06 
2.70 
3.28 
3.52 
2.91 
0.84 
1.69 
1.81 
1.75 
2.76 
2.24 
2.72 
3.25 
3.58 
3.09 
1.02 
0.97 
1.00 
0.65 
0.90 
0.53 
0.88 
0.52 

Rev 107 

K (ns/pF) 

0.64 
0.73 
0.62 
0.57 
0.59 
0.50 
0.59 
0.49 
0.38 
0.50 
0.58 
0.49 
0.61 
0.57 
0.59 
0.50 
0.58 
0.49 
1.68 
o.n 
1.65 
0.70 
1.68 
0.68 
1.71 
0.69 
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SRLSSD1H 

MOTOROLA TECHNICAL DATA ••••••• _ 

CMOS TIMING REQUIREMENTS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0"C (Nominal) all units are in ns. ' 

5V 

Sym Parameter Minimum Requirement 

SRLSSD1H 

tsu Set Up Time, SCLK to ACLK 1.54 

tsu Set Up Time, SDI to ACLK 1.58 

tsu Set Up Time, ACLK,SCLK to BCLK 1.99 

tsu Set Up Time, D,SDI to BCLK 2.01 

tsu Set Up Time, ACLK to SCLK 1.57 

tsu Set Up Time, D to SCLK 1.62 

th Hold Time, ACLK to SCLK -0.19 

th Hold Time, ACLK to SDI -0.16 

th Hold Time, BCLK to ACLK -0.92 

th Hold Time, ,BCLK to D,SDI -0.79 

th Hold Time, BCLK to SCLK -0.89 

th Hold Time, SCLK to ACLK -0.24 

th Hold Time, SCLK to D -0.19 

tw Pulse Width, ACLK,SCLK(H) 1.32 

tw Pulse Width, BCLK(L) 0.02 

Iw Pulse Width, BCLK(H) 0.80 

FUNCTIONAL DIAGRAM: SRLSSD1 H 

DL>---i 

SCLK l..)---t'-l __ _ 

ACLKD-.....f-1-i 

BCLKC)--------------------------~ 
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3.3V 

Minimum Requirement 

2.29 

2.34 

2.82 

3.01 

2.35 

2.42 

-0.12 

-0.12 

-1.20 

-1.06 

-1.12 

-0.29 

-0.22 

2.06 

0.05 

1.11 

X)----t.:~ 01 B 

./O--[:'>02B 

;>0--[:.>02 

:>0--001 
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MOTOROLA TECHNICAL DATA 

Non-Inverting 3-State Buffer, 
Active Low Enable 1 X & 2X Drive 
(3.3 V and 5 V Core Voltage) 

MACRO EQUIV. GATES 

TBUF 4 
TBUFH 5 

Rev. 1.07 

OUTPUTSIINPUTS 

XI A,ENB 

INPUT CAP. 

A,ENB: O.09pF 

MACRO OUTPUT CAP. 

TBUF X: 0.07pF 

TBUFH X: 0.11pF 

CMOS SWITCHING CHARACTERISTICS 

FUNCTION TABLE 

A ENB X 

L L L 
H L H 
X H Z 

(Input Edge Rate tr,tf=I.00ns) TJ= 25.0°C (Nominal) all units are in ns. 
5V I Sym Parameter 

FO=O FO=2 FO=8 K (ns/pF) I FO=O 

TBUF 

tpLH Propagation Delay, 0.32 0.36 0.49 0.42 0.44 
tpHL AtoX 0.36 0.44 0.67 0.77 0.52 
tpLZ Propagation Delay, 0.25 0.25 0.25 0.00 0.33 
tp71 ENBtoX 0.84 0.92 1.15 0.78 1.01 
tPZH Propagation Delay, 0.63 0.67 0.80 0.43 0.85 
tpHZ ENBtoX 0.85 0.85 0.85 0.00 1.03 

t Output Rise Time, X 0.18 0.29 0.65 1,17 0.17 
tf Output Fall Time, X 0.17 0.29 0.64 1.16 0.22 

TBUFH 

tpLH Propagation Delay, 0.35 0.37 0.44 0.23 0.49 
tpHL AtoX 0.40 0.44 0.56 0.40 0.56 
tpLZ Propagation Delay, 0.30 0.30 0.30 0.00 0.40 
tpZL ENBtoX 0.85 0.89 1.02 0.42 1.04 

tpZti Propagation Delay, 0.64 0.66 0.73 0.24 0.89 
tpHZ ENBtoX 0.99 0.99 0.99 0.00 1.21 

t Output Rise Time, X 0.19 0.25 0.42 0.56 0.21 
tf Output Fall Time, X 0.20 0.25 0.42 0.56 0.25 

Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

FO=2 

0.50 
0.61 
0.33 
1.10 
0.91 
1.03 
0.34 
0.37 

0.52 
0.61 
0.40 
1.09 
0.92 
1.21 
0.29 
0.32 

TBUFTBUFH 

TBUF 
TBUFH 

~ A V? X 

ENB 

Rev. 1.07 
3.3 V 

FO-8 K (ns/pF) 

0.67 0.59 
0.89 0.93 
0.33 0.00 
1.38 0.94 
1.08 0.59 
1.03 0.00 
0.85 1.70 
0.79 1.41 

0.61 0.32 
0.76 0.50 
0.40 0.00 
1.24 0.51 
1.01 0.32 
1.21 0.00 
0.54 0.82 
0.53 0.68 

FUNCTIONAL DIAGRAM: TBUF 
VDD 

FUNCTIONAL DIAGRAM: TBUFH 
VDD 

AU-t----I 

......,.--L> X 

ENB L:::>--Ir--+----\ 
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TSUFP TSUFPH 
________ MOTOROLA TECHNICAL DATA _______ _ 

Non-Inverting 3-State Buffer, 
Active High Enable 1X & 2X Drive 
(3.3 V and 5 V Core Voltage) 

MACRO EQUIV. GATES 

TBUFP 4 FUNCTION TABLE 
TBUFPH 5 A EN X 

Rev. 1.07 L H L 
OUTPUTSJlNPUTS H H H 

X/A,EN X L Z 

INPUT CAP. 

A,EN: 0.09pF 

MACRO OUTPUT CAP. 

TBUFP X:0.09pF 

TBUFPH X: 0.17pF 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr 11=1 OOns) TJ= 250°C (Nominal) all units are In ns , 

5V 

TBUFP 
TBUFPH 

~ 
A Vf X 

EN 

Rev 107 
3.3 V 

8ym Parameter 
FO=O F0=2 FO=8 K (ns/pF) I FO=O FO=2 FO=8 K (ns/pF) 

TBUFP 

tpLH Propagation Delay, 0.33 0.37 0.50 
tpHL AtoX 0.37 0.45 0.68 
tpI7 Propagation Delay, 0.37 0.37 0.37 
tp71 ENtoX 0.50 0.58 0.81 
tPZH Propagation Delay, 0.32 0.36 0.49 
tpHZ ENtoX 0.46 0.46 0.46 

t Output Rise Time, X 0.18 0.30 0.65 
tf Output Fall Time, X 0.18 0.30 0.64 

TBUFPH 

tp1H Propagation Delay, 0.37 0.40 0.47 
tpHl AtoX 0.42 0.46 0.58 
tpLZ Propagation Delay, 0.40 0.40 0.40 
tPZL ENtoX 0.53 0.57 0.69 
tpzH Propagation Delay, 0.35 0.37 0.44 
tpHZ ENtoX 0.60 0.60 0.60 

Ic_ Output Rise Time, X 0.19 0.25 0.42 
t Output Fall Time, X 0.22 0.27 0.44 

Capacitance per fanout = 0.05 pF (metal capacItance IS not Included). 

MOTOROLA 

7-340 

0.42 0.46 0.52 0.69 0.59 
0.77 0.53 0.63 0.90 0.93 
0.00 0.51 0.51 0.51 0.00 
0.77 0.70 0.79 1.07 0.94 
0.42 0.45 0.51 0.69 0.59 
0.00 0.60 0.60 0.60 0.00 
1.17 0.16 0.33 0.85 1.71 
1.16 0.23 0.37 0.79 1.41 

0.23 0.52 0.55 0.64 0.32 
0.40 0.60 0.65 0.79 0.50 
0.00 0.56 0.56 0.56 0.00 
0.41 0.76 0.81 0.96 0.51 
0.23 0.51 0.54 0.64 0.32 
0.00 0.79 0.79 0.79 0.00 
0.57 0.22 0.31 0.56 0.83 
0.56 0.26 0.33 0.54 0.69 
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MOTOROLA TECHNICAL DATA 

FUNCTIONAL DIAGRAM: TBUFP 

VDD 

AC>-+-~--i 
'-1---L> X 

ENBL..;>-+----/ 

FUNCTIONAL DIAGRAM: TBUFPH 

AU-+--.,.--i 

ENBn-+----/ 

H4CPlus Series Design Reference Guide 

TBUFP TBUFPH 

MOTOROLA 

7-341 

II 



II 

RSBXXxXX 

MOTOROLA TECHNICAL DATA ••••••• _ 

Section 7.5 Metalized RAMs 

Low Power Single Port RAM 

EQUIV. GATES 

see table below 

A(O-m),OIN(O-n),RIWB(O-n) 

OO(o-n) 

SIGNAL NAME INPUT CAP. 

A(O-m) see table below 
OIN(O-n) 0.1 pF 

R1WB(O-n) 0.1 pF 

RSBXXxXX 

RSBXXxXX 

A(O-m) DO(o-n) 

RlWB(o-n) 

Size, Address Line Input Capacitance, and Array Availability Information for Single Port RAM's 

Size 
Name 

Size Total Input Capacitance 
(Words X Bits) (Columns X Rows) Gate Count Per Address Line 

8-WORD BLOCK 
8X8 RSB8X8 20X11 198 

8X18 RSB8X18 20X11 440 
0.1 pF 

16·WORD BLOCK 
16X8 RSB16X8 20X19 342 
16X18 RSB16X18 20X19 760 0.1 pF 
16X36 RSB16X36 38X19 1444 

32·WORD BLOCK 
32X8 RSB32X8 9X35 630 

32X18 RSB32X18 20X35 1400 0.15pF 
32X36 RSB32X36 38X35 2660 

64-WORD BLOCK 
64X18 RSB64X18 20X67 2680 

0.20 pF 
64X36 RSB64X36 I 38X67 5092 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr tf=1 OOns) T J- 25 O°C (Nominal) all units are in ns , - Rev. 1.07 

5.0 V I 3.3 V 
Sym Parameter 

FO=O FO=2 FO=8 K (nsJpF) I FO=O FO=2 FO=8 K (nsJpF) 

RSB8X8 

tpLH Propagation Delay, 2.44 2.50 2.69 
tpHL AO-A2 to 000-007 2.35 2.41 2.57 
tpLH Propagation Delay, 0.97 1.04 1.26 
tpHI DINO-DIN7 to 000-007 1.30 1.34 1.45 
tpl H Propagation Delay, 1.09 1.17 1.38 
tpHL RWBO-RWB7 to 000-007 1.30 1.34 1.44 

t, Output Rise Time, DOO-D07 0.73 0.84 1.15 
CapacHance per fanout = 0.05 pF (metal capacItance IS not Included). 

MOTOROLA 
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0.62 3.39 3.50 3.83 1.09 
0.54 3.73 3.84 4.18 1.13 
0.72 1.25 1.35 1.67 1.06 
0.37 1.93 1.98 2.16 0.58 
0.72 1.33 1.42 1.68 0.88 
0.35 1.87 1.94 2.16 0.71 
1.04 1.09 1.26 1.76 1.67 
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MOTOROLA TECHNICAL DATA 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr tf-1 OOns) T J- 25 ()<>C (Nominal) all units are in ns , - . -

8ym Parameter 
5.0V 

FO=O FO=2 FO=8 K (nslpF) FO=O 

tf Output Fall Time, 000-007 0.78 I 0.85 1.05 I 0.67 0.91 
R8B8X18 

tpLH Propagation Delay, 2.59 2.65 2.82 0.58 3.79 
tpHL AO-A2 to 000-0017 2.49 2.55 2.73 0.58 4.40 
tplH Propagation Delay, 0.97 1.04 1.26 0.72 1.25 
tpHL OINO-OIN17 to 000-0017 1.30 1.34 1.45 0.37 1.93 
tpLH Propagation Delay, 1.10 1.17 1.38 0.72 1.33 

tpHL RWBO-RWB17 to 000-0017 1.30 1.34 1.44 0.35 1.90 
tr Output Rise Time, 000-0017 0.73 0.83 1.14 1.03 1.51 
tf Output Fall Time, 000-0017 0.74 0.81 1.03 0.74 1.47 

Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0°C (Nominal) all units are in ns. 

8ym Parameter 
5.0V I 

FO=O FO=2 FO=8 K (nslpF) I FO=O 

R8B16X8 

tpLH Propagation Delay, 2.99 3.05 3.24 0.62 4.28 
tpHL AO-A3 to 000-007 2.75 2.80 2.96 0.52 4.39 
tpLH Propagation Delay, 1.09 1.17 1.40 0.76 1.42 
tpHL OINO-OIN17 to 000-007 1.41 1.45 1.55 0.35 2.14 
tpLH Propagation Delay, 1.27 1.33 1.51 0.61 1.41 
tpHl RWBO-RWB7 to 000-007 1.45 1.48 1.59 0.36 2.23 

tr Output Rise Time, 000-007 0.88 0.99 1.31 1.06 1.49 
tf Output Fall Time, 000-007 0.80 0.87 1.07 0.69 1.22 

R8B16X18 

tpLH Propagation Delay, 3.02 3.09 3.29 0.67 4.40 
tpHL AO-A3 to 000-0017 2.83 2.88 3.06 0.57 4.71 
tpLH Propagation Delay, 1.09 1.17 1.40 0.76 1.42 
tpHL OINO-OIN17 to 000-0017 1.41 1.45 1.55 0.35 2.14 
tpLH Propagation Delay, 1.27 1.33 1.51 0.61 1.41 
tpHL RWBO-RWB17 to 000-0017 1.47 1.50 1.59 0.30 2.23 

tr IOutput Rise Time, 000-Ou17 0.81 0.93 1.29 1.20 1.37 
tf iOutput Fall Time, OUO-Ou17 0.83 0.90 1.11 0.69 1.27 

RsB16X36 
tpLH Propagation Delay, 3.31 3.37 3.56 0.64 4.73 
tpHL AO-A3 to 000-0035 3.16 3.21 3.38 0.55 5.07 
tpLH Propagation Delay, 1.09 1.17 1.40 0.76 1.42 
tpHl 01NG-01N35to 000-0035 1.41 1.45 1.55 0.36 2.14 
tpLH Propagation Delay, 1.27 1.33 1.51 0.61 1.39 
tpHl RWBO-RWB35to 000-0035 1.45 1.48 1.59 0.36 2.21 

tr Output Rise Time, OUO-0035 0.98 1.08 1.38 0.99 1.46 
tf 10utput Fall Time, 000-Ou35 0.83 0.90 1.11 0.69 1.23 

Capacitance per fanout _ 0.05 pF (metal capacitance is not Included). 

H4CPlus Series Design Reference Guide 

3.3 V 

FO=2 FO=8 

I 1.06 I 1.49 

3.88 4.17 
4.49 4.76 
1.36 1.67 
1.98 2.16 
1.42 1.68 
1.97 2.15 
1.61 1.93 
1.56 1.80 

3.3 V 

FO=2 FO=8 

4.37 4.63 
4.48 4.77 
1.53 1.84 
2.20 2.39 
1.51 1.82 
2.30 2.49 
1.62 1.99 
1.37 1.79 

4.49 4.77 
4.80 5.08 
1.53 1.84 
2.20 2.39 
1.51 1.82 
2.30 2.50 
1.50 1.90 
1.41 1.83 

4.82 5.10 
5.16 5.43 
1.53 1.84 
2.20 2.39 
1.49 1.80 
2.28 2.47 
1.59 1.95 
1.38 1.81 

I 

RSBXXxXX 

Rev. 1.07 

K(nslpF) 

1.44 

0.96 
0.91 
1.06 
0.58 
0.88 
0.63 
1.05 
0.81 

Rev. 1.07 

K (nslpF) 

0.89 
0.96 
1.05 
0.64 
1.02 
0.66 
1.24 
1.42 

0.92 
0.94 
1.05 
0.64 
1.02 
0.65 
1.34 
1.42 

0.92 
0.89 
1.05 
0.64 
1.02 
0.65 
1.20 
1.46 
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ASBXXxXX 
_______ MOTOROLA TECHNICAL DATA _______ _ 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Aate tr tf=1 oons) TJ= 25 OOC (Nominal) all units are in ns , 

Sym Parameter 
S.Ov 

FO=O FO=2 FO=8 

RSB32X8 

tpLH Propagation Oelay, 3.72 3.79 3.99 
tpHL AO·A3 to 000-007 3.30 3.36 3.54 
tpLH Propagation Oelay, 1.30 1.38 1.61 
tpHL OINO·OIN17 to 000·007 1.76 1.80 1.92 
tpLH Propagation Oelay, 1.44 1.51 1.74 
tpHL AWBO·AWB7 to 000·0017 1.84 1.86 1.92 

t Output Aise Time, 000·007 0.69 0.84 1.28 
tf Output Fall Time, 000-007 0.94 1.02 1.25 

RSB32X18 

tpLH Propagation Oelay, 3.70 3.78 4.03 
tpHL AO-A3 to 000-0017 3.39 3.45 3.64 
tpLH Propagation Oelay, 1.31 1.38 1.61 
tpHL 01NO-01N17 to 000-0017 1.76 1.80 1.92 
tpl H Propagation Oelay, 1.46 1.53 1.76 
tpHL AWBO-AWB17 to 000-0017 1.56 1.61 1.78 

t, Output Aise Time, 000-0017 1.34 1.43 1.70 
tf Output Fall Time, 000-0017 0.92 1.00 1.24 

RSB32X36 

tpLH Propagation Oelay, 4.01 4.08 4.29 
tpHL AO-A3 to 000-0035 3.37 3.44 3.65 
tpLH Propagation Oelay, 1.31 1.38 1.61 
tpHL 01NO-01N35 to 000-0035 1.76 1.80 1.92 
tpLH Propagation Oelay, 1.42 1.50 1.72 
tpHL AWBO-AWB35 to 000-0035 1.76 1.80 1.92 

t, Output Aise Time, 000-0035 1.51 1.60 1.86 
tf Output Fall Time, 000-0035 1.24 1.29 1.46 

Capacitance per fanout = 0.06 pF (metal capacItance IS not Included). 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Aate tr,tf=1.oons) T J= 25.0OC (Nominal) all units are in ns. 

Sym Parameter 
5.0 V 

FO=O FO=2 FO=8 

RSB64X18 

tpLH Propagation Oelay, 5.46 5.59 5.95 
tpHl AO-A3 to 000-0017 5.30 5.38 5.60 
tpLH Propagation Oelay, 1.81 1.90 2.17 
tpHL OINO-OIN17 to 000-0017 2.31 2.35 2.50 
tpLH Propagation Delay, 1.89 1.99 2.27 
tpHL AWBO-AWB17 to 000-0017 2.38 2.42 2.55 

tr Output Aise Time, 000-0017 2.92 3.00 3.26 

!! Output Fall Time, 000-0017 1.65 1.77 2.14 
Capacitance per fanout = 0.05 pF (metal cepacHance Is not Included). 
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Aev.1.07 

I 3.3 V 

K (nsJpF) I FO=O FO=2 FO=8 K (nsJpF) 

0.68 5.18 5.31 5.68 1.24 
0.59 5.42 5.52 5.82 0.99 
0.76 1.66 1.77 2.10 1.12 
0.40 2.56 2.64 2.87 0.77 
0.76 1.73 1.84 2.18 1.11 
0.22 2.59 2.66 2.87 0.69 
1.47 1.92 2.08 2.57 1.62 
0.76 1.44 1.55 1.89 1.14 

0.82 4.97 5.11 5.52 1.37 
0.62 5.33 5.44 5.78 1.11 
0.76 1.66 1.77 2.10 1.12 
0.40 2.56 2.64 2.87 0.78 
0.76 1.73 1.84 2.18 1.11 
0.56 2.60 2.67 2.87 0.69 
0.90 1.94 2.12 2.64 1.74 
0.80 1.94 2.04 2.31 0.91 

0.69 5.44 5.55 5.89 1.12 
0.70 5.58 5.69 6.03 1.13 
0.76 1.66 1.77 2.10 1.11 
0.40 2.56 2.64 2.87 0.78 
0.76 1.73 1.84 2.18 1.12 
0.39 2.59 2.66 2.87 0.69 
0.87 1.92 2.07 2.52 1.50 
0.56 1.41 1.53 1.90 1.20 

Rev. 1.07 

I 3.3 V 

K (nsJpF) FO=O FO=2 FO=8 K (nsJpF) 

1.22 8.51 8.62 8.93 1.04 
0.75 9.00 9.11 9.43 1.07 
0.91 2.20 2.32 2.69 1.25 
0.48 3.60 3.68 3.91 0.76 
0.94 2.19 2.31 2.67 1.20 
0.44 3.62 3.70 3.93 0.76 
0.85 3.42 3.59 4.09 1.67 
1.24 2.98 3.08 3.37 0.97 
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MOTOROLA TECHNICAL DATA 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr tf-1 oons) T J- 25 (JOC (Nominal) all units are in ns , - . -

5.0 V I Sym Parameter 
FO=O FO=2 F0=8 K (nslpF) I FO=O 

RSB64X36 

IpLH Propagation Delay, 5.92 6.00 6.24 0.79 8.51 
tpHL AO-A3 to 000-0035 5.51 5.57 5.76 0.62 9.00 
IpLH Propagalion Delay, 1.83 1.91 2.17 0.86 2.20 
tpHL DINo-DIN35 to 000-0035 2.31 2.35 2.50 0.48 3.60 
IplH Propagation Delay, 1.89 1.99 2.27 0.94 2.19 
tpHL RWBO-RWB3510 000-0035 2.38 2.42 2.55 0.43 3.62 

t, Output Rise Time, 000-0035 1.61 1.71 2.03 1.05 3.42 
If OUlput Fall Time, 000-0035 1.69 1.79 2.07 0.95 2.98 

CapacHance per fanout = 0.05 pF (metal capacitance IS not included). 

TIMING REQUIREMENTS 

H4CPlus Series Design Reference Guide 

3.3 V 

FO=2 FO=8 

8.62 8.93 
9.11 9.43 
2.32 2.69 
3.68 3.91 
2.31 2.67 
3.70 3.93 
3.59 4.09 
3.08 3.37 

RSBXXxXX 

Rev. 1.07 

K (ns/pF) 

1.04 
1.07 
1.25 
0.76 
1.20 
0.76 
1.67 
0.97 
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RSBXXxXX 

MOTOROLA TECHNICAL DATA ••••••• _ 

TIMING DIAGRAM: READ CYCLE Low Power Single Port RAM 

RlWB(O-n)/ 

A(Q-m) ~ -----------------' . ""------------------------------------------• • '4 t AA ------...... ~. 
• j '4 tOH ______ ....... : 

• • 
_ __________________________________________ J~"" ________ __ 

DO(O-n) Previous Data /"- DOUT 

NOTES: 
1. RlWB remains high throughout Read Cycles. 

2. The OUTPUT HOLD TIME, t OH,will be the same as tM 
due to internal switching speed and internal loading. 

3.Since Address, A(m), is not latched internally, the Data-Out 
Bus, DO(n), will always reflect the contents of memory selected 
by the current Address following time period tM 

WRITE CYCLE Low Power Single Port RAM 

;.. t ASU .. i 
: :.. twp .. : 

:.-tWDO~ I 

~ L),. 
~ tAWB l.- :...-tAH--..r 

RlWB(O-n) 

A(O-m) -------------'""X Write Addr. X'-----------
, 

-+l tAA ~ 
: -------'" 

DO(O-n) Previous Data Data at Write Addr. DIN 

'-------~:'-~------------------------~ t DDO i.- t ' 

~tDSU~"'- DHi 

______________ JX DIN X'----DlN(O-n) 

NOTES: 
1. For a Write Operation, Address must remain stable for the contiguous period consisting of time periods tAWS, twp and tAH. 
2. Since Address, A(m), is not latched internally, the Data-Out Bus, DO(n), will always reflect the contents of memory selected 
by the current Address following time period tM . 

3. When in the Write Mode, defined by RlWB being low, DO(n) will reflect the Data value of DIN(n) following time periods twoo 
and tooo, whichever occurs later. 

4. Write occurs on the rising edge of RlWB, at which time the Data, appearing on both DIN(n) and oo(n) is written to the Address 
location. 

MOTOROLA 
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MOTOROLA TECHNICAL DATA 

RlWB(O-n) 

DIN (O-n) 

A(O-m) 

H4CPlus Series Design Reference Guide 
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FUNCTIONAL DIAGRAM: 
Low Power Single Port RAM 

OUTPUT I--
DRIVERS 

DO (O-n) 

INPUT DRIVERS 
AND -

CONTROL 
CIRCUITRY 

ROW 0 MEMORY 
CELL -

ADDRESS 
DECODER 

ROW 1 MEMORY 
CELL -

I I I 

RSBXXxXX 
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RDBXXxXX 
MOTOROLA TECHNICAL DATA _______ _ 

High Speed Dual Port RAM 

INPUTS 

OUTPUTS 

SIGNAL NAME 

AA(O-m) 

AB(O-m) 
OINA(O-n) 

WBA 

EQUIV. GATES 

see table below 
Rev 107 

AA(O-m),AB(O·m), 
OINA(O-n),WBA 

OOB(O-n) 

INPUT CAP. 

see table below 
see table below 

0.05 pF 
see table below 

RDBXXxXX 

RDBXXxXX 

A_A(O-m) DO_B(O-n) 

A_B(O-m) 

DINJ\(O-n) 

Size, Address Line Input Capacitance, and Array Availability Information for Dual Port RAM's 

Size Size Total PortA Input Port A Input Port B Input 
(Words X Bits) Name (Columns Gate Count Capacitance Capacitance Capacitance 

X Rows) Per Address Line WB Aline Per Address Line 
S·WOrtD BLo(;K. 

8X9 RDB8X9 13X14 356 
8X18 RDB8X18 22X14 608 
8X36 RDB8X36 40X14 1112 0.15 pF 0.15 pF 0.15 pF 

8X72 RDB8X72 77X14 2156 
16-WORD BLOCK 

16X9 RDB16X9 14X26 725 AAO-AA1= 
16X18 RDB16X18 23X26 1193 0.20 pF 

16X36 RDB16X36 41X26 2129 AA2-AA3= 0.20pF 0.20 pF 

16X72 RDB16X72 78X26 4050 O.09pF 

32·WORD BLOCK 
32X9 RDB32X9 14X50 1400 
32X18 RDB32X1B 23X50 2300 AAO-AA1= 0.25 pF 0.20 pF ABO-AB1= 0.25 pF 

32X36 RDB32X36 41X50 4100 AA2-AA3=0.09pF AB2-AB3=0.09pF 

32X72 RDB32X72 78X50 7798 AA4=0.20pF AB4=0.20pF 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr tf=l OOns) T J= 25 OOC (Nominal) all units are in ns Rev. 1.07 , 

5.0 V I 3.3 V 
Sym Parameter 

FO=O FO=2 FO=8 K (ns/pF) I FO=O FO=2 FO=8 K (ns/pF) 

RDB8X9 

tpLH Propagation Delay, 1.75 1.83 2.07 
tpHL AO-A2 to DOO-D08 1.92 1.99 2.20 
tpLH Propagation Delay, 1.47 1.55 1.BO 
tpHL DINO-DINB to DOO-D08 2.11 2.18 2.39 
tpLH Propagation Delay, 2.34 2.43 2.68 
tpHL RWBO-RWBB to Doo-DOB 2.40 2.47 2.69 

t Output Rise Time, DOO-D08 0.18 0.43 1.19 
tf Output Fall Time, DOO-D08 0.41 0.51 0.82 

Capacitance per fanout = 0.05 pF (metal capaCitance IS not Included). 

MOTOROLA 
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O.Bl 2.67 2.79 3.14 1.20 
0.6a. 2.94 3.02 3.25 0.77 
0.81 2.51 2.63 2.98 1.17 
0.70 3.03 3.12 3.3B 0.B7 
0.83 3.74 3.86 4.20 1.13 
0.71 3.54 3.63 3.88 0.85 
2.52 0.35 0.72 1.83 3.70 
1.02 0.48 0.61 0.98 1.25 
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MOTOROLA TECHNICAL DATA 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr 1f=1 OOns) T J- 25 O·C (Nominal) all units are in ns , -

Sym Parameter 
5.0 V I 

FO=O FO=2 FO=8 K (ns/pF) I FO=O 

RDB8X18 

tpLH Propagation Delay, 1.84 1.93 2.17 0.82 2.92 
tpHL AO-A2 to 000-0017 2.07 2.14 2.35 0.70 2.99 
tpLH Propagation Delay, 1.47 1.55 1.80 0.81 2.51 
tpHI 01NO-01N17 to 000-0017 2.11 2.18 2.38 0.70 3.03 
tpLH Propagation Delay, 2.48 2.56 2.81 0.82 3.99 
tpHL RWBO-RWB17 to 000-0017 2.64 2.70 2.89 0.63 3.77 

t, Output Rise Time, 000-0017 0.18 0.43 1.19 2.52 0.40 

tf Output Fall Time, 000-0017 0.66 0.75 1.00 0.84 0.42 
RDB8X36 

tpLH Propagation Delay, 2.10 2.19 2.45 0.87 3.43 
tpHL AO-A2 to 000-0035 2.32 2.39 2.59 0.66 3.28 
tpLH Propagation Delay, 1.47 1.56 1.80 0.81 2.51 
tpHL DINO-DIN35 to 000-0035 2.11 2.18 2.39 0.70 3.03 
tp~ Propagation Delay, 2.89 2.98 3.23 0.83 4.52 
tpHI RWBO-RWB35 to 000-0035 2.94 3.01 3.23 0.72 4.40 

t, Output Rise Time, 000-0035 0.20 0.45 1.21 2.52 0.56 
tf Output Fall Time, 000-0035 0.62 0.71 0.97 0.86 1.35 

RDB8X72 

tpLH Propagation Delay, 2.28 2.36 2.61 0.84 3.82 
tpHL AO-A2 to 000-0071 2.62 2.69 2.88 0.65 3.72 
tpLH Propagation Delay, 1.48 1.56 1.80 0.81 2.52 
tpHL DINO-DIN71 to 000-0071 2.11 2.18 2.39 0.70 3.02 
tpLH Propagation Delay, 3.44 3.52 3.76 0.81 5.38 
tpHL RWBO-RWB71 to 000-0071 3.47 3.53 3.73 0.66 4.79 

t, Output Rise Time, 000-0071 0.37 0.61 1.31 2.33 0.67 
tf Output Fall Time, 000-0071 0.65 0.73 1.00 0.89 0.82 

Capacitance per fanout = 0.05 pF (metal cepacitance IS not Included). 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=l.oons) TJ= 25.00C (Nominal) all units are in ns. 

Sym Parameter 
5.0V I 

FO=O FO=2 FO=8 K (ns/pF) I FO=O 

RDB16X9 

tpLH Propagation Delay, 2.31 2.39 2.64 0.83 3.59 
tpHL AO-A3 to 000-008 2.70 2.77 2.97 0.66 3.67 
tpLH Propagation Delay, 1.89 1.98 2.23 0.83 3.33 
tpHL DINO-DIN8 to 000-008 2.91 2.98 3.19 0.69 4.06 
tpLH Propagation Delay, 2.81 2.89 3.13 0.80 4.23 

!PJ:lL RWBO-RWBB to 000-008 2.83 2.91 3.14 0.76 4.27 
t, Output Rise Time, 000-008 0.35 0.60 1.32 2.43 0.59 
tf Output Fall Time, 000-008 0.51 0.60 0.90 0.97 0.66 

RDB16X18 

tpLH Propagation Delay, 2.42 2.50 2.75 0.83 3.82 
tpHL AO-A3 to 000-0018 2.74 2.81 3.03 0.73 3.78 
tpi Propagation Delay, 1.89 1.98 2.23 0.83 3.32 
tpHI 0INO-DIN18 to 000-0018 2.92 2.99 3.19 0.69 4.06 
tpLH Propagation Delay, 2.87 2.95 3.19 0.81 4.60 
tpHL RWBO-RWB18 to 000-0018 3.03 3.10 3.30 0.66 4.39 

capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

H4CPlus Series Design Reference Guide 

3.3 V 

FO=2 FO=8 

3.04 3.39 
3.08 3.34 
2.63 2.98 
3.11 3.37 
4.11 4.46 
3.85 4.09 
0.75 1.82 
0.56 0.99 

3.54 3.88 
3.37 3.65 
2.63 2.98 
3.11 3.37 
4.64 5.00 
4.48 4.72 
0.90 1.91 
1.43 1.65 

3.93 4.26 
3.80 4.04 
2.64 2.99 
3.11 3.37 
5.49 5.83 
4.87 5.11 
0.97 1.87 
0.93 1.25 

3.3 V 

FO=2 FO=8 

3.71 4.07 
3.76 4.02 
3.45 3.81 
4.16 4.43 
4.35 4.72 
4.35 4.60 
0.92 1.88 
0.79 1.15 

3.93 4.27 
3.88 4.17 
3.44 3.81 
4.16 4.43 
4.72 5.07 
4.48 4.74 

ROBXXxXX 

Rev. 1.07 

K (ns/pF) 

1.18 
0.88 
1.17 
0.87 
1.16 
0.80 
3.56 
1.43 

1.12 
0.91 
1.17 
0.87 
1.19 
0.80 
3.37 
0.73 

1.11 
0.80 
1.17 
0.87 
1.12 
0.80 
3.00 
1.07 

Rev. 1.07 

K (ns/pF) 

1.20 
0.87 
1.20 
0.91 
1.22 
0.82 
3.22 
1.23 

1.14 
0.98 
1.21 
0.91 
1.18 
0.87 
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ROBXXxXX 

MOTOROLA TECHNICAL DATA ••••••• _ 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr tf-1 oons) T J- 250°C (Nominal) all units are in ns , - . -

Sym 
5.0 V 

Parameter 
FO=O FO=2 F0=8 

t, Output Rise Time, 000-0017 0.42 0.66 1.39 
tf Output Fall Time, 000-0017 0.58 0.69 0.99 

RDB16X36 

tplH Propagation Delay, 2.65 2.74 2.99 
tpHI AO-A3 to 000-0035 3.06 3.12 3.32 
tplH Propagation Delay, 1.89 1.98 2.23 
tpHL 01NO-01N35 to 000-0035 2.92 2.99 3.19 
tpLH Propagation Delay, 3.30 3.38 3.62 
tpHI RWBO-RWB35 to 000-0035 3.36 3.43 3.64 

t, Output Rise Time, 000-0035 0.19 0.44 1.22 
tf Output Fall Time, 000-0035 0.35 0.46 0.81 

RDB16X72 

tpLH Propagation Delay, 3.04 3.12 3.37 
tpHL AO-A3 to 000-0071 3.06 3.15 3.43 
tplH Propagation Delay, 1.90 1.98 2.23 
tpHL 01NO-01N71 to 000-0071 2.92 2.99 3.19 
tpLH Propagation Delay, 3.59 3.68 3.93 
tpHL RWBO-RWB71 to 000-0071 3.68 3.75 3.97 

t, Output Rise Time, 000-0071 0.35 0.59 1.34 
tf Output Fall Time, 000-0071 1.22 1.27 1.42 

Capacitance per fanout = 0.05 pF (metal capacitance is not included). 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.00ns) T J= 25.0oC (Nominal) all units are in ns. 

Sym Parameter 
5.0 V 

FO=O FO=2 FO=8 

RDB32X9 

tpLH Propagation Delay, 3.72 3.80 4.04 
tpHL AO-A4 to 000-008 4.00 4.07 4.29 
tpLH Propagation Delay, 3.00 3.08 3.32 
tpHI 01NO-01N7 to 000-008 4.05 4.14 4.44 
tplH Propagation Delay, 3.69 3.78 4.05 
tpHL RWBO-RWB8 to 000-008 4.29 4.37 4.60 

t Output Rise Time, 000-008 0.44 0.68 1.42 
tf Output Fall Time, 000-008 0.91 1.00 1.28 

RDB32X18 

tplH Propagation Delay, 3.76 3.84 4.09 
tpHL AO-A4 to 000-0017 4.27 4.35 4.58 
tpLH Propagation Delay, 3.00 3.08 3.32 
tpHL 01NO-01N17 to 000-0017 4.05 4.14 4.44 
tpLH Propagation Delay, 4.18 4.26 4.49 
tpHI RWBO-RWB17 to 000-0017 4.42 4.50 4.73 

t, Output Rise Time, 000-0017 0.34 0.59 1.35 
It Output Fall Time, 000-0017 0.63 0.73 1.02 

RDB32X36 

tpLH Propagation Delay, 3.92 4.00 4.25 
tpHI AO-A4 to 000-0035 4.43 4.50 4.72 
tpLH Propagation Delay, 3.00 3.08 3.32 
tpHL 01NO-01N35 to 000-0035 4.05 4.14 4.44 

Capacitance per fanout = 0.05 pF (metal capacitance is not lI1c1uded). 

