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iReB 44/20A 
ANALOG I/O CONTROLLER 

Distributed Intelligence via BITUSTM • 16 Single-ended or 8 Differential Input 
Serial Bus Channels 

8044 8-bit Microcontroller at 12 MHz • 2 Outputs Channels 

12-bit Analog Resolution • ± 10'1 Range or 4-20 mA Current Loop 

Up To 20 KHz Aquisition Rate (50 ms) • 1/0 Expandable via iSBXTM Connector 

Software Programmable Gain: 1, 10, • Compact Single-Eurocard Packaging 
100,500 • Low Power Consumption 
Two 28-pin JEDEC Memory Sites • Compatible with iRCX 920 Analog 

Signal Conditioning, Isolation and 
Termination Panel 

The iRCS 44/20A is a fully programmable analog 110 subsystem on a single-Eurocard form-factor board. The 
resident 8044 microcontroller operating at 12 MHz provides a means of executing data aquisition and control 
routines remote from the host computer. Real-time capability is made possible by the iDGX 51 Distributed 
Control Executive, resident in the 8044 microcontroller. Distribution of real-time control is implemented by the 
SITSUS Serial Sus protocol, which is also managed integrally by the 8044. 

Offering high performance, low-cost, and improved system bandwidth via distributed intelligence, the iRGS 
44/20A Analog 110 Controller is ideal for data acquisition and control in both laboratory and industrial environ­
ments. 

MULTIMODULETM is a trademark of Intel Corporation. 

IBM® PC is a registered trademark of International Business Machines Corporation. 
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. APPLICATION ENVIRONMENT 

Intel's Distributed Control Modules (iDCM) product 
family contains the building blocks to implement 
real-time distributed control applications. The iDCM 
family incorporates the BITBUS interconnect to pro­
vide standard high-speed serial communication be­
tween microcontrollers. The iRCB 44/20A may com­
municate with other nodes in a distributed system 
via the BITBUS interconnect as shown in Figure 1. 
Other nodes in the system may be the iSBX 344A 
BITBUS Controller MULTIMODULETM, the iPCX 
344A BITBUS IBM® PC Interface, the iRCB 44/10A 
BITBUS Digital 1/0 Controller Board, or other BIT­
BUS compatible products. 

The iRCB 44/20A board, can be used as an intelli­
gent remote controller or an 110 expansion device. 
When performing as an intelligent controller the 
iRCB 44/20A board not only monitors the status of 
multiple sensors, it can also locally execute user de­
veloped control algorithms. When functioning as an 
110 expansion device the iRCB 44/20A board man­
ages tpe multiple 110 ports, transmitting this infor­
mation via the BITBUS bus or iSBX interface to the 
system controller for analysis or data logging pur­
poses. 

Typically, the iRCB 44/20A board will operate as a 
node in a BITBUS system. BITBUS communication 
supports a multidrop configuration with one master, 
and multiple subordinate nodes. The iRCB 44/20A 
board may be either a master or slave node to man­
age a wide variety of analog input or output tasks. 

FUNCTIONAL DESCRIPTION 

The major functional blocks of the iRCB 44/20A 
board, shown in Figure 2, include the 8044 micro­
controller and BITBUS interconnect, local memory, 
Analog 1/0, and iSBX expansion. 

Distributed Intelligence 

The heart of the iRCB 44/20A board's controlling 
and communication capability is the highly integrat­
ed 8044 microcontroller which operates at 12 MHz. 
The 8044 contains the advanced 8-bit, 8051 micro­
controller and a complimentary SDLC controller, 
called the Serial Interface Unit (SIU). This dual proc­
essor architecture provides complex control and 
high speed communication functions at a low cost. 

Another essential part of the 8044 controller is the 
on-chip firmware that exercises the BITBUS inter­
face. The 8044's SIU acts as an SDLC controller, off 
loading the on-chip microcontroller of communica­
tion tasks so it may concentrate on real-time control. 

The 8044 microcontroller simplifies the user inter­
face, and offers high performance communications 
and control capabilities,in a single component pack­
age. Many interconnected Distributed Control Mod­
ules can form a powerful platform to efficiently and 
economically administer a complete control system. 

INPUT :t!iV,:l10V. 
0-5V,D-IOV 

• THERMOCOUPLE 
• STRAIN GAUGE 
• PRESURE SENSOR 
eFLOWlolmR 
• LEVEL IroIONITOR 

OUTPUT_ 04-20mA,:l:5V,:I: lOV, 
o-5V.o-1OV~ IRC84<f./2OA 

• SERVO CONTROL ANALOG 
• VOLTAGE SOURCE CONTROLLER 

280721-2 

Figure 1_ BITBUS Distributed Control Example 
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BITBUS"BUS 

• ±lOV, ±5V,O-5V,O-10V 
·4-20mA 

PROGRAMMABLE GAIN 
INSTRUMENTATION 

AMPLIFIER 

INPUT 
• ±10V, ±5V,O-5V,O-10V 

280721-3 

Figure 2. IRCB 44/20A Functional Diagram 

BITBUSTM Microcontroller 
Interconnect 

The iRCB 44/20A board fully supports the BITBUS 
microcontroller interconnect. BITBUS is a serial bus 
optimized for control applications. Both synchronous 
and self-clocked modes of operation are supported 
as well as multiple transmission rates. Table 1 
shows the different combinations of modes of oper­
ation, transmission speeds, and distances. The 
SOLC protocol and BITBUS message format com­
prise the data-link level of the BITBUS architecture. 
Use of these standards maximizes system reliability 
and flexibility. 

The physical connection to BITBUS uses either one 
or two pairs of wires across which differential signals 
travel. The iRCB 44/20A board contains a half·du­
plex RS 485 tranceiver and an optional clock source 
for the synchronous mode of operation. 

Local Memory 

The iRCB 44/20A board contains both internal and 
external local memory. Internal memory is located 
within the 8044 controller and is used by the iOCX 
51 Executive and the SIU. Eight bytes of bit-address­
able internal memory have been reserved for the 
user. 

Two 28-pin JEOEC sites provide the iRCB 44/20A 
board with memory that is external to the 8044. One 
site has been dedicated for data, the other for appli­
cation code. Table 2 lists the supported memory de­
vices for each site. The user may select one of two 
memory configurations using jumpers. One option 
provides the user with access to the application 
code site for uploading or downloading programs, 
which allows expansion or modification of an exist­
ing system from a remote site. 

Table 1. BITBUSTM Microcontroller Interconnect Modes Of Operation 

Speed 
Maximum Distance 

Maximum # Nodes 
Maximum # Repeaters 

Kb/S 
Between Repeaters 

Per Segment· 
Between A Master And 

M/ft Any Slave 

Synchronous 500-2400 30/100 28 0 

Self Clocked 375 300/1000 28 2 
62.5 1200/4000 28 10 

• Segment: Distance between master and repeater or repeater and repeater. Synchronous Mode requires user supplied 
crystal. 
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Table 2 Supported Memory Devices Initialization and Diagnostic Logic 
Device Data Site Code Site 

4Kx8-64Kx8 
NO YES EPROM/ROM 

2Kx8-32Kx8 
YES YES SRAM 

2Kx 8-16K x 8 
NO YES NVRAM and E2PROM 

Analog 110 

The iRCB 44/20A has been designed to manage a 
wide variety of analog functions. The jumper-select­
able voltage or current ranges plus software pro­
grammable gain allows the iRCB 44/20A to acquire 
data from a combination of up to 16 thermocouples, 
strain gauges, pressure transducers, flow meters, 
level sensors, or any devices that operate on a 
4-20 mA current loop. Two analog output channels 
provide the capability to adjust system parameters 
locally through servo control, voltage-driven devices, 
or other actuators that respond to 4-20 mA signals. 

The 8044 microcontroller on the iRCB 44/20A al­
lows Proportional Integral/Derivative (PID) algo­
rithms, event timing, or averaging tasks to operate 
independent of the host computer or programmable 
controller. By off-loading the host in this manner, the 
overall system performance can be improved signifi­
cantly. 

The analog I/O lines can be manipulated from a re­
mote supervisor by communicating with the Remote 
Access and Control (RAG) functions, which are in­
cluded in the 8044 controller firmware. The local ap­
plication program running on the iRCB 44/20A can 
also access the RAC functions or directly operate 
the 110 lines. 

iSBXTM Expansion 

One 8-bit iSBX 110 expansion connector is provided 
to expand the functionality of the iRCB 44/20A 
board. A full line of compatible expansion MUL TI­
MODULE boards are available from Intel; both sin­
gle- and double-wide versions are supported by the 
iRCB 44/20A. Parallel 110, serial 110, IEEE 488, 
magnetic-bubble memory, or additional analog 110 
may be added in this manner. 

Also, the iSBX 344A BITBUS Controller MUL TIMOD­
ULE can be used to implement another BITBUS 
hierarchy with the iRCB 44/20A functioning as the 
master. With user supplied software, this product 
combination can operate as an intelligent BITBUS 
repeater, faCilitating the transmission between two 
BITBUS segments operating at different speeds. 

Like the other members of the Intel's Distributed 
Control Modules (iDCM) product line, the iRCB 
44/20A board includes many features which make it 
well suited for industrial control applications. Power­
up diagnostics simplify system initialization by imme­
diately indicating a failure in either the 8044 micro­
controller or external bus. On-board LEOs indicate 
diagnostic status and are available after power-up 
for user developed diagnostic routines. 

Initial iRCB 44/20A board parameters are manually 
set with jumpers. These jumpers specify the mode of 
operation (synchronous or self clocked), and trans­
mission speed. The address of the iRCB 44/20A 
board within the BITBUS system is also declared in 
this manner. Therefore, spare board inventory is re­
duced, since the iRCB 44/20A may be positioned at 
any node address. 

INTEGRAL iDCX 51 FIRMWARE 

The iRCB 44/20A board contains resident firmware 
located within the 8044 controller. This on-chip firm­
ware, known as DCM 44, consists of a pre-config­
ured iDCX 51 Distributed Control Executive for user 
program development and execution, a library of Re­
mote Access and Control (RAC) functions .for inter­
node communications and I/O control, plus an iSBX 
communications gateway, and power-up diagnos­
tics. 

The iDCX 51 Executive is an event-driven software 
manager that can respond to the needs of multiple 
tasks. This real-time multitasking executive provides 
task management and timing, interrupt handling, and 
message passing services. Table 3 shows the iDCX 
51 user command library. Both the executive and 
the communications gateway allow for the addition 
of seven user tasks at each node that are indepen­
dent of BITBUS bus management operations. 

Remote Access and Control (RAG) functions, are 
special purpose tasks that allow the host system to 
transfer commands and program variables to remote 
BITBUS controllers and read/write to the remote 
I/O lines. Table 4 provides a complete listing of the 
RAC commands. No user code need be written to 
use this function. Power-up tests provide a quick di-

, agnostic service. 

The DCM 44 firmware, integral to the iRCB 44/20A 
board, simplifies the development and implementa­
tion of complex real-time control applications. All 
iDCM hardware products contain this integral firm­
ware, providing the user with application code porta.' 
bility. 
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Table 3. iDCX 51 Executive Calls 

Call Name Description 

TASK MANAGEMENT CALLS 

RQ$CREATE$TASK Create and schedule a new task. 

RQ$DELETE$TASK Delete specified task from system. 

RQ$GET$FUNCTION$IDS Obtain the function IDs of tasks currently in the system. 

INTERTASK COMMUNICATION CALLS 

RQ$ALLOCATE Obtain a message buffer from the system buffer pool. 

RQ$DEALLOCATE Return a message buffer to the system buffer pool. 

RQ$SEND$MESSAGE Send a message to specified task. 

RQ$WAIT Wait for a message event. 

MEMORY MANAGEMENT CALLS 

RQ$GET$MEM Get available SMP memory. 

RQ$RELEASE$MEM Release SMP memory. 

INTERRUPT MANAGEMENT CALLS 

RQ$DISABLE$INTERRUPT Temporarily disable an interrupt. 

RQ$ENABLE$INTERRUPT Re-enable an interrupt. 

RQ$WAIT Wait for an interrupt event. 

TIMER MANAGEMENT CALLS 

RQ$SET$INTERVAL Establish a time interval. 

RQ$WAIT Wait for an interval event. 

Table 4. RAC Services 

RACService Action Taken by Task 0 

RESET_STATION Perform a software reset. 

CREATE-TASK Perform an RQ$CREATE$TASK system call. 

DELETE-TASK Perform an RQ$DELETE$TASK system call. 

GET _FUNCTIO~ID Perform an RQ$GET$FUNCTION$IDS call. 

RAC PROTECT Suspend or resume RAC services. 

READ_IO Return values from specified I/O ports. 

WRITE-IO Write td the specified I/O ports. 

UPDATE-IO Update the specified I/O ports. 

UPLOAD_MEMORY Return the values in specified memory area. 

DOWNLOAD MEMORY Write values to specified memory are!!. 

OR.-I/O OR values into specified I/O ports. 

AND I/O AND values into specified I/O ports. 

XOR_I/O XOR values into specified I/O ports. 

READ_INTERNAL Read values at specified internal RAM areas. 

WRITE-INTERNAL Write values to specified internal RAM areas. 

NODE-INFO Return device related information. 

OFFLINE Set node offline. 

UPLOAD_CODE Read values from code memory space. 

DOWNLOAD CODE Write values to specified EEPROM memory. 

NOTES: 
Internal memory locations are included in the 192 bytes of data RAM provided in the microcontroller. External memory refers 
memory outside the microcontroller-the 28-pin sockets of iRCB 44/20A board. Each RAC Access Function may refer to 1, 
2, 3, 4, 5 or 6 individual I/O or memory locations in a single command. 
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INDUSTRIAL PACKAGING 
The iRCB 44/20A board conforms to a single-wide 
(3V), 220 mm deep Eurocard form-factor. This al­
lows the iRCB 44/20A to fit within standard industri­
al racks or chassis as well as Intel's RCX 920 Ana­
log Signal Conditioning, Isolation & Termination Pan­
el (see below). The Eurocard specification refer­
ences DIN 41612 connectors, which are used on the 
iRCB 44/20A board. 

ANALOG SIGNAL CONDITIONING, 
ISOLATION AND TERMINATION 
The RCB 44/20A is fully compatible with the RCX 
920 Analog Signal Conditioning, Isolation and Termi­
nation Pane'l. The RCX 920 panel provides integral 
mounting for one RCB 44/20A, with connectors for 
power, the BITBUS interconnect signals, and 18 
Analog Devices 5B Series Signal Conditioning and 
Isolation Modules. These modules provide 240V 
RMS field wiring protection, and 1500V RMS com­
mon mode voltage isolation and support signal con­
ditioning in a wide range of analog voltages and cur­
rents including thermocouple and RTD sensors, mil­
livolt and volt inputs and 4-20 mA and 0-20 mA 
outputs. 

SPECIFICATIONS 

CPU 
8044 BITBUS Enhanced Microcontroller (BEM) 

Word Size 
Instruction-8 bits 
Data-8 bits 

Processor Clock 

12 MHz 

Instruction Execution Times 

1 ,""sec 60% instructions 
2 ,""sec 40% instructions 
4 ,""sec Multiply & Divide 

Memory Addressing 

iDCM Controller 
Up to 64K bytes code 

Address Ranges 
Option A 

External Data 
OOOOH-7FFFH 

Memory Site 

External Code 1000H-OFFFFH 
Memory Site (OOOOH-OFFFFH if 

EAActive) 

Internal Code 
OOOOH-OFFFH 

Memory 

NOTES: 

Option B 

OOOOH-7FFFH 

8000H-OFFEFH 

OOOOH-OFFFH 

Option A: Supports maximum amount of external EPROM 
code memory 
Option B: Supports downloading code into external RAM or 
EEPROM memory 

BITBUSTM Development Environments 

HOST BITBUSTM TOOLS NODE ICETM EPROMPROG. 

SYSTEM DCS 100 CODE 

~ CD 
TOOLBOX :; 

<CJ) "C 
0 

" 
<"a. E 

~ " 
T""~9: 

<~ 0 0r--"C 
CD [II ..... N<Xlc: "'" 

CiS 
CJ) 0 0 ::; 0 ..... !Las 2~~ C) 0 ~ 0 ~g;~ "C ~ N ~ . .: :c 0 ~ ~ 

::!i! ~ ~ ~<Xla. 
::!i! [II ..., N CJ) CJ) ::!i! ~:C-6 CJ)!L.-

iIi :c is ..... w oa."C [II 0 [II 0 0 CJ) ..J ..J a._o 
[II ::J iIi a. 0 ::J 0 0 < a. a: Q ;;;!"~ E Q,;25i 

Series II C C C X 
III X X X X X X X X 
IV X X X X X X X 

iPDSTM A A A X X C C C X 
IRMX® 5%" X X X X X X X D D D 

8" X X X X X X X D D D 
XENIX5%" X X B X 

8" X X B X 
DOS X X X X X X X X X X X X X 

NOTES: 
A. iPDSTM uses Release 1 Toolbox. 
B. Supports operation with XENIX. XENIX disks not required. 
C. Down-revision version. 
D. Available for iRMX® 86. 
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1/0 Capability 

Analog-16 single-ended or 8 differential channels 
and 2 outputs channels 

Expansion-one single-or double-wide iSBX MUL TI­
MODULE (MWAIT • or DMA not supported by iRCB 
44/20) 

Interrupt Sources 

Two external: iSBX 1/0 Bus or BITBUS Interconnect 
sources 

Bus Termination 

Jumper selectable resistors provide termination ca­
pability for cable with an impedance of 120!l or 
greater. 

Analog Input Specifications 

Number of channels-16 single-ended or 8 differen­
tial 
Input ranges-O to 5V, 0 to 10V (unipolar) ± 5V, 
± 1 OV (bipolar) 
Gain ranges-1, 10, 100, 500, (software program­
mable) 
Input impedance-100M!l 
Input bias current-±50 nA 
Overvoltage protection- ± 32V power on 

± 20V power off 

Accuracy 

Resolution-12 bits 
Linearity and Noise-±% LSB (trimmable) 
System Accuracy 

Gain = 1-±0.035% full-scale range (trimmable) 
Gain = 500-±0.15% full-scale range (trimma­

ble) 

Mating Connectors 
Function # of Pins Type 

BITBUS 
64 

Flat Cable 
Connector 

Wire Wrap 

iSBX 
36 Solder 

Connector 

Stability 

Gain tempco-32 ppml"C (gain = 11) 
75 ppml"C (gain = 500) 

Offset tempco-100 microvoltsl"C max. 

Dynamic Performance 

Aggregate throughout-20 KHz (gain = 1, 10) 
7.5 KHz (gain = 100,500) 

Common mode rejection-70 dB (gain = 1) 
100 dB (gain = 500) 

AID conversion time-30 microseconds 

Analog Output Specifications 

Number of channels-2 
Output ranges-O to 5V, 0 to 10V (unipolar) ±5V, 
± 10V (bipolar) 
Current-loop range-4 to 20 mA (unipolar mode 
only) 
Output impedance-O.2!l min. (voltage) 

5 M!l max. (current) 
Output current-± 5 mA (short-circuit protected) 

Accuracy 

Resolution-12 bits 
Linearity and Noise-±% SB (trimmable) 
System Accuracy-

Gain = 1--0.35% full-scale range (trimmable) 
Gain = 500-±0.15% full-scale range (trimma­

ble) 

Stability 

Full-scale temperature coefficient 
150 microvoltsrC (unipolar) 
300 microvoltsl"C (bipolar) 
0.6 microampsl"C (current-loop) 

Offset temperature coefficient 
30 microvoltsl"C (unipolar) 
180 microvoltsrC (bipolar) 
0.3 microampsl"C (current-loop) 

Vendor Part Number 

GWElco 00-8259-096-84-124 
Robinson Nugent RNE-IDC-64C-TG30 

ITICannon G06 M96 P3 BDBL-004 
GWElco 6082573017 

Viking 000292-0001 

17-65 



intJ iReB 44/20A 

Dynamic Performance 

Aggregate throughput-20 KHz (gain = 1, 10) 
7.5 KHz (gain = 100, 500) 

Settling Time-15 microseconds to ± % LSB 

Electrical Characteristics 

Interface Compliance 

iSSX BUS (through level DB/BF): 
Memory sites-code and data sites are JEDEC 
compatible 

BITBUS: . 

- Synchronous and self-clocked mode support for 
500 Kbps to 2.4 Mbps, 375K and 62.5K bits/sec 

NOTE: 
On-board ALE clock supports 1 Mbps synchronous 
operation. A" other synchronous mode speeds re­
quire user-supplied 2.0-9.6 MHz crystal. 

- Equivalent to 1.1 standard (RS 4B5) loads 

- Message length up to 54 bytes maximum 

Power Requirement (exclusive of optional 
memory or iSBX MUL TIMODULE) 

Voltage Current (amps) 
Max,Power 

(watts) 

+5V ±5% 0.9 max. 0.7 typ 4.5 
+12V ±5% 100 mAmax. 
-12V ±5% 100 mAmax. 

NOTE: 
+ 15V and -15V required for 0 to 10V and ± 10V ranges; 
for ± 15V operation, the iRGB 44/20A cannot be used with 
iSBX MULTIMODULES that use ±12V power sources. 

