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Resistors 
For Area- and Performance-Optimized 
Standard Cells 

RES[5A, 10A,20A, 
5P, 1 OP,20PJ 

Functional Description 

Unlike most linear standard cells, these resistors are meant to be used in standard-cell rows rather 
than in the 1/0 buffer region. 

The normal process-induced variation is ±22%, not including temperature variation. The best way to 
do worst-case fast and slow ADVICE runs with resistors is to change the resistor-model parameter. 
The resistor model, RNTUB, is defined so that all resistors can be globally scaled with a single 
command: 

.MODEL RNTUB SCAL=3800 ("slow resistors," default value in aprolc.dat) 

or 

.MODEL RNTUB SCAL=2400 ("fast resistors," default value in aprohc.dat) 

The default value of SCAL is 3100 in the process file apronc.dat. Unfortunately, the process­
induced resistor variation does not correlate with the transistor speed. This means that while the use 
of aprolc.dat and .MODEL RNTUB SCAL=3800 will give the maximum delay, and aprohc.dat and 
.MODEL RNTUB SCAL=2400 will give the minimum delay, the other two combinations of transistor 
and resistor speeds may have to be investigated for paths where critical races are possible. 
Temperature variation is included in the RNTUB model. 

Netlist Order 
Inputs: A 
Outputs: Z 

Cell Information 

Cell Name Nominal Number Of 
Resistor Value Grids 

Area-Optimized 
RESSA 5KO 17 
RES10A 10KO 26 
RES20A 20KO 44 

Performance-Optimized 
RESSP 5KO 17 
RES10P 10KO 26 
RES20P 20KO 44 

SCHEMA SYMBOL AJW0rz 
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Functional Design System Introduction 
The FDS is a logic-synthesis system that automatically generates the netlist implementation in 
standard cells of several parameterizable functional primitives. For each primitive, a wide range of 
user-definable features is available. 
The following primitives are supported in FDS: 

•Adders 
• Arithmetic and logic units 
• Combinational blocks 
• Comparators 
•Counters 
•Decoders 
• Finite-state machines 
• Multiplexers 
• Parity generators 
·Registers 

The FDS also features a friendly interface for capturing the design parameters and the external view 
of desired primitives. In addition, schematics corresponding to the netlist of the primitive may be 
generated. The FDS consists of standard cells from either the performance- or area-optimized 
library. All of the FDS functional primitives' features are user-selectable, creating a large variety of 
possible configurations. For more information on how to generate these cells, consult the FDS 
manual. 

Specifically, the following functions are available: 

Capture symbol 

Simulation model 
Synthesize 
Draw schematic 

Prompts the user to define an external view and specify the applicable 
options of a funtional primitive 
Produces a simulation model for MOTIS3 
Implements the captured functional primitive 
Displays the internal schematic of the synthesized, standard-cell, 
functional primitive 

A functional primitive in the FDS may be added to a schematic diagram in SCHEMA, which may then 
be used to generate a connectivity list incorporating the primitive as part of an integrated circuit 
design. The connectivity list is available in two formats: the LSL format, which may be used for 
simulation in MOTIS3, and the ADVICE format, used as input to ADVICE program. Hard copies of 
the final schematics can be produced on an off-line plotter. 
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FDS Adder 

Functional Description and Features 
The FDS adder is a netlist that can be parameterized with many options. 

The ADDER has the following features: 

• Bus or non-bus pin notation 
• Optional carry-input 
• Optional carry-output 
• lnverted/noninverted inputs and outputs 
• Optional ripple carry 
• Optional carry-look-ahead 
• Optional mixture of ripple-carry and carry-look-ahead 
• Fully combinatorial 

ADDER can be customized with the parameter N, as shown in the following table: 

Limit 
Parameter Description 

Increment Min 

N Bits 

Terminal Descriptions 
Netlist Order 

1 

Option-dependent; consult the FDS manual. 

Functional Descriptions 
INPUTS: 

A[N-1 :OJ First input to add 

2 

B[N-1 :O] Second input to add 

Cl Optional carry-in 

OUTPUTS: 

Max 

128 

S[N-1 :O] Sum of A[N-1 :OJ and B[N-1 :OJ 
co Optional carry-out 

Characterization 

ADDER 

Because of the large number of possible configurations, no attempt was made to characterize the 
ADDER cell. It is advisable to run CRITIC after generating any FDS block to verify that the 
performance matches your requirements. 
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FDS Arithmetic and Logic Unit ALU 

Functional Description and Features 
The FDS arithmetic and logic unit allows the user to select one or more operations from a variety 
of supported arithmetic, boolean, and comparison operations. The size of an ALU may vary from 2 
to 128 bits. 

An ALU may contain two input ports (A and B), an input port for select lines (SEL), an output port 
(D), and a line (F) which contains the carry/borrow results of arithmetic operations and the results of 
comparison operations. Bus notation is available for the lines of ports A, B, and D. 

The ALU may be customized by selecting one or more of the following operations. The description of 
each operation includes its function and the input port(s) and output(s) used. 

Arithmetic operations: 

ADD 
ADDC 
SUB 
SUBC 
INCRA 
INC RAC 
DEC RA 
DEC RAC 
UMINUSB 
UMINUSBC 

Boolean operations: 

AND 
OR 
NANO 
NOR 
XOR 
XNOR 
NOTA 
NOTB 

D = A + B ; carry ignored 
D=A+B;F=carry 
D = A - B ; carry ignored 
D = A - B ; F = borrow 
D = A + 1 ; carry ignored 
D = A + 1 ; F = carry 
D = A - 1 ; borrow ignored 
D = A - 1 ; F = borrow 
D = -B = two's complement of B; borrow ignored 
D = -B =two's complement of B; F = borrow 

D =Aand B 
D = AorB 
D = not (A and B) 
D = not (A or B) 
D =A xor B 
D = not (A xor B) 
D =not (A) 
D =not (B) 

Comparison operations: 

• EQL F = 1 if A = B, else F = 0 
• NEQ F = 1 if A! = B, else F = 0 
• LT F = 1 if A < B, else F = 0 
• LE F = 1 if A <= B, else F = 0 
• GT F = 1 if A >B, else F = 0 
• GE F = 1 if A >= B, else F = 0 

Terminal Descriptions 
Netlist Order 

Dependent on the number of operations; consult the FDS manual. 
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FDS Arithmetic and Logic Unit 

Functional Descriptions 
INPUTS: 

A[N-1 :OJ Signals of the A input port 

B[N-1 :OJ Signals of the B input port 

SEL[S:O] Select lines; dependent on the operations selected 

OUTPUTS: 

D[N-1 :OJ Signals of the output port 

F Contains borrow/carry result for applicable arithmetic operations 
and the result of comparison operations 

Characterization 

ALU 

Because of the large number of possible configurations, no attempt was made to characterize the 
ALU cell. It is advisable to run CRITIC after generating any FDS block to verify that the performance 
matches your requirements. 
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FDS Combinational Block CMB 

Functional Description and Features 
The FDS combinational block allows the user to specify multiple output combinational circuits. The 
output functions are defined with either truth table or Boolean equation format. 

The CMB has the following features: 

• Various logic minimization techniques 
• Use of complements as candidates for synthesis 
• Optional user-specified input and output names 
• Optional user-specified, maximum Ian-in for gates (a value less than nine Ian-ins, the default) 

CMB can be customized with the parameters M and N as shown in the following table: 

Parameter Description 

M Input Pins 

N Output Pins 

Terminal Descriptions 
Netlist Order 

Limit 

Increment Min 

1 1 

1 1 

Option-dependent; consult the FDS manual. 

Functional Descriptions 
INPUTS: 

Max 

128-N 

128-M 

IN_NAME_ 1, IN_NAME_2, ......... IN_NAME_M 
User-defined, no default name 

OUTPUTS: 

OUT_NAME_1, OUT_NAME_2, ......... OUT_NAME_N 
User-defined, no default name 

Characterization 
Because of the large number of possible configurations, no attempt was made to characterize the 
CMB cell. It is advisable to run CRITIC after generating any FDS block to verify that the 
performance matches your requirements. 
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FDS Comparator COMP 

Functional Description and Features 
The FDS comparator compares two binary or decimal numbers for logical conditions selected by the 
user. Logical conditions include magnitude (greater-than/less-than), equality (inequality), and 
combinations of magnitude and equality. 

The COMP has the following features: 

• Optional decimal or binary comparator structure 
• BCD, EXCESS-3, or EXCESS-3-GRAY codes are available for the decimal decoder 
• Bus or non-bus pin notation 
• One or more comparison criteria can be chosen 
• Optional active-low or active-high output signals 
• Optional inverted inputs 

COMP can be customized with the parameter N, as shown in the following table: 

LlmH 
Parameter Description 

Increment Min 

N Binary Bits 1 

N Decimal Bits 4 

Terminal Descriptions 
Netlist Order 
Option-dependent; consult the FDS manual. 

Functional Descriptions 
INPUTS: 

A[N-1 :OJ 
B[N-1:0) 

OUTPUTS: 

LT 
EQ 
GT 
LE 
GE 
NE 

Characterization 

Operand A 

Operand B 

A<B 
A=B 
A>B 
A<=B 
A>=B 
A!=B 

2 

4 

Max 

256 

256 

Because of the large number of possible configurations, no attempt was made to characterize the 
COMP cell. It is advisable to run CRITIC after generating any FDS block to verify that the 
performance matches your requirements. 
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FDS Counter COUNTER 

Functional Description and Features 
The FDS counter is a binary up-or-down counter. The size of counter may vary from 2 to 128 bits. 
Counters with more than 16 bits use ripple carry. 

The COUNTER has the following features: 

• Optional parallel load 
• Bus or non-bus pin notation 
• Optional bits tapped as Q (QN) outputs 
• Optional up, down, or up-down counting scheme 
• Optional decode-binary counter 
• Optional fast or ripple-carry scheme 
• Optional PRESET, PRECLEAR, or INITIALIZATION control signal 
• Optional asynchronous or synchronous control timing 
• Optional inhibit signal 
• Optional dynamic or static clocking scheme 
• Optional rising or falling edge-triggered static clock 

COUNTER can be customized with the parameter N, as shown in the following table: 

Optional Condition Parameter 
Limit 

Description 
Increment Min Max 

Ripple carry N Bits 1 2 128 

Fast carry N Bits 1 2 16 

tnltlal Signal N Bits 1 2 30 

Decade Counter N Bits 4 4 -
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FDS Counter 

Terminal Descriptions 
Netlist Order 
Option-dependent; consult the FDS manual. 

Functional Descriptions 
INPUTS: 

Pl[N-1:0) 
CTLD 
CUCD 
Cl 
INH 
PS 
PC 

Parallel-loaded input signals 
Count/load control 
Counter up/down control 
Carry-In 
Control input clock inhibit signal 
Preset sets each bit in the counter to 1 
Preclear sets each bit in the counter to O 

COUNTER 

INIT 
CK 

Initialization sets the counter to a bit pattern specified by the user 
Static clocking is triggered by the rising edge or the falling edge of 
the clock 

MCK,SCK,MCKN,SCKN 

OUTPUTS: 

Q[N-1:0) 
QN[N-1:0] 
co 

Four clocks for dynamic clocking 

Output signals of the counter 
Complementary output signals of the counter 
Carry-out 

Characterization 
Because of the large number of possible configurations, no attempt was made to characterize the 
COUNTER cell. It is advisable to run CRITIC after generating any FDS block to verify that the 
performance matches your requirements. 
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FDS Decoder DECODER 

Functional Description and Features 
The FDS decoder is a select-line to output-line decoder. Select lines (inputs) jointly represent a 
binary or decimal-encoded number. 

The DECODER has the following features: 

• Optional decimal and binary decoder structure 
• BCD, EXCESS-3 or EXCESS-3-GRAY codes are available for decimal decoders 
• Bus or non-bus pin notation 
• User-specified number of select and output lines, using guidelines given be!<>w 
• Optional inverted select lines 
• Optional active-low or active-high output signal 
• Optional enable signal 

DECODER can be customized with the parameters M and N as shown in the following table: 

Limit 
Decoder Parameter Description 

Increment Min Max 

M Select Lines 1 1 10 

Binary 

N Output Lines 1 2M-1+1 2M 

Limit 
Decoder Output Lines Select Lines 

Increment Min Max 

N M=4 1 2 10 

Decimal* 
N M=8 1 11 100 

*For decimal decoder, the select lines must equal 4 or 8; the number of output lines for 
each configuration is specified above. 
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FDS Decoder 

Terminal Descriptions 
Netlist Order 

Option-dependent; consult the FDS manual. 

Functional Descriptions 

INPUTS: 

S[M-1:0] 
EN 

OUTPUTS: 

Select lines 
Enable signal 

DECODER 

Y[N-1 :O] It sets the output line that has the same numeric value as the 
encoded number to its active voltage level. 

Characterization 
Because of the large number of possible configurations, no attempt was made to characterize the 
DECODER cell. It is advisable to run CRITIC after generating any FDS block to verify that the 
performance matches your requirements. 
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FDS Finite-State Machine FSM 

Functional Description and Features 
The FDS finite-state machine synthesizer models circuit behavior in terms of a number of states, 
state transitions, and output functions. The FSM synthesizer produces implementation in standard 
cells, and input files for MOTIS3 functional simulation. 

The FSM has the following features: 

• Support of vector format for inputs and outputs 
• User-specified inputs and outputs 
• Specification of state transitions and output functions via state-transition diagram 
• User-specified INITIALIZATION signal 
• Optional asynchronous or synchronous control scheme 
• Optional dynamic or static clocking scheme 
• Optional rising edge or falling edge of static clock 
• Create a simulation model for input to MOTIS3 
• State-based simulation 

FSM has the following constrain: 

Inputs+ outputs+ present-state signals+ next-state signals~ 128 

Terminal Descriptions 
Netlist Order 
Option-dependent; consult the FDS manual. 

Functional Descriptions 
INPUTS: 

User-defined 
CK Static clocking is triggered by the rising edge or the falling edge of 

the clock 
MCK,SCK,MCKN,SCKN 

Four clocks for dynamic clocking 
INIT Initialization! signal 

OUTPUTS: 

User-defined 

Characterization 
Because of the large number of possible configurations, no attempt was made to characterize the 
FSM. It is advisable to run CRITIC after generating any FDS block to verify that the performance 
matches your requirements. 
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FDS Multiplexer 

Functional Description and Features 
The FDS multiplexer is a multi-word-to-one-word or multi-line-to-one-line multiplexer. 

The MUX has the following features: 

• Bus or non-bus pin notation 
• Optional encoded select lines 
• User-specified number of words and number of bits per word 
• Optional inverted select lines 
• Optional enable signal 
• Optional forced outputs to high, low, or 3-state when enable signal is inactive 
• Optional complementary outputs 
• Optional use of large cells (e.g. AOl3333) 

MUX(N,M) can be customized with the parameters K, M, and N as shown in the following table: 

Limit 
Parameter Description 

Increment Min Max 

N Words 1 2 M*N ~ 512 

M Bits/word 1 2 16 

Parameter Description Value 

K Select lines (nonencoded) N 

K Select lines (encoded) log2N 

MUX 
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FDS Multiplexer 

Terminal Descriptions 
Netlist Order 

Option-dependent; consult the FDS manual. 

Functional Descriptions 
INPUTS: 

D[N-1 :0, M-1 :O] 
S[K-1 :O] 
EN 

OUTPUTS: 

Y[N-1 :O] 
YN(N-1 :O] 

Characterization 

The root name for the input signals 
Select lines 
Optional enable line 

Normal output 
Complementary output 

MUX 

Because of the large number of possible configurations, no attempt was made to characterize the 
MUX cell. It is advisable to run CRITIC after generating any FDS block to verify that the 
performance matches your requirements. 
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FDS Parity Generator PAR 

Functional Description and Features 
The FDS parity generator can generate odd, even, or odd and even parity via the implementation of 
a tree of XOR cells. 

PAR has the following features: 

• Bus or non-bus pin notation 
• User-specified number of bits 
• Optional inverted inputs 
• Optional parity generated of ODD, EVEN, or BOTH 
• Optional active-low or active-high output signals 

PAR can be customized with the parameter N as shown in the following table: 

Limit 
Parameter Description 

N Bits 

Terminal Descriptions 
Netlist Order 

Increment 

1 

Option-dependent; consult the FDS manual. 

Functional Descriptions 
INPUTS: 

D[N-1 :O] 

OUTPUTS: 

N bits inputs 

Min 

2 

Max 

512 

ODD When ODD or BOTH parity is selected 
EVEN When EVEN or BOTH parity is selected 

Characterization 
Because of the large number of possible configurations, no attempt was made to characterize the 
PAR cell. It is advisable to run CRITIC after generating any FDS block to verify that the performance 
matches your requirements. 

10-14 FDS Synthesized Macrocells 



FDS Universal Register UN REG 

Functional Description and Features 
The FDS universal register can be an ordinary latch (parallel-in, parallel-out) or a shift (serial-in, 
parallel-out) register. It also accommodates combined parallel and serial input to parallel output. 

The UNREG has the following features: 

• Shift can be right-to-left, left-to-right, or bidirectional 
• Optional parallel, serial or both of data input mode 
• Bus or non-bus pin notation 
• Optional bits tapped as 0 (ON) outputs, also allow the user to enter the specified bit­

pattern for tapping O (ON) output signals 
• PRESET, PRECLEAR, and INITIALIZATION are available with asynchronous or 

synchronous control 
• Optional inhibit signal INH 
• Optional dynamic or static clocking scheme 
• Optional rising or falling edge of static clock 

UNREG can be customized with the parameter N as shown in the following table: 

Limit 
Condttlon Parameter Description 

Increment Min Max 

Normal N Bits 1 2 128 

With 

Initialization Signa 
N Bits 1 2 30 
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FDS Universal Register 

Terminal Descriptions 
Netlist Order 
Option-dependent; consult the FDS manual. 

Functional Descriptions 
INPUTS: 

Pl[N-1 :OJ 
LE 
RE 
AL 
SHLD 
INH 
PS 
PC 
INIT 

The root name of input signal 
Left entry (right shift) 
Right entry (left shift) 
Bidirectional shift 
Shift/Load 
Inhibit signal 
Preset 
Preclear 
Initialization signal 

UN REG 

CK Static clocking is triggered by the rising edge or the falling edge of 
the clock 

MCK,SCK,MCKN,SCKN 

OUTPUTS: 

O[N-1:0] 
QN[N-1 :OJ 

Characterization 

Four clocks for dynamic clocking 

Normal outputs 
Complementary outputs 

Because of the large number of possible configurations, no attempt was made to characterize the 
UNREG cell. It is advisable to run CRITIC after generating any FDS block to verify that the 
performance matches your requirements. 
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Introduction MSl/LSI Functions 

This section describes a variety of digital functions that are available in the 0.9µm CMOS Library. 
Many of the functions are provided as standard-cell netlists and can either be used 'as-is' or can be 
modified to suit your particular needs. Using one of these netlists as a starting point could save you 
some time compared to starting from scratch. 

The CM-series of cells in this section is very similar to some 74XX-series functions. For example, the 
CM42 is functionally equivalent to the 7442 4-Line-to-10-Line, BCD-to-Decimal Decoder. 

The functionality for these cells is described either in detailed schematics (for simple functions) or in 
the block diagrams (for more complex functions). 

Timing characteristics provided in this section are obtained with AT& T's static timing analyzer, 
CRITIC. They are estimated with an average routing capacitance of 0.10 pF per fanout. The more 
accurate circuit simulator, GSIM, should be used to verify the proper timing for your final designs. 

For more detailed information regarding the use of these functions, please contact your AT&T 
representative. 
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2-Bit Arithmetic Logic Unit ALU2 
146 grids, 214 transistors 

Functional Description and Features 
The ALU2 performs arithmetic and logic operations on two 2-bit words. These operations are select­
ed by four function-select lines (SO, S1, S2, S3). The operation mode is controlled by the LAN input. 
It is implemented with standard-cells. 