MOTOROLA 
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3.3 V 

K(ns/pF) FO=O FO=2 FO=8 K (ns/pF) 

2.43 0.48 0.83 1.89 3.53 
1.01 0.93 1.04 1.37 1.10 

0.85 4.18 4.30 4.64 1.16 
0.66 4.24 4.33 4.58 0.84 
0.83 3.36 3.48 3.84 1.21 
0.69 4.06 4.16 4.43 0.91 
0.80 5.22 5.33 5.67 1.14 
0.70 4.94 5.03 5.30 0.88 
2.57 0.53 0.85 1.84 3.28 
1.14 1.33 1.42 1.67 0.83 

0.81 4.63 4.75 5.11 1.18 
0.91 4.78 4.86 5.11 0.81 
0.83 3.45 3.57 3.90 1.13 
0.69 4.06 4.15 4.43 0.91 
0.85 5.70 5.82 6.19 1.20 
0.74 5.20 5.28 5.54 0.85 
2.47 1.00 1.29 2.17 2.93 
0.52 1.36 1.43 1.64 0.69 

Rev. 1.07 

I 3.3 V 

K (ns/pF) I FO=O FO=2 F0=8 K (ns/pF) 

0.81 5.49 5.61 5.97 1.20 
0.72 5.48 5.59 5.92 1.11 
0.81 5.02 5.14 5.50 1.21 
0.98 5.82 5.91 6.18 0.88 
0.91 5.86 6.02 6.50 1.59 
0.77 6.10 6.20 6.52 1.07 
2.45 1.20 1.52 2.46 3.15 
0.93 1.44 1.54 1.83 0.97 

0.82 5.72 5.85 6.23 1.28 
0.78 5.73 5.85 6.20 1.18 
0.81 5.02 5.14 5.50 1.21 
0.98 5.82 5.91 6.18 0.88 
0.76 6.50 6.62 6.97 1.18 
0.77 6.17 6.28 6.62 1.11 
2.54 1.21 1.52 2.45 3.10 
0.99 0.88 1.02 1.41 1.32 

0.82 6.00 6.12 6.48 1.20 
0.72 6.09 6.18 6.47 0.96 
0.81 5.02 5.14 5.50 1.21 
0.98 5.82 5.91 6.18 0.88 
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MOTOROLA TECHNICAL DATA 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr,tf=1.oons) T J= 25.00C (Nominal) all units are in ns. 

Sym Parameter 
5.0 V 

FO=O FO=2 FO=8 K (nslpF) FO=O 

tpi Propagation Delay, 4.58 4.66 4.91 0.83 6.90 
tpHL RWBO-RWB35 to 00D-0035 4.80 4.88 5.10 0.76 6.73 

t, Output Rise Time, 000-0035 0.43 0.68 1.43 2.49 0.75 
tf Output Fall Time, 000-0035 0.83 0.92 1.19 0.90 0.89 

RDB32X72 

tpLH Propagation Delay, 4.17 4.25 4.50 0.82 6.32 
tpHL AO-A4 to 000-0071 4.75 4.81 5.00 0.64 6.43 
tpLH Propagation Delay, 3.00 3.08 3.33 0.81 5.03 
tpHL 01NO-01N71 to 000-0071 4.04 4.14 4.44 0.99 5.82 
tpLH Propagation Delay, 5.18 5.26 5.50 0.81 7.89 
tpHL RWBO-RWB71 to 000-0071 5.28 5.36 5.59 0.78 7.33 

t, Output Rise Time, 000-0071 0.39 0.64 1.37 2.45 1.19 
tf Output Fall Time, 000-0071 0.88 0.97 1.24 0.90 1.23 

Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

TIMING REQUIREMENTS 

H4CPlus Series Design Reference Guide 

3.3 V 

FO=2 F0=8 

7.05 7.50 
6.82 7.11 
1.09 2.12 
1.00 1.32 

6.45 6.83 
6.54 6.88 
5.15 5.51 
5.91 6.18 
8.01 8.37 
7.43 7.73 
1.51 2.45 
1.34 1.66 

RDBXXxXX 

Rev. 1.07 

K (nslpF) 
1.50 
0.96 
3.44 
1.08 

1.27 
1.13 
1.20 
0.88 
1.19 
1.00 
3.15 
1.06 
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RDBXXxXX 
MOTOROLA TECHNICAL DATA _______ • 

TIMING DIAGRAM: READ CYCLE High Speed Dual Port RAM 

AB(O-m) V 
-----------------'~~------------------------------------------, , 

: .. t AA ------.... ~, , 
:i"" .. I1------- tOH ______ -l .... i , 

DOB(O-n) Previous Data Xl 
-------------------------------'.~----------

DOUT 

NOTES: 
1. WB_A(n) has no affect on Read Operations. 

2. Read is accomplished by placing the location of the desired 
Memory word on the A..B Address Bus. 
No other action is necessary. 

3. Since Addresses are not latched internally, the Data-Out 
Bus, DO_B(n), will always reflect the contents of the Memory 
location selected by Address Bus A_B(m), following time pe
riodtM' 

4. The OUTPUT HOLD TIME, tOH' will be the same as tM due 
to internal switching speed and internal loading. 

TIMING DIAGRAM: WRITE CYCLE High Speed Dual Port RAM 

: .. t ASU .: 
, t ' 
, :.. WP .' 

: !+-tWDO-'; : 
WBA(O-n)---.... -------l::....--\k : 7f 

, , t AWL! . ,. 
~ -I :"--tAH~ 

AA(O-m) ______ -'* 1 Write Address i *,, ___ _ 
DINA(O-n) 

DOB(o-n) 

AB(O-m) 

NOTES: 

:.. t DSU .:.. tDH---•• ~1 , , 

~,-----------~-----------------~I A Write Data ~ 

-----------~~ : ' 
14-- t 000--.1 , : 

>K ________________ ~ ______________ J , ~ ____________________ ___ Data at Read Address 

, 
tAA ., I .. , _______________ ---'X'.~ _________________________________ ~ 

Read Address • _ 

1. For a Write Operation, Address must remain stable for the 
contiguous period conSIsting of time periods tAwe, twp 

3. Parameter tDOO wjll only apply if the Address value on the 
Write Address Bus, AA(m), is the same as the Address value 
on the Read Address Bus, AB(m). Configurations equating the 
Write Address Bus with Read Address Bus allows the Write 
Data to appear on the Data-Out Bus, DOB(n) concurrent with 
the Write Operation. 

and tAH' 

2. Since the Address is not latched internally, the Data-Out 
Bus, DOB(n), will always reflect the contents of the respective 
Memory location selected on Address Bus AB(m) following 
time period tM' 

MOTOROLA 
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MOTOROLA TECHNICAL DATA 

FUNCTIONAL DIAGRAM: High Speed Dual Port RAM 

DINA(O-n) DOB(O-n) 

I I 
INPUT OUTPUT 

DRIVERS DRIVERS 

I I 
ROWO_A ROWO B 

MEMORY - WBO CELL 
.............. AA(O-m) 
............ 

PORTA 
I I 

PORTB 
ADDRESS ADDRESS 
DECODER ROW1 B DECODER 

ROW1_A 
MEMORY 

WBA 
............ - CELL 

WB1 ............ . . . : . 
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RQBXXxXX 
MOTOROLA TECHNICAL DATA _______ _ 

Four Port RAM 

MACRO EQUIV. GATES 

RQBXXXXX see table .below 
Rev 107 .. 

AA(O-m),AB(O-m),AC(O-m), AD(O-m), 
INPUTS DINA(O-n),DINB(O-n), WBA(O-n), 

WBB(O-n) 

OUTPUTS DOC(O-n),DOD(O-n) 

SIGNAL NAME INPUT CAP. 

AA(O-m) see table below 
AB(O-m) see table below 
AC(O-m) see table below 
AD(O-m) see table below 

DINA(O-n) 
0.06 pF 

DINB(O-n) 

WBA see table below 
WBB see table below 

RQBXXxXX 

RQBXXxXX 

A_A(O-m) 

A_B(O-m) 

A_C(O-m) 

A_D(O-m) 

DIN_A(O-n) 

DIN_B(O-n) 

DO_C(O-n) 

DO_D(O-n) 

Size, Address Line Input CapaCitance, and Array Availability Information for Single Port RAM's 

Size I Name I Size I Total I Input Capacitance I Input Capacitance 
(Words X Bits) (Columns X Rows) Gate Count Per Address Line WB A & WB B Lines 

16-WORD SLOCK. 

16X18 I RQB16X18 I 33X37 I 2200 I 
16X36 I RQB16X36 I 55X37 I 3766 I 

32-WORD BLOCK 
32X18 I RQB32X18 I 36X70 I 4762 I 
32X36 I RQB32X36 I 58X70 I n38 I 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr 1f=1 oons) T J= 25 OOC (Nominal) all units are in ns , 

Sym Parameter 
FO=O F0=2 

RQB16X18 

--e- Propagation Delay, 3.52 3.69 
ACO-AD3 to DOCO-DOD17 3.98 4.12 

~ 
Propagation Delay, 3.84 4.01 
DINAO-DINBI7 to DOCO-DOD17 5.06 5.24 

--e- Propagation Delay, 5.03 5.20 
WBA,WBB to DOCG-DODI7 5.57 5.72 

t, Output Rise Time, DOCO-DODI7 0.34 0.84 

If Output Fall Time, DOCO-DOD17 0.69 0.90 
RQB16X36 

--e- Propagation Delay, 3.91 4.08 
ACO-AD3 to DOCO-DOD35 4.51 4.65 

--e- Propagation Delay, 3.84 4.01 
DINAO-DINB17 to DOCO-DOD35 5.06 5.23 

....!PJJL Propagation Delay, 5.42 5.59 
tpHL WBA,WBB to DOCO-DOD35 6.10 6.24 

tr Output Rise Time, DOCO-DOD35 0.25 o.n 
tf Output Fall Time, DOCO-DOD35 0.70 0.92 

Capacitance per fanout = 0.05 pF (metal capacitance IS not Included). 

MOTOROLA 
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S.OV 

FO=8 

4.20 
4.54 
4.51 
5.76 
5.71 
6.15 
2.36 
1.52 

4.57 
5.07 
4.51 
5.76 
6.10 
6.67 
2.32 
1.58 

0.18 pF 

I 
0.12 pF 

0.36 pF 

I 
024pF 

Rev. 1.07 

I 3.3 V 

K (nslpF)J FO=O FO=2 FO=8 K(nslpF) 

1.69 5.50 5.73 6.44 2.34 
1.40 5.90 6.06 6.51 1.50 
1.67 6.08 6.29 6.95 2.18 
1.75 7.22 7.39 7.91 1.72 
1.70 8.43 8.66 9.35 2.31 
1.43 8.08 8.24 8.74 1.66 
5.04 0.67 1.35 3.39 6.80 
2.06 1.29 1.51 2.18 2.23 

1.64 6.04 6.28 7.00 2.39 
1.40 6.36 6.52 7.00 1.60 
1.67 6.07 6.30 7.01 2.36 
1.75 7.23 7.41 7.92 1.72 
1.70 9.09 9.32 10.01 2.30 
1.43 7.37 7.55 8.08 1.77 
5.18 0.89 1.54 3.50 6.52 
2.18 1.11 1.34 2.03 2.31 
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MOTOROLA TECHNICAL DATA 

CMOS SWITCHING CHARACTERISTICS 
(Input Edge Rate tr tf=1 OOns) T J= 25 OOC (Nominal) all units are in ns , 

Sym Parameter 
S.OV I 

FO=O FO=2 FO=8 K (nsJpF) I FO=O 

RQB32X18 

~ Propagation Delay, 4.88 5.05 5.55 1.67 6.97 
tpHL ACO-AD4 to DOCO-DOD17 5.85 5.99 6.39 1.34 7.90 

I ::~ Propagation Delay, 5.82 6.01 6.58 1.91 8.69 
DINAO-DINB35 to DOCO-DOD17 9.02 9.19 9.68 1.64 11.45 

I ::~ Propagation Delay, 7.08 7.26 7.81 1.82 11.19 
WBA-WBB to DOCO-DOD17 8.55 8.72 9.20 1.62 11.38 

t, Output Rise Time, DOCO-DOD17 0.70 1.18 2.63 4.81 2.08 

tf Output Fall Time, DOCO-DOD17 1.13 1.31 1.85 1.81 2.44 
RQB32X36 

I ::~ Propagation Delay, 4.97 5.15 5.67 1.75 7.85 
ACO-AD4 to DOCO-DOD35 6.16 6.29 6.70 1.35 8.52 

I ::~ Propagation Delay, 5.82 6.01 6.58 1.91 8.69 
DINAO-DINB35 to DOCO-DOD35 8.68 8.85 9.34 1.64 11.27 

WruL Propagation Delay, 7.03 7.21 7.74 1.77 9.90 
tpHI WBA-WBB to DOCO-DOD35 9.21 9.31 9.64 1.08 11.95 

t, Output Rise Time, DOCO-DOD35 0.52 1.04 2.59 5.16 1.84 
tf Output Fall Time, DOCO-DOD35 1.13 1.32 1.87 1.85 2.51 

Capacitance per fanout = 0.05 pF (metal capaCitance IS not Included). 

TIMING REQUIREMENTS 

H4CPlus Series Design Reference Guide 

RQBXXxXX 

Rev. 1.07 

3.3V 

FO=2 FO=8 K(nsJpF) 

7.21 7.94 2.41 
8.09 8.65 1.87 
8.99 9.90 3.03 
11.62 12.14 1.74 
11.46 12.26 2.68 
11.59 12.20 2.03 
2.66 4.40 5.80 
2.65 3.28 2.10 

8.09 8.81 2.40 
8.71 9.26 1.86 
8.99 9.90 3.03 
11.49 12.18 2.27 
10.21 11.11 3.03 
12.12 12.64 1.71 
2.43 4.21 5.92 
2.73 3.38 2.16 

Rev. 1.07 
32-WORD BLOCK 
SV 3.3 V 
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RQBXXxXX 

AC(O-m) 

AD(O-m) 

MOTOROLA TECHNICAL DATA ••••••• _ 

TIMING DIAGRAM: READ CYCLE Four Port RAM 

>K 
-------------' 1 "------------------------------------------

1 
:.. t AA ------.... ~I 
1 1 
I" t OH ______ -I .. ~: 

DOC(O-n) _____ "" 1 1 

DOD(O-n) V""-______________ --'~ .... ____ ___ ,,_ Previous Data A._ DOUT 

NOTES: 
1. WBA(n) has no affect on Read Operations. 

3. Since Addresses are not latched internally, the Data-Out 
Bus, DOC(n) AND DOD(n), will always reflect the contents of 
the Memory location selected by Address Bus AC(m) and 
AD(m), following time period tM' 2. Read is accomplished by placing the location of the desired 

Memory word on Address Bus AC(n) and lor AD(m). No other 
action is necessary. 4. The OUTPUT HOLD TIME, tOH, will be the same as tM due 

to internal switching speed and internal loading. 

TIMING DIAGRAM: WRITE CYCLE Four Port RAM 

1-1 .... ___ t ASU, ______ --I ... , 

1 t 1 
1 I.. WP--.... ~i 
lit 1 
: ~ WDO~ 1 

______________ ~----!~---~~'~--------_+i--~~ . 
~tAWs_: ~tAH--' 

_____________ >k i Write Address 1 *'-------
~: ..... --- t DSU: .' .. t DH---.... ~i 

__________________ ~..J~'------------~!-----W-r-it-e-D-a-ta------------~ 
1 1 

WBA(O-n) 

WBB(O-n) 

AA(O-m) 

AB(O-m) 

DINA(O-n) 

DINB(O-n) 

~tDDO--.: 
1 

__________________ ~--------------JX" , ______________________ ___ • _ Data at Read Address 
DOC(O-n) 

DOD(O-n) 

: .. 1 
tAA---... ·~1 

AC(O-m) 

AD(O-m) X'~----------------------------------------Read Address 

------~ 

NOTES: 
1. For a Write Operation, Address must remain stable for the 
contiguous period consisting of time periods tAWB, twp 

3. Parameter toco will only apply if the Address value on the 
Write Address Bus, AA(m) and AB(m), is the same as the Ad
dress value on the Read Address Bus, AC(m) and AD(m). 
Configurations equating the Write Address Bus with Read Ad
dress Bus allows the Write Data to appear on the Data-Out 
Bus, DOC(n) and DOD )n) concurrent with the Write Opera
tion. 

and tAH' 

2. Since the Address is not latched internally, the Data-Qut 
Bus, DOC(n) and DOD(n), will always reflect the contents of 
the respective Memory location selected on Address Bus 
AC(m) and AD(m)foliowing time period tM' 

MOTOROLA 
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MOTOROLA TECHNICAL DATA 

FUNCTIONAL DIAGRAM: of Four Port RAM 

DOC(O-n) DOD (O-n) 

I I 
DINA(O-n) -

INPUT OUTPUT 
DINB(O-n) _ DRIVERS DRIVERS 

AA(O-m) 
II II 

ROWO_A ROWO_C 
- ROW 1_A MEMORY PORTA .............. 

WBA 

ADDRESS WBO - CELL ................ ............... 
DECODER ROW1_C -

ROWO_B ROWO 0 
AB(O-m) - PORTB "-

WBB 

ADDRESS ROW1_B '--- .................... 
DECODER MEMORY ................. -

CELL 
............... 

- WB1 ROW 1 0 

I I I I 

H4CPlus Series Design Reference Guide 

PORTC 
ADDRESS 
DECODER 

PORTO 
ADDRESS 
DECODER 

I--

-

RQBXXxXX 

AC (O-m) 

AD (O-m) 
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AP1 AP2 APL 1 APL2 

MOTOROLA TECHNICAL DATA _ ••••••• 

Section 7.6 Analog Phase Lock Loop Macros 

CMOS Single-Ended Analog Phase Locked Loop 
(3.3 V and 5 V System/Core Voltage) 

MACRO EQUIV. GATES 

All o 
Rev 107 .. 

MACRO OUTPUTS/INPUTS 

All FREF _CORE,FVCO,FVCO_DIV2,TESTOUT, 
VCOCTL I FREF,FREF _MUX,FFB,TESTSEL 

MACRO INPUT CAP. 

FFB: 0.13pF 

AP1,AP2 FREF: 5.06pF 
FREF _MUX: O.04pF 
TESTSEL: 0.09pF 

FFB: 0.13pF 

APL1,APL2 FREF: 5.06pF 
FREF _MUX: O.04pF 
TESTSEL: 0.08pF 

CMOS SWITCHING CHARACTERISTICS (Input Edge Rate tr,It=1.0ns) 

Sym Parameter 
FO=O FO=2 

tpLH Propagation Delay, 0.30 0.31 
tpHL FREF to FREF _CORE 0.32 0.34 

propagation Delay, 
tpHL TESTSEL to FVCO, FVCO DIV2 2.67 2.67 

tr Output Rise Time, FREF _CORE 0.13 0.16 

It Output Fall Time, FREF _CORE 0.12 0.14 
tr Output Rise Time, FVCO,FVCO_DIV2 0.14 0.16 

It Output Fall Time, FVCO,FVCO_DIV2 0.15 0.17 
Capacitance per fanout = 0.05 pF (metal capacitance is not included). 

MOTOROLA 
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515 V 

FO=8 

AP1 

0.35 
0.40 

2.67 
0.26 
0.21 
0.21 
0.22 

K{nslpF) 

0.13 
0.18 

0.00 
0.34 
0.20 
0.16 
0.19 

5/5 V AP1 
5/5 V AP2 
3.3/3.3 V APL1 
3.3/3.3 V APL2 

TESTSEL 
FREF_CORE 

FREF_MUX 

FVCO 

FVCO_DIV2 

FFB 
FREF 

TESTOUT 

VCOCTL 

Rev. 1.07 
3.313.3 V 

FO=O FO=2 FO=8 K (nslpF) 

APL1 

0.42 0.45 0.53 0.27 
0.41 0.42 0.47 0.17 

3.94 3.94 3.94 0.00 
0.19 0.22 0.31 0.29 
0.18 0.20 0.25 0.18 
0.18 0.20 0.27 0.22 
0.17 0.20 0.27 0.24 
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APl AP2 APLl APl2 

MOTOROLA TECHNICAL DATA 

CMOS SWITCHING CHARACTERISTICS (Input Edge Rate tr t,=l Ons) , Rev 107 .. 
515 V 

Sym Parameter 
FO=O FO=2 F0=8 

3.3/3.3 V 

K (nsJpF) FO=O FO=2 FO=8 K (nsJpF) 

AP2 APL2 

~ Propagation Delay, 0.30 0.31 0.35 0.13 0.42 0.45 0.53 0.27 

tpHL FREF to FREF _CORE 0.32 0.34 0.40 0.18 0.41 0.42 0.47 0.17 
I propagation uelay, 

tpHL TESTSEL to FVCO, FVCO DIV2 2.67 2.67 2.67 0.00 3.94 3.94 3.94 0.00 

tr Output Rise Time, FREF CORE 0.13 0.16 0.26 0.34 0.19 0.22 0.31 0.29 
t, Output Fall Time, FREF _CORE 0.12 0.14 0.21 0.20 0.18 0.20 0.25 0.18 

tr Output Rise Time, FVCO,FVCO_DIV2 0.14 0.16 0.21 0.16 0.18 0.20 0.27 0.22 

" Output Fall Time, FVCO,FVCO_DIV2 0.15 0.17 0.22 0.19 0.17 0.20 0.27 0.24 
Gapacilance per lanoul = 0.05 pF (melal capacitance is nol included). 

CMOS TIMING REQUIREMENTS (Input Edge Rate tr,tf=l.oons) Rev. 1.07 

515 V 3.3/313 V 
Parameter Sym 

Minimum Requirement Minimum Requirement 

tree Recovery Time, TESTSEL to FREF 

Iw Pulse Width, FREF(L) 

tw Pulse Width, FREF(H) 

Iw Pulse Width, TESTSEL(L) 

H4CPlus Series Design Reference Guide 

AP1,AP2 

-0.03 

0.60 

0.45 

0.91 

APL1,APL2 

0.35 

0.90 

0.90 

0.99 
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AP1 AP2 APL1 APL2 
_______ MOTOROLA TECHNICAL DATA ••••••• _ 

ANALOG 
AVDD 

ANALOG 

FUNCTIONAL DIAGRAM: Analog Phase Locked Loop -CMOS Input 

ENID 

r----;:==:t - - -. -- -1- - - 'T 

Test Control I Block I 

~---+EJ-~""---~ 

ENID 

~------

FVCO 

AVSS ~~~------+-------~---~ 

TESTSEL 

MOTOROLA 

7-360 

H4CPlusSeries Design ReferenceGuide 



APDl APD2 APDL1 APDL2 

MOTOROLA TECHNICAL DATA 

PECl Differential Analog Phase locked loop 
(3.3 V and 5 V System/Core Voltage) 

MACRO EQUIV. GATES 

All o 
Rev 107 .. 

MACRO OUTPUT8nNPUTS 

FREF _CORE,FVCO,FVCO_DIV2,TESTOUT, 

All 
VCOCTLI 

FREF,FREFB,FREF _MUX,FFB,TESTSEL 

MACRO INPUT CAP. 

FFB,TESTSEL: 0.08pF 
APD1,APD2 FREF,FREFB: 4.98pF 

FREF MUX: O.04pF 
FFB,TESTSEL: 0.07pF 

APOL 1 ,APDL2 FREF,FREFB: 4.98pF 
FREF MUX: O.04pF 

CMOS SWITCHING CHARACTERISTICS (Input Edge Rate tr,t,=1.0ns) 

515 V 
Sym Parameter 

FO=O FO=2 FO=8 

APD1 

tpLH Propagation Delay, 0.65 0.66 0.70 

tpHL FREF,FREFB to FREF _CORE 0.68 0.69 0.74 

tpHL 
I propagation Delay, 
TESTSEL to FVCO,FVCO DIV2 2.67 2.67 2.67 

tr Output Rise Time, FREF CORE 0.11 0.14 0.21 

It Output Fall Time, FREF _CORE 0.12 0.14 0.21 

tr Output Rise Time, FVCO,FVCO_DIV2 0.14 0.16 0.21 

It Output Fall Time, FVCO,FVCO DIV2 0.15 0.17 0.22 
Capacitance per fanout = 0.05 pF (metal capacitance is not Included). 

H4CPlus Series Design Reference Guide 

5/5 V 
5/5 V 
3.3/3.3 V 
3.3/3.3 V 

APD1 
APD2 

APDl1 
APDl2 

FREF_CORE 

FREF_MUX 

FVCO 

FVCO_DIV2 

FFB 

Rev.l.07 

3.313.3 V 

K (ns/pF) FO=O FO=2 FO=8 K (ns/pF) 

0.11 0.90 
0.15 0.98 

0.00 3.94 
0.25 0.16 
0.23 0.18 
0.16 0.18 
0.19 0.17 

APDL1 

0.92 
0.99 

3.94 
0.20 
0.20 
0.20 
0.20 

0.96 0.14 
1.05 0.18 

3.94 0.00 
0.31 0.37 
0.28 0.26 
0.27 0.22 
0.27 0.24 

MOTOROLA 
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APD1 APD2 APDL1 APDl2 

_ •••••• _ MOTOROLA TECHNICAL DATA ••••••• _ 

I 

CMOS SWITCHING CHARACTERISTICS (Input Edge Rate tr tp1.0ns) , Rev 107 .. 
Parameter 

515 V 3.313.3 V 
Sym 

FO=O FO=2 FO=8 K (ns/pF) FO=O F0=2 FO=8 K (ns/pF) 

APD2 

tpLH Propagation Delay, 0.65 0.66 0.70 0.11 

tpHL FREF,FREFB to FREF _CORE 0.68 0.69 0.74 0.15 
/"ropagatlon uelay, II:::> I ::>I:L to I"VliU, 

tpHL FVCO DIV2 2.67 2.67 2.67 0.00 

tr Output Rise Time, FREF _CORE 0.11 0.14 0.21 0.25 

tf Output Fall Time, FREF _CORE 0.12 0.14 0.21 0.23 

tr Output Rise Time, FVCO,FVCO_DIV2 0.14 0.16 0.21 0.16 

tf output Fall Time, FVCO,FVCO_DIV2 0.15 0.17 0.22 0.19 
Gapacitance per fanout = 0.05 pF (meral capacitance is not Incluaed). 

CMOS TIMING REQUIREMENTS (Input Edge Rate trotr-1.00ns) 
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Sym 

tree 

tree 

tw 

tw 

tw 

Parameter 

Recovery Time, TESTSEL to FREF 

Recovery Time, TESTSEL to FREFB 

Pulse Width, FREF,FREFB(L) 

Pljlse Width, FREF,FREFB(H) 

Pulse Width, TESTSEL(L) 

515 V 

Minimum Requirement 

APD1,APD2 

-0.03 

-0.03 

0.60 

0.45 

0.91 

APDL2 

0.90 0.92 0.96 0.14 
0.98 0.99 1.05 0.18 

3.94 3.94 3.94 0.00 
0.16 0.20 0.31 0.37 
0.18 0.20 0.28 0.26 
0.18 0.20 0.27 0.22 
0.17 0.20 0.27 0.24 

Rev. 1.07 

3.31313 V 

Minimum Requirement 

APDL 1, APDL2 

0.35 

0.35 

0.90 

0.90 

0.99 
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ANALOG 
AVDD 

ANALOG 
AVSS 

TESTSEL 

APD1 APD2 APDL 1 APDl2 

MOTOROLA TECHNICAL DATA 

FUNCTIONAL DIAGRAM: Analog Phase locked loop -PECl Input 

I--~;:===t ~e~ ~n~o~; ;I~k - ~ 
I C1 I 

- - - - T~ ,~~----~ 
--------1 

loop 
Filler 

vco 

ENID 

ENID 
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PLLDELAY 

_ •••••• _ MOTOROLA TECHNICAL DATA ••••••• _ 

Non-Inverting Analog PLL Buffer 
1X Drive 
(3.3 V and 5 V Voltage) 

MACRO 
FUNCTION TABLE 

PLLDELAY PLLCK CKOUT 
L L 
H H 

515 V 13.3/3.3 V PLLDELAY 

PLLDELAY 

PLLCK-[:>--CKOUT 

CMOS SWITCHING CHARACTERISTICS (Inpul Edge Rale Ir,I,=1.0ns) Rev.1.07 

515 V 
Sym Parameter 

FO=O F0=2 FO=8 

PLLDELAY 

IpLH Propagation Delay, 0.29 0.37 0.62 

IpHL PLLCK 10 CKOUT 0.28 0.35 0.58 

Ir Outpul Rise Time, CKOUT 0.17 0.41 1.14 
I, Oulpul Fall Time, CKOUT 0.15 0.26 0.61 

c;apacitance per fanout = 0.00 pF (metal capacitance is not Included). 

MOTOROLA 
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I 3.313.3 V 

K (nslpF) FO=O FO=2 F0=8 K(nslpF) 

0.82 0.29 0.37 0.62 0.82 
0.75 0.28 0.35 0.58 0.75 
2.42 0.17 0.41 1.14 2.42 
1.17 0.15 0.26 0.61 1.17 
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DC ELECTRICAL SPECIFICATIONS 

SECTION 8. H4CPlus DC ELECTRICAL CHARACTERISTICS 

Table 8·1 Preliminary Electrical Considerations for H4CPlus Series Arrays 

Notes: 
1. All parameters are characterized for DC conditions after thermal equilibrium has been established. 
2. Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vss or VOO). 
3. This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; how
ever, it is advised that normal precautions be taken to avoid application of any voltage higher than maximum rated volt
ages to this high impedance circuit. For proper operation it is recommended that Vln and Vout be constrained to the 
range Vsss (Vin or Vout)SVOD. 
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Table 8-2 Preliminary DC Electrical Characteristics for H4CPlus Series Arrays (T a '" -40·C to 8S·C) 

Sym. Parameter Condition 

Input High Voltage, 

V1H CMOS Inputs (3.3V and 5V core) 

TTL Inputs (5V core) 

Input Low Voltage, 

VIL CMOS Inputs (3.3V and 5V core) 

TTL Inputs (5V core) 

Positive Threshold Voltage, 

VT+ CMOS Schmitt Trigger 

TTL Schmitt Trigger 

Negative Threshold Voltage, 
VT• CMOS Schmitt Trigger 

TTL Schmitt Trigger 

Hysteresis - CMOS Schmitt Tri!!lger 
VHy VT+ toVT_ 

Hysteresis - TTL Schmitt Trigger 

Output High Current, 
ON16 Output Type 

IOHt ONS Output Type 
Voo=Mln, 
VoHMin= 0.8Voo 

ON4 Output Type 

ON2 Output Type 

Output Low Current, 
ON16 Output Type 

ONS Output Type 
Voo",Min" 

IOL VOL Max= 0.4 Volts 
ON4 Output Type ". 

ON2 Output Type 

VOH Outpu\ High Voltage, LVCMOS , Voo = Min,IQH=-1 OOIlA 
VOl. Output Low Voltage, LVCMOS Voo == Min,loH== -1001lA 

Input Leakage Current, 
YIn = Voo or Vss No Pull Resistor 

lin with ~ullupResistor PUL; Yin = V ss 

Witli Pulldown Resistor .:. .POL; Vfn.= Voo 

Output'Leakage,Current, <::, Output = Hi Impedance 

i ** 
3~State Output ," . 

'" . VOU! == Voo Or Vss 
0.: OtJIPut;LeakaSe Current, Output '" Hi Impedance: 

Open Drain Output (Device Off) Vout=Voo 
loul==OmA 

" 

109 Max Quiescent Supply Current· ' 
. , V'n = VooorV.ss 

* V1H = 2.0Vat Voo = 5V±5%:. . . 
** Single-DriVe Qutput . .", "" .' '. ' '. 
t .' . "-' For 3.3V ± 0.3. and 5V;!; 10%, only, , For· 2.7 VconsulHactory. 

MOTOROLA 
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VD0=3V13.3ViO.3V VDo=5V±10% 
Guaranteed Guaranteed Unit 

Min. Max. Min. Max. 

2.0 Voo+0.3 0.7Voo Voo+0.3 
V 

2.0 Voo+0.3 2.2* Voo+O·3 

-0.3 0.8 -0.3 0.3Voo 
V 

-0.3 0.8 -0.3 0.8 

- 0.75Voo - O·7Voo 
V 

NlA N/A - 2.4 

0.25Voo - 0.25Voo -
V 

NlA N/A 0.8 -
0.1Voo 0.12Voo -

V 
NlA NlA 0.05Voo -

-12.0 - -24.0 -
-6.0 - -12.0 - rnA 
-3.0 - -6.0 -
-2.0 - -3.0 -
12 .- 24.0 -
6 - 12.0 - rnA 
3 - 6.0 -
2 - 3.0 -

Voo-o·2 - NlA NlA V 

- 0.2 N/A N/A V 

-5 5 -5 5 

-5 -100 ·10 -200 IlA 

5 100 10 200 

-10 ,10 "10 10 
1lA, 

-10 10 -10 10 

Design Depend6f\~ rnA 
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DC ELECTRICAL SPECIFICATIONS 

Table 8-3 Preliminary DC Electrical Characteristics for H4CPlu8 GTL 110 (T a = -41rC to 8S'C) 

Voo= 3.3V±O.3V Voo=5V±100/0 
Sym. Parameter Conditions Guaranteed Guaranteed Unit 

Min. Max. Min. Max. 

DC Characteristics for GTL Receivers 

VIH 
Input High Voltage, 

N/A VVROa+O·1O Voo+o·30 VVR08+O·10 Voo+o·30 V 
GTL Inputs 

Vll 
Input Low Voltage, 

NlA -0.30 VVR08-o·10 -0.30 VVR08-0.10 V 
GTLlnputs 

IIH 
Input High Current, 

Vln=Vn; Voo= Max - 5 - 5 IJA GTL Input 

III 
Input Low Current, 

Vln=0.4V, Voo= Max - -5 - -5 IJA GTL Inputs 

VVR08 GTL Ref. Voltage - 0.68 0.90 0.68 0.90 V 

100 Typical Quiescent Supply Current - 2.0 mA 

DC Characterlatics for GTL Drivers 

Output High Voltage, 
IOH=-101JA, Voo= Min VTT 'O.05 

VOH 
. 20mA Output Macros 

40mA Output Macros lo~-101JA, Voo= Min VTT -O·05 

Output Low Voltage, 
IOl=20mA, Voo= 3 V -

VOL 20mA Output Macros 

40mA Output Macros IOl=40mA, Voo= 3 V -
Output Low Voltage, 

IOL =24mA, Voo= 4.5 V -
VOL 24mA Output Macros 

48mA Output Macros IOL =4SmA, Voo= 4.5 V -
IOZH GTL Output Off Current High Vout=1.2V, Voo= Mal(" . , 

IOZl GTL Output Off Current Low Vout=O.4V, Veo= Max " ... 
• Not tested. 

' . 

Notes: 
1. Recommended: VTT = 1.2V ± 5%, VVR08 '" (213) VTT, RT,. 2501500. 

H4CPlus Series Design Reference Guide 

VTT +0.05 VTT-O.05 

VTT +O·05 VTT-0.05 

0.4 -
0.4 -
- -
- -

10 . 
-10 -

VTT +O·05 
V 

VTT +O·05 

-
V 

-
0.4 

V 
0.4 

10 IJA 
-10 IJA 
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Table 8-4 Preliminary DC Electrical Characteristics for H4CPlus CMTL Buffers (T a = -40·C to 8S·C) 

VDO'" 3.3V±O.3V 

Sym. Parameter Conditions Guaranteed 

Min. Max. 

DC Characteristics for CMTL Receivers 

VIOH 
Minimum Input High Voltage, See Definition in -
CMTl Inputs (Differential) Section 9 

VIOL 
Maximum Input Low Voltage, See Definition in -
CMTl Inputs (Differential) Section 9 

Input Common Mode Voltage See Definition In 
0.6 

VICM 
Range, VICM Min Section 9, Voo= Max 

See Definition in 
VICMMax Section 9, Voo= Min -
Input High Current, 

Vln=VOHmax, Voo= Max -
IIH CMTl Inputs (No Termination) 

CMTl Inputs (Active Termination) Vln=VOHmax, Voo=Max -
Input low Current, 

Vln=VOlmin, Voo=Max -
IlL CMTl Inputs (No Termination) 

CMTl Inputs (Active Termination) Vln=Volmin, Voo=Max -
100 Max Quiescent Supply Current - -

DC Characteristics for CMTL Drivers 

Minimum Output High Voltage, 

VOH 
CMTl Outputs (no load)--

CMTl Outputs (SOn)t Voo=Min 

CMTlOutputs (1oon)t 

Maximum Output High Voltage, 

VOL 
CMTlOutputs (no load)--

CMTl Outputs (SOn)t Voo=Min 

CMTlOutputs (1oon)t 

Differential Output Voltage, See Definition in 
CMTlOutputs (no load)-- Section 9 

IVool CMTlOutputs (SOn)t Voo= Max 

CMTlOutputs (100n)t 

Output Offset Voltage, See Definition in 
CMTl Outputs (no load)-- Section 9 

Vos CMTl Outputs (50n)t Voo=Min 

CMTl Outputs (100n)t 

IOZH CMTl Output Off Current High Vout=Voo, Voo= Max 

IOZl CMTl Output Off Current low VourVSS, Voo= Max 

Ro Output Impedance (Typical) 100n~Load~2oon t 

- Not tested. 
-- OD32TCMT and BON32TCMT macros, only. 
t loads across differential CMTloutputs. 
c Consult factory. 