Physical Characteristics 

Width: 3.77 mm (0.542 in) maximum component 
height 

Height: 100 mm (3.93 in) 

Depth: 220 mm (8.65 in) 

Weight: 169 gm (6 ounces) 

Environmental Characteristics 

Operating Temperature: O·C to +60·C at O.B CFM 
air volume 

Relative Humidity: 90% non-condensing 

Reference Manual (Not Supplied) 

148816- iRCS 44/20A Hardware Reference 

Manual 

ORDERING iNFORMATION 

Part Number Description . 

iRCB 44/20A BITBUS Analog I/O Controller Board 
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iRCX 910/920 
DIGITAL/ANALOG 

SIGNAL CONDITIONING 
ISOLATION AND 

TERMINATION_PANELS 

@INTELCORPORATION 1988 

iRCX-910 

• Digital termination for BITBUS™ iRCB 44/10A 
digital remote controller board, iSBXTM 350 digital 
MULTIMODULETM and Mnltibus® digital 1/0 single 
board computers (SBCs) 

• Sockets for 24 industry-standard, optically coupled 
isolation and signal conditioning 1/0 modules 

• LEDs indicate status of each module 

• Separate connectors for BITBUS, Power, RCB and 
Expansion 1/0 

o Integral mounting site for one 24 channel digital 
iRCB44/10A 

iRCX920 

• Analog termination for iRCB 44/20A, iSBX 311, 
iSBX 328, and iSBC 88/40 

• Sockets accepting up to 18 Analog Devices 
Corporation's 58 Series of isolation and signal 
conditioning modules 

• Separate connectors for BITBUS, Power, RCB and 
Expansion 1/0 

• Integral mounting site for one 18-channel analog 
iRCB44/20A 

AUGUST 1988 
ORDER NUMBER' 280443-001 

______________________________________ 313J27900187/page 1 
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More Convenient BITBUS'" 
System Integration 
Intel now provides one more building 
block for developing BITBUSm net­
works: the iRCX 910/920 Digitall 
Analog Signal Isolation and Termina­
tion Panels. These boards provide 
remote node termination and isolation 
in a design that's easy to install and serv­
ice. They work with Intel's RCB 44IIOA 
and 44/20A, which provide analogi 
digital control, and with Intel's BITBUS 
Monitor, DCX-51 Real-time Multitask­
ing Executive and BITBUS Toolbox, 
which provide the software support. 

Intel makes BITBUS system integration 
easier and more convenient than ever. 

Compatible With a Wide 
Range of Intel MUL TIBUS® 
Boards 
The iRCX 910 and iRCX 920 not only 
work with the iRCB 44IIOA and 44/20A 
controller boards but also with a wide 
range of MULTIBUS'" boards both from 
Intel and MULTIBUS Manufacturing 
Group vendors. The 50-pin expansion 
connection on the iRCX panels makes 
iSBC and iSBX board connection easy. 

Thble I shows the Intel iSBC and iSBX 
boards currently compatible with the 
iRCX products. 

iRCX 910: Compatible With 
Industry-Standard 1/0 
Modules 
The iRCX 910 provides sockets for 24 
channels of user-provided digital I/O to 
perform AC or DC switching and isola­
tion. The user can configure up to 24 
1/0 channels, filling only the channels 
needed for the application. The iRCX 
910 accepts a wide range of industry­
standard 1/0 modules, including those 
from Gordos, Opto 22, Crydom, 
Potter-Brumfield and others'. The input 
modules convert high-level inputs from 
such sources as limit or proximity 
switches to TTL levels. The output 
modules convert TTL to high-level 
signals for driving motor starters, 
solenoids, indicating lights, and the 
like. Regardless of whether input or 
output, these modules typically provide 
greater than 1500 volt isolation, 2-3 
KV of transient noise protection, and 
signal conditioning in a wide range of 
voltages. An LED for each channel 
shows on/off status, and a 5 amp fuse 
provides overcurrent protection. 

IMcnuOD of these compamcs In no way conslltutes an endorse­
mentbylotclofthclfproducts 

llIble 1: Intel Boards Compatible with iRCX 910 and iRCX 920. 

Intel iSBCs 

80/10B 
80/20-4 
80/24A 
80/30 
80/05A 
86/14 
86/30 
86/35 
88/25 
88/40A 
517 
519 

iRCX910 iRCX920 

iSBX Intel iSBC 

350 88140A 

CENTRALIZED I/O 

BITBUS REMOTE I/O OR 
DISTRIBUTED CONTROL 

Q 

IRCX-910 

Examples of how iRCX 910 and 920s 
can be used in MULTIBUS and BITBUS systems. 

Intel iSBX 

311 
328 

__________________________________________ 3131279OO187/page2 

17-68 



iRCX 920: Uses Analog 
Devices Corporation 
Modules to Provide State­
of-the-Art Signal Condition­
ing and Isolation 
The iRCX 920 tenninates 18 analog 
signals going to and from field wiring 
and provides signal conditioning and 
isolation using Analog Devices Corpor­
ation's 5B Series of analog isolation and 
signal conditioning modules (purchased 
separately). These modules provide 
240 volt RMS field wiring protection, 
1500 volt RMS Common mode voltage 
isolation and signal conditioning in a 
wide range of analog voltage and cur­
rents, includmg thennocouple and RTD 
sensors, millivolt and volt inputs, and 
0-20 ma and 4-20 rna process current 
outputs. Possible connections include 
temperature and pressure sensors, fre­
quency counters and many others. The 
iRCB 44/20A when used in conjunction 
with the iRCX 920 provides up to 16 
analog inputs and 2 analog outputs. 

The iRCX 920 also contains an integral 
temperature sensor isothermal barrier 
strip (RTD) to provide a temperature 
reference for thermocouple modules 
doing cold junction compensation. 
Because this compensation is imple­
mented in hardware rather than soft­
ware, it simplifies the controller soft­
ware's task, allowinjt-superior software 
perfonnance. 

Easy to Install, Easy to Use 
The iRCX panels provide a quick and 
easy, plug-in solution to remote node 
BITBUS interconnection. They can be 
mounted to an industrial panel or in a 
standard RETMA 19" rack when used 
with a customer provided 19 "L x 7 "W 
pan. Quick access to the RCB 44/10A 
and 44/20A boards is accomplished by 
loosening six screws and shifting the 
iRCX slightly. Field wiring connections 
are made using captive screw terminals, 
positioned to allow easy wire routing. 
Installation is quick, service is easy. 

The I/O modules on the iRCX 910 are 
color-coded for easy identification. 
LEDs provide on/off status, allowing 
the operator a quick verification of I/O 
operation, and are also useful for 

start-up testing, debugging and trouble­
shooting a process or machine 
breakdown. 

Increased Reliability 
The iRCX 910 and 920 feature improv­
ed noise immunity through judicious 

component placement and the inclusion 
of a ground terminal. Also, they're 
mounted in front of the iRCB 44/IOA 
and 44/20A boards, protecting the heart 
of the remote node from accidental 
damage. 

24 DIGITAL 
110 MODULES 

iRCX 910: The Complete Remote Node Solution for Distributed I/O and Control. 

18 ANALOG 110 
MODULES 

CAPTIVE 
TERMINATION 
SCREWS 

MOUNTING 
BRACKET 

iRCX 920: The Complete Remote Node Solution for Distributed 1/0 and Control. 

______________________________ . ________________________________________________________________ 31~279001~/page3 
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Specifications DIMENSIONS Ordering Information 
POWER REQIDREMENTS RCX 910 Part Name Description 
(TYPICAL) Width: 17.00" (43.18 cm) iRCX 910 BITBUS Digital Signal 
RCX910 Height: 6.20" (15.75 cm) Conditioning. Isolation, 

Vee = +5 VDC ±5% Depth: 3.25" (8.26 cm) with and Termination Panel 
Icc = 0.03 a/module installed user-provided modules iRCX 920 BITBUS Analog Signal 

+1.00 a (if RCB 44/IOA installed Conditioning, Isolation, 
installed) RCX 920 and Termination Panel 

+ current requirements of any Width: 17.00" (43.18 cm) Analog I/O Analog Devices 5B Series 
installed SBX Height: 6.20" (15.75 cm) Modules To order contact: 

RCX 920 Depth: 4.25" (10.80 cm) with Analog Devices 
Vee = + 5 VDC ±5% user-provided modules Corporation 
Icc = 0.03 a/input module installed One Technology Way 

+0.17 a/output module 
ENVIRONMENTAL 

Norwood, MA 02062 
+1.00 a (if RCB 44/2OA is (617) 329-4700 

installed) REQillREMENTS 

+ current requirements of any RCX 91O/RCX 920 Standalone 
installed SBX Operating Temperature: 0" to 70" C 

Additional Power Requirements when (320 to 1580 F) 
used with RCB 44/2OA Operating Humidity: 0-90% R.H. 

100 ma @ +12 VDC ±4% (non-condensing) 
100 ma@ -12 VDC ±4% 

RCX 910/RCX 920 with mounted RCB 
In still air: 

0" to 550 C (32 0 to 1310 F) 
With 200 linear feet/minute furced air: 

0" to 60" C (32 0 to 140 0 F) 
ISBC, ISBX, MULTIBUS and BITBUS are trademarks of Intel 
Corpora\1on 
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iRCX 900 ISOLATION MODULE 

ISOLATION AND TRANSIENT PROTECTION FOR 
BITBUS'· NETWORKS 
The IntellRCX 900 Isolation Module protects against ground loops, voltage differences 
between nodes, and transient voltage spikes in BITBUS'M networks operating in the 62.5 
to 375 Kbps asynchronous (self-clocked) modes. The IRCX 900 also serves as an 
isolated, standalone repeater, driving up to 28 remote BITBUS nodes. 

FEATURES: 
• Common-mode Isolation of 1500 VAC 

for a working voltage of 480 VAC. 
• Transient protection meeting the IEEE 

472/ANSI-C37.90a-1974 Surge 
Withstand Compatibility Test. 

• On-board DC-DC sWitching voltage 
regulator with 1500 VAC Isolation. 

• Power-on indicator LEDs. 
• Rugged industrial packaging with 

multiple mounting options 
• Dual termination with 10-pin BITBUS 

connector and 10-position terminal 
block. 

in1:eI'-----------
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FEATURES 

STANDALONE ISOLATION AND 
TRANSIENT PROTECTION 
The iRCX 900 provides BITBUS network protection 
against voltage surges and transients in Industrial 
environments. This protection is provided through the 
use of optocouplers, transient suppressors, and an 
isolated DC-DC voltage regulator. 

DOUBLES AS A NETWORK REPEATER 
The iRCX 900 also serves as a network repeater, with 
each iRCX 900 module capable of driving up to 28 
remote BITBUS nodell. The !RCX 900 can be 
powered either from the 12V BITBUS signal line or a 
separate 12-24V power source. 

SPECIFICATIONS 

POWER REQUIREMENTS 
Input Voltage: 1 0.8-26.4 VDC 
Input Power: 2.0 watts (typical) 

May be powered from a remote BITBUS node or 
from a user-provided power supply. 

DIMENSIONS: 
Width: 
Height: 
Depth: 

6.48 in. (16.46 cm) 
5.7 in. (14.48 cm) 
1.78 in. (4.52 cm) 

Figure 1: Example Configuration 

ORDERING INFORMATION 
Order Code: 

iRCX 900 BITBUS Isolation and Transient Protection 
Module 

For more information or the number of your nearest 
sales office call 800-548-4725 (good in the U.S. and 
Canada). 

EASY TO INSTALL AND UPDATE 
Installation and change of configuration are easy, 
because the iRCX 900 is a standalone module. It can 
be placed anywhere in the network without 
piggybacking it to another board. The iRCX 900 can 
be panel-mounted or placed on a desk or lab 
benchtop. Wiring instructions are clearly outlined on 
the module packaging. 

SERVICE, SUPPORT AND TRAINING 
Intel provides worldwide support for board repair or 
on-site service. 

INTEL QUALITY AND RELIABILITY 
The iRCX 900 is designed and manufactured in 
accordance with Intels high quality standards. We 
then verify quality through rigorous testing in our 
state-of-the-art Environmental Test Laboratory. 

ENVIRONMENTAL REQUIREMENTS 
Storage Temperature: - 40° to 70°C (-40° to 

158°F) 
Operating Temperature: 0° to 55°C (32° to 131°F) 

Storage Humidity: 5%-95% non-condensing at 
55°C 

Operating Humidity: 8%-90% non-condensing at 
55°C 
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8044 BITBUSTM 
ENHANCED MICROCONTROLLER 

Dual Processor Microcontroller • BITBUSTM Firmware Included On-Chip 
Architecture • Power-Up Diagnostics 
High Performance 8-Bit CPU • DCX 51 Distributed Control Executive 
Embedded Parallel Communications Included On-Chip 
Firmware • MCS®-51 Software Compatible 
Tuned for Distributed Real-Time 
Control 

The 8044 BITBUS Enhanced Microcontroller (BEM) is a powerful 8-bit microcontroller with on-chip firmware. 
The dual processor architecture of the 8044 combined with the inherent the processing power of an 8051 CPU 
is well suited for distributed data acquisition and control applications in both the factory and laboratory. The 
firmware integral includes facilities for: diagnostics, task management, message passing, and user-transparent 
parallel and serial communication services. 

FREQUENCE 
REFERENCE 

INTERRUPTS CONTROL 

192 BYTES 
DUAL PORT 

RAM 

PARALLEL PORTS 
ADDRESS DATA BUS 

AND 110 PINS 

SIU 
(SERIAL 

INTERFACE 
UNIT) 

TWO 16-SIT 
TIMER EVENT 
COUNTERS 

COUNTERS 

Figure 1. BEM Block Diagram 

'IBM is a trademark of International Business Machines Corporation. 
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OPERATING ENVIRONMENT 

Introduction 

The BIT BUS Interconnect Serial Control Bus Specifi­
cation defines an integrated architecture optimized 
for implementing real-time distributed control sys­
tems. The architecture includes a message structure 
and protocol for multitasking environments, and a 
predefined interface for lID access and control. As 
with traditional bus specifications the mechanical, 
electrical, and data protocols have been defined. 
Over a twisted pair of wires the bus can support up 
to 250 nodes at three different bit rates dependent 
on application performance requirements. Figure 2 
illustrates the BITBUS Interconnect architecture. 

The 8044 BITBUS Enhanced Microcontroller (BEM) 
or DCM Controller provides the user with the small­
est BITBUS building block-a BITBUS component 
solution. With its dual processor architecture, this 
unique single chip provides both communication and 
computational engines (Figure 3). Real-time control 

and computational power are provided by the on­
chip 8-bit 8051 CPU. The Serial Interface Unit (SIU) 
executes a majority of the communications functions 
in hardware resulting in a high performance solution 
for distributed control applications where communi­
cation and processing power are equally important. 
The BEM's firmware implements the BITBUS mes­
sage structure and protocol, and the pre-defined lID 
command set. 

Firmware 

The 8044 microcontroller requires specific hardware 
to interface to BITBUS. The BEM's firmware also 
requires a particular hardware environment in order 
to execute correctly, just as the iDCX 86 Operating 
System or other operating systems required a spe­
cific hardware environment, i.e., interrupt controller, 
timers, etc. Based upon the hardware provided, Ba­
sic or Extended firmware environments result. 

The Basic firmware environment supports the mini­
mum configuration for the BEM to execute as a 

MASTER 

CONTROL 
LINES 

TASKS 

TRANSACTION 
PROTOCOL 

OATALINK 

PHYSICAL 
LINK 

I 
~ / 

PHYSICAL 
LINK 

DATA LINK 

TRANSACTION 
PROTOCOL 

SLAVE TASKS 

Figure 2_ BITBUSTM Architecture 

8051 
MICRO· 

CONTROLLER 

DUAL-PORT 
RAM 

Figure 3. 8044's Dual Processor Architecture 
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BITBUS device. The Extended firmware environ­
ment requires hardware incremental to the Basic en­
vironment and allows the user to take full advantage 
of all the features included in the BEM's firmware. 
The designer may implement the Basic or Extended 
firmware environment as desired as long as the pro­
grammatic requirements of the firmware are met 
(see below). 

EXTENDED FIRMWARE ENVIRONMENT 

Figure 4 shows one example of an Extended firm­
ware environment. This particular example repre­
sents the BITBUS Core as used on Intel's iSBXTM 
344A BITBUS Controller MULTIMODULETM Board 
and iRCB 44/10A BITBUS Remote Controller 
Board. 

BASIC FIRMWARE ENVIRONMENT 

Memory Bus Parallel ports of 8044 

BITBUS Node Address OFFFFH external data 
space 

Configuration OFFFEH external data 
space 

System RAM 0-02FFH external data 
space 

Diagnostic LED # 1 Port 1.0 (Pin 1) 

Diagnostic LED # 2 Port 1.1 (Pin 2) 

EXTENDED FIRMWARE ENVIRONMENT 

Memory Bus Parallel ports of 8044 

BITBUS Node Address OFFFFH external data 
space 

BITBUS'" INTERCONNECT 

OPTIONAL 
, 2MHz CRYSTAL 

(Continued) 

Configuration OFFFEH external data 
space 

System RAM 0-02FFH external data 
space 

Diagnostic LED # 1 Port 1.0 (Pin 1) 

Diagnostic LED #2 Port 1.1 (Pin 2) 

User Task Interface First Task Descriptor-
OFFFOH to OFFFFH in 
External data space 
Other Task Descriptors 
and User Code-
01000H to OFFEFH 
in external code space 

User RAM Availability On-Chip-02AH to 02FH 
bit space 
Off-Chip-BITBUS 
Master: 0400H to 
OFFEFH external data 
space 
BITBUS Slave: 0100H to 
OFFEFH external data 
space 

Remote Access and Memory-Mapped 1/0-
Control Interface OFFOOH to OFFFFH 

external data space 

ADO·AD7 

CONFIG. r--

C 
,..-
AD 

ADO-AD7 OSC~OR .CO.::! l[b ~" MEMORY 
ADO-AD7 

DATA DATA 

~ SCLK 
SERIAL 

I/O' BEM 
INTERFAC 

RTS' 
DCLKI 

f'.---RTSPAIR 

CODE 
AO-AF MEMORY t-lJ§ LATCH 

A8·AF -- ~~ 

Figure 4. Extended Firmware Environment Example 
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EXTENDED FIRMWARE ENVIRONMENT 
(Continued) 

Parallel Interface to FIFO Command Byte-
Extension Device OFF01 H external data 

space 
FIFO Data Byte-OFFOOH 
external data space 
Receive Data Intr-INTO 
(pin 12) 
Transmit Data Intr-INT1 
(pin 13) 
Command/Data Bit-
P1.2 

FUNCTIONAL DESCRIPTION 

High Performance 8044 
Microcontroller 

The 8044 combines the powerful 8051 microcontrol­
ler with an intelligent serial communications control­
ler to provide a single-chip solution that efficiently 
implements distributed processing or distributed 
control systems. The microcontroller is a self-suffi­
cient unit containing ROM, RAM, ALU, and peripher­
als. The 8044's architecture and instruction set are 
identical to the 8051's. The serial interface of the 
8051 is replaced with an intelligent communications 
processor, the Serial Interface Init (SIU), on the 
8044. This unique dual processor architecture re-

OFFF 

0000 

EXTERNAL 

!!!!!!!~----' r...-------, 
INTERNAL 
(Eli 1) 

1iI'i!F..-------, 

0000 

EXTERNAL 

(Elo) 

~,--------~¥--------_/ 
PROGRAM MEMORY 

suits in high performance and reliability for distribut­
ed control and processing environments. The intelli­
gent SIU offloads the CPU from communication 
tasks, thus dedicating more of its compute power to 
external processes. 

Major features of the 8051 microcontroller are: 

• 8-bit CPU 

• On-chip oscillator 

• 4K bytes of RAM 

• 192 bytes of ROM 

• 32 I/O lines 
• 64K address space external data memory 

• 6~K address space external program memory 

• Two Programmable 16-bit counters 

• Five source interrupt structure with two priority 
levels 

• Bit addressability for Boolean functions 

• 1 JA-s instruction cycle time for 60% instructions 

2 /-los instruction cycle time for 40% instructions 

• 4 /-los cycle time for 8 by 8 unsigned multiple and 
divide 

As noted in the Operating Environment discussion, 
the BITBUS firmware requires various CPU resourc­
es, i.e., memory, timers, and I/O dependent upon 
the firmware environment selected. 

INTERNAL 
DATA MEMORY 

FFFF 

0000 

'-"'" 
EXTERNAL 

DATA 
MEMORY 

280129-5 

Figure 5. BEM Memory Map 
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Memory Architecture SIGNAL FUNCTIONS 

The 8044 microcontroller maintains separate data 
and code memory spaces. Internal data memory 
and program memory reside on the controller. Exter­
nal memory resides outside the controller. The BEM 
firmware uses the available internal code memory 
space and most of the remaining internal data mem­
ory with the exception of bit space 02AH to 02FH. 
Figure 5 shows the BEM's memory map. 

The 8044 BEM's pin configuration and pin descrip­
tion follow. 

I/O ADDRESSING REQUIREMENTS 

The table below provides the BEM's 110 port ad­
dresses. 

Table 1 BEM 1/0 Addressing 

Function Address Bit Byte 

Red LED P1.0 90H X 

Green LED P1.1 91H X 

TCMD 92H X 

RFNF# B3H X 

lfi'S 
eTS 
RST 

TXO 
INTI 

INTO 

TO 
T1 

Viii 
iiii 

Pl.D 1 40 vee 
Pl.1 3. PO 0 
Pl.2 3. PO.l 

Pl.3 4 37 PO.2 

Pl.4 • 3. PO 3 
P1.5 3. PO 4 

P1. 34 PO' 
P1.7 • 33 PO. 

32 PD.7 

P30 10 31 Eli vpp 
P31 11 30 ALE I'IIl!ll 
P3.2 12 2. i'SEN 
P3.3 13 2. P27 

P3.4 14 27 P2. 

P3.S 1. 2. P2. 

P3.& 1. 2. P24 

P3.7 17 24 P2.3 

XTAL2 1. 23 P22 

XTALl " 22 P2.1 

VSS 20 21 P20 

280129-6 

TFNF# B2H X Figure SA_ BEM DIP Pin Configuration 
RDY/NP B4H X 

Node Address FFFFH X 

Configuration FFFEH X 

Reserved FFEOH-FFFDH X • 5 • 3 2 1 44 43 .2 ., .0 

Digital I/O FFCOH-FFDFH X Pl.. 7 39 po •• 

P1.6 8 38 PO.5 
SBX #4 FFBOH-FFBFH X P1.7 9 37 PO,6 

SBX #3 FFBOH-FFAFH X RST/VPD 10 36 PO.7 

P3.0 11 3S EA 
SBX #2 FF90H-FF9FH X Nle 12 80 •• 3. Nle 

SBX #1 FF80H-FF8FH X P3.1 13 R0112 33 ALE 

P3.2 1. 32 PSEN 

User Defined FF40H-FF7FH X P3.3 1S 31 P2.7 

Reserved FF02H-FF3FH X P3.' 16 30 P2.6 

P3.5 17 29 P2.5 

FIFO Command FF01H X 

FIFO Data 

Name 

VSS 

Vee 

PORTO 

PORT 1 

FFOOH X 

280129-26 

Figure SB. BEM PLCC Pin Configuration 

Table 2. BEM Pin Description 

Description 

Circuit ground potential. 