• Arithmetic operating modes: 

-Addition 

- Subtraction 

- Other arithmetic operations 

• Logic function modes: 

- Exclusive-OR 

- Comparator 

-AND, NANO, OR, NOR 

- Other logic operations 

Terminal Descriptions 

Netlist Order 

INPUTS: AO, A1, BO, 81, SO, S1, S2, S3, CNO, LAN 

OUTPUTS: FO,F1,XN,YN,CNP2,AEB 

Functional Descriptions 

Inputs: 
A[0:1] 
8[0:1] 
S[0:3] 
CNO 
LAN 

Outputs: 

11-2 

F[0:1] 
XN 
YN 
CNP2 
AEB 

Word A inputs 
Word B inputs 
Function-select inputs 
Inverted carry input 
Mode control input 

Function outputs 
Carry PROPAGATE output 
Carry GENERATE output 
Inverted carry output 
Comparator output 
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2-Bit Arithmetic Logic Unit 

Detailed Schematic 

S3 

S2 

51 

so 

BN1 BN1 

INRB 

01 

A1 
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NO 
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2-Bit Arithmetic Logic Unit ALU2 

Characteristics 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processing 

From To Area Performance 

Input Output 
Intrinsic Extrinsic Intrinsic Extrinsic 

ln~ insfQ_FJ_ _in~ insfQ_FJ_ 

A[0:1 ],B[0:1 ],S[0:3) AEBi 8.86 3.24 4.11 0.77 
A[0:1 ),B[0:1 ],S[0:3] AEBt 8.23 2.31 3.83 0.58 
A[0:1 ],B[0:1 ],S[0:3] CNP2i 7.94 0.86 3.71 0.21 
A[0:1 ],B[0:1 ],S[0:3] CNP2t 8.57 0.86 4.17 0.21 

A[0:1 ],B[0:1 ],S[0:3] F[0:1)i 7.43 8.98 3.49 2.01 
A[0:1 ),B[0:1 ],S[0:3) F[0:1)t 7.31 12.68 3.43 2.71 

A[0:1 ),B[0:1 ],S[0:3) XNi 5.71 0.86 2.74 0.21 
A[0:1 ],B[0:1 ),S[0:3) XNt 5.60 0.86 2.69 0.21 
A[0:1 ),B[O :1 ],S[0:3) YNi 7.09 0.86 3.37 0.21 
A[0:1 ],B[O :1 ],S[0:3] YNt 6.80 0.86 3.14 0.21 

CNO AEBi 4.11 3.24 1.94 0.70 
CNO AEBt 3.54 2.31 1.83 0.58 
CNO CNP2i 2.46 0.86 1.37 0.21 
CNO CNP2t 2.40 0.86 1.20 0.21 

CNO F[0:1)i 2.69 8.98 1.31 2.01 
CNO F[0:1)t 2.63 12.68 1.43 2.71 

LAN AEBi 4.34 3.24 2.06 0.70 
LAN AEBt 3.77 2.31 1.83 0.58 
LAN F[0:1)i 2.91 8.98 1.43 2.01 
LAN F[0:1)t 2.86 12.68 1.43 2.71 

m 
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2-Bit Arithmetic Logic Unit ALU2 

Functional Modes 

SELECTION 
ACTIVE HIGH DATA 

LAN=H LAN=L ARITHMETIC OPERATIONS 

S3 S2 S1 so LOGIC CNO=H CNO=L 
FUNCTIONS (no carry) (with carry) 

-
L L L L F=A F=A F =A plus 1 

-
L L L H F=A+B F=A+B F = (A+B) plus 1 

- - -
L L H L F=AB F=A+B F = (A+B) plus 1 

L L H H F =zero F = minus 1 ( 2's Comp I) F =zero 
- - -

L H L L F=AB F =A plus AB F =A plus AB plus 1 
- - -

L H L H F=B F = (A+B) plus AB F = (A+B) plus AB plus 1 

L H H L F = AEBB F = A minus B minus 1 F =A minus B 
- - -

L H H H F=AB F =AB minus 1 F=AB 
-

H L L L F=A+B F =A plus AB F =A plus AB plus 1 
--

H L L H F = AEBB F =A plus B F = A plus B plus 1 
- -

H L H L F=B F = (A+B) plus AB F = (A+B) plus AB plus 1 

H L H H F=AB F =AB minus 1 F=AB 

H H L L F=1 F =A plus A* F =A plus A plus 1 
-

H H L H F=A+B F = (A+B) plus A F = (A+B) plus A plus 1 
- -

H H H L F=A+B F + (A+B)plus A F = (A+B) plus A plus 1 

H H H H F=A F =A minus 1 F=A 

•Means LEFT SHIFT operation on A. 

m 
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4-Bit Arithmetic Logic Unit ALU4 
316 grids, 462 transistors 

Functional Description and Features 

The ALU4 is functionally equivalent to the 74181 Arithmetic Logic Unit/Functional Generator within 
the standard 74XX Series logic families of devices. The ALU4 performs arithmetic and logic 
operations on two 4-bit words. These operations are selected by four function-select lines (SO, S1, 
S2, S3). The operation mode is controlled by the LAN input. It is implemented with standard-cells. 

• Arithmetic operating modes: 

-Addition 

- Subtraction 

- Other arithmetic operations 

• Logic function modes: 

- Exclusive-OR 

- Comparator 

-AND, NANO, OR, NOR 

- Other logic operations 

Terminal Descriptions 

Netlist Order 

INPUTS: AO, A1, A2, A3, 80, 81, 82, 83, SO, S1, S2, S3, CNO, LAN 

OUTPUTS: FO, F1, F2, F3, XN, YN, CNP4, AE8 

Functional Descriptions 

Inputs: 

A[0:3] 
8[0:3] 
S[0:3] 
CNO 
LAN 

Outputs: 

11-6 

F[0:3] 
XN 
YN 
CNP4 
AE8 

Word A inputs 
Word 8 inputs 
Function-select inputs 
Inverted carry input 
Mode control input 

Function outputs 
Carry PROPAGATE output 
Carry GENERATE output 
Inverted carry output 
Comparator output 
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4-Bit Arithmetic Logic Unit ALU4 

Detailed Schematic 

S3 

BF01A 
S2 BF1A 

BF1A INRB 

81 INRBS 

so 
BFOOA BFOOA BFOA BFOA 

INRB INRBS 

BN1 BN1 

INRB 

01 
BF01 BF1 BF01 BF1 

INRB INRBS 

A1 

BO 
BFOO BFO BFOO BFO 

INRB INRBS 

AO 

S3 

S2 BF3A 
BF3A 

81 INRBS 

so 

BF2A 

INRBS 

BN3 BN3 

INRB 

B3 BF3 

A3 

ID AOl221 

BN2BN2 

INRB 

BF02 
BF02 

BF2 
BF2 82 

INRB INRBS 

A2 

AOl221 
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4-Bit Arithmetic Logic Unit ALU4 

Detailed Schematic (continued) 

MN 
A ND220 1 •• ~ CNO z 
' XOR 

ND2 ND440 
ND221 

id~ BF2 A z ND221 
ND330 z N0440 

l • 
ND2 N0330 J: z 

ND4 
ND222 

N0220 XOR"xOR2 

A ND222 ND3 
BF2A z 

' ND441 
ND2 

N0331 

~; 
N0441 

~ J~ 
z 

BFOA z 

I ND4 
ND2 ND3 

LAN MN ,.--;0~BRo 
A ]~ Zt UC_ 

BF1 INRBS 
XOR 

ND332 ND443 
BF1A 

E--:3~ z ND332 §l z ND443 

BFO ND3 N04S 

~~ 
~0"i<oR1 

A 
BF3A ND333 B Zt UC_ A2 

ND2 I~ '-El~ z ND333 XOR 

BF3 
N0226 1......-f- et 

~ '---- 82 xo~OR3 ND3 
~ 0225 AOl32 JQ_ '.~~ 
~ B Zt -

XOR 
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4-Bit Arithmetic Logic Unit ALU4 

Characteristics 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processing 

From To Area Performance 

Input Output 
Intrinsic Extrinsic Intrinsic Extrinsic 
J_n~ J!ls!QE}_ J_naj_ J!ls!QE}_ 

A[0:3],8[0:3].S[0:3] AEBi 12.74 3.24 6.00 0.70 
A[0:3].8[0:3],S[0:3] AEBJ.. 11.66 2.31 5.37 0.58 
A[0:3],8[0:3],S[0:3] CNP4i 8.80 3.24 4.00 0.66 
A[0:3].B[O :3].S[0:3] CNP4J.. 10.69 4.10 4.91 1.07 

A[0:3].B[O :3].S[0:3] F[0:3]i 10.57 8.98 4.97 2.01 
A[0:3),8[0:3],S[0:3) F[0:3)J.. 10.69 12.68 4.91 2.71 

A[0:3].B[O :3].S[0:3) XNi 6.74 0.86 3.26 0.21 
A[0:3),B[0:3],S[0:3] XN.J.. 7.54 0.86 3.60 0.21 
A[0:3],8[0:3],S[0:3) YNi 10.51 0.86 4.80 0.21 
A[0:3],B[O :3].S[0:3] YN.J.. 8.69 0.86 3.94 0.21 

CNO AEBi 7.60 3.24 3.54 0.70 
CNO AEBJ.. 6.51 2.31 2.91 0.58 
CNO CNP4i 2.80 3.24 1.20 0.66 
CNO CNP4J.. 2.11 4.10 0.86 1.07 

CNO F[0:3]i 5.43 8.98 2.51 2.01 
CNO F[0:3].J.. 5.54 12.68 2.46 2.71 

LAN AEBi 8.46 3.24 3.94 0.70 
LAN AEBJ.. 7.37 2.31 3.31 0.58 
LAN F[0:3]i 6.29 8.98 2.91 2.01 
LAN F[0:3].J.. 6.40 12.68 2.86 2.71 

m 
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4-Bit Arithmetic Logic Unit ALU4 

Functional Modes 

SELECTION 
ACTIVE HIGH DATA 

LAN=H LAN=L ARITHMETIC OPERATIONS 

S3 S2 S1 so LOGIC CNO=H CNO=L 
FUNCTIONS (no carry) (with carry) 

-
L L L L F=A F=A F =A plus 1 

-
L L L H F=A+B F=A+B F = (A+B) plus 1 

- - -
L L H L F=AB F=A+B F = (A+B) plus 1 

L L H H F =zero F = minus 1( 2's Compl) F =zero 
- - -

L H L L F=AB F =A plus AB F =A plus AB plus 1 
- - -

L H L H F=B F = (A+B) plus AB F = (A+B) plus AB plus 1 

L H H L F=M:lB F = A minus B minus 1 F =A minus B 
- - -

L H H H F=AB F =AB minus 1 F=AB 
-

H L L L F=A+B F =A plus AB F =A plus AB plus 1 
--

H L L H F=AEf>B F =A plus B F = A plus B plus 1 
- -

H L H L F=B F = (A+B) plus AB F = (A+B) plus AB plus 1 

H L H H F=AB F =AB minus 1 F=AB 

H H L L F=1 F =A plus A* F = A plus A plus 1 
-

H H L H F=A+B F = (A+B) plus A F = (A+B) plus A plus 1 
- -

H H H L F=A+B F + (A+B)plus A F = (A+B) plus A plus 1 

H H H H F=A F =A minus 1 F=A 

• Means LEFT SHIFT operation on A. 

ID 
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UART ARTI 
7736 grids, 11268 transistors 

Functional Description and Features 
The ARTI is an asynchronous receiver/transmitter interface. The device is used as a single-channel, 
half-duplex or full-duplex interface with data communication equipment (DCE) and data terminal 
equipment (DTE). The ARTI is compatible with the bus protocol and timing specifications of the Intel 
8051 Microcontroller and the Intel 8088 Microprocessor and can be used in a polled or interrupt­
driven system. 

To reduce the interrupt overhead and potential for overruns, the transmitter has four data buffers 
and the receiver has six. 

This netlist is a circuit that can also be obtained as a stand-alone IC. Two package styles are available; 
a 24-pin, plastic DIP and a 28-pin SOJ. Contact your AT&T Representative for more information. 

• Programmable data format: 

- Seven data bits plus parity 

- Odd, even, no parity 

- One or two stop bits 

• Six receive and four transmit data buffers 

• Receive break detection and transmit break generation. 

• Intel 8088 and 8051 Microprocessor interface without wait-states. 

• Clear-to-send/request-to-send selectable signals for DTE or DCE modes and EIA flow 
control. 

• Programmable interrupt system: 

- Fill-level interrupt of receive FIFOs (first-in, first-out). 

- Receive break detection and error-interrupt. 

- Empty level of transmit FIFO. 

• Transmit/receive FIFO status bits indicate FIFO levels. 

• Flexible polling capabilities. 

• On-chip, programmable baud rate generator. 

• Speed-matching (autobaud) capability. 

Terminal Descriptions 

Netlist Order 

INPUTS: ADIO, ADl1, ADl2, ADl3, ADl4, ADl5, ADl6, ADl7, RON, WRN, ALE, CSN, 
HWRESET, CLK1, SERDATIN, RTS, DTR 

OUTPUTS: DFCO, DFC1, DFC2, DFC3, DFC4, DFC5, DFC6, DFC7, SERDAT, CTS, DSR, 
RXI, TXI 

MSl/LSI Functions 11-11 
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UART 

Functional Descriptions 

Inputs: 

RON 
WAN 
ALE 
CSN 
HWRESET 
CLK1 
SERDATIN 
ATS 
OTA 

Outputs: 

SERDAT 
CTS 
DSR 
RXI 
TXI 
REGREAD(N) 

Bldlrectlonals: 

ADl[0:7],DFC[0:7] 

Block Diagram 

Read enable (microprocessor interface) 
Write enable (microprocessor interface) 
Address latch enable (microprocessor interface) 
Chip select (microprocessor interface) 
Power-up reset 
Clock 
Serial receive data 
Request to send 
Data terminal ready 

Serial transmit data 
Clear to send 
Data set ready 
Receive interrupt 
Transmit interrupt 
3-state control signals for user-supplied, bidirectional buffers 

Address and data bus (microprocessor interface) 

ARTI 

RECEIVE FIFO 
6 BYTES RON 

WRN 

RECEIVE CONTROL 
uP 

SERDA TIN SHIFT INTERFACE ALE 
REGISTERS REGISTER CSN 

RTS MODEM STATUS ~-----~~~~~:~J~~~[~~~J CTS CONTROL REGISTERS 

• USER-SUPPLIED, : 

RXI INTERRUPT INTERNAL 
! BIDIRECTIONAL :...._ 
• BUFFERS TO : 

TXI CONTROL DATA BUS ! MICROPROCESSOR : .... -------.. --------.. ----" 

TRANSMIT BAUD RATE 
SERDAT SHIFT GENERATOR CLK1 REGISTER 

TRANSMIT FIF 
4 BYTES 
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UART ARTI 

Characteristics 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processil'lg_ 

From To Area Performance 

Input Output 
Intrinsic Extrinsic Intrinsic Extrinsic 
J.n~ J.nsmfl lnaj_ J.nsl..Pfl 

ALE DFC[0:7)t 19.43 3.24 9.43 0.66 
ALE DFC[0:7]J.. 11.49 4.10 6.46 1.07 

CLK1 DFC[0:7]t 35.37 3.24 15.54 0.66 
CLK1 DFC[0:7]J.. 31.77 4.10 14.46 1.07 

CSN DFC[0:7)t 31.94 3.24 15.60 0.66 
CSN DFC[0:7]J.. 31.77 4.10 15.26 1.07 

RON DFC[0:7]t 31.94 3.24 15.60 0.66 
RON DFC[0:7]J.. 31.77 4.10 15.26 1.07 

TIMING REQUIREMENTS 
VDD=5.0V, T =25°C, Nominal Processi~ 

Area Perf. 
Description value value 

J.n~ ln~ 

Minimum ADl[0:7) Setup before ALE 1.31 0.80 
Minimum ADl[0:7) Setup before CSN 1.31 0.80 
Minimum CLK1 Setup before CSN 7.14 2.63 

ID 
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UART 

Application Notes 

RS-232C 

EIA CONN. 
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CONTROL BUS 

ARTI 

SERDATIN 

SERDAT 

ATS 

CTS 

RXI 

EIA 

DRIVERS/RECEIVERS 

ARTI 

µP 

RON, WAN & ALE 

CRT 

DISPLAY 

& 

CONTROL 

KEYBOARD 
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Bit-Slice Microprocessor BL29C01 
2593 grids, 3230 transistors 

Functional Description and Features 
The 8L29C01 is the functional equivalent of AMD's 2901 four-bit microprocessor slice. AMO 
describes the 2901 as follows: ''The 2901 is a high-speed, cascadable ALU intended for use in CPUs, 
peripheral controllers, and programmable microprocessors. The microinstruction flexibility of the 
2901 permits efficient emulation of almost any digital computing machine." 

The device, as shown in the block diagram, consists of a 16-word by 4-bit-per-word dual-port RAM, 
an eight function ALU, and associated shifting, decoding, and multiplexing circuitry. The 9-bit 
microinstruction word is organized into three groups of three bits each that select the ALU source 
operands, the ALU function, and the ALU destination register. The 2901 is cascadable with full look­
ahead or with ripple carry, has 3-state outputs, and provides various status flag outputs from the 
ALU. 

Terminal Descriptions 

Netlist Order 

INPUTS: 18, 17, 16, 15, 14, 13, 12, 11, 10, A3, A2, A 1, AO, 83, 82, 81, BO, 03, 02, 01, DO, 
RAMOI, RAM31, 001, 031, CN, CP, OEN 

OUTPUTS:Y3,Y2,Y1,YO,GN,PN,OVR,FEQO,F3,CN4,RAMOO,RAM30,QOO,Q30 

Functional Descriptions 

Inputs: 

1(8:0] 

A[3:0] 

8[3:0] 

0(3:0] 

CN 
CP 
OEN 

Outputs: 

Y[3:0] 

GN 
PN 
OVA 

FEQO 
F3 
CN4 

MSl/LSI Functions 

The nine instruction control lines. Used to determine what data 
sources will be applied to the ALU (1(0:2]), what function the ALU will 
perform (1(3:5]), and what data is to be deposited in the a-register or 
the register stack (1(6:8]). 
The four address inputs to the register stack used to select one regis­
ter whose contents are displayed through the A port. 
The four address inputs to the register stack used to select one regis­
ter whose contents are displayed through the 8 port and into which 
new data can be written when the clock goes low. 
Direct data inputs. A four-bit data field which may be selected as one 
of the ALU data sources for entering data into the device. 
The carry-in to the internal ALU. 
The clock input. 
Output enable, active-low. 

The four data outputs. When enabled, they display either the four out­
puts of the ALU or the data on the A-port of the register stack. 
The carry-generate output of the internal ALU. 
The carry-propagate output of the internal ALU. 
Overflow. This pin is logically the Exclusive-OR of the carry-in and 
carry-out of the MSB of the ALU. 
Indicates the result of an ALU operation is zero. 
The most significant ALU bit. 
The carry-out of the internal ALU. 

11-15 
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Bit-Slice Microprocessor 

Functional Descriptions (continued) 

Bldlrectlonals: 
RAMO 
RAM3 
QO 
03 

Block Diagram 

A shift line at the LSB of the register stack. 
A shift line at the MSB of the register stack. 
A shift line at the LSB of the Q register. 
A shift line at the MSB of the Q register. 