NlA 

c 

c 

NlA 

c 

c 

NlA 

c 

c 

NlA 

c 

c 

-10 

-10 

50 

100 

100 

-

2.2 

5 

-
5 

-
2 

NlA 

c 

c 

NlA 

c 

c 

NfA 

c 

c 

NlA 

c 

c 

10 

10 

VDo=5V±10% 
Guaranteed Unit 

Min. Max. 

- 100 mV 

- 100 mV 

1.0 - V 

- 3.5 V 

- 5 j!A 

- - j!A 

- 5 j!A 

- - j!A 

- 4.2 rnA 

2.5 3.7 

2.4 3.1 
V 

2.5 3.2 

1.0 2.0 

1.6 2.4 V 

1.5 2.3 

1.0 2.5 

0.4 1.1 
V 

0.5 1.4 

2.1 2.6 

2.1 2.65 
V 

2.1 2.65 

-10 10 j!A 

-10 10 j!A 

30 n 
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DC ELECTRICAL SPECIFICATIONS 

Table 8-5 Preliminary DC Electrical Characteristics for PECl Receivers (T a = -40·C to 85·C) 

Voo= 3.3V±O.3V Voo=5V±10% 
Sym. Parameter Conditions Guaranteed Guaranteed Unit 

Min. Max. Min. Max. 

DC Characteristics for PECL Receivers 

V'OH 
Minimum Input High Voltage, See Definition in - 100 - 100 mV 
PECL Differential Input Section 9 

VIOL 
Input Low Voltage, See Definition in - 100 - 100 mV 
PECL Differential Input Section 9 

Input Common Mode Voltage 
Voo-2.0 Voo-2.0 V See Definition in - -

V'CM Range, V'CM Min 
Section 9 

V'CMMax - Voo-0.8 - Voo-0.8 V 

I'H 
Input High Current, 

Vin=VOO, Voo=Max - 5 - 5 I.IA PECLlnput 

I'L 
Input Low Current, 

Vin=VSS, Voo=Max - 5 - 5 I.IA PECLlnput 

100* Max Quiescent Supply Current - 0.5 mA 

* Not tested. 

Table 8-6 Preliminary Electrical Characteristics for H4CPlus Series PCI Buffers (T a = -40·C to 85·C) 

Voo= 3.3V±O.3V 
Sym. Parameter Condition Guaranteed 

Min. Max. 

DC Characteristics for PCI Receivers 

V'H Input High Voltage O.475Voo Voo+O·5 

V'L Input Low Volage -0.5 0.325Voo 

I'H Input High Leakage Current 3.3 V: 0<V1n<VOO - 10 
5.0 V: YIn = 2.7 V 

I'L Input Low Leakage Current 3.3 V: O<V'n<VOO - -10 
5.0 V: YIn = 0.5 V . 

DC Characteristics for PCI Drivers 

VOH Output High Voltage 3.3 V: lout = -500 I.IA 
0.9Voo -

5.0 V: lout = -2 mA 

VOL Output Low Voltage 3.3 V: lout =1500 I.IA - O. lVoo 
5.0 V: lout = 6 mA 

AC Characteristics for PCI Drivers (Not Tested) 

vOHmin Output High Voltage Minimum 3.3 V: lout = -12 mA 
0.3Voo -

5.0 V: lout = -44 mA 

VOHmax Output High Voltage Maximum 3.3 V: lout = -32 mA - 0.7Voo 5.0 V: lout = -142 mA 

VOLmin Output Low Voltage Minimum 3.3 V: lout = 16 mA 
0.6Voo -5.0 V: lout = 95 mA 

VOLmax Output Low Voltage Maximum 3.3 V: 'out = 38 mA - 0.18 Voo 
5.0 V: lout = 206 mA 

H4CPlus Series Design Reference Guide 

Voo=5V±10% 
Guaranteed Unit 

Min. 

2.0 

-0.5 

-
-

2.4 

-

1.4 

-

2.2 

-

Max. 

Voo+0.5 V 

0.8 V 

70 I.IA 

-70 I.IA 

- V 

0.55 V 

- V 

3.1 V 

- V 

0.71 V 

MOTOROLA 

8-5 

• 



MOTOROLA 

8-6 
H4CPlus Series Design Reference Guide 



H4CPlus Series Design Reference Guide 

DEFINITIONS OF I 
SPECIFICATIONS 

MOTOROLA 



DEFINITIONS OF 
SPECIFICATIONS 

MOTOROLA H4CPlus Series Design Reference Guide 



DEFINITIONS OF SPECIFICATION 

SECTION 9. DEFINITIONS OF SPECIFICATIONS 

CURRENT 
For the purpose of describing the direction of cur

rent flow a positive current refers to current flow into 
a device while negative current refers to current flow 
out of a device. 

100 Maximum Quiescent Supply Current 
The power supply current required without any 

internal nodes in the process of switching, under the 
specified conditions. 

lin Input Leakage Current 
The maximum input leakage current, flowing into 

or out of a buffer, under the specified conditions. 

IOH Minimum Current of Output Buffers 
The guaranteed minimum current flowing from an 

output buffer at the specified voltage level for the in
dicated buffer type and the indicated conditions. 

IOl Maximum Current of Output Buffers 
The guaranteed minimum current flowing into an 

output buffer at the specified voltage level for the in
dicated buffer type and the indicated conditions. 

loz Output Leakage Current 
The maximum output leakage current of an out

put buffer in the high-impedance state, under the 
specified conditions. 

CAPACITANCE 
Cln Input Capacitance of Input Buffers 
The maximum internal capacitance seen at the 

pad of an input buffer. 

CvO Input Capacitance of Bidirectional Buffers 
The maximum internal capacitance seen at the 

pad of a bidirectional buffer in input mode. 

Cl Load Capacitance 
The total external capacitance seen by an output 

buffer. 

Cout Output Capacitance of Output Buffers 
The maximum internal capacitance seen at the 

pad of an output buffer or bidirectional buffer In out
put mode in a high-impedance state. 

H4CPlus Series Design Reference Guide 

VOLTAGE 
All voltages are referenced to ground (Vss). 

HYSTERESIS 
The difference in response due to the direction of 

input change. Specifically, the difference between 
V,+ andV,_. 

V CMRR Common Mode Rejection Range 
The common mode voltage rejection range for a 

driver /receiver combination is dependent on the sys
tem operating conditions. V CMRR is the voltage range 
in which the output driver ground can be different 
from the input receiver ground while the receiver op
erates normally with the specified VIO. VICM+ speci
fies the upper voltage limit and VICM- specifies the 
lower voltage limit. In a system, the common mode 
voltage rejection range can be calculated using the 
following equations at the appropriate frequency, in
put VOltage, line attenuation, power supply voltage 
range, and Voo differences between driver and re
ceiver: 

VCMRR+ = VICM+ - Vas 
VCMRR- = VICM- - Vas 

VOO Positive Power Supply Voltage 

VICM Input Common Mode Voltage 
The midpoint differential input voltage range for 

normal operation of the differential receiver in which 
the VICM+ specifies the upper voltage limit and VICM-
specifies the lower voltage limit. When the inputs are 
switching, the crossing voltage must be between the 
VICM- and VICM+ values of VICM. For input signals VIA 
(true) and Vie (complement), VICM = (VIA + Vle)/2. 

VIO The Differential Input Voltage Signal 
The signal is defined as the difference in the volt

ages between the true and complement inputs of the 
differential receiver. For input signals VIA (true) and • 
Vie (complement), VIO = VIA - Vie· 

VIOH Differential Input Voltage HIGH 
The voltage level is defined as a positive value that 

results when taking the true input voltage in the 
"high" state and subtracting the complement input 
voltage in the "low" state. For input signals VIA (true) 
and Vie (complement), VIOH = VIHA - VILB. 
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DEFINITIONS OF SPECIFICATION 

VIOL Differential Input Voltage LOW 
The voltage level is defined as a positive value that 

results when taking the complement input voltage in the 
"high" state and subtracting the true input voltage in the 
"loW" state. For input signals VIA (true) and VIS (comple
ment), VIOL = VIHS - VilA' 

VIH Input HIGH Voltage 
The guaranteed input high threshold for inputs to 

the device. Whenever the input voltage level exceeds 
this value, a logic high will be recognized by the device. 

Vil Input LOW Voltage 
The guaranteed input low threshold for inputs to the 

device. Whenever the input voltage level is below this 
value, a logiC low will be recognized by the device. 

VOO The Differential Output Voltage Signal 
The signal is defined as the difference in the voltages 

between the true and complement outputs of the differ
ential driver. For output signals VOA (true output) and 
VOS (complement output), Voo = VOA - VOS' 

VOOH The Differential Output Voltage HIGH 
The voltage level is defined as a positive value that 

results when taking the true output voltage in the "high" 
state and subtracting the complement output voltage in 
the "loW" state. For output signals VOA (true) and Vos 
(complement), VOOH = VOHA - VOlS' 

VOOl The Differential Output Voltage LOW 
The voltage level is defined as a positive value that 

results when taking the complement output voltage in 
the "high" state and subtracting the true output voltage 
in the "loW" state. For output signals VOA (true) and VOS 
(complement), VOOl = VOHS - VOLA' 

VOH Output Voltage HIGH 
The voltage level at the output terminal is specified 

with a resistor load or a load current. VOHA or VOHS re
fers to the VOH level at the A or B output terminal. 

VOL Output Voltage LOW 
The voltage level at the output terminal is specified 

with a resistor load or a load current. VOLA or VOlS re
fers to the VOL level at the A or B output terminal. 

Vos The Output Offset Voltage or Output Com
mon Mode Voltage 

This signal is defined as the voltage midpoint of the 
output Signal. For differential output signals VOA (true) 
andVos (complement), Vos = (VOA + Vos)/2. Fora sin
gle-ended output Vos = (VOH + Vod/2. 
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VOSH The Output Offset Voltage or Output Com
mon Mode When The Differential Output is in the 
"HIGH" State 

This voltage is defined as the voltage midpoint of the 
differential output in the "high" state. For output signals 
VOA (true) and Vos (complement), 
VOSH = (VOHA + Vols)/2. 

VOSl The Output Offset Voltage or Output Com
mon Mode When The Differential Output Is in the 
"LOW"State 

This voltage is defined as the voltage midpoint of the 
differential output in the "low" state. For output signals 
VOA (true) and Vos (complement), 
VOSl = (VOHS + VOLA)/2. 

Vss Negative Power Supply Voltage 

VT+ Positive-Going Voltage Threshold 
The voltage level at which an input will recognize a 

logic low-to-high transition when the voltage level has 
been increased from a value below V t-(min). 

VT_ Negative-Going Voltage Threshold 
The voltage level at which an input will recognize a 

logic high-to-high transition when the voltage level has 
been decreased from a value above V t+(max). 

&Voo The Change in Differential Voltage Between 
Complementary States 

The voltage change is defined as the magnitude dif
ference of VODH and VODl' 

&VOS The Change in Output Offset Voltage Be
tween Complementary Outputs for Differential Sig
nals 

The voltage change is defined as the magnitude dif
ference of VOSH and VOSl' 

AC SWITCHING PARAMETERS and WAVEFORMS 

tpHl Propagation Delay HIGH-TO-LOW 
The time delay from an input signal to the HIGH-TO

LOW transition of an output signal (see Figures 9-1 
through 9-4). 

tplH Propagation Delay LOW-TO-HIGH 
The time delay from an input signal to the LOW-TO

HIGH transition of an output signal (see Figures 9-1 
through 9-4). 
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_---.... ~----- VDD 
Yin 

"'------VSS 

Vout 

Figure 9-1 Non-Inverting CMOS Input Buffers, 
Output Buffers and Internal Macros 

,---"'------VDD 
Yin 1.5'?1l" 
-:::;'1 tplH 

----VSS 

Vout 50% 

Figure 9-2 Non-Inverting TTL Input Buffers 

t, Signal Rise Time 
LOW-TO-HIGH logic transition time on a Signal, 

measured from the 1 0% to the 90% points of the 
waveform (see Figure 9-5). 

It Signal Fall Time 
HIGH-TO-LOW logic transition time on a signal, 

measured from the 90% to the 10% points of the 
waveform (see Figure 9-5). 

tpHZ Output Disable Time HIGH-TO-l 
The time delay encountered for the output to 

switch from a "high" state or logical '1' to a high-im
pedance state after the output enable signal is dis
abled. For internal macros this measurement is 
independent of load capacitance (Figure 9-6). Out
put is guaranteed to be in high-impedance state as 
soon as signal at E1 and E2 reaches threshold. Ex
ternal outputs are dependent on load capacitance. 
(Figure 9-7). 

Yin 

DEFINITIONS OF SPECIFICATION 

,---~~~----VDD 

Yin 5Oo/~ 

~tpHl 
----VSS 

Vout 50% 

Figure 9-3 Inverting CMOS Input Buffers, Output 
Buffers and Internal Macros 

_----~~-----VDD 

1.5V 
"----VSS 

Vout 50% 

Figure 9-4 Inverting TTL Input Buffers 

tpLZ Output Disable Time LOW-TO-l 
The time delay encountered for the output to 

switch from an active LOW to a high-impedance 
state after the enable signal is negated. For internal 
macros this measurement is independent of load ca
pacitance (Figure 9-6). Output is guaranteed to be in 
3-state as soon as signal at E1 and E2 reaches 
threshold. External outputs are dependent on load 
capacitance.(Figure 9-7). 

tpZH Output Enable Time l-To-HIGH 
The time delay for an output buffer to switch from 

a high-impedance state to a "HIGH" state after the 
output enable signal is asserted (see Figures 9-6 and 
9-7). 

tpZL Output Enable Time l-TO-LOW 
The time delay for an output buffer to switch from 

a high-impedance state to a "LOW· state after the 
output enable signal is asserted (see Figures 9-6 and 
9-7). 

/----VDD 

~---VSS 

Figure 9-5 Signal Rise and Fall Time Measurements 
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DEFINITIONS OF SPECIFICATION 

® 

A 
A 

E 

EBD----+-! 

VDD 
EB E 

VSS 

E2 
E1 

E1 

'P$E 
~-; 10% 

------~9~0~%~v----------VDD 
E Vt~% 

VDD 
EB 

B 

'------VSS 
/4--1*"_tpZL tpZH 

50% 
:::1'P~'PHZ 

VSS 

B 50% 

Figure 9-6 Internal Cell HIGH-Impedance State Measurements and Example Circuits for A) Active LOW 
Enable, and B) Active HIGH Enable Macros 

Vin 

Vout 

tpZH 

Vout 
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,_---VDD 

'-----~~t--------VSS 

R = 1K FOR PADS tpLZHIGH 
IMPEDANCE 

{

CONNECT TO VDD WHEN I OUTPUT ~ TESTINGtpLZ AND tpZL. 

BUFFER CONNECT TO VSS WHEN 
I CL = SOpf TESTING t PHZ AND t PZH. 

HIGH 
IMPEDANCE 

Figure 9-7 Output Buffer HIGH-Impedance State Measurement and Test Circuit 
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ASYNCH ------'" 

ASYNCH ------~50% ~;.: 
50% 

CLOCK--------J~------

Figure 9-8 Recovery Time Measurement 

tree Recovery Time 

VDD 

VSS 

VDD 

VSS 

The minimum time required between the disabling 
edge of an asynchronous signal (set, reset, load) and 
the enabling edge of a synchronous signal (clock) (see 
Figure 9-8). 

t., Hold Time 
The minimum time during which data to be recog

nized must remain constant after the specified edge of 
the control signal (usually the clock) to ensure proper 
data recognition (see Figure 9-9). 

tauSetup Time 
The minimum time during which data to be recog

nized must remain valid prior to the specified edge of 
the control signal to ensure proper data recognition 
(see Figure 9-9). 

VALlD----1~ 

,-----VDD 
~ ____ VSS 

tsu~_t_h ___ ~ 
CLOCK or "-VDD 
CONTROL 50% 

________ oJ VSS 

Figure 9·9 Setup and Hold Time Measurements 
Between Data and Clock/Control Signals (Active 

Rising Edge Example) 

DEFINITIONS OF SPECIFICATION 

lw(H)Pulse Width (HIGH) 
The minimum time between the 50% point ofthe ris

ing edge and the 50% point of the falling edge of a 
pulse (see Figure 9-10). 

lw(l)Pulse Width (LOW) 
The minimum time between the 50% point of the 

falling edge and the 50% point of the rising edge of a 
pulse (see Figure 9-10). 

fmaxMaximum Operating Frequency 
The maximum rate at which clock pulses meeting 

the clock requirements (i.e., tw, t r' 50% duty cycle) may 
be applied to a sequential circuit. Above this frequency 
the device is not guaranteed to function. 

Figure 9-10 Switching Waveforms Showing tw(L) 
and tw(H) Measurements 

RAM·MACROCELL SWITCHING CHARACTERISTICS DEFINITIONS 

tAAAddress Access Time 
The propagation delay time between a valid ad

dress and data accessed by that address being present 
and valid at the output. (see Figures 9-11 and 9-12). 

t OHOutput Hold Time 
The time in which output data will remain present 

and valid, following a change on the address inputs, 
which access the data. (Figure 9-11). 

H4CPlus Series Design Reference Guide 

tAWB Address to Write Enable Setup Time 
The minimum time between changes on the ad

dress inputs and assertion of the Write Enable line. 
(see Figure 9-12). 

tASU Address to Write Enable Setup Time 
The minimum time between changes on the ad

dress inputs and deassertion of the Write Enable line. 
(see Figure 9-12). 
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DEFINITIONS OF SPECIFICATION 

tWP Write Enable Pulse Width tosu Data In Setup Time 
The minimum time the Write Enable line must re

main in either the Logic low or Logic high state. (see 
Figure 9-12). 

The minimum time between changes on the data in
puts and the end of the write operation (negation of 
Write Enable line). (see Figure 9-12). 

twoo Write Enable Assertion to Data Out tAHAddress Hold Time 
The propagation delay between assertion of the 

Write Enable line and internal data reaching, and being 
valid, atthe output. (see Figure 9-12). 

The minimum time the address inputs must contin
ue to be held in their same Logic state following com
pletion of the write operation (negation of Write Enable 
line). (see Figure 9-12). 

tO~~ Data In to Data Out 
The propagation delay between changes on the 

data inputs and that changed data reaching, and being 
valid, on the data output; write operation only (see Fig
ure 9-12). 

toHData In Hold Time 
The minimum time the data inputs must continue to 

be held in their same Logic states following completion 
of the write operation (negation of Write Enable line). 
(see Figure 9-12). 

READIWRIT/, 
ENABLE 

ADDRESS 

DATA OUT 

__________ -J~~-------------------------------------------. 
: II . • .. . 

,,~--------------~X'.'~------------~y , PREVIOUS DATA ., DOUT . 

Figure 9-11 RAM Read Cycle 

, 
ioo: .. t---- tASUI-----__ ~ .. : 