+ 5V power supply during operation and program verification. 

Port 0 is an 8-bit open drain bidirectional I/O port. It is also the multiplexed low-order address 
and data bus when using external memory. It is used for data output during program 
verification. Port 0 can sink/source eight LS TTL loads. 

Port 1 is an 8-bit quasi-bidirectional I/O port. It is used for the low-order address byte during 
program verification. Port 1 can sink/source four LS TTL loads. 
In non-loop mode two of the I/O lines serve alternate functions: 
-RTS (P1.6) Request-to Send output. A low indicates that the 8044 is ready to transmit. 
-CTS (P1.7) Clear-to-Send input. A low indicates that a receiving station is ready to receive. 
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Table 2. BEM Pin Description (Continued) 

Name ~escription 

PORT 2 Port 2 is an 8-bit quasi-bidirection 110 port. It also emits the high-order address byte when 
accessing external memory. It is used for the high-order address and the control signals 
during program verification. Port 2 can sink/source four LS TTL loads. 

PORT 3 Port 3 is an 8-bit quasi-bidirectional I/O port. It also contains the interrupt, tim~r, serial port 
and RD and WR pins that are used by various options. The output latch corresponding to a 
secondary function must be programmed to a one (1) for that function to operate. Port 3 
can sink/source four LS TTL loads. 
In addition to 110 some of the pins also serve alternate functions as follows: 
• 110 R x D (P3.0). In point-to-point or multipoint configurations, this pin controls the 

direction of pin P3.1. Serves as Receive Data input in loop and diagnostic modes. 
• DATA T x D (P3.1). In point-to-point or multipoint configurations, this pin functions as 

data input/output. In loop mode, it serves as transmit pin. A '0' written to this pin 
enables diagnostic mode. 

• INTO (P3.2). Interrupt 0 input or gate control input for counter O. 
• INT1 (P3.3). Interrupt 1 input or gate control input for counter 1. 
• TO (P3.4). Input to counter O. 
• SCLK T1 (P3.5). In addition to 110, this pin provides input to counter 1 or serves as 

SCLK (serial clock) input. 
• WR (P3.6). The write control signal latches the data byte from Port 0 into the External 

Data Memory. 
• RD (P3.7). The read control sig~al enables External Data Memory to Port O. 

RST A high on this pin for two machine cycles while the oscillator is running resets the device. A 
small external pulldown resistor (::::: 8.2 KO) from RST to VSS permits power-on reset 
when a capacitor (::::: 10 ILf) is also connected from this pin to Vee. 

ALE/PROG Provides Address Latch Enable output used for latching the address into external memory 
during normal operation. It is activated every six oscillator periods except during an 
external data memory access. It also receives the program pulse input for programming 
the EPROM version. 

PSEN The Program Store Enable output is a control signal that enables the external Program 
Memory to the bus during external fetch operations. It is activated every six oscillator 
periods, except during external data memory accesses. Remains high during internal 
program execution. 

EAIVPP When held at a TTL high level, the 8044 executes instructions from the internal ROM when 
the PC is less than 4096. When held at a TTL low level, the 8044 fetches all instructions 
from external Program Memory. The pin also receives the 21V EPROM programming 
supply voltage on the 8744. 

XTAL1 Input to the oscillator's high gain amplifier. Required when a crystal is used. Connect to 
VSS when external source is used on XTAL 2. 

XTAL2 Output from the oscillator's amplifier. Input to the internal timing circuitry. A crystal or 
external source can be used. 

Firmware Basic Firmware Services 

The BEM's Basic firmware environment provides 
two services: BITBUS Communications and Power" 
Up Diagnostics. The Extended firmware environ­
ment provides the Basic firmware services plus Par­
allel Communications and User Software Services 
(iDCX 51 Executive, Remote Access and Control 
functions). A discussion of each service follows. 

POWER-UP DIAGNOSTICS 
INCREASE RELIABILITY 

For added reliability and simplified system start up, 
the BEM firmware includes power-up diagnostics. At 
chip reset the BEM diagnostic firmware checks the 
integrity of the 8044's instruction set, ROM, internal 
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RAM, and external RAM. LED indicator lights may 
be used to show the progress of the diagnostics. 
Intel's BITBUS boards use one red LED, and one 
green LED as indicators for test progress. Since the 
test halts if a fault is found, the last LED state indi­
cates the trouble area. 

No programmatic interface exists for the power-up 
diagnostics. Only LEOs (or other indicators) con­
nected to the outputs of Port 1 of the 8044 are re­
quired. For the test sequence shown in Table 3, the 
red LED is connected to pin P1.O, and the green 
LED is. connected to pin P1.1. 

Table 3. Power-Up Test Sequence 

State of Port' 
After Test Completion 

Test Sequence Red LED Green LED 
(Pin 1.0) (Pin 1.1) 

Power-on On On 

Prior to Start of Tests Off Off 

Test 1-lnstruction Set On On 

Test2-ROM 
Checksum Test On Off 

Test 3-lnternal RAM Off Off 

Test 4-External RAM Off On 
·Ports are·Actlve Low. 

BITBUSTM INTERFACE SIMPLIFIES DESIGN 
OF DISTRIBUTED CONTROL SYSTEMS 

The BITBUS Serial Control Bus is a serial bus opti­
mized for high speed transfer of short messages in a 
hierarchical system. From the perspective of sys­
tems using the BITBUS bus there are three external 
protocols that must be adhered to: physical, data 
link, and transaction control as shown in Figure 2. 
The physical interface includes all bus hardware re­
quirements, e.g. cable. and connector definition, 
transceiver specification. The data link interface re­
fers to the device to device transfer of frames on the 
bus. The transaction control interface indentifies the 
rules for transmitting messages on the bus as well 
as the format of the messages passed. 

For maximum reliability and to facilitate standardiza­
tion the following existing standards were chosen as 
portions of the BITBUS Specification: International 
Electrotechnical Commission (lEG) mechanical 
board and connector specifications, the Electronic 
Industry Association (EIA) RS-485 Electrical Specifi­
cation and IBM·'s Serial Data Link Control protocol 
for the physical and data link levels of the BITBUS 
interface. 

BITBUSTM Physical Interface 

Implementation of the electrical interface to BITBUS 
requires external hardware. Specifically, an EIA 
Standard RS-485 driver and transceiver and an op­
tional clock source for the synchronous mode of op­
eration. A self clocked mode of operation is also 
available. Different modes of operation facilitate a 
variety of performance/distance options as noted in 
Table 4. Figure 7 illustrates the BEM's BITBUS inter­
face hardware requirements. 

Table 4. BITBUSTM 
Interconnect Modes of Operation 

Max. Dist Max # 
Speed Between Nodes Max # 
Kb/s Repeaters Between Repeaters 

M/ft Repeaters 

Synchro-
2400 30/100 28 0 nous 

Self- 375 300/1000 28 2 
Clocked 62.5 1200/4000 28 10 

BITBUSTM Data Link Service 

The 8044's serial interface unit (SIU) implements a 
majority of the data link interface, a subset of IBM's 
Serial Data Link Protocol (SDLG), in hardware result­
ing in a significant performance advantage com­
pared with multichip solutions. Multichip solutions re­
quire both hardware and software glue that degrade 
performance, decrease reliability, and increase cost. 
This portion of the BITBUS interface requires no 
user involvement for execution. 

For a detailed discussion of the protocol executed 
by the BITBUS data link service refer to "The 
BITBUS Interconnect Serial Control Bus Specifica­
tion". A basic subset of SDLC with the REJECT op­
tion is implemented. The standard frame format 
transferred across the BITBUS is shown in Figure 8. 
The information field carries the BITBUS message. 

BITBUSTM Transaction Control Service 

For added reliability, the BITBUS interface incorpo­
rates error checking at the message level in addition 
to the imbedded error checking provided by SDLC at 
the data link level. The message control interface 
defines the format and function of messages trans­
mitted in frames across the BITBUS bus. (Figure 9) 

The transaction protocol requires that for every or­
der message transmitted across the bus a reply 
message must be transmitted in return. Error types 
and error detection mechanisms are also designated 
by this interface. 
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ALE +5V 

1 1 
PR 0 PR 

;--D Q 

I 
r--D Q 

+5V 
1K 

y CK Q':>-- CK Q )--

-=- CLR CLR 

I r 
MCLK 

0.0-- I 1 
0 

DATA 

1 1 DATA-

S DATA 
1 J~ "> 

'I 
1/0. 0 1 
~ 

~. 
RTS· 1 1['-1 DCLK/RTS 

l -" +5V 1 DCLK'I 

1 RTS' 

(] 
rO ~ 1 J>--

0-2- L-J l -=-
SCLK 

280129-7 
NOTES: 
1. Connect to ground for self-clocked mode and SCLK for synchronous mode. 
2. Remove for self-clocked operation with repeater(s). 
3. Connect to RTS' for synchronous mode or 1/0' for self-clocked mode. 
4. Selects MCLK as serial clock source. 
5. Selects ALE or oscillator as serial clock source. 

Figure 7. BITBUSTM Interface Hardware Requirements 

I FLAG I ADDRESS I CONTROL I INFORMATION I FCS I FLAG I 
N 2 (BYTES) 

Figure 8. BITBUSTM Frame Format 

MSB LSB 

LENGTH .- ~::':~S~rTTED 
MT I SE I DE J TR I RESERVED 

NODE ADDRESS MT - MESSAGE TYPE 
SE - SOURCE EXTENSION 

SOURCE TASK IDESTINATION TASK 

COMMAND/RESPONSE 

DE - DESTINATION EXTENSION 
TR - TRACK FIELD 

DATA 

Figure 9. BITBUSTM Message Format 
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BITBUSTM Interface Configuration ure 10. The designer no longer needs to directly ma­
nipulate the 8044's serial mode register (SMD), 
status/command register (STS) , and send/receive 
counter register (NSNR). These two 8-bit locations 
are derived by multiplexing the 8044's port 0 ad­
dress lines ADO-AD7. 

The BEM's firmware also simplifies designation of 
the bus mode of operation (Speed/distance option) 
as well as the node address, memory configuration 
and parallel interface parameters by reading two ex­
ternal locations for this information as shown in Fig-

BITO 

BIT1 

BITO 

BIT1 

BIT2 

BIT3 

BIT4 

BITS 

BIT6 

BIT7 

o 

Node Address Register 

o 
o 
o 
o 
o 
o 
o 
o 

ALL JUMPERS REMOVED SELECTS 
NODE ADDRESS OOH. 

ALL JUMPERS INSTALLED SELECTS 
NODE ADDRESS FFH. 

Mode Register 

280129-9 

ESTABLISH THE BIT BUS'· MODE IN THE 
BEM FIRMWARE. THEY ARE USED ONLY 
DURING POWER·UP. BIT BUS'· MODE AND 
BIT RATE ARE AS FOLLOWS: 
00· SYNCHRONOUS 
01 - SELF-CLOCKED 375Kb/SEC 
10- RESERVED 
11 - SELF· CLOCKED 62.5Kb/SEC. 

RESERVED FOR FUTURE USE. 

CONNECTED TO THE EA PIN OF THE 
8044, ALLOWING INTERNAL ROM TO BE 
DISABLED. JUMPER REMOVED ENABLES 
INTERNAL ROM. 

CONNECTED TO THE MEMORY DECODE PAL 
O~ _______ TO PROVIDE THE TWO MEMORY 

_____ ADDRESSING OPTIONS. IN BOTH CASES, 

o ~~"o~O::DA~~~~T:;I~:: I~F SEPARATE 

BIT2 

BIT3 

BIT4 

BITS 

BIT6 

BIT7 

O MAINTAINED. JUMPER REMOVED ROR o ~ OPTION A; JUMI'ER INSTALLED FOR OPTION B. 

o ~N~i:.riST~~g1~E~I:':~1~~I~~J~ 

NOTE: 
Jumper Installed = 1 
Jumper Removed = 0 

THIS INFORMATION ON 
INITIALIZATION. JUMPER REMOVED 
INDICATES NO BYTE FIFO. 

SELECTS EXTENSION MODE IF 
BYTE FIFO IS PRESENT: 
0= INTERRUPT 
1 =DMA 

RESERVED FOR FUTURE USE. 

Figure 10. BITBUSTM Firmware Configuration 
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Extended Firmware Services 

PARALLEL COMMUNICATION INTERFACE 
EXTENDS DISTRIBUTED CONTROL 
CAPABILITY 

The BEM's firmware also includes a parallel inter­
face for expanding the capabilities of distributed sys­
tems. For example, this interface allows other proc­
essors to be employed in BITBUS systems if more 
processing power is required as shown in Figure 11. 
This interface provides the means for connection to 
other buses: iSBX bus, STD bus, IBM's PC bus. 

The interface consists of a byte-FIFO queue through 
which BITBUS messages can be passd via embed­
ded communications firmware. From the BEM's per­
spective the user simply designates the correct rout­
ing information in the BITBUS message header and 
the message is directed to the communications firm­
ware and passed through the parallel interface. One 
example of an implementation that uses this inter­
face is the iSBX BITBUS Controller MUL TIMODULE 
Board via the iSBX bus. 

Parallel Interface Hardware 

To implement the Parallel Interface, the user must 
provide hardware for two FIFOs (one byte minimum) 
in external data memory, and control Signals to/from 
the 8044's Pins: INTO (P3.2), INT1 (P3.3), and P1.2. 
Key hardware elements required are: decoder for 
the registers' external addresses, temporary storage 
for bytes passing through the interface, a way to 
designate bytes as command or data, and a means 
to generate the control signals. FIFO's must be used 
to move the data through the interface although the 
depth of the FIFO need not exceed one byte. 

Interface hardware must also be provided for the 
"extension" side of the interface. Implementation of 
this hardware is left to the user with the restriction 
that the operation of the BEM side remains indepen­
dent. 

Parallel Byte Stream and Message Protocol 

The two byte registers (FIFOs) provide the path for 
bytes to move through the parallel interface. Bytes 
are read or written from the registers designated: 
FIFO Data Byte (FFOOH) and FIFO Command Byte 
(FF01 H). INTO, INT1 and P1.2 provide control sig­
nals to the firmware for moving the bytes through 
the registers. These signals are referred to as the 
Parallel Interface Control Bits: 

Pin 

INTO 
INT1 
P1.2 

Function 

RFNF 
TFNE 
TCMD 

Internal Bit Address 

B3H 
B2H 
92H 

The hardware uses RFNF to control the output of 
bytes from the BEM. RFNF is set when the FIFO 
Data or FIFO Command Byte Registers can receive 
information. RFNF remains clear when the FIFO 
Data or Command Bytes are not available. Trans­
mission of a BITBUS message across the parallel 
interface consists of successively outputing mes­
sage bytes to the FIFO Data Byte Register until all 
bytes are sent. The firmware then writes a value of 0 
to the Command Byte register indicating all the mes­
sage bytes have been sent. The first data byte in the 
message indicates the number of bytes in the mes­
sage. 

280129-11 

Figure 11. Extending the Capability of BITBUSTM System with the Parallel Communications Interface 
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TFNE controls the input of data bytes to the BEM. 
This bit is set when bytes are available for reading. 
When no bytes are available this bit is clear. TCMD 
indicates whether the next byte read is a Data Byte 
or Command Byte. BITBUS messages are received 
by inputing data bytes until a command byte is re­
ceived. Data bytes are read from the FIFO Data Byte 
Register. Command Bytes are read from the FIFO 
Command Byte Register. 

Figure 12 provides one example of a Byte FIFO In­
terface. This specific example illustrates the inter­
face provided on the iSBX 344A BITBUS Controller 
MUL TIMODULE Board. Figure 13 shows transmis­
sion of bytes from the BEM across the parallel inter­
face. Figure 14 shows transmission of bytes to the 
BEM. 

TO BITBUS'''INTERCONNECT 

r~~~~~-----------~ 

TCMD· 
TFNE· 

HEM 

B044 LOCAL BUS 

RFNF· 

I TRANSMIT RECEIVE I I FIFO FIFO I 
I I 
I I 
I I 
I TFNF· :~=~.. I L ________________ --1 

EXTENSION 
DEVICE CPU 

EXTENSION DEVICE CPU 

LOCAL BUS 

260129-12 

Figure 12. Byte FIFO Interface Example 
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I 
SEND MjSAGE 

t~-----, 

o 

WRITE 
NEXT 
DATA 
BYTE 

YES 

WRITE 
END OF 

MESSAGE 
COMMAND 

RETURN 

NO 

260129-13 

Figure 13. Transmitting a Message from BEM 



inter 8044 BITBUSTM Enhanced Microcontroller 

o 

READ 
END OF 

MESSAGE 
COMMAND 

RETURN 

RECEIVE MESSAGE 

READ 
NEXT 
DATA 
BYTE 

280129-14 

Figure 14. Transmitting a Message to BEM 

USER SOFTWARE SERVICES 

Multitasking, 1/0 Access and 
Control Capabilities 

The Extended firmware environment of the BEM 
provides a multitasking facility via the iDCX 51 Real­
time, Multitasking Executive. Operating system calls 
are list?d in. Table 5. Other services provideq by the 
~xecutlve: Interrupt handling, task scheduling, and 
Intertask communication facilitate smooth develop­
ment of distributed systems. In addition to the Exec­
utive's intertask communication service provided by 
t~e RQSENDMESSAGE call, other portions of the 
firmware extend the communication capability 
across the parallel and BITBUS interfaces. This 

~mbedded communications firmware greatly simpli­
fies and speeds sending messages to different mi­
crocontrollers or microprocessors in the system. 

To further ease the development of distributed con­
trol applications, a pre-defined task (Remote Access 
~nd Control Ta~k) provides the means of invoking 
IDCX 51 ExecutIVe services, or accessing 1/0 and 
memory from tasks on other devices. The Remote 
Access and Control functions execute under the 
iDCX 51 Executive 'as Task O. Figure 13 illustrates 
this concept in a BITBUS sYlltem. Table 6 shows the 
functions provided by the RAC task. All 1/0 com­
mand accesses are memory mapped to locations 
OFFOOH to OFFFFH in the BEM's external memory. 

17-84 



8044 BITBUSTM Enhanced Microcontroller 

Table 5. iDCXTM 51 Calls 

Call Name Description 

TASK MANAGEMENT CALLS 

RO$CREATE$TASK Create and schedule a new task. 

RO$DELETE$TASK Delete specified task from system. 

RO$GET$FUNCTION$IDS Obtain the function IDs of tasks currently in system. 

INTERTASK COMMUNICATION CALLS 

RO$ALLOCATE Obtain a message buffer from the system buffer pool. 

RO$DEALLOCATE Return a message buffer to the system buffer pool. 

RO$SEND$MESSAGE Send a message to specified task. 

RO$WAIT Wait for a message event. 

MEMORY MANAGEMENT CALLS 

RO$GET$MEM Get available system memory pool memory. 

RO$RELEASE$MEM Release system memory pool memory. 

INTERRUPT MANAGEMENT CALLS 

RO$DISABLE$INTERRUPT Temporarily disable an interrupt. 

RO$ENABLE$INTERRUPT Re-enable an interrupt. 

RO$WAIT Wait for an interrupt event. 

TIMER MANAGEMENT CALLS 

RO$SET$INTERVAL 

RO$WAIT 

EXTERNAL MEMORY 

Establish a time interval. 

Wait for an interval event. 

LOCAL 110 

Figure 15. BEM Communication Firmware 
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Table 6. RAe Functions 

Name Function 

RESET_STATION Perform a software reset. 

CREATE_TASK Perform an RO$CREATE$T ASK system call. 

DELETE_TASK Perform an RO$DELETE$T ASK system call. 

GET _FUNCTION_ID Perform an RO$GET$FUNCTION$IDS call. 

RAC_PROTECT Suspend or resume RAC services. 

READ_IO Return values from specified 1/0 ports. 

WRITE_IO Write to the specified 110 ports. 

UPDATE_IO Update the specified 1/0 ports. 

UPLOAD_MEMORY Return the values in specified memory area. 

DOWNLOAD_MEMORY Write values to specified memory area. 

OR_IIO OR values into specified 1/0 ports. 

AND_I/O AND values into specified 1/0 ports. 

XOR_IIO XOR values into specified 1/0 ports. 

READ_INTERNAL Read values at specified internal RAM areas. 

WRITE_INTERNAL Write values to specified internal RAM areas. 

NODLINFO Return device related information. 

OFFLINE Set node offline. 

UPLOAD_CODE Read values from code memory space. 

DOWNLOAD_CODE Write values to specified EEPROM memory. 

NOTES: 
Internal memory locations are included in the 192 bytes of data RAM provided in the microcontrolier. External memory refers 
memory outside the microcontroller-the 28-pin sockets of the iSBX 344A module and the iRGB 44/10A and iRGB 44/20A 
boards. Each RAG Access Function may refer to 1, 2, 3, 4, 5, or 6 individual 110 or memory locations in a single command. 

In addition to allowing creation and deletion of tasks 
on remote system nodes, the RAC functions allow 
memory upload and download. This feature eases 
programming changes in distributed systems and 
enhances overall system flexibility. Diagnostics can 
also be downloaded to remote nodes to facilitate 
system debug. 

Another feature optimized for distributed control en· 
vironments is the GET FUNCTION IDS service. The 
function ID capability provides the user with the abili­
ty to identify specific tasks by function rather than 
node address and task number. This constant identi­
fier facility remains valid even if functions are moved 
to different physical locations, ego another system 
node. 

Aside from the iDCX 51 Executive system calls the 
user interfaces to the BEM through the task initiali­
zation interface; the Initial Task Descriptor. The first 
user task descriptor must be located at location 
OFFFOH in external memory code space so that on 
power up user code may be automatically detected. 

The Initial Task Descriptor (lTD) allows the user to 
specify the original attributes of a task. Table 7 
shows the lTD task structure. 