RAM SHIFT 
._ _ __.,. RAMO RAM3 ~--

'A'(READ) 

ADDRESS 

'B'(READ/WRITE) 

ADDRESS 
B 

'B' DATA IN 

RAM 
16 ADDRESSABLE 

I 

'A' DATA 'B' DATA LOGIC CP F Q 

Q REGISTER 

a 

DIRECT A B 0 

DATA IN 
D ALU DATA SOURCE a 

GN 
PN 

CARRY IN CN CN4 

8-FUNCTION ALU 
F3(SIGN) 
OVR 
FEOO 

OUTPUT A F 
ENABLE OEN OUTPUT DATA SELECTOR 

y 

DATA OUT 

BL29C01 
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Bit-Slice Microprocessor BL29C01 

Characteristics 

AREA-OPTIMIZED SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Process~ 

Intrinsic Delay To Output (ns) 
From lf!Q..ut 'a_O::rr F3 CN4 GNPN FEQO OVA AAMJ9:U,O qr_o :rro 

CN 25.14 21.37 7.54 - 23.37 12.69 23.60 -
CPt 42.74 38.97 26.29 26.00 40.97 30.29 41.20 1.66 
D[0:3) 38.29 34.51 21.94 21.66 36.51 25.83 36.74 -
1(0:2) 43.94 40.17 27.60 27.31 42.17 31.49 42.40 -
1(3:5) 45.20 41.43 27.31 28.57 43.43 32.74 43.66 -
l6:1H_ 10.57 - - - - - 10.46 10.46 

Extrinsic 
3.24 7.86 7.86 7.86 12.88 7.86 3.24 3.24 

(ns/QFJ 

PERFORMANCE-OPTIMIZED SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processing 

Intrinsic Delay To Output (ns) 
From lnout 'a_O::rr F3 CN4 GNPN FEQO OVA AAMJ_O:U,O qr_o :rro 

CN 10.34 8.69 2.86 - 9.83 5.20 9.71 -
CPt 19.20 17.54 12.34 12.29 18.69 14.06 18.57 1.66 
D[0:3] 15.89 14.23 8.91 8.86 15.37 10.74 15.26 -
1(0:2) 17.94 16.29 10.97 10.91 17.43 12.80 17.31 -
1(3:5) 18.23 16.57 11.49 11.20 17.71 13.09 17.60 -
l6:fil 4.11 - - - - - 3.54 3.54 

Extrinsic 
0.70 2.10 2.10 2.10 2.75 2.10 0.70 0.70 

(ns/pF) 

TIMING REQUIREMENTS 
VDD=5.0V, T =25°C, Nominal Processing 

Area Perf. 
Description value value 

ln~ _in~ 

Minimum A[0:3),8[0:3) Setup before CP 21.43 9.43 
Minimum CN Setup before CPt 27.03 11.26 
Minimum D[0:3) Setup before CPt 40.17 16.80 Ill 
Minimum 1[0:2) Setup before CPt 45.83 18.86 
Minimum 1(3:5] Setup before CPt 47.09 19.14 
Minimum 1(6:8) Setup before CP.!. 13.03 5.26 

Minimum Q[0,3)1 Setup before CPt 3.66 1.94 
Minimum AAM[0,3)1 Setup before CPt 4.40 1.89 
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Microprogram Sequencer BL29C09 
733 grids, 1016 transistors 

Functional Description and Features 

The BL29C09 is the functional equivalent of AMD's 2909 microprogram sequencer. The 2909 is a 4-
bit-wide address controller intended for sequencing through a series of microinstructions contained 
in a ROM. Two or more 2909's can be connected to form eight-bit or larger addresses. 

The device can be used to select an address from any of four sources. They are: 

• A set of external inputs(D) 

• External data from the R inputs, stored in an internal register 

• A four-word-deep push/pop stack 

• A program counter register which usually contains the last address plus one. 

The push/pop stack includes control lines that enable it to efficiently execute nested subroutine link­
ages. Each of the four outputs can be OR'ed with an external input for conditional skip or branch in­
structions, and a separate line forces all of the outputs to 0. The outputs are 3-statable. 

Terminal Descriptions 

Netlist Order 

INPUTS: CK, RO, R1, R2, R3, REB, DO, D1, D2, D3, SO, 81, ORO, OR1, OR2, OR3, ZER­
OB, OEB, CN, FEB, PUP 

OUTPUTS: YO, Y1, Y2, Y3, CN4 

Functional Descriptions 

Inputs: 

CK 
R(0:3) 
REB 
D[0:3] 
S[0:1] 
OR[0:3) 
ZEROB 
OEB 
CN 
FEB 
PUP 

Outputs: 

11-18 

Y[0:3) 
CN4 

Clock 
Inputs to the internal address register 
Enable line for internal address register, active-low 
Direct inputs to the multiplexer 
Control lines for address source selection 
Logic OR inputs on each address output line 
Logic AND input on the output lines, active-low 
Output enable, active-low 
Carry-in to the incrementer 
Control line for the push/pop stack, active-low 
Control line for the push/pop stack 

Address outputs 
Carry-out from the incrementer 
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Microprogram Sequencer 

BLOCK DIAGRAM 

REB >------

4 
D[0:3] 

D 
so 

S1 

XO 

OR3 

OR2 

OR1 

ORO 

ZEROB 

OEB 

YO 
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ADDRESS REG.I 
HOLDING REG. 

4 

AR F 

MULTIPLEXER 

4 

X1 X2 

Y1 Y2 

4 

uPC 

X3 

Y3 

PUP 

STACK 
POINTER 

4 X 4 FILE 

BL29C09 

.------< FEB 

CK 

MICROPROGRAM 
COUNTER REGISTER 

4 

INCREMENTER 

CN CN4 
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Microprogram Sequencer BL29C09 

Characteristics 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processing 

From To Area Performance 

Input Output 
Intrinsic Extrinsic Intrinsic Extrinsic 
lnfil_ j_nsLQF_l ins_l_ j_nsLQF_l 

CKi CN4i 15.66 3.24 7.20 0.70 
CKi CN4J. 11.94 2.31 6.00 0.58 
CKi Y(0:3]i 11.60 3.24 5.89 0.70 
CKi Y[0:3]J. 9.43 2.31 5.20 0.58 

0[0:3] CN4i 11.71 3.24 4.57 0.70 
0[0:3] CN4J. 9.03 2.31 3.77 0.58 
0(0:3] Y(0:3]i 8.63 3.24 3.26 0.70 
0[0:3] Y[0:3]J. 6.91 2.31 2.97 0.58 

OES Y[0:3]i 2.29 3.24 0.69 0.70 
OES Y[0:3]J. 2.29 2.31 0.63 0.58 

OR[0:3] CN4i 9.89 3.24 3.77 0.70 
OR[0:3] CN4J. 6.63 2.31 2.69 0.58 
OR[0:3] Y[0:3]i 6.80 3.24 2.46 0.70 
OR[0:3] Y[0:3]J. 4.51 2.31 1.89 0.58 

S[0:1] CN4i 17.26 3.24 6.75 0.70 
S[0:1] CN4J. 12.34 2.31 5.09 0.58 
S[0:1] Y(0:3]i 14.17 3.24 5.26 0.70 
S[0:1] Y(0:3]J. 10.23 2.31 4.29 0.58 

ZEROS CN4i 10.11 3.24 3.89 0.70 
ZEROS CN4J. 6.46 2.31 2.51 0.58 
ZEROS Y[0:3]i 7.03 3.24 2.57 0.70 
ZEROS Y[0:3]J. 4.34 2.31 1.71 0.58 

Ill 
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Microprogram Sequencer BL29C09 

Characteristics (continued) 

TIMING REQUIREMENTS 
VDD=5.0V, T =25°C, Nominal Processi~ 

Area Perl. 
Description value value 

J_n~ J_nsl 

Minimum CN Setup before CKi 4.06 2.40 
Minimum 0[0:3] Setup before CKi 12.40 5.49 
Minimum FEB Setup before CKi 4.06 2.11 

Minimum OR[0:3] Setup before CKi 9.54 4.69 
Minimum PUP Setup before CKi 7.66 3.37 
Minimum R[0:3] Setup before CKi 2.00 1.26 

Minimum REB Setup before CKi 3.03 1.71 
Minimum S[0:1] Setup before CKi 17.94 7.49 
Minimum ZEROB Setup before CKi 10.80 4.80 

m 
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4-Phase Clock Generator CK GEN 
128 grids, 218 transistors 

Functional Description and Features 
The CKGEN is a 4-phase, non-overlapping clock generator. It is designed for logic verification and 
not meant to drive large capacitive loads. 

• NANO NOR implementation 

• Minimum built-in non-overlap 

Terminal Descriptions 

Netlist Order 

INPUTS: CKI 

OUTPUTS:MCK,SCK,MCKN,SCKN 

Functional Descriptions 

Inputs: 

CKI 

Outputs: 

11-22 

MCK 
SCK 
MCKN 
SCKN 

Input clock 

Master clock 
Slave clock 
Complement of MCK 
Complement of SCK 

MSl/LSI Functions 



4-Phase Clock Generator CK GEN 

Detailed Schematic 

MCKN 

SCK 

CKI 

MC 

SC 

Characteristics 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processing 

From To Area Performance 

Input Output Intrinsic Extrinsic Intrinsic Extrinsic 
J.m~l. lns/...Q.Fj_ j_m& j_ns/...Q.Fl 

CKli MC Ki 9.60 0.33 5.40 0.06 
CKIJ. MCKJ. 4.60 0.40 2.60 0.06 

CKIJ. SCKi 9.70 0.33 5.50 0.06 
CKli SCKJ. 1.60 0.40 1.10 0.06 

CKIJ. MCKNi 2.20 0.33 1.30 0.06 
CKli MCKNJ. 7.20 0.40 4.50 0.06 

CKli SCKNi 3.90 0.33 2.20 0.06 • CKIJ. SCKNJ. 9.60 0.40 5.60 0.06 
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BCD-to-Decimal Decoder CM42 
58 grids, 80 transistors 

Functional Description and Features 
The CM42 is functionally equivalent to the 7442 4-Line-T0-10-Line, BCD-to-Decimal Decoder within 
the standard 74XX Series logic families of devices. 

Terminal Descriptions 

Netlist Order 

INPUTS: A, B, C, D 

OUTPUTS:ZO,Z1,Z2,Z3,Z4,Z5,Z6,Z7,Z8,Z9 

Functional Descriptions 

Inputs: 

A,B,C,D 

Outputs: 

Z[0:9] 
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BCD inputs 

Decimal output 
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BCD-to-Decimal Decoder CM42 

Detailed Schematic 
20 

Characteristics 

SWITCHING CHARACTERISTICS 
Voo=5.0V, T =25°C, Nominal Processing 

From To Area Performance 

Input Output 
Intrinsic Extrinsic Intrinsic Extrinsic 
_tn~ _tn~J. _tn~ lnsl..Q.F".l. 

A,B,C,D Z[0:9]t 8.23 3.24 2.91 0.70 
A,B,C,D Z[0:9].J.. 6.11 5.95 2.46 1.56 

Ill 
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2-Bit, Binary Full Adder CM82 
48 grids, 68 transistors 

Functional Description and Features 
The CM82 is functionally equivalent to the 7482 2-Bit, Binary FULL ADDER within the standard 
74XX Series logic families of devices. 

Terminal Descriptions 

Netlist Order 

INPUTS: CO, AO, 80, A1, 81 

OUTPUTS:SO,S1,C2 

Functional Descriptions 

Inputs: 

co 
A[0:1], 8(0:1) 

Outputs: 
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S(0:1] 
C2 

Carry input 
Data input 

Sum output 
Carry output 
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2-Bit Binary Full Adder CM82 

Detailed Schematic 

co so so 

BO 

XOR 

51 

XOR 

C2 

Characteristics 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processing 

From To Area Performance 

Input Output 
Intrinsic Extrinsic Intrinsic Extrinsic 
lns}_ (ns!QFl J_ns}_ lns/_QF_l 

AO,BO C2i 2.69 9.71 1.43 2.05 
AO,BO c2.J.. 5.43 4.03 2.34 1.03 

AO,BO S[0:1]i 5.94 8.98 2.57 2.05 
AO,BO S[0:1].J.. 5.37 12.68 2.23 2.71 

A1,B1 C2i 1.14 9.71 0.57 2.05 
A1,B1 c2.J.. 1.49 4.03 0.69 1.03 

A1,B1 S1i 2.11 8.26 1.20 2.05 
A1,B1 s1.J.. 1.77 9.45 0.97 2.18 ID 

co C2i 2.69 9.71 1.43 2.05 
co c2.J.. 5.43 4.03 2.34 1.03 

co S[0:1)i 5.94 8.98 2.57 2.05 
co S[0:1].J.. 5.37 12.68 2.23 2.71 
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4-Bit Magnitude Comparator CM85 
104 grids, 144 transistors 

Functional Description and Features 
The CM85 is functionally equivalent to the 7485 4-Bit Magnitude Comparator within the standard 
74XX Series logic families of devices. 

Terminal Descriptions 

Netlist Order 

INPUTS: ALBI, AEBI, AGBI, A3, 83, A2, 82, A1, 81, AO, BO 

OUTPUTS:ALBO,AEBO,AGBO 

Functional Descriptions 

Inputs: 

A[L,E,G]BI 
A[3:0], 8(3:0) 

Outputs: 
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ALBO 
AEBO 
AGBO 

Cascading inputs 
Data inputs 

A less than B output 
A equal to B output 
A greater than B output 
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4-Bit Magnitude Comparator CM85 

Detailed Schematic 
AGBI 

AEBI 

AO 

BO 

ALBI 

BC DA 

OAl21 

81 

DB 

A1 

OAl21 

DC 
ND2 

DA 

DB 

A2 

82 

NR2 
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4-Bit Magnitude Comparator CM85 

Characteristics 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processing 

From To Area Performance 

Input Output 
Intrinsic Extrinsic Intrinsic Extrinsic 

lnfil_ J.ns&F.l J.n~ lnsl..QF..l 

A{0:3],B[0:3] AEBOi 7.83 6.47 3.03 1.36 
A{0:3],B[0:3] AEBOJ. 5.77 2.31 2.29 0.58 

A{0:3],B[0:3] ALBO,AGBOi 7.77 6.47 3.14 1.36 
A{0:3],B[0:3] ALBO,AGBOJ. 7.60 4.03 3.20 1.07 

AEBI AEBOi 3.26 6.47 1.31 1.36 
AEBI AEBOJ. 2.06 2.31 0.74 0.58 

AGBI AGBOi 3.26 6.47 1.43 1.36 
AGBI AGBOJ. 3.83 4.03 1.66 1.07 

ALBI ALBOi 3.26 6.47 1.43 1.36 
ALBI ALBOJ. 3.83 4.03 1.66 1.07 

ID 
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3-to-8-Line Decoder/Demultiplexer CM138 
56 grids, 82 transistors 

Functional Description and Features 
The CM138 is functionally equivalent to the 74138 3-to-8-Line Decoder/Demultiplexer within the 
standard 74XX Series logic families of devices. 

Terminal Descriptions 

Netlist Order 

INPUTS: A, B, C, G1, G2A, G2B 

OUTPUTS: ZO, Z1, Z2, Z3, Z4, Z5, Z6, Z7 

Functional Descriptions 

Inputs: 

A,B,C, 
G1,G2[A,B) 

Outputs: 
Z[0:7] 

MSl/LSI Functions 

Select inputs 
Enable inputs 

Data outputs 
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3-to-8-Line Decoder/Demultiplexer CM138 

Detailed Schematic 

Characteristics 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processing 

From To Area Performance 

Input Output 
Intrinsic Extrinsic Intrinsic Extrinsic 

_Lnfil_ _Lns{l:>fl _(_nfil_ _(_ns[QE)_ 

A,B,C Z[0:7]t 1.31 3.24 0.63 0.70 
A,B,C Z[0:7].J, 2.63 7.86 1.09 2.10 

G1,G2A,G28 Z[0:7]t 4.11 3.24 1.77 0.70 
G1,G2A,G28 Z[0:7].J, 6.86 7.86 2.80 2.10 

m 
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1-of-16 Gated Data Select/Multiplexer CM150 
88 grids, 134 transistors 

Functional Description and Features 
The CM150 is functionally equivalent to the 74150 1-of-16 Gated Data SeleCVMultiplexer within the 
standard 74XX Series logic families of devices. 

Terminal Descriptions 

Netlist Order 

INPUTS: DO, 01, 02, 03, 04, 05, D6, D7, 08, 09, D10, 011, D12, D13, D14, D15, A, B, 
C,D,SN 

OUTPUTS:Z 

Functional Descriptions 

Inputs: 

D[0:15] 
A,B,C,D 
SN 

Outputs: 

z 

MSl/LSI Functions 

Data inputs 
Data-select inputs 
Strobe input, active-low 

Inverted data output 
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1-of-16 Gated Data Select/Multiplexer CM150 

Detailed Schematic 

DO 
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1-of-16 Gated Data Select/Multiplexer CM150 

Characteristics 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T=25°C, Nominal Processing 

From To Area Performance 

Input Output Intrinsic Extrinsic Intrinsic Extrinsic 
_i_n~ _i_ns/J!fl _i_naj_ _i_nsl2_Fl 

A,B,C,O Z'i 7.66 3.24 3.31 0.66 
A,B,C,O zi 9.60 4.10 3.66 1.07 

0[0:15) z'i 5.03 3.24 2.17 0.66 
0[0:15) zi 4.80 4.10 2.00 1.07 

SN Z'i 0.40 3.24 0.17 0.66 
SN zi 0.74 4.10 0.29 1.07 

IJ 
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1-of-8 Gated Data Select/Multiplexer CM151 
46 grids, 68 transistors 

Functional Description and Features 
The CM151 is functionally equivalent to the 74151 1-of-8 Gated Data Select/Multiplexer within the 
standard 74XX Series logic families of devices. 

Terminal Descriptions 

Netllst Order 

INPUTS: DO, D1, D2, D3, D4, D5, D6, D7, A, B, C, SN 

OUTPUTS: Y, W 

Functional Descriptions 

Inputs: 

D[0:7] 
A,B,C 
SN 

Outputs: 

w 
y 

11-36 

Data inputs 
Data-select inputs 
Strobe input, active-low 

Inverted output 
Output 
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1-of-8 Gated Data Select/Multiplexer CM151 

Detailed Schematic 

DO 

D1 

D2 

03 

04 

DS 

D6 

07 

SN 

Characteristics 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processing 

From To Area Performance 

Input Output 
Intrinsic Extrinsic Intrinsic Extrinsic 

(ns)_ _(ns!2.E}_ J_ns)_ _(ns/pf') 

A,B,C Yi 6.91 6.47 2.80 1.36 
A,B,C yJ, 5.94 2.31 2.40 0.58 
A,B,C wi 6.06 3.24 2.46 0.70 
A,B,C wi 7.31 2.31 2.97 0.58 

0[0:7] Yi 4.17 6.47 1.83 1.36 
0[0:7) yJ, 4.57 2.31 1.77 0.58 
0[0:7] wi 4.69 3.24 1.83 0.70 
0[0:7] wi 4.57 2.31 2.00 0.58 

Ill 
SN Yi 0.86 6.47 0.34 1.36 
SN yJ, 0.29 2.31 0.11 0.58 
SN wi 0.40 3.24 0.17 0.70 
SN wJ, 1.26 2.31 0.51 0.58 
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1-of-8 Data Select/Multiplexer CM152 
41 grids, 62 transistors 

Functional Description and Features 
The CM152 is functionally equivalent to the 74152 1-of-8 Data Select/Multiplexer within the 
standard 74XX Series logic families of devices. 

Terminal Descriptions 

Netlist Order 

INPUTS: DO, D1, D2, D3, D4, D5, D6, D7, A, B, C 

OUTPUTS: Z 

Functional Descriptions 

Inputs: 

D[0:7] 
A,B,C 

Outputs: 

z 
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Data inputs 
Select inputs 

Inverted output 
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1-of-8 Data Select/Multiplexer CM152 

Detailed Schematic 

00 

01 

02 

03 

04 

05 

06 

07 

Characteristics 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processing 

From To Area Performance 

Input Output 
Intrinsic Extrinsic Intrinsic Extrinsic 
.ln& J_ns&fj_ J_naj_ .lns&fj_ 

A,B,C Zi 4.11 6.41 1.77 1.40 
A,B,C zi 5.03 4.10 2.06 1.07 

D[0:7] zi 2.74 6.41 1.14 1.40 
D[0:7] z.J, 2.29 4.10 1.09 1.07 

ID 
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4-Line-to-1 Data Select/Multiplexer CM153X 
24 grids, 34 transistors 

Functional Description and Features 
The CM153X is functionally equivalent to one-haH of the 74153 Dual, 4-Line-to-1-Line Data 
Select/Multiplexer within the standard 7 4XX Series logic families of devices. 