, , 
!"", .t---- twp --..... ~, 

~~~~~RITE /~---~--"'~"'----"_:",.,)(----------
~JAWB ~:. tWDO-j :-tAA-: 

ADDRESS 

DATA OUT 

DATA IN 
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-----..... ' " -------X X -----------', ,~---------, , 
: tM I DATA at WRITE : 
;.- -: ADDRESS ' 

'<~ ___ ~)(~---------~~~·!------D--IN---------~ 
PREVIOUS tDDO-+i, ._-..... ..;: : 

DATA , : 
1-tDSU-~~:4"-- tDH ---I~~: 

----------~~'---~-D-IN-----~'~-_-_-_-_-

Figure 9-12 RAM Write Cycle 
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DIFFERENTIAL VOLTAGE CHARACTERISTICS AND DESCRIPTION 

The difference (0 = A - B) between two complemen
tary signals is the differential voltage. (see Figure 9-13). 

Waveform Definition for Differential Signals 
The terminology used for describing differential sig

nals can be described by observing the waveforms 
shown in Figure 9-13. The signals can be either outputs 
or inputs with the voltage levels separated by a "r to 
distinguish between output/input. A single-ended signal 
consists of one output connected to one or more logic 
inputs such as signal VOA or VOB when used indepen
dent of each other. For the example shown in Figure 9-
13, the voltage per pin of output VOA or VOB is 1 Vpp 
(volts peak-to-peak). If the VOA and VOB signals are the 
complement of each other at all times, including during 
switching, then the signals together make up a differen
tial pair or differential signal. The differential voltage is 
defined as the difference in the voltages between the 
differential pair. Signal VOofVlO is the resulting differen
tial output/input signal when signal VOefVlB is subtract
ed from signal VOAfVIA' 

For the example shown in Figure 9-13, the differen
tial output voltage, VOO, is +1.0 volt in the "high" state 
(VOOH) and -1.0 volt in the "low" state (-Voou when the 
VOA and VOB signals have a VOH = 3.1 V and VOL = 2.1 

VoANIA 
Single-ended 
outpuVinput 
for signal A 

VOefVlB 
Single-ended 
outpuVinput 
for signal B 

V. The differential output voltage can also be described 
as a peak to peak voltage such as 2.0 Vpp. Thus, the 
differential output voltage can be described as ±1.0 volt 
or 2.0 Vpp. In the specifications, VOOH and VOOL are 
specified for the differential output voltage with a value 
equal to 1.0 volt for the example shown. 

The differential input voltage is defined similarly. For 
the example shown in Figure 9-13, the differential input 
voltage, VIO, is +0.2 volt in the "high" state (VIOH) and -
0.2 volt in the "low· state (VIOU when the signals have 
a VIH = 2.7Vand VIL = 2.5 V. Thus, the differential input 
voltage can be described as ±O.2 V or 0.4 Vpp. For dif
ferential inputs, the absolute values of V1H and VIL can 
vary as long as the difference is greater than the spec
ified value for VIOH and VIOL (0.2 V for the example 
shown) and they are within the input voltage range 
(VILmin to VIHmax) and the input common mode volt
age range (VICM- to VICM+) of the receiver. In the spec
ifications, VIOH and VIOL are specified for the differential 
input voltage with a value equal to 0.2 volts for the ex
ample shown. 
Note: 

See SECTION 9 for further definitions of letter sym
bols and specifications. 

3.1V12.7V 
Single ended Voltage is 
1.0 Vpp output/0.2 Vpp input 

2.1V/2.5V 

3.1V/2.7V 
Single ended Voltage is 
1.0 Vpp output/0.2 Vpp input 

2.1V12.5V 

VOoNlO 
Differential 
output/input 

- - - - - - - -, = VOOWVIOHt--1.0V/0.2V 1 Differential Voltage is 
2.0 Vpp or ±1.0 V output/ 

- - - - - - - - - - - - - - O.OV OAV" "ill.2V;",,_ 

_ _ _ -VODI/-VIOL _ _ _ _ _ _ _ _ _ 1.0Vl-O.2V 

where; VOO = VOA - VOB 

VOOH = VOHA - VOLB 

VOOl = VOHB - VOLA 

VIO = VIA - VIB 

VIOH = VIHA - VllB 

Figure 9-13 Differential Voltage 
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GLOSSARY 

SECTION 10. GLOSSARY 

ASIC (Application Specific Integrated Circuit) 

An IC whose function is specified or designed by the 
customer including gate arrays, standard cell arrays, 
etc. Within the scope of this document ASIC refers to 
gate arrays and customer defined arrays. 

Automatic Place and Route 

Automated wiring of a gate array to form the compo
nents and interconnections which define the function of 
a specific circuit. The data from place and route is used 
to define the metallization masks used for the fabrica
tion of an ASIC. 

Back-Annotation 

To use place and route data (metal interconnect 
lengths and capacitances) to enable accurate delay 
and timing simulation of an ASIC circuit. 

BGA (Ball Grid Array package) 

(see OMPAC) 

BIST (Built-in Self Test) 

Logic functions which automatically test memories 
such as RAMs using test-pattern generation, test appli
cation, and response evaluation. 

Bond (die) Pad 

One of many metal connection points that reside 
along the periphery of the die used to attach a connec
tion between a unique internal 1/0 port and external 
package pin. 

Burst Pin 

Capability of an IC tester to repeat clock pulses to 
test BIST structures without using large quantities of 
tester memory. 

CADICAE (Computer Aided Design 
and Engineering) 

The use of computers to perform any development, 
design and analysis tasks. 

Cavity Up/Cavity Down 

Cavity Up (CU) is a package design where the back
side of the chip is facing toward the board once the 
package is mounted, whereas in Cavity Down (CD) the 
backside of the chip is faCing away from the board. 

H4CPlus Series Design Reference Guide 

CDA (Customer Defined Array) 

Gate array with embedded blocks. 

Clock Frequency 

The reciprocal of the clock period. 

Clock Period 

The time delay that exists between all clocked ele
ments when a clock signal is distributed throughout a 
design. 

Clock Skew 

The time difference between the arrival of a common 
clock pulse at two or more devices. 

CMTLTM (Current Mode Transceiver Logic) 

Motorola developed I/O buffers designed for high
speed, low-power interfaCing. 

Data Rate 

The number of bits of data transferred or processed 
per second. One bit of data is transferred between se
quential elements (flip-flops, registers, etc.) during one 
clock period, therefore the maximum data rate is equiv
alent to the clock frequency. For example, a 30 MHz 
clock results in a maximum 30 Mb/s data rate. 

Delay, Maximum 

The value speCified for the worst-case process, 
worst-case voltage, and worst-case temperature varia
tions. It mayor may not have a worst-case capacitance 
load associated with it. 

Delay, Minimum 

The value specified for the best-case process, best
case voltage, and best-case temperature variations. It 
mayor may not have a best-case capacitance load as
sociated with it. 

Delay, Typical 

The value specified for the typical process, the typi
cal voltage, and the typical temperature variations. It 
mayor may not have a typical capacitance load asso
ciated with it. 
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Design for Testability 

A design methodology and discipline that considers 
test requirements throughout the design cycle and. in
corporates features that permit thorough testing with 
minimum effort and maximum fault detection. 

Design Release 

The transfer of design data (netlist, test vectors, etc.) 
to Motorola for prototype fabrication. The customer 
must have successfully completed all design, simula
tion, and verification phases prior to release. 

Die 

Silicon ·chip· containing micro electronic devices. 

Differential Inputs 

These are inputs driven by the true and complement 
input signals. 

Differential Outputs 

These are outputs driven by the true and comple
ment output of a single macrocell element. 

DRC (DeSign Rules Check) 

Automated analysis of technology specific design 
rules pertaining to the dimensions, spacing and ratios 
of the various device layers in fabrication. 

EDIF (Electronic Design Interchange Format) 

An industry standard textural format for describing all 
types of electronic design information including sche
matics and symbols. 

EIAJ (Electronics Industry Association of Japan) 

ERC (Electrical Rules Check) 

Automated analysis of technology specific rules per
taining to the use of internal and I/O macrocells for cir
cuit design. 

ESD (Electrostatic Static Discharge) 

The temporary charging effect of a high-voltage 
caused by static electricity. ESD is easily generated 
and often reaches over a thousand volts. ESD can 
cause damage to sensitive CMOS circuitry if proper 
handling precautions are not employed. 

Fall Time 

The time required for an output to transition from the 
90% voltage level to 10% of Its final output voltage lev
el. 
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Gate 

A unit consisting of 2 p-channel and 2 n-channel 
transistors used to define the size of individual macro
cells and to quantify gate array denSity. 

Gate Array 

An arrangement of transistors on a die whose inter
connections are defined by the customer to produce a 
specific logical function. 

GTLTM (Gunning Transceiver Logic) 

Xerox Co. developed CMOS low-voltage-swing 
transceiver. 

H4C 

Refers to the H4C Series of Motorola High Density 
CMOS macrocell arrays. . 

H4CP, H4CPlus 

Refers to the H4CPlus Series of Motorola High Den
sity CMOS macrocell arrays. 

HD,HDC 

Refers to the HOC Series of Motorola High Density 
CMOS macrocell arrays. 

Hot Carrier Injection 

The phenomena of highly energized carriers entering 
the gate oxide region and, because of their charge, 
causing reliability problems for rapid gate switching. 

100 
A measurement of the current leakage of the die 

when everything is turned ·off'. If the current leakage is 
above a certain threshold, you probably have a short 
somewhere on the die; hardware test culls any die that 
are above the allowed threshold. 

JTAG (Joint Test Action Group) 

Developers of boundary scan methodology for test
ing IC's and boards. 

JEDEC (Joint Electronic Device Engineering Coun
cil) 

K-Factor 

A multiplier used in propagation delay and timing cal
culations. Determines the sensitivity of delay and timing 
to external factors including capacitive loading, input 
rise/fall times, etc. See Section 7. 
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Latch-Up 

An abnormal operating condition of CMOS devices 
where the device stops all function and damage may 
occur. This is caused by an input of a device momen
tarily being driven beyond the power supply voltage 
(VDD). This relative bias condition creates a silicon
controlled rectifier (SCR) through the die, thus causing 
latch-up. 

Layout 

See automatic place and route. 

LDD (Lightly Doped Drain) 

A diffusion process in CMOS device fabrication to 
minimize hot carrier injection by reducing the electric 
field across short channel gates. 

Leff 

Effective gate channel length caused by post-drive 
lateral diffusion of the drain and source. 

LSSD (Level-Sensitive Scan Design) 

LSSD aims at reducing the sensitivity of the circuit to 
ac parameters (including rise/fall times, setup/hold 
time, and propagation delays) and variation in parame
ters due to processing variations, physical layout, and 
operating voltage. LSSD uses dual- and single-port 
latches for memory and multi phase clocking for syn
chronization. 

MCR (Molded Carrier Ring) 

Device used to protect and maintain package pin 
alignment during handling. 

Metal Layer 

Layers on aluminum deposited over a gate array in 
which interconnections between transistors and logic 
blocks are made. 

MicroCool 

QFP compatible plastic package with internal heat 
sink for higher heat dissipation capacity. 

Micron 

One-millionth (10-6) of a meter. 

Netlist 

A textual (ASCII) description of an electronic circuit 
which includes circuit components, interconnections, 
and specific information related to the design and tech
nology used. 
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NDA (Non-Disclosure Agreement) 

A contract in which the customer agrees to not dis
close Motorola proprietary information. 

NRE (Non-Recurring Engineering) 

A one-time fee charged to customers for materials 
and services in producing ASIC prototypes. 

OACS (Open Architecture CAD System) 

A system of workstation software used to design and 
verify Motorola ASIC designs. 

OMPACTM (Over-MOlded Pad Array Carrier) 

A package whose pins ~onsist of an array of solder 
balls. 

Operating Frequency, Maximum 

Fmax is the maximum rate at which clock pulses 
meeting the clock requirement (tw, tr, and tf) may be 
applied to a sequential circuit and have the circuit func
tion properly. 

Option 

A unique customer ASIC design. 

Option Cycle Time: 

The time required for Motorola to complete the man
ufacture of an ASIC 

Pad Pitch 

The distance (in microns) between the midpoints of 
adjacent I/O bond pads. 

PCI (Peripheral Component Interconnect) 

A high-performance local-bus standard used to inter
face with high-speed peripherals. 

Physical Database 

Electronic files which describe all process layers in 
the fabrication of a gate array. May also be used in de
scribing customer design specific data. 

Poly (Polysllicon, Polycrystalline silicon) 

Conductive material in CMOS device fabrication 
used for gates and transistor interconnection. 

Propagation Delay 

The amount of time a circuit takes to logically change 
its outputs due to a change in inputs. It also refers to the 
amount of time it takes a signal to travel over a length 
of metal interconnect. 
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Primary Cell 

The basic architectural block of a CMOS array 
consisting of a group of four p-channel and four n
channel transistors. 

PECl (Pseudo-ECl) 

Refers to CMOS functions which comply with ECl 
voltage levels. 

QFP (Quad Flat Package) 

A surface mount, four sided gullwing leaded pack
age which conforms to EIAJ/JEDEC. See Section 4. 

Recovery Time (tree) 

The time between the disabling edge of an asyn
chronous signal (set, reset and load) and the en
abling edge of a synchronous signal (clock). 

Rise Time (tr) 

The time required for an output to transition from 
the 10% voltage level to 90% of its final output volt
age. 

Scan Design 

A design-for-test methodology in which all se
quential elements (flops, latches, etc.) are multi
plexed such that in test mode data path chains are 
created and monitored. 

Scan Pins 

Connections on a tester capable of high speed 
scan testing. 

Schematic Capture 

a design-for-test methodology in which all sequen
tial elements (flops, latches, etc.) are multiplexed 
such that in test mode data path chains are created 
and monitored. 

Sea-of-Gates 

A gate array architecture in which no channels for 
device interconnections exist. Interconnections are 
provided by multiple conductive layers above the 
gate array. 
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Setup Time 

The minimum time during which data to be recog
nized must remain constant prior to the specified 
edge of the control signal to ensure proper data rec
ognition. 

Skew 

The difference in delay between two parallel signal 
paths. 

Test Vectors 

Input stimulus specially prepared to test ASIC pro
totypes on production test equipment. 

Test Verification 

The process of proving the effectiveness of a set 
of test vectors toward correct operation of the circuit. 

Turnkey 

Engineering services an ASIC manufacturer pro
vides (for a fee) to perform tasks normally required of 
the customer to design an ASIC application. 

UTiC (Universal Test Interface Code) 

Developed by Motorola. 

UTIC language 

UTIC is a language for describing device stimulus, 
expected response, parametric test information and 
package information. This information is used as in
put to automatic test program generation software 
and the Verilog simulator. 

Via 

A vertical length of metal deposited through a 
small hole in oxide used to electrically connect two 
layers of metal. 

Wirebond 

A step in die packaging where thin wires are bond
ed between die I/O pads and package pads. 
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1. Introduction 
This application note describes how IEEE standard bound

ary scan, commonly referred to as "JTAG," has been imple
mented on Motorola's H4C family of sub-micron CMOS gate 
arrays. The user is assumed to have a working knowledge of 
JTAG boundary scan. For background information refer to the 
IEEE specification entitled "Standard Test Access Port and 
Boundary-Scan Architecture, IEEE Std. 1149.1-1990," and to 
the textbook entitled "The Test Access Port and Boundary
Scan Architecture" by Maunder and Tulloss, published by the 
IEEE Computer Society Press. 

Section 2. describes the macros which have been added 
to the H4C library to facilitate designing boundary scan cir
cuitry into an H4C gate array. 

Section 3. describes how the JTAG clock and control sig
nals are distributed around the chip periphery to each pin's 
boundary scan cell (BSC). The design constraints associated 
with the distribution of these signals are also described. 

Section 4. describes how to add boundary scan to a chip 
whose system logic has been designed using conventional 
scan techniques. Mustang™, Motorola's scan ATPG (Auto
matic Test Pattern Generation) tool, is used to test the JTAG 
cirCUitry as well as the system scan circuitry. 

Section 5. presents an example JTAG circuit and de
scribes the process the designer must go through to establish 
the chip pin-out. The constraints described in Section 3.0 
must be taken into consideration. 

Section 6. describes the CAD design flows used when de
signing an H4C array which incorporates JTAG boundary 
scan. 

Appendix A lists the ERC (Electrical Rule Checker) rules 
that are specific to JTAG cirCUitry. The majority of these rules 

© Motorola, Inc. 1994 

are associated with the design constraints described in Sec
tion3. 

Appendix B provides background information relevant to 
the "Mustang-Compatible JTAG" discussed in Section 4. 

Appendix C describes how to build the EDIFMERGE "At
tribute file" for JTAG designs using Synopsys logic synthesis. 

Appendix D provides H4CP specific procedures. 

2. H4C JTAG Macro Descriptions 
Technical data, including logic diagrams, for all JTAG mac

ros in the H4C library can be found in the H4C Series Design 
Reference GYide. These macros have been placed in three 
categories in the descriptions that follow: I/O macros, core 
macros and special purpose macros. 

2.1 110 Macros 
I/O macros include the input, output and bidirectional 

boundary scan cells. The JTAG boundary scan logic associ
ated with these macros is diffused into the peripheral I/O 
sites. The JT AG logic in a given VO site is used only if a JTAG 
BSC macro is instantiated at the package pin bonded to that 
VOsite. 

Non-JTAG hi-drive output and bidirectional macros have 
always carried a "hi-drive" property to differentiate them from 
their normal-drive counterparts. However, hi-drive versions of 
the JTAG output and JTAG bidirectional macros have no 
such hi-drive property. Instead, there is a separate macro for 
each JTAG hi-drive so that the timing of these macros can be 
modeled correctly. 

2.2 Core Macros 
Macros residing in the core of the array include the Bypass 

Register (BPREG), Device Identification Register (IDREG), 
Instruction Register (MC_IREG4), and TAP Controller 
(FMC_TAPC). 

The IDREG and BPREG are hard macros in the H4C li
brary. Motorola will assign device identification codes accord
ing to the following format: 

Bit #: 31-28 27--22 21-------------1211---------------0 
Value: VVW 000111 DDDDDDDDDD000000011101 

where 
Bits 31-28: version number assigned by Motorola ASIC 
Bits 27-22: unique number assigned to Motorola ASIC 
Bits 21-12: sequence number assigned by Motorola ASIC 
Bits 11-0: unique number assigned to Motorola Inc. 
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The MC IREG4 is a soft macro; it consists of a schematic 
capture sy~bol (or Verilog HOL module) which is comprised 
of individual gate and flip-flop hard macros, which are placed 
and routed individually by GateEnsemble™. There is no fixed 
layout for the MC_IREG4 as an entity. A functional diagram of 
the MC_IREG4 is shown in Section 4.3, Figure 4-2. 

The FMC_TAPC is a firm macro; it is like a soft macro in 
that it is comprised of, and modeled as, individual gate and 
flip-flop hard macros. Unlike a soft macro, a firm macro such 
as the FMC_TAPC has been plac;ed and rouled as a single 
entity by Gate Ensemble. Consequently, both th.e internal 
metal interconnect and timing of a firm macro are fixed and do 
not change when the chip is laid out. A functional diagram of 
the FMC_ TAPC is shown in Figure 6-4 in Appendix e, which 
discusses this macro in detail. 

2.3 Special Purpose Macros 
2.3.1 TAP macros: TCK, TMS, TRSTB, TOI, TOO 
and TOOA. 

TCK, TMS, TRSTe andTOI are simply input buffers with 
no esc logic. Each must be used at the pin driven by the 
JTAG signal of the same name. 

A functional diagram of the TOO macro is shown in Figure 
2-1. The 'IR' port receives scan data from the TOO port of the 
Instruction Register. The 'DR' port receives scan data from 
whichever JTAG data register is activatE!d by the current 
JTAG instruction. Therefore the multiplexer eontained in the 
TOO macro selects either the Instruction Register or the cur· 
rently active JTAG data register to be shifted out through the 
TOO pin. 

The TOO macro is used with the "small array" scheme for 
distribution of the JTAG control signals. (See Section 3.3.) 

The TOOA macro is functionally identical to TOO. TooA is 
used with the "large array· scheme for distribution of the 
JTAG control signals. (See Section 3.2.) 

ENSLIR DR TCKB TOO 
INTERNAL LOGIC 

JQI _____________________ _ 

Figure 2-1 TDO Macro (TOO, TDOA) 
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2.3.2 ENSCANIIJIP 
The ENSCAN esc's are used to drive the enable port of 3-

state bidirectional and output esc's. The ENSCANI, EN
SCANJ, and ENSCANP are functionally identical. The differ
ences among the three are: 

ENSCANJ must reside on a non-power VO site. 
ENSCANP must reside on a power I/O site. 
ENSCANI must reside in t/:le array core. 
In the example of Figure 2-2 an ENSCANP supplies the 3-

state enable to an output bus. The eSEN input is driven from 
the core by the system 3-state enable signal, and the OEN 
output feeds into the core where it can be buffered if neces
sary before driving the EN inputs of the 3-state output buffers. 

OUTBUS_7 

Reset from 
TAP Contro I I er 

System Tr1-
,/----- State Enab I" 

'"'-TIT""TT"'''''--::l 
Core 

-I--lt.H'n-=...J Buffer 

_~m;:g;:;~J BuHered ENSCFlNP 
output Enable 

Figure 2-2 ENSCANP Driving 30State Enable of S-bit Out
put Bus 

If an ENSCANI had been used instead, it would go at the 
end of the esc scan chain closest to TOO as shown in Figure 
2-3. The esc scan data path enters the core through a port 
on the TOO/A macro, passes through all ENSCANI's, then 
gets multiplexed with the scan paths from all other JTAG data 
registers before passing to the DR port of the TOO macro on 
its way off chip. (Note that test data must shiH counter
clockwise through the BSC's around the periphery of the 
Chip.) ENSCANI's in the core receive CKOR, SHOR, UOOR 
directly from the FMC_TAPC, and OMC directly from the 
MC_IREG4 decode logic, before these signals enter the I/O 
area for distribution to the peripheral esC's. 

It is recommended that ENSCANI's be used only if there 
are no power sites or unused I/O sites available on which to 
place ENSCANP's or ENSCANJ's. 
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2.3.3 TDBUF(P) 
" consecutive peripheral SSC's are separated by more 

than seven 110 sites, a TOSUF or TOSUFP buffer macro must 
be inserted between them since a SSC's TOO output has lim
ited drive strength. The TOSUF(P) must not be more than 
seven 110 sites away from the SSC driving it. 

2.3.4 I/O BSC Control Signal Buffers 
These are the buffers that distribute CKOR, SHOR, UOOR, 

IMC and OMC to the peripheral SSC's. These buffers are de
scribed in detail in Section 3.0, "JTAG Clock & Control Signal 
Distribution." 

USER'()EFlNEO 
DATA REG 

• Boundary scan shift data enters a"ay core when It reaches 
TOO macro. Data passes through all ENSCANI macros In core, 
then gets mux'ed with core JTAG data registers before 
leaving chip vi" TOO. 

• Note that test data flows counter-clockwlse around the chip. 

Figure 2-3 Position of ENSCANI 3·State Enable Macros 
within 110 Boundary Scan Register 

3. JTAG Clock & Control Signal Distribution 

3.1 Overview 
On Motorola's SUb-micron H4C arrays the JTAG boundary 

scan cells are diffused into the periphery, or 110 area, of the 
Chip. The advantages realized, as compared to implementing 
the SSC's with core macros, are as follows: 

1. Area savings 

i) 100% utilization in the periphery versus 60-70% In 
the core (i. e., no unused gates in the periphery). 

ii) transistor sizes can be optimized to their small, non
varying loads 
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iii) interconnect between SSC's is done by abutment, 
minimizing wire length. For these reasons, diffusing 
the SSC's into the 110 area conserves a significant 
amount of chip area compared to implementing the 
SSC's in the array core, even though the chip 110 
area is -20% larger than it would be if it did not 
include built-in JTAG logic. 

2. There is less additional data path delay due to the mux 
in the input SSC's since it has been optimized in terms 
of transistor size and minimum wire interconnect. 

3. There are no distribution ''trees" for the SSC control sig
nals to increase routing congestion in the core. 

4. RAM and MPU diffused blocks don't interfere with the 
peripheral distribution "rings" for these control Signals, 
preventing increased signal skew. 

5. Hold time violations cannot occur when shifting the 
boundary scan register since all SSC's share a com
mon clock net. 

The five JTAG clock and control signals are CKOR, SHOR, 
UOOR, IMC and OMC. Two methods are provided for distrib
uting these signals to the boundary scan cells located in the 
periphery of H4C arrays. The "large or high speed array" 
scheme can be used to maximize performance on any array 
size, but it must be used on the larger arrays (H4C086 and 
above) to ensure that edge-rate limits are not violated on the 
peripheral clock and control lines, which have a large number 
of SSC loads. The "small or low speed array" scheme is more 
simply implemented and can be used on smaller arrays which 
have no such edge-rate problem (H4COS7 and below), when 
maximum performance is not required. The "large or high 
speed array" scheme should enable the boundary scan cir
CUitry to operate at > 2SMhz . 

In Figures 3-1 to 3-6, a dotted line marks the boundary be
tween the core and periphery of the array. All of the special 
buffers for the JTAG clock and control signals reside in power 
sites or unused I/O sites in the periphery in order to: 

i) maximize the drive capability of these buffers by uti
lizing the large transistors that normally drive off
chip, and to 

iI) facilitate optimum buffer placement to achieve: 

a) minimum insertion delay for each signal, 

b) minimum skew for each signal between a buffer's 
nearest and farthest BSC loads, and 

c) minimum SHOR-to-CKOR skew and CKOR-to
UOOR skew at any given SSC. 

Use of the "P" versions of these buffers allows them to be 
placed on power sites, which conserves 110 sites for other 
uses such as hi-drive outputs. 

For packages with highly inductive leads HSPICE simula
tions have shown large voltage spikes on OUTVOO and OUT
VSS (the output driver power and ground buses) due to 
simultaneously switching outputs (SSO). These spikes can 
couple to the outputs of "quief (inactive) drivers. For this rea
son the JTAG buffers are powered from INPVOO/INPVSS 

MOTOROLA 

3 

I 



I 

(tne core power and ground buses), since they drive BSC's 
which are also powered from INPVDD/INPVSS. These buff
ers are also slew-rate controlled in order to inject as little 
switching noise as possible onto INPVDD and INPVSS. The 
JTAG buffers are all roughly equivalent to an ON4S4 output 
buffer. 

3.2 Large or High Speed Arrays 
3.2.1 CKDR Distribution 

Because the CKDR ring must encircle the entire chip, the 
resistance of the metal can be several hundred ohms. The 
same is true of the control lines as well. As a result, one very 
large buffer cannot drive the ring without suffering severe per
formance loss in terms of long prop delays and edge-rates at 
the more distant BSC's. A much better approach is to use 
multiple, distributed buffers to drive the ring. As shown in Fig
ure 3-2, the TAP controller drives a CKDRMID buffer, which 
in turn drives one CKDRCC1 and one CKDRCC2 buffer via 
an "extra" ring. The CKDRCC1 and CKDRCC2 each drive 
roughly half of the JTAG VO cells on the chip via the CKDR 
ring. Because these two buffers are placed diametrically op
posite to each other, only half of the extra ring is needed to 
distribute CKDR to them. By detaching the unneeded half of 
the extra ring, metal capacitance on this net is greatly re
duced and substantial speed improvement is realized. In ad
dition, the Gate Ensemble place and route software can 
correctly model metal interconnect resistance and capaci
tance (RC's) on this net only if it is not a closed loop. (Gate 
Ensemble must see only one path from a net's driver to any 
given load on that net.) There is a physical cut in the extra ring 
within the CKDRCC1 and CKDRCC2 macros such that de
tachment of the unneeded half of the extra ring is accom
plished automatically when these macros are placed. 

There is a physical cut in the CKDR ring within the TOOA 
macro. However, closing the CKDR ring on the opposite side 
of the chip from TDOA is important because it guarantees 
that, over any range of operating conditions, there will never 
be race conditions/hold time violations during shifting of the II 
o boundary scan register. This is true due to the fact that all 
1/0 BSC's share a common clock (CKDR) net. Nor is there a 
"bus contention" problem on the CKDR ring, due to the wide 
separation (roughly two sides of the chip) and minimal skew 
between the CKDRCC1 and CKDRCC2 buffers which drive 
this ring. However, Gate Ensemble cannot correctly model 
distributed RC's for nets driven by more than one source if 
these sources are active simultaneously. The solution is to 
capture the schematic, or write the HDL circuit description, 
such that, as in Figure 3-1, CKDRCC1 drives all BSC's on 
CKDRNET1 and CKDRCC2 drives all BSC's on CKDRNET2, 
so that the CAD system actually sees a gap in the ring. The 
performance of the CKDR ring is identical with or without the 
gap under the following conditions (refer to Figure 3-1): 

i) branches (a) and (c) are perfectly balanced in terms 
of number of loads and length of metal interconnect 

ii) branches (b) and (d) are perfectly balanced in terms 
of number of loads and length of metal interconnect 

iii) CKDRMID is perfectly centered between CKDRCC1 
and CKDRCC2. 
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• Gap in neUlst allows COfreet RC generation for nets CKDRNETl an 
CKDRNET2, If eeeh hes close to the .ame number of loads. 

Figure 3-1 CKDR Distribution (Netllst Interconnect for 
Large or Fast Arrays) 

Figure 3-2 CKDR Physical Distribution (Physical 
Interconnect for LargeiFast Arrays) 

In reality, the ASIC designer will not be able to achieve this 
perfect balance. However, RC's for loads on the CKDR ring, 
which has no gap in silicon, can be calculated within 5% error 
by Gate Ensemble if: 

iv)the number of loads on branch (a) is within 15% of 
the number of loads on branch (c) 

AN1500 



v) the number of loads on branch (b) is within 15% of 
the number of loads on branch (d) 

vi) the number of 1/0 sites between CKDRMID and 
CKDRCC1 is within 15% of the number of 110 sites 
between CKDRMID and CKDRCC2. 

ERC errors are generated if the above conditions are not 
met. In addition, ERC warnings are generated if the following 
two conditions are not met: 

vii)the number of loads on branch (a) is within 15% of 
the number of loads on branch (b) 

viii)the number of loads on branch (c) is within 15% of 
the number of loads on branch (d) 

Simulation accuracy does not suffer if (vii) and (viii) are vi
olated, therefore the chip designer may choose to ignore 
these two ERC warnings. However best performance is 
achieved by adhering to these two conditions. 

Note: Since the gap In Figure 3·1 Is not a gap In Silicon, 
It does not correspond to any particular I/O site and 
therefore Its placement Is not constrained by the avail· 
ability of an unused I/O site. The designer has complete 
freedom as to where this gap Is "placed," which Is done 
by connecting some asc's to CKDRCC1 and the others 
to CKDRCC2 as In Figure 3-1. Consequently, the Imbal· 
ance between the number of loads on CKDRNET1 and 
the number of loads on CKDRNET2 should never be 
greater than one (which would occur If there are an odd 
number of peripheral JTAG macros driven by CKDR). 

CKDR, SHDR, UDDR and OMC are routed within the core 
directly from the TAP Controller to ENSCANI bidirectional en
able BSC's, which reside in the core. 

3.2.2 SHDR, UDDR Distribution 
SHDR and UDDR use a distribution scheme which is dif

ferent from the CKDR scheme, which was able to make use 
of the extra ring. SHDR will be used for illustration (see Figure 
3-3). 

The TAP controller drives two SHDR buffers, each of which 
drives roughly half of the JTAG 1/0 cells on the chip via the 
SHDR ring. Gap 1 and gap 2 are both actual physical cuts in 
the SHDR ring, unlike the gap in the CKDR ring. As a result 
the ASIC designer does not need to balance the number of 
BSC loads on nets 1 and 2 in order for Gate Ensemble to cor
rectly model the distributed RC's for these loads. Gap 1 is de
signed into the TDOA macro. To create gap 2 the ASIC 
designer must place a special "ISO" macro on a power or 1/0 
site nearthe point diametrically opposite from the TDOA mac
ro. This ISO macro cuts the SHDR and UDDR rings. A break 
in these lines does not cause timing problems as it would in 
the CKDR line, and it frees the designer from the need to bal
ance loads on these lines as he has to do on CKDR. Even so, 
ERC warnings are generated if the following two conditions 
are not met: 

i) the number of loads on branch (a) is within 15% of 
the number of loads on branch (b) 

ii) the number of loads on branch (c) is within 15% of 
the number of loads on branch (d) 
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As stated above, simulation accuracy does not suffer if (i) 
and (ii) are violated, therefore the chip designer may choose 
to ignore these two ERC warnings. However best perfor
mance is achieved by adhering to these two conditions. The 
ERC warnings are simply to alert the designer that his buffer 
placement will not achieve minimum insertion delay and max
imum shift speed. Note: The ISO macro has nothing to do 
with the CKDR gap In Figure 3·1. 

Gaps exlsl In nellisl and silicon, so balancing nol required for 
accurale simulallon. bul desirable for besl performance. 

Gap 1 created (In both control lines) by TOOA macro. 

Gap 2 created (In bolh control lines) by placement of 
a special I/O site 'ISO' (Isolation) macro. 

Figure 3-3 SHDR, UDDR Distribution (LargelFast Arrays) 

3.2.3 IMC, OMC Distribution 
The distribution scheme for IMC and OMC is similar to the 

scheme for SHDR. The difference is that the SHDR line is cut 
by the TDOA and ISO macros, whereas the IMC and OMC 
lines are cut by the CKDRCC1 and CKDRCC2 macros. The 
IMCDR and OMCDR buffers can now be placed in a different 
area from the SHDR and UDDR buffers (see Figures 3-3 and 
3-4), relieving buffer congestion so that as many JTAG buff
ers as possible can be placed on power sites, allowing more 
efficient use of the 1/0 sites. 
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JTAG buffers more spread out to facilitate placement 
on power sites. 

Gaps exist in netlist and silicon, 80 balancing not required for 
accurate simulation. but desirable for beet performance. 

• Gap 1 cr •• ted by CKORCCI macro. 
Gap 2 ",eated by CKORCC2 ma"'o. 

Figure 3-4 IMC, OMC Distribution (Large/Fast Arrays) 

3.3 Small or Low Speed Arrays 
3.3.1 CKDR Distribution 

As shown in Figure 3-5, the TAP controller drives one 
CKDR buffer, which drives the CKDR ports of all JTAG VO 
cells on the chip via the CKDR ring. The CKDRCC1 and 
CKDRCC2 buffers, and therefore the extra ring, are not need
ed. Consequenlly there is no balancing of loads to be done, 
as for large or high speed arrays. There is a physical cut in the 
CKDR ring within the TDO macro so that Gate Ensemble can 
correctly model distributed RC's for BSC loads on this ring. 
The nellist interconnect matches the physical interconnect, 
unlike the largelhigh speed array scheme. The TOO macro 
replaces the TDOA macro used in the large/high speed array 
scheme. 

3.3.2 SHDR, UDDR, IMC, OMC Distribution 
SHDR, UDDR, IMC and OMC all use the same distribution 

scheme, which is also the same as the CKDR scheme since 
the extra ring is not being used. As shown in Figure 3-6, the 
TAP controller drives one SHDR buffer which drives the 
SHDR ports of all JTAG 1/0 cells on the chip via the SHDR 
ring. The ISO macro is not used so that gap 2 in the SHDR 
and UDDR lines (see Figure 3-3) does not exist. Likewise, 
gaps 1 and 2 in the IMC and OMC lines (see Figure 3-4) do 
not exist, since CKDRCC1 and CKDRCC2 are not used in the 
CKDR scheme. There is only one gap in each control line, 
and that gap occurs in the TOO macro . 
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- - - - - - - - - - - - - -, 
TAP 
Ctlr 

• TOO macro used in place of TooA macro. 

• TOO macro cuts the CKOR line and all 4 conlrol lines. 

• One CKDR macro replaces CKORMIO, CKORCCI and 
CKORCC2. (Extra ring nol used.) 

Figure 3-5 CKDR Distribution (SmalllSlow Arrays) 

t---------------, 
TAP 
Ctlr 

SHDR 

.' TOO macro used In place of TOOA macro. 
ISO macro nol usad. 

• TOO macro cuts all four control lines. 

, 

Figure 3-4i SHDR, UDDR, IMC, OMC (SmalllSlow Arrays) 
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4. Mustang-Compatible JTAG 

4.1 Introduction 
On the Motorola H4C family of CMOS arrays, JTAG 

boundary scan circuitry has been designed to be compatible 
with Motorola's Mustang ATPG product, which was designed 
to do automatic test pattern generation for conventional scan 
designs. However, as defined by the IEEE 1149.1 specifica
tion, JTAG boundary scan violates several conventional scan 
design rules. Section 4.0 and Appendix B describe how the 
JTAG boundary scan circuitry has been implemented on H4C 
arrays in order to allow it to be tested by Mustang. 

The user is assumed to have a working knowledge of 
Mustang. For more information on Mustang itself refer to Tim 
Boland's Application Note, number AN1096, entitled "Guide
lines for Using the Mustang ATPG System," and to the Mus
tang User's Guide portion of Motorola's Open Architecture 
CAD System™ (OACS) documentation. 

4.2 Design Overview 
Motorola has designed scan-compatibility into the JTAG 

Circuitry in two respects: 

1. Special Mustang modeling has been done for the 
boundary scan cell, which contains a non-scannable 
latch. 

2. The TAP Controller has been modified to include scan
nable flip-flops, and to satisfy some Mustang timing 
requirements. For detailed explanations of items 1 and 
2 see Appendix B. In addition, the user is responsible 
for: 

• ensuring that no timing problems arise due to clock 
skews, and 

interconnecting all JTAG circuitry such that Mustang 
compatibility is maintained. 

4.2.1 Handling of Clock Skew 
Motorola's H4C arrays use the gated-clock JTAG imple

mentation shown in IEEE 1149.1. That is, the original clock 
TCK is gated within the TAP Controller and the instruction de
coding logic to provide the CKIR, CKDR, UDIR and UDOR 
signals to the JTAG cells. This can cause skew problems in 
Mustang test mode, particularly due to the large clock delays 
to the boundary scan cells. Section 4.3 addresses the preven
tion of timing problems due to clock skew. 

4.2.2 JTAG Circuitry Interconnection 
An extra pin, called "MTST" for "Mustang test mode" in this 

document, must be added to the chip to logically reconfigure 
the JTAG circuitry when Mustang testing is to be done. When 
this input is active all circuit elements including the TAP Con
troller will become scan-compatible, the JTAG TMS pin will be 
used as the scan/shift enable control Signal, and the scan 
chain connected between the TOI and TOO pins will contain. 
all the flip-flops which are part of the JTAG circuitry. The 