Table 7. ITO Structure 

Pattern Word value identifying an 
lTD: "AA55H" 

Initial PC Word address of first task 
instruction 

Stack· Length Byte # bytes of system RAM 
for tasks stack 

Function ID Byte value 1-255 associates 
task wlfunction 

Register Bank Bit(4) assigns one register 
bank to task 

Priority Bit(4) task priority level 

Interrupt Vector Word specifies interrupt 
associated wltask 

NextlD Word address of the next 
lTD in linked-list 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias ........ 0 to 70·C 

Storage Temperature .......... - 6S·C to + 1S0·C 

Voltage on Any Pin with 
Respect to Ground (V ss) ........ - O.SV to + 7V 

Power Dissipation ....................... 2 Watts 

• Notice: Stresses above those listed under "Abso­
lute Maximum Ratings" may cause permanent dam­
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera­
tional sections of this specification is not implied. Ex­
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

D.C. CHARACTERISTICS TA = O·Cto 70·C, Vee = SV ±10%, Vss = ov 
Symbol Parameter Min Max Units Test Conditions 

VIL Input Low Voltage -O.S O.B V 

VIH Input High Voltage 2.0 Vee + O.S V 
(Except RST and XT AL2) 

VIH1 Input High Voltage to 2.S Vee + O.S XTAL1 = Vss 
PST For Reset, XT AL2 

VOL Output Low Voltage O.4S V IOL = 1.6 rnA 
Ports 1, 2, 3 (Note 1) 

VOL1 Output Low Voltage O.4S V IOL = 3.2 rnA 
Port 0, ALE, \PSEN (Note 1) 

VOH Output High Voltage 2.4 V IOH = -BO p.A 
Ports 1, 2, 3 

VOH1 Output High Voltage 2.4 V IOH = - 400 p.A 
Port 0, ALE, \PSEN 

ilL Logical 0 Input Current -SOO p.A XTAL1 atVss 
Ports 1, 2, 3 Vin = O.4SV 

IIH1 Input High Current to SOO p.A Vin < Vee - 1.SV 
RST /vPD For Reset 

III Input Leakage Current ±10 p.A O.4SV <Vin <Vee 
to Port 0, \EA 

ICC Power Supply Current 170 rnA All Outputs Disconnected, 
EA = Vee 

CIO Capacitance of 1/0 Buffer 10 pF fc = 1 MHz 

IIL2 Logical 0 Input Current -3.6 rnA XTAL1 atVss 
XTAL2 Vin = O.4SV 

NOTE: 
1. Capacitive loading on Ports 0 and 2 may cause spurious noise pulses to be superimposed on the VOLs of ALE and Ports 
1 and 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins make 
Ho-O transitions during bus operations. In the worst cases (capacitive loading > 100 pF), the noise pulse on the ALE line 
may exceed O.BV. In such cases it may be desirable to qualify ALE with a Schmitt Trigger, or use an address latch with a 
Schmitt Trigger STROBE Input. 
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. ' 
A.C. CHARACTERISTICS TA to O·C to 70·C, vee = 5V ± 10%, Vss = OV, CL for Port 0, ALE and 
PSEN Outputs = 100 pF; CL for All Other Outputs = 80 pF 

PROGRAM MEMORY 

12 MHz Clock 
Variable Clock 

Symbol Parameter 1/TCLCL = 3.5 MHz to 12 MHz 

Min Max Units Min Max Units 

TLHLL ALE Pulse Width 127 ns 2TCLCL-40 ns 

TAVLL Address Setup to ALE 43 ns TCLCL-40 ns 

TLLAX(1) Address Hold after ALE 48 ns TCLCL-35 ns 

TLLlV ALE to Valid Instr in 233 ns 4TCLCL-100 ns 

TLLPL ALE to PSEN 58 ns TCLCL-25 ns 

TPLPH PSEN Pulse Width 215 ns 3TCLCL-35 ns 

TPLIV PSEN to Valid Instr in 125 ns 3TCLCL-125 ns 

TPXIX Input Instr Hold after PSEN 0 ns 0 ns 

TPXIZ(2) Input Instr Float after PSEN 63 ns TCLCL-20 ns 

TPXAV(2) Address Valid after PSEN 75 ns TCLCL-8 ns 

TAVIV Address to Valid Instr in 302 ns 5TCLCL-115 ns 

TAZPL Address Float to PSEN -25 ns -25 ns 

NOTES: 
1. TLLAX for access to program memory is different from TLLAX for data memory. 
2. Interfacing RUPI-44 devices with float times up to 75 ns is permissible. This limited bus contention will not cause any 
damage to Port 0 drivers. 

EXTERNAL DATA MEMORY 

12 MHz Clock 
Variable Clock 

Symbol Parameter 1/TCLCL = 3.5 MHz to 12 MHz 

Min Max Units Min Max Units 

TRLRH RD Pulse Width 400 ns 6TCLCL-100 ns 

TWLWH WR Pulse Width 400 ns 6TCLCL-100 ns 

TLLAX(1) Address Hold after ALE 48 ns TCLCL-35 

TRLDV RD to Valid Data in 252 ns 5TCLCL-165 ns 

TRHDX Data Hold after RD 0 ns 0 ns 

TRHDZ Data Float after RD 97 ns 2TCLCL-70 ns 

TLLDV ALE to Valid Data in 517 ns 8TCLCL-150 ns 

TAVDV Address to Valid Data in 585 ns 9TCLCL-165 ns 

TLLWL ALE to WR or RD 200 300 ns 3TCLCL-50 3TCLCL+50 ns 

TAVWL Address to WR or RD 203 ns 4TCLCL-130 ns 

TWHLH WR or RD High to ALE High 43 123 ns TCLCL-40 TCLCL+40 ns 

TQVWX Data Valid to WR Transition 23 ns TCLCL-60 ns 

TQVWH Data Setup before WR 433 ns 7TCLCL-150 ns 

TWHQX Data Hold after WR 33 ns TCLCL-50 ns 

TRLAZ RD Low to Address Float 25 ns 25 ns 

NOTE: 
1. TLLAX for access to program memory is different from TLLAX for access data memory. 
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SERIAL INTERFACE 

Symbol Parameter Min Max Units 

TDCY Data Clock 420 ns 

TDCL Data Clock Low 180 ns 

TDCH Data Clock High 100 ns 

tTD Transmit Data Delay 140 ns 

tOSS Data Setup Time 40 ns 

tOHS Data Hold Time 40 ns 

WAVEFORMS 

Memory Access 

PROGRAM MEMORY READ CYCLE 

-------TCY------------------------~ 

ALE 

PSEN 

PORTO 
A7-AD INSTR IN 

PORT2 
ADDRESS 
OR SFR-P2 ADDRESS A15-A8 ADDRESS A15-A8 

280129-16 

DATA MEMORY READ CYCLE 

TWHlH 

ALE 

PSEN 
RD --------1-------,. j.._-----tTRlRH-------!,.----

PORTO 

PORT2 
ADDRESS 
OR SFR-P2 

TLLAX 

A7-AO 

TRlDV 

TRlAZ 

ADDRESS A15-A8 OR SFR-P2 

17-89 

TRHDX 

DATA IN 

TRHDZ 
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WAVEFORMS (Continued) 

DATA MEMORY WRITE CYCLE 

TWHLH 

ALE 

PSEN 

WR ______________ -+ __________ ~I4----------TWLWH----------~,-------

TQYWX TOVWH TWHQX 

PORTO DATA OUT 

PORT2 
ADDRESS A15-A8 OR SFR-P2 

280129-18 

SERIAL 1/0 WAVEFORMS 

SYNCHRONOUS DATA TRANSMISSION 

~------------TOCY------------~ 

----------"'" ""'e------TOCL------! ,-------------. 
SCLK 

~-----------J~-----TOCH 

DATA 

280129-19 

SYNCHRONOUS DATA RECEPTION 

~-------------TDCY------------__I 

----------..,. fooe-------TDCL -----I ~----------....... 
SCLK 

j4----TOCH -----+I 

DATA 

TOSS ~--------TDHS----------._j 

280129-20 
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CLOCK WAVEFORMS 

INTERNAL 
CLOCK I STATE 4 I STATE 5 

Pl1p2 Pl1p2 

STATE 6 I STATE 1 I STATE 2 I STATE J I STATE 4 

~I~ ~I~ ~I~ ~I~ ~I~ 
STATE 5 

Pl I P2 

XTAL2 

ALE I I I L-I __ 

EXTERNAL PROGRAM MEMORY FETCH ::2 THESE SIGNALS ARE NOT 
ACTIVATED DURING THE 

, EXECUTION OF A MOVX INSTRUCTION 

'----=-_ ...... 1 I'\.. I L 
PO 

P2(EXT) ____ --,1 INDICATES ADDRESS TRANSIONS IL-_________ --I 
READ CYCLE 

RD 

PO 

P2 
WRITE CYCLE 

WR 

PO 

P2 

PORT OPERATION 

MOV PORT, SRC 

DPl OR Ri 
OUT 

OOH IS EMITTED PCL OUT (IF PROGRAM 
DURING THIS PERIOD MEMORY IS EXTERNAL) 

L ~ IDATAl r\---"L I • .c: FLOAT SAMPLED • i 
INDICATES DPH OR P2 SFR TO PCH TRANSITIONS 

L. __________ ...I1 PCl OUT(EVEN IF PROGRAM 
MEMORY IS INTERNAL) 

DPL OR R, 
OUT !. DATA OUT 

INDICATES DPH OR P2 SFR TO PCH TRANSITIONS 

OLD DATA I NEW DATA 

.5 .i tCl OUT J;;OGRAM 
I MEMORY IS EXTERNAL) 

_ _____ -______________ ..... --LPO PINS SAMPLE,? 
MOV DEST. PO ~ !---4l 
MOV DEST, PORT (Pl. P2. PJ) PO PINS SAMPLED c:=:l 
(INCLUDES INTO.INTl. TO. Tl) ~----------------------'I~' - L--

Pl. P2. PJ PINS SAMPLED Pl. P2. PJ 
PINS SAMPLED SERIAL PORT SHIFT CLOCK 

J~gDE O)---------'~XD SAMPLED 

This diagram indicates when signals are clocked in­
ternally. The time it takes the signals to propagate to 
the pins, however, ranges from 25 to 125 ns. This 
propagation delay is dependent on variables such as 
temperature and pin loading. Propagation also var-
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ies from output to output and component to compo­
nent. Typically though, (T A = 25°C, fully loaded) RD 
and WR propagation delays are approximately 50 
ns. The other signals are typically 85 ns. Propaga­
tion delays are incorporated in the AC specifications. 
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A.C. TESTING INPUT, OUTPUT, FLOAT WAVEFORMS 
~----------------------------~ 

INPUT IOUTPUT FLOAT 

2.4=>(20 2.0)<= 
TEST POINTS 

0.45 ;.:0:::.' _____ --'0:::.8.., 

280129-22 

j ----FLOAT----t 
2.4 20 ° 2.4 

0.45 0-.• --------.... :.. 0.45 

280129-23 

NOTES: 
1. A.C. testing inputs are driven at 2.4V for a logic "1" and 0.45V for a logic "0". 
2. Timing measurements are made at 2.0V for a logic "1" and O.BV for a logic "0". 

EXTERNAL CLOCK DRIVE XTAL2 

TCHCL 

I--------TCLCL-----_~ 

280129-24 

Variable Clock 

Symbol Parameter Freq = 3.5 MHz to 12 MHz Units 

Min Max 

TClCl Oscillator Period 83.3 285.7 ns 

TCHCX High Time 30 TClCl - TClCX ns 

TClCX low TIme 20 TClCl - TCHCX ns 

TClCH Rise Time 20 ns 

TCHCl Fall Time 20 ns 
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BEM PARALLEL INTERFACE LOGIC TIMING 

AD-15 -------_( FFOD »---------_( FFDI )').----

RD" 

TFNE" 

TeMP" 

AD-15 ------_( FFDD )~----------c< FFDI )>-----

WR" 

, RFNF" 

SPECIFICATIONS 

Package: 40 pin DIP, 44 pin PLCC 
Process: + 5V, silicon gate HMOSII 

Related Documents 
(Not Supplied) 

Order Number 
146312-001- Guide to Using the Distributed Con­

trol Modules 

231663-002- 8044AH/8344AH/8744H Data Sheet 

280129-25 

210941-002 -OEM System Handbook 

210918-006 - Embedded Controller Handbook 

231166-001 - VLSI Solutions for Distributed Con-
trol Applications 

ORDERING INFORMATION 

Part Number 

P,N8044AH,R 0112 

Description 

BITBUS Enhanced Micro­
controller 
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8044AH/8344AH/8744H 
HIGH PERFORMANCE 8-BIT MICROCONTROLLER 

WITH ON-CHIP SERIAL COMMUNICATION CONTROLLER 
• 8044AH-lncludes Factory Mask Programmable ROM 
• 8344AH-For Use with External Program Memory 
• 8744H-lncludes User Programmable/Eraseable EPROM 

8051 MICROCONTROLLER CORE SERIAL INTERFACE UNIT (SIU) 

• Optimized for Real Time Control 12 • Serial Communication Processor that 
MHz Clock, Priority Interrupts, 32 Operates Concurrently to CPU 
Programmable I/O Lines, Two 16-bit • 2.4 Mbps Maximum Data Rate 
Timer/Counters 

Boolean Processor • 375 Kbps using On-Chip Phase Locked • Loop 

• 4K x 8 ROM, 192 x 8 RAM • Communication Software in Silicon: 

• 64K Accessible External Program - Complete Data Link Functions 
Memory - Automatic Station Response 

• 64K Accessible External Data Memory • Operates as an SDLC Primary or 

• 4 !-,-S Multiply and Divide Secondary Station 

The RUPI-44 family integrates a high performance 8-bit Microcontroller, the Intel 8051 Core, with an Intelli­
gent/high performance HOLC/SOLC serial communication controller, called the Serial Interface Unit (SIU). 
See Figure 1. This dual architecture allows complex control and high speed data communication ·functions to 
be realized cost effectively. 

Specifically, the 8044's Microcontroller features: 4K byte On-Chip program memory space; 32 I/O IinEls; two 
16-bit timer/event counters; a 5-source; 2-level interrupt structure; a full duplex serial channel; a Boolean 
processor; and on-chip oscillator and clock circuitry. Standard TIL and most byte-oriented MCS-80 and MCS-
85 peripherals can be used for I/O amd memory expansion. 

The Serial Interface Unit (SIU) manages the interface to a high speed serial link. The SIU offloads the On-Chip 
8051 Microcontroller of communication tasks, thereby freeing the CPU to concentrate on real time control 
ta~ . 

The RUPI-44 family consists of the 8044, 8744, and 8344. All three devices are identical except in respect of 
on-chip program memory. The 8044 contains 4K bytes of mask-programmable ROM. User programmable 
EPROM replaces ROM in the 8744. The 8344 addresses all program memory externally. 

The RUPI-44 devices are fabricated with Intel's reliable + 5 volt, silicon-gate HMOSII technology and pack­
aged in a 40-pin DIP. 

The 8744H is available in a hermetically sealed, ceramic, 40-lead dual in-line package which includes a 
window that allows for EPROM erasure when exposed to ultraviolet light (See Erasure Characteristics). During 
normal operation, ambient light may adversely affect the functionality of the chip. Therefore applications which 
expose the 8744H to ambient light may require an opaque label over the window. 

8044'8 Dual Controller Architecture 

Figure 1. Dual Controller Architecture 
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Table 1. RUPITM-44 Family Pin Description 

VSS 

Circuit ground potential. 

vee 
+ 5V power supply during operation and program 
verification. 

PORTO 
Port 0 is an 8-bit open drain bidirectional 1/0 port. 
It is also the· multiplexed low-order address and 
data bus when using external memory. It is used 
for data output during program verification. Port 0 
can sinklsource eight LS TIL loads (six in 8744). 

PORT 1 

Port 1 is an 8-bit quasi-bidirectional I/O port. It is 
used for the low-order address byte during pro­
gram verification. Port 1 can sinklsource four LS 
TIL loads. 

In non-loop mode two of the 1/0 lines serve alter­
nate functions: 

- RTS (P1.6). Request-to-Send output. A low in­
dicates that the RUPI-44 is ready to transmit. 

- CTS (P1.7) Clear-ta-Send input. A low indicates 
that a receiving station is ready to receive. 

PORT 2 

Port 2 is an 8-bit quasi-bidirection I/O port. It also 
emits the high-order address byte when accessing 
external memory. It is used for the high-order ad­
dress and the control signals during program verifi­
cation. Port 2 can sinklsource four LS TIL loads. 

PORT 3 

Port 3 is an 8-bit quasi-bidirectional I/O port. It also 
contains the interrupt, timer, serial port and RD 
and WR pins that are used by various options. The 
output latch corresponding to a secondary function 
must be programmed to a one (1) for that function 
to operate. Port 3 can sinklsource four LS LTI 
loads. 

In addition to I/O, some of the pins also serve al­
ternate functions as follows: 

- 1/0 RxD (P3.0). In point-to-point or multipoint 
configurations, this pin controls the direction of 
pin P3.1. ~erves as Receive Data input in loop 
and diagnostic modes. 

- DATA TxD (P3.1) In point-to-point or multipoint 
configurations, this pin functions as data input! 
output. In loop mode, it serves as transmit pin. 
A '0' written to this pin enables diagnostic 
mode. 

- INTO (P3.2). Interrupt 0 input or gate control 
input for counter O. 

- INT1 (P3.3). Interrupt 1 input or gate control 
input for counter 1. 

- TO (P3.4). Input to counter O. 

- SCLK T1 (P3.5). In addition to 110, this pin pro-
vides input to counter 1 or serves as SCLK (se­
rial clock) input. 

- WR (P3.6). The write control Signal latches the 
data byte from Port 0 into the External Data 
Memory. 

- RD (P3.7). The read control signal enables Ex­
ternal Data Memory to Port o. 

RST 

A high on this pin for two machine cycles while the 
oscillator is running resets the device. A small ex­
ternal pulldown resistor (:::: 8.2KO) from RST to 
Vss permits power-on reset when a capacitor 
(:::: 10/-Lf) is also connected from this pin to Vee. 

ALE/PROG 

Provides Address Latch Enable output used for 
latching the address into external memory during 
normal operation. It is activated every six oscillator 
periods except during an external data memory ac­
cess. It also receives the program pulse input for 
programming the EPROM version. 

PSEN 

The Program Store Enable output is a control sig­
nal that enables the external Program Memory to 
the bus during external fetch operations. It is acti­
vated every six oscillator periods, except during 
external data memory accesses. Remains high 
during internal program execution. 

EA/VPP 

When held at a TIL high level, the RUPI-44 exe­
cutes instructions from the internal ROM when the 
PC is less than 4096. When held at a TIL low 
level, the RUPI-44 fetches all instructions from ex­
ternal Program Memory. The pin also receives the 
21V EPROM programming supply voltage on the 
8744. 
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Table 1. RUPITM·44 Family Pin Description (Continued) 

XTAL 1 

Input to the oscillator's high gain amplifier. Re­
quired when a crystal is used. Connect to VSS 
when external source is used on XT AL 2. 

.. 
l~ ... -~ t; DATA TID __ 

~ I~"'" PI 
... INT1~ ~ 

=: TO~ IE a SClK TI ...... 2 
. ~ Wii __ 

Ii! Iili __ .. 
Figure 2. Logic Symbol 

Pl.S 

Pl.6 

Pl.7 

RST/VPD 

P3.0 

H/c 
P3.1 

P3.2 

P3.3 

P3.4 

P3.S 

.. f}! ~:: ~ 
Go c ::! 

'" 

~[: 
__ eTS 

~}®I II< _ .. 

2 ~ ; 
- Q - ~ 

231663-2 

XTAL2 

Output from the oscillator's amplifier. Input to the 
internal timing circuitry. A crystal or external source 
can be used. 

PlO vee 

Pll PO.O ADO 

P12 PO.l ADI 

Pl1 P02 AD2 

P14 PO.3 AD3 

P15 PO .• A~ 

RTS P1I PO.5 ADS 

m Pl.7 PO.' ADI 

AST PO.7 AD7 

I,ii AID P3.Ci iA 'v,p 

DATA TID P31 ALE PiiOi 
INTO PU mN 
INTI PU P27 A15 

TO PU P2.' AI. 

selK TI P3.5 P2.5 All 

Wii PU PU AU 

iiii P3.7 PU All 

ITAla P2.2 AIO 

XTAlI P21 A. 

VSS P2.0 AI 

231663-3 

Figure 3A. DIP Pin Configuration 

39 PO.4 

38 PO.S 

37 PO.6 

36 PO.7 

EA 

H/C 
ALE 

PSEH 

31 P2.7 

30 P2.6 

29 P2.S 

231663-21 

Figure 3B. PLCC Pin Configuration 
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FREQUENCE 
REFERENCE 
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I 
I 
I L..,--......;... ..... 

I 
I 
I 'r-r-lrT""T' 

I 
I I INTERRUPTS L-......,r-r-..J 

L ~ __ _ 

INTERRUPTS CONTROL PARALLEL PORTS 
ADDRESS DATA BUS 

AND I/O PINS 

DATA 

1-++--". 110 
HDLClSDLC 

'--.....,~-..J I SERIAL I COMMUNICATIONS 

I 
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I 
I 

'-r--'"T""'" I 

TWO 16-BIT 
TIMER EVENT 

COUNTERS 

COUNTERS 

.....J 

231663-4 

Figure 4. Block Diagram 

FUNCTIONAL DESCRIPTION 

General 
The B044 integrates the powerful B051 microcontro/­
ler with an intelligent Serial Communication Control­
ler to provide a single-chip solution which will effi­
ciently implement a distributed processing or distrib­
uted control system. The microcontroller is a self­
sufficient unit containing ROM, RAM, ALU, and its 
own peripherals. The B044's architecture and in­
struction set are identical to the B051's. The B044 
replaces the B051's serial interface with an intelli­
gent SOLC/HOLC Serial Interface Unit (SIU). 64 
more bytes of RAM have been added to the B051 
RAM array. The SIU can com~unicate at bit rates up 
to 2.4 M bps. The SIU works concurrently with the 
Microcontroller so that there is no throughput loss in 
either unit. Since the SIU possesses its own intelli­
gence, the CPU is off-loaded from many of the com­
munications tasks, thus dedicating more of its com­
puting power to controlling local peripherals or some 
external process. 

The Microcontroller 

The microcontroller is a stand-alone high-perform­
ance single-chip computer intend~d for use in so­
phisticated real-time application such as instrumen­
tation, industrial control, and intelligent computer pe· 
ripherals. 