Terminal Descriptions 

Netlist Order 

INPUTS: 1GN, 1D0, 1D1, 102, 1D3, A, B 

OUTPUTS: 1Z 

Functional Descriptions 

Inputs: 

1GN 
1D[0:3] 
A,B 

Outputs: 

1Z 
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Strobe input, active-low 
Data inputs 
Select inputs 

Data output 
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4-Line-to-1 Data Select/Multiplexer CM153X 

Detailed Schematic 

1GN 

100 

101 

1Z 

102 

103 

A 

INRB 

Characteristics 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processi~ 

From To Area Performance 

Input Output 
Intrinsic Extrinsic Intrinsic Extrinsic 
~aj_ J_ns/...@. ins) (ns/_p_E}_ 

10[0:3] 1zi 3.03 6.47 1.26 1.36 
10[0:3] 1z.J, 3.26 2.31 1.31 0.58 

1GN 1zi 0.23 6.47 0.17 1.36 
1GN 1ZJ.. 0.92 2.31 0.29 0.58 

A,B 1zi 4.57 6.47 1.83 1.36 
A,B 1ZJ.. 4.00 2.31 1.66 0.58 m 
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2-Line-to-1-Line Data Select/Multiplexer CM157X 
10 grids, 14 transistors 

Functional Description and Features 
The CM157X is functionally equivalent to one-fourth of the 74157 Quadruple, 2-Line-to-1-Line Data 
SelecUMultiplexer within the standard 74XX Series logic families of devices. 

Terminal Descriptions 

Netlist Order 

INPUTS: A1, B1, S, GN 

OUTPUTS: Z1 

Functional Descriptions 

Inputs: 

A1, B1 
s 
GN 

Outputs: 

Z1 

11-42 

Data inputs 
Select input 
Strobe input, active-low 

Data output 
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2-Line-to-1-Line Data Select/Multiplexer CM157X 

Detailed Schematic 

A1 

81 

s 

INRB 
GN 

Characteristics 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processing 

From To Area Performance 

Input Output 
Intrinsic Extrinsic Intrinsic Extrinsic 
J.n~ J.nslQE)_ in~ J.nslpF) 

A1,B1 Z1i 0.97 6.47 0.46 1.36 
A1,B1 Z1.J.. 1.31 2.31 0.57 0.58 

GN Z1i 0.23 6.47 0.17 1.36 
GN z1.J.. 0.92 2.31 0.29 0.58 

s Z1i 1.83 6.47 0.80 1.36 
s z1.J.. 1.71 2.31 0.80 0.58 II 
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2-Line-to-1-Line Data Select/Multiplexer CM158X 
13 grids, 18 transistors 

Functional Description and Features 
The CM158X is functionally equivalent to one-fourth of the 74158 Quadruple, 2-Line-to-1-Line, 
Inverting Data Select/Multiplexer within the standard 74XX Series logic families of devices. 

Terminal Descriptions 

Netlist Order 

INPUTS: A1, 81, GN, S 

OUTPUTS: Z1 

Functional Descriptions 

Inputs: 

A1, 81 
GN 
s 

Outputs: 
Z1 
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Data inputs 
Strobe input, active-low 
Select input 

Inverted data output 
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2-Line-to-1-Line Data Select/Multiplexer CM158X 

Detailed Schematic 
A1 

Z1 
81 

Characteristics 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processing 

From To Area Performance 

Input Output 
Intrinsic Extrinsic Intrinsic Extrinsic 
J.n~ J.nsl2_Fl J.n~ J.nsl2_Fl 

A1,81 Z1i 0.23 6.41 0.11 1.40 
A1,B1 z1J, 0.11 4.10 0.11 1.07 

GN Z1i 0.63 6.41 0.34 1.40 
GN z1J, 1.49 4.10 0.63 1.07 

s Z1i 1.49 6.41 0.63 1.40 
s z1J, 1.83 4.10 0.80 1.07 m 
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Synchronous, 4-Bit Decade Counter CM160 
150 grids, 216 transistors 

Functional Description and Features 
The CM160 is functionally equivalent to the 74160 Synchronous, 4-Bit Decade Counter with 
Asynchronous CLEAR within the standard 74XX Series logic families of devices. 

Terminal Descriptions 

Netlist Order 

INPUTS: A, B, P, L, T, CK, CD, C, D 

OUTPUTS:QA,QAN,QB,QBN,QC,QCN,QD,QDN,CO 

Functional Descriptions 

Inputs: 

A,8,C,D 
P,T 
L 
CK 
CD 

Outputs: 

11-46 

Q[A,8,C,D] 
Q[A,8,C,D]N 
co 

Data inputs 
Enable inputs 
Load input, active-low 
Clock input 
Asynchronous clear input, active-low 

Data outputs 
Complimentary data outputs 
Carry output 
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Synchronous, 4-Bit Decade Counter CM160 

Detailed Schematic 
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Synchronous, 4-Bit Decade Counter CM160 

Characteristics 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processing 

From To Area Performance 

Input Output 
Intrinsic Extrinsic Intrinsic Extrinsic 
J_nsl J_nsLQf'_l J_naj_ J_nsLQf'l 

CD.J.. ANYQ.J.. 2.10 3.24 1.60 0.21 
co.J.. ANY QNt 3.40 7.99 1.30 0.73 

CKt ANY at 1.20 5.68 1.20 1.24 
CKt ANYQ.J.. 1.03 9.38 1.37 1.02 

CKt cot 3.37 6.47 2.69 1.36 
CKt co.J.. 2.46 2.31 2.23 0.58 

T cot 0.51 6.47 0.23 1.36 
T co.J.. 0.69 2.31 0.29 0.58 

TIMING REQUIREMENTS 
VDD=5.0V, T =25°C, Nominal Processillf 

Area Perf. 
Description value value 

J_naj_ J_naj_ 

Minimum A,B,C,D Setup before CKt 2.34 1.31 
Minimum L Setup before CKt 12.06 5.94 

Minimum P Setup before CKt 12.06 5.94 
Minimum T Setup before CKt 12.06 5.94 

ID 
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Synchronous, 4-Bit Binary Counter CM161 
143 grids, 206 transistors 

Functional Description and Features 
The CM161 is functionally equivalent to the 74161 Synchronous, 4-Bit Binary Counter with 
Asynchronous CLEAR within the standard 74XX Series logic families of devices. 

Terminal Descriptions 

Netlist Order 

INPUTS: A, B, P, T, CK, CD, L, C, D 

OUTPUTS:QA,QAN,QB,QBN,QC,QCN,QD,QDN,CO 

Functional Descriptions 

Inputs: 

A,B,C,D 
P,T 
CK 
CD 
L 

Outputs: 

Q[A,B,C,D] 
Q[A,B,C,D]N 
co 

MSl/LSI Functions 

Data inputs 
Enable inputs 
Clock input 
Asynchronous clear input, active-low 
Load input, active-low 

Data outputs 
Complimentary data outputs 
Carry output 
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Synchronous, 4-Bit Binary Counter CM161 

Detailed Schematic 
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Synchronous, 4-Bit Binary Counter CM161 

Characteristics 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processing 

From To Area Performance 

Input Output 
Intrinsic Extrinsic Intrinsic Extrinsic 

l_nst l_ns/lill_ l_ns}_ l_ns!QEL 

CDJ.. ANY OJ.. 2.10 3.24 1.60 0.21 
CDJ.. ANY ONi 3.40 7.99 1.30 0.73 

CKi ANYOi 1.20 5.68 1.20 1.24 
CKi ANY OJ.. 1.03 9.38 1.37 1.02 

CKi coi 3.31 6.47 2.69 1.36 
CKi coJ.. 2.00 2.31 2.00 0.58 

T coi 0.46 6.47 0.23 1.36 
T COJ.. 0.69 2.31 0.29 0.58 

TIMING REQUIREMENTS 
VDD=5.0V, T =25°C, Nominal Processi~ 

Area Perf. 
Description value value 

l_ns}_ l_ns}_ 

Minimum A,B,C,D Setup before CKi 2.34 1.31 
Minimum L Setup before CKi 4.69 2.23 

Minimum P Setup before CKi 9.66 4.86 
Minimum T Setup before CKi 9.66 4.86 

ID 
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Synchronous, 4-Bit Decade Counter CM162 
141 grids, 200 transistors 

Functional Description and Features 
The CM162 is functionally equivalent to the 74162 Synchronous, 4-Bit Decade Counter with 
Synchronous CLEAR within the standard 74XX Series logic families of devices. 

Terminal Descriptions 

Netlist Order 

INPUTS: A, B, P, L, T, CK, CL, C, D 

OUTPUTS:QA,QAN,QB,QBN,QC,QCN,QD,QDN,CO 

Functional Descriptions 

Inputs: 

A,B,C,D 
P,T 
L 
CK 
CL 

Outputs: 
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Q[A,B,C,D] 
Q[A,B,C,D]N 
co 

Data inputs 
Enable inputs 
Load input, active-low 
Clock input 
Synchronous clear input, active-low 

Data outputs 
Complimentary data outputs 
Carry output 
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Synchronous, 4-Bit Decade Counter CM162 

Detailed Schematic 
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Synchronous, 4-Bit Decade Counter CM162 

Characteristics 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processing 

From To Area Performance 

Input Output 
Intrinsic Extrinsic Intrinsic Extrinsic 
l.n~ _lns{Qf'l ln~ _lns{Qf'l 

CKt ANY at 3.26 5.75 2.34 1.40 
CKt ANYQ,J, 4.00 7.93 2.29 1.73 

CKt cot 5.37 6.47 3.71 1.36 
CKt coi 5.43 2.31 3.09 0.58 

T cot 0.51 6.47 0.23 1.36 
T coi 0.69 2.31 0.29 0.58 

TIMING REQUIREMENTS 
VDD=5.0V, T =25°C, Nominal Processi~ 

Area Perf. 
Description value value 

J.n~ l_ns} 

Minimum A,B,C,D Setup before CKt 2.23 1.09 
Minimum CL Setup before CKt 7.43 3.03 
Minimum L Setup before CKi 12.06 5.66 

Minimum P Setup before CKt 12.06 5.66 
Minimum T Setup before CKi 12.06 5.66 

m 
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Synchronous, 4-Bit Binary Counter CM163 
135 grids, 194 transistors 

Functional Description and Features 
The CM163 is functionally equivalent to the 74163 Synchronous, 4-Bit Decade Counter with 
Synchronous CLEAR within the standard 74XX Series logic families of devices. 

Terminal Descriptions 

Netlist Order 

INPUTS: A, B, P, T, CK, L, CL, C, D 

OUTPUTS:QA,QAN,QB,QBN,QC,QCN,QD,QDN,CO 

Functional Descriptions 

Inputs: 

A,B,C,D 
P,T 
CK 
L 
CL 

Outputs: 
Q[A,B,C,D] 
Q[A,B,C,D]N 
co 

MSl/LSI Functions 

Data inputs 
Enable inputs 
Clock input 
Load input, active-low 
Synchronous clear input, active-low 

Data outputs 
Complimentary data outputs 
Carry output 
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Synchronous, 4-Bit Binary Counter CM163 

Detailed Schematic 
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Synchronous, 4-Bit Binary Counter CM163 

Characteristics 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processing 

From To Area Performance 

Input Output 
Intrinsic Extrinsic Intrinsic Extrinsic 

(ns) J_ns/pFl jnfil_ J_ns/J:JE}_ 

CKt ANY Qt 3.26 5.75 2.34 1.40 
CKt ANYQ..J.. 4.00 7.93 2.29 1.73 

CKt cot 5.31 6.47 3.71 1.36 
CKt co..J.. 4.97 2.31 2.86 0.58 

T cot 0.46 6.47 0.23 1.36 
T co..J.. 0.69 2.31 0.29 0.58 

TIMING REQUIREMENTS 
VDD=5.0V, T =25°C, Nominal ProcessinJ 

Area Pert. 
Description value value 

jnfil_ J_n~ 

Minimum A,B,C,D Setup before CKt 2.17 1.09 
Minimum CL Setup before CKt 4.74 2.17 
Minimum L Setup before CKt 5.49 2.46 

Minimum P Setup before CKt 9.49 4.46 
Minimum T Setup before CKt 9.49 4.46 

• 
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Synchronous, 4-Bit Up/Down Counter CM169 
161 grids, 228 transistors 

Functional Description and Features 
The CM169 is functionally equivalent to the 74169 Synchronous, 4-Bit Up/Down Counter within the 
standard 74XX Series logic families of devices. 

Terminal Descriptions 

Netlist Order 

INPUTS: A, B, PN, TN, CK, UP, L, C, D 

OUTPUTS:QA,OB,QC,QD,CON 

Functional Descriptions 

Inputs: 

A,B,C,D 
PN,TN 
CK 
UP 
L 

Outputs: 
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O[A,B,C,D] 
CON 

Data inputs 
Count enable inputs, active-low 
Clock input 
Up/Down-select input 
Load input, active-low 

Data outputs 
Inverted carry output 
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Synchronous, 4-Bit Up/Down Counter CM169 

Detailed Schematic 

PN 

CK 

IC 

QC 

ao 

UP 

m 
CON 

ND4 
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Synchronous, 4-Bit Up/Down Counter CM169 

Characteristics 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T=25°C, Nominal Processi~ 

From To Area Performance 

Input Output 
Intrinsic Extrinsic Intrinsic Extrinsic 

J.nfil_ J.ns!Qfl lnfil. J.nsl...Qfl 

CKi ANY Qi 1.66 3.24 1.31 0.70 
CKi ANY QJ. 2.00 2.31 1.83 0.58 

CKi CONi 5.14 3.24 3.20 0.70 
CKi CONJ. 6.86 7.86 3.77 2.10 

TN CO Ni 0.40 3.24 0.23 0.70 
TN CONJ. 1.66 7.86 0.74 2.10 

UP CONi 2.80 3.24 1.26 0.70 
UP CONJ. 4.57 7.86 1.83 2.10 

TIMING REQUIREMENTS 
VDD=5.0V, T =25°C, Nominal Processi'l 

Area Perl. 
Description value value 

lnfil. J.nfil_ 

Minimum A,B,C,D Setup before CKi 2.17 1.09 
Minimum L Setup before CKi 4.51 1.94 
Minimum PN Setup before CKi 10.74 4.69 

Minimum TN Setup before CKi 10.74 4.69 
Minimum UP Setup before CKi 10.34 4.46 
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Cyclic Redundancy Checker CRC 
1620 grids, 2434 transistors 

Functional Description and Features 
This subcircuit is used to check or generate the CCITT Cyclic Redundancy Check when connected to 
a parallel bus (8- or 16-bits wide). The design operates with INTEL 8051, 80186 (8 MHz) and 
MC6801 O (1 O MHz) microprocessors. The subcircuit receives asynchronous signals from the 
microprocessor and synchronizes them to the internal chip clock of the semi-custom circuit. 

Terminal Descriptions 

Netlist Order 

INPUTS: CLK, READ, OVRDCSN, CSN, AD1, ADO, WORDN, QUAL, BLDATIO, BLDATl1, 
BLDATl2, BLDATl3, BLDATl4, BLDATIS, BLDATl6, BLDATl7, BHDATIO, BH­
DATl1, BHDATl2, BHDATl3, BHDATl4, BHDATIS, BHDATl6, BHDATl7 

OUTPUTS: LMCRCO, LMCRC1, LMCRC2, LMCRC3, LMCRC4, LMCRCS, LMCRC6, 
LMCRC7, HMCRCO, HMCRC1, HMCRC2, HMCRC3, HMCRC4, HMCRCS, 
HMCRC6, HMCRC7, CRCCKN 

Functional Descriptions 

Inputs: 

CLK 

READ 
OVRDCSN 
CSN 
AD(1:0) 

WORDN 

QUAL 
BLDATl[0:7] 
BHDATl(0:7] 

Outputs: 
LMCRC(0:7) 
HMCRC(0:7] 
CRCCKN 

MSl/LSI Functions 

Clock 

Read/Write 
Override chip select (active-low) 
Chip select (active-low) 
Address leads 

Byte/ Word Mode 

Qualifier 
Lower-order data bus 
Higher-order data bus 

Lower-order data bus 
Higher-order data bus 
CRC check (active-low) 
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Cyclic Redundancy Checker CRC 

Block Diagram 

AD(1:0) 
OVRDCSN 

CSN CONTROL 
WORDN LOGIC QUAL 

CLK 
READ 

LMCRC(0:7) 

HMCRC[0:7) 

CRC 
LOGIC 

CRC COM PAR- STATUS 
REGISTER ATOR REGISTER 

8 
BLDATl[0:7) 

DATA 
LATCH 

BHDATI[0:7) CRCCKN 

8 
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Cyclic Redundancy Checker CRC 

Characteristics 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processing 

From To Area Performance 

Input Output 
Intrinsic Extrinsic Intrinsic Extrinsic 

lnitl_ lnsMl J_naj_ ins{Q_F_l 

AD[0:1] LMCRC[0:7]t 9.89 3.24 4.00 0.66 
AD[0:1] LMCRC[0:7]J, 9.09 4.10 3.77 1.07 
AD[0:1) HMCRC[0:7]t 5.54 3.24 2.40 0.70 
AD[0:1] HMCRC[0:7]J, 6.29 2.31 2.57 0.58 

CLK CRCCKNt 12.17 0.86 6.46 0.16 
CLK CRCCKNJ, 13.54 1.19 7.37 0.29 

CLK LMCRC[0:7]t 13.14 3.24 6.97 0.66 
CLK LMCRC[0:7]J, 15.14 4.10 8.00 1.07 
CLK HMCRC[0:7)t 10.97 3.24 5.89 0.70 
CLK HMCRC[0:7]J, 11.09 2.31 5.20 0.58 

WORDN LMCRC[0:7]t 8.06 3.24 3.49 0.66 
WORDN LMCRC[0:7]J, 8.17 4.10 3.43 1.07 

TIMING REQUIREMENTS 
VDD=5.0V, T =25°C, Nominal Processing 

Area Perl. 
Description value value 

J_naj_ J_n~ 

Minimum AD[0:1] Setup before CLK 1.26 0.80 
Minimum BLDATl[0:7] Setup before CLK 1.26 0.80 
Minimum BHDAT1[0:7] Setup before CLK 1.26 0.80 

Minimum CSN Setup before CLK 1.26 0.80 
Minimum OVRDCSN Setup before CLK 1.26 0.80 
Minimum READ Setup before CLK 1.26 0.80 

m 
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Divide-by-4 Counter DIV4 
43 grids, 58 transistors 

Functional Description and Features 
DIV4 is a twisted-ring, divide-by-4 counter with a data-select front end. For frequency division the 
SC input should be high. 

Terminal Descriptions 

Netlist Order 

INPUTS: DI, SC, CK, CD 

OUTPUTS: 01 

Functional Descriptions 

Inputs: 

DI 
SC 
CK 
CD 

Outputs: 

01 
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Test data input 
Mode select 
Clock input 
Synchronous clear input 

Divide-by-4 output 
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Divide-by-4 Counter 

Detailed Schematic 

CK 

CD 

Characteristics 

QO 
QO 

Q1----------1D 

UC_ 
CKco a 

FD1S31X 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processing 

From To Area Performance 

Input Output 
Intrinsic Extrinsic Intrinsic Extrinsic 
J_n~ jnSlQEl J_n~ J_nslE!_lj 

CKi 01i 1.54 5.81 1.71 1.40 
CKi 01.J, 1.66 7.93 1.60 1.77 

TIMING REQUIREMENTS 
VDD=5.0V, T =25°C, Nominal Processing 

Area Perl. 
Description value value 

lnfil_ J_nfil_ 

Minimum CD Setup before CKi 1.71 1.14 
Minimum DI Setup before CKi 2.69 1.54 
Minimum SC Setup before CKi 3.20 1.77 

MSl/LSI Functions 

DIV4 

01 
01 

Qt-----41t--~ 

UC_ 
CKco a 

FD1S31X 
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Divide-by-6 Counter DIV6 
61 grids, 82 transistors 

Functional Description and Features 
DIV6 is a twisted-ring, divide-by-6 counter with a data-select front end. For frequency division the 
SC input should be high. 