JTAG logic must also be correctly controlled in Mustang scan 
mode to ensure that the scan paths are completed (requires 
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that IMC and OMC both be low). Section 4.4 describes in de
tail how to properly hook-up all JTAG circuitry for Mustang 
compatibility. 

4.3 Handling of Clock Skew 
The JTAG design can suffer from clock skew problems 

during Mustang test mode because the gated clocks (CKIR, 
UOIR, CKOR's for each data register) must be enabled at the 
same time. The problems occur when the clock arrives early 
to one flip-flop causing its output to change before the clock 
arrives at the next flip-flop. This can result in hold time viola
tions and/or the wrong data being loaded. 

The JTAG logic does not suffer from this problem during 
normal operation because some sections are clocked on the 
rising edge of TCK while others are clocked on the falling 
edge, such that input data to each JTAG register always 
changes on the inactive edge of the clock to that register. For 
example, a new instruction becomes active when the shadow 
latches in the instruction register are "clocked" by UOIR, 
which occurs on the falling edge of TCK. The new instruction 
drives decode logic which enables CKDR to the appropriate 
data register (e. g.the Identification Register, Bypass Regis
ter or peripheral boundary scan register). These CKDR en
able signals change on the falling edge of TCK in order to be 
stable during the rising edge of TCKlCKOR. Likewise the 
SHOR and TOI signals, which feed each data register, 
change on the falling edge of TCK in order to be stable during 
the rising edge of TCKlCKOR. Also, the flip-flop within the 
TOO macro is clocked on the falling edge of TCK because its 
input data, which comes from either the "CKIR" flops in the In
struction Register or from one of the data registers, changes 
on the rising edge of TCK. 

As described above, during normal JTAG operation input 
data to each JT AG register always changes on the inactive 
edge of the clock to that register, so that the data is stable dur
ing clocking of the state elements. However, when operating 
in Mustang test mode all flip-flops must clock on the same 
edge of the clock signal. This can cause problems both during 
scan operation (the shift in and shift out of scan data) and also 
during the pulsing of the system or TCK clocks. (A Mustang 
scan test consists of three parts: shift in of scan stimulus, 
pulsing of zero or one of the clocks -- referred to as "clock 
pulse mode," and shift out of the chip's response to the scan 
stimulus.) 

As described in Section 4.4, all JTAG registers will be in
cluded in the same scan chain during Mustang testing. Each 
data register is clocked by its own gated version of CKOR, 
and the Instruction Register's CKIR and UOIR flops are 
clocked by CKIR and UOIR respectively. Consequently, the 
JTAG scan chain is operated by several different clocks 
which have different insertion delays, creating the potential 
for skew problems during the scan operation. Skew problems 
during scanning can be controlled by putting registers whose 
clocks have longer insertion delays at the beginning of the 
scan chain. Since the 110 boundary scan register has the 
slowest clock distribution it should be the first part of the scan 
chain. Also, if timing analysis shows it to be necessary, delays 
can be added between flip-flops driven by different clocks . 

MOTOROLA 

7 
• 



In order to prevent skew problems when Mustang pulses 
the system or TCK clocks, the JTAG clock gating must be al
tered so that the clock pulse is applied either to the flip-flops 
that would normally change on the rising edge of TCK or to 
the flip-flops that would normally change on the falling edge 
of TCK. This Is done by adding a flop to the TAP controller 
which controls the clock gating only during Mustang clock 
pulse mode. (This flop is labeled "TCKlTCKB Select Flop" in 
Figure B-4 of Appendix B.) Putting this flop inside the TAP 
Controller allows all of the JTAG logic within the TAP control
ler to remain in a single scan chain. 

As shown in Figure 4-1 the Instruction Register UDIR latch
es have been changed to flops, for the following reasons: 

1. to eliminate the undetectable stuck-at-one faults which 
are present on each latch gate input (for more details 
see Section B.1 of Appendix B), 

2. to enable separate clocking of the UDIR flop, which 
must change on the falling edge of TCK. The UDIR sig
nal can now be applied separately from the CKIR signal 
to remove the possibility of skew. 

RB 

'CKlR F"lap' 
ST D Q 

CKlR CK ........ 
TDl SOl 

SHlR Sf: QB 

UDlR 

SOl 

HSE: 

SB 

Figure 4-1 Single-Bit Instruction Register Cell 
(MC_IREG). 

TOO 

SIlO 

lR 

The "MC_IREG4" four-bit Instruction Register macro is 
shown In Figure 4-2. During scan mode CKIR and UDIR are 
active simultaneously, with CKIR leading UDIR by a few 
nanoseconds at the output of the TAP Controller. Conse
quently, to prevent hold-time violations during scan mode, the 
'UDIR flops" must precede the ·CKIR flops" in the JTAG scan 
chain. For this purpose, SDI and SOO ports are provided on 
the MC_IREG and MC_IREG4 macros to serve as ·Scan
Data-In" and ·Scan-Oata-out" for the UOIR flops (see Figures 
4-1,4-2 and 4-3). As shown in Figure 4-3, during Mustang 
scan mode (MSE high) scan data from the TAP Controller's 
"TDO" port enters the UDIR flops in the MC_IREG4 via the 
SDI port. After exiting at SOO, the scan data is fed back to the 
MC_IREG4 "TOI" port to pass through the CKIR flops. During 
normal JTAG operation (MSE low), JTAG test data from the 
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TAP TDI pin is passed to the CKIR flops in the MC_IREG4 as 
required. 

Extra delays are Included in the scan paths within the 
MC_IREG4 because it is currently a soft macro. As such, the 
metal interconnect between its four MC_IREG cells will differ 
somewhat from layout to layout, potentially causing a small 
amount of CKIR or UDIR skew between the four cells. The 
DL va macros within the MC_IREG4 add delay in the scan 
path to compensate for any such skew. 

Referring to the Mustang-compatible TAP Controller in Ap
pendix B, Figure B-4, note the inclusion of the follOwing cir
cuitry: 

1. A "TCKlTCKB Select Flop" to control the clock gating in 
Mustang clock pulse mode. 

2. An extra delay on TDO to prevent skew problems 
caused by the early clocking of the flip-flops in the TAP 
Controller. The TDO signal would normally be passed 
onto the Instruction Register as shown in Section 4.4. 
The Instruction Register clock CKIR will arrive later 
than the clock to the flip-flops in the TAP Controller 
because of the clock gating circuitry within the TAP 
Controller. 

3. A delay macro in the scan path between the top left flip
flop and the top right flip-flop because these flops have 
separate clocks which pass through different gating 
logic. A buffer was also added to the clock for the "TCKI 
TCKB Select Flop" for similar reasons . 

Since the FMC_ TAPC Mustang-compatible TAP Controller 
is a firm macro, its fixed layout guarantees no timing problems 
will ever arise intemalto the FMC_TAPC. 

It is very difficult to control clock skew between core/sys
tem flip-flops and the boundary scan cells because of the long 
insertion delay of clock CKDR in the periphery. In order to pre
vent skew problems from occurring between the JTAG logic 
and the system logic during Mustang test mode, either: 

i) the clock TCK should be different from the system 
clock, or 

Ii) circuitry similar to the "TCKlTCKB Select Flop" and 
"Clock Select" gates in the TAP Controller should be 
implemented to prevent Mustang from pulsing both 
TCK and the system clock in the same clock cycle. 

It is important that timing analysis be done to verify that no 
setup or hold time violations occur due to the aforementioned 
sources of clock skew. Veritime is able to take into account 
the effects of variations in process/voltage/temperature 
across a Chip. 

AN1500 



580 __________________________________________________________ -, 

581 ________________________________________ -, 

SI!2 ____________________ ---, 

583_ 

~----~----------------t_--------------~----------------_r--_. 
5Tl ----~----------------_+-----------------1--__, 
5T2 ____ ~----------------_+--__, 

5T3 -+------>~ sMlDLY8x ~ sRlDLYBx 
---; :;--uMlDLYBx 

---;:;--

SOl I1C..lRe:G DL Y8 I1C..lREG DL Y8 MC_lREG IlL Y8 I1C..lREG 500 ST~ ST~ ST~ ST 

TDI ==::t:~~~ ~~ A X f:: ~I ~ A X = ~(~ A X = ~(~ == 

Cl<IR 

SHIR 

UOIR 

I15E 

RB3 

RB2 

RBi 

RBB 

AN1500 

~=~ ~f::~ ~=~ ~=~ ~ = ~IR IR_ t: ~IR IR!- = ~IR IRI- = ~IR IR_ 
-~ ~~ -~ -~ 

_ "!- '--~ '--AB_ ,--ABc---

Figure 4-2 MC_IREG4 Functional Diagram 

from TDI macro 

F"HC-TPPC 
TOO 

FMC_TAPC 

M5E 
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4.4 JTAG Circuitry Interconnection 
First a non·scan, JTAG design will be discussed to show 

the essential circuitry required to implement JTAG on H4C ar· 
rays. Afterwards, the requirements for a Mustang/scan·com· 
patible JTAG design will be discussed and illustrated. 

4.4.1 Non-8can JTAG Interconnection 
If the system logic is not a scan design, Mustang cannot be 

used for ATPG. An example of a non-scan, JTAG design is 
shown in Figure 4-4. Note that: 

• the MTST pin is not required 

• the MSE and TOO TAP Controller outputs are not 
used 

• the TAP Controller MTST input and Instruction Regis
ter MSE input should be tied low 

Except for the three flip-flops labeled "System Logic," all of 
the circuitry in Figure 4-4 is part of the JTAG logic. The BSC's 
and peripheral JTAG buffers are located around the periphery 
of the schematic. Note that test data must shift counter
clockwise through the BSC's around the periphery of the 
chip. 

On H4C arrays, JTAG boundary scan uses a gated CKDR 
Signal as described in the IEEE 1149.1 specification. That is, 
CKDR is gated to the appropriate data register (peripheral 
boundary scan register, Bypass Register, Device Identifica
tion Register, etc.) under control of the Instruction Register 
decode logic. For example, if the Instruction Register holds 
the Sample, INTEST or EXTEST instruction, then CKDR and 
UDDR will be gated to the peripheral boundary scan register. 
In addition, the Instruction Register decode logic must gener
ate the Input Mode Control (IMC) and Output Mode Control 
(OMC) signals. IMC and OMC control the select lines of the 
data path multiplexers within the input and output BSC's, re
spectively. Since users may define their own JTAG instruction 
sets, the Instruction Register decode logic is design specific; 
therefore it is not implemented as a special macro in the H4C 
library. However, in this example a DEC8 macro from the 
H4C library is sufficient to implement the Instruction Register 
decoder. 

Because instruction decoding is done by combinatorial log
ic, the decoded control signals may glitch temporarily when 
UDIR activates a new instruction. Such glitches are harmless 
on some control Signals, but not on others. Control signals 
which cannot afford to be glitched should be decoded from 
the instruction register CKIR flops instead of the UDIR flops. 
The decoded signals then drive flops which are clocked by 
UDIR. In Figure 4-4 the "Glitch-Free IMC/OMC Decode" block 
uses this method to decode the IMC/OMC, HI-Z and UDEF1 
Signals. The IREG3 is a 3-bit instruction register built from 
three 1-bit MC_IREG cells in order to bring out the CKIR flop 
outputs at the TDOO, TD01 and TD02 ports (see Figure 4-5). 
These signals are used to decode the IMC/OMC, HI-Z and 
UDEF1 signals as shown in Figure 4-6. Altematively, all in
struction decoding could be performed on the instruction reg
ister CKIR flops, with each decoded signal driving its own 
"UDIR" flop. 

Note that even though IMC and OMC are independent 
lines in the chip periphery, driven by separate IMCDR and 
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OMCDR drivers, both IMC and OMC are functionally equiva
lent to the "Mode" control signal defined in IEEE 1149.1. 
Therefore they would normally have a common source in the 
array core. In Figure 4-4 this common source is labeled "IMCI 
OMC." 

The ENSCANP and ENSCANJ macros have been 
hooked-up such that they can be reset either by resetting the 
TAP Controller or by loading a "HLZ" instruction, which puts 
all3-state outputs in the hi-impedance state. 
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Figure 4-S IREG3 3-Bit Instruction Register 
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Figure 4-6 Glitch-Free IMC/OMC Decode Block 
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4.4.2 Mustang-Compatible JTAG Interconnection 
In order to make a JTAG design Mustang-compatible the 

FMC_TAPC TAP Controller of Figure B-4 must be used, as 
well as an Instruction Register like the one in Figure 4-2. The 
designer must also add extra circuitry to link up all of the 
JTAG registers into one scan chain during Mustang test 
mode. The requirements, which are illustrated in Figure 4-7, 
are as follows: 

1. An extra MTST input pin, which will only be active 
during Mustang testing, must be added to the 
design. A pull-up/pull-down resistor may be used 
to hold this pin inactive during normal operation. 
Note: the Input macro driven by MTST must be 
either a non.JTAG macro or a "sample-only" 
macro such as an ICNCKHJ. 

2. The Mustang test mode input pin must be con
nected to the MTST input of the TAP Controller 
and to OR gates which perform clock gating for 
JTAG data registers. This will cause all of the 
JTAG scan chains (i. e. the TAP Controller, 
Instruction Register, and data registers) to be 
clocked together in Mustang test mode, during 
which they are part of one scan chain between 
TOI and TOO. 

3. The Mustang scan path through the JTAG logic 
must be connected starting with the boundary 
scan chain, then any internal data registers (e.g. 
Bypass register and 10 code register), then the 
TAP Controller and finally the Instruction Register. 
This reduces the probability of clock skew prob
lems occurring. 

4. Two-input multiplexers must be placed on the 
connections between the TOI pin and each inter
nal/core JTAG scan chain to enable all JTAG scan 
chains to be connected up as one long chain dur
ing Mustang test mode. The output of each multi
plexer will feed the input to a JTAG scan chain. 
The select input on the multiplexer must be con
nected to the TAP Controller's Mustang Scan 
Enable (MSE) output (MSE is TMS logically 
ANO'ed with MTST). The TOI signal should be 
connected to the A input of the multiplexers. The 
B input of the multiplexers should be connected to 
the end of the previous JTAG scan chain, where 
the order is that defined in item 3 above. 

5. In order to use JTAG input and output BSC's as 
the input to or output from a scan chain they must 
be forced into transparent mode. If the output has 
an enable line then this too must be activated dur
ing scan. This is done by adding gating logic to 
the IMC and OMC control lines to force them low 
during scan mode. 

6. If the TCK and system clocks are derived from 
the same source then they must be clocked on 
the same edge of the source clock. This may 
require placing an exclusive-or gate on the TCK 
input to the TAP Controller, as well as adding 
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clock gating circuitry similar to that built into the 
TAP Controller, which is described in Appendix B. 
This circuitry would serve to prevent race condi
tions between the BSC's and the system/core 
logic. 

7. Mustang requires all asynchronous control lines 
to be controlled only by an external input. An 
asynchronous reset line which enters the chip 
through a normal input BSC can be controlled by 
the jlatch (see Appendix B) within that BSC. 
Therefore the reset line must be gated with MTST 
in the array core so that the reset will be disabled 
during Mustang testing. Alternatively, the asyn
chronous reset can enter the chip through a "sam
ple-only" cell. In this case gating the reset signal 
with MTST is not required, however the reset is 
no longer controllable from the JTAG BSC ring. 

4.5 Mustang-Compatible JTAG Example Circuit 
In Figure 4-7 the non-scan JTAG design in Figure 4-4 has 

been modified, according to the requirements of Section 4.4-
2, to create a Mustang-compatible JTAG design. The system 
logic in this example consists solely of the "System Scan 
Reg," which is a conventional scan design consisting of one 
scan chain starting at the INO input and exiting at the OUTO 
output. The remaining circuitry implements JTAG boundary 
scan which, during Mustang testing, is configured as one 
scan chain which enters the chip at pin TOI and exits at pin 
TOO, as described in Section 4.4-2. (Larger designs typically 
have multiple scan chains for the system logic because of the 
long time taken to load/scan them.) As in Figure 4-4, the 
BSC's and peripheral JTAG buffers are located around the 
periphery of the schematic. Note that test data must shift 
counterclockwise through the BSC's around the periph
ery of the chip. The "Glitch-Free IMC/OMC Decode" block 
functions as described in Section 4.4-1, except that the flops 
inside it are now scan flops. 

Mustang test mode is established by forcing the MTST pin 
high. During Mustang test mode the TMS pin controls scan 
mode (MTST and TMS high), during which bidirectional pins 
must be disabled. Using TRSTB, instead of TMS, to disable 
the bidirectionals during scan mode improves the fault cover
age of the bidirectionals. During scan mode all JTAG regis
ters are configured into one scan chain via 2-input 
multiplexers at the TOI inputs of the Device Identification Reg
ister, Bypass Register, TAP Controller, and Instruction Regis
ter. Within the Instruction Register, UOIR flops as well as 
CKIR flops become part of this same chain as described pre
viously in Section 4-3. The scan chain order is as follOWS: 

TOI, BSC's, 10REG, BPREG, FMC_TAPC, MC_IREG4, 
TOO. Also, during Mustang scan mode IMC and OMC are 
forced low so that I/O BSC's will pass scan data into and out 
of the chip. 

The Mustang control file used is as follows: 

SCAN_OUTPUT TOO 
SCAN_OUTPUT OUTO 
SCAN_MODE TMS 1 
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SCAN_CLOCK TCK 11 
SCAN_CLOCK SCLK 1 2 
SYSTEM_CLOCK TCK 1 1 
SYSTEM_CLOCK SCLK 1 2 
ASSERT MTST 1 
BIDIRECT_CONTROL TRSTB 1 
SCAN_MODE TRSTB 1 

The fault coverage obtained for this example circuit was 
>95%. This fault coverage is essentially that of the JTAG cir
cuitry alone since the system logic in this example consists 
solely of one 3-stage shift register. The fault coverage for a 
real-world chip design would be much higher, since the vast 
majority of the circuitry would be scannable system logic with 
close to 100% fault coverage. 

The implementation of the "System Scan Reg" shown in 
Figure 4-7 is just an example of what could be done. When a 
user-defined JTAG instruction (code = binary 101) is active, 
the "E1" input to the System Scan Reg becomes the IDLE out
put from the Tap Controller so as to allow the System Scan 
Reg to be clocked while in the "Run-TesVldle" state. When 
the user-defined test is completed the contents of the System 
Scan Reg can be shifted out through TOO under control of 
SHDR from the TAP Controller, just like any other JTAG test 
data register such as the Bypass register or peripheral bound
ary scan register. If the user has no interest in doing such a 
test, E1 could be tied high (always enabled) and SE could be 
wired directly to MSE, for example. 

..... 
N I.... 

I W 
H Cl 
I :::J 

Figure 4-8 Glitch-Free IMC/OMC Decode Block 
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4.6 Conclusions 
The methodology presented here allows Mustang to be 

used with JTAG by modifying the designs of the TAP Control
ler and the Instruction Register. The results show that it is 
possible to achieve high fault coverage using fully automated 
test pattem generation with Mustang. However, Mustang can
not test the gate (G) input to the BSC shadow latches. Nor 
can Mustang test all of the JTAG Instruction Register decod
ing logic. Testing of these areas should be achieved by sup
plementing the Mustang test patterns with some manually 
written vectors which test the JT AG circuitry in its normal 
functional mode of operation. Merging of these functional vec
tors with the Mustang vectors is accomplished by TESTPAS, 
which is one of the OACS CAD tools. 

5. JTAG 110 Macro Placement and Pln-out 
Assignment 

5.1 Pin Be 110 Site Placement of JTAG 110 Macros 
5.1.1 Placement of Test Access Port (TAP) Pins 

For each array size there are 32 fixed pad pairs which can 
interface to 64 high-speed scan channels on the Typhoon 
tester. These pad pairs are marked with asterisks on each 
Pad-to-Pin cross reference table in the H4C Design Refer
ence Guide. Test Access Port (TAP) pins TMS, TCK, TDI and 
TOO each must be assigned to a pin which is bonded to one 
of these "*" pads. It is recommended that TMS be adjacent to 
TCK, and that TDI be adjacent to TOO. TDI must be counter
clockwise from TOO, and no BSC's should be placed be
tween TDI and TOO (clockwise from TDI) because these 
BSC's would not be contained in the VO boundary scan data 
register . 

5.1.2 Placement of Non-bonded JTAG Macros 
"Non-bonded" macros reside in VO or power sites but have 

no off-chip connections. These macros include TDBUF/P, 
ENSCANJ/P, ISO/P, and the special buffers for CKDR, 
SHDR, UDDR, IMC and OMC: 

CKDRMID, CKDRMIDP (large or high speed arrays only) 
CKDRCC1, CKDRCC1 P (large or high speed arrays only) 
CKDRCC2, CKDRCC2P (large or high speed arrays only) 
CKDR, CKDRP (small or low speed arrays only) 
SHDR,SHDRP 
UDDR, UDDRP 
IMCDR, IMCDRP 
OMCDR, OMCDRP 
ISO,ISOP 

Referring to the "H4C123160 QFP PAD-to-Pin Cross Ref
erence" in the H4C Series Design Reference Guide, each 
non-bonded macro must reside on a specific power or VO site 
which: 

• does not connect to a pad (e. g., VO sites 58 & 59), or 

• connects to a pad which is not bonded out to a pack
age pin (e. g., VO sites 47 and 48), or 

• connects to a power/ground pad (e. g., I/O sites 50 
and 51); the uP" version of the macro is used at 
power/ground sites . 
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In addition, the JTAG buffers must reside within 25 sites of 
the nearestlNPVSS and INPVOO (or BOTHVSS and BOTH
VOO). The Pin-to-Pad Cross Reference for the pertinent array 
and package is used to select a site for each non-bonded 
macro. 

5.1.3 Placement of JTAG VO Macros within 
Schematic Capture 

The user must assign a package pin number to the 
"10_PIN1" property on each 110 macro, including input, output 
and bidirectional BSC's and the TAP macros. In addition, a 
FIX property whose initial value is "IOXX· is already attached 
to each non-bonded JTAG macro, which the user places by 
substituting the 110 site # for the "XX" portion of the FIX value. 
In Figure 4-7 the JTAG buffers have been placed according 
to the "large or fast array" scheme (see Section 3.2), using the 
"Pad to Pin" for an H4C123 array in a 160QFP package. Note 
the inclusion of TOBUF's to buffer BSC TOO output ports 
where the following BSC is >=7 110 sites away. In determining 
the pin-out and 110 site placement, follow the guidelines in 
Section 5.2. 

5.1.4 Placement of JTAG VO Macros within 
SynopsyslVerilog HDL Flow 

For Verilog HOL design entry followed by Synopsys logic 
synthesis, the designer creates a Verilog nellist for the JTAG 
110 and the non-bonded macros. The designer also creates 
the EOIFMERGE "Attribute" file, which contains I/O site 
placement information in the form of FIX properties for all of 
the peripheral JTAG macros. The Verilog netlists for the 
JTAG 110, the core JTAG logic, and the system logic are com
bined into one EOIF nellist using Synopsys. This ·Synopsys 
EOIF" nellist, along with the Attribute file, are subsequently in
put to EOIFMERGE to create the "Motorola EOIP nellist re
quired by the OACS tools. (EOIFMERGE creates a Motorola 
EOIF nellist from the Synopsys EOIF nellist by adding prop
erties which are specific to Motorola's H4C technology. For 
more information on EOIFMERGE see the Synopsys/EO
IFMERGE Application Note for OACS.) 

Had Verilog HOL been used instead of schematic capture 
to enter the circuit in Figure 4-7, the JTAG portion of the At
tribute file would appear as shown in Fig. C-l (Appendix C). 

5.2 Guidelines for Finding an ERC-Compatible 
Chip Pin-out 

In both procedures that follow, the JTAG clock and control 
signal buffers should be placed on power sites to the extent 
possible. 

5.2.1 Full Boundary Scan Pin-Out Guidelines 
In selecting the pin-out for a chip which uses full boundary 

scan (the vast majority of system signal pins use BSC's), it is 
recommended that the following steps be done in sequence: 
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1. Place TOI and TOOA on a pair of adjacent high
speed scan tester pins. TOI must be counter
clockwise from TOO. In the same general area as 
TOI and TOOA, place TCK and TMS on high-

speed tester pins and TRSTB on a normal pin. 
2. Place remaining system pins, and any additional 

power/ground pins required, in conformance with 
the ERC rules governing the placement of output 
drivers relative to power pin locations. Also keep 
in mind the rules goveming sharing of a single 110 
site by two different macros. 

3. Place ENSCANJIP 3-state control BSC's on avail
able I/O or power sites. 

4. Between every pair of BSC's separated by >7 
non-BSC 110 Sites, a TOBUF/P must be inserted 
on an 110 site within 7 sites of the BSC whose 
TOO port drives the other's TOI port. (TOBUF/P is 
built from the input buffer portion of an I/O site, 
and can therefore share an I/O site with a non
JTAG output driver or with a "paralleled" output 
driver used to build a hi-drive.) 

5. Place the CKORCC1IP and CKORCC2IP buffers 
such that, in Figure 3-1, nets CKORNETl and 
CKORNET2 are balanced as described in Section 
3.1. 

6. Place the CKORMIO/P buffer equidistant between 
CKORCC1/P and CKORCC2IP as shown in Fig
ure 3-1. 

7. Place the ISO/P macro diametrically opposite 
from TOOA (approximately), as in Figure 3-3. 

8. Place the SHORIP buffers approximately in the 
center of nets 1 and 2 as shown in Figure 3-3. 00 
the same for the UOORIP buffers. 

9. Place the IMCORIP buffers approximately half
way between the CKORCC1IP and CKORCC2IP 
buffers, which create gap 1 and gap 2 in Figure 3-
4. 00 the same for the OMCORIP buffers. 

5.2.2 Partial Boundary Scan Pin-Out Guidelines 
"Partial boundary scan" refers to a chip on which many sys

tem signal pins use non-JTAG I/O macros. In selecting the 
pin-out for such a chip, it is recommended that the following 
steps be done in sequence: 

1. Place system pins (i. e., all pins except TOI, 
TOOA, TMS, TCK, and TRSTB), and any addi
tional power/ground pins required, in conform
ance with the ERC rules governing the placement 
of output drivers relative to power pin locations. 
Also keep in mind the rules governing sharing of a 
single I/O site by two different macros. 

2. Place ENSCANJIP 3-state control BSC's on avail
able 110 or power sites. 

3. Choose a pair of adjacent high-speed scan tester 
pins for TOI and TOOA (with TOI counterclock
wise from TOO) such that a line drawn from 
TOOA through the center of the chip creates two 
halves which each contain an equal number of 
BSC's, and to the extent possible, an equal num
ber of non-JTAG pins. In the same general area 
as TOI and TOOA, place TCK and TMS on high
speed tester pins and TRSTB on any pin. 
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4. Between every pair of BSC's separated by >7 
non-BSC VO sites, a TOBUF/P must be inserted 
on an 1/0 site within 7 sites of the BSC whose 
TOO port drives the other's TOI port. (TDBUFIP is 
built from the input buffer portion of an 1/0 site, 
and can therefore share an 1/0 site with a non
JTAG output driver or with a "paralleled" output 
driver used to build a hi-drive.) 

5. Place the CKDRCC11P and CKDRCC2IP buffers 
such that between each buffer and TDOA there is 
an equal number of BSC's, and to the extent pos
sible, an equal number of non-JTAG pins. Refer to 
Figure 3-1. 

6. Place the CKDRMID/P buffer equidistant between 
CKDRCC11P and CKDRCC2IP (typically near 
TDOA). Refer to Figure 3-1. 

7. Place the ISOIP macro diametrically opposite 
from TDOA (approximately), as in Figure 3-3. 

8. Place the SHDRIP buffers approximately halfway 
between the TDOA and ISOIP, in terms of BSC's 
(see Figure 3-3). Do the same for the UDDRIP 
buffers. 

9. Place the IMCDRlP buffers approximately half
way between the CKDRCC11P and CKDRCC2IP 
buffers, in terms of BSC's (see Figure 3-4). Do the 
same for the OMCDRIP buffers. 

6. CAD Design Flows 
For Mentor aSIM simulation on the HP/Apolio platform, 

entry of an H4C design would likely be done via schematic 
capture. The corresponding "Schematic Capture/aSIM De
sign Flow" in Section 6.1 follows a "bottom-up" design meth
odology. 

For Verilog simulation on either the Sun or HP/Apolio plat
form, design entry can be done by either schematic capture 
or, for Synopsys users, by writing a Verilog HDL circuit de
scription. The "Schematic CaptureNeriiog Design Flow" in 
Section 6.2 and the "Synopsys/Verilog Design Flow" in Sec
tion 6.3 both follow a '10p-down" deSign methodology where 
the chip is initially described behaviorally using Verilog HDL. 
In Section 6.2 the HDL is manually converted into gates using 
schematic capture, whereas in Section 6.3 the HDL is synthe
sized into gates using Synopsys. 

For real world schematic capture deSigns, it may be more 
practical to capture the BSC's in rows rather than trying to 
capture the 1/0 in the shape of a chip footprint as in Figure 4-
7. 

During pre-layout simulations, estimated parasitic resis
tance and capacitance values are used for the metal intercon
nect between peripheral JTAG macros, as is done for 
interconnect between core macros. As a result, It Is possi
ble to get pre-layout DECAL edge-rate warnings or errors 
for nets In the periphery. These warnings and errors are 
invalid, since the peripheral nets have been shown by 
SPICE to have no edge-rate problems. After layout the ac
tual resistance and capacitance values are used, at which 
time no edge-rate errors should occur on peripheral nets. 
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6.1 Schematic CapturelQSIM Design Flow 
I. Determine Chip Pin-Out and Capture JTAG 110 

1. Use CAPTURE to capture a schematic of the 
JTAG VO, follOwing the "Guidelines for Finding an 
ERC-Compatible Chip Pin-Out" in Section 5.2. 

2. Verify JTAG VO conform to electrical deSign rules: 
a. Run FLATTEN to generate a aSIM database. 
b. Run NETLIST to generate an EDIF netlist 

(used by ERC). 
c. Run ERC for peripheral rule checks. Repeat 

steps 1 and 2 until ERC passes. 

II. Design Chip's System (Non-JTAG) Logic 
A. Design Individual Sub-Blocks 

3. Use CAPTURE to capture a schematic for one 
system sub-block "Y". 

4. Run FLATIEN to generate a aSIM database for 
y. 

5. (Optional) Verify Y via unit-delay aSIM simulation. 
Repeat steps 3-5 until Y's functionality is correct. 

6. Run NETLIST to create the required Motorola 
netlists: 
a. an EDIF nellist (used by ERC and DECAL) 
b. a TEGASITDL netlist (used by MUSTANG) if 

the chip is a scan design. 
7. Run ERC to verify Y conforms to electrical design 

rules. If violations occur return to step 3 to correct 
the schematiC. 

8. If the chip is a scan design, run the MUSTANG 
design rule checker to verify Y conforms to scan 
design rules. (Also generate test patterns if Y's 
fault coverage is desired.) If violations occur 
return to step 3 to correct the schematic. 

9. Verify Y via real-time simulation: 
a. Run DECAL to calculate real-time delays. If 

edge-rate violations occur, return to step 3 to 
correct the schematic. 

b. Run INSERT_DELAYS to insert real-time 
delays into the aSIM database. 

c. Run aSIM. If Y's functionality or timing is incor
rect, return to step 3 to correct the schematic. 

10.Repeat steps 3-9 for each system sub-block on 
the chip. 

B. Combine All of Chip's System Sub-Blocks 

11.Use CAPTURE to combine the sub-blocks for all 
system logic on the chip. 

12.Run FLATIEN to generate a aSIM database. 
13.Run NETLIST to create an EDIF nellis!. Also cre

ate a TEGASlTDL netlist if the chip is a scan 
design. 

14.Run ERC and, If the chip is a scan design, run 
MUSTANG; then run DECAL and 
INSERT_DELAYS followed by as 1M real-time 
simulation. 
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If violations occur in any of these tools, make schematic 
corrections for all erroneous sub-blocks. Re-verify each cor
rected sub-block individually to the extent desired in section 
II, part A, then return to step 11. 

III.Comblne JTAG Circuitry with Chip's System logic 

15.Use CAPTURE to capture a schematic of the 
core JTAG logic (including the TAP Controller 
etc.). 

Verify All JIAG Circuitry by Itself (Optional) 
16.ln CAPTURE, combine the core JTAG logic with 

the JTAG 110 from step 1. 
17.Run FLATTEN to generate a QSIM database. 
18.00 unit-delay QSIM Simulation, if desired. If step 

18 is done, repeat steps 16-18 until functionality is 
correct. 

19.Run NETLIST to create an EDIF netlist. Also cre
ate a TEGASITDL netlist if the chip is a scan 
design. 

20.Run ERC and, if the chip is a scan design, run 
the MUSTANG design rule checker; then run 
DECAL and INSERT_DELAYS followed by QSIM 
real-time simulation. If violations occur in any of 
these tools, return to step 16 to correct the sche
matic. 

Verify Combined System and JTAG Circuitry 
21.Use CAPTURE to combine the core JTAG logic, 

JTAG 110, and system logic. 
22.Create required netlists for the entire chip: 

a. Run FLATTEN to generate a QSIM database. 
b. Run NETLIST to create the following: 

i) an EDIF nellist (used by ERC and DECAL) 
iI) a TEGASlTDL netlist (used by MUSTANG) if 

the chip is a scan design. 
iii) an "Actual.Rc" file (used by DECAL) for 

each firm macro, such as the FMC_TAPC 
23.Run ERC to verify the entire chip conforms to 

electrical design rules. 
24.1f the chip is a scan design, run the MUSTANG 

design rule checker to verify the entire chip con
forms to scan design rules. 

25.Verify entire chip via real-time simulation: 
a. Run DECAL to calculate real-time delays. 
b. Run INSERT_DELAYS to insert real-time 

delays into the QSIM database. 
c. Run QSIM. 

If errors occur in any of steps 23-25, retum to step 15 to fix 
the core JTAG logic, or return to step 3 to fix any erroneous 
system sub-blocks. Re-verify each corrected sub-block indi
vidually to the extent desired in section II, part A, then contin
ue at step 11, 15 or 21 as desired. 

26.1f the chip is a scan design, run MUSTANG to 
generate scan test patterns. 

27.Run TESTPAS to combine the functional and 
scan test pattems from steps 25 and 26, respec
tively. 
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6.2 Schematic CaptureIVerilog Design Flow 
Veritime timing analysis is recommended as a complement 

to real-time simulations (those using DECAL delays instead 
of unit-delays). 

I. Behavioral-level Design 
1. As part of the behavioral verification of the entire 

system, create and verify a Verilog HDL behav
ioral description for all system logic on the H4C 
Chip. 

II. Determine Chip Pin-Out and Capture JTAG 110 
2. Use ASIC_GED to capture a schematic of the 

JTAG 110, following the "Guidelines for Finding an 
ERC-Compatible Chip Pin-out" in Section 5.2. 

3. Verify JTAG 110 conform to electrical design rules: 
a. Run NETLIST to generate an EDIF netlist 

(used by ERC). 
b. Run ERC for peripheral rule checks. Repeat 

steps 2 and 3 until ERC passes. 
III. Design Chip's System (Non-JTAG) logic 

A. Convert Behavioral Description to an RTl (Reg
Ister-Transfer Level) Description 

4. For one chip sub-block "X," convert the behavioral 
description to an RTL description. If X is to be 
converted into gates by logic synthesis as 
opposed to schematic capture, then the RTL 
description must use only those Verilog con
structs supported by Synopsys. 

5. Simulate X's RTL deSCription, by itself. Modify and 
re-simulate X's RTL description until its functional
ity matches X's behavioral description. 

S. Repeat step 1's simulation of the chip behavioral 
description, but use the RTL description for X in 
place of X's behavioral description. Modify X's 
RTL description as necessary until chip function
ality matches that of the all-behavioral chip 
description in step 1. Repeat steps 4-S for each of 
the chip's sub-blocks. 

7. Simulate all system logic on the chip at the RTL 
level. Modify the sub-blocks' RTL deSCriptions as 
necessary until chip functionality matches that of 
the all-behavioral chip description in step 1. 

B. Convert Sub-Block RTl DeSCriptions to Gate
level Netllsts 

8. Use ASIC_GED to capture a schematic for one 
system sub-block "X". 

9. Run NETLIST to create the required netlists for X: 
a. an EDIF netlist (used by ERC and DECAL) and 

a Verilog nellist 
b. a TEGASlTDL nellist (used by MUSTANG) if 

the chip is a scan design. 
10.(Optional) Do unit-delay simulation of X's gate

level nellist by itself, using the same vectors used 
to verify X's RTL deSCription in step 5. If X's func
tionality is incorrect return to step 8 to correct the 
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schematic, or correct X's RTL description and 
retum to step 5, 6 or 7to verify the correction. 

11.(Optional) Repeat step 7's simulation of the chip 
RTL description, but use the gate-level netlist for 
sub-block X in place of X's RTL description. Han
dle bugs as prescribed in'step 10. 

12.Run ERC to verify X conforms to electrical design 
rules. If violations occur retum to step 8 to correct 
the schematic. 

13.1f the chip is a scan design, run the MUSTANG 
design rule checker to verify X conforms to scan 
design rules. (Also generate test pattems if Y's 
fault coverage is desired.) If violations occur 
retum to step 8 to correct the schematic. 

14.Verify X via real-time simulation and timing analy
sis: 
a. Run DECAL to calculate real-time delays. If 

edge-rate violations occur, return to step 8 to 
correct the schematic. 

b. Repeat step 10, using DECAL delays instead 
of unit delays. 

c. Repeat step 11, using DECAL delays instead 
of unit delays. 

15.Repeat steps 8-14 for each system sub-block on 
the chip. 

C. Combine Netllsta for All of Chip's System Sub
Blocks 

16.Use ASIC_GED to combine the sub-blocks for all 
system logic on the chip. 

17.Run NETLISTto create Verilog and EDIF netlists. 
Also create a TEGASlTDL netlist if the chip is a 
scan design. 

18.Run ERC and, if the chip is a scan deSign, run 
MUSTANG. Run DECAL; then simulate the gate
level netlist for the chip'S system logic using the 
same vectors which were used in step 7 to verify 
the RTL description of the chip's system logic. If 
violations occur in any of these tools, do one of 
the following for each erroneous sub-block: 
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i) retum to step 8 to correct the sub-block's 
schematic, or 

Ii) correct the sub-block's RTL description and 
retum to step 5, 6 or 7 to verify the correc
tion. 

iii) Re-verify each corrected sub-block individu
ally to the extent desired in section III, part 
B, then retum to step 16. 

IV. Combine JTAG Circuitry with Chip's System Logic 
19.Use ASIC_GED to capture a schematic of the 

core JTAG logic (including the TAP Controller 
etc.). 

Verify All JIAG Circuitry by IIself (Optional) 
20.ln ASIC_GED, combine the core JTAG logic with 

the JTAG I/O from step 2. 
21.Run NETLIST to create EDIF and Verilog netlists. 

Also create a TEGASlTDL neUist if the chip is a 
scan design. 

22.Run ERC and, if the chip is a scan deSign, run 
the MUSTANG design rule checker; then run 
DECAL lollowed by Verilog real-time simulation. If 
violations occur in any of these tools, return to 
step 20 t6 correct the schematic. 

Verify Combined System and JIAG Circuitry 
23.Use ASIC_GED to combine the core JTAG logic, 

JTAG VO, and system logiC. 
24.Run NETLIST for the entire chip to create the fol

lowing: 
a. an EDIF netlist (used by ERC and DECAL) and 

a Verilog netlist 
b. an "Actual.RC" file (used by DECAL) for each 

finn macro, such as the FMC_ TAPC 
c. a TEGASlTDL nellist (used by MUSTANG) if 

the chip is a scan deSign. 
25.Run ERC to verify entire chip conforms to electri

cal design rules. 
26.1f the chip is a scan deSign, run the MUSTANG 

design rule checker to verify entire chip confonns 