The major features of the microcontroller are: 

• B-bit CPU 

• on-chip oscillator 
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• 4K bytes of ROM 

• 192 bytes of RAM 

• 32 I/O lines 
• 64K address space for external Data Memory 

• 64K address space for external Program Memory 

• two fully programmable 16-bit timer/counters 

• a five-source interrupt structure with two priority 
levels 

• bit addressability for Boolean proceSSing 

RAIl 

SPECIAL 
F\IHCTION 
REGISTERS 
~ 

iii 255 2.. FIH 
FOH 
EIH 
EOIf 
DIH 
DOH 
ClH 

INDIRECT {D~rn ~ 
ADDRESS 11M 
ING lOtI 

11M 

=--=!!..="=":--'_'31_ 1DH 
127 

INTERNAL SPECIAL FUNCnON 
DATA RAM Rl!OISTER • 

..... E ... 
oUIIJ! 
INTI IN .... 
(12'.'TS) 

DIRECT 
A.DDRESS· 
ING 

231663-5 

Figure 5. Internal Data Memory Address Space 
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• 1 JLs instruction cycle time for 60% of the instruc­
tions 2 JLs instruction cycle time for 40% of the 
instructions 

• 4 JLs cycle time for 8 by 8 bit unsigned Multiply/ 
, Divide 

INTERNAL DATA MEMORY 

Functionally the Inte'rnal Data Memory is the most 
flexible of the address spaces. The Internal Data 
Memory space is subdivided into a 256-byte Internal 
Data RAM address space and a 128-bit Special 
Function Register address spacEf as shown in Figure 
5. 

The Internal Data RAM address space is 0 to 255. 
Four 8-Register Banks occupy locations 0 through 
31. The stack can be located anywhere in the Inter­
nal Data RAM address space. In addition, 128 bit 
locations of the on-chip RAM are accessible through 
Direct Addressing. These bits reside in Internal Data 
RAM at byte locations 32 through 47. Currently loca­
tions 0 through 191 of the Internal D~ta RAM ad­
dress space are filled with on-chip RAM. ' 

Parallel 1/0 

The 8044 has 32 general-purpose I/O lines which 
are arranged into four groups of eight lines. Each 
group is called a port. Hence there are four ports; 
Port 0, Port 1, Port 2, and Port 3. Up to five lines 
from Port 3 are dedicated to supporting the serial 
channel when the SIU is invoked. Due to the nature 
of the serial port, two of Port 3's I/O lines (P3.0 and 
P3.1) do not have latched outputs. This is true 
whether or not the serial channel is used. 

Port 0 and Port 2 also have an alternate dedicated 
function. When placed in the external access mode, 
Port 0 and Port 2 become the means by which the 
8044 communicates with external program memory. 
Port 0 and Port 2 are also the means by which the 
8044 communicates with external data memory. Pe­
ripherals can be memory mapped into the address 
space and controlled by the 8044. 

Table 2. MCS®-S1Instruction Set Description 

Mnemonic Description Byte Cyc Mnemonic Description Byte Cyc 

ARITHMETIC OPERATIONS ARITHMETIC OPERATIONS (Continued) 
ADD A,Rn Add register to ' SUBB A,@Ri Subtract indirect 

Accumulator RAM from A with 
ADD A,direct Add direct byte Borrow 

to Accumulator 2 SUBB A,#data Subtract immed 
ADD A,@Ri Add indirect data from A with 

RAM to Borrow 2 
Accumulator INC A Increment 

ADD A,#data Add immediate Accumulator 
data to INC Rn Increment 
Accumulator 2 register 

ADDC A,Rn Add register to INC direct Increment direct 
Accumulator byte 2 
with Carry INC @Ri Increment 

ADDC A,direct Add direct byte indirect RAM 
to A with Carry INC DPTR Increment Data 
flag 2 Pointer 2 

ADDC A,@Ri Add indirect DEC A Decrement 
RAM to A with Accumulator 
Carry flag DEC Rn Decrement 

ADDC A,#data Add immediate register 
data to A with DEC direct Decrement 
Carry flag 2 direct byte 2 

SUBB A,Rn Subtract register DEC @Ri Decrement 
from A with indirect RAM 1 
Borrow MUL AB Multiply A & B 4 

SUBB A,direct Subtract direct DIV AB . Divide A by B 4 
byte from A with DA A Decimal Adjust 
Borrow 2 Accumulator 
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Table 2. MCS®·51 Instruction Set Description (Continued) 

Mnemonic Description Byte Cyc Mnemonic Descr.iption Byte Cyc 

LOGICAL OPERATIONS LOGICAL OPERATIONS (Continued) 
ANL A,Rn AND register to RL A Rotate 

Accumulator Accumulator 
ANL A,direct AND direct byte Left 

to Accumulator 2 RLC A Rotate A Left 
ANL A,@RI AND indirect through the 

RAM to Carry flag 
Accumulator RR A Rotate 

ANL ·A,#data AND immediate Accumulator 
data to Right 
Accumulator 2 RRC A Rotate A Right 

ANL direct, A AND through Carry 
Accumulator to flag 
direct byte 2 SWAP A Swap nibbles 

ANL direct, # data AND immediate within the 
data to direct Accumulator 
byte 3 2 DATA TRANSFER 

ORL A,Rn OR register to MOV A,Rn Move register to 
Accumulator Accumulator 

ORL A,direct OR direct byte to MOV A,direct Move direct byte 
Accumulator 2 to Accumulator 2 

ORL A,@Ri OR indirect RAM • MOV A,@RI Move indirect 
to Accumulator RAM to 

ORL A,#data OR immediate Accumulator 
data to MOV A,#data Move immediate 
Accumulator 2 data to 

ORL direct,A OR Accumulator Accumulator 2 
to direct byte 2 MOV Rn,A Move 

ORL direct,#data OR immediate Accumulator to 
data to direct register 
byte 3 2 MOV Rn,direct Move direct byte 

XRL A,Rn Exclusive-OR to register 2 2 
register to MOV Rn,#data Move immediate 
Accumulator data to register 2 

XRL A,direct Exclusive-OR MOV direct,A Move 
direct byte to Accumulator to 
Accumulator 2 direct byte 2 

XRL A,@RI Exclusive-OR MOV direct,Rn Move register to 
indirect RAM to direct byte 2 2 
A MOV direct, direct Move direct byte 

XRL A,#data Exclusive-OR to direct 3 2 
immediate data MOV direct,@Ri Move indirect 
toA 2 RAM to direct 

XRL direct,A Exclusive-OR byte 2 2 . 
Accumulator to MOV direct, # data Move immediate 
direct byte 2 data to direct 

XRL direct, # data Exclusive-OR byte 3 2 
immediate data MOV @Ri,A Move 
to direct 3 2 Accumulator to 

CLR A Clear indirect RAM 
Accumulator MOV @Ri,direct Move direct byte 

CPL A Complement to indirect RAM 2 2 
Accumulator 
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Table 2. MCS®·51 Instruction Set Description (Continued) 

Mnemonic Description ByteCyc Mnemonic Description Byte Cyc 

DATA TRANSFER (Continued) BOOLEAN VARIABLE MANIPULATION 
MOV @Ri,#data Move immediate (Continued) 

data to indirect ANL C,/bit AND 
RAM 2 complement of 

MOV DPTR,#data16Load Data direct bit to 
Pointer with a Carry 2 2 
16·bit constant 3 2 ORL C/bit OR direct bit to 

MOVCA,@A+DPTR Move Code byte Carry flag 2 2 
relative to DPTR ORL C,/bit OR complement 
toA 2 of direct bit to 

MOVCA,@A+PC Move Code byte Carry 2 2 
relative to PC to MOV C,/bit Move direct bit 
A 2 to Carry flag 2 

MOVXA,@Ri Move External MOV bit,C Move Carry flag 
RAM (8-bit addr) to direct bit 2 2 
toA 2 

MOVXA,@DPTR Move External PROGRAM AND MACHINE CONTROL 
RAM (16-bit ACALL addr11 Absolute 
addr) to A 2 Subroutine Call 2 2 

MOVX@Ri,A Move A to LCALL addr16 Long Subroutine 
External RAM Call 3 2 
(8-bit addr) 2 RET Return from 

MOVX @DPTR,A Move A to subroutine 2 
External RAM RETI Return froln 
(16-bit) addr 2 interrupt 1 2 

PUSH direct Push direct byte AJMP addr11 Absolute Jump 2 2 onto stack 2 2 
LJMP addr16 Long Jump 3 2 POP direct Pop direct byte 
SJMP rei Short Jump from stack 2 2 

(relative addr) 2 2 XCH A,Rn Exchange 
JMP @A+ DPTR Jump indirect register with 

relative to the Accumulator 
DPTR 2 XCH A,direct Exchange direct 

JZ rei Jump if byte with 
Accumulator is Accumulator 2 
Zero 2 2 XCH A,@Ri Exchange 

JNZ rei Jump if indirect RAM 
Accumulator is with A 
Not Zero 2 2 XCHDA,@Ri Exchange low-

JC rei Jump if Carry order Digit ind 
flag is set 2 2 RAMwA 

JNC rei Jump if No Carry 
flag 2 2 BOOLEAN VARIABLE MANIPULATION 

JB bit, rei Jump if direct Bit CLR C Clear Carry flag 1 set 3 2 
CLR bit Clear direct bit 2 JNB bit,rel Jump if direct Bit 
SETB C Set Carry Flag 1 Not set 3 2 
SETB bit Set direct Bit 2 JBC bit,rel Jump if direct Bit 
CPL C Complement is set & Clear bit 3 2 

Carry Flag CJNE A,direct,rel Compare direct 
CPL bit Complement toA &Jump if 

direct bit 2 Not Equal 3 2 
ANL C,bit AND direct bit to CJNE A,#data,rel Camp, immed, 

Carry flag 2 2 to A &Jump if 
Not Equal 3 2 
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Table 2. MCS®-S1Instruction Set Description (Continued) 

Mnemonic Description Byte Cyc 

PROGRAM AND MACHINE CONTROL 
(Continu~d) 

CJNE An,#data,rel Comp, immed, 
to reg & Jump if 
Not Equal 3 2 

CJNE @Ai,#data, rei Comp, immed, 
to indo & Jump if 
Not Equal 3 2 

DJNZ An,rel Decrement 
register & Jump 
if Not Zero 2 2 

DJNZ direct,rel Decrement 
direct & Jump if 
Not Zero 3 2 

NOP No operation 

Notes on data addressing modes: 
An - Working register AO-A7 
direct - 128 internal AAM locations, any 110 

port, control or status register 
@Ai - Indirect internal AAM location ad-

dressed by register AO or A1 ' 

Timer ICounters 

The 8044 contains two 16-bit counters which can be 
used for measuring time intervals, measuring pulse 
widths, counting events, generating precise periodic 
interrupt requests, and clocking the serial communi­
cations. Internally the Timers are clocked at 1/12 of 
the crystal frequency, which is the instruction cycle 
time. Externally the counters can run up to 500 KHz. 

Interrupt System 

External events and the real-time driven on-chip pe­
ripherals require service by the CPU asynchronous 
to the execution of any particular section of code. To 
tie the asynchronous activities of these functions to 
normal program execution, a sophisticated multiple­
source, two priority level, nested interrupt system is 
provided. Interrupt response latency ranges from 3 
p.sec to 7 p.sec when using a 12 MHz clock. 

All five interrupt sources can be mapped into one of 
the two priority levels. Each interrupt source can be 
enabled or disabled individually or the entire inter­
rupt system can be enabled or disabled. The five 
interrupt sources are: Serial Interface Unit, Timer 1, 
Timer 2, and two external interrupts. The external 
interrupts can be either level or edge triggered. 

Notes on data addressing modes: 

(Continued) 
# data - 8-bit constant included in instruction 
# data 16 - 16-bit constant included as bytes 2 

bit 
& 3 of instruction 

- 128 software flags, any I/O pin, con­
troll or status bit 

Notes on program addressing modes: 
addr16 - Destination address for LCALL & 

LJMP may be anywhere within the 
64-K program memory address 
space 

Addr11 - Destination address for ACALL & 
AJMP will be within the same 2-K 
page of program memory as the first 
byte of the following instruction 

rei - SJMP and all conditional jumps in-
clude an 8-bit offset byte, Aange is 
+ 127 -128 bytes relative to first 
byte of the following instruction 

All mnemonic copyrighted@ Intel Corporation 1979 

Serial Interface Unit (SIU) 

The Serial Interface Unit is used for HDLC/SDLC 
communications. It handles Zero Bit Insertion/Dele­
tion, Flags automatic access recognization, and a 
16-bit cyclic redundancy check. In addition it imple­
ments in hardware a subset of the SDLC protocol 
certain applications it is advantageous to have the 
CPU control the reception or transmission of every 
single frame. For this reason the SIU has two modes 
of operation: "AUTO" and "FLEXIBLE" (or "NON­
AUTO"). It is in the AUTO mode that the SIU re­
sponds to SOLC frames without CPU intervention; 
whereas, in the FLEXIBLE mode the reception or 
transmission of every single frame will be under CPU 
control. 

There are three control registers and eight parame­
ter registers that are used to operate the serial inter­
face. These registers are shown in Figure 5 and Fig­
ure 6. The control register set the modes of opera­
tion and provide status information. The eight pa­
rameter registers buffer the station address, receive 
and transmit control bytes, and pOint to the on-chip 
transmit and receive buffers. 

Data to be received or transmitted by the SIU must 
be buffered anywhere within the 192 bytes of on­
chip AAM. Transmit and receive buffers are not al­
lowed to "wrap around" in RAM; Ii "buffer end" is 
generated after address 191 is reached. 
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REGISTER NAMES 

B REGISTER 
ACCUMULATOR 
'THREE BYTE FIFO 

TRANSMIT BUFFER START 
TRANSMIT BUFFER LENGTH 
TRANSMIT CONTROL BYTE 
• SIU STATE COUNTER 
SEND COUNT RECEIVE COUNT 
PROGRAM STATUS WORD 
'DMACOUNT 
STATION ADDRESS 
RECEIVE FIELD LENGTH 
RECEIVE BUFFER START 
RECEIVE BUFFER LENGTH 
RECEIVE CONTROL BYTE 
SERIAL MODE 
STATUS REGISTER 
INTERRUPT PRIORITY CONTROL 
PORT 3 
INTERRUPT ENABLE CONTROL 
PORT 2 
PORT 1 
TIMER HIGH 1 
TIMER HIGHO 
TIMER LOW 1 
TIMER LOW 0 
TIMER MODE 
TIMER CONTROL 
DATA POINTER HIGH 
DATA POINTER LOW 
STACK POINTER 
PORTO 

NOTE: 

8044AH/8344AH/8744H 

SYMBOLIC 
ADDRESS 

,......-"-, 

B 
ACC 
FIFO 
FIFO 
FIFO 
TBS 
TBL 
TCB 
SIUST 
NSNR 
PSW 
DMA CNT 
STAD 
RFL 
RBS 
RBL 
RCB 
SMD 
STS 
IP 
P3 
IE 
P2 
PI 
THI 
THO 
TL1 
TLO 
TMOD 
TCON 
DPH 
DPL 
SP 
PO 

247 
23' 

223 

141 

135 

BIT ADDRESS 

th,ough 240 
'm,ougn 224 

~ 

Inrougn 
tn,_ 

=ii 

lhrouah 136 

throuah 128 

BYTE 
ADDRESS 

240 (FOH) 
224 (EOH) 
223 (DFH) 
222 (DEHI 
221 (DDHI 
220 (DCHI 
219 (DBHI 
218 (DAHl 
217 (D9HI 
216 (DBHI 
208 (DOHI 
207 (CFHI 
206 (CEHI 
205 (CDH) 
204 (CCH) 
203 (CBH) 
202 (CAH) 
201 (C9H) 
200 (C8H) 
184 (B8H) 
176 (BOH) 
168 (A8H) 
160 (AOH) 
144 (SOH) 
141 (8DH) 
140 (8CH) 
139 (8BH) 
138 (BAH) 
137 (89H) 
136 (88H) 
131 (83H) 
130 (82H) 
129 (81H) 
128 (80H) 

SFR's CONTAINING 
DIRECT ADDRESSABLE BITS 

231663-6 

'ICE Support Hardware registers. Under normal operating conditions there is no need for the CPU to access these 
registers. 

SERIAL MODE REGISTER (SMD) 

STATUS REGISTER (STS) 

SEND COUNT RECEIVE 

Figure 5. Mapping of Special Function Registers 

SCM2 SCMI SCMO NAZI LOOP PFS 

I I 

TBF RBE RTS SI BOV OPB 

I I 

NB NFCS 

I 
L--

AM RBP 

I L-

NO FRAME CHECK SEQUENCE 
NON·BUFFERED 
PRE· FRAME EYNC 
LOOP 
NON RETURN TO ZERO INVERTED 
SELECT CLOCK MODE 

RECEIVE BUFFER PROTECT 
AUTO MODfiADDRESSED MODE 
OPTIONAL POLL BIT 
RECEIVE INFORMATION BUFFER QVERRUN 
SERIAL INTERFACE UNIT INTERRUPT 
REQUEST TO SEND 
RECEIVE BUFFER EMPTY 

TRANSMIT BUFFER FULL 

COUNT REGISTER (NSNRII" "':N"S2:::-"""'N"'S"'1 -r"'NSO:;;:-T"lS .. ES"'T"':N;;;R"'2..,I,....-;uN"'R"'1 -r"'NRO=-"I's"~"R" I I I I I I I c:::...- SEQUENCE ERROR RECEIVED 
L._--L __ .J. ____ RECEIVE SEQUENCE COUNTER 

L-__ ~ _________ SEQUENCEERRORSEND 

SEND SEOUENCE COUNTER 

231663-7 

Figure 6. Serial Interface Unit Control Registers 
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With the addition of only a few bytes of code, the 
8044's frame size is not limited to the size of its 
internal RAM (192 bytes), but rather by the size of 
external buffer with no degradation of the RUPI's 
features (e.g. NRZI, zero bit insertion/deletion, ad­
dress recognition, cyclic redundancy check). There 
is a special function register called SIUST whose 
contents dictates the ,operation of the SIU. At low 
data rates, one section of the SIU (the Byte Proces­
sor) performs no function during known intervals. 
For a given data rate, these intervals (stand-by 
mode) are fixed. The above characteristics make it 
possible to program the CPU to move data to/from 
external RAM and to force the SIU to perform some 
desired hardware tasks while transmission or recep­
tion is taking place. With these modifications, exter­
nal RAM can be utilized as a transmit and received 
buffer instead of the internal RAM. 

AUTO Mode 

In the AUTO mode the SIU implements in hardware 
a subset of the SOLC protocol such that it responds 
to many SOLC frames without CPU intervention. All 
AUTO mode responses to the primary station will 
comform to IBM's SOLC definition. The advantages 
of the AUTO mode are that less software is required 
to implement a secondary station, and the hardware 
generated response to polls is much faster than do­
ing it in software. However, the Auto mode can not 
be used at a primary station. 

To transmit in the AUTO mode the CPU must load 
the Transmit Information Buffer, Transmit Buffer 
Start register, Transmit Buffer Length register, and 
set the Transmit Buffer Full bit. The SIU automatical­
ly responds to a poll by transmitting an information 
frame with the P/F bit in the control field set. When 
the SIU receives a positive acknowledgement from 
the primary station, it automatically increments the 
Ns field in the NSNR register and interrupts the 
CPU. A negative acknowledgement would cause the 
SIU to retransmit the frame. 

To receive in the AUTO mode, the CPU loads the 
Receive Buffer Start register, the Receive Buffer 
Length register, clears the Receive Buffer Protect 
bit, and sets the Receive Buffer Empty bit. If the SIU 
is polled in this state, and the TBF bit indicates that 
the Transmit Buffer is empty, an automatic RR re­
sponse will be generated. When a valid information 
frame is received the SIU will automatically incre­
ment Nr in the NSNR register and interrupt the CPU. 

While in the AUTO mode the SIU can recognize and 
respond to the following commands without CPU in­
tervention: I (Information), RR (Receive Ready), 
RNR (Receive Not Ready), REJ (Reject), and UP 
(Unnumbered Poll). The SIU can generate the fol-

lowing responses without CPU intervention: I (Infor­
mation), RR (Receive Ready), and RNR (Receive 
Not Ready). 

When the Receive Buffer Empty bit (RBE) indicates 
that the Receive Buffer is empty, the receiver is en­
abled, and when the RBE bit indicates that the Re­
ceive Buffer is full, the receiver is disabled. Assum­
ing that the Receiver Buffer is empty, the SIU will 
respond to a poll with an I frame if the Transmit Buff­
er is full. If the Transmit Buffer is empty, the SIU will 
respond to a poll with a RR command if the Receive 
Buffer Protect bit (RBP) is cleared, or an RNR com­
mand if RBP is set. 

FLEXIBLE (or NON-AUTO) Mode 

In the FLEXIBLE mode all communications are un­
der control of the CPU. It is the CPU's task to en­
code and decode control fields, manage acknowl­
edgements, and adhere to the requirements of the 
HOLC/SOLC protocols. The 8044 can be used as a 
primary or a secondary station in this mode. 

To receive a frame in the FLEXIBLE mode, the CPU 
must load the Receive Buffer Start register, the Re­
ceive Buffer Length register, clear the Receive Buff­
er Protect bit, and set the Receive Buffer Empty bit. 
If a valid opening flag is received and the address 
field matches the byte in the Station Address regis­
ter or the address field contains a broadcast ad­
dress, the 8044 loads the control field in the receive 
control byte register, and loads the I field in the re­
ceive buffer. If there is no CRC error, the SIU inter­
rupts the CPU, indicating a frame has just been re­
ceived. If there is a CRC error, no interrupt occurs. 
The Receive Field Length register provides the num­
ber of bytes that were received in the information 
field. 

To transmit a frame, the CPU must load the transmit 
information buffer, the Transmit Buffer Start register, 
the Transmit Buffer Length register, the Transmit 
Control Byte, and set the TBF and the RTS bit. The 
SIU, unsolicited by an HOLC/SOLC frame, will trans­
mit the entire information frame, and interrupt the 
CPU, indicating the completion of transmission. For 
supervisory frames or unnumbered frames, the 
transmit buffer length would be o. 