Terminal Descriptions 

Netlist Order 

INPUTS: DI, SC, CK, CD 

OUTPUTS: 02 

Functional Descriptions 

Inputs: 

DI 
SC 
CK 
CD 

Outputs: 

02 
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Test data input 
Mode select 
Clock input 
Synchronous clear input 

Divicle-by-6 output 

MSl/LSI Functions 



Divide-by-6 Counter DIV6 

Detailed Schematic 

SC oo 01 02 oo 01 o 
DI 

0 a 0 a 0 a 

CK UC_ UC_ UC_ 
CKco o CKco o CKco o 

CD FD1S31X FD1S31X FD1S31X 

Characteristics 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processing 

From To Area Performance 

Input Output 
Intrinsic Extrinsic Intrinsic Extrinsic 
J_naj_ lnsl_Qf)_ J_naj_ 1nsp_l 

CKi 02i 1.54 5.81 1.71 1.40 
CKi Q2J, 1.66 7.93 1.60 1.77 

TIMING REQUIREMENTS 
VDD=5.0V, T =25°C, Nominal Processing 

Area Perl. m 
Description value value 

ln~ J_n~ 

Minimum CD Setup before CKi 1.71 1.14 
Minimum DI Setup before CKi 2.69 1.54 
Minimum SC Setup before CKi 3.20 1.77 

MSl/LSI Functions 11-67 



Divide-by-a Counter DIVS 
79 grids, 1 06 transistors 

Functional Description and Features 
DIVS is a twisted-ring, divide-by-a counter with a data-select front end. For frequency division the 
SC input should be high. 

Terminal Descriptions 

Netlist Order 

INPUTS: DI, SC, CK, CD 

OUTPUTS:Q3 

Functional Descriptions 

Inputs: 

DI 
SC 
CK 
CD 

Outputs: 

03 
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Test data input 
Mode select 
Clock input 
Synchronous clear input 

Divide-by-a output 
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Divide-by-8 Counter DIVS 

Detailed Schematic 

a 

01 02 
00 01 02 

CK 

co 

Characteristics 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processing 

From To Area Performance 

Input Output 
Intrinsic Extrinsic Intrinsic Extrinsic 
J_ns}_ jns~Q jns}_ J_ns~'=l_ 

CKi 03i 1.54 5.81 1.71 1.40 
CKi 03t 1.66 7.93 1.60 1.77 

TIMING REQUIREMENTS 
VDD=5.0V, T =25°C, Nominal Processing 

Area Pert. 
Description value value ID 

J_ns}_ ln~ 

Minimum CD Setup before CKi 1.71 1.14 
Minimum DI Setup before CKi 2.69 1.54 
Minimum SC Setup before CKi 3.20 1.77 
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4-Bit Fast Adder FA4 
143 grids, 212 transistors 

Functional Description and Features 

The FA4 is functionally equivalent to the 7483 4-Bit Binary Full Adder With Fast Carry within the 
standard 74XX Series logic families of devices. This full-adder circuit provides binary addition of two 
4-bit binary numbers, with internal carry look-ahead across all four bits for fast operation. The 
corresponding outputs for each bit are: SUM1, SUM2, SUM3 and SUM4. The carry-out is C4. 

Terminal Descriptions 

Netlist Order 

INPUTS: A1, A2, A3, A4, 81, 82, 83, 84, CO 

OUTPUTS: SUM1, SUM2, SUM3, SUM4, C4 

Functional Descriptions 

Inputs: 
A[1:4] 
8[1:4] 
co 

Outputs: 
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SUM[1:4] 
C4 

Word 'A' inputs 
Word 'B' inputs 
Carry in 

Sum outputs 
Carry out 
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4-Bit Fast Adder FA4 

Detailed Schematic 

ND20 

Characteristics 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processing 

From To Area Performance 

Input Output 
Intrinsic Extrinsic Intrinsic Extrinsic 
_(_n~ _(_ns(Qfl _(_naj_ _(_ns{Qfl 

A[1 :4),8[1 :4] C4i 6.57 6.47 2.91 1.36 
A[1 :4),8[1 :4) C4J. 5.83 2.31 2.46 0.58 

A[1 :4),8(1 :4) SUM[1 :4]i 6.11 8.98 3.03 2.01 
A[1 :4),8[1 :4) SUM[1 :4].J. 5.77 12.68 2.86 2.71 

co C4i 2.29 6.47 0.91 1.36 
co C4.!. 4.23 2.31 1.66 0.58 

co SUM[1 :4)i 4.74 8.98 2.46 2.01 Ill 
co SUM[1 :4].J. 4.40 12.68 2.34 2.71 
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4-Bit Look Ahead Carry Generator LACG4 
98 grids, 152 transistors 

Functional Description and Features 
The LACG4 is functionally equivalent to the 74182 Look-Ahead Carry Generator within the standard 
74XX Series logic families of devices. LACG4 provides carry, generate-carry function, and propagate­
carry function with fast carry look-ahead. 

Terminal Descriptions 

Netlist Order 

INPUTS: XO, X1, X2, X3, YO, Y1, Y2, Y3, CNO 

OUTPUTS:XA,YA,CNPX,CNPY,CNPZ 

Functional Descriptions 

Inputs: 

X[0:3] 
Y[0:3] 
CNO 

Outputs: 
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XA 
YA 
CNP[X,Y,Z] 

Carry-propagate inputs, active-low 
Carry-generate inputs, active-low 
Carry input 

Carry-propagate output, active-low 
Carry-generate output, active-low 
Carry outputs 
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4-Bit Look Ahead Carry Generator LACG4 

Detailed Schematic 

Characteristics 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processing 

From To Area Performance 

Input Output 
Intrinsic Extrinsic Intrinsic Extrinsic 

_(nfil_ _(ns/QE}_ _Lnfil_ _Lnsmfl 

CNO CNP[X,Y,Z]t 4.11 0.86 2.06 0.21 
CNO CNP[X,Y,Z]-1- 3.77 0.86 1.83 0.21 

X[0:3),Y[0:3) CNP[X,Y,Z]t 3.71 0.86 1.77 0.21 
X(0:3), Y[0:3] CNP[X,Y,Z]-1- 2.74 0.86 1.49 0.21 

X[0:3] XAt 0.63 0.86 0.40 0.21 
X[0:3] XM 3.54 0.86 1.94 0.21 

X[1 :3],Y[0:3] YAt 3.09 0.86 1.60 0.21 
X[1 :3),Y[0:3] YA-1- 3.26 0.86 1.77 0.21 

m 
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16 X 16 Multiplier MUL16X16 
S443 grids, S100 transistors 

Functional Description and Features 

The MUL 16X16 is a high-speed, 16 X 16 multiplier in 2's complement arithmetic implemented as a 
standard-cell netlist. It has been designed with static combinatorial logic without pipelining. True high­
performance and ease of use are achieved by eliminating complicated timing requirements and latency 
associated with pipe-lined structures. The design is suitable for a wide range of computation-intensive 
applications, for example, digital signal processing. 

The partial products to be summed are generated from the M-inputs by the Booth Selector, which is 
controlled by the outputs of the Booth Encoder that operate on the N-inputs. The partial products 
are summed by carry-save adders arranged in a Wallace Tree structure. The final carry-propagate is 
performed by an optimally partitioned carry-select adder stage. 

Terminal Descriptions 

Netlist Order 

INPUTS: MO, M1, M2, M3, M4, MS, M6, M7, MS, M9, M10, M11, M12, M13, M14, M1S, 
NO,N1,N2,N3,N4,NS,N6,N7,NS,N9,N10,N11,N12,N13,N14,N1S 

OUTPUTS: PO, P1, P2, P3, P4, PS, P6, P7, PS, P9, P10, P11, P12, P13, P14, P1S, P16, 
P17,P1S,P19, P20,P21,P22, P23, P24,P2S, P26, P27, P2S, P29,P30, P31 

Functional Descriptions 

Inputs: 
M[0:1S], N[0:1S] Inputs 

Outputs: 
P[0:31] Outputs 
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16 X 16 Multiplier 

Block Diagram 

BOOTH 
ENCODER 

Characteristics 

16 

BOOTH 
SELECTOR 

16 

WALLACE 
TREE ARRAY 

CARRY 
SELECT ADDER 

32 

P[0:31] 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processing 

From To Area Performance 

Input Output 
Intrinsic Extrinsic Intrinsic Extrinsic 
ln~ J_ns/..QE}_ J_n~ J_nsl2..!]_ 

M(0:15],N[0:15] P(0:31] 71.9 3.24 37.6 0.70 
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MUL16X16 
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3-Bit Majority Vote MV3 
13 grids, 18 transistors 

Functional Description and Features 
MV3 is a 3-bit, majority-vote circuit. The output is high when a majority is present at the inputs. 

Terminal Descriptions 

Netlist Order 

INPUTS: V1, V2, V3 

OUTPUTS: MVI 

Functional Descriptions 

Inputs: 

V[1:3] 

Outputs: 

MVI 

TRUTH TABLE 

V1 V2 V3 MVI 
0 0 x 0 
0 x 0 0 
x 0 0 0 
1 1 x 1 
1 x 1 1 
x 1 1 1 

X = don't care. 
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Data inputs 

Majority indicator 
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3-Bit Majority Vote MV3 

Detailed Schematic 

V3 

NR2 

V2 MVI 

NR2 NR3 

V1 

NR2 

Characteristics 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processing 

From To Area Performance 

Input Output 
Intrinsic Extrinsic Intrinsic Extrinsic 

_ins}_ _inslQE}_ J.n~ J.nstQE}_ 

V[1:3] MVlt 0.63 9.64 0.40 2.01 
V[1:3] MVl.J.. 1.37 2.25 0.57 0.58 

m 
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5-Bit Majority Vote MV5 
41 grids, 62 transistors 

Functional Description and Features 
MVS is a 5-bit, majority-vote circuit. The output is high when a majority is present at the inputs. 

Terminal Descriptions 

Netlist Order 

INPUTS: V1, V2, V3, V4, VS 

OUTPUTS: MVI 

Functional Descriptions 

Inputs: 

V[1:5] 

Outputs: 

MVI 

TRUTH TABLE 

V1 V2 V3 V4 

0 0 0 x 
0 0 x x 
0 x x 0 
x x 0 0 
x 0 0 0 
1 1 1 x 
1 1 x x 
1 x x 1 
x x 1 1 
x 1 1 1 

X = don't care. 
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vs 
x 
0 
0 
0 
x 
x 
1 
1 
1 
x 

Data inputs 

Majority indicator 

MVI 

0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
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5-Bit Majority Vote MV5 

Detailed Schematic 

MV 

INRB 

Characteristics 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processing 

From To Area Performance 

Input Output 
Intrinsic Extrinsic Intrinsic Extrinsic 

J.n~ l~ J.nsl _(ns/j)F_l 

V1 MVlt 0.51 6.47 0.29 1.36 
V1 MVl.J. 0.80 4.03 0.34 1.07 

V2 MVlf 1.71 6.47 1.09 1.36 
V2 MVl.J. 3.49 4.03 1.71 1.07 

V[3:5] MVlt 4.29 6.47 1.89 1.36 
V[3:5] MVl.J. 4.69 4.03 1.94 1.07 Ill 
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3-Bit, Programmable Counter/Timer PCLE3 
96 grids, 140 transistors 

Functional Description and Features 
PCLE3 is a programmable counter/timer with positive load, enable, and synchronous clear. The 
counter has linear feedback and counts in a pseudo-random sequence. The timer generates a positive­
going pulse when the last state is reached. The enable input should be kept high for counting or 
loading a starting value. The counter can be set to any non-zero starting value by applying a 3-bit 
binary code to inputs 0(0:2] and keeping the load input high. The value is loaded after the next clock 
cycle. The counter will count from the loaded value until it reaches a value of (001). If a new value is 
not loaded and the counter is not disabled, it will recycle and generate a positive-going pulse after 
seven counts. 

• Programmable 

• Positive load and count enable 

• Synchronous clear 

Terminal Descriptions 

Netlist Order 

INPUTS: DO, 01, 02, LO, EN, CK, CD 

OUTPUTS:Z 

Functional Descriptions 

Inputs: 
0(0:2] 
LD 
EN 
CK 
CD 

Outputs: 
z 
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Parallel data inputs 
Load input, active-high 
Count enable, active-high 
Clock input 
Clear input, active-high 

Output 
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3-Bit, Programmable Counter/Timer PCLE3 

Detailed Schematic 

LO 

EN 

CK 

CD 

Characteristics 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processing 

From To Area Performance 

Input Output 
Intrinsic Extrinsic Intrinsic Extrinsic 
_{_nsl _{_ns/__Qfl _{_naj_ _{_nsf.Q_Fl 

CKi zi 4.74 9.64 3.09 2.01 
CKi z.J, 4.40 2.25 3.43 0.58 

TIMING REQUIREMENTS 
VDD=5.0V, T =25°C, Nominal Processing 

Area Pert. 
Description value value Ill 

_{_naj_ _{_naj_ 

Minimum CD Setup before CKi 1.71 1.14 
Minimum 0[0:2] Setup before CKi 3.43 1.89 
Minimum EN Setup before CKi 4.69 2.34 
Minimum LO Setup before CKi 4.97 2.51 
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4-Bit, Programmable Counter/Timer PCLE4 
124 grids, 182 transistors 

Functional Description and Features 
PCLE4 is a programmable counter/timer with positive load, enable, and synchronous clear. The 
counter has linear feedback and counts in a pseudo-random sequence. The timer generates a positive­
going pulse when the last state is reached. The enable input should be kept high for counting or 
loading a starting value. The counter can be set to any non-zero starting value by applying a 4-bit 
binary code to inputs 0[0:3) and keeping the load input high. The value is loaded after the next clock 
cycle. The counter will count from the loaded value until it reaches a value of (0001). If a new value is 
not loaded and the counter is not disabled, it will recycle and generate a positive-going pulse after 15 
counts. 

• Programmable 

• Positive load and count enable 

• Synchronous clear 

Terminal Descriptions 

Netlist Order 

INPUTS: DO, 01, 02, 03, LO, EN, CK, CD 

OUTPUTS:Z 

Functional Descriptions 

Inputs: 
0[0:3) 
LO 
EN 
CK 
CD 

Outputs: 
z 
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Parallel data inputs 
Load input, active-high 
Count enable, active-high 
Clock input 
Clear input, active-high 

Output 

MSl/LSI Functions 



4-Bit, Programmable Counter/Timer PCLE4 

Detailed Schematic 

LO 

EN 

CK 

co 

Characteristics 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processing 

From To Area Performance 

Input Output 
Intrinsic Extrinsic Intrinsic Extrinsic 
J.naj_ lnsfQE1. J.n& J.nst...QE)_ 

CK't zt 4.86 12.88 3.14 2.75 
CK't z.J. 4.40 1.98 3.49 0.58 

TIMING REQUIREMENTS 
VDD=5.0V, T=25°C, Nominal Processing 

Area Pert. 
Description value value • Jn& J.nfil_ 

Minimum CD Setup before CK't 1.71 1.14 
Minimum 0[0:3] Setup before CK't 3.42 1.89 
Minimum EN Setup before CK't 5.26 2.57 
Minimum LO Setup before CK't 5.54 2.69 
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5-Bit, Programmable Counter/Timer PCLE5 
156 grids, 228 transistors 

Functional Description and Features 
PCLE5 is a programmable counter/timer with positive load, enable, and synchronous clear. The 
counter has linear feedback and counts in a pseudo-random sequence. The timer generates a positive­
going pulse when the last state is reached. The enable input should be kept high for counting or 
loading a starting value. The counter can be set to any non-zero starting value by applying a 5-bit 
binary code to inputs 0[0:4) and keeping the load input high. The value is loaded after the next clock 
cycle. The counter will count from the loaded value until it reaches a value of (00001). If a new value 
is not loaded and the counter is not disabled, it will recycle and generate a positive-going pulse after 
31 counts. 

• Programmable 

• Positive load and count enable 

• Synchronous clear 

Terminal Descriptions 

Netlist Order 

INPUTS: DO, 01, 02, 03, 04, LO, EN, CK, CD 

OUTPUTS:Z 

Functional Descriptions 

Inputs: 

0[0:4) 
LO 
EN 
CK 
CD 

Outputs: 

z 

11-84 

Parallel data inputs 
Load input, active-high 
Count enable, active-high 
Clock input 
Clear input, active-high 

Output 
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5-Bit, Programmable Counter/Timer PC LES 

Detailed Schematic 

LD 

EN 

CK 

co 

Characteristics 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processing 

From To Area Performance 

Input Output 
Intrinsic Extrinsic Intrinsic Extrinsic 

(ns)_ lnsl.Qfl ln!& lnsi'QE}_ 

CKi zi 5.89 6.47 3.71 1.36 
CKi zJ, 4.63 2.31 3.20 0.58 

TIMING REQUIREMENTS 
VDD=5.0V, T =25°C, Nominal Processing 

Area Pert. 
Description value value 

in& J..nsl 
m 

Minimum CD Setup before CKi 1.71 1.14 
Minimum D[0:4] Setup before CKi 3.37 1.94 
Minimum EN Setup before CKi 5.77 2.74 
Minimum LD Setup before CKi 6.11 2.91 
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6-Bit, Programmable Counter/Timer PCLE6 
184 grids, 270 transistors 

Functional Description and Features 
PCLE6 is a programmable counter/timer with positive load, enable, and synchronous clear. The 
counter has linear feedback and counts in a pseudo-random sequence. The timer generates a positive­
going pulse when the last state is reached. The enable input should be kept high for counting or 
loading a starting value. The counter can be set to any non-zero starting value by applying a 6-bit 
binary code to inputs D[0:5] and keeping the load input high. The value is loaded after the next clock 
cycle. The counter will count from the loaded value until it reaches a value of (000001). If a new value 
is not loaded and the counter is not disabled, it will recycle and generate a positive-going pulse after 
63 counts. 

• Programmable 

• Positive load and count enable 

• Synchronous clear 

Terminal Descriptions 

Netlist Order 

INPUTS: DO, D1, D2, D3, D4, D5, LD, EN, CK, CD 

OUTPUTS: Z 

Functional Descriptions 

Inputs: 
D[0:5] 
LD 
EN 
CK 
CD 

Outputs: 
z 

11-86 

Parallel data inputs 
Load input, active-high 
Count enable, active-high 
Clock input 
Clear input, active-high 

Output 
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6-Bit, Programmable Counter/Timer PCLE6 

Detailed Schematic 

LO 

EN 

Cl( 

CD 

Characteristics 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processing 

From To Area Performance 

Input Output 
Intrinsic Extrinsic Intrinsic Extrinsic 
jnfil_ j_ns/_Qfl {nfil_ {ns/pl} 

CKi Zi 5.49 6.47 4.69 1.36 
CKi zJ, 4.69 2.31 3.66 0.58 

TIMING REQUIREMENTS 
VDD=5.0V, T =25°C, Nominal Processing 

Area Perl. 
Description value value 

j_nfil_ j_naj_ 
m 

Minimum CD Setup before CKi 1.71 1.14 
Minimum 0[0:5] Setup before CKi 3.43 1.89 
Minimum EN Setup before CKi 6.29 2.86 
Minimum LO Setup before CKi 6.63 3.03 
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8-Bit, Programmable Counter/Timer PCLE8 
240 grids, 354 transistors 

Functional Description and Features 
PCLES is a programmable counter/timer with positive load, enable, and synchronous clear. The 
counter has linear feedback and counts in a pseudo-random sequence. The timer generates a positive­
going pulse when the last state is reached. The enable input should be kept high for counting or 
loading a starting value. The counter can be set to any non-zero starting value by applying an 8-bit 
binary code to inputs D[0:7] and keeping the load input high. The value is loaded after the next clock 
cycle. The counter will count from the loaded value until it reaches a value of (00000001 ). If a new 
value is not loaded and the counter is not disabled, it will recycle and generate a positive-going pulse 
after 217 counts. 