to scan design rules. 

27.Verify entire chip via real-time simulation and tim
ing analysis: 
a. Run DECAL to calculate real-time delays. 
b. Simulate the gate-level netlist for the entire 

chip using the same vectors which were used 
in step 7 to verify the RTL description of the 
chip's system logic. Then exercise the JTAG 
logic in a separate simulation. If errors occur in 
any of steps 25-27, return to step 19 to correct 
the core JTAG logic, or do one of the following 
for each erroneous sub-block: 
i) return to step 8 to correct the sub-block's 

schematic, or 
Ii) correct the sub-block's RTL description and 

return to step 5, 6 or 7 to verify the correc
tion. Re-verify each corrected sub-block 
individually to the extent desired in section 
III, part B, then continue at step 16, 19 or 23 
as desired. 

28.1f the chip is a scan design, run MUSTANG to 
generate scan test patterns. 

29.Run TESTPAS to combine the functional and 
scan test patterns from steps 27 and 28, respec
tively. 
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6.3 SynopsyaIVerilog Design Flow 
Tieoft's and buses require special handling when a Verilog 

netlist created by the OACS "NETLlST" tool is to be used in 
Synopsys (e. g. in steps1S, 23 or 25 below). In an OACS 
netlist, the two statements which define VDD and VSS tieoff's 
are not recognized by Synopsys and must be modified as de· 
scribed in a preliminary application note entitled "High·Level 
Design Methodology for OACS 2.0." Also, in an OACS netlist 
buses are separated into individual bits, which need to be re
combined into buses to properly connect to other Verilog HDL 
modules within Synopsys. An example of this is shown in the 
"High-Level Design" Application Note. 

The "Synopsys delays" mentioned below are the macrocell 
prop delays calculated by Synopsys during the process of 
synthesizing a sub-block. These delays must be written out to 
a "Verilog.timing" file in order to be used during simulation of 
a synthesized sub-block. Synopsys delays are accurate to 
within approximately 5% 01 DECAL delays. 

Veritime timing analysis is recommended as a complement 
to real-time simulations (those using either DECAL or Synop
sys delays instead of unit-delays). 

I. Behavioral-level Design 
1. As part of the behavioral verification of the entire 

system, create and verify a Verilog HDL behav
ioral description for all system logic on the H4C 
chip. 

II. Determine Chip PIn-Out and Create JTAG I/O Netllst 
2. Create both a Verilog netlist and a "Motorola 

EDIP netlist for the JTAG VO only (no core mod
ule instantiation). 

3. Verify JTAG 1/0 conform to electrical design rules: 
a. Run ERC for peripheral rule checks. If viola

tions occur (other than those due to the 
absence of a core module instantiation) retum 
to step 2 to correct the JTAG VO netlists. 

m.Deslgn Chip's System (Non.JTAG) Logic 
A. Convert Behavioral Description to RTL (Register

Transfer Level) Description 
4. For one chip sub-block "X," convert the behavioral 

description to an RTL description. If X is to be 
converted into gates by logic synthesis as 
opposed to schematic capture, then the RTL 
description must use only those Verilog con
structs supported by Synopsys. 

5. Simulate X's RTL deSCription, by itself. Modify and 
re-simulate X's RTL description until its functional
ity matches X's behavioral description. 

S. Repeat step 1's simulation of the chip behavioral 
description, but use the RTL description for sub
block X in place of X's behavioral description. 
Modify X's RTL deSCription as necessary until 
chip functionality matches that of the ali-behav
ioral chip description in step 1. Repeat steps 4-S 
for each of the chip's sub-blocks. 
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7. Simulate all system logic on the chip at the RTL 
level. Modify the sub-blocks' RTL descriptions as 
necessary until chip functionality matches that of 
the all-behavioral chip description in step 1. 

B. Synthesize Sub-Block RTL Descriptions Into 
Gate-Level NetUs .. 

SYOQPsyslVeriiog Debug L.oop 
8. For one sub-block "X," synthesize the RTL 

description into a gate-level Verilog netlist using 
Synopsys. 

9. Simulate X's gate-level nellist by itself, using the 
same vectors used to verify X's RTL description in 
step 5. Use Synopsys delays. If X's functionality 
or timing is incorrect: 
a. retum to step 8 to modify the synthesis con

straints and re-run Synopsys, or 
b. correct X's RTL description and retum to step 

5, S or 7 to verify the correction. 
10.Repeat step 7's simulation of the chip RTL 

description, but use the gate-level netlist for sub
block X in place of X's RTL description. Use Syn
opsys delays for X. Handle bugs as prescribed in 
step 9. 

OACS Verification 
11.Create the required netlists for X: 

a. Run Synopsys to generate a flat ED IF netlist. 
b. Run EDIFMERGE to generate a "Motorola 

EDIP netlist (used by ERC and DECAL). 
c. Run NETLIST to create a Verilog nellist from 

the "Motorola EDIP netlist. Also generate a 
TEGASITDL netlist for MUSTANG if the chip is 
a scan design. 

12.Run ERe to verify X conforms to electrical design 
rules. If violations occur, correct X's RTL descrip
tion and retum to step 5, S or 7 to verify the cor
rection. 

13.1f the chip is a scan deSign, run the MUSTANG 
design rule checker to verify X conforms to scan 
design rules. (Also generate test pattems if X's 
fault coverage is deSired.) If violations occur, cor
rect X's RTL deScription and retum to step 5, S or 
7 to verify the correction. 

14.Verify X via real-Ilme simulation and timing analy
sis: 
a. Run DECAL to calculate real-time delays. Han

dle edge-rate violations as prescribed in step 9. 
b. Repeat step 9, using DECAL delays instead of 

Synopsys delays. 
c. Repeat step 10, using DECAL delays instead 

of Synopsys delays. 
15.Repeat steps 8-14 for each synthesized sub

block until each one has a correct gate-level Ver
lIog netlist. 
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II 

C. Design~Not-To-B~ynthesizecl"/SchematJc 
Capture Sub-Blocks 

OACS YerHicat10n, .' 
8a. Use ASIC_GED to capture a sChematic for one 

system sub-block "'(". 
9a. Run NETUST to create the followingnellists for 

Y: 
a. an EDIF nellist (used by ERC and DECAL) and 

a Verilog netlist 
b. a TEGASlTDL nellist (used by MUSTANG) if 

the chip is a scan design ' 
10a. (Optional) Do unit-delay simulation of V's gate-
, level nellist by itself, using the same vectors used 

to verify V's RTL description in step 5. If Y's func
tionality is incorrect: 
a. retum to step 8a to correct the schematic, or 
b. correct Y's FlTL description and return to step 

5, 6 or 7 to verify the correction. 
11 a. (Optional) Repeat slep 7'ssimulatlon of the chip 

RTL description, but use the gate-level netlist for 
sub:block Y in place of Y's RTL description. Han
dle bugs as'prescribed in step 108. 

12a. Run ERC to verify Y conforms to electrical 
design rules. If violations occur return to step 8a 
to correct the schematic. 

13a. If the chip is a scan design, run the MUSTANG 
design rule checker to verify Y conforms to scan 
design rules. (Also generate test pattems if Y's 
fault coverage is desired.) If violations occur 
retum to step,8a to correct the schematic. 

14a. Verify'i' via real-time simulation'and timing 
analysis: 
a.RunDECAL to Calculate real-time delays. If 

edge~rate violations occur, retum to step 8a to 
correCt the schematic. 

b. Repeat step 10a, using DECAL delays instead 
of unit delays. 

c. Repeat step 11a, using DECAL delays instead 
of unit delays. 

15a. Repeat steps 8a~ 14a for each sub-block to be 
entered via schematic capture until each one has 
a correct gate-level Verilog netlist. 

D. Combine All of Chip's System Sub-Blocks 
Syn~PCiY&M1rjlilg Debug l.!:!QP 

'16.Re,ad into Synopsys the gate~level Veri log nellists 
for all system SUb-blocks on the chip. ,Run Synop
sys with logic optimization tumed off (i. e., no 

, ·compile") to write out o'ne Verilog netlist and one 
EDIF nellist which contain all system logic on the 
chip~ 

17.Simulate the gate-level netlist forall system logic, 
using Synopsys delays. Use the same vectors 
which were used in step 7 to verify the RTL 
description of the chip'S system logic. If violations 
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occur, do one,of the following for each erroneous 
sub~blocl<: 

a. retum to step 8a to correct the,sub-block's 
schematic, or 

b. correct the sub-block's RTL description and 
return to step 5, 8 or 7 to verify the correction. 

Re-verify each corrected sub-block individually to the ex
tent desired in section III, part Bor C, then retum to step 16. 

OACS Verification" 
" 18.RunEDIFMERGE to create a "Motorola EDIP 

netlist, then run NETUST to create a TEGASlTDL 
netlist for MUSTANG (if the chip is a scan design) 
and a Verilog netlist. 

19.Run ERC. Handle violations as prescribed in step 
17. 

20.IUhe chip is a scan design, run MUSTANG. Han, 
die violations as prescribed in step 17. 

21.Run DECAL and then repeat step 17, using 
DECAL delays Instead of Synopsys delays. 

IV. Combine JTAG Circuitry with Chip's System Logic 
OACS VerHication 

22.Create a gate-level Verilog netlist for the core 
JTAG logic (including the TAP Controller etc.) by 
one of two methods: 
a. capture a schematic and run NETLIST. 
b. write a Verilog nellist manually. 

Verify All JIAG CircYitry by Itself (Qptiona!) 
23.Merge the core JTAG logic and the JTAG VO into 

one Verilog ,netlist using Synopsys. (The Verilog 
netlists for any "soft" macros used, such as the 
MC~IREG or MC_IRE~4, must be read into Syn
opsys; likewise for the Verilog netlists for any 
"firm" macros used, such as the FMC_ TAPC.) 

24.00 a, unit-delay simulation on all JTAG circuitry. 
(Synopsys delays a~e not usable for simulation 
because they only include tile core<->~AD data 
path through each BSC.) If violations OCCUr return 
to step 22 to correCt the schematic. 

Verity Combined SySem and JTAG CircYitry 
25.Creat4! the required netlists for the entire chip: 

a. Flun Synopsys with logic optimization tumed off 
(i. e., no "compile, to gen~rate a ffat ED IF 
netlist (exceptfor firm macros) from the Verilog 
netlisIs for the' s}'lltem logiC, core JTAG logiC, 
and JTAG 110. (As in step 23 above, the Verilog 
netlists for "soft" 'and "fIrm" macros must be 
read into Synopsys. However, firm macros 
must remain hierarchical' until step 'c' below. 
For more detail see the prenmlnary application 
note "High-Level Design Methodology for 
OACS2.0".) 
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b. Run EOIFMERGE to generate an "edif.nef 
netlist. Rename it as "edif.hnet" since it con
tains hierarchical firm macros which have not 
yet been flattened. 

c. Run NETLlST, with the "edif.hnet" as input, to 
create: 
i) "complete" or "flar' EOIF and Verilog nellists 

which include each firm macro's internal cir
cuitry 

ii) an "Actual.RC" file (used be OECAL) for 
each firm macro, such as the FMC_ TAPC 

iii) a TEGASrrOL netlist for MUSTANG, if the 
chip is a scan design. 

26.Run ERC to verify entire chip conforms to electri
cal design rules. 

27.lf the chip is a scan deSign, run the MUSTANG 
design rule checker to verify entire chip conforms 
to scan design rules. 

2S.Verify entire chip via real-time simulation and tim
ing analysis: 
a. Run OECAL to calculate real-time delays (uses 

"complete" EOIF nellist). 
b. Simulate the gate-level netlist for the entire 

chip using the same vectors which were used 
in step 7 to verify the RTL description of the 
chip's system logic. Then exercise the JTAG 
logic in a separate simulation. 

If errors occur in any of steps 26-28, return to step 22 to 
correct the core JTAG logic, or do one of the following for 
each erroneous sub-block: 

i) return to step Sa to correct the sub-block's 
schematic, or 

ii) correct the sub-block's RTL description and 
retum to step 5, 6 or 7 to verify the correc
tion. 

Re-verify each corrected sub-block individually to the ex
tent desired in section III, part B or C, then continue at step 
16,22 or 25 as desired. 

29.1f the chip is a scan deSign, run MUSTANG to 
generate scan test patterns. 

30.Run TESTPAS to combine the functional and 
scan test patterns from steps 28 and 29, respec
tively. 
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Appendix A: Electronic Rule Checker (ERC) Rules 
forJTAG 

Each rule presented in this appendix has been classified 
as either a warning (W) or an error (E) based upon the sever
ity of the violation. Warnings are used to indicate a possible 
violation of JTAG specification requirements which will not 
cause any failure in the design methodology or manufacture. 
As such, a waming may be ignored if the condition that it flags 
is truly what the designer intended to implement. On the other 
hand, errors must be corrected. 

Appendix A.1: General Rules for H4C 
1. (E) BUFXP and INVXP macros must be placed on 

power or ground sites. 
2. (E) No macro may have both an 10_PIN1 and a 

FIX property. 
3. (E) The 10_PIN1 property must be used on all 10 

macros which contain a pad port. 
4. (E, W)AII the ERC rules that apply to non-JTAG 

input macros apply to input BSC macros and to 
TCK, TMS, TOI, TRSTB macros. 

5. (E, W)AII the ERC rules that apply to non-JTAG 
output macros apply to output BSC macros and to 
TOO, TOOA macros. 

6. (E, W)AII the ERC rules that apply to non-JTAG 
bidirectional instances apply to bidirectional BSC 
instances. A bidirectional BSC instance is con
structed from a bidirectional output BSC macro 
and a bidirectional input BSC macro. 

7. (E, W)AII the ERC rules that apply to non-JTAG 
bidirectional output macros apply to bidirectional 
output BSC macros. 

S. (E, W)AII the ERC rules that apply to non-JTAG 
bidirectional input macros apply to bidirectional 
input BSC macros. 

9. (E, W)AII the ERC rules that apply to non-JTAG 
oscillator macros apply to oscillator BSC macros. 

10.(E) For peripheral JTAG macros, an VO site can 
be shared only in the following ways. 
a. Any normal drive input BSC macro, excluding 

ICNJA, and any normal drive non-JTAG Input 
macro can share its VO site with a parallell 
slave buffer used in JTAG or non-JTAG high
drive output and high-drive bidirectional mac
ros. 

b. A TOBUF macro can share its 1/0 site with a 
paralleVslave buffer used in JTAG or non-JTAG 
high-drive output and high-drive bidirectional 
macros, but a TOBUFP cannot. (TOBUF(P) is 
built with the input buffer portion of an 1/0 Site.) 

c. A bidirectional BSC instance is constructed 
from a bidirectional output BSC macro and a 
bidirectional input BSC macro. An 10_PIN1 
property is associated with a bidirectional out
put BSC macro. Neither an 10_PIN1 nor a FIX 
property is associated with a bidirectional input 
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BSC macro. A bidirectional input BSC macro 
shares a site with the bidirectional output BSC 
macro to which it gets connected. Note that the 
ENSCANJ cannot share an VO site, even 
though it does not use the input or output buffer 
portion of the VO site. In addition, neither the 
ISO(P) macro nor any of the special buffers for 
CKOR, SHOR, UOOR, IMC and OMC can 
share an 1/0 site. 

11.(E) When placing 1/0 macros and JTAG buffers in 
the periphery, the user must leave room for hi
drive parallellslave buffers. (Paralleled buffers 
cannot be placed on power sites.) There also 
must be enough empty I/O sites for 
EOIF2TANGATE to place all BUFX and INVX 
macros used in the design. 

12.(E) Only peripheral macros can be located in the 
periphery of a chip. Peripheral macros must be 
located in the periphery of a Chip. 

Appendix A.2: Test Access Port Connections 
The rules in this section ensure that the Test Access Port 

is implemented correctly. 
1. (W)There must be one and only one macro from 

the set {TCK, TCKT, TCKS, TCKH, TCKHT, 
TCKHS} in the design. 

2. (E) There must be one and only one macro from 
the set {TMS, TMST, TMSS} in the design. 

3. (E) There must be one and only one macro from 
the set {TOI, TOIT, TOIS} in the design. 

4. (E) There must be one and only one TOO or 
TooA macro in the design. 

5. (E) There must not be more than one macro from 
the set {TRSTB, TRSTBT, TRSTBS, ICNJA} in the 
design. 

6. (E) The PAD inputs of {TCK, TCKT, TCKS, TCKH, 
TCKHT, TCKHS, TMS, TMST, TMSS, TOI, TOIT, 
TOIS} macros must be connected to high speed 
scan pads. The PAD outputs of TOO and TOOA 
macros must be connected to high speed scan 
pads. 

7. (E) There must be a pull up resistor connected to 
the IC ports of {TMS, TMST, TMSS, TOI, TOIT, 
TOIS, TRSTB, TRSTBT, TRSTBS, ICNJA} mac
ros. 

Appendix A.3: JTAG Conformance 
The rules in this section ensure that the design conforms 

to the internal requirements of the JTAG specification. Since 
most of these are not required in order to have a fully function
al device they are warnings. 

1. (W)The number of BPREG macros in the design 
must be greater than zero. 

2. (E) There must not be more than one BPREG 
macro in the design. 
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3. (E) There must not be more than one 10REG 
macro in the design. 

4. (E) If the device I. O. code is specified in the 
design information then there must be one 10REG 
macro in the design. 

5. (E) If there is one 10REG macro in the design 
then the value set on the 031 to DO pins must 
match the I. O. code specified in the design infor
mation. 031 is the most significant bit. If a bit is 
1 (0), the corresponding O-port must be connected 
to voo (VSS). 

6. (W)lf any 3-state BSC's are used in the design 
then there must be one or more instances of a 
macro from the set {ENSCANI, ENSCANP, 
ENSCANJ}. 

Appendix A.4: JTAG I/O Scan Ring 
The rules in this section ensure that the connection and 

placement of JTAG 1/0 macros in the periphery conform to 
the H4C array implementation of JTAG. 

1. (E) No BSC JTAG macros may be placed 
between a macro from {TOI, TOIT, TOIS} and a 
macro from {TOO, TOOA} in the direction clock
wise of a macro from {TOI, TOIT, TOIS}. 

2. (E) Instances of peripheral JTAG buffer macros 
must have valid FIX property values that locate 
them in the periphery of the design. 

3. (E) All 'xxxP' JTAG macros must be placed on 
power and ground 10 sites. 

4. (E) No 'non-xxxP' JTAG macro can be placed on 
a power or ground site. 

5. (E) The fanout of the TOIP port of a macro from 
{TOI, TOIT, TOIS} must be one. The TOIP port of a 
macro from {TOI, TOIT, TOIS} must be connected 
to the TOI port of a peripheral BSC or the TOI port 
of a macro from {TOO, TOOA, TOBUF, TOBUFP}. 

6. (E) The fanout of the TOO port of every peripheral 
BSC or TOBUF/P macro must be one. The TOO 
port of such a macro must be connected to the 
TDI port of another peripheral BSC or the TOI port 
of a macro from {TOBUF, TOBUFP, TOO, TOOA}. 

7. (E) The fan-in of the TOI port of every peripheral 
BSC and TOBUFIP macro must be one. The TOI 
port of such a macro must be connected to the 
TOO port of another peripheral BSC, TOBUF/P, or 
the TOIP port of a macro from {TOI, TOIT, TOIS}. 

8. (E) The fanin of the TOI port of the TOOITOOA 
macro must be one, and must be connected to 
the TOO port of a peripheral BSC, TOBUF/P, or 
the TOIP port of a macro from {TOI, TOIT, TOIS}. 

9. (E) Starting from the {TOI, TOIT, TOIS} macro, the 
order of the peripheral BSC's obtained by tracing 
fanouts of their TOO ports must be the same as 
the order obtained by traversing 1/0 sites in the 
counter-clockwise direction from the {TOI, TOIT, 
TOIS}. 
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10.(W)lf there are any unused 1/0 sites then there 
should be zero ENSCANI macros. 

11.(E) The number of 1/0 sites between a peripheral 
BSC and the fanout instance of its TDO port must 
be <= 7 (not Including the VO sites of the driver 
and the receiver). 

Appendix A.5: Hi-Drive Outputs 
1. (E) There must be no HIDRIVE property on any 

BSC output or bidirectional macro, or on the TOOl 
TDOAmacro. 

Appendix A.6: JTAG Clock & Control Signal 
Distribution 

The rules in Sections A.6.1, A.6.2 and A.6.3 are split into 
two cases. Case I should be used for large andlor high speed 
arrays. Case II can be used for small andlor low speed arrays. 
The case type can be specified in the "design_info" file. A giv
en design must follow either Case I or Case II rules for all six 
signals, namely CKDR, SHDR, UDDR, IMC and OMC. Case 
types cannot be mixed on the same chip. Also, an "E" or "W" 
in parenthesis classifies each rule as either an error or a 
warning. 

The following rule applies to all six of these signals: 
1. (E) All JTAG buffers must reside within 25 VO 

sites of the nearest INPVSS or BOTHVSS macro, 
and within 25 1/0 sites of the nearest INPVDD or 
BOTHVDD macro. 

Appendix A.6.1: CKDR Distribution 
The rules in this section verify proper distribution of the 

CKDR signal in the periphery. Case I uses a central CK
DRMIDIP macro driving a CKDRCC11P and a CKDRCC2IP 
macro as shown in Figure 3-1. Case II only requires a single 
CKDR macro as shown in Figure 3-5. 

.cAS.El- Large andlor High Speed Arrays (see Figure 3-1) 
1. (E) There must be one and only one occurrence 

of each of the following macros: CKDRCC1/P, 
CKDRCC2IP, CKDRMIDIP, and TOOA. There 
must be no occurrences of the CKORIP macro. 

2. (E) The CKDRMIOIP must be driven by a core 
macro. 

3. (E) CKORMIOIP can only drive CKORCC1/P and 
CKORCC2IP. 

4. (E) CKORCC11P and CKORCC2IP can only be 
driven by a CKORMIO/P. 

5. (E) CKORCC11P and CKORCC2IP cannot drive 
same net. 

6. (E) CKDRCC1/P and CKORCC2IP can only drive 
the CKDR port of peripheral BSC's. Conversely, 
the CKDR port of peripheral BSC's can only be 
driven by either CKORCC1/P or CKORCC2IP. 

7. (E) CKORCC1/P must drive only the CKORNET1 
net. 
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8. (E) CKORCC21P must drive only the CKDRNET2 
net. 

9. (E) The CKORMIO/P must reside in an 1/0 site 
between TOI and CKDRCC11P, or between 
CKORCC2IP and TDOA, or between TOOA and 
TOI. 

10.(E) There must not be any common 10 sites 
among 10 sites covered by physical CKORNET1 
and physical CKORNET2. 

11.(E) CKDRCC1/P must reside at an 10lpowerl 
ground site covered by physical CKORNET1. 
CKORCC2IP must reside at an 10lpowerlground 
site covered by physical CKORNET2. 

In Figure 3-1, branches (a) and (b) comprise CKORNET1 
and branches (c) and (d) comprise CKORNET2. 

12.(E) IMID2CC1 - MID2CC211[(MID2CC1 + MID2CC2)12) 
<15%, where MID2CC1 = # 1/0 sHes between CKDRMID/P 
and CKDRCC1/P. MID2CC2 = # 1/0 siles between 

CKDRMIDIP and CKDRCC2IP. 

13.(E) 1# loads on branch !a)- # loads on branch (c)1 < 15% 

[# loads on branch (a) + # loads on branch (c)]ll2 

14.(E) 1# loads on branch lbl - # loads on branch (d\l <15% 

[# loads on branch (b) + # loads on branch (d)V2 

15.(E) 1!#loads onCKpRNET11-U/loads onCKpRNET2l1 <15% 

(# loads on CKDRNET1 + # loads on CKDRNET2)12 

16.(W) 1# loads on branch (al- # loads pn branch (bll <15% 

[# loads on branch (a) + # loads on branch (b)V2 

17.(W) 1# lpads pn branch (c)- # loads on branch (dll <15% 

[# loads on branch (c) + # loads on branch (d)Y2 

~ - Small andlor Low Speed Arrays (see Figure 3-5) 
1. (E) There must be one and only one occurrence 

of the CKORIP macro. 
2. (E) There must be no occurrences of the 

CKORCC1/P, CKORCC2IP, or CKORMIO/P mac
ros. 

3. (E) The CKORIP must be driven by a core macro. 
4. (E) The CKORIP can only drive the CKDR port of 

peripheral BSC's. Conversely, the CKOR port of 
peripheral BSC's can only be driven by the 
CKORIP. 

5. (E) The TOO macro must be used instead of the 
TOOAmacro. 

Appendix A.6.2: SHORt UDDR Distribution 
The rules in this section verify proper distribution of the 

SHOR and UOOR signals in the array periphery. The rules 
are given for SHOR explicitly. These need to be repeated for 
UOOR by substituting "UOOR" wherever "SHDR" appears. 

.cASE.l- Large andlor High Speed Arrays (see Figure 3-3) 
1. (E) There must be two and only two occurrences 

of the SHDRIP macro. 
2. (E) Both SHDRlP's cannot drive the same net. 
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3. (E) Each SHORIP must be driven by a core 
macro. 

4. (E) There must be one and only one occurrence 
of ISOIP macro. 

5. (E) Each SHORIP can only drive the SHOR port 
of peripheral BSC's. Conversely, the SHOR port 
of peripheral BSC's can only be driven by a 
SHORIP. 

In Figure 3-3, the SHORIP macro driving netl is called 
'shdr-il' and the SHORIP macro driving net2 is called 'shdr
i2', for the purpose of explanation. 

6. (E) shdr-il must reside in an I/O site between 
TOOA and ISOIP, as 10 sites are traversed 
counter-clockwise from TOOA. shdr-i2 must 
reside in an I/O site between TOOA and ISO/P, as 
10 sites are traversed clockwise from TOOA. 

7. (E) All the peripheral BSC's on 10 sites between 
TOOA and ISO/P, as 10 sites are traversed 
counter-clockwise from TOOA, must have their 
SHOR ports driven by shdr-il. All the peripheral 
BSC's on 10 sites between TOOA and ISO/P, as 
10 sites are traversed clockwise from TOOA, must 
have their SHDR ports driven by buffer shdr-i2. 

In Figure 3-3, branches (a) and (b) comprise netl and 
branches (c) and (d) comprise net2. 

8. (W) 1# loads on branchlal- # loads on branchlbll <15% 
1# loads on branch (a) + # loads on branch (b»)12 

9. (W) 1# loads on branchlC) - It loads on brane (!Ill <15% 
1# loads on branch (c) + # loads on branch (d»)12 

10.(W) "It loads on net 1) - lit loads on net 2)1 < 15% 
(# loads on net 1 + # loads on net 2)/2 

CASE..ll- Small and/or Low Speed Arrays (see Figure 3-6) 

1. (E) There must be one and only one occurrence 
of the SHDRIP macro. 

2. (E) The SHORIP must be driven by a core macro. 
3. (E) The SHORIP can only drive the SHOR port of 

peripheral BSC's. Conversely, the SHOR port of 
peripheral BSC's can only be driven by a SHORI 
P. 

4. (E) There must be no occurrences of the ISO/P 
macro. 

Appendix A.6.3: IMC, OMC Distribution 
The rules in this section verify the distribution of the IMC 

and OMC signals in the periphery. The rules are given for IMC 
explicitly. These need to be repeated for OMC by substituting 
OMC in place of IMC . 

.cASE.l- Large and/or High Speed Arrays (see Figure 3-4) 

1. (E) There must be two and only two occurrences 
of 1M CO RIP. 

2. (E) Both IMCORlP's cannot drive the same net. 
3. (E) An IMCORIP must be driven by a core macro. 
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4. (E) Each IMCORIP can only drive the IMC port of 
peripheral BSC's. Conversely, the IMC port of 
peripheral BSC's can only be driven by an 
IMCORIP. 

In Figure 3-4, the IMCORIP driving netl is called 'imcdr-il' 
and the IMCORIP driving net2 is called 'imcdr-i2', for the pur
pose of explanation. 

5. (E) imcdr-il must reside in an 10/power/ground 
site between CKORCC1/P and CKORCC2IP, as 1/ 
o sites are traversed clockwise from CKORCC1/ 
P. imcdr-i2 must reside in an 10/power/ground site 
between CKORCC1/P and CKORCC2IP, as I/O 
sites are traversed counter-clockwise from 
CKORCC1/P. 

6. (E) All the peripheral BSC's on 10 sites between 
CKORCC1/P and CKORCC2IP, as I/O sites are 
traversed clockwise from CKORCC1/P, must have 
their (MC ports driven by imcdr-il. All the periph
eral BSC's on 10 sites between CKORCC1/P and 
CKORCC2IP, as I/O sites are traversed counter
clockwise from CKDRCC1IP, must have their IMC 
ports driven by imcdr-i2. 

7. (W) lit loads on branchIal - It loads on brancblC)1 <15% 
1# loads on branch (a) + # loads on branch (c»)12 

8. (W) 1# loads on branchlbl - # loads on brancb(d)1 <15% 
1# loads on branch (b) + # loads on branch (d»)12 

CASE..ll- Small and/or Low Speed Arrays (see Figure 3-6) 

1. (E) There must be one and only one occurrence 
of the IMCORIP macro. 

2. (E) The IMCORIP must be driven by a core 
macro. 

3. (E) The IMCORIP can only drive the IMC port of 
peripheral BSC's. Conversely, the IMC port of 
peripheral BSC's can only be driven by the 
IMCORIP. 
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Appendix B: BSC Modeling Be TAP Controller 
Design for Mustang Compatibility 

Appendix B.1: BSC Mustang Model 
The peripheral boundary scan cells use a shadow register 

structure similar to that shown in Figure B-1. 

RB 

TOI D a TOO 

DFF 
D 

CKDR CK 
LATCH 

UDDR G SB 

SB 

Figure B-1 General JTAG Shadow Register Structure. 

Mustang cannot correctly model this functionality because 
the shadow latch is not on a scan chain, so a more limited 
Mustang-compatible model is used. The shadow latch Is 
modeled as a combinatorial element instead of being static. 
This is done by creating a primitive with the truth table shown 
in Table B-1: 

.Table B-1 Truth Table for JTAG Combinatorial "jlatch" 

0 G RB SB Q 

X X 0 1 0 

X X 1 0 1 

0 1 1 1 0 

1 1 1 1 1 

All Other States X 

The primitive operates with the constraint that either one of 
the reset/ set pins (RB, SB) must be active or the gate (G) 
must be active with the data (D) input known. Any other com
bination will result in an X being generated at the output. 

The JTAG boundary scan cell Mustang models have been 
constructed using this primitive. As a result, Mustang can de
tect all faults within the BSC except a stuck-at-one fault on the 
gate input of the latch. 

Appendix B.2: TAP Controller 
The TAP Controller Implementation given in the IEEE 

1149.1 JTAG specification is shown in Figure B-2. This TAP 
Controller design is not compatible with scan design rules be-
cause: 
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i) it contains static elements that are not scan
nable 

Ii) it contains signals which are gated by the 
TCKclock 

iii) both the rising and falling edges of TCK are 
used as active edges. 

In order to correct these problems the following steps were 
taken: 

1. Two extra inputs and one extra output have been 
added to the TAP Controller. The MTST input is 
active high whenever the design is to be used in 
Mustang-compatible mode (such as during pro
duction test at Motorola).Scan data enters the 
TAP Controller via the TDI input and leaves via 
the TDO output. The TDI and TOO mentioned 
here are ports on the TAP Controller macro and 
should not be confused with the TDI and TOO 
pins. 

2. All of the flip flops were changed to scannable 
devices. 

3. The inverter in the path generating TCKB was 
replaced with an exclusive-or gate to ensure that 
all of the statiC elements will be clocked on the ris
ing edge of the TCK clock. The paths to the CKIR 
and CKDR outputs are unaltered since these 
already clock on the correct edge. 

4. NAND gates were added to the following outputs 
to put them into the specified state during Mus
tang scan mode: 

a. SL = 1: TDO used as scan output for Instruc
tion Register scan chain. 

b. ENABLE = 1: Enables TDO 3-state output. 

c. RB = 1: Prevents reset of JTAG logic while 
shifting scan chains. 

d. SHIR = 1: Puts Instruction register into scan 
mode. 

e. SHDR = 1: Puts Data registers into scan mode. 

f. UDDR = 1: Holds data register shadow latches 
transparent. 

In addition, the TMS input is AND'ed with the MTST input 
to form the Mustang Scan Enable (MSE) signal. MSE is 
passed to the scan enable of all flip-flops in the TAP Control
ler. When high, MSE places these flops in scan/shift mode. 

Suppose a core/system flop gets its data from an input 
BSC having the shadow register structure shown in Figure B-
1. The latch within this BSC is driven by UDDR, which is de
rived from clock TCK in Figure B-2. Since the latch in the BSC 
must be modeled as a combinatorial "JLATCH," Mustang 
sees a clock derivative (UDDR) propagating through the 
JLATCH to drive the data input of the system flop. This con
dition violates scan design rules; state element data inputs 
cannot be derived from a clock. The problem can be over
come in the TAP Controller by replacing the NAND which 
gates TCK to UDDR with a flip-flop which is clocked on the 
falling edge of TCK. This has the additional effect of extend
ing the update pulse from half a cycle to a complete cycle, . 
which satisfies the Mustang requirement that the data input to 
a flop be an NRZ (non-pulsed) waveform. (UDDR still drives 
the data input of the core/system flop via the combinatorial 
JLATCH.) 
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Figure B·2 TAP Controller Shown In IEEE 1149.1 JTAG Specification 
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Since the latch portion of the Instruction Register has been 
changed to a flop (see Figure 4-1) this problem does not exist 
on UDIR, which therefore need not be generated by a flop. In 
fact, UDIR must not be generated by a flop now that it drives 
a flop clock port instead of the combinatorial JLATCH. The 
reason is that Mustang requires flops to have pulsed clocks. 

The new functionality for UDDR is shown in the waveform 
diagram of Figure B-3, which demonstrates the loading of a 
data register. 

TCK 
STATE~I~~~~~~-T~~~~'-~~ 

CKDR 
SHDR ___ --' 
UDDR _____________ ~r1~ ___ _ 

UDDR1 r--IL.. ____ _ 

Figure B-3 JTAG Control Signal8 Waveform Diagram 

The waveform diagram shows the operation of the TAP 
Controller while performing the fastest cycle of loading and 
updating the data register. This shows the shortest time pos
Sible, during JTAG operation, between UDDR going inactive 
and the next occurrence of a CKDR pulse. UDDR is the cur
rent update signal while UDDR1 is the signal that is generat
ed by the new TAP Controller design in Figure 8-4. This 
diagram shows that the addition of a flip-flop on the UDDR 
signal causes no functional change in the operation of the 
JTAG boundary scan circuitry. 

Some additional circuitry has been added to the TAP Con
troller to improve its fault coverage: 

1. A large number of faults on the NAND gates on 
the left are not detectable because the TMS line 
which feeds into them also puts the flip flops 
which observe them into scan mode. This is 
resolved by adding gating to allow the TDI input to 
control the NAND gates when the device is in 
Mustang test mode. 

2. Faults on gates feeding the CKDR, CKIR, and 
UDIR outputs are undetected because they are 
unobservable. (MTST overrides the TAP Control
ler state for control of these signals during Mus
tang test mode because Mustang requires control 
of all clocks from a pin, in this case the TCK pin.) 
The fault coverage is improved by monitoring all 
three signals with an exclusive-or gate, which is 
observed by a flop that is added to the scan 
chain. 

Appendix C: EDIFMERGE Attribute File Entries for 
Peripheral JTAG Macros 

Figure C-1 shows the JTAG portion of the Attribute file for 
the circuit in Section 4.5, Figure 4-7 (if this circuit had been 
entered using Verilog HDL instead of schematic capture). 

In Figure C-1 , comment lines are denoted by an asterisk as 
the leading character. The keyword "-INSTANCE" is followed 
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by a Fix entry for each non-bonded macro in the design. In 
each FIX entry the macro instance name is copied from the 
Synopsys EDIF nellist, and is the instance "name" with any 
leading non-alphabetic characters stripped off. (The instance 
"rename," which is not used, is enclosed in quotes and follows 
the Instance "name" in the netlis!.) 

The ISOP macro requires two entries in the Attribute file. In 
the entry which follows the "-NONLOGICCELL" keyword, the 
instance name is arbitrarily chosen. This instance name is 
then used in the second ISOP entry, which follows the "-IN
STANCE" keyword along with the entries for the other non
bonded macros. 

Note that the TAP macros are fix-placed via the 10_PIN1 
property, not the FIX property, since these are input macros 
which connect to package pins. 

-NONLOGICCELL 
"cell type instance name 
ISOP isop; 

-PORT 
"Signal Name property Pin it 
TMS 10_PIN1 "'39"; 
TCK 10_PIN1 "38"; 
TOOA 10_PIN1 "33"; 
TOI 10_PIN1 "32"; 

-INSTANCE 
"instance name property 110 site it 
imcdU FIX "1010"; 
ckdrmid p FIX "1011"; 
omcdrp_1 FIX "1017"; 
ckdrcc1p FIX "10115"; 
shdU FIX "10116"; 
uddrp_1 FIX "10121"; 
isop FIX "10219"; 
imcdc2 FIX "10220"; 
omcdrp_2 FIX "10225"; 
ckdrcc2p FIX "10323"; 
shdr_2 FIX "10324"; 
uddrp_2 FIX "10329"; 

Figure C-1 JTAG-Macro Portion of AHribute File for 
H4C123In 160 QFP(CD) or MicroCool 

Non-.JT AG hi-drive outputs and bidirectionals are designat
ed by a HIDRIVE property. However each JTAG hi-drive is a 
separate macro, which has a COMPLEX_HIDRIVE property 
instead of a HIDRIVE property. COMPLEX_HIDRIVE proper
ties are added to the EDIF nellist automatically by the 
NETUST program, therefore a JTAG hi-drive has no entry in 
the Attribute file for either a HIDRIVE property or a 
COMPLEX_HIDRIVE property. 
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Appendix D: JTAG for H4CPlus 

The H4CPlus JTAG implementation is identical to the H4C 
JTAG implementation with the exeption of the changes de
scribed below. 

1. The TOO and CKDR macros do not exist because 
the "Small or Low-Speed Array" distribution 
scheme (see section 3.3) has not been imple
mented. 

2. The H4C TOOA macro has been renamed 
''TOOUr in H4CPlus, and the mux and flop (see 
Figure 2-1) have been removed from the TDOUT 
macro. This logic must now be implemented in 
the array core, where the customer can modify it if 
he wishes. 

3. Only the "non-PO version exists for the following 
macros: 

• ISOR 
• CKDRCC1 
• CKDRCC2 
• CKDRMID 
• SHOR 
• UDOR 
• IMCDR 
• OMCDR 
• ENSCANJ 
• TDSUF 

The ISOR, CKDRCC1, CKDRCC2, ENSCANJ 
and TDSUF macros can now be placed on normal 
I/O sites as well as on output-power/gnd sites. 
However, they cannot be placed on input-power/ 
gnd sites. All the rest of these macros can be 
placed by themselves on normal I/O sites, output
power/gnd sites, and input-power/gnd sites. 

4. The ISOR macro now makes a physical cut in the 
CKDR ring, in addition to the SHDR and UDDR 
rings as in H4C. The ISOR also contains a flop 
and an inverter such that the flop is clocked on 
the failing edge of CKDR (see Figure 7-1). This 
flop is placed in the shift path of the boundary 
scan chain to prevent hold time violations due to 
clock skew between the two physically separate 
CKDR nets. Unlike H4C, all SSC's no longer 
share a common clock net, therefore hold time 
violations between SSC's are of concern. How
ever, the falling-edge flop inside the ISOR macro 
allows CKDRNET2 in Figure 7-1 to be skewed 
from CKORNET1 by up to half a cycle of CKDR 
without causing a hold time violation. The benefit 
realized is that there is no fake cut required in the 
nellist for accurate simulation (see section 3.2), 
therefore the need for tight balancing of the 
CKDR buffers is eliminated, along with the associ
ated ERC rules. Simulation using PREDIX RC's 
now will show if enough skew exists between 
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CKORNET1 and CKDRNET2 to cause timing vio
lations when shifting data through the boundary 
scan chain. 

5. The customer must use PREDIX to compute the 
actual RC's for peripheral JTAG nets, in order to 
do accurate JTAG Simulations. DECAL merges 
the PREDIX peripheral RC's with either DECAL
estimated RC's for the array core (for pre-layout 
simulations) or with Gate Ensemble-generated 
actual RC's for the array core (for pre-layout simu
lations). 

6. The paralleled output buffer portion of a hi-drive, 
such as an ON32, can reside on an ouptut-gnd 1/ 
o site if that gnd is an OVSSP macro. 

Figure 0-1 CKDR Distribution to I/O Boundary Scan 
Cells on H4CPlus Arrays 

Trademarks 
H4C, H4CPlus, DECAL, Mustang, and TestPAS are trade
marks of Motorola, Inc. 
Verilog and Gate Ensemble are trademarks of Cadence De
sign Systems, Inc. 
Synopsys is a registered trademark of Synopsys, Inc. 
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APPLICATION NOTE AN1514 

H4CPlus™ Series 3.3V/5V Design Considerations 

Prepared by: David Crohn 
and Peter Economopoulos 
Motorola, Chandler AZ 

INTRODUCTION 
The H4CPlus Series technology offers the ability to im

plement designs with one of two possible core voltages, in 
combination with all 3V, all 5V, or mixed 3V15V 110 designs. 
To achieve this end, it is helpful to understand how this tech
nology is implemented, and how to incorporate these details 
into the design via Motorola's Open Architecture CAD 
System (OACSj interface. 

Throughout this application note, 3.3-volt 1I0s will be 
loosely referred to as 3-volt II0s, since the operating range is 
selectable from 3.0 ±.3 volts, to 3.3 ±.3 volts, and is not re
quired to be 3.3 volts. 

This application note is best understood if the reader has 
a working knowledge of the Motorola OACS[1) design tools. 

OBJECTIVE 