CRC 

The FCS register is initially set to all 1 's prior to cal­
culating the FCS field. The SIU will not interrupt the 
CPU if a CRC error occurs (in both AUTO and FLEX­
IBLE modes). The CRC error is cleared upon receiv­
ing of an opening flag. 
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Frame Format Options 

In addition to the standard SOLC frame format, the 
8044 will support the frames displayed in Figure 7. 
The standard SOLC frame is shown at the top of this 
figure. For the remaining frames the information field 
will incorporate the control or address bytes and the 
frame check sequences; therefore these fields will 

FRAME OPTION NFCS NB AM1 

Standard SDLC 0 0 0 
NON-AUTO Mode 

Standard SDLC 0 0 1 
AUTO Mode 

Non-Buffered Mode 0 1 1 
NON-AUTO Mode 

Non-Addressed Mode 0 1 0 
NON-AUTO Mode 

No FCS Field 1 0 0 
NON-AUTO Mode 

No FCSField 1 0 1 
AUTO Mode 

No FCSField 1 1 1 
Non-Buffered Mode 
NON-AUTO Mode 

No FCSField 1 1 0 
Non-Addressed Mode 
NON-AUTO Mode 

Mode Bits: 
AM - "AUTO" Mode/Addressed Mode 
NB - Non-Buffered Mode 
NFCS - No FCS Field Mode 

Key to Abbreviations: 
F = Flag (01111110) I = Information Field 

I F 

I F 

I F 

I F 

I F 

I F 

I F 

I F 

be stored in the Transmit and Receive buffers. For 
example, in the non-buffered mode the third byte is 
treated as the beginning of the information field. In 
the non-addressed mode, the information field be­
gins after the opening flag. The mode bits to set the 
frame format options are found in the Serial Mode 
register and the Status register. 

FRAME FORMAT 

I A I C I I I FCS I F I 

I A I C I I I FCS I F I 

I A I I I FCS I F I 

I I I FCS I F I 

I A I C I I I F I 

I A I C I I I F I 

I A I I I F I 

I I I F I I 

A = Address Field FCS= Frame Check Sequence 
C = Control Field 

Note 1: 
The AM bit function is controlled by the NB bit. When NB = 0, AM becomes AUTO mode select, when NB = 1, AM 
becomes Address mode select. ' 

Figure 7. Frame Format Options 

17-104 ' 



8044AH/8344AH/8744H 

Extended Addressing 

To realize an extended control field or an extended 
address field using the HDLC protocol, the FLEX­
IBLE mode must be used. For an extended control 
field, the SIU is programmed to be in the non-buff­
ered mode. The extended control field will be the 
first and second bytes in the Receive and Transmit 
Buffers. For extended addressing the SIU is placed 
in the non-addressed mode. In this mode the CPU 
must implement the address recognition for received 
frames. The addressing field will be the initial bytes 
in the Transmit and Receive buffers followed by the 
control field. 

The SIU can transmit and receive only frames which 
are multiples of 8 bits. For frames received with oth­
er than 8-bit multiples, a CRC error will cause the 
SIU to reject the frame. 

SOLC Loop Networks 

The SIU can be used in an SDLC loop as a second­
ary or primary station. When the SIU is placed in the 
Loop mode it receives the data on pin 10 and trans­
mits the data one bit time delayed on pin 11. It can 
also recognize the Go ahead signal and change it 
into a flag when it is ready to transmit. As a second­
ary station the SIU can be used in the AUTO or 
FLEXIBLE modes. As a primary station the FLEX­
IBLE mode is used; however, additional hardware is 
required for generating the Go Ahead bit pattern. In 
the Loop mode the maximum data rate is 1 Mbps 
clocked or 375 Kpbs self-clocked. 

SOLC Multidrop Networks 

The SIU can be used in a SDLC non-loop configura­
tion as a secondary or primary station. When the SIU 
is placed in the non-loop mode, data is received and 
transmitted on pin 11, and pin 10 drives a tri-state 
buffer. In non-loop mode, modem interface pins, 
RTS and CTS, become available. 

Data Clocking Options 

The 8044's serial port can operate in an externally 
clocked or self clocked system. A clocked system 
provides to the 8044 a clock synchronization to the 
data. A self-clocked system uses the 8044's on-chip 
Digital Phase Locked Loop (DPLL) to recover the 
clock from the data, and clock this data into the Seri­
?I Receive Shift Register. 

In this mode, a clock synchronized with the data is 
externally fed into the 8044. This clock may be gen­
erated from an External Phase Locked Loop, or pos­
sibly supplied along with the data. The 8044 can 

transmit and receive data in this mode at rates up to 
2.4 Mbps. 

This self clocked mode allows data transfer without 
a common system data clock. An on-Chip Digital 
Phase Locked Loop is employed to recover the data 
clock which is encoded in the data stream. The 
DPLL will converge to the nominal bit center within 
'eight bit transitions, worst case. The DPLL requires a 
reference clock of either 16 times (16x) or 32 times 
(32x) the data rate. This reference clock may be ex­
ternally applied or internally generated. When inter­
nally generated either the 8044's internal logic clock 
(crystal frequency divided by two) or the timer 1 
overflow is used as the reference clock. Using the 
internal timer 1 clock the data rates can vary from 
244 to 62.5 Kbps. Using the internal logic clock at a 
16x sampling rate, receive data can either be 187.5 
Kbps, or 375 Kbps. When the reference clock for the 
DPLL is externally applied the data rates can vary 
from 0 to 375 Kbps at a 16x sampling rate. 

To aid in a Phase Locked Loop capture, the SIU has 
a NRZI (Non Return to Zero Inverted) data encoding 
and decoding option. Additionally the SIU has a pre­
frame sync option that transmits two bytes of alter­
nating 1 's and O's to ensure that the receive station 
DPLL will be synchronized with the data by the time 
it receives the opening flag. 

Control and Status Registers 

There are three SIU Control and Status Registers: 

Serial Mode Register (SMD) 

Status/Command Register (STS) 

Send/Receive Count Register (NSNR) 

The SMD, STS, and NSNR, registers are all cleared 
by system reset. This assures that the SIU will power 
up in an idle state (neither receiving nor transmit­
ting). 

These registers and their bit assignments are de­
scribed below. 

SMD: Serial Mode Register (byte-addressable) 
Bit 7: 6 5 4 3 2 1 0 

ISCM21 SCM11 SCMO I NRZII LOOP I PFS I NB I NFcsl 

The Serial Mode Register (Address C9H) selects the 
operational modes of the SIU. The 8044 CPU can 
both read and write SMD. The SIU can read SMD 
but cannot write to it. To prevent conflict between 
CPU and SIU access to SMD, the CPU should write 
SMD only when the Request To Send (RTS) and 
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Receive Buffer Empty (RBE) bits (in the sTs regis­
ter) are both false (0). Normally, sMD is accessed 
only during initialization. 

The individual bits of the Serial Mode Register are as 
follows: 

Bit# Name Description 

sMD.O NFCs No FCs field in the sDLC frame. 

sMD.1 NB Non-Buffered mode. No control 
field in the sDLC frame. 

SMD.2 PFS Pre-Frame Sync mode. In this 
mode, the 8044 transmits two 
bytes before the first flag of a 
frame, for DPLL synchronization. 
If NRZI is enabled, OOH is sent; 
otherwise, 55H is sent. In either 
case, 16 preframe transitions are 
guaranteed. 

SMD.3 LOOP Loop configuration. 

SMD.4 NRZI NRZI coding option. If bit = 1, 
NRZI coding is used. If bit = 0, 
then it is straight binary (NRZ). 

sMD.5 sCMO Select Clock Mode-Bit 0 

sMD.6 sCM1 Select Clock Mode-Bit 1 

SMD.7 sCM2 Select Clock Mode-Bit 2 

The SCM bits decode as follows: 

SCM 

2 1 0 Clock Mode 

0 0 0 Externally clocked 

0 0 1 Reserved 

0 1 0 Self clocked, timer overflow 

0 1 1 Reserved 

1 0 0 Self clocked, external 16x 

1 0 1 Self clocked, external 32x 

1 1 0 Self clocked, internal fixed 

1 1 1 Self clocked, internal fixed 

NOTES: 
'Based on a 12 Mhz crystal frequency 

• '0-1 M bps in loop configuration 

STS: Status/Command Register (bit­
addressable) 

Data Rate 

(Bits/sec)· 

0-2.4M·· 

244-62.5K 

0-375K 

0-187.5K 

375K 

187.5K 

Bit: 7 6 5' 4 3 2 1 0 

I TBF I RBE I RTS 151 I BOV I OPB I AM I RBP I 
The Status/Command Register (Address C8H) pro­
vides operational control of the slU by the 8044 

CPU, and enables the SIU to post status information 
for the CPU's access. The SIU can read STS, and 
can alter certain bits, as indicated below. The CPU 
can both read and write sTS asynchronously. How­
ever, 2-cycle instructions that access sTS during 
both cycles ('JBC/B, REL' and 'MOVlB, C.') should 
not be used, since the SIU may write to STS be­
tween the two CPU accesses. 

The individual bits of the Status/Command Register . 
are as follows: 

8it# Name Description 

STS.O RBP Receive Buffer Protect. Inhibits 
writing of data into the receive 
buffer. In AUTO mode, RBP 
forces an RNR response instead 
of an RR. 

STS.1 AM AUTO Mode/ Addressed Mode. 
Selects AUTO mode where 
AUTO mode is allowed. If NB is 
true, (= 1), the AM bit selects the 
addressed mode. AM may be 
cleared by the SIU. 

STS.2 OPB Optional Poll Bit. Determines 
whether the SIU will generate an 
AUTO response to an optional 
poll (UP with P = 0). OPM may 
be set or cleared by the SIU. 

STS.3 BOV Receive Buffer Overrun. BOV 
may be set or cleared by the SIU. 

STS.4 SI SIU Interrupt. This is one of the 
five interrupt sources to the CPU. 
The vector location = 23H. SI 
may be set by the SIU. It should 
be cleared by the CPU before 
returning from an interrupt 
routine. -

STS.5 RTS Request To Send. Indicates that 
the 8044 is ready to transmit or is 
transmitting. RTS may be read or 
written by the CPU. RTS may be 
read by the SIU, and in AUTO 
mode may be written by the SIU. 

STS.6 RBE Receive Buffer Empty. RBE can 
be thought of as Receive Enable . 
RBE is set to one by the CPU 
when it is ready to receive a 
frame, or has just read the buffer, 
and to zero by the SIU when a 
frame has been received. 

STS.7 TBF Transmit Buffer Full. Written by 
the CPU to indicate that it has 
filled the transmit buffer. TBF may 
be cleared by the SIU. 
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NSNR: Send/Receive Count Register (bit­
addressable) 
B~ 7 6 5 4 3 2 1 0 

INs2lNs1lNsoisEslNR21NR1lNRoisERI 

The Send/Receive Count Register (Address D8H) 
contains the transmit and receive sequence num­
bers, plus tally error indications. The SIU can both 
read and write NSNR. The 8044 CPU can both read 
and write NSNR asynchronously. However, 2-cycle 
instructions that access NSNR during both cycles 
('JBC /B, REl,' and 'MOV /B,C') should not be 
used, since the SIU may write to NSMR between the 
two 8044 CPU accesses. 

The individual bits of the Send/Receive Count Reg­
ister are as follows: 

Bit# Name Description 

NSNR.O SER Receive Sequence Error: 
NS (P) *" NR (S) 

NSNR.1 NRO Receive Sequence Counter-Bit 0 

NSNR.2 NR1 Receive Sequence Counter-Bit 1 

NSNR.3 NR2 Receive Sequence Counter-Bit 2 

NSNR.4 SES Send Sequence Error: 
NR (P) *" NS (S) and 
NR (P) *" NS (S) + 1 

NSNR.5 NSO Send Sequence Counter-Bit 0 

NSNR.6 NS1 Send Sequence Counter-Bit 1 

NSNR.7 NS2 Send Sequence Counter-Bit 2 

Parameter Registers 

There are eight parameter registers that are used in 
connection with SIU operation. All eight registers 
may be read or written by the 8044 CPU. RFl and 
RCB are normally loaded by the SIU. 

The eight parameter registers are as follows: 

STAD: Station Address Register 
(byte-addressable) 

The Station Address register (Address CEH) con­
tains the station address. To prevent acess conflict, 
the CPU should access STAD only when the SIU is 
idle (RTS = 0 and RBE = 0). Normally, STAD is 
accessed only during initialization. 

TBS: Transmit Buffer Start Address Register 
(byte-addressable) 

The Transmit Buffer Start address register (Address 
DCH) points to the location in on-chip RAM for the 
beginning of the I-field of the frame to be transmit­
ted. The CPU should access TBS only when the SIU 
is not transmitting a frame (when TBF = 0). 

TBl: Transmit Buffer length Register 
(byte = addressable) 

The Transmit Buffer length register (Address DBH) 
contains the length (in bytes) of the I-field to be 
transmitted. A blank I-field (TBl = 0) is valid. The 
CPU should access TBl only when the SIU is not 
transmitting a frame (when TBF = 0). 

NOTE: 
The transmit and receive buffers are not allowed to 
"wrap around" in the on-chip RAM. A "buffer end" 
is automatically generated if address 191 (BFH) is 
reached. 

TCB: Transmit Control Byte Register 
(byte-addressable) 

The Transmit Control Byte register (Address DAH) 
contains the byte which is to be placed in the control 
field of the transmitted frame, during NON-AUTO 
mode transmission. The CPU should access TCB 
only when the SIU is not transmitting a frame (when 
TBF = 0). The Nsand NR counters are not used in 
the NON-AUTO mode. 

RBS: Receive Buffer Start Address Register 
(byte-addressable) 

The Receive Buffer Start address register (Address 
CCH) points to the location in on-chip RAM where 
the beginning of the I-field of the frame being re­
ceived is to be stored. The CPU should write RBS 
only when the SIU is not receiving a frame (when 
RBE = 0). 

RBl: Receive Buffer length Register 
(byte-addressable) 

The Receive Buffer length register (Address CBH) 
contains the length (in bytes) of the area in on-chip 
RAM allocated for the received I-field. RBl=O is 
valid. The CPU should write RBl only when RBE = O. 
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RFL: Receive Field Length Register 
(byte-addressable) 

The Receive Field Length register (Address CQH) 
contains the length (in bytes) of the received I-field 
that has just been loaded into on-chip RAM. RFL is 
loaded by the SIU. RFL = 0 is valid. RFL should be 
accessed by the CPU only when RBE = O. 

RCB: Receive Control Byte Register 
(byte-addressable) 

The Received Control Byte register (Address CAH) 
contains the control field of the frame that has just 
been received. RCB is loaded by the SIU. The CPU 
can only read RCB, and should only access RCB 
when RBE = O. 

ICE Support 

The 8044 In-Circuit Emulator (ICE-44) allows the 
user to exercise the 8044 application system and 
monitor the execution of instructions in real time. 

The emulator operates with Intel's Inteliec™ devel­
opment ~ystem. The development system interfaces 
with the user's 8044 system through an in-cable 
buffer box. The cable terminates in a 8044 pin-com­
patible plug, which fits into the 8044 socket in the 
user's system. With the emulator plug in place, the 
user can excercise his system in real time while col­
lecting up to 255 instruction cycles of real-time data. 
In addition, he can single-step the program. 

Static RAM is available (in the in-cable buffer box) to 
emUlate the 8044 internal and external program 
memory and external data memory. The designer 
can display and alter the contents of the replace­
ment memory in the buffer box, the internal data 
memory, and the internal 8044 registers, including 
the SFR's. 

SIUST: SIU State Counter (byte-addressable) 

The SIU State Counter (Address D9H) reflects the 
state of the internal logic which is under SIU control. 
Therefore, care must be taken not to write into this 
register. This register provides a useful means for 
debugging 8044 receiver problem. 
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ABSOLUTE MAXIMUM RATINGS* 
Ambient Temperature Under Bias ..•... O·C to 70·C 

Storage Temperature •.....•.... -65·Cto -150·C 

Voltage on EA, VPP Pin to VSS ... - 0.5V to - 21.5V 

Voltage on Any Other Pin to VSS .... - 0.5V to -7V 

Power Dissipation .••• .' ...•....•.....•....... 2W 

• Notice: Stresses above those listed under '~bso­
lute Maximum Ratings" may cause permanent dam­
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera­
tional sections of this specification is not implied Ex­
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

D.C. CHARACTERISTICS TA = O·Cto 70·C, VCC = 5V = 10%, VSS = OV 

Symbol Parameter Min Max Unit Test Conditions 

VIL Input Low Voltage (Except EA Pin of 8744H) -0.5 0.8 V 

VIL1 Input Low Voltage to EA Pin of 8744H 0 0.8 V 

VIH Input High Voltage (Except XT AL2, RST) 2.0 VCC + 0.5 V 

VIH1 Input High Voltage to XTAL2, RST 2.5 VCC + 0.5 V XTAL1 = VSS 

VOL Output Low Voltage (Ports 1,2, 3)' 0.45 V IOL = 1.6mA 

VOL1 Output Low Voltage (Port O,ALE,PSEN)* 

8744H 
0.60 V IOL = 3.2mA 
0.45 V IOL = 2.4 mA 

8044AH/8344AH 0.45 V IOL = 3.2mA 

VOH Output High Voltage (Ports 1, 2, 3) 2.4 V IOH = -80 p,A 

VOH1 Output High Voltage (Port 0 in External 2.4 V IOH = -400 p,A 
Bus Mode, ALE, PSEN) 

ilL Logical 0 Input Current (Ports 1, 2, 3) -500 p.A Yin = 0.45V 

IIL1 Logical 0 Input Current to EA Pin 
-15 mA 

of 8744H only 

IIL2 Logical 0 Input Current (XT AL2) -3.6 mA Yin = 0.45V 

III Input Leakage Current (Port 0) 
8744H ±100 p.A 0.45 < Yin < VCC 
8044AH/8344AH ±10 p.A 0.45 < Yin < VCC 

IIH Logical 1 Input Current to EA Pin of 8744H 500 p.A 

IIH1 Input Current to RST to Activate Reset 500 p.A yin < (VCC - 1.5V) 

ICC Power Supply Current: All Outputs Discon-
8744H 285 mA nected: EA = VCC 
8044AH/8344AH 170 mA 

CIO Pin Capacitance 10 pF Test Freq. = 1 MHz(1) 

• NOTES: 
1. Sampled not 100% tested. TA = 25°C. 
2. Capacitive loading on Ports 0 and 2 may cause spurious noise pulses to be superimposed on the VOLs of ALE and Ports 
1 and 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pin when these pins make I-to­
O transitions during bus operations. In the worst cases (capacitive loading> 100 pF), the noise pulse on the ALE line may 
exceed O.BV. In such cases it may be desirable to qualify ALE with a Schmitt Trigger, or use an address latch with a Schmitt 
Trigger STROBE input. 
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A.C. CHARACTERISTICS 
T A = O·C to + 70"C, VCC = 5V ± 10%, VSS = OV, Load Capacitance for Port 0, ALE, and PSEN = 100 pF, 
Load Capacitance for All Other Outputs = 80 pF 

EXTERNAL PROGRAM MEMORY CHARACTERISTICS 

12MHzOsc 
Variable Clock 

Symbol Parameter 1/TCLCL = 3.5 MHz to 12 MHz Unit 

Min Max Min Max 

TLHLL ALE Pulse Width 127 2TCLCL-40 ns 

TAVLL Address Valid to ALE Low 43 TCLCL-40 ns 

TLLAX1 Address Hold After ALE Low 48. TCLCL-35 ns 

TLLiV ALE Low to Valid Instr in ns 
8744H 183 4TCLCL-150 
8044AH/8344AH 233 4TCLCL-100 

TLLPL ALE Low to PSEN Low 58 TCLCL-25 ns 

TPLPH PSEN Pulse Width 
8744H 190 3TCLCL-60 ns 
8044AH/8344AH 215 3TCLCL-35 ns 

TPLiV PSEN Low to Valid Instr in 
8744H 100 3TCLCL-150 ns 
8044AH/8344AH 125 3TCLCL-125 ns 

TPXIX Input Instr Hold After PSEN 0 0 ns 

TPXIZ2 Input Instr Float After PSEN 63 TCLCL-20 ns 

TPXAV2 PSEN to Address Valid 75 TCLCL-8 ns 

TAVIV Address to Valid Instr in 
8744H 267 5TCLCL-150 ns 
8044AH/8344AH 302 5TCLCL-115 ns 

TAZPL Address Float to PSEN -25 -25 ns 

NOTES: 
1. TLLAX for access to program memory is different from TLLAX for data memory. 
2. Interfacing RUPI-44 devices with float times up to 75ns is permissible. This limited bus contention will not cause any 
damage to Port 0 drivers. 
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EXTERNAL DATA MEMORY CHARACTERISTICS 

12MHzOsc 
Variable Clock 

Symbol Parameter 1/TCLCL = 3.5 MHz to 12 MHz Unit 

Min Max Min Max 

TRLRH RD Pulse Width 400 6TCLCL-100 ns 

TWLWH WR Pulse Width 400 6TCLcL-100 ns 

TLLAX Address Hold after ALE 48 TCLCL-35 ns 

TRLDV RD Low to Valid Data in 252 5TCLCL-165 ns 

TRHDX Data Hold After RD 0 0 ns 

TRHDZ Data Float After RD 97 2TCLCL-70 ns 

TLLDV ALE Low to Valid Data In 517 8TCLCL-150 ns 

TAVDV Address to Valid Data In 585 9TCLCL-165 ns 

TLLWL ALE Low to RD or WR Low 200 300 3TCLCL-50 3TLCLCL+SO ns 

TAVWL Address to RD or WR Low 203 4TCLCL-130 ns 

TOVWX Data Valid to WR Transition 
8744H 13 TCLCL-70 ns 
8044AH/8344AH 23 TCLCL-60 ns 

TOVWH Data Setup Before WR High 433 7TCLCL-150 ns 

TWHOX Data Held After WR 33 TCLCL-SO ns 

TRLAZ RD Low to Address Float 25 25 ns 

TWHLH RD or WR High to ALE High 
8744H 33 133 TCLCL-50 TCLCL+50 ns 
8044AH/8344AH 43 123 TCLCL-40 TCLCL+SO ns 

NOTE: 
1. TLLAX for access to program memory is different from TLLAX for access data memory. 