• Programmable 

• Positive load and count enable 

• Synchronous clear 

Terminal Descriptions 

Netlist Order 

INPUTS: DO, D1, D2, D3, D4, D5, D6, D7, LD, EN, CK, CD 

OUTPUTS: Z 

Functional Descriptions 

Inputs: 
D[0:7] 
LO 
EN 
CK 
CD 

Outputs: 
z 
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Parallel data inputs 
Load input, active-high 
Count enable, active-high 
Clock input 
Clear input, active-high 

Output 
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8-Bit, Programmable Counter/Timer PC LES 

Detailed Schematic 

LO 

EN 

CK 

co 

Characteristics 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processing 

From To Area Performance 

Input Output 
Intrinsic Extrinsic Intrinsic Extrinsic 
lnaj_ lns!..£.E}_ lnaj_ J..ns~ 

CKt zt 5.94 6.47 4.86 1.36 
CKi z.J, 4.69 2.31 3.71 0.58 

TIMING REQUIREMENTS 
VDD=5.0V, T=25°C, Nominal Processing 

Area Perf. 
Description value value m 

J..n~ J..n~ 

Minimum CD Setup before CKt 1.71 1.14 
Minimum D[0:7] Setup before CKt 3.37 1.89 
Minimum EN Setup before CKt 7.26 3.26 
Minimum LD Setup before CKt 7.60 3.37 
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3-Bit, Programmable Counter/Timer PCLER3 
99 grids, 144 transistors 

Functional Description and Features 
PCLER3 is a programmable counter/timer with positive load, enable, and synchronous clear. The 
counter has linear feedback and counts in a pseudo-random sequence. The timer generates a positive­
going pulse when the last state is reached. The enable input should be kept high for counting or 
loading a starting value. The counter can be set to any non-zero starting value by applying a 3-bit 
binary code to inputs D(0:2] and keeping the load input high. The value is loaded after the next clock 
cycle. The counter will count from the loaded value until ~ reaches a value of (001). If a new value is 
not loaded and the counter is not disabled, it will reload the value at its D(0:2] inputs. The maximum 
count is seven. 

• Programmable 

• Positive load and count enable 

• Synchronous clear 

• Recycle from last loaded value 

Terminal Descriptions 

Netlist Order 

INPUTS: DO, D1, D2, LD, EN, CK, CD 

OUTPUTS:Z 

Functional Descriptions 

Inputs: 
D(0:2] 
LD 
EN 
CK 
CD 

Outputs: 

z 

11·90 

Parallel data inputs 
Load input, active-high 
Count enable, active-high 
Clock input 
Clear input, active-high 

Output 
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3-Bit, Programmable Counter/Timer PCLER3 

Detailed Schematic 

8 
LD ... 

EN 

CK 

CD 

Characteristics 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processing 

From To Area Performance 

Input Output Intrinsic Extrinsic Intrinsic Extrinsic 
lnaj_ lns!ff..l J.naj_ J.nslQ.E}_ 

CKt zt 5.83 9.64 3.43 2.01 
CKt z.J, 4.97 2.25 3.89 0.58 

TIMING REQUIREMENTS 
VDD=5.0V, T =25°C, Nominal Processing 

Area Perf. 
Description value value m 

J.naj_ J.naj_ 

Minimum CD Setup before CKt 1.71 1.14 
Minimum D(0:2] Setup before CKt 3.43 1.89 
Minimum EN Setup before CKt 4.69 2.34 
Minimum LD Setup before CKt 9.94 4.23 
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4-Bit, Programmable Counter/Timer PCLER4 
127 grids, 186 transistors 

Functional Description and Features 
PCLER4 is a programmable counter/timer with positive load, enable, and synchronous clear. The 
counter has linear feedback and counts in a pseudo-random sequence. The timer generates a positive­
going pulse when the last state is reached. The enable input should be kept high for counting or 
loading a starting value. The counter can be set to any non-zero starting value by applying a 4-bit 
binary code to inputs 0[0:3) and keeping the load input high. The value is loaded after the next clock 
cycle. The counter will count from the loaded value until it reaches a value of (0001). If a new value is 
not loaded and the counter is not disabled, it will reload the value at its 0[0:3) inputs. The maximum 
count is fifteen. 

• Programmable 

• Positive load and count enable 

• Synchronous clear 

• Recycle from last loaded value 

Terminal Descriptions 

Netlist Order 

INPUTS: DO, 01, 02, 03, LO, EN, CK, CD 

OUTPUTS: Z 

Functional Descriptions 

Inputs: 
0[0:3) 
LO 
EN 
CK 
CD 

Outputs: 
z 
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Parallel data inputs 
Load input, active-high 
Count enable, active-high 
Clock input 
Clear input, active-high 

Output 
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4-Bit, Programmable Counter/Timer PCLER4 

Detailed Schematic 

UC_ 21 B 

XOA 

Characteristics 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processing 

From To Area Performance 

Input Output 
Intrinsic Extrinsic Intrinsic Extrinsic 
lnaj_ ins{Q_Fj_ J_naj_ J_nsa:ill_ 

CKi zi 6.06 12.88 3.54 2.75 
CKi z.J.. 5.09 1.98 3.94 0.58 

TIMING REQUIREMENTS 
VDD=5.0V, T=25°C, Nominal Processing 

Area Pert. 
Description value value 

J_naj_ J_nsl 
ID 

Minimum CD Setup before CKi 1.71 1.14 
Minimum D[0:3] Setup before CKi 3.43 1.89 
Minimum EN Setup before CKi 5.20 2.57 
Minimum LD Setup before CKi 11.54 4.91 
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5-Bit, Programmable Counter/Timer PCLERS 
159 grids, 232 transistors 

Functional Description and Features 
PCLER5 is a programmable counter/timer with positive load, enable, and synchronous clear. The 
counter has linear feedback and counts in a pseudo-random sequence. The timer generates a positive­
going pulse when the last state is reached. The enable input should be kept high for counting or 
loading a starting value. The counter can be set to any non-zero starting value by applying a 5-bit 
binary code to inputs D[0:4] and keeping the load input high. The value is loaded after the next clock 
cycle. The counter will count from the loaded value until it reaches a value of (.00001 ). If a new value 
is not loaded and the counter is not disabled, it will reload the value at its D[0:4] inputs. The maximum 
count is 31. 

• Programmable 

• Positive load and count enable 

• Synchronous clear 

• Recycle from last loaded value 

Terminal Descriptions 

Netlist Order 

INPUTS: DO, D1, D2, D3, D4, LD, EN, CK, CD 

OUTPUTS: Z 

Functional Descriptions 

Inputs: 
D[0:4] 
LD 
EN 
CK 
CD 

Outputs: 

z 

11-94 

Parallel data inputs 
Load input, active-high 
Count enable, active-high 
Clock input 
Clear input, active-high 

Output 
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5-Bit, Programmable Counter/Timer PCLER5 

Detailed Schematic 

EN 

CK 

CD 

LO 

Characteristics 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processing 

From To Area Performance 

Input Output Intrinsic Extrinsic Intrinsic Extrinsic 
l_n& J_ns(pf}_ J_n& J_nslP_Fl 

CKi zi 6.74 6.47 4.00 1.36 
CKi z,J, 5.14 2.31 3.37 0.58 

TIMING REQUIREMENTS 
VDD=5.0V, T =25°C, Nominal Processing 

Area Perf. 
Description value value 

J_n~ J_n& 

Minimum CD Setup before CKi 1.71 1.14 
Minimum D[0:4] Setup before CKi 3.37 1.94 
Minimum EN Setup before CKi 5.77 2.74 
Minimum LO Setup before CKi 13.26 5.37 
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6-Bit, Programmable Counter/Timer PCLER6 
187 grids, 274 transistors 

Functional Description and Features 

PCLER6 is a programmable counter/timer with positive load, enable, and synchronous clear. The 
counter has linear feedback and counts in a pseudo-random sequence. The timer generates a positive­
going pulse when the last state is reached. The enable input should be kept high for counting or 
loading a starting value. The counter can be set to any non-zero starting value by applying a 6-bit 
binary code to inputs D[0:5] and keeping the load input high. The value is loaded after the next clock 
cycle. The counter will count from the loaded value until it reaches a value of (000001). If a new value 
is not loaded and the counter is not disabled, it will reload the value at its D[0:5] inputs. The maximum 
count is 63. 

• Programmable 

• Positive load and count enable 

• Synchronous clear 

• Recycle from last loaded value 

Terminal Descriptions 

Netlist Order 

INPUTS: DO, D1, D2, D3, D4, D5, LD, EN, CK, CD 

OUTPUTS: Z 

Functional Descriptions 

Inputs: 

D[0:5] 
LD 
EN 
CK 
CD 

Outputs: 

z 
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Parallel data inputs 
Load input, active-high 
Count enable, active-high 
Clock input 
Clear input, active-high 

Output 
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6-Bit, Programmable Counter/Timer PCLER6 

Detailed Schematic 

EN 

co 

LO 

Characteristics 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processing 

From To Area Performance 

Input Output Intrinsic Extrinsic Intrinsic Extrinsic 
J_nfil_ J_ns[Qfl_ J_nfil_ J_nsLQFl 

CKi zi 6.34 6.47 4.97 1.36 
CKi z..L. 5.20 2.31 3.83 0.58 

TIMING REQUIREMENTS 
VDD=5.0V, T =25°C, Nominal Processing 

Area Perf. 
Description value value Ill 

J_nfil_ J_nfil_ 

Minimum CD Setup before CKi 1.71 1.14 
Minimum D[0:5] Setup before CKi 3.43 1.89 
Minimum EN Setup before CKi 6.23 2.86 
Minimum LD Setup before CKi 14.86 6.06 
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8-Bit, Programmable Counter/Timer PCLER8 
243 grids, 358 transistors 

Functional Description and Features 
PCLER8 Is a programmable counter/timer with positive load, enable, and synchronous clear. The 
counter has linear feedback and counts in a pseudo-random sequence. The timer generates a positive­
going pulse when the last state is reached. The enable input should be kept high for counting or 
loading a starting value. The counter can be set to any non-zero starting value by applying an 8-bit 
binary code to inputs 0[0:7) and keeping the load input high. The value is loaded after the next clock 
cycle. The counter will count from the loaded value until it reaches a value of (00000001). If a new 
value is not loaded and the counter is not disabled, it will reload the value at its 0[0:7) inputs. The 
maximum count is 217. 

• Programmable 

• Positive load and count enable 

• Synchronous clear 

• Recycle from last loaded value 

Terminal Descriptions 

Netlist Order 

INPUTS: DO, 01, 02, 03, 04, 05, 06, 07, LO, EN, CK, CD 

OUTPUTS: Z 

Functional Descriptions 

Inputs: 
0[0:7) 
LO 
EN 
CK 
CD 

outputs: 
z 
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Parallel data inputs 
Load input, active-high 
Count enable, active-high 
Clock input 
Clear input, active-high 

Output 
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8-Bit, Programmable Counter/Timer PCLER8 

Detailed Schematic 
8 8 

LO 

EN 

CK 

t= ~· ,~cJs~l ~~, J l1~~uc_ 
~ rCK: l ~;---'~ r.,: l ~ ~ r .. :· l Q~ ~ .. ::. 03N 
~X ~ ~ FD1S31 

J 
CD 

Characteristics 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processing 

From To Area Performance 

Input Output 
Intrinsic Extrinsic Intrinsic Extrinsic 
J.naj_ lnsLQF_l J!lsl lnsLQF_l 

CKi zi 6.80 6.47 5.14 1.36 
CKi z.J, 5.26 2.31 3.89 0.58 

TIMING REQUIREMENTS 
VDD=5.0V, T =25°C, Nominal Processing 

Area Pert. 
Description value value Ill 

J.n~ ln& 

Minimum CD Setup before CKi 1.71 1.14 
Minimum 0[0:7] Setup before CKi 3.37 1.89 
Minimum EN Setup before CKi 7.20 3.26 
Minimum LO Setup before CKi 17.94 7.14 
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Boundary-Scan Introduction 

Because of the increasing complexity of Integrated circuits, surface-mount interconnection 
technology has created significant new problems in the development and application of tests for 
printed circuit boards. To cope with this problem, a proposal has been prepared by an ad hoc 
international standards body, the Joint Test Action Group (JTAG), to standardize board 
interconnect tests by using Boundary-Scan (B-S). The IEEE Standard P1149.1, as proposed, will 
accomplish two major goals: 1) to simplify testing of high-density circuit boards through B-S, and 2) 
to provide a common access to the various chip-level BIST resources for test and diagnosis at all 
levels of assembly. 

JTAG is an international group representing companies in Europe and North America seeking 
solutions for the test problems in hybrid and PCB products created by the combination of complex 
integrated circuits and surface-mount technology. 

A schematic overview of BIST & Boundary-Scan on a board is shown on the next page. 

The B-S cells for the pins of a chip are interconnected to perform a shift register chain around the 
border of the device. This path is provided with serial input and output connections and appropriate 
clock and control signals. The serial path can be used for three purposes: 

External B-S Test allows the interconnections between the various chips to be 
tested. Test data can be shifted into the BSOUT cell associated with chip outputs pins 
and then loaded in parallel through the chip interconnections into those BSIN[1-3] cells 
associated with input pins: 

Internal B-S Test allows chips on a board to be tested. The B-S register can be used as 
a means of isolating system logic from stimuli received from surrounding chips while an 
internal self-test is performed; 
Sample Test occurs by parallel loading the BSIN[1-3] cells at inputs and the BSOUT cell 
at outputs of a chip and shifting out the results. The B-S register provides a means of 
'sampling' the data flowing through a chip without interfering with its normal function. 
This sample B-S test is valuable for design debugging and fault diagnosis. 

BOUNDARY-SCAN TEST-MODE DEFINITION 

TEST MODE 

SAMPLE, NORMAL 

INTERNAL, EXTERNAL 

LOGIC VALUE (MODE) 

0 

1 

The performance, or maximum clock frequency of B-S circuitry is usually dictated by that of the TAP 
controller (BST AP). 

Timing characteristics provided in this section were obtained with AT&T's static timing analyzer, 
CRITIC. They are estimated with an average routing capacitance of 0.1 pF per fanout. The more 
accurate circuit simulator, GSIM, should be used to verify the proper timing for your final 
design. 
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Boundary-Scan Introduction 

BIST & BOUNDARY-SCAN OVERVIEW 

............. 

BISTed' 

Random 

Logic 

"-IC boundary 

12-2 

A Circuit Board with BIST & B-S 

RAM 

r-------, --, 
I 
I 

i...:c...-=--'F-=F-J , I 

: Tap 
I 

: Interface 
..J I 

I 

1 Buffers __ ...! I 
.......__.__._+-' L-------J 

....................... 

BISTed' Regular Structures 

ROM 

TAP Controller 
& 

BIST Interface 

••• PLA 

/ 
B-S path 

TDI TCK TMS TDO 

(Test Access Port) 

TDI 

TCK 

TMS 
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Boundary-Scan 

BLOCK DIAGRAM 

TMS 

Boundary-scan 
register 

r _____________ J __ l 
, Device ID 

---: register r-·-
L------------n--J 

--[~~~~t~~~~~~~e~J- - -.. 

Instruction reg. 

TAP 1-----~ 
IR controls 

TCK CTL 

STATUS 

Boundary Scan 

Introduction 

MUX 

Output TD 

buffer 

Enable 

Select 
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B-S Identification Register BSATT 

228 grids, 360 transistors 

FUNCTIONAL DESCRIPTION AND FEATURES 
BSATT is the 12 least significant bits of the manufacturer's ID register for AT&T. It is compatible to 
JT AG standard. 

When the CAPTURE pin is high, this register is loaded with/initialized to 
"0000 0011 1011" (or hex 039) which is the official JTAG code assigned to 
AT&T. The code can be shifted out towards TOO when the SHIFTN pin is low. 

BLOCK DIAGRAM 

AT&T 

TD I 
ID CODE 

0000 0011 101 

TERMINAL DESCRIPTIONS 
Netlist Order 

1 

INPUTS: TDl,TCK,CAPTURE,SHIFTN 
OUTPUT: TOO 

Functional Descriptions 
Inputs: 

TOO 

TOI Serial test data input 
Boundary Scan test clock TCK 

CAPTURE 
SHIFTN 

Capture/load scan-register; Derived from BSTAP controller 

Output: 

Derived from SHIFTDR signal generated by BSTAP controller; active 
low 

TOO Serial test data output 

CHARACTERISTICS 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processi~ 

From To Area Performance 

Input Output 
Intrinsic Extrinsic Intrinsic Extrinsic 

lnfil_ _l ns/__Q_Fl _lnfil_ _lns/.QE)_ 

TC Kt TDOJ.. 0.17 2.05 0.40 0.58 
TC Kt mot 0.23 3.24 0.40 0.70 
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B-S Identification Register BSATT 

Timing Requirements 
VDD=5.0V, T =25°C, Nominal Processing 

Description 
Area Perl. 

Unit 
Value Value 

Minimum TOI Setup before TCKi 2.5 1.7 
Minimum SHIFTN Setup before TCKi 2.5 1.7 ns 

m 
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B-S, Bidirectional Cell BSBD 

64 grids, 94 transistors 

FUNCTIONAL DESCRIPTION AND FEATURES 
BSBD is a JTAG COl'Jl)atible, boundary scan, bidirectional cell. 

Used along with bidirectional 1/0 buffer 
Direction control line (HOLi) is controlled by BSDC 

• Acts as a BSIN when HOLi = O 
• Acts as a BSOUT when HOLi = 1 

BLOCK DIAGRAM 

TOCKT 

MODE 

FRCKT 

BSFFN 

HOLi 1 0 
MUX 

'--~----tD1 01------------~ 

TOI >--------~DO 
CAPTURE SP 

SHIFTN SD 
CK 

Q 

UPDATE 

TCK >------------------U'>CK ON 

TOPAD 
MODE 

FRPAD 

BSFFN 

TOO 

BSFFN 

FD1P2AX 

TERMINAL DESCRIPTIONS 
Netlist Order 

INPUTS: FRCKT,TDl,TCK,HOLl,MODE,CAPTURE,SHIFTN,UPDATE,FRPAD 

OUTPUTS: TOCKT,TOPAD,TDO 

Functional Descriptions 

Inputs: 

12-6 

FRCKT 
TDI 
TCK 
HOLi 
MODE 
CAPTURE 
SHIFTN 
UPDATE 
FR PAD 

Input from chip internal circuitry (to output pad) 
Serial test data input (from previous boundary scan cell) 
Boundary scan test clock 
Direction control signal from BSDC cell (High:Output, Low:lnput) 
NOrmal/test-mode, control asserted in Internal or External Mode 
Capture/load scan-register; Derived from BSTAP controller 
Shift scan-register (active-low); Derived from BSTAP controller 
Update parallel output register; Derived from BST AP controller 
Input from chip-input pad (to internal circuit) 

Boundary Scan 



B-S Bidirectional Cell BSBD 

Outputs: 
TOCKT 
TO PAD 
TDO 

Output to chip internal circuit (from input pad, or update latch) 
Output to chip output pad (from internal circuit, or update latch) 
Serial test data output (to next boundary scan cell) 

CHARACTERISTICS 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processing 

From To Area Performance 

Input Output 
Intrinsic Extrinsic Intrinsic Extrinsic 

_{_naj_ _{_ns{Qfl _{_naj_ _{_ns{Qfl 

TCK..l. TOCKTJ. 2.97 4.03 2.57 1.07 
TCKJ. TOCKTi 2.69 6.41 2.23 1.36 
TCKJ. TOP ADJ. 2.97 4.03 2.57 1.07 
TCKJ. TOP A Di 2.69 6.41 2.23 1.36 

TC Ki TDOJ. 2..40 7.93 2.17 1.73 
TC Ki TDOi 2.23 5.81 2.34 1.44 

FRCKT TOPADJ. 0.63 1.98 0.40 0.53 
FRCKT TOPADi 0.29 4.82 0.23 1.03 

MODE TOCKTJ. 0.63 1.98 0.40 0.53 
MODE TOCKTi 0.29 6.47 0.23 1.36 
MODE TOP ADJ. 0.63 1.98 0.40 0.53 
MODE TOP A Di 0.29 6.47 0.23 1.36 

FR PAD TOCKTJ. 0.63 1.98 0.40 0.53 
FR PAD TOCKTi 0.29 4.82 0.23 1.03 

Timing Requirements 
VDD=5.0V, T =25°C, Nominal Processing 

Description 
Area Pert. 

Unit 
value value 

Minimum FRCKT Setup before TCKi 4.2 2.3 

Minimum TDI Setup before TCKi 3.2 1.7 

Minimum HOLi Setup before TCKi 4.4 2.4 

Minimum MODE Setup before TCK i 4.2 2.3 
ns 

Minimum CAPTURE Setup before TCKi 3.2 1.7 

Minimum SHIFTN Setup before TCKi 3.2 1.7 

Minimum UPDATE Setup before TCKJ. 1.9 1.3 

Minimum FRPAD Setup before TCKi 4.2 2.3 
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B-S, Bypass Cell BSBP 
23 grids, 34 transistors 

FUNCTIONAL DESCRIPTION AND FEATURES 
BSBP is a JTAG compatible, boundary scan, bypass cell. 