This application note provides the knowledge necessary to 

implement designs that are all 3V, all SV, or mix both 3- and 
5- volt II0s and a single core voltage of either 3 or 5 volts in 
the H4CPlus Series CMOS array family. 

1. DESIGN DETAILS 

1.1 Power Rail Configuration 

An H4CPlus array has five distinct power and ground rails, 
which are shown in Figure 1. An H4CPlus Series array con
tains an output power rail for powering 5-volt outputs named 
the OVDDS rail, an output power rail for powering 3-volt 
outputs named the OVDD3 rail, an output ground bus named 
OVSS, and the core power and ground rails named VDO and 
VSS, respectively. 

1.2 Technology Selection 

There are two distinct technology libraries to choose from 
when implementing an H4CPlus design. They are the H4CP3 
library, which contains all of the 3-volt core macros along with 
the 3-to-3 and 3-to-5 volt II0s, and the H4CPS library, which 
consists of all the S-volt core macros with the corresponding 
5-to-S and 5-to-3 volt 1I0s available for that technology. The 
selection process is the same as selecting between array 

@ Motorola, Inc. 1994 

families (e.g., HOC and H4C Series) in the OACS 
DESIGN_INFO tool today. Once a given technology has 
been selected, accessing macros in the other technology is 
neither possible, nor desirable. 

OVD05 
oVDD3 
ovss 
vss 

====::rVDO 

Figure 1 H4CPlu8 Power and Ground Bu .... 

1.3 Macro Naming Conventions 

The H4CPlus macro naming conventions have been se
lected to simplify the design process. There are two distinct 
conventions to describe: those for the core macrocells, and 
those used in the 110 portion of a design. 

1.3.1 Core Macrocells 

Core macros have the same name regardless of tech
nology selected. The only difference between the technol
ogies for core macros is the timing data, since H4CP3 has 
been characterized at 3.3 volts, and H4CPS at S.O volts. 
Section 1.2 describes the H4CP3 or H4CPS timing data se-
lection process. . 

1.3.2 110 Macrocells 

A consistent naming convention has been put in place so 
that I/O selection can be done easily. The two key characters 
used are "L" and ·X". Remembering the following two rules -
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thalalways apply- will simplify macro selection. An "L" in the 
1/0 macro name always indicates that the macro has been 
designed for a 3-volt extl!rnal interface. An "X" aI~aysindi~ " 
cates that there is a translation of voltage between the core ' 
and the external interface voltage. 

Consequently, the H4CP3 technology will contain only 1/0 
macros with either an "L" or an "X" in their names, but not 
both. The names of H4CPSI/0 macros will either contain both 
letters (L and X) together or neither letter- e.g. ONLX8 or 
ON8. 

For example, an ONL8 is an 8mA output with a 3-volt core 
and a 3-volt interface. An ONX8, is a macro with a 3-volt core 
and a S-volt interface. Both of these macros would be found 
only in the H4CP3library. An ON8 is a S-volt core, S-volt in
terface macro.'An'ONLX8 is a S-volt core, 3-volt interface 
macro. Both of these macros would be found only in the 
H4CPSlibrary. 

1.3.3 Special 3-Volt I/O Considerations 

The usage of 3-volt" receivers in a technology that allows 3 
and/or S-volt supplies has three points that require expla
nation. , 

The first is with respect to th,inpui threshold. Due to the 
small difference betWeen 3-volt CMOS ,and TTL thresholds, 
no distinction Is made. Consequently, an ILTN macro will 'not 
be found in the H4CP3library,'Instead anlLCN with a VDDI2 
threshold is used, since the small difference in threshold was 
not considered justification enough to create a separate 3-volt 
TTL receiver at this time. 

The next design impact to consider is steady state current 
draw consumed by 3,:volt inputs with a S-volt core voltage, 
such as an I L TXN .. Receivers are powered by the core 
voltage, which in this case would be S volts. A high on the 3-
volt input would result in the receiver never completely cutting 
off the P-channel transistor. For a 3.3-voltsignal, and a 5-vOit 
core with typical conditions this current would be 22Sj!A, and 
with a TTL input high of 2.0 volts this current would be 850j!A. 

The steady state current is only a power issue and will 
cause no degradation In the performance or functionality of 
the receiver over time, but the deSigner needs to be aware 
that this condition exists., Tbis,c:urrent is included by ERC 
during its DC power consumption analysiS. 

The final point is in r,gards to the, type of receiver a 3-volt 
output is driving., ttire~:~olt outputs should~ot drive CMOS 
inputs, since VOH requi~ments can not be guaranteed. ERC, 
will flag any invalid bi-directional combinations i,n a'design, 
such as a elCN used with a BONLX8T. This check cannot be 
done for extemalloads, since ERC does not know what type 
of receiver is being driven by the 3-volt output. Refer to the 
"H4CPlus Series Design Reference Guide" [2] DC Electrical 
Characteristics chapter for the 3· and S- volt specifications 
when Implementing the VO portion Of the design; 
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1.4 Power Bus TyIng 

Many legitimate power bus tying combinations are pos
sible with H4CPlus. Both output rails (OVDDS and OVDD3) 
can be tied, or the core power rail can be tied to either output 
power rail, or all three power rails can be tied togetherlll1 \'fell. 

The mechanism for choosing which buses to tie is the 
OACS DESIGN_INFO tool. The first selection to make is 
whether to use the 3-volt or S-volt technology. The rtext se
lection is whether the VO is all 3-volt, all 5-volt, or a mix of the 
two. An important point to understand is that this question 
pertains to the interface voltage, and not necessarily the 
voltage at which the 110 operates. 

Making this selection, isn't always as easy as it would 
appear to be. At first glance, a design with a ~-volt core and 
all 3-volt outputs with a S-volt input, such as an ICXN, m1lY 
appear to only requi,re 3-volt power since inputs are powered 
from the core. Even though this macro is powered from the 
core, it still requires theOVDDS power to be provided with S 
volts to prevent forward-biasing the protection diode when S, 
volt Signals, are received at the input. So even though ,the 
input macro and all of ,the outputs are powered by 3 volts, it is 
incorrect to select all 3-volt VO, since S volts is required as 
well. ,', ' 

The b,asic rule of thumb is this: The only time "110 Type 
3.3v" can be selected in DESIGN_INFO is if all 110 macros 
used contain an "L" in their name. The only time "110 Type 
5.0\1' can be selected in DESIGN_INFO is if all 110 macros do 
not contain an "L" in their name. Any other scenario would re
qui~e that "I/O Type mixed" be selected in DESIGN_INFO. 

The final selection to make is whether or not to tie the core 
power rail to either of the output rails, if outputs exist in the 
design that operate at the same voltage as the core. 

For example, if H4CPS is the technology selected, and all 
3.3-volt 110 is indicated, then the question to answer re
garding the tying of the core to the output rail would dis" 
appear, since all the VO are at a different potential than the 
core. 

There is one exception to designer-controlled bus tying se
lection. If all 3.3-volt or S-volt VO is selected, then by default 
the two output power buses OVDD3 and OVDDS will be tied. 
There are several reasons for this. First, dedicated power 
pins to the unused power rail can noW be used to provide 
power to the utilized power rail. Second, this prevents a 
floating metal ring around the array from building up excess 
charge. Finally, the added bus capacitance and reduced pin 
inductance are advantageous for improving the .sSO envi
ronment. 

Valid DESIGN_INFO sele,ctions are verified by ERC. 
Running ERC early on, and frequently as the VO portion of the 
design is implemented. prevents time consuming corrections 
that may not otherwise be, found until ,the final stages of ASIC 
devel~pment. 
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1.4.1 Power Bus Macro Selection 

A full set of design selectable power macros exist that 
enable designers to place powers and grounds where nec· 
essary, and either tie or provide the individual rails as needed 
by the design. Table 1 gives the macro name and the asso· 
ciated power or ground bus supplied by that macro. Table 2 
shows which programmable power macros to use based on 
the design outlined by entries in DESIGN_INFO. Figures 2·11 
illustrate the core, I/O, and bus tie connections for the various 
scenarios listed in Table 2. 

Table 1. Macro Definition 

MACRO NAME BUS SUPPLIED 

AlLVOO VOO,OVOO3,OVOOS 

BOTHOVOO OVOD3, OVOO5 

BOTHVOO3 VOO,OVD03 

BOTHVOO5 VOO,OVOOS 

OVOO5 OVOO5 

OVOO3 OVOO3 

VOO VOO 

OVSS OVSS 

VSS VSS 

Table 2. Macro Selection 

Cuslomer Options In DESIGN_INFO MACRO NAME 

B B B F 

0 0 
A 0 0 0 I 

lleCore V V V 
L T T T 

9 
Technology 

VOType Rail 10 0 0 0 
L H H H u 

Selection 
I/O Rail 0 0 0 

V 0 V V r 

3 5 
0 V 0 0 e 
0 0 0 0 

0 3 5 

H4CP3 All 3 Volt No X X 2 
H4CP3 AlI3VoII Yes X 3 

H4CP3 Mixed No X X X 4 

H4CP3 Mixed Yes X X 5 

H4CP3 AIlS Voll NlA X X 6 

H4CP5 AIlS VoIl No X X 7 

H4CPS AIlS VoIl Yes X 8 

H4CP5 Mixed No X X X 9 

H4CP5 Mixed Yes X X 10 

H4CP5 All 3 Volt NlA X X 11 
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BUS-TIE IIACRO 

1.1 Y YDD BOTHOVOO 

",V ¥DO OVOD3 n-... ------... 
... v VDD OVODS rr--It-
1.1 V ¥DD VDD n----_-_-~-.. -

a.av aGNALS 

OFF-CHIP 
SYSTEM 

CONNECTIONS 

vss ovss n----.... ---..-
vss ws~----~-----~ 

Figure 2 Example of a 3.3 V Core with 3.3 V 110 and 
OVDD3 & OVDDS Tied 

a.av YOD 

3,,3V VDD 

UV VDD 

a.tV VDD 

UV.GNALS 

aUSonE IIACRO 
ALLVDO 

POWER 8US PlNa 

OVDD3 

OV0D5 

VDO 

GROUND 
BUS PINS 

OFF-CHIP 
SYSTEM 

CONNECTIONS 
vas OWl rr----..... ---~ 
vas vssn----~-----~ .. 

Figure 3 Example of a 3.3 V Core with 3.3 V 110 and All 
VDDTled 

POWER BUI PINS 
"'V ¥DO OVOD3 n--------_~ 

IV ¥DD 0VDD5 n .... ----... -
... v ¥DD VDOn ...... -_-_~-_II_-_-

3.aVSlQNALS 

SVSlGNALS 

OFF-CHIP 
SYSTEM 

CONNECTIONS 
V88 ovssn ...... ____ ...j .... _~ 
vas wsr1 .... _________ ~ 

Figure 4 Example of a 3.3 V Core with Mixed 3.3VISV 110 
and No VDD Tie. 
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Bus-ne MACRO 
UV VUD 8OTHVD03 D----~ 

UVVDD 

IV YDD 

UV YDD 

t.IV8IGHAU 

IV8I1lIW.8 
OFf.CHIP 
SYSTEM 

CONNECTIONS 
YSI 

V88 

110 PIN 

GROUND .... -ovas 
vss 

Figure 5 Example of a 3.3 V Core with Mixed 3.3VI5V I/O 
and OVDD3 & VDD Tied 

BUS-TIE IlACRO 
• V VOD BOTHOVOO 

POWER BUS PINS 

I V YDD OVD03 0-0+-
IV voo 

a.IV YOD 

IV8IGNALS 

OFF-CHIP 
SYSTEM 

CONNECTIONS 
YSI 

OVD~[}-~--~ __ ----~

~D[}--------+---~--P---1-
UOPIN 

GROUND 
BU8P1NS 

ovasD _______ ~-----~--

YSI vas D--------.... ----------...,j ... 
Figure 6 Example of a 3.3 V Core with 5 V I/O and 

OVDD3 & OVDD5 Tied 

BUS-TIE MACRO 

I Y YDD BOTHOWO 

IVWD ~::::%:~--------_.--• v VDD OVD06 r 
IV YDD 

IV8IGNALS 

OFF-CHIP 
SYSTEM 

CONNECTIONS 
YSI 

YSI 

YDD[]---------.--~~-+----,.. 

OV88 n------+---.... -
V88 D--------+----------+-

Figure 7 Example of a 5 V Core with 5V I/O and OVOD3 & 
OVDD5Tled 
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IV ¥DO 

IV VDO 

IV YDO 

IV YOD 

IV SIGNALS 

OFF·CHIP 
SYSTEM 

CONNECTIONS 
YSI 

YSI 

BUS-TIE IlACRO 

ALLVOO 

POWER aua PIfS 
0VDD3 

OVDDI 
VOO 

110 PIN 

GROIJND 
aU8PINS ovas[] ________ -+ _____ -t __ 

vssrr--------~----------...,j~ 

Figure 8 Example of a 5 V Core with 5V I/O and All VOO 
Tied 

POWER Bua PINS 

3.3V YDD 

OYD03 [} ________________ ~,..... 

IV VDD ~ 0-----------... -
IVV~ YDDD~_P--~~-._i_-_r-_1 .. 

a.IY8IGNALS 

IV8tQNALS 

OFF·CHIP 
SYSTEM 

CONNECTIONS 
YSI 

YSI 

ovssD_r-+----------~--~-

vssD+~------------------.. 
Figure 9 Example of a 5 V Core with Mixed 3.3VI5V I/O 

and No VDD Tied 

Bus-nE IIACRO 
I Y YOO BOTHVDOS 

a.IV YDO OVoo·D-----+------------~-
IV voo OVDDI rr---.... ------... 
IV YDO 

a.1 V SIGNALS 

IVSlGNALS 

OFf.CHIP 
SYSTEM 

CONNECTIONS 
V88 

YSI 

vooo-........... 'P"'-... +-__ i-'-.-

ovss [}+_r--------""'II ......... ~ 
vss D~ ... -------------41_ 

Figure 10 Example of a 5 V Core with Mixed 3.3VI5V I/O 
and OVDD5 & VDD Tied 
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..... nEIlACRO 

U v ¥DO BOTHOVDD 

uv VDD 
Ui V VDO OVD05 1""10_-"_ 
.y~ ~[}--------t---t-~---1~ 

a.3YSlGNALI 

OFF-<:HIP 
SYSTEM 

"'PIN 

CONNECTIONS GROUND 
8U8_ 

Vg OWS[}--------p-----~-

Vg -[}------~~--------_1~ 
Figure 11 Example of a 5 V Core with 3.3 V 110 and 

OVDD3 & OVDD5 Tied 

1.5 Propagation Delay Adjustments 

When simulating with timing, propagation delay adjust
ments can be applied to macros powered by 3 volts indepen
dentlyof macros powered by S volts. The DESIGN_INFO tool 
has entries for a designer to select best-, typical-, and worst
case voltages for the S-volt rail and for the 3-volt rail indepen
dently. The associated delay adjustments would then be ap
plied to macros powered by the given rail. 

For example, a design with a S-volt core may have all 3-volt 
1I0s, but it is desired to run the 1I0s at 3.0 rather than at 3.3 
volts. Simply modify the values in DESIGN_INFO to be 3.0±.3 
volts, and leave the S-volt rail at S volts. The appropriate delay 
adjustments will then be applied to the 3-volt 1I0s, indepen
dently from the adjustments made to the macros powered by 
the S-volt supply. 

There are limits to the range of voltage adjustments pos
sible. If the H4CP3 technology is selected, and the designer 
requests the design's core power supply to be 4.S volts, then 
an error will occur, since if this is the true operating voltage, 
then a switch to the H4CPS technology should be considered. 
H4CPS has been characterized at S.O volts, and provides 
more accurate timing being scaled to 4.S volts, rather than 
scaling 3.3-volt data to 4.S volts, which exceeds the range of 
the scaling equations. 

Although ranges typically selected for the 3-volt supply will 
be from 2.7 volts (worst-case) to 3.6 volts (best-case), 
DESIGN_INFO will allow selections up to 4.0 volts to be 
made. Similarly for the S-volt supply, typical selections will be 
from 4.S volts (worst-case) to S.S volts (best-case), but selec
tions down to 4.0 volts are allowed. Selections outside these 
ranges will cause fatal errors when DECAL [1] attempts to 
apply voltage adjustments that don't exist. 

The deSignation for the two supplies in DESIGN_INFO is 
VDD for the core and output power rail(s), if supplied by the 
same voltage, and VDD2 for the alternate output power rail. 
So, if "Technology H4CP3" is selected, then the default range 
for VDD will be from 3.0 to 3.6 volts, and from 4.S to S.S volts 
for VDD2. If "Technology H4CPS" is selected, then the default 
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range for VDD will be from 4.S to S.S volts, and from 3.0 to 3.6 
volts for VDD2. If the "110 Type" and "Technology" selections 
are for the same voltage, the VDD2 will be removed, and only 
the VDD entry will remain, since at that pOint it is known that 
the core and both output power rails will be operating at the 
same potential. 

1.6 Pull-ups and Pull-downs 

Pull-downs always tie to the output ground rail OVSS. The 
pull-ups, however, always tie to the core VDD rail. There are 
two scenarios which present potential design concerns. 

The first scenario is for designs which have a 3-volt core 
and S-volt inputs. The consequence is having the S-volt input 
to 3-volt core potential difference across the pull-up resistor. 
This is not a serious problem, since the current through the 
pUII"UP will be small, with the difference of the S-volt signal to 
the 3-volt core across a large resistance. 

The second scenario is where bidirectional buses are em
ployed that have S-volt swings and have pull-ups to the 3-volt 
core. When the bus is tri-stated, the steady state would be 3 
volts, and not S volts unless pulled to S volts through some ex
ternal termination. 

The suggested approach for these two scenarios is to use 
pull-downs if some type of pull resistor is absolutely nec
essary. Pull-ups can be used if the consequences mentioned 
above are understood, and can be tolerated by a given 
design. Simulation does not differentiate between pull-ups to 
3 and S volts, and ERC will not flag these as errors or 
warnings, since neither scenario is destructive. 

1.7 SSO and Power Requirement Rules 

This section addresses the electrical restrictions to con
sider when implementing the 110 portion of a design. These 
considerations can be broken down into two distinct areas: 
AC analysis or Simultaneously Switching Outputs (SSO), and 
DC power requirements. 

1.7.1 SSO Analysis 

Every output, whether it be 3- or S-volt, has a drive param
eter for it. ERC uses the parameter in conjunction with the 
package chosen, to do a detailed SSO analysis of a design, 
and flag problem areas as errors. A more comprehensive 
explanation of this analysis is covered in Chapter 3 of the 
"H4CPlus Series Design Reference Guide" [2]. 

It is this analysis by ERC that offers designers tremendous 
flexibility when implementing mixed .110 designs. Although 
one needs to be cognizant of 110 partitioning and placement 
of power and ground based on the discussion of SSOS in the 
"H4CPlus Series Design Reference Guide" [2], there are no 
special restrictions regarding isolation of 3- and S-volt 1I0s, 
and no ground pad separation requirements. In the event an 
oversight is made, ERC will inform the designer where the 
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violation has occurred so corrections can be made early on 
in the design cycle. 

There is one consideration to keep in mind when imple
menting the VO portion of a design. ERC will do either a 
CMOS or TTL SSO analysis for each of the SSO segments 
based on the macros found in the SSO segment. An SSO 
segment is defined as the group of VOs found between two 
output power or ground macros. This means there are two 
distinct SSO segments for ERC to analyze for each output 
macro. One for the output power rail (OVDD5 or OVDD3) it 
uses, and one for the output ground rail OVSS. The individ
ual analysis is necessary since the SSO noise sensitivity to 
the different technologies (e.g., CMOS and TTL for 3 and 5 
volts) is different. 

The first step in doing SSO analysis is determining whether 
a SSO segment is TTL or CMOS. If for a given SSO segment 
an OUTPUT_THRESHOLD of TTL is found on an output, any 
3-volt outputs are found, or a TTL or 3-volt input are found 
within the segment, then TTL analYSis will be done. Other
wise, CMOS analysis will be applied. 

For example, say a design has an SSO segment with an 
OVDD5 and an OVSS pad on each end. If seven of them 
drive CMOS loads, and one drives a TTL load (determined 
by the value of the OUTPUT_THRESHOLD property), then 
TTL SSO analysis will be applied to that segment, even 
though seven of the loads drive CMOS levels. In this case 
the SSO noise seen at the TTL output would be the first to 
fail, and would be the weakest link in that SSO segment. The 
same argument can be applied if one of the macros in this 
predominantly CMOS segment were a 3-volt or TTL input. 

The point of this discussion is to communicate the flexibility 
available for creating mixed-voltage VO designs in the 
H4CPlus technology, but at the same time pointing out the 
consequences of design choices, so intended design objec
tives can be achieved. 

1.7.2 DC Power Requirements 

There are two basic DC power requirements to meet: IR 
loss and current density. The rule used for IR loss is the 25 
110 site rule, which states that a macro cannot be more than 
25 VO sites from the power site it is drawing its power from. 
This applies only to the output power rails, since the core
powered inputs always power CMOS loads, which don't 
require a steady state current source like an output may 
potentially need. The same rule is used for both 3- and 5-volt 
outputs, since the IR loss for the 25 110 sites has enough 
margin to satisfy both and is not believed to be overly restric
tive in either case. 

The current density rule is 64mA per power/ground pin. 
ERC simply performs a current requirement calculation, 
divides out the number of powers and grounds available, and 
determines if there is enough or not. Once again, 3- and S
volt outputs are given the same treatment. Whether an 8mA 
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output is 3 or 5 volts, it is still designed to drive 8mA, there
fore 8mA would be used by ERC during its analysis. 

1.8 Testing 

Option testing will be done at both 3.3 and 5.0 volts for de
signs which use both voltages. With two power rails, testing 
at the simulated voltages is necessary to make sure that the 
part functions properly at the voltages for which it was in
tended. Two other paints to mention are power cycling of 
mixed-voltage designs and IDD testing. 

1.8.1 Power Cycling 

During test and in its application, the 5-volt power should 
be applied to the option before the 3-volt power, and similarly 
the 3-volt power should be removed before the 5-volt power. 
This will prevent parasitiC devices from experiencing tran
sients greater than their supply voltage. 

1.8.2 Enable 100 (ENID) Pin 

H4CPlus offers the ability to do IDD testing without having 
to put special test vector requirements on designers via the 
addition of the ENID pin. All H4CPlus designs are required to 
designate one pin for ENID by instantiating the symbol and 
defining the IO_PINl property to the desired pin. When 
ENID is high all pull-up and pull-down resistors, and current 
sources in differential receivers are disabled, which enables 
accurate IDD testing independent of the state of the test vec
tor. ENID has an intemal pull-down to allow a design to func
tion without tying it to ground. However tying ENID to ground 
in the system is still advised. 

2. SUMMARY 

This application note should give a designer having pre
vious OACS experience the information necessary to expedi
tiously create 3- and/or 5-volt designs using the H4CPlus 
technology. 
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1. Introduction 
This application note describes the implementation and 

use of an analog phase-locked loop, or APLL, which is avail
able on two families of CMOS gate arrays offered by Motoro
la: the H4CPlus Series arrays and the M5C Series arrays. 

Section 2 describes the various versions of the APLL 
which are offered as different library macros. This section 
also contains APLL performance data and Signal descrip
tions, and shows the physical placement of the APLL on 
H4CPlus and M5C arrays. 

Section 3 describes how the APLL Verilog simulation 
model works and how it is used for ·system-mode" simula
tions (as opposed to "option release" simulations). 

Section 4 describes Motorola's strategy for testing 
H4CPlus and M5C arrays that contain an APLL. A Motorola
internal test program is used to test the APLL itself, while 
user-supplied option release test vectors are used to test the 
remainder of the chip. 

The Appendix shows a schematic of the test circuitry built 
into the APLL as well as a table of the various operating 
modes of this circuitry, which is controlled by the Motorola-in
ternal test program. 

2. Feature Description 
Appendix D and Appendix E contain a comprehensive dis

cussion and analysis of the use of Motorola's digital PLL 
(DPLL) to speed-up chip-to-chip data transfer by cancelling 
out on-chip clock network insertion delay. This analysis also 
applies to an analog PLL (APLL), which can be used for the 
same purpose. 

Compared to the DPLL, the APLL can run faster, and has 
less in-lock phase error. The APLL also provides on-chip fre
quency synthesis, which allows a slower/quieter backplane 
clock frequency to be multiplied up to the desired on-chip 
clock frequency. The DPLL is not offered in H4CPlus or M5C 
Series Arrays. 

The following table lists the APLL macros available in 
H4CPlus and M5C arrays. 

@ Motorola, Inc. 1994 

Table 1 APLL Macros 

Macro Technology 
Analog FREF N, Loop 
Power Input Type Divider 

APl H4CPlus 5V CMOS 1-4 

APDl H4CPlus 5V PECL 1-4 

AP2 H4CPlus 5V CMOS 5-16 

APD2 H4CPius 5V PECL 5-16 

APLl H4CPlus 3.3 V CMOS 1-4 

APDLl H4CPlus 3.3V PECL 1-4 

APL2 H4CPlus 3.3 V CMOS 5-16 

APDL2 H4CPlu8 3.3 V PECL 5-16 

APLl M5C 3.3 V CMOS 1-16 

APDLl M5C 3.3 V PECL 1-16 

PECL is defined as positive- or pseudo-ECL. Table 2 sum
marizes the performance of the H4CPlus and M5C APLL 
macros. The "Output Frequency Range" is the linear range of 
the VCO; its full range extends somewhat further. "Max clk 
tree delay" is the maximum delay that the APLL can handle in 
its feedback loop before going unstable. 

Note 1: All of the parformance numbers In Table 2 are 
prellmlnaryl The guaranteed values for these parameters 
are In the respective H4CPlus and M5C Design Reference 
Manuals. 

Note 2: On H4CPlus arrays which may use both 3.3V 
and 5V power, the APLL 110 must be powered by the 
same Yoltage level as the array core. 

All H4CPlus and M5C Series APLL's require the following 
six pins (see Figure 1): 

• AVDD: analog power 

• AVSS: analog ground 

• FREF: reference frequency input pin (also used by 
tester to clock the core logic) 

• TESTSEL: configures the APLL for tester measure
ments 

• TESTOUT: divided-down APLL output frequency for 
tester 

• VCOCTL: for measuring veo control voltage and 
charge pump current 

TESTOUT, TESTSEL and VCOCTL are dedicated test 
pins which must be grounded during normal system opera
tion. An additional input pin, FREFB, is required if the refer
ence frequency is a PECL differential clock (see Figure 2). 
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Each APLL also has the following five signals which interface 
to the array core: 

FREF _CORE: output of FREF pin input buffer; drives 
FREF _MUX directly, or through a PLLDELAY macro 
to cancel phase error due to a core divider (see Sec
tion 3.1) 

FREF _MUX: phase detector reference frequency 
input 

FVCO: veo output frequency 

FVCO_DIV2: FVCO frequency divided by 2 

FFB: phase detector feedback frequency input 

Referring to Figure 1 and Figure 2, for each type of APLL 
(CMOS-input and PECl-input), a buffer (buffer B) compara
ble to the FREF input buffer is included at the FFB feedback 
input to the phase detector in order to prevent the FREF input 
buffer's prop delay from adding to the phase error between 
the FREF pin and the clock tree. In addition, the PLLDELAY 
macro can be placed in the array core between the APLL's 
FREF _CORE output and FREF _MUX input in order to pre
vent a core divider's prop delay from adding to the phase error 
between the FREF pin and the clock tree (see Section 3.1). 
No extemal components are required for filtering of the VCO 
control voltage.Up to two APLL's can be used on an H4CPlus 
array, in the lower left and upper right comers where they are 
isolated from digital pwrlgndlsignal interconnects to minimize 
coupling of digital noise into the APLL. If only one APLL is 
used on an array, the APLL must reside in the lower left cor
ner. 

On M5C Series arrays, up to three APLL's can be used. 
If only one APll is used it must reside in the upper left corner. 
If two APLL's are used, they must reside in the upper left and 
upper right comers. If three APlL's are used, the only restric
tion is that there is no APLL in the lower left comer. 

As shown in Figure 3, an APLL macro covers the corner 
and also four adjacent VO sites (five VO sites if FREF is a 
PECL input - see Figure 4). Accordingly, the pad locations 
are fixed for the APLL VO signals. The Manufacturing Rules 
Verification (MARV) program contained in Motorola's 
OACSTM system checks that the deSigner has made correct 
pin assignments for the APlL 1/0. ERC also checks compli
ance with the APLL placement restrictions described in the 
previous two paragraphs. 

Table 2 APlL Performance* 

H4CPlua 
M5C 

3.3 V 5V 

Output Frequancy Range 
FVCO(MHz) 60-160 70-250 100-300 
FVCO_DIV2 (MHz) 30-80 35-125 50-150 

Output Duty Cycle 
FVCO 25%-75% 25%-7S% 2S%-7S% 
FVCO_DIV2 50% SO% SO% 

Loop Divider valua, N 
APxxl macros 1-4 1-4 1-16 
APxx2 macros 5-16 S-16 

Reference Frequency 
Range (MHz) 
Nannal use: 
APxxl macros IS-I60 17.S - 250 6.25-300 
APxx2 macros 3.8-32 4.4-S0 
On teeter (N=6) all macros 7.S-20 8.7S-31.2 12.S -37.S 

Ph_Error 
CMOS Singe-ended Inputs SOps SOps SOps 
PECl DllferenUallnputs 200ps 200ps 200ps 

Jitter 200ps 200ps 200ps 

Max. Clock,.,. Delay 
2Sns 2Dns 20ns 

(Worst-Case) 

Max. lock-Acquisition 
10j1s lOllS 10j1s 

Time 
• All specs are preHmlnary. 

Figure 1 Analog PLL Block Diagram (CMOS Input) 
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Figure 2 Analog Pll Block Diagram (PECl Input) 

Figure 3 Analog PLL Layout (CMOS Input) Figure 4 Analog Pll Layout (PECl Input) 
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3. APLL Modelling for Simulation 

3.1 Overview 
Figure 5 is a generic block diagram showing clock distribu

tion using an APLL. Either or both of the divide-by-L and di
vide-by-M may be used. If used, they reside in the array core. 
The phase detector reference frequency iFREF is actually an 
intemal signal in the APLL. As shown in Figure 1 and Figure 
2, iFREF drives directly into the phase detector and is de
layed from the APLL's FREF _MUX input port by a mux prop 
delay. Similarly, iFFB is actually an APLL internal signal 
which connects directly to the phase detector and is delayed 
from the APLL's FFB input port by the prop delay through a 
buffer and a mux. These mux and buffer delays are such that 
when the APLL has phase-locked iFFB to iFREF, then the 
FREF pin will be phase-locked to the clock tree output, which 
is the ultimate objective. A special PLLDELAY macro can be 
used to cancel phase error between the clock tree and FREF 
which is caused by the divide-by-M. The PLLDELA Y macro 
has the same delay as the CK->Q of a resellable flip-flop, 
therefore if a divide-by-M is used it should be designed using 
resellable flip-flops. 

Note: Use of another divider In place of the PLLDELA Y 
macro Is not supported. The Motorola-Internal vectors 
used to test the APLL In silicon require that the frequen
cy at IFREF be the same as the frequency at the FREF pin. 
See Section 4 for details of the test strategy for APLL ar
rays. 

The feedback loop between the VCO and phase detector 
resides in the array core, external to the APLL, and contains 
the clock tree and possibly a frequency divider, which will be 
referred to as the core divider. If a core divider exists it typi
cally would follow the clock tree as does the divide-by-M. 
However the core divider could also precede the clock tree, 
as does the divide-by-L, If the clock tree is to be driven by a 
frequency lower than the minimum possible FVCO_DIV2 
from the APLL. A third possibility is that the core divider is 
composed of both the divide-by-L and divide-by-M. 

FREF-~I'>....!:!l.if[--)aoo 

ASIC 

Figure 5 Clock Distribution Using an Analog PLL 

In addition to generating the VCO frequency FVCO, the 
APLL contains a divide-by-2 to generate FVCO_DIV2, which 
has a 50% duty cycle. FVCO_DIV2 typically is the signal 
used to drive the clock tree, where FVCO is available for fast
er clocking of a small, localized block of 10gic.Therefore, 
throughout this document it is assumed that the clock tree is 
driven by FVCO_DIV2 rather than FVCO. In this case, FVCO 
gets divided by 2 (within the APLL itself) and then divided 
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again by the core divider, if one exists, before arriving at the 
phase detector feedback input FFB. The product of these two 
divider values equals the loop divide, value "N." The APLL 
model measures the reference frequency iFREF and the loop 
divider value N and generates VCO frequency required for 
phase-lock, FVCO = N x iFREF. The phase of FVCO_DIV2 
compensates for the clock tree plus core divider delay in the 
core feedback loop such that the output of the clock tree is in 
phase with the board reference clock at the FREF pin. 

In its default mode, the model acquires phase-lock ap
proximately 20 cycles after the start of iFREF (or after reset of 
the core divider eliminates its 'X' state at simulation startup). 
However, if the user prefers, the model can also be set-up to 
emUlate the actual time required by the APLL to achieve 
phase-lock in the real-world. During this "acquisition delay" 
the model puts out a constant (but not phase-locked) VCO 
frequency, which will change abruptly to the phase-locked fre
quency FVCO = N x iFREF after 10us has expired. Other 
than accurate acquisition delay, this behavior does not model 
the true transient response of the APLL. However, what is im
portant is accurate modeling of the APLL's steady-state per
formance after phase-lock has been achieved. 

The model generates FVCO and FVCO_DIV2 such that af
ter phase-lock is achieved the clock signal fed back to the 
phase detector, iFFB, has the specified worst-case phase er
ror relative to the phase detector reference clock, iFREF. The 
user can select this steady-state phase error to be leading, 
lagging, or randomly jillering between the two as described in 
Section 3.S. The model also does a variety of checks for such 
things as loss of phase-lock, the FVCO frequency required is 
out of range, etc. 

The Verilog model emulates the APLL only during system 
simulations and not during option release Simulations, which 
generate test vectors used for testing of parts. The reason is 
that the APLL is inactive during tester application of option re
lease test vectors, which verify all circuitry except for the 
APLL. Consequently, during option release simulations the 
clock applied at the APLL's FREF pin will bypass the APLL 
and drive the core directly. For information on how to control 
the APLL during option release simulations, as well as infor
mation on how the APLL is verified on the tester, see Section 
4, "Test Strategy for APLL Arrays." 

3.2 InitializationiReset of Dividers 
When an APLL array is on a board in a system, it is un

necessary to reset the two dividers in Figure 5. However, dur
ing system-mode simulation these dividers must be initialized 
to a known state before the FREF and FVCO clocks can prop
agate to phase detector inputs iFREF and iFFB, respectively. 
Unfortunately, prior to phase-lock, FVCO and FVCO_DIV2 
have no fixed timing relationship with respect to the chip's in
put pins. Consequently, trying to do a synchronous hardware 
initialization/reset of the core divider may be difficult to do 
without generating timing violations, such as a reset recovery 
time violation. A more practical approach during system
mode simulations (but not option release simulations) would 
be to use the Verilog "force" and "release" commands to ini
tialize the states of the flip-flops in the core divider. This can 
be done by "forcing" the D inputs of the divider flops to known 

AN1522 



states until FVCO starts, at which time these states will get 
clocked into the flops. When "release" occurs the flops are re
leased to function normally. "Release" can occur at any time 
with respect to the arrival of clock edges at the core divider 
without causing the divider state to go unknown. 

Altematively, an asynchronous set/reset of the dividers 
can be done via chip logic or a pin at simulation start-up, be
fore the iFREF clock starts toggling, since the model will not 
generate an FVCO clock until iFREF starts to toggle. In this 
wayan asynchronous set or reset of all dividers can be done 
without generating timing violations. 

Note: The reset signal for these dividers cannot be 
shared with any circuitry that must be reset after phase
lock Is acquired, since reseHlng the APLL's dividers 
would cause the APLL to lose phase-lock. 

Artificial initialization of the core dividers using "force" and 
"release" can be used for system-mode simulations but not 
for option release Simulations, where simulation output states 
must match chip output states on the tester. By driving the 
clock tree, the divide-by-L in Figure 5 affects chip output 
states. Therefore during option release simulations the di
vide-by-L must be initialized/reset via chip logic or a pin, and 
not by using "force" and "release." The same is true of the di
vide-by-M if it is made observable at an output pin in order to 
test it. If the divide-by-M drives only FFB then it affects no 
output pin during option release simulations and is therefore 
not testable (since the APLL is inactive). In this case it need 
not be initialized. The divide-by-M still needs to be initialized! 
reset during system-mode simulations, however. 

3.3 Acquisition Mode 
The APLL model starts in acquisition mode at simulation 

start-up. It measures the frequency of the phase detector ref
erence clock, iFREF, as well as the loop divide-by-N in order 
to calculate the required VCO lock frequency FVCO = iFREF 
x N. The model starts generating an FVCO clock which has 
an arbitrary phase relationship to iFREF. The resulting feed
back clock at the phase detector, iFFB, has an initial phase 
error with respect to iFREF. The model measures this phase 
error and corrects the phase of FVCO such that iFFB will be 
in phase with iFREF, producing phase-lock. 

At the start of simulation the model waits for a clock signal 
to appear at iFREF, and then measures the period of iFREF 
by keeping track of the time between successive iFREF rising 
edges. The model now starts generating FVCO and 
FVCO_DIV2, where FVCO is the center frequency of the 
VCO. While the VCO free-runs, the model waits until the 
state at iFFB is no longer 'X,' indicating that the core divider 
has been initialized to a known state as described previously. 
The model then waits until a 0->1 riSing edge occurs at iFFB 
(as opposed to an X->1 rising edge), indicating that the core 
divider has been released to function normally after having 
been initialized/reset. 

When the second iFFB rising edge occurs the model mea
sures the frequency at iFFB and calculates the loop divider 
ratio 'N', where N = FVCO frequency/(iFFB frequency). If N is 
not within the specified range for the APLL macro used (see 
Section 2), the model stops the simulation after printing a 
message to the effect that the user must modify the loop di-
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vider circuitry such that N does lie within the specified range. 
If N is within the specified range but iFREF x N = FVCO is not 
within the specified frequency range for the VCO, the user 
must mOdify FREF and!or N such that FVCO does lie within 
the VCO's range. To modify N, circuitry in the array core must 
be changed; however, FREF can be modified interactively 
during Verilog simulation as described in Section 3.S. If iF
REF x N = FVCO is, in fact, out of the VCO's range the model 
will now retum to the start of the acquisition mode. Otherwise 
operation proceeds as follows. . 

Once a "legal" loop divider ratio N has been determined, 
the following information is printed to the screen: 

- Loop divider value, N 
- Phase detector reference frequency, iFREF 
- VCO frequency, FVCO 
- VCO/2 frequency, FVCO_DIV2 
- Duration of FVCO high and low pulses (FVCO duty 

cycle. effectively) 

Then a series of pulses is generated at FVCO for use in 
measuring the propagation delay through the feedback loop, 
which is equal to the sum of the clock tree propagation delay 
and loop divider propagation delay. . 

This is done in order to verify that the loop delay IS not so 
large as to cause the APLL to go unstable and never acqui.re 
phase-lock. After generating an FVCO pulse the. ~odel walts 
long enough to see if the FVCO pulse causes a nSlng edge at 
iFFB. It will take anywhere from 1 to N FVCO pulses to gen
erate a rising edge at iFFB, depending on the initial state of 
the loop divider. When a rising edge does occur at iFFB: ~he 
loop delay is measured as the time delay between the rising 
edge at iFFB and the last FVCO rising edge. If the loop delay 
is larger than the specified limit, the model prints a message 
to that effect and stops the simulation to allow the clock tree 
or loop divider to be re-designed. OthelWise the model will 
now begin its 10us acquisition delay, as described in Section 
3.1. At the end of this delay, the VCO stops long enough for 
the clock tree to empty of all pulses generated by the free-run
ning VCO during the acquisition delay. (If the APLL was not 
set-up to emulate the real-world acquisition delay, the model 
will skip down to this point if the feedback loop delay mea