Serial Interface Characteristics 

Symbol Parameter Min Max Unit 

TDCY Data Clock 420 ns 

TDCL Data Clock Low 180 ns 

TDCH Data Clock High 100 ns 

tTD Transmit Data Delay 140 ns 

tOSS Data Setup Time 40 ns 

tDHS Data Hold Time 40 ns 

17-111 



inter 8044AH/8344AH/8744H 

WAVEFORMS 

Memory Access 

PROGRAM MEMORY READ CYCLE 

~-----------------------------TCY--------------------------~ 

ALE 

:t------~~--__1r_---I TPXAV 

PORTO 
A7-AD INSTRIN 

PORT 2 
ADDRESS A15-A8 ADDRESS A15-A8 

231663-8 

DATA MEMORY READ CYCLE 

TWHLH_ 

ALE "- TLLDV 

PSEN 
f-----TLLWL-

RD 

PORTO 

"-
TRLRH 

t--TLLA~WL -
/ TRHDZ 

TAVDV 
I+----TRLDV_ TRHDX '-- ;J 

~ A7-AO 1>0 "t DATA IN 
, _ -I--- TRLAZ 

PORT 2 
ADDRESS )< ADDRESS A15-A8 OR SFR-P2 ; OR SFR-P2 

231663-9 

DATA MEMORY WRITE CYCLE 

TWHLH 

ALE 

----------____ ~~----------~ I·~--------TWLWH----------~,~-----

TOVWH TWHQX 

PORTO DATA OUT 

PORT 2 ADDRESS A1S-A8 OR SFR-P2 

231663-10 
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SERIAL 1/0 WAVEFORMS 

SYNCHRONOUS DATA TRANSMISSION 

14-------TOCy-------l 

----""""'" !----TOCL--...j ,..-----.... 

SClK 

'--_____ ...J j.---TOCH--~ '------

DATA 

ITO 
231663-11 

SYNCHRONOUS DATA RECEPTION 

1--------TOCy--------' 

---TOCL---.j r-----......... 
SClK 

I---TDCH ---I 

DATA 

TOSS I------TOHS------I 

231663-12 
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AC TESTING INPUT, OUTPUT, FLOAT WA,......VE_F_O_R_M_S _________ --. 
INPUT/OUTPUT FLOAT 

::~~:~: __ T_H_T_~_I_m_s __ ~:~:~ 
231663-13 

AC testing inputs are driven at 2.4V for a Logic "1" and 0.45V for 
a Logic "0" Timing measurements are made at 2.0V for a Logic 
"I" and O.BV for a Logic "0". 

EXTERNAL CLOCK DRIVE XTAL2 

j -----FLOAT----t.J 
2.4 2_0 _2.0 2.4 

0.45 , 0.1 0.1 0.45 

231663-14 

TCHCL 

t-------TCLCL -------1 
231663-15 

Variable Clock 
Symbol Parameter Freq = 3.5 MHz to 12 MHz Unit 

Min Max 

TCLCL Oscillator Period 83.3 285.7 ns 

TCHCX High Time 20 TCLCL-TCLCX ns 

TCLCX Low Time 20 TCLCL-TCHCX ns 

TCLCH Rise Time 20 ns 

TCHCL Fall Time 20 ns 
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CLOCK WAVEFORMS 

INTERNAL 
CLOCK I STATE 4 I STATE 5 

Pt I P2 Pt I P2 

S"ATE 6 I STATE 1 I STATE 2 I STATE 3 I STATE 4 

~I~ ~I~ ~I~ ~I~ ~I~ 
STATE 5 

PI I P2 

XTAL2 

ALE I I I I~ __ _ 

EXTERNAL PROGRAM MEMORY FETCH ::2 THESE SIGNALS ARE NOT 
ACTIVATED DURING THE 
EXECUTION OF A MOVX INSTRUCTION 

L..----=-_ ...... I I" I L 
PO 

P2(EXT) ~ ___ --,IINDICATES ADDRESS TRANSIONS I 
READ CYCLE ~-------------' 

iiD 

PO 

P2 
WRITE CYCLE 

WR 

PO 

P2 

PORT OPERATION 

MOV PORT, SRC 

DPL OR Ri 
OUT 

OOH IS EMITTED PCL OUT (IF PROGRAM 
DURING THIS PERIOD MEMORY IS EXTERNAL) 

L~ ~ nL--I- "= FLOAT sjM>LEp , i 
INDICATES DPH OR P2 SFR TO PCH TRANSITIONS 

'-__________ ....fl PCL OUT(EVEN IF PROGRAM 
MEMORY IS INTERNAL) 

DPLORRI 
OUT !. DATA OUT 

INDICATES DPH OR P2 SFR TO PCH TRANSITIONS 

OLD DATA 1 NEW DATA 

.5-:-1 tCL OUT ;I~OGRAM 
1 MEMORY IS EXTERNAL) 

L.. _____ · ______________ .... --LPO PINS SAMPLED 
MOV DEST. PO ~_ !-4t 
MOV DEST. PORT (Pt. P2. P3) PO PINS SAMPLED c::::J 
(INCLUDES INTO. INTI. TO. TI) ~'--------------------......II- \ _ '---

Pt. P2. P3 PINS SAMPLED PI, P2. P3 
SERIAL PORT SHIFT CLOCK 

J~~DE O)---------'~XD SAMPLED 

PINS SAMPLED 

L.--___ ...... ~ 
RXDSAMPLED 

231663-16 

This diagram indicates when signals are clocked internally. The time it takes the signals to propagate to the 
pins, however, ranges from 25 to 125 ns. This propagation delay is dependent on variables such as tempera­
ture and pin loading. Propagation also varies from output to output and component to component. Typically 
though, (T A = 25°C, fully loaded) RD and WR propagation delays are approximately 50 ns. The other signals 
are typically 85 ns. Propagation delays are incorporated in the AC specifications. 
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8744H EPROM CHARACTERISTICS 

Erasure Characteristics 

Erasure of the 8744H Program Memory begins to 
occur when the chip is exposed to light with wave­
lengths shorter than approximately 4,000 Ang­
stroms. Since sunlight and fluorescent lighting have 
wavelengths in this range, constant exposure to 
these light sources over an extended period of time 
(about 1 week in sunlight, or 3 years in room-level 
fluorescent lighting) could cause unintentional era­
sure. If an application subjects the 8744H to this 
type of exposure, it is suggested that an opaque la­
bel be placed over the window. 

The recommended erasure procedure is exposure 
to ultraviolet light (at 2537 Angstroms) to an integrat­
ed dose of at least 15 W-secl cm2 rating for 20 to 30 
minutes, at a distance of about 1 inch, should be 
sufficient. 

Erasure leaves the array in an all 1 Iii state. 

Programming the EPROM 

To be programmed, the 8744H must be running with 
a 4 to 6 MHz oscillator. (The reason the oscillator 
needs to ,be running is that the internal bus is being 
used to transfer address and program data to appro­
priate registers.) The address of an EPROM location 
to be programmed is applied to Port 1 and pins P2.0-
P2.3 of Port 2, while the data byte is applied to Port 
O. Pins P2.4-P2.6 and PSEN should be held low, and 
P2.7 and RST high. (These are all TIL levels except 
RST, which requires 2.5V for high.) EAIVPP is held 
normally high, and is pulsed to + 21V. While EAI 
VPP is at 21V, the ALE/PROG pin, which is normally 
being held high, is pulsed low for 50 msec. Then 
EAIVPP is returned to high. This is illustrated in Fig-

ure 8. Detailed timing specifications are provided in 
the EPROM Programming and Verification Charac­
teristics section of this data sheet. 

Program Memory Security 

The program memory security feature is developed 
around a "security bit" in the 8744H EPROM array. 
Once this "hidden bit" is programmed, electrical ac­
cess to the contents of the entire program memory 
array becomes impossible. Activation of this feature 
is accomplished by programming the 8744H as de­
scribed in "Programming the EPROM" with the ex­
ception that P2.6 is held at a TIL high rather than a 
TIL low. In addition, Port 1 and P2.0-P2.3 may be in 
any state. Figure 9 illustrates the security bit pro­
gramming configuration. Deactivating the security 
feature, which again allows programmability of the 
EPROM, is accomplished by exposing the EPROM 
to ultraviolet light. This exposure, as described in 
"Erasure Characteristics," erases the entire EPROM 
array. Therefore, attempted retrieval of "protected 
code" results in its destruction. 

Program Verification 

Program Memory may be read only when the "secu­
rity feature" has not been activated. Refer to Figure 
10 for Program Verification setup. To read the Pro­
gram Memory, the following procedure can be used. 
The unit must be running with a 4 to 6 MHz oscilla­
tor. The address of a Program Memory location to 
be read is applied to Port 1 ~ins P2.0-P2.3 of 
Port 2. Pins P2.4-P2.6 and PSEN are held at TIL 
low, while the ALE/PROG, RST, and EAIVPP pins 
are held at TIL high. (These are all TIL levels ex­
cept RST, which requires 2.5V for high.) Port 0 will 
be the data output lines. P2.7 can be used as a read 
strobe. While P2.7 is held high, the Port 0 pins float. 
When P2.7 is strobed low, the contents of the ad­
dressed location will appear at Port O. External pull­
ups (e.g., 10K) are required on Port 0 during program 
verification. 
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inter 8044AH/8344AH/8744H 

+SV 

ADDR ---.---r-'l.1 PI 
Vee 

ooooH­
OFFFH 1744H 

P2.0- PO PGM DATA 

P2.3 

P2.4 

P2.S ALE --ALE PROG 
P2.6 

P2.7 

XTAL2 EA --tA,vPP 

XTALI RST VIHI 

VSS PWi 

-

Figure 8. Programming Configuration 

+SV 

NC PI 
Vce 

8744H 

NC 
P20-
P23 

PO NC 

P24 

231663-17 

P2S ALE ___ ALE/PROG 50 mo PULSE TO GND 

P26 

TTL HIGH P27 

XTAL2 EA --EA/VPP +21V PULSE 

XTALI RST VIHI 

VSS iiSEN 

-
Figure 9. Security Bit Programming Configuration 
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+5V 

ADDA. -----.,---.,.,-J\J P1 
Vee 

OOOOH­
OFFFH 

P2.0-

8744H 1--__ -'\ PGM DATA 
PO (USE 10K PULLUPS) 

P2.3 

P2.4 

P2.S 

P2.6 

ENABLE----I P2.7 

XTAL2 

XTAL1 

VSS 

~ --r-TTL HIGH 

EA -1 
AST VIH1 

Figure 10. Program Verification Configuration 

EPROM PROGRAMMING, SECURITY BIT PROGRAMMING 
AND VERIFICATION CHARACTERISTICS 
TA = 21°C to 27°C. Vee = 4.5V to 5.5V, vss = OV 

Symbol Parameter Min 

Vpp Programming Supply Voltage 20.5 

IPP Programming Current 

1/TCLCL Oscillator Frequency 4 

TAVGL Address Setup to PROG 48TCLCL 

TGHAX Address Hold after PROG 48TCLCL 

TDVGL Data Setup to PROG 48TCLCL 

TGHDX Data Hold after PROG 48TCLCL 

TEHSH ENABLE High to Vpp 48TCLCL 

TSHGL Vpp Setup to PROG 10 

TGHSL Vpp Hold after PROG 10 

TGLGH PROGWidth 45 

TAVQV Address to Data Valid 

TELQV ENABLE to Data Valid 

TEHQZ Data Float after ENABLE 0 
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Max 

21.5 

30 

6 

55 

48TCLCL 

48TCLCL 

48TCLCL 

231663-19 

Units 

V 

mA 

MHz 

,""sec 

,""sec 

msec 
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EPROM PROGRAMMING, SECURITY BIT PROGRAMMING 
AND VERIFICATION WAVEFORMS 

PROGRAMMING VERIFICATION 

P1.0-P1.7 
P2.0-P2.3 

PORTO 

ALEPROG 

~ T 

nVpp 

ADDRESS 

DATA IN 

--TDVGL 

TAVGL 

\ 
TSHGL ~ 

TGi:GH 
21V .SV 

ADDRESS 

TAVOV -
DATA OUT 

-
TGHDX 

--TGHAX 

~ 

\ 
TTL HIGH TTL HIGH 

"\. 

TTL HIGH 

TEHSH 
, 

- _ TELOV _ TEHOZ 

~) J--------~'______')-
/ 231663-20 
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iRUG DESCRIPTION 

iRUG is the Intel iRMX® User's Group. It is an incorporation chartered to establish a forum for users of the 
iRMX operating system and to promote and encourage development of iRMX-based software. 

iRUG membership is for any person, firm, or corporation who has purchased or is authorized to use licensed 
iRMX software products from Intel Corporation or an OEM. Benefits of membership include: access to the 
user's library of iRMX software tools and utilities; membership in local and international chapters; access to 
the group bulletin board; receipt of quarterly international magazines; opportunity to present papers and 
conduct workshops; invitations to seminars devoted to the use of Intel products. 

The user's library, maintained by iRUG, contains software programs written and submitted by members and 
Intel employees. Programs available range from file or directory manipulation commands and terminal attribute 
selection utilities to dynamic logon, background job facilities and basic communication utilities. 

Local and international iRUG chapters provide a forum for members to meet other iRMX operating system 
users in an informal setting. At local meetings and the annual international seminar, members can discuss their 
ideas, share their experiences and techniques, and give feedback to Intel for future improvements and fea­
tures of the iRMX operating system. The meetings also showcase new products offered by Intel and other 
developments in iRMX-based software supplied by other companies. 

The "Intel Forum" sponsors iRUG Special Interest Group (SIG) on the CompuServe Information Service. The 
message facility (bulletin board) allows members to leave and receive messages from other members. These 
might include problems and solutions regarding the iRMX operating system or new techniques to be shared. 

"The Human Interface" is iRUG's quarterly international magazine. It serves as a supplement to chapter 
meetings by providing: library listings, information on the latest releases of products running on the iRMX 
operating system; officer messages; member SPRs; vendor ads; release and update plans for the iRMX 
operating system; and technical articles from the members. 

For Information Contact: 

Janet Huston 
iRUG Coordinator 

5200 N.E. Elam Young Parkway 
Mailstop HF3-23 

Hillsboro, OR 97124 
(503) 696-5078 

280678-1 

18-1 



INTEL SYSTEMS CUSTOMER SERVICES 

REAL· TIME SUPPORT FROM REAL· TIME EXPERTS 
Intels real-time service and support offerings Include everything you need to keep your 
Intel equipment-and yourself-In peak performance at all times. Intel's hands-on training 
gets you up to speed qUickly to reduce your development time. Our consulting serVices, 
software support, and networking assistance help you solve your design and networking 
problems efficiently. Your equipment will be up and running night and day With one of 
Intels fleXible repair programs. Hardware, software, tools, boards, or systems .If Intels 
name IS on it, Intel stands behind it. 

WORLDWIDE CUSTOMER SERVICES 
• Over one hundred Intel service and 

training centers worldWide 
• Hardware maintenance programs With 

prompt, worldwide response 
• Software support that Includes updates, 

telephone hotline support, 
troubleshooting guides and 
;COMMENTS, a technical newsletter 

• Consulting by Intel System Engineering 
Services for both hardware and 
software deSign solutions 

• Hands-on training workshops in Intel 
systems hardware, operating systems, 
languages, tools and networking 
products 

• Network deSign, Installation and 
maintenance 
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WORLDWIDE CUSTOMER SERVICES 

CONVENIENT, FLEXIBLE HARDWARE 
MAINTENANCE OPTIONS 
Intel offers a wide variety of hardware support 
programs, from 24-hour on-site protection to 
economical carrY-In repair. Intel can help keep your 
systems running with the greatest economy and 
convenience. Consider all the options: 
• On-site coverage. An Intel customer engineer will 

repair your equipment at your site during normal 
business hours. 

• Extended coverage. Companies with critical 
applications choose this program, which offers on­
site repair up to 24 hours a day, seven days a 
week. 

• Carry-in service. An economical option for small 
system users that saves you transportation costs. 

• Mail-in service. If time is not at issue, you can 
save even more by mailing In your part to an Intel 
Repair Center. 

• Per-call service. If your service needs are 
infrequent, this option gives you access to Intel 
expertise on a time and materials basis. 

COMPREHENSIVE SOFTWARE SUPPORT 
Everything you need to stay up to date on the latest 
improvements to your Intel software is available 
through Intel's software support services: Technical 
Information Phone Service (TIPS), software updates, 
Troubleshooting Guides, and ;COMMENTS, a 
technical newsletter 
• Technical Information Phone Service (TIPS). 

TIPS puts you in touch instantly with Intel's software 
engineering staff to solve critical problems quickly. 

• Software updates. As Intel enhances its software, 
it keeps you up to date with the latest updates and 
documentation. 

• 1I'0ubieshooting Guides. Intel Troubleshooting 
Guides provide technical information on problem 
workarounds and solutions. 

• ;COMMENTS. We also publish ; COMMENTS, a 
monthly newsletter full of programming techniques, 
technical product information, and application 
solutions 

SYSTEMS ENGINEERING CONSULTING 
SERVICES 
Intel's Systems Engineers have the experience and 
engineering expertise with Intel boards, systems, 
software, and tools, so they can save you valuable 
development time. They can work at your site or from 
a local Intel office, helping you get your application to 
market sooner, boost your productivity and ensure 
compatibility with future Intel projects. 

Intel Systems Engineers can work with you to: 
• Guide your development effort 
• Provide solutions to your problems 
• Help you utilize new products more effectively 
• Create your new applications 
• Provide you with personalized training 
• Customize an Intel product to fit your needs 
With an Intel Systems Engineer on your team you 
receive service on a flexible basis-available when 
and where you need it! 

HANDS-ON TRAINING THAT REDUCES 
DEVELOPMENT TIME 
Intel offers in-depth training workshops on all ItS 
hardware and software products, from 
mlcrocontrollers to operating systems. Customers tell 
us over and over that one to ten days spent with Intel 
saves weeks of self-study-that's weeks off your 
development schedule. 

We routinely deliver workshops at Intel training 
centers all over the world, or we can come to your 
site. We'll even customize our standard courses to 
beUer fit your unique application and design needs. 

Intel workshops offered continuously around the 
world include: 
• Operating systems, languages, and tools. 

Learn the fundamentals and advanced points of 
programming with iRMX®, iRMKTM, XENIX®, PL/M, 
and UNIX® System V Operating Systems, or 
developing applications for Intel microprocessors 
using Intel development tools. 

• Local area networking, Technical workshops on 
Intel and non-Intel networking products. 

• End-user workshops. Introductory and advanced 
instruction on office automation, system 
administration and network administration. 

• Microprocessor and microcontrolier 
Vilorkshops. Learn to program the 8080,8086, 
386™, i486T>', microprocessors and 80860 and 
80960 microcontrollers for your next real-time 
application. 

TOTAL COVERAGE OF YOUR NETWORK 
NEEDS 
Intel has the answer to all your networking needs. We 
provide assistance in network design (both physical 
and logical), component selection, installation, system 
administrator and user training, on-site network 
management, and maintenance. 

We specialize in networking multiple departments, 
buildings, and sites. We can help you understand the 
various network topologies and protocols, establish 
mainframe connections, automate your factory, and 
implement portable networks. 

INTEL CUSTOMER SERVICES: 
WORLDWIDE, FLEXIBLE, AND 
ACCESSIBLE 
Intel has structured its systems support, service, and 
training programs in such a way that we're flexible 
and accessible enough to match your unique needs. 
Wherever in the world you are. And we mean 
wherever you are. Intel has more than one hundred 
service and training centers in thirty countries on six 
continents. Wherever you are, Intel speaks your 
language: service. 