• Provides a short-circuit route for test data in scanning cycle especially during 
board diagnosis 

BLOCK DIAGRAM 

CAPTURE 

TOI 
SHIFTN 

TCK 

"">----fno----io51----. 
">-----ISPN 

>----t>CK 

CDNQN 

:x>-----' FD1 N3MX 

INRB 

TERMINAL DESCRIPTIONS 
Netlist Order 

INPUTS: TOl,TCK,CAPTURE,SHIFTN 
OUTPUT:TDO 

Functional Descriptions 
Inputs: 

TOO 

TDI Serial test data input (from TDI input pad) 
Boundary scan test clock TCK 

CAPTURE Capture/ load (logic 0) into bypass register; Derived from BST AP 
controller 

SHIFTN Shift DR signal (active-low); Derived from BST AP controller 
Output: 

TDO Serial test data output (to the DR MUX) 

CHARACTERISTICS 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processing 

From To Area Performance 

Input Output 
Intrinsic Extrinsic Intrinsic Extrinsic 

l_n& l_ns/QE}_ l_n& l_ns/QFl 

TC Kt TDO.i, 0.17 7.93 0.40 1.73 
TC Kt mot 0.23 5.75 0.40 1.44 
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B-S, Bypass Cell BSBP 

Timing Requirements 
VDD=5.0V, T =25°C, Nominal Processing 

Description 
Area Pert. 

Unit 
Value Value 

Minimum TOI Setup before TCK't 2.2 1.5 
Minimum CAPTURE Setup before TCKt 2.6 1.7 ns 
Minimum SHIFTN Setup before TCKt 2.2 1.5 

m 
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BIST Resource Interface Controller BSBRIC 

86 grids, 132 transistors 

FUNCTIONAL DESCRIPTION AND FEATURES 
BSBRIC is a JTAG compatible circuit. 

Uses the JTAG boundary scan protocol to actuate the built-in self-test 
features of the AT&T BIST Macrocell and then to shift out the results over the 
boundary scan output pin 
BSBRIC forms a 2-bit user test data register which is connected in parallel with 
the B-S register and bypass register. 

BLOCK DIAGRAM 

A[M:O] 
D[N:O) 

RW 
SM 
CK 

_BISI_ 

BFC 

BCD--1 

TOO 

STATE DIAGRAM 

BIST=1 

12-10 

BIST 

MACROCELL 

BIST 
RESOURCE 
INTERFACE 

CONTROLLER 
(BS~IC) 

1 

BFC=BC•BF' 
BIST=1 

BIST=1 

BC 
BF 

Q[N:O] 
QN[N: OJ 

RB 
SHIFT N 

ET TRES 
TOI 

TCK 
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BIST Resource Interface Controller BSBRIC 

TERMINAL DESCRIPTIONS 
Netlist Order 

INPUTS: TDl,TCK,SHIFTN,RB,BC,BF,TRESET 
OUTPUTS: BCD,BFC,BIST,TDO 

Functional Descriptions 
Inputs: 

Outputs: 

TOI 
TCK 

SHIFTN 

RB 

BC 

BF 

TRESET 

Serial test data input 

Boundary scan test clock also used for BIST MACROCELL 

Shift out results (active-low); Derived from BSTAP controller 

Start BIST command input 

BIST complete from BIST MACROCELL 

BIST flag from BIST MACROCELL indicating PASS/FAIL 

Asynchronous reset command from BST AP 

BCD BIST clear (Not used for 0.9µ Macrocells) 

BFC BIST flag check to BIST MACROCELL, high checks for BF stuck at 0 

BIST BIST test mode to BIST MACROCELL 

TOO Serial test data output (to next boundary scan cell) 

CHARACTERISTICS 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processing 

From To Area Performance 

Input Output 
Intrinsic Extrinsic Intrinsic Extrinsic 

lnfil_ J_ns/J>E}_ J_nfil_ J_ns{QE)_ 

TC Kt BCD.J. 3.66 1.98 2.74 0.53 
TC Kt BCDt 5.09 3.24 3.26 0.66 
TC Kt BFC.J. 5.14 1.98 4.11 0.53 
TC Kt BFCt 8.34 3.17 5.94 0.70 

TC Kt BIST.J. 7.77 2.05 4.46 0.58 
TC Kt BISTt 8.74 3.24 5.83 0.70 
TC Kt TDO.J. 0.69 2.18 1.60 0.62 
TC Kt root 0.80 3.24 1.37 0.70 
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BIST Resource Interface Controller BSBRIC 

Timing Requirements 
VDD=5.0V, T =25°C, Nominal Processing 

Description 
Area Perf. 

Unit 
Value Value 

Minimum TOI Setup before TCKt 2.4 1.4 
Minimum SHIFTN Setup before TCKt 2.4 1.4 
Minimum RB Setup before TCKt 5.2 2.6 

ns 
Minimum BC Setup before TCKt 5.0 2.5 
Minimum BF Setup before TCKt 5.1 2.5 
Minimum TRESET Setup before TCKt 2.4 1.4 

m 
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System/Test Clock Multiplexer BSCKMUX 

118 grids, 168 transistors 

FUNCTIONAL DESCRIPTION AND FEATURES 
BSCKMUX is a system/test clock multiplexer for chip designs with boundary scan. It features: 

• Two synchronizing D-type FFs are used for each input clock gating signal (SGT 
or TGT) to help ensure metastable-free multiplexing. 

• A Run BIST (RBIST) signal which assures synchronous activation of built-in self­
test (e.g. BILBO; circular BIST) by the BSTAP. Note that when BIST runs on 
TCK (SCK), RBIST is simply driven by the RUNTST (SGT) signal, assuring its 
synchronization with respect to BSCKMUX output clock (CK). 
Input clock waveform duty-cycle is maintained by using multiplexing NANO gates 
which provide equivalent delay paths for both the rising and falling edges. 

BLOCK DIAGRAM 

PUA 7-------. 

TRESET1 >------1 

BPSEL1 >-----l 

RUNTST1 

SCKEN1 

Synchronization 

Circuit 

TCK ,.._-+---+----~--1---+-+--' 

SCK >--+--+------'---++-----' 

BISTEN 

1 Indicates a signal is synchronous with respect to TCK. 

2 Indicates a signal is synchronous with respect to SCK. 

Boundary Scan 

CK 

RBIST 
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System/Test Clock Multiplexer BSCKMUX 

System/Test Clock Switching Conditions 

CK Outputs Conditions 

SCK 1. TAP is in Test-Logic-Reset state (TRESET = 1), or 

2. Bypass path is selected by an instruction in IA (BPSEL = 1), or 

3. TAP is in Run-Test/Idle state AND system clock is enabled by an instruction in IR 

( RUNTST = SCKEN = 1) 

[NOTE: RBIST, synchronous with respect to SCK, is asserted if RUNTST = 1) 

TCK 1. TRESET = BPSEL = RUNTST = 0, or 

2. TRESET = BPSEL = SCKEN = 0 

[NOTE: RBIST, synchronous with respect to TCK, is asserted if RUNTST = 1) 

TERMINAL DESCRIPTIONS 
Netlist Order 

INPUTS: SCK,TCK,TRESET,RUNTST,SCKEN,BPSEL,PUR 
OUTPUTS: CK,RBIST 

FUNCTIONAL DESCRIPTIONS 
Inputs: 

Outputs: 

12-14 

SCK System clock to be multiplexed 
TCK Test clock to be multiplexed 
TRESET Test-logic reset signal Derived from BSTAP 
RUNTST Run-test signal Derived from BST AP 
SCKEN Enable system clock (during BIST); decoded from B-S IR 
BPSEL Bypass path select signal; decoded from BSIR 
[NOTE: SCK is always selected in bypass mode according to JTAG spec.] 
PUA Power-Up Reset (e.g. from PUR40U); preset TRESET high 

CK 
RBIST 

Hazard-free clock signal (driven by SCK or TCK) 
Synchronized control signal for activating BIST; issued on falling 
edge of CK 

Boundary Scan 



System/Test Clock Multiplexer 

CHARACTERISTICS 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processing 

From To Area Performance 

Input Output 
Intrinsic Extrinsic Intrinsic Extrinsic 

J_n& J_nsLQFj_ J_n& J_nsLQFl 

TCK,SCK.!. CK.I. 0.80 4.10 0.29 1.07 
TCK,SCK.!. CKi 0.74 3.24 0.40 0.66 

SCK.!. ABIST.!. 2.86 0.86 2.74 0.21 
SCK.!. ABISTi 3.60 0.86 3.26 0.21 

TC Ki ABIST.!. 5.83 0.86 4.23 0.21 
TC Ki ABISTi 7.31 0.86 5.43 0.21 

AUNTST ABIST.!. 2.57 0.86 1.31 0.21 
AUNTST ABISTi 2.06 0.86 1.14 0.21 

SC KEN ABIST.!. 2.69 0.86 1.43 0.21 
SC KEN ABISTi 2.86 0.86 1.54 0.21 

PUA.I. CK.I. 5.21 4.10 2.74 1.07 
PUA.I. CKi 8.74 3.24 4.42 0.66 

BSCKMUX 

Since BSCKMUX operates asynchronously, specification of setup times is meaningless here. 
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II 

B-S Bidirectional Control Cell BSDC 

64 grids, 90 transistors 

FUNCTIONAL DESCRIPTION AND FEATURES 
BSDC is a JTAG compatible, boundary scan, bidirectional control cell. 

Shift register with capture for controlling the 3-state buffer in a bidirectional pin 
Bidirectional pin configured as input, (OE=O), during internal mode 

BLOCK DIAGRAM 

INTEST .>----------1 
MODE 

OEI 

~-D 
SFFN 

OEN 

....__ _________________ HOLi 

D1 
DO TOI >-----1 

CAPTURE ~----1 
SHIFTN >------1 

TCK >----~ 

SP 
SD 
CK 

UPDATE 

Q !~----------------------- TOO 

ON 

FL1P3AX 
Q 

..__---------·V>CK ~ BSFFN 

FD1P2MX 

TRESET >------1 

INRB 

TERMINAL DESCRIPTIONS 
Netlist Order 

INPUTS: CAPTURE,INTEST,MODE,OEl,SHIFTN,TCK,TDI ,TRESET,UPDATE 

OUTPUTS: HOLl,OE,OEN,TDO 

Functional Descriptions 

Inputs: 
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CAPTURE 
INTEST 
MODE 
OEI 
SHIFTN 
TCK 
TOI 
TR ES ET 
UPDATE 

Capture/load scan register; Derived from BST AP controller 
Internal test signal; Asserted during INTEST instruction 
lnpuVoutput mode, control asserted in Internal or External mode 
Output enable input signal, deployed in normal/system mode 
Shift scan-register, active low; Derived from BST AP controller 
Boundary scan test clock 
Serial test data input, (from previous boundary scan cell) 
Test logic reset signal; Derived from BSTAP controller 
Update parallel output register; Derived from BST AP controller 

Boundary Scan 



B-S Bidirectional Control Cell BSDC 

Outputs: 
HOLi 
OE 
OEN 
TOO 

Direction control signal to BSBD cell; (High= output, Low= input) 
Output Enable signal to 3-state buffer 
Negated output signal to 3-state buffer 
Serial test data output (to next boundary scan cell) 

CHARACTERISTICS 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processing 

From To Area Performance 

Input Output 
Intrinsic Extrinsic Intrinsic Extrinsic 
ins) Jns/pF) J.ns}_ J_ns/J'.lE}_ 

TCK..1. OE..1. 3.31 2.31 0.58 1.07 
TCK..1. OEt 3.94 3.24 0.70 1.36 
TCK..1. OEN..!. 4.17 2.31 0.58 1.07 
TCKt OENt 3.43 3.24 0.70 1.36 

TC Kt TD0..1. 2.46 7.93 2.34 1.73 
TCKt TDOt 2.34 5.81 2.51 1.44 
OEI OEN..!. 3.26 2.31 0.58 0.53 
OEI OENt 2.57 3.24 0.70 1.03 

MODE OE..1. 2.46 2.31 0.58 0.53 
MODE OEt 3.03 3.24 0.70 1.36 
MODE OEN..!. 3.26 2.31 0.58 0.53 
MODE OENt 2.57 3.24 0.70 1.36 

MODE HOLi ..1. 1.09 4.03 0.57 1.07 
MODE HOLi t 1.09 6.47 0.51 1.36 

Timing Requirements 
VDD=5.0V, T =25°C, Nominal Processing 

Description 
Area Pert. 

Unit 
Value Value 

Minimum TRESET Setup before TCKt 2.6 1.8 

Minimum TOI Setup before TCKt 3.2 1.7 

Minimum OEI Setup before TCK t 3.2 1.7 

Minimum CAPTURE Setup before TCKt 3.2 1.7 ns 

Minimum SHIFTN Setup before TCKt 3.2 1.7 

Minimum UPDATE Setup before TCK..1. 2.2 1.6 
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B-S Input 1 BSIN1 

51 grids, 72 transistors 

FUNCTIONAL DESCRIPTION AND FEATURES 
BSIN1 is a JTAG compatible, boundary scan input cell. 

Standard boundary scan input cell with input-pin signal controllable by the 

update register 
Chip logic shielded from disturbances during boundary scan external test, (by 
setting MODE=1) 
Totally synchronous operation 

BLOCK DIAGRAM 

TDI 
CAPTURE 

SHIFTN 

TDO 

1----------10 Q 

FL1P3AX 

UPDATE SP 

~--Cll>CK 
'----""" 

FD1P2AX 

DO 

TCK 

TERMINAL DESCRIPTIONS 
Netlist Order 

INPUTS: Dl,TDl,TCK,MODE,CAPTURE,SHIFTN,UPDATE 

OUTPUTS: DO,TDO 

Functional Descriptions 

Inputs: 

Outputs: 
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DI 
TOI 
TCK 
MODE 
CAPTURE 
SHIFTN 
UPDATE 

DO 

TOO 

Normal input from chip input pad 
Serial test data input (from previous boundary scan cell) 
Boundary scan test clock 
Input-mode control (asserted in Internal or External Mode) 
Capture/ load scan-register; Derived from BST AP controller 
Shift scan-register (active-low); Derived from BSTAP controller 
Update parallel output register; Derived from BST AP controller 

Output from boundary scan input cell; drives normal input or scanned 
input to chip internal circuitry when MODE = 0 
Serial test data output (to next boundary scan cell) 

Boundary Scan 



8-S Input 1 BSIN1 

CHARACTERISTICS 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processing 

From To Area Performance 

Input Output 
Intrinsic Extrinsic Intrinsic Extrinsic 

_(_nfil_ _(_ns/_Qfl _(_nfil_ _(_nsm.El. 

DI DOJ. 0.57 1.98 0.40 0.53 
DI DOi 0.29 4.82 0.23 1.43 

TCKJ. DOJ. 1.43 4.03 1.54 1.07 
TCK,J.. DOi 1.09 6.41 1.31 1.36 

TC Ki TDOJ. 2.40 7.93 2.17 1.73 
TC Ki TDOi 2.23 5.81 2.34 1.44 

MODE DOJ. 0.57 4.03 0.40 1.07 
MODE DOi 0.29 6.47 0.23 1.36 

Timing Requirements 
VDD=5.0V, T =25°C, Nominal Processing 

Description 
Area Perl. 

Unit 
Value Value 

Minimum DI Setup before TCKi 3.2 1.7 
Minimum TDI Setup before TCKi 3.2 1.7 
Minimum UPDATE Setup before TCK,J.. 1.9 1.3 

ns 

Minimum CAPTURE Setup before TCKi 3.2 1.7 
Minimum SHIFTN Setup before TCKi 3.2 1.7 

m 
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B-S Input 2 

32 grids, 46 transistors 

FUNCTIONAL DESCRIPTION AND FEATURES 
BSIN2 is a JTAG compatible, boundary scan input cell. 

Boundary scan input cell without "update" register 
Totally synchronous operation 

BLOCK DIAGRAM 

TOI '>--------i 
CAPTUR 
SHIFTN >--------i 

TCK >-------!? 

TERMINAL DESCRIPTIONS 
Netlist Order 

FL1P3AX 

INPUTS: Dl,TDl,TCK,MODE,CAPTURE,SHIFTN 

OUTPUTS: DO,TDO 

Functional Descriptions 
Inputs: 

DI 
TDI 

Normal input from chip-input pad 
Serial test data input (from previous boundary scan cell) 
Boundary scan test clock 

BSIN2 

TCK 
MODE 
CAPTURE 
SHIFTN 

Input-mode control (asserted in Internal or External Mode) 
Capture/load scan-register; Derived from BSTAP controller 
Shift scan-register (active-low); Derived from BSTAP controller 

Outputs: 
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DO Output from boundary scan input cell; drives normal input or scanned 
input to chip internal circuitry when MODE = 0 

TOO Serial test data output (to next boundary scan cell) 

Boundary Scan 



B-S Input 2 BSIN2 

CHARACTERISTICS 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processing 

From To Area Performance 

Input Output 
Intrinsic Extrinsic Intrinsic Extrinsic 
J_n~ _(_ns{Qfl ln~ _(_ns!QE)_ 

DI DO.J. 1.03 1.98 0.51 0.53 
DI DOi 1.03 4.82 0.51 1.43 

TC Ki DOJ. 2.51 4.03 2.34 1.07 
TCKi DOi 2.11 6.41 2.00 1.36 

TC Ki TDOJ. 2.46 7.93 2.29 1.73 
TC Ki TDOi 2.06 5.81 2.40 1.44 

MODE DOJ. 1.03 4.03 0.51 1.07 
MODE DOi 1.03 6.47 0.51 1.36 

Timing Requirements 
VDD=5.0V, T =25°C, Nominal Processing 

Description 
Area Perl. 

Unit 
Value Value 

Minimum DI Setup before TCKi 4.2 2.2 
Minimum TDI Setup before TCKi 3.2 1.7 
Minimum MODE Setup before TCKi 4.2 2.2 

ns 

Minimum CAPTURE Setup before TCKi 3.2 1.7 
Minimum SHIFTN Setup before TCKi 3.2 1.7 
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B-S Input 3 BSIN3 

26 grids, 36 transistors 

FUNCTIONAL DESCRIPTION AND FEATURES 
BSIN3 is a JTAG compatible, boundary scan input cell, used only for clock or critical input pins. 

Boundary scan input cell without "update" output latch; JTAG "External" and 
"Sample" mode are supported 
Totally synchronous operation 

BLOCK DIAGRAM 

DI ,,,. 01 a 
TOI '-,,,. DO 

CAPTURE _> SP 
SHIFTN > SD 

J 
,>CK ON 

TCK' 
FL1P3AX ,,,. 

TERMINAL DESCRIPTIONS 
Netlist Order 

INPUTS: Dl,TDl,TCK,CAPTURE,SHIFTN 

OUTPUT:TDO 

Functional Descriptions 

Inputs: 
DI Normal input from chip-input pad 

TDO 

TDI 
TCK 
CAPTURE 
SHIFTN 

Serial test data input (from previous boundary scan cell) 
Boundary scan test clock 

Output: 

Capture/load-scan register; Derived from BSTAP controller 
Shift scan-register (active-low); Derived from BSTAP controller 

TDO Serial test data output (to next boundary scan cell) 

CHARACTERISTICS 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processing 

From To Area Performance 

Input Output 
Intrinsic Extrinsic Intrinsic Extrinsic 

lnfil_ J_ns/pfl_ J_naj_ ins/QF_l 

TC Kt TDOJ.. 1.54 7.93 1.54 1.73 
TC Kt mot 1.31 5.81 1.66 1.44 
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B-S Input 3 BSIN3 

Timing Requirements 
VDD=S.OV, T =25°C, Nominal Processing 

Description 
Area Perl. 