sured was within spec.) The APLL model now waits for the 
next rising edge of iFREF to start generating N cycles of the 
VCO lock frequency FVCO = iFREF x N. N cycles of FVCO 
span a complete cycle of iFREF, and the last of these N 
FVCO cycles should produce the next rising edge at iFFB 
(due to the state in which the loop divider was left after the 
loop delay was measured). The rising edge of the first of 
these N FVCO cycles is delayed from the iFREF riSing edge 
by the "VCO_offset" such that the resultant iFFB rising edge 
is aligned with a subsequent iFREF riSing edge (within the 
APLL's specified phase error), producing phase-lock. The 
model calculates the VCO_offset using the previously mea
sured feedback loop delay. 

If the NIh FVCO pulse does not produce a rising edge at 
iFFB, something's probably wrong with the core divider; for 
example, it may have been disabled or reset. In this case, the 
APLL will print an error message to that effect and then restart 
its acquisition routine to try again to acquire phase-lock. If, on 
the other hand, phase-lock has indeed been acquired, the fol-
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lowing information is printed to the screen: 
- Time at which phase-lock was acquired. 
- APLL steady state phase error at iFFB with 

respect to iFREF. 

Now the APLL model goes into tracking mode. 

3.4 Tracking Mode 
Whenever a rising edge occurs on iFREF, the model mea

sures the time difference between this edge and the associ
ated riSing edge on iFFB. If this "phase error" is less than the 
specified worst-case phase error of the APLL, then the APLL 
is still in lock. In this case the model will generate the next N 
FVCO cycles in the manner described previously in Section 
3.3, in order to produce the next rising edge on iFFB. How
ever if the phase error between iFREF and iFFB is greater 
than the specified worst-case phase error of the APLL, lock 
has been lost. In this case the model prints a "loss-of-Iock" 
message which includes the simulation time at which lock 
was lost. The model waits long enough for the ciock tree to 
empty of all 'pipelined' FVCO pulses, and then returns to ac
quiSition mode to try to re-acquire phase-lock. 

3.5 Initialization of APLL Simulation Parameters 
For best accuracy, Verilog simulations involving APLL's in 

system mode should be done with the following timescale set
ting: 'timescale lns/lps 

Therefore the timescale statement in the asic_ verilog 'ver
ilog.control' file should be changed to 1 ps resolution, as 
shown above. For option-release Simulations, the timescale 
can be left at the default value of 10ps. 

In addition, there are four user-setlable parameters 
whose range of values are hard-coded inside the APLL Ver
ilog model because they cannot be specified in the Standard 
Delay Format (SDF) verilog.timing file output by DECAL. 
These parameters are: 

• Jitter -- determines whether iFFB will always lead, 
always lag, or randomly jitter between leading and 
lagging with respect to iFREF. The amount of lead or 
lag Is always equal to the APLL:s maximum steady
state phase error. Valid values for jitter are "lead", 
"lag" or "random". The default value is "random". 

us,,_slilcon_de/ay -- determines whether the model 
will emulate the real-world APLL acquisition delay 
(described in Section 3.1). Valid values for 
use_silicon_delayare "yes" or "no". The default value 
is linon, 

vco_dufy_cycle -- determines the duty-cycle of the 
FVCO output for this simulation. Valid values for 
vco_duty_cycle are "min", "typ" or "max". The default 
value is "min". 

• ptv-- determines whether the best-, typical-, or 
worst-case processitemperature/voltage (PTV) 
value is to be used for the maximum feedback loop 
delay. Valid values for ptv are Nbs!", "typO or "ws!". 
The-default value is "wst". 

MOTOROLA 

6 

These four parameters are used only during system-mode 
simulations. They are not used during option release simula
tions, during which the FREF input clock bypasses the APLL 
and drives the clock tree directly. (See Section 4 for details 
regarding option release simulations.) 

In a non-interactive Simulation, the value used for maxi
mum feedback loop delay is determined by one of the follow
ing Verilog command line "plus arguments": +mindelays, 
+typdelays or +maxdelays. Therefore if the OACS tool 
asic_ verilog is used, the maximum feedback loop delayvalue 
will be chosen automatically according to the PTV conditions 
selected for the array; the ptv parameter Is ignored. However 
in an interactive simulation, the maximum feedback loop de
lay value is determined by assigning the ptvparameter a val
ue of Nbst", "typ" or "ws!". In this case the designer must set 
the ptv parameter value to match the PTV conditions chosen 
for the array. Otherwise the value for maximum feedback 
loop delay may be for a different PTV condition than that used 
for the rest of the array. 

The FVCO_DIV2 output has a 50% duty cycle, but the 
FVCO duty cycle can vary over a wide range. Therefore in 
designs which make use of the APLL's FVCO output, system
mode simulations should be done at the following four sets of 
conditions: 

i) PTV = best-case, vco_duty_cycle = "min' 

ii) PTV = best-case, vco_duty_cycle = "max' 

iii) PTV = worst-case, vco_duty_cycle = "min' 

iv) PTV = worst-case, vco_duty_cycle = "max' 

Because of the way that the APLL model generates "ran
dom" jitter, it is possible that the model will falsely swallow 
low-going FVCO pulses when vco_duty3ycle = "max", if the 
FVCO is operating at the upper end of its frequency range. 
These two conditions, coupled with random jitler, can com
bine to make the low-going FVCO pulses narrow enough that 
they get swallowed by the FVCO output buffer within the 
APLL model. In such cases, if FVCO is used in the design 
then the jitter parameter must be restricted to values of "lead" 
or "lag". 

The user can assign a value to a particular parameter by 
putting a 'defparam' statement in the HDL stimulus file, such 
as: 

defparam stim.celll.\TC_TOP/APLL.448P_4 
.core_apll.ptv = ·wst-; 

The path name is taken from a real design named 
"TC TOP." "stim" is the name of the module which applies 
stim~lus to "TC_TOP", "celll" is the name of the instantiation 
of "TC_TOP" within module ·stim", ,\TC_TOP/APLL.448P _4" 
is the instance name generated by the OACS NETLIST tool 
for the APLL macro used in "TC_ TOP", and core_apI/ is the 
sub-module within the APLL Verilog model in which the ptv, 
jitter, vco_duty_cycle, and use_silicon_delay parameters are 
defined. Note that in this particular design a space is required 
after the APLL instance name because its first character is a 
backslash. Similar statements can be used to assign values 
to the jitter, vco_duty3ycle and use_silicon_delay parame
ters, for example: 
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defparam stim.celll.\TC_TOP/APLL.448P_4 
.core_apll.jitter = 'leadW j 

defparam stim.celll.\TC_TOP/APLL.448P_4 
.core apll.vco_duty_cycle="max"; 

defparam stim.celll.\TC_TOP/APLL.448P_4 
.core apll.use_silicon_delay="yes"; 

Alternatively, these four parameters can be changed "on 
the fly" within an interactive Veri log run if the designer wishes 
to re-simulate without having to re-compile. If such a re-sim
ulation is to be at a different PTV, the ptvparameter must be 
changed accordingly. The following interactive Verilog com
mands show how to change these parameters prior to a re
simulation (">" represents the Verilog prompt in interactive 
mode): 

> $reseti 
> $scope(stim.celll.\TC_TOP/APLL.448P_4 

> ptv = "wst"; 
> jitter = "lead"; 
> vco_duty_cycle = "max"; 
> use_silicon_delay = ·yes"; 
> • 
The designer may even want to change one of these three 

parameters prior to the first simulation after compilation. If so, 
a $stop command could be included at the start of the HDL 
stimulus to cause Verilog to stop at time zero and give a">" 
prompt. At this time the designer can enter the same interac
tive Verilog commands shown above, although in this case 
the $reset command is unnecessary. Alternatively, 'def
param' statements can be put in the HDL stimulus file, as de
scribed previously. 

This same method can be used to change FREF interac
tively if necessary. If the VCO frequency FVCO = iFREF x N 
is out of the APLL's range, the APLL model prints a message 
to the screen stating that iFREF andlor N must be changed. 
Referring to Figure 5, changing N 

(N = Lx M) requires a circuit change. However if the de
signer chooses to change only FREF, he can do so by scop
ing into his HDL stimulus module and updating the FREF 
period parameter. 

3.6 Example Simulations of an APLL 
Figure 6 shows the Verilog graphical waveforms for an in

teractive system mode simulation using an APLL. Also shown 
is a portion of the transcript window containing messages 
printed out by the APLL model. For this Simulation, the APLL 
model has been set-up to ngt emulate the real-world acquisi
tion delay of the APLL. Note that the TSTSEL waveform, 
which corresponds to the TESTSEL input on the APLL, is 
held low throughout the simulation. (For an option release 
Simulation, TSTSEL = TESTSEL would be taken high after 
the first lest cycle, and held high throughout the rest of the 
simulation. See Section 4.1, "Testing the Array Core".) Re
ferring to Rgure 5, at simulation start-up the APLL is config
ured with L = 1 and M = 2. 

In this example, the divide-by-M is reset by a RESETB sig-· 
nal (top waveform in Figure 6) rather than by the "force" and 
"release" commands, which were previously described in 
Section 3.6. While the divide-by-M is held in reset iFFB re-
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mains low. 
Initially, FVCO and FVCO_DIV2 are unknown, as is FFB 

prior to reset of the loop divider. The loop divider consists of 
a divide-by-2 flip-flop in the array core along with the flip-flop 
internal to the APLL which divides FVCO down to 
FVCO_DIV2. When RESETB goes active the loop divider 
state becomes known, at which time the APLL model outputs 
a Iowan both FVCO and FVCO_DIV2. Now the the loop di
vider's reset signal, RESETB, can return to its inactive state, 
since there is no longer an 'x' at the clock input to the loop di
vider. Since FVCO and FVCO_DIV2 will start toggling as 
soon as FREF starts toggling, FREF is not started until after 
RESETB goes inactive in order to prevent reset recovery time 
violations in the loop divider (discussed in Section 3.2). 

The APLL model waits for the first two iFREF pulses in or
der to determine the frequency of iFREF and to start generat
ing FVCO_mid and FVCO_midl2, where FVCO_mid is the 
VCO center frequency. The model now waits for feedback 
pulses at iFFB. After the second iFFB rising edge, the model 
measures the iFFB frequency and calculates the loop divider 
value 

N = FVCO_max/(iFFB frequency). N is then used to calcu
late the in-lock VCO frequency: 

FVCO = iFREF x N. N, iFREF, FVCO, and FVCO_DIV2 
are printed to the screen, as well as the high and low pulse 
widths of FVCO (FVCO duty cycle, effectively). At this point 
the model stops generating FVCO long enough for the clock 
tree to empty of all pulses. After this pause the model starts 
generating individual FVCO pulses and looking for a rising 
edge to result at iFFB. In this example it takes 3 FVCO puls
es to cause the next rising edge on iFFB, due to the initial 
state of the loop divider. These three pulses are followed by 
N additional FVCO pulses (N happens to be four in this case) 
to verify that N more FVCO pulses will cause another iFFB ris
ing edge at the expected time. At this point the model starts 
generating the in-lock frequency FVCO = N x iFREF, with the 
proper phase such that the next rising edge of iFFB will be 
phase-locked to iFREF. 

Figure 7 shows Verilog graphical waveforms and part of 
the transcript window for a non-interactive system mode sim
ulation in which the APLL model has been set-up to emulate 
the real-world acquisition delay of the APLL. (Section 3.5 ex
plains how to do this.) For this example simulation, the acqui
sition delay was shortened in order to fit the waveforms on the 
page. At the end of the acquisition delay the model stops gen
erating the VCO center frequency at FVCO and waits long 
enough for the clock tree to empty of all pulses. After this 
pause the model starts generating the in-lock frequency 
FVCO = N x iFREF, with the proper phase such that the next 
rising edge of iFFB will be phase-locked to iFREF. 

Figure 8 shows Verilog graphical waveforms and part of 
the transcript window for the start of an option release simu
lation using an APLL. Note that the TSTSEL waveform, 
which corresponds to the TESTSEL input on the APLL. is tak
en high after the first lest cycle and held high throughout the 
rest of the simulation. The FREF clock is low at simulation 
start-up. and stays low until after TESTSEL goes high. Simi
larly RESETB. which resets the loop divider. is inactive (high) 
until after TESTSEL goes high. 
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UI .. i .. U.UUUU.UUUUiU.UUiiU .... UiU.U ............. UUUUII 
UiUiUUU .... iU.U ...... U .. UUUUUUU.UU ...... U ... U.UUUUt. 
UI ... t.. Parameter 'ptv' has been given a value of ·wst" for APLL instance .t. 
I.. stirn. celll.APLLOACS22/APLL. 27P_1. core_apll 
.,. Worst-case timing must also be used for the rest of the design. • •• 
Itt If • 
• UU.UU.UiU.U.UUUUUUUU •• UUUU.U.UU ... UUU ... tUUUu 
.UU.UUtU ... ffUUUUUU .. UUtf ... UiUiU.U ... U.UiUi.UUUU .. 

Assigned values for user-set table parameters for Al?LL instance 
(stim. cell1.APLLOACS22/API..L. 27P_1.core_apll) : 

vco_duty_cycle = '"max" 
jitter = ·lag" 
use_silicon-.delay = '"no· 

.U.UU.U .......... U.U .. UUUi ..... UUUiUiUU ....... U •• U ...... .. 
• U.UU.UU ..... U ........ UUUU .... UUUiU ...................... UU 

To backannotate timing before simulation -
type one of the following : 

(If more than one is activated, last choice 
overrides the rest.) 

Type ·ba_timin9_wcs;" for worst case timing 
Type "ba_timing_typ;" for typical case timing 
Type -bs-timingj)cs;" for best case timing 

Else, type"." (period) to simulate with 
uni t timing. 

La4 "aplloacs22/desigILdata/verilog.control-: $stop at simulation time 0.00 ns 
Type ? for help 
Cl > ba_timing_wcs; 
C2 > • 

Back-annotating worst case timing ...... ~ ......... 0" 

Operating environment for APLL instance 
(stirn. cell1.APLLOACS22/APLL. 27P_1. cor,"-apll.acquire) : 

N = 4 (Loop divider value) 
iFREF = 50 MHz (Phase detector reference frequency) 
FVCO = 200 MIIz (VCO frequency) 
FVCO_DIV2 = 100 MIIz (VCO/2 frequency) 
VCO_high = 3.75 ns (VCO high pulse width) 
VCO_low = 1. 25 ns (VCO low pulse width) 

APLL ins tance (s tim. cell1 • APLLOACS2 2/ APLL . 27P _1 • core_apll • track) 
ACQUIRED PHASE-LOCK at time 447.46 with phase error = 0.25 ns 

L97 • /home/cdc1 /apll tc/tc_top/subJjlocks/aplloacs22/vectors/stimulus/hdl. stim" : 
$stop at simulation time 590.00 DS 

C2 > 

Figure 6 Example Varllog System-Mode Simulation of an APLL (acquisition delay excluded) 
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iUiUtUUUiUiUUfUUUU*U*f*UUfUfUU*UfU*U*U*UUUUUUU 
lIUfUtUUUfUUUUUUfUff*U*U*UiU*UUUUUfU*UfUffU*UUfU 

Assigned values for user-set table parameters for APLL instance 
(stim.celll.APLLOACS22/APLL.27P_1.core_apll) , 

veo_duty_cycle = "min-
jitter = "lead-
use-.silicotLdelay = "yes· 

fUfUUUfUtUfUUiU#UUUUfUfUUfUUUUfUUlIUlIUUUtUf**fUf 
#UfUUUfUfUfUUfUUfUUUfUUUUUUUUfUUtUfUUUUUUfUf 

Back-annotating worst case timing 

SOF Annotator version 1.0.10 
SOF file: aplloacs22/timing/veri tool. timing 
Back-annotation scope: stirn 
Configuration file: Ihome/bassl/oacs2 .x/oacs_apll_tools2 .O/adf .con£ig 
SDF Annotator log file: aplloacs22/timing/reports/sdf .10g 
MTM selection parameter specified: MAXIMUM 

SCALE FACTORS parameter specified, 1.000000,1.000000,1.000000 

SCALE TYPE parameter specified: FROMJiTM 

Parsing configuration file ... 

Configuring for back-annotation ... 

Reading SDF file and back-annotating timing data ... 

SOF back-annotation successfully completed 

Operating environment for APLL instance 
(stim.celll.APLLOACS22/APLL.27P_l.core_apll.acquire) , 

N = 4 (Loop divider value) 
iFREF = SO MHz (Phase detector reference frequency) 
FVCO = 200 MHz (veo frequency) 
FVCO~IV2 = 100 MHz (VCO/2 frequency) 
veO_high = 1. 25 ns (veo high pulse width) 
VCOJow = 3.75 ns (veo low pulse width) 

APLL instance (stim.celll.APLLOACS22/APLL.27P_l.core_apll. track) 
ACQUIRED PHASE-LOCK at time 824.46 with phase error = -0.25 ns 

L128 "/home/cdcl/aplltc/tc_top/subJ>locks/aplloacs22/vectors/stimulus/hdl.stim"' 
$stop at simulation time 900.00 ns 

Type ? for help 
Cl > 

Figure 7 Example Verllog System-Mode Simulation of an APLL (acquisition delay Included) 
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UU.U.tUUUfUU##Uf.UfU#U#UUU.UftU."tfUUUfUuuuUuUt 
UUfn.lIufU#.UUUUUUfUU.f.,UU.#U.U#UUU#UfU#UUfUU# .. # 

Assigned values for user-settable parameters for APLL instance 
(stim.celll.APLLOACS22/APLL. 27P_l. core_apll) : 

vco_duty_cycle = -min" 
jitter = -random" 
use_silicon_delay = "no· 

tfU#Uf .. ##UUUUU.U.UUUUtfUUUU ... UUUUUUUiUUUUUiU 
t.UUU#U#U.UUUU#UUU .. fUUUf .. i .. UUUfUt .... fUUUUUU,U 

Back-annotating worst case timing 

SOF Annotator version 1.0.10 
SDF file: aplloacs22/timing/veritool. timing 
Back-annotation scope: stim 
Configuration file: Ihome/bassl/oacs2 .x/oacs_8.pll_tools2. Ol$df. config 
SDF Annotator log file: aplloacs22/timing/reports/sdf .log 
MTM selection parameter specified: MhXlMUM 

SCALE FACTORS parameter specified: 1. 000000: 1. 000000: 1. 000000 

SCALE TYPE parameter specified: FRClMJITM 

Parsing configuration file ... 

Configuring for back-annotation ... 

Reading SOF file and back-annotating timing data ... 

SOP back-annotation successfully completed 

TESTSEL pin went high at time 24.30 ns 
for APLL instance ( stim.celll.APLLOACS22/APLL.27P_1.core_apll 
FREF will now bypass the APLL and appear at the FVCO output. 
(If APLL output ports FVCOJ)IV2 and FVCO stay 'x', then 
TESTSEL was not held low long enough, unless port FREF_CORE is also 'x'). 

L96 • Ihome/cdcl/apll tcl te_topl subJ,locksl aplloacs22/vectorsl stimulus/hdl. stim' : 
$stop at simulation time 250.00 ns 
Type ? for help 
Cl > 

Figure 8 Example Verllog Option Release Simulation of an APLL 
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4. Test Strategy for APLL Arrays 

4.1 Testing the Array Core 
On the tester, customer "option release" test vectors are 

used to test all of the array except the APLl, which is powered 
down during this time. Consequently the APll is not used to 
clock the array core. The ASIC designer must use an extemal 
test clock to generate test vectors for option release, as is 
done for any non-APll design. This extemal test clock is ap
plied at the FREF pin. 

At simulation start-up TESTSEl must be low, and must 
stay low for at least one test cycle, in order to initialize some 
flip-flops inside the APll. During this time the model must 
output an 'x' on APll outputs FVCO and FVCO_DIV2, since 
the VCO will be oscillating freely in silicon. To ensure that 
FVCO and FVCO_DIV2 remain 'x' while TESTSEl is low, the 
following two conditions must be met: 

1. FREF should be low at simulation start-up, and should 
remain low at least until TESTSEl goes high. 

2. If there is a reset signal for the loop divider, this reset 
must be inactive at simulation start-up, and must 
remain inactive at least until TESTSEl goes high. This 
condition is required because as soon as a known logic 
state appears at iFFB, the model outputs a known (low) 
state at FVCO and FVCO_DIV2to facilitate reset of the 
loop dMder during system simulations. 

After TESTSEl goes high the APLl will be powered dOwn, 
and the reference clock at the FREF pin will bypass the APll 
and come out at the APll's FVCO port (see Figure 1 and Fig
ure 2). Similarly, FREF/2 comes out on the APll's 
FVCO_DIV2 port. Once TESTSEL goes high It must stay 
high throughout.the reat of the option release simulation. 

4.2 Testing the APLL 
The APll is tested at Motorola by a canned test routine, 

during which the rest of the array does not toggle. This pro
cedure is used to eliminate coupling of digital' switching n!lise 
into the APll through AVDD and AVSS, which are tied to the 
core VDD and \Iss on the tester in order to eliminate the need 
for special test hardware for APll arrays. In a customer's 
system, of course, AVDD and AVSS provide isolated power 
and ground for the APll. 

The APll contains a divide-by-4 which is driven by VCOI 
2 in order to produce a frequency at the TESTOUT pin which 
is slow enough to be measured on a production tester. As 
shown in T~e A.1 in the Appendix, the foUowing tests are 
performed on the tester while in APll test mode (TSTQ1 = 1): 

i) Allow the APll to lock at its center frequency and 
measure the VCO/S frequency at the TESTOUT pin, 
with the VCOCTl pin tumed off. 

Ii) Allow the APll to lock at its center frequency and 
measure the VCO/S frequency at the TESTOUT pin, 
and the VCO control voltage at the VCOCTl pin. 

iii) Allow the APll to lock at its center frequency and 

AN1622 

measure the VCO/S frequency at the TESTOUT pin, 
and the charge pump current at the VCOCTL pin. 

Iv) Measure the dynamic 100 of the APlL. (A CMOS 
input APll still will be in phase-lock from the previ
ous step. For a PECl input APll, the PECl input 
will be tumed off by ENID ("Enable 100" pin, see 
OACS UserlReference Guide); therefore the 
dynamic 100 measurement will be made while the 
APll is not phase-locked but is free running at the 
minimum possible VCO frequency, since the phase 
detector reference frequency input, iFREF, will not 
be toggling). 

On the tester, frequency measurement is effectively done 
by locating an edge on TESTOUT and then examining sever
al more cycles to see that subsequent edges occur within the 
expected window. CMOS-input APll's will remain phase
IQCked when moving from test (i) to test (ii), and from test (Ii) 
to test (iii), etc. However PECl-input APll's will lose lock 
when moving from one test to another. As shown in Table 
A.1, toggling the ENID pin is what causes the transition from 
one test to the next. However taking ENID high also powers
down the PECl input buffer, at which time a PECl-input 
APll will lose phase-lock. Therefore after ENID is taken 
back low to begin the next test, a PECl-input APll must be 
given time to re-acquire phase-lock before measurements are 
taken. 

Tests i-Iv are repeated at the APll minimum and maxi
mum operating frequencies, which are the most extreme fre
quencies achievable within the linear range of the VCO 
transfer function. These frequency limits are given in Section 
2. 

The VCOCTl pin is used to measure the VCO control 
voltage and charge pump current. These measurements can 
be related to the stability and bandwidth of the APlL. This pin 
should be tied to analog VSS in the customer's system to pre
vent noise from being injected onto the VCO control voltage 
during normal system operation. 

During static 100 testing of the chip as a whole, which oc
curs during tester application of option release vectors, APll 
bias currents are tumed off under control of the ENID pin. 

The canned APll vector set, which performs tests (i)-(Iv) 
above,toggles the ENID pin, which has no simulation model. 
Therefore, the customer cannot simulate these canned vec
tors. 
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Appendix A: APLL Internal Test Circuitry 
Figure A.1 and Figure A.2 are more detailed versions of Figure 1 and Figure 2, respectively, showing the test control circuitry 

built into the APLL Table A,1 shows how the TESTSEL and ENID signals are used to control this circuitry in order to move the 
APLL into each of its operating modes. The top portion of Table A.1 shows how the Motorola-intemal APLL test program per
forms the tests described in Section 4.2. 

voocn. 

FREF 
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• Oil PadI Rlekage Pin 

iii Teat Cortrol Loge 

Figure A.1 Analog PLl Schematic and Teat logic (CMOS Input) 

• Ole PadlPackege Pin 

III Test Control Logie 

Figure A.2 Analog Pll Schematic and Teat logic (PECl Input) 
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Table A.1 APLL Simulation and Teat Mode Sequence 

Inpula APLL Inlarnal NocIIIa 

T_ id 
~ ~ ~ ~ 

Simulation ""d Teat MocIIIa 

m '" f! 
0 0 0 0 0 Rae! test flope. 

0 1 0 0 0 (Set-up Test) .. 1 1 1 0 0 (Set-up Test) 

Ii 1 0 1 0 0 .... u .. frequency; YCOCTL pin ...... _ 

1 0 1 0 0 (Running Test) 
iic 

1 1 1 1 0 (Set-up Next Test) i~ 
§~ 1 0 1 1 0 1INau .. frequency. YCO control voltage. 

11.~ 1 0 1 1 0 (Running Test) 

Jl 1 1 1 0 1 (Set-up Next Test) 

~ 
1 0 1 0 1 Mee8u .. frequency. charge pump currenL 

1 0 1 0 1 (Running Test) 

1 1 1 1 1 Mee8u .. dynlllllic IDD 01 APLL. 

1 1 1 1 1 (Running Test) 

0 0 0 0 0 IleAt te8I fIope. i 1 0 0 0 0 SlIIrt functional tsstIng 01 array core with APLL InllCllve. 

J~ 1 0 0 0 0 (Running Test) 

~! 1 1 0 0 0 IDD vector (at Motorola only) 

1 0 0 0 0 (Running Test) 

1 0 0 0 0 (Running Test) 

0 0 0 0 0 Cu._ board eimulatlon with APLL active. . User can only simulate states In which ENID Is lowAnactive . 
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Appendix B: Transfer Functions 

The APll is a classical second order control system. Its 
transfer functions are: 

Phase Detector Transfer Function: 
Kp = Ipl27t 
where Ip is the charge pump current. 

Filter Transfer Function: 
1<,= R + l/sC 
where R is the loop resistor and C is the loop capacitor. 

VCO Transfer Function: 
Ko=K,/s 
where Kv is the gain of the VCO in the linear region. 

Open loop Transfer Function: 
G(s) = Kp(I<,)(Ko)IN 
where N is the value of the divider in the feedback path. 

Closed loop Transfer Function: 
H(s) = G(s)/(l + G~s» 
H(s) = 2~O)ns + ron /(s2 + 2~rons + O)n2) 
where ron = (Kvlpl27tCN) 112 

Damping factor = ~ = RCron/2 

Typical values for the loop parameters are given in Table 
B.l. 

Table S.l Typical Loop Parameter Values 

Parameter 3.3 V 5V 

Ip lIlA) 70 100 

Ko(MHzNJ 150 200 

R (Ohm) I~ = 1-4 
2100 1400 

N =5-16 4200 2500 

C(PF) 50 50 

From these typical values and the closed loop transfer 
function, the user can determine the characteristics of the 
loop and generate Bode Plots, if desired. 

Appendix C: VCO Frequency vs. Voltage 

Select a veo frequency in the middle of the linear region 
of Figure C.l to optimize damping. 

Example: Using a 5V APll, if the desired clock tree fre
quency (ClK) is 50 MHz (see Figure 5) and FREF is 25 MHz, 
select "1M" = 2 and "/l" = 2. This gives ClK = 50 MHz, 
VCO_DIV2 = 100 MHz and veo = 200 MHz which is in linear 
region of Figure C.l. 
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Table C.l Minimum Operating Frequency 

3.3 V SV 

Divide Filler Filter 
Factor, Reaiatar, 

Damp. Fpdmln Resistar, 
Damp. Fpdrnln 

N R 
lng, ~ (MHz) 

R 
lng,~ (MHz) 

1 2100 0.76 66 1400 0.70 64 

2 2100 0.54 33 1400 0.49 42 

3 2100 0.44 22 1400 0.40 28 

4 2100 0.36 17 1400 0.35 21 

5 4200 0.68 26 2800 0.63 34 

6 4200 0.62 22 2800 0.57 28 

7 4200 0.58 19 2800 0.53 24 

8 4200 0.54 17 2800 0.49 21 

9 4200 0.51 15 2800 0.47 19 

10 4200 0.48 13 2800 0.44 17 

11 4200 0.46 12 2800 0.42 15 

12 4200 0.44 11 2800 0.40 14 

13 4200 0.42 10 2800 0.39 13 

14 4200 0.41 9 2800 0.37 12 

15 4200 0.39 9 2800 0.36 11 

16 4200 0.36 8 2800 0.35 11 

Notes: 
1p=0.07mA, C=50 pF, 1p=0.1mA. C=5O fF. 
veo gain =1.5x1oS MHzN veo gain =2x10 MHzN 

3:Xl 
N 
:I: a Select VCO freq. 

i in linear regiOn~ 

a 200 
u 
:> 

100 

-- VaJ FfrJ.q. (5'''' 
-0- VaJ FrrJ.q. (S. s", 

o~~ __ ~ __ ~~~~ __ ~ __ ~~ __ ~ 
0.0 1.0 2.0 3.0 4.0 

veo Vohsge (VI 

Figure C.l VCO Frequency va. Voltage 
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Appendix 0: PLL Basics 
(From application note "ASIC Distribution Using a Phase

Locked-Loop (PLL)", AN1509) 

0.1 INTRODUCTION 
Transferring data between ASIC chips at frequencies 

above 40 MHz requires special on-chip circuitry in current 
sub-micron technologies. Phase locked loops can provide 
skew management in ASIC devices to help compensate for 
clock tree insertion delays and process, temperature and volt
age variations allowing maximum multi-chip system perfor
mance. 

This application note is written to help designers of multi
chip ASIC systems maximize system performance by man
aging clock distribution and optimizing clock skew and data 
path relationships. It contains equations relating measurable 
timing and skew parameters to maximum frequencies of op
eration. It explains techniques available to minimize critical 
parameters which contribute to clock skew. 

0.2 BACKGROUND 
0.2.1 REGISTER-TO-REGISTER DATA TRANSFER 
BETWEEN ASIC CHIPS 

When determining the maximum frequency at which data 
can be transferred from one ASIC device to another, a de
signer must carefully consider both the delay of the data path 
and the skew of the clock. The data path is the delay from a 
register in the sending ASIC (including clock to 0) to the D in
put of a register in the receiving ASIC (including the setup and 
hold times), see Figure D.1. The clock skew or Tskew is the 
difference between a riSing edge on ClkA in ASIC1 and ClkB 
in ASIC2. 

ASIC1 ASC2 

® Alth 

ClkA ClkS 

e ~SCK-L ______________ ~~~ 

Figure 0.1 Chip-la-Chip Timing Parameters 

Tskew in this document refers to clock skew in both the 
positive and negative directions. Positive skew is when the 
rising edge of ClkB occurs later than a rising edge of ClkA. 
Positive skew affects data transfer from a hold time stand
point. Negative skew is when the rising edge of ClkB occurs 
earlier than a rising edge on ClkA. Negative skew affects data 
transfer from a setup time standpoint. A complete analysis of 
clock skew is performed in Appendix E. 

0.2.2 SETUP AND HOLD TIME CONSIDERATIONS 
To insure error-free data transitions between ASIC1 and 
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ASIC2, the data path from the sending flip- flop in ASIC1 to 
the receiving flip flop in ASIC2 must not be so long that a set
up time violation is realized on the receiving flop- flop. The 
same data path must also be long enough to avoid a hold
time violation on the receiving flip-flop. This setup and hold 
time relationship must take into consideration clock skew be
tween the rising edge of ClkA, which initiates the data transfer 
and the rising edge of ClkB which clocks in the transferred da
ta. 

0.2.3 INSERTION DELAY AND THE EFFECT OF 
THE CLOCK TREE 

Insertion delay is defined as the delay from the rising edge 
of the external system clock to the rising edge of the clock on 
any given flip- flop on the ASIC. In Figure D.2, it's the delay 
from SYSCK to ClkA or ClkB. Insertion delay is made up of 
the clock input buffer and clock tree delays. The insertion de
lay in one ASIC can be very different from the insertion delay 
in another ASIC, depending on the size of the ASIC and the 
number of elements that must be clocked by the clock tree. 
Differences in insertion delays between ASIC devices direct
ly contribute to clock skew (Tskew). In the example circuit 
(Figure D.2), if ASIC1 has an insertion delay of 5 ns and 
ASIC2 an insertion delay of 10 ns, then a rising edge in ASIC 
1 will be skewed by at least 5 ns from a rising edge in ASIC 
2. 

0.2.4 PTV VARIATIONS 
Process, Temperature and Voltage (PTV) variations can 

increase the difference in insertion delays. Most ASIC tech
nologies use a multiplier to adjust delays due to PTV. In the 
H4C technology, a worst-case multiplier (WCM) and a best
case multiplier (BCM) are used. The WCM modifies a typical 
delay to represent worst-case conditions. The WCM is great
er than one. The BCM is less than one and modifies a typical 
delay to represent a best-case condition. The "process 
spread" is the difference between a best-case delay and a 
worst-case delay for a given data path. The process spread 
can be found by dividing the WCM by the BCM (WCMlBCM). 
Choosing a technology with a minimum process spread will 
allow higher overall performance. 

0.2.5 MAXIMUM FREQUENCY OF OPERATION 
An equation can be derived that relates setup and hold 

times, insertion delay and process spread to determine the 
maximum frequency at which data can be safely transferred 
from chip-to-chip. A full derivation of this equation is provided 
in Appendix E. The equation in terms of the minimum period 
is, 

MinPer = Tskew (WCMlBCM + 1) + WCM (Tsu + Th + 
TDm) (D.1) 

where, 

MinPer Minimum clock period in ns (1/max frequency of 
operation). 

Tskew Total skew (positive and/or negative) between 
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rising edges of ClkA and ClkS (see Figure 0.2). 
WCM Worst Case Multiplier. 
SCM Best Case Multiplier. 
Tsu Setup delay of flip flop in receiving ASIC (ASIC2 

in Figure 0.2). 
Th Hold delay of flip flop in receiving ASIC (ASIC2 

in Figure 0.2). 
TOm Data path delay margin 

Two things become apparent in looking at Equation (0.1). 
First, Tskew is the dominant parameter affecting the maxi
mum frequency at which data can be transferred between 
ASIC devices. Secondly, the process spread for the chosen 

ASIC1 

technology is also very important. Clearly, Tskew and the 
process spread must be minimized to allow maximum perfor
mance. 

To address the problem of clock skew, a Phase Locked 
Loop (PLL) can be added to each ASIC device to reduce the 
effects of insertion delay differences and help manage the 
skew from chip-to-chip. The PLL will synchronize the rising 
edge on SYSCK such that it will be simultaneous with a rising 
edge on flop ck, see Figure 0.3. If the PLL is used on each 
ASIC device, all flop ck signals on every ASIC will be simulta
neous within the error of the PLL. The PLL will compensate 
for differences in insertion delays from ASIC-to-ASIC as well 
as PTV variations. 

~ 
~ 

ASIC2 

Large ASIC 

~SCK 
8 

~SCK ~r--~L-__ ~--~ ____ r---IL __ ~----1-__ ~ 
flop ckASC1 (ClkA) ~ I I 

flop dk ASIC2 (ClkS) I I 
Insertial de lay ASIC1 

Insertbn delay ASlC2 
Tskew betv.e en ASIC1 aoo ASI C2 

Figure 0.2 Effect of Clock Tree on Takew 

ASIC1 ASIC2 @ 
OQr-~--~~~--------------~OQ 

L..--___ ----' 8 
SYSCK __ ~ __________________________ ~ 
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Figure 0.3 PLL Solution 
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Appendix E: Derivation of Minimum Period Equa
tion 

(From application note "ASIC Distribution Using a Phase
Locked-Loop (PLL)", AN1509) 

This section contains a derivation of the equation that re
lates clock skew, process spread, and flip-flop specifications 
to determine the minimum period or maximum frequency at 
which data can be transferred between ASIC devices. Figure 
E.1 illustrates the data and clock paths between two ASIC's. 
If data is to be transferred reliably from ASIC1 to ASIC2, the 
set up and hold time requirements of the receiving flip flop in 
ASIC2 must be satisfied in the presence of clock skew and 
process spread. First, we will analyze the setup and hold 
time requirements of the receiving flip flop. This is similar to 
the classic shift register problem where clock skew can cause 
setup or hold problems on the receiving flip flop. 

The data delay path from ASIC1 to ASIC2 includes 1) the 
delay from a rising edge of ClkA to the output of ASIC1 - TD
out, 2) the delay of the PC board trace - TDbrd and 3) the 
delay of the input path of ASIC2 - TDin. The setup and hold 
time parameters of the receiving flip flop Tsu and Th must 
also be considered. The total data path delay is, 

TO = TDout + TDbrd + TOin (E.1) 

When considering the setup time requirements of ASIC2, 

ASIC1 

ClkA 

SYSCK~ __________ -; 

the worst case path from ASIC1 to ASIC2 must be consid
ered. The minimum period at which data can be safely trans
ferred in the presence of clock skew without violating the 
setup requirements of the receiving flip flop is, 

MinPer = WCM(TD + Tsu) + Tskew (E.2) 

Note that typical delay values are used in these equations. 
These values are modified for best case and worst case by 
the multipliers BCM and WCM respectively. Additionally, the 
worst- case path assumes the edge direction, rising or falling 
that results in the longest delay. 

Figure E.2 illustrates the setup time requirement. The 
dashed lines on ClkB represent clock skew. 

When considering the hold- time requirements of ASIC2, 
the best-case path must be considered. The best-case path 
assumes the edge direction, rising or falling that results in the 
shortest delay. The equation relating the data path, hold time 
and Tskew is, 

BCM(TD) ~ Tskew + BCM(Th) (E.3) 

We now have two equations relating the data path. To find 
the minimum period, first consider the ideal case, then gener
alize it. Ideally, assume the data path delay TD is just long 
enough to prevent a hold-time violation, or the best-case dat
adelay is equal to the hold time plus the clock skew, 

ASIC2 

Figure E.1 Chlp-to-Chlp Data Transfers 

ClkA 

Data p_at_h_-JX TDout ~'---__ _ 

ClkB f l : 
I _ .. 

~ lIong ~ fTj TS~ WL 
Tskew~' 14--

Figure E.2 Clock Skew and Setup Time Requirements 
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BCM(TD) = Tskew + BCM(Th) (E.4) 

II true, we could solve this equation for TD and put that val
ue into the setup time equation; 

TO = (Tskew+BCM(Th»)lBCM (E.5) 

MinPer = WCM( ((Tskew+BCM(Th))/BCM) + Tsu) + 
Tskew (E.6) 

Notice that Tskew appears twice in this equation. Skew in 
the positive direction affects hold time and skew In the nega
tive direction affects the setup time. Generally, we don't 
know if the clock skew is in the positive or negative direction 
so we consider it twice. 

Rgure E.4 illustrates this equation. The minimum period 
is found by taking the best-case data path delay that is just 
long enough to prevent a hold-time violation in the presence 
of clock skew, BCM(TD), multiply that delay by the worst
case multiplier WCM(TD), and add to that the worst-case set
up time and the clock skew. 

ClkA L 
Data Path Current data ~ data 

CI~ ~.IJ~t L Tshort--+1 
~ Tskew 

Th 

Figure E.3 Clock Skew and Hold TIme Requirements 

Equation (E.5) can be reduced to become very close to 
our final equation, 

MinPer = WCM (TskewlBCM + Th + Tsu) + Tskew 

MinPer = WCM/BCM (Tskew) +WCM(Th + Tsu) + Ts.kew 

combining the Tskew terms, 

ClkA I· 

MinPer = Tskew (WCM/BCM+1) + WCM (Tsu+Th) (E.7) 

It is unrealistic to assume all data paths can be tuned to be 
just long enough to prevent a hold-time violation. We should 
therefore introduce some margin in the data path. Generally, 
this margin would be defined by the shortest chip-to-chip data 
path delay on one end of the spectrum and the longest chip
to-chip data path delay on the other end. This assumes, of 
course, that these paths are long enough or short enough to 
prevent hold time or setup time violations respectively. When 
designing shift registers from discrete components, it is com
mon to add delay to the data path to insure there is not a hold 
time violation In the presence of clock skew. lithe maximum 
frequency of a system is limited by the data path delay from 
chip-to-chip (see Equation (E.2)) it may be necessary to add 
delay to shorter data paths to prevent hold times. There 
should always be a 1-2 ns margin (typical delays) between 
the shortest data path and the longest data path to allow room 
for variation in delay as the paths are tuned to prevent viola
tions. If this margin TDm is added, a new equation and timing 
diagram result. From Equation (E.5) we add the margin TDm 
to the typical data delay TO, 

TD = ((Tskew+BCM(Th))/BCM) + TDm (E.8) 

The minimum period is, 

MinPer=WCM((((Tskew+BCM(Th))/BCM)+ TOm)+ Tsu) 
+Tskew . . 

MinPer = WCM( Tskew/BCM + Th + TDm + Tsu) + Tskew 

MinPer=WCMlBCM(Tskew)+WCM(Th+ TDm)+ Tsu) 
+Tskew 

MinPer=Tskew(WCM/BCM+1)+WCM(Tsu+ Th+ TDm) (E.9) 

Note that if the period of operation is larger than the mini
mum defined above, the data path margin TOm will be larger 
and there will be more room for data path tuning. 

Data Path Current data X New data delay ~ 
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Literature Distribution Centers: 
USA: Motorola Literature Distribution; P.O. Box 20912; Phoenix, Arizona 85036. 
EUROPE: Motorola Ltd.; European Literature Center; 88 Tanners Drive, Blakelands, Milton Keynes, MK14 5BP, Englalld . 
JAPAN: Nippon Motorola Ltd.; 4-32-1, Nishi-Gotanda, Shinagawa-ku, Tokyo 141 Japan. 
ASIA-PACIFIC: Motorola Semiconductors H.K. Ltd .; Silicon Harbour Center, No.2 Dai King Street, Tai Po Industrial Estate, 

Tai Po, N.T., Hong Kong. 
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