Unit 
Value Value 

Minimum DI Setup before TCKi 3.2 1.7 
Minimum TDI Setup before TCKi 3.2 1.7 

ns 
Minimum CAPTURE Setup before TCKi 3.2 1.7 
Minimum SHIFTN Setup before TCKi 3.2 1.7 
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8-S Instruction Register 1 BSIR 

48 grids, 68 transistors 

FUNCTIONAL DESCRIPTION AND FEATURES 
BSIR is a JTAG compatible, boundary scan instruction register. 

Output flip-flop preset by TRESET signal 

Fault isolation of the board-level, serial test data path is supported. A constant 
·01 · pattern must be loaded into the two least significant bits of the instruction 
register at the start of the instruction scan cycle. 
Includes shift register and parallel output register 
Instruction register with status input during capture 

BLOCK DIAGRAM 

STATUS 
TOI 

CAPTURE 
SHIFTN 

UPDATE 
TRESET 

TOO 

IROUT 

TERMINAL DESCRIPTIONS 
Netlist Order 

INPUTS: STATUS,TDl,TCK,TRESET,CAPTURE,SHIFTN,UPDATE 
OUTPUTS: IROUT,TOO 

Functional Descriptions 

Inputs: 

Outputs: 
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STATUS 
TOI 
TCK 
TR ES ET 
CAPTURE 
SHIFTN 
UPDATE 

!ROUT 
TOO 

Status data to be loaded with IR capture 
Serial test data input (from previous boundary scan IR cell) 
Boundary scan test clock 
Test-logic-preset signal from BSTAP controller 
Capture/load scan-register; Derived from BSTAP controller 
Shift scan-register (active-low); Derived from BSTAP controller 
Update parallel output register; Derived from BSTAP controller 

Output from instruction register 
Serial test data output (to next boundary scan IR cell) 
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B-S Instruction Register 1 

CHARACTERISTICS 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Process~ 

From To Area Performance 

Input Output 
Intrinsic Extrinsic Intrinsic Extrinsic 

lnfil_ J_ns/_QF_l lnfil_ J_ns/J:>E)_ 

TCK..I. IROUTJ. 0.06 2.11 0.17 0.58 
TCKJ. IROUTi 0.06 3.17 0.11 0.70 
TC Ki TDOJ. 2.46 7.93 2.34 1.73 
TC Ki TDOi 2.29 5.81 2.51 1.44 

Timing Requirements 
VDD=5.0V, T =25°C, Nominal Processing 

Description 
Area Perf. 

Unit 
Value Value 

Minimum STATUS Setup before TCKi 3.2 1.7 
Minimum TOI Setup before TCKi 3.2 1.7 
Minimum TRESET Setup before TCKJ, 1.4 0.8 

ns 

Minimum CAPTURE Setup before TCKi 3.2 1.7 
Minimum SHIFTN Setup before TCKi 3.2 1.7 
Minimum UPDATE Setup before TCKJ. 2.3 1.2 

Boundary Scan 

BSIR 

m 
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B-S Instruction Register 1 BSIRN 

49 grids, 70 transistors 

FUNCTIONAL DESCRIPTION AND FEATURES 
BSIRN is a JTAG compatible, boundary scan instruction register. 

Output flip-flop cleared by TRESET signal 
Fault isolation of the board-level serial test data path is supported. A constant 
'01' pattern must be loaded into the 2 least significant bits of the instruction 
register at the start of the instruction scan cycle. 
Includes shift register and parallel output register 
Instruction register with status input during capture 

BLOCK DIAGRAM 

STATUS >------1 
TOI >------1 

CAPTURE 
SHIFTN 

TERMINAL DESCRIPTIONS 
Netlist Order 

UPDATE 

FD1S2DX 

TRESET 

INPUTS: STATUS,TDl,TCK,TRESET,CAPTURE,SHIFTN,UPDATE 
OUTPUTS: IROUT,TDO 

Functional Descriptions 
Inputs: 

Status data to be loaded with IR capture 

TOO 

!ROUT 

STATUS 
TOI 
TCK 

Serial test data input (from previous boundary scan IR cell) 
Boundary scan test clock 

Outputs: 
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TR ES ET 
CAPTURE 
SHIFTN 
UPDATE 

IROUT 
TOO 

Test-logic-reset signal from BSTAP controller 
Capture/load scan-register; Derived from BSTAP controller 
Shift scan-register (active low); Derived from BSTAP controller 
Update parallel output register; Derived from BSTAP controller 

Output from instruction register 
Serial test data output (to next boundary scan IR cell) 
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B-S Instruction Register 1 BSIRN 

CHARACTERISTICS 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processing 

From To Area Performance 

Input Output 
Intrinsic Extrinsic Intrinsic Extrinsic 

ln!& lns{Q_F_l ln!& j_nsllill_ 

TCK1' IROUTJ. 1.66 7.93 1.43 1.73 
TCK1' IROUT1' 1.60 8.85 1.71 2.05 
TCK1' TDOJ. 2.46 7.93 2.34 1.73 
TCK1' TD01' 2.29 5.81 2.51 1.44 

Timing Requirements 
VDD=5.0V, T =25°C, Nominal Processing 

Description 
Area Pert. 

Unit 
Value Value 

Minimum TOI Setup before TCK1' 3.2 1.7 
Minimum TRESET Setup before TCKJ. 1.7 1.0 
Minimum SHIFTN Setup before TCKi 3.2 1.7 

ns 

Minimum UPDATE Setup before TCKJ. 2.7 1.4 
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B-S Output Enable Control BSOE 

59 grids, 84 transistors 

FUNCTIONAL DESCRIPTION AND FEATURES 
BSOE is a JTAG compatible, boundary scan, output-enable control cell 

Shift register with capture for controlling the 3-state output pin 

BLOCK DIAGRAM 

.»--- OE 
INRB 

INRB 

'-----~01 01-----.-----i 
TOI DO 

CAPTURE SP 
SHIFTN so 

TCK CK ON 

FL1P3AX 
UPDATE>-----------~ 

TRESET >------1 )o------------' 

TERMINAL DESCRIPTIONS 
Netlist Order 

INPUTS: OEl,TOl,TCK,TRESET,MODE,CAPTURE,SHIFTN,UPDATE 
OUTPUTS: OE,OEN,TOO 

Functional Descriptions 

Inputs: 

Outputs 

12-28 

OEI 
TOI 
TCK 
TRESET 
MODE 
CAPTURE 
SHIFTN 
UPDATE 

OE 
OEN 
TOO 

Output-enable input signal (deployed in normal/system mode) 
Serial test data input (from previous boundary scan cell) 
Boundary scan test clock 
Test-logic-reset signal; Derived from BSTAP controller 
Output-mode control (asserted in Internal or External Mode) 
Capture/load scan-register; Derived from BST AP controller 
Shift scan-register (active low); Derived from BSTAP controller 
Update parallel output register; Derived from BSTAP controller 

Output-enable signal to 3-state buffer 
Negated output enable to 3-state buffer 
Serial test data output (to next boundary scan cell) 
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B-S Output Enable Control 

CHARACTERISTICS 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processirlg 

From To Area Performance 

Input Output 
Intrinsic Extrinsic Intrinsic Extrinsic 
J_n~ J_ns/..QEl. J_n~ l_ns!Q.F.l 

OEI OE.J. 2.00 2.31 0.97 0.58 

OEI OEt 2.23 3.24 1.03 0.70 

OEI OEN.J. 2.11 2.31 0.91 0.58 

OEI OENt 1.77 3.24 0.86 0.70 

TC Kt TDO.J. 2.46 7.93 2.34 1.73 

TC Kt mot 2.34 5.81 2.51 1.44 

TCK.J. OE.J. 2.86 2.31 2.11 0.58 

TCK.J. OEt 3.14 3.24 1.89 0.70 

TCK.J. OEN.J. 3.03 2.31 1.77 0.58 

TCK.J. OENt 2.63 3.24 2.00 0.70 

MODE OEN.J. 2.11 2.31 0.91 0.58 

MODE OENt 1.77 3.24 0.86 0.70 

MODE OE.J. 2.00 2.31 0.97 0.58 

MODE OEt 2.23 3.24 1.03 0.70 

Timing Requirements 
VDD=5.0V, T =25°C, Nominal Processing 

Description 
Area Pert. 

Unit 
Value Value 

Minimum OEI Setup before TCKt 3.2 1.7 
Minimum TOI Setup before TCKt 3.2 1.7 
Minimum TRESET Setup before TCK.J, 2.6 1.8 

ns 

Minimum CAPTURE Setup before TCKt 3.2 1.7 
Minimum SHIFTN Setup before TCKt 3.2 1.7 
Minimum UPDATE Setup before TCK.J. 2.2 1.6 

Boundary Scan 
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B-S Output BS OUT 

51 grids, 72 transistors 

FUNCTIONAL DESCRIPTION AND FEATURES 
BSOUT is a JTAG compatible, boundary scan output cell. 

Standard boundary scan output cell with output pin controllable by update register 
Shield outside circuitry from disturbances during boundary scan Internal Test (by 
setting MODE=1 ). 

BLOCK DIAGRAM 

TOO 

DO 

Q D Q 

TOI UPDATE SP 
CAPTURE 

SHIFTN 
ON 

CK 

FL1P3AX 

TCK 

TERMINAL DESCRIPTIONS 
Netlist Order 

INPUTS: Dl,TOl,TCK,MODE,CAPTURE,SHIFTN,UPDATE 
OUTPUTS: DO,TOO 

Functional Descriptions 

Inputs: 

Outputs: 
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DI 
TOI 
TCK 
MODE 
CAPTURE 
SHIFTN 
UPDATE 

DO 
TOO 

Input from chip internal circuitry 
Serial test data input (from previous boundary scan cell) 
Boundary scan test clock 
Output-mode control (asserted in Internal or External Mode ) 
Capture/load scan-register; Derived from BSTAP controller 
Shift scan-register (active low); Derived from BSTAP controller 
Update parallel output register; Derived from BST AP controller 

Output to normal chip-output pad 
Serial test data output (to next boundary scan cell) 
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B-S Output BSOUT 

CHARACTERISTICS 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processing 

From To Area Performance 

Input Output 
Intrinsic Extrinsic Intrinsic Extrinsic 

J.n& J.ns{Qfl J.n& ins!QFl 

DI DOJ.. 0.57 1.93 0.40 0.53 
DI DOi 0.29 4.82 0.23 1.03 

TCKJ.. DOJ.. 1.43 4.03 1.54 1.07 
TCKJ.. DOi 1.09 6.41 1.31 1.36 

TC Ki TDOJ.. 2.40 7.93 2.17 1.73 
TC Ki TDOi 2.23 5.81 2.34 1.44 

MODE DOJ.. 0.57 4.03 0.40 1.07 
MODE DOi 0.29 6.47 0.23 1.36 

Timing Requirements 
VDD=5.0V, T=25°C, Nominal Processing 

Description 
Area Perl. 

Unit 
Value Value 

Minimum DI Setup before TCKi 3.2 1.7 
Minimum TOI Setup before TCKi 3.2 1.7 
Minimum MODE Setup before TCKi 3.2 1.7 

ns 
Minimum CAPTURE Setup before TCKi 3.2 1.7 
Minimum SHIFTN Setup before TCKi 3.2 1.7 
Minimum UPDATE Setup before TCKJ.. 1.9 1.3 
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Test Access Port Controller BSTAP 

227 grids, 342 transistors 

FUNCTIONAL DESCRIPTION AND FEATURES 
BSTAP is a P1149.1 compatible, test access port (BSTAP) controller. State assignments used are 
from JTAG specifications. All control signals are issued on the rising edge of TCK, except ENABLE, 
which changes on the falling edge. This is to conform to the JTAG requirement that TDO should be 
updated on the falling edge of TCK. SELECT signal is asserted in RESET and RUNTEST states to 
reduce logic. The following features of BSTAP contribute to the viability of P1149.1 as an 
international standard. 

A fixed set of pins: Test Data Input (TOI), Test Data Output (TDO), Test Mode 
Select (TMS), Test Clock (TCK), and an optional asynchronous reset pin for 
initializing test logic upon power up. 
A well-defined protocol ensuring inter-operability among all B-S equipped 
devices from different vendors. 
A set of internal control signals which separate a single serial bit stream (applied 
on TOI) into test data and test instructions. This provides great design flexibility 
to the chip designer. 
A unified scan mechanism for controlling and accessing on-chip BIST structures. 

MAIN STATE DIAGRAM 

*1 

0 

Test logic 
reset 

0 

Run test 
/idle 
~ SelectlR 
~ scan 

! 0 0 

Scan 
data 

register 

0 

Scan 
instruction 

register 

0 

• The logic value adjacent to a state-transition arc corresponds to the value of TMS. 
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Test Access Port Controller BSTAP 

SCAN STATE DIAGRAM 

From "Select DR Scan?" 
or "Select IR Scan?" 

Update 

To "Select DR Scan?" To "Run test/idle" 

Function Table 
STATE State Assignment 

(HEX) 

RESET 
RUNTEST 
SCAN DR 
CAPTURE DR 
SHIFT DR 
EXIT1 DR 
UPDATE DR 
EXIT2 DR 
PAUSE DR 
SCANIR 
CAPTURE JR 
SHIFT JR 
EXIT1 JR 
UPDATE JR 
EXIT2 IR 
PAUSE IR 

(F) 
(3) 
(E) 
(6) 
(4) 
(8) 
(A) 
(0) 
(C) 
(2) 
(7) 
(5) 
(9) 
(B) 
(1) 
(D) 

• Not Applicable, no control signals asserted. 

TERMINAL DESCRIPTION 
Netlist Order 

Inputs: TMS, TCK, PUA 

Control Signals Asserted 

TRESET,SELECT 
RUNTST, SELECT 
N/A * 
CAPTURE DR 
SHIFTDR, ENABLE 
NIA* 
UPDATEDR 
N/A * 
N/A * 
N/A * 
CAPTUREIR, SELECT 
SHIFTIR, ENABLE, SELECT 
SELECT 
UPDATEIR, SELECT 
SELECT 
SELECT 

Outputs: TRESET, RUNTST, SELECT, ENABLE, CAPTUREDR, CAPTUREIR, 
SHIFTDR,SHIFTIR, UPDATEDR, UPDATEIR 
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Test Access Port Controller BSTAP 

FUNCTIONAL DESCRIPTIONS 
Inputs: 

Outputs: 

12-34 

TMS 
TCK 
PUR 

TR ES ET 
RUNTST 
SELECT 
ENABLE 
CAPTURE DR 
CAPTUREIR 
SHIFTDR 
SHIFTIR 
UPDATEDR 
UPDATEIR 

Test- mode Select 
Test clock 
Power Up Reset (e.g., from PUR40U) forces TRESET high 

Test-logic reset 
Run test (start internal BIST tests) 
HI: select IR; LO: select DR 
Test data output pin (TDO) enable; issued on falling TCK 
Capture/parallel load DR 
Capture/parallel load IR 
Shift DR 
Shift IR 
Update/parallel load DR output buffer FFs 
Update/parallel load IR output buffer FFs 

Boundary Scan 



Test Access Port Controller BSTAP 

CHARACTERISTICS 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processin[ 

Symbol From To Area Performance 

Input Output 
Intrinsic Extrinsic Intrinsic Extrinsic 

lnfil_ _(_ns{Qf_l _(_n~ J!ls&f"_l 

TTL TC Ki TRESET.J. 2.51 1.98 2.86 0.58 
TTH TC Ki TRESETi 3.20 12.9 3.54 2.75 
TRL TC Ki RUNTST.J. 3.94 1.98 3.66 0.58 
TRH TCKi RUNTSTi 3.89 12.9 3.54 2.75 

TSL TC Ki SELECT.! 2.46 2.31 2.80 0.58 
TSH TC Ki SELECTi 2.80 3.24 3.31 0.70 
TEL TCK.J. ENABLE.! 0.06 1.98 0.17 0.58 
TEH TCK.J. ENABLEi 0.06 3.24 0.17 0.70 

TCDL TC Ki CAPTUREDR.J. 3.83 1.98 3.71 0.58 
TCDH TC Ki CAPTUREDRi 3.71 12.9 3.54 2.75 
TCIL TC Ki CAPTUREIR.J. 3.83 1.98 3.60 0.58 
TCIH TC Ki CAPTUREIRi 3.71 12.9 3.54 2.75 

TSDL TC Ki SHIFTDR.J. 4.11 1.98 3.83 0.58 
TSDH TC Ki SHIFTDRi 4.11 12.9 3.49 2.75 
TSIL TC Ki SHIFTIR.J. 4.11 1.98 3.83 0.58 
TSIH TC Ki SHIFTIRi 4.06 12.9 3.54 2.75 

TUDL TC Ki UPDATEDR.! 3.94 1.98 3.71 0.58 
TUDH TC Ki UPDATEDRi 3.89 12.9 3.54 2.75 
TUil TC Ki UPDATEIR.! 3.94 1.98 3.66 0.58 
TUIH TC Ki UPDATEIRi 3.89 12.9 3.54 2.75 

PT PURi TRESETi 3.20 17.0 3.54 2.89 

Timing Requirements 
VDD=5.0V, T =25°C, Nominal Processing 

Symbol Description 
Area Pert. 

Unit 
Value Value 

TSU Minimum TMS Setup before TCKi 5.1 2.3 
CP Minimum Clock Pulse High 1 5.9 4.7 

ns 

1 50% duty cycle required by JT AG m 
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Test Access Port Controller BSTAP 

TIMING DIAGRAM 

TCK 
CP 

TSU 

TMS 

PUR 

PT ITH 

RESET 

RUNTST 

TSH ----------­
SELECT 

ENABLE 

CAPTUREDR 

CAPTUREIR 

SHIFTDR 

SHIFTIR 

UPDATEDR 

UPDATEIR 
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8-S Serial Output Cell BSTDO 

24 grids, 34 transistors 

FUNCTIONAL DESCRIPTION AND FEATURES 
BSTDO is a JTAG compatible, TOO, output buffer cell. 

Generates TOO signal on the falling edge of TCK according to JT AG specifications 
Contains an input MUX for selecting the LSB of either the Data register or 
the Instruction register as serial output 
Generates the 3-state buffer control signal for TOO 
Used with standard tri-state output buffer 

BLOCK DIAGRAM 

ENABLE >>----i~RB f,___ __ l>o_~_R_B ___ _.: ::N 

DR 
o a 

IR 

TCK >----' 

TERMINAL DESCRIPTIONS 
Netlist Order 

INPUTS: DR,IR,TCK,SELECT,ENABLE 
OUTPUTS: OE,OEN,TDO 

Functional Descriptions 
Inputs: 

Outputs: 

DR 
IA 
TCK 
SELECT 
ENABLE 

OE 
OEN 
TDO 

Boundary Scan 

LSB of a data register 
LSB of the instruction register 
Boundary scan test clock 
Select (I A) signal; Directly from BST AP controller 
Enable (TOO) signal; Directly from BSTAP controller 

Output-enable signal (to TOO 3-state buffer) 
Negated output-enable signal (to TOO 3-state buffer) 
Serial test data output (to TOO output pad) 

TDO 
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B-S Serial Output Cell BSTDO 

CHARACTERISTICS 

SWITCHING CHARACTERISTICS 
VDD=5.0V, T =25°C, Nominal Processi1!9 

From To Area Performance 

Input Output Intrinsic Extrinsic Intrinsic Extrinsic 
J..n~ J..nsl..Q.Fl J..n~ J!lsl..Q.FJ_ 

TCKJ. TDOJ. 0.06 1.98 0.17 0.58 
TCKJ. TOO'!' 0.06 3.24 0.17 0.70 

ENABLE OEJ. 0.69 2.31 0.29 0.58 

ENABLE OE1' 0.40 3.24 0.23 0.70 
ENABLE OENJ. 0.29 2.31 0.11 0.58 
ENABLE OEN'!' 0.46 3.24 0.17 0.70 

Timing Requirements 
VDD=5.0V, T =25°C, Nominal Processi1!9 

Description Area Perf. Unit Value Value 

Minimum DR Setup before TCKJ. 2.3 1.3 
Minimum IR Setup before TCK1' 2.3 1.3 ns 
Minimum SELECT Setup before TCK1' 2.5 1.5 

m 
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Numerics 
1-of-16 Gated Data Select/Mux 11-33 
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1-of-8 Gated Data Select/Mux 11-36 
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2-Bit Arithmetic Logic Unit 11-2 
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