Let Intel build a support program specifically suited 
for your needs. Call or write us today for more 
information: In the USA call: 1-800-INTEL-4-U. 
Worldwide: refer to the sales office list on the back of 
this document. 
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ALABAMA 

tlntal Corp. 
5015 Bradford Dr., #2 
Huntsville 35805 
Tel: (205) 830-4010 
FAX: (205) 837-2640 

ARIZONA 

tlntal Corp. 
11225 N. 28th Dr. 
SUite D-214 
PhoeniX 85029 
Tel: (602) 869-4980 
FAX· (602) 869-4294 

~nlt~~ ~~r~i Dorado Place 
SUite 301 
Tucson 85715 
Tel: (602) 299-6815 
FAX: (602) 296-8234 

CALIFORNIA 

tlntel Corp. 
21515 Vanowen Street 
Suite 116 
Canoga Park 91303 
Tel: (818) 704-8500 
FAX: (818) 340-1144 

tlntel Corp. 
2250 E. Impenal Highway 
SUIte 218 
EI Segundo 90245 
Tel: (213) 640-6040 
FAX: (213) 640-7133 

Intel Corp 
1510 Arden Way 
SUite 101 
Sacramento 95815 
Tel: (916) 920-8096 
FAX: (916) 920-8253 

tlntel Corp 
9665 Chesapeake Dr. 
Surte 325 
San Diego 95123 
Tel: (619) 292-8066 
FAX: (619) 292-0628 

tlntel Corp.-
400 N. Tustin Avenue 
SULte 450 
Santa Ana 92705 
Tel: (714) 835-9642 
TWX: 910-595-1114 
FAX: (714) 541-9157 

tlntel Corp _ 
San Tomas 4 
2700 San Tomas Expressway 
2nd Floor 
Santa Clara 95051 
Tel· (408) 986-8086 
TWX: 910-338-0255 
FAX: (408) 727-2620 

COLORADO 

Intel Corp. 
4445 Northpark Dnve 
Surte 100 
Colorado Spnngs 80907 
Tel: (719) 594-6622 
FAX: (303) 594-0720 

tlntal Corp.-
650 S Cherry St. 
SUite 915 
Denver 80222 
Tel: (303) 321-8086 
TWX: 910-931-2289 
FAX. (303) 322-8670 

tSales and Service Office 
-Field Application locatIOn 

DOMESTIC SALES 
CONNECTICUT MASSACHUSETTS 

~~~eL~°rPa'rm Corporate Park 
tlntal Corp. * 
Westford Corp. Center 

83 Wooster Heights Rd 3 Carlisle Road 
Danbury 06810 2nd Floor 
Tel: (203) 748-3130 Westford 01886 
FAX: (203) 794-0339 Tel· (508) 692-3222 

TWX· 710-343-6333 
FLORIDA FAX: (508) 692-7867 

tlntal Corp. MICHIGAN 
6363 N.w 6th Way 
SUite 100 tlntal Corp. 
Ft Lauderdale 33309 7071 Orchard Lake Road 
Tel: (305) 771-0600 SUite 100 
TWX: 510-956-9407 West Bloomfield 48322 
FAX. (305) 772-8193 Tel: (313) 851-8096 

FAX· (313) 851-8770 
tlntel Corp. 
5850 T.G. Lee Blvd. MINNESOTA 
SUite 340 
Orlando 32822 tlntel COrp. 
Tel: (407) 240-8000 3500 W. 80th St. 
FAX (407) 240-8097 SUIte 360 

Intel Corp ~~~;o~~n2~t~5~~~~ 
11300 4th Street North TWX: 910·576-2867 
SUIte 170 
St. Petersburg 33716 

FAX· (612) 831-6497 

Tel· (813) 577-2413 MISSOURI 
FAX: (813) 578-1607 

tlntel Corp. 

GEORGIA 4203 Earth City Expressway 
SUite 131 

Intel Corp. Earth Cltr 63045 
20 Technology Parkway, N.W Tel: (314 291-1990 
SUite 150 FAX: (314) 291-4341 
Norcross 30092 
Tel. (404) 449-0541 NEW JERSEY 
FAX. (404) 605-9762 tlntel Corp.* 

Parkway 109 Office Center 
ILLINOIS 328 Newman Springs Road 
tlntel Corp _ Red Bank 07701 

300 N. Martingale Road Tel: (201) 747-2233 

SULte 400 FAX: (201) 747-0983 

Schaumburg 60173 tlntel Corp 
Tel: (312) 605-8031 280 Corporate Center 
FAX. (312) 706-9762 75 lJvlngston Avenue 

First Floor 
INDIANA Roseland 07068 

tlntel Corp. 
Tel: (201) 740-0111 
FAX. (201) 740-0626 

8777 Purdue Road 
SUite 125 NEW YORK 
Indlanapohs 46268 

Intel Corp.-Tel: (317) 875-0623 
FAX: (317) 875-8938 ~;ep~r~~~~~s Office Park 

IOWA Tel: (716) 425-2750 
TWX 510-253-7391 

Intel Corp. FAX: (716) 223-2561 
1930 St. Andrews Dnve N.E. 

tlntel Corp. * 2nd Floor 
Cedar Rapids 52402 2950 Expressway Dr., South 
Tel: (319) 393-1294 SUite 130 

Islandia 11722 
Tel. (516) 231-3300 KANSAS TWX: 510-227-6236 

tlntel Corp FAX· (516) 348-7939 

~~~:51~8.d~I~~. D tlntel Corp. 
Westage BUSiness Center Overland Park 66210 Bldg. 300, Route 9 Tel: (913) 345-2727 Fishkill 12524 FAX· (913) 345-2076 Tel: (914) 897-3860 

MARYLAND 
FAX: (914) 897-3125 

tlntel Corp.- NORTH CAROLINA 

10010 Junction Dr. tlntel Corp. 
SUite 200 5800 Executive Center Dr. 
Annapolis Junction 20701 SUite 105 
Tel: (301) 206-2860 Charlotte 28212 
FAX: (301) 206-3677 Tel: (704) 568-8966 

(301) 206-3676 FAX: (704) 535-2236 

OFFICES 
Intel Corp. tlntal Corp. * 
5540 Centerview Or. 7322 S W Freeway 
SUite 215 SUite 1490 
Raleigh 27606 Houston 77074 
Tel: (919) 851-9537 Tel: (713) 988-8086 
FAX: (919) 851-8974 TWX .. 910-881-2490 

FAX: (713) 988-3660 

OHIO UTAH 

tlntel Corp.* tlntel Corp. 
3401 Park Center Drive 428 East 6400 South 
SUite 220 SUite 104 
Dayton 45414 Murray 84107 
Tel: (513) 890-5350 Tel: (801) 263-8051 
TWX: 810-450-2528 FAX. (801) 268-1457 
FAX: (513) 890-8658 

VIRGINIA 
tlntal Corp." tlntal Corp. 25700 SCience Park Dr 1504 Santa Rosa Road SUite 100 SUIte 108 Beachwood 44122 Richmond 23288 
Tel: (216) 464-2736 Tel: (804) 282-5668 TWX: 810-427-9298 
FAX: (804) 282-0673 

FAX: (216) 464-2270 

WASHINGTON 
OKLAHOMA tlntel Corp. 

Intel Corp. 
155 108th Avenue N.E 

6801 N. Broadway SUIte 386 

SUite 115 Bellevue 98004 

Oklahoma City 73162 Tel: (206) 453-8086 
TWX. 910-443-3002 Tel: (405) 848-8086 FAX: (206) 451-9556 FAX· (405) 840-9819 

~nci~1 ~o~Ullan Road 
OREGON SUite 102 
tlntel Corp. Spokane 99206 
15254 N.W. Greenbrier Parkway Tel (509) 928-8086 
BUIlding B FAX: (509) 928-9467 
Beaverton 97005 WISCONSIN Tel: (503) 645-8051 
TWX: 910-467-8741 Intel Corp. 
FAX: (503) 645-8181 330 S. Executive Dr. 

SUIte 102 

PENNSYLVANIA 
Brookfield 53005 
Tel (414) 784-8087 

tlntel Corp.- FAX: (414) 796-2115 

455 Pennsylvama Avenue 
CANADA SUite 230 

Fort Washington 19034 
Tel: (215) 641-1000 BRITISH COLUMBIA 
TWX· 510-661-2077 

Intel SemIConductor of FAX (215) 641-0785 Canada, Ltd. 
tlntel Corp.- 4585 Canada Way 
400 Penn Center Blvd. SUite 202 
SUite 610 Burnaby V5G 4L6 
Pittsburgh 15235 Tel: (604) 298-0387 
Tel: (412) 823-4970 FAX: (604) 298-8234 
FAX: (412) 829-7578 ONTARIO 

tlntel Semiconductor of PUERTO RICO Canada, Ltd. 
2650 Queensvlew Drive tlntel Corp. 
SUite 250 South Industrial Park 

P.O. Box 910 Ottawa K2B 8H6 

Las Piedras 00671 Tel: (613) 829-9714 

Tel: (809) 733-8616 FAX (613) 820-5936 

tlntel Semiconductor of 

TEXAS Canada, Ltd. 
190 Attwell Dnve 

Intel Corp. SUIte 500 
8911 Capital of Texas Hwy Rexdale M9W 6H8 
Austin 78759 Tel: (416) 675-2105 
Tel: (512) 794-8086 FAX: (416) 675-2438 
FAX: (512) 338-9335 QUEBEC 

tlntel Corp.- Intel Semiconductor of 
12000 Ford Road Canada, Ltd. 
SUite 400 620 St. Jean Boulevard 
Dallas 75234 POinte Claire H9R 3K2 
Tel. (214) 241-8087 Tel. (514) 694-9130 
FAX. (214) 494-1180 FAX: 514·694·0064 



DOMESTIC DISTRIBUTORS 
ALABAMA tHaml1ton Electro Sales CONNECTICUT tHarrulton/Avnet Electrorucs /vrow ElectroniCS, Inc. 

10950 W. Washington Blvd. 1130 Thorndale Avenue 7524 StandISh Place 
Arrow Electronics, Inc. Culver Cily 20230 tArrow Electronics, Inc. BensenVille 60106 Rockville 20855 
1015 Henderson Road 

~\2J~~~~ 12 Beaumont Road ~\3~f~Wr~ Tel: 301-424-0244 
Huntsville 35805 WaJl=rd 06492 

MASSACHUSETrS Tel: (205) 837-6955 Tel' ) 265-n41 
tHamllton/Avnet Electronics Hamilton Electro Sales TWX: 710-476-0162 ~~~t~~:: Arrow Electronics, Inc. 
4940 Research Drive 1361 B West 190th Street 

HarmltonlAvnet Bectronlcs Itasca 60143 
25 Upton Dr. 

Gardena 90246 Wilmington 01887 HuntSVIlle 35605 Tel. (213) 217-6700 Commerce Industnal Park. Tel: (312) n3-23oo Tel: (617) 935-5134 Tel: (205) 837-7210 Commerce Dnve 
TWX: 810-726-2162 

tHamlltonlAvnet ElectronICS DanbUlY 06810 tPloneer Electromcs tHamllton/Avnet ElectroniCS 
Tel: (203) 797-2800 1551 carman Dnve 100 Centennial Dnve 

Ploneer/TechnologlBs Group, Inc. 3002 'G' Street Elk Grove Village 60007 Paabody 01960 
~:Sts~~Z,:~:&Square Ontano 91761 TWX: 710-456-9974 

Tel: (312) 437-9690 ~\6;rua~~~ Tel. (714) 989-9411 tp,oneer Electronics TWX: 910-222-1834 
Tel: (205) 837-9300 

tAvnet ElectroniCS 112 Mam Street MTI Systems Sales TWX. 810-726-2197 Norwalk 06851 INDIANA 20501 Plummer Tel: (203) 853-1515 83 Cambndge St. 

ARIZONA Chatsworth 91351 TWX: 710-468-3373 tArrow Electronics, Inc Burlington 01813 

~~2~~~.~g~~b~ 2495 Directors Row, Suite H Pioneer Electronics 
tHamllton/Avnet Electronics Indianapolis 46241 44 Hartwell Avenue 
505 S. MadISon Dnve FLORIDA 

~~3~~:~~ lexington 02173 
Tempe 85281 tHamllton Eleclro Sales 

tArrow Electronics. Inc. Tel: (617) 861-9200 

~\"8~~~sb~~~ 3170 Pullman Street TWX: 710-326-8617 
Costa Mesa 92626 400 Fairway Drive Hamllton/Avnet Electronics 

~m~~~:~ 
Surte102 485 Gradle Drive MICHIGAN 

Hamllton/Avnet Electronics Deelfield Beach 33441 Carmel 46032 Arrow Electronics, Inc. 30 Soulh McKiemy Tel' (305) 429-6200 Tet. (317) 844-9333 755 Phoenix Drive Chandler 85228 tHamllton/Avnet Electronics TWX: 510-955-9456 
TWX: 810·260-3986 Ann Arbor 46104 

~~63f~.~~~gg~ 4103 Northgate Blvd. Arrow Electronics, Inc. tPloneer Electronics ~(3J~~~1:~~g Sacramento 95834 
~~!~~~~ Dnve Arrow Electronics, Inc Tel: (916) 920·3150 6408 Castfeplace Dnve 

HamlltonlAvnet ElectroniCS 
4134 E. Wood Street Wyle Distribution Group 

Lake Marv 32746 ~~:(';m'~= 2215 29th Street S.E. 
PhoenIX 85040 Tel: (407) 323-0252 Spece AS 
Tel. (602) 437-0750 124 Maryland Street TWX: 510-959-6337 TWX: 810·280-1794 

Grand Rapids 49508 
TWX: 910-951-1550 EI Segundo 90254 

Tel. (616) 243-6905 Tel. (213) 322-8100 tHamlHonlAvnet Electronics IOWA 
Wyle Dlstnbutlon Group 6801 N.W. 15th Way TWX: 810-274-6921 

17855 N Black Canyon Hwy. Wyle Distnbutlon Group Ft. Lauderdale 33309 HarmltonJAvnet ElectroniCS Pioneer ElectroniCS 
PhoeniX 85023 7362 Lampson Ave. Tel' (305) 971-2900 915 33rd Avenue, S.W. 4504 Broadmoor S.E. 
Tel: (602) 249-2232 Garden Grove 92641· TWX: 510-956-3097 COdar Rsplds 52404 Grand Rapids 49508 
TWX: 910-951-4262 Tel' (714) 891-1717 Tel: (319) 362-4757 FAX: 616-698-1831 

TWX: 910-348·7140 or 7111 tHarrnlton/Avnet ElectroniCS tHamlltonlAvnet Electron"'s 
CALIFORNIA 3197 Tech Dnve North KANSAS 32467 Schoolcraft Rosd 

Wyle Dlstnbutlon Group St. Petersburg 33702 lIVonia 48150 Arrow Electronics, Inc. 11151 Sun Center Drive ~\8J~~~~~~~ Arrow ElectronICS Tel: (313) 522-4700 
10824 Hope Street Rancho Cordova 95670 8208 Melrose Dr., Suite 210 TWX: 810-282-8n5 

¥Xr~~~~8300 Tel: (916) 838-5282 
tHarmlton/Avnet ElectroniCS 

Lenexa 86214 
l~:e~~an Tel: (913) 541-9542 

twyle DIstnbutlOn Group 6947 University Boulevard 
Arrow ElectroniCS, Inc. 9525 Chesapeake Drive Winter Park 32792 tHamlltonlAvnet ElectroniCS LJvonla48150 
19746 Dearbom Street San Diego 92123 Tel. (305) 626-3888 9219 QUlvera Road Tel. (313) 525-1600 
Chatsworth 91311 Tel: (619) 565-9171 TWX: 810-853-0322 OVerland Park 86215 TWX: 810·242-3271 
Tel: (213) 701-7500 TWX: 910-335-1590 tPloneer/Technologles Group, Inc. ~(9ri~~~:S MINNESOTA TWX 910-493-2086 

twyle Dlstnbutlon Group 
337 5 Leke Blvd. tArrow ElectroniCS, Inc tArow ElectroniCS, Inc 

3000 Bowers Avenue 
Alta Monte Springs 32701 Ploneer/Tec Gr. 5230 W 73rd Street 521 Weddell Dnve 

Santa Clara 95051 
Tet· (407) 834-9090 10551 Lockman Rd. Edina 55435 Sunnyvale 94086 TWX. 810-053-0284 Lenexa 86215 Tel' (612) 930-1600 

~\43~U~~~~ 
Tel: (408) 727-2500 

Tel: (913) 492-0500 TWX. 910-576-3125 TWX 910-338-0296 Ploneer/TechnologlBS, Group, Inc 
674 S. Military Trad tHamJlton/Avnet ElectroniCS 

Arrow ElectroniCS, Inc tWyfe Distribution Group Deemeld Beach 33442 KENTUCKY 12400 Whitewater Dnve 
9511 Rldgehaven Court 17872 Cowan Avenue Tel: (305) 428-8877 

Harmlton/Avnet ElectroniCS 
Minnetonka 55434 

San D'iif 92123 Irvine 92714 TWX' 510-955-9853 Tel: (612) 932·0600 
Tel (619 565-4800 

~\7J;'~:~~~ 
1051 D. Newlon Park 

tPloneer ElectroniCS TWX: 88 -064 
GEORGIA !r:r.'{~) ~~~75 7625 Golden Trlange Dr. 

tArrow ElectroniCS, Inc. SurteG 
2961 Dow Avenue Wyle Dlstnbutlon Group tArrow ElectroniCS, Inc. Eden Pram 55343 
Tustin 92690 266n W. Agoura Rd 3155 Northwoods Parkway MARYLAND Tel: (612) 944·3355 
Tel: (714) 838·5422 Calabasas 91302 SUite A 

Tel: (818) 880-9000 Arrow ElectroniCS, Inc. MISSOURI TWX. 910·595-2860 
TWX: 372-0232 

Norcross 30071 
8300 GUilford Drive Tet (404) 449-8252 tArrow ElectroniCS, Inc. 

tAvnet ElectroniCS TWX. 810-786-0439 SUite H, RIVer Center 2380 Schuetz 
350 McCormick Avenue Columbia 21046 8t. loUiS 63141 
Costa Mesa 92626 COLORADO tHamllton/Avnet ElectroniCS ~\~11~~~-gm Tel: (3t4) 567-6988 
Tel (714) 754-6071 5825 0 Peachtree Corners TWX. 910-764-0692 
TWX 910-595-1928 Arrow ElectroniCS, Inc Norcross 30092 

Hamdton/Avnet ElectroniCS tHarmlton/Avnet ElectroniCS 7060 South Tucson Way Tel: (404) 447-7500 
tHanllltonJAvnet ElectroniCS Englewood 60112 TWX 810-786-0432 6922 Oak Hail Lane 13743 Shoreline Court 
1175 Bordeaux Dnve Columbia 21045 Earth Cltr 83045 
Sunnyvale 94086 

Tel: (303) 790-4444 
Ploneer/Technologles Group, Inc ~\3~~~~~':" Tel. (314 344-1200 

Tel: (408) 743·3300 tHamllton/Avnet Elemronlcs 3100 F Northwoods Place TWX: 910-762·0684 
TWX' 910-339-9332 8785 E Orchard Road Norcross 30071 

t~:~:~';:I~~r8r. NEW HAMPSHIRE 
tHarmltonJAvnet Electronics SUite 708 ~lg:~fstrm tArrow ElectroniCS, Inc. 
4545 Ridgeview Avenue Englewood 80111 Columbia 21046 3 Perimeter Road 

~r g'f~o5~~~ 
Tel: (303) 740-1017 Tel. (301) 290-8150 Manchester 03103 TWX. 910-935-0787 ILLINOIS TWX' 710-828-9702 

~\6~~_~: TWX 910-595-2638 
twyle Dlstnbutlon Group Arrow ElectroniCS, Inc. tPloneer/Technolog18s Group, Inc. 

tHamllton/Avnet ElectroniCS 451 E 124th Avenue 1140 W. Thorndale 9100 GaIther Rosd tHamilton/Avnet ElectrOniCS 
9650 Desoto Avenue Thornton 80241 Itasca 60143 ¥:~g:r;tJ~t~~ 444 E Industnal Drive 
Chatsworth 91311 Tel (303) 457-9953 Tel: (312) 250-0500 Manchester 03103 
Tel: (818) 700-1161 TWX 910·936-0nO TWX' 312-250-0916 TWX: 710-028-0545 Tel (603) 624-9400 

tMlcrocomputer System Technical Distributor Center 



inter 
DOMESTIC DISTRIBUTORS (Contd.) 

NEW JERSEY tPloneer Electronics tHarmltonJAvnet Electronics tPloneer Electronics Zentrontcs 
68 Corporate Drive 12121 E 51s1 St. SUite 102A 18260 Kramer Bay No 1 

tArrow ElectroniCS, Inc Binghamton 13904 Tulsa 74146 Austin 78758 3300 14th Avenue N.E 
Four East Stow Road Tet (607) 722-9300 Tel (918) 252-7297 Tel (512) 835-4000 Celgary T2A 6J4 
Unit 11 TWX: 510-252-0893 1WX.910-874-1323 Tel (403) 272-1021 
Marlton 08053 

Pioneer Electronics OREGON tPJoneer Electronics BRITISH COLUMBIA Tel (609) 596-8000 
1WX: 710-897-0829 40 Oser Avenue 

tAlmac Electronics Corp 
13710 Omega Road tHamllton/Avnet Electronics Hauppauge 11787 Dallas 75234 105-2550 Boundary 

tArrow Electronics Tel: (516) 231-9200 1885 N W 169th Place Tel (214) 386-7300 Burrnalay V5M 3Z3 Beaverton 97005 1WX. 910-850-5563 Tel (604) 437-6667 6 Century Drive tPloneer Electronics Tel' (503) 629-8090 Parslpanny 07054 
~o~~~~;,ar:,,~~s~~~t 11797 

TWX' 910-467-8746 tPloneer Electronics Zentromcs Tel (201) 538-0900 5853 POint West Dnve 108-11400 Bridgeport Road 
Tel. (516) 921-8700 tHamllton/Avnet Electronics Houston 77036 Richmond V6X 1 T2 tHamlltcn/Avnet ElectroniCS TWX 510-221-2184 6024 S W. Jean Road Tel (713) 988-5555 Tel (604) 273-5575 1 Keystone Ave., Bldg. 36 Bldg C, SUite 10 TWX: 910-881-1606 1WX: 04-5077-89 Cherry Hili 08003 tPloneer ElectrOniCS Lake Oswego 97034 

Wyle Dlstnbutlon Group MANITOBA Tel: (609) 424-0110 840 Fairport Park Tel: (503) 635-7848 
1WX: 710-940-ll262 Fairport 14450 TWX' 910-455-8179 1810 Greenville Avenue ZentroniCS Tel: (716) 381-7070 Richardson 75081 60-1313 Border Untt 60 tHamllton/Avnet ElectrOniCs 1WX' 510-253-7001 WyJc Dlstnbutlon Group Tel: (214) 235-9953 

f~r'l~~~ ~:-~:5~ 10 lndustnal 5250 N E Elam Young Parkway 
Fallfield 07006 

NORTH CAROLINA SUite 600 
UTAH Tel: (201) 575-5300 Hillsboro 97124 ONTARIO 1WX' 710-734-4388 tArrow ElectrOniCs, Inc Tel (503) 840-6000 Arrow ElectroniCS Arrow ElectrOnics, Inc 5240 Greensdauy Road TWX: 91 D-460-2203 1946 Parkway Blvd 36 Antares Dr tMTI Systems Sales Raleigh 27604 Salt Lake City 841 I 9 Nepean K2E 7W5 37 Kulick Rd. Tel (919) 876-3132 PENNSYLVANIA Tel (801) 973-6913 Tel (613) 226-6903 Fairfield 07006 1WX' 510-928-1856 

Tel. (201) 227-5552 
Arrow ElectrOniCs, Inc tHamllton/Avnet ElectrOniCS Arrow ElectrOniCs, Inc 

tHamllton/Avnet ElectroniCS 650 Secc Road 1585 West 2100 South 1093 Meyerslde 
tPloneer ElectrOniCS 3510 Spring Forest Dnve Monroeville 15146 Salt Lake City 84119 Mlsslssauga 15T 1 M4 
45 Route 46 Raleigh 27604 Tel (412) 855-7000 Tel' (801) 972-2800 Tel (416) 673-7769 
Plnebrook 07058 Tel' (919) 878-0819 1WX: 910-925-4018 1WX 06-218213 
Tel. (201) 575-3510 1WX.510-928-1836 Hamllton/Avnet ElectrOniCS tHamllton/Avnet ElectrOnics 1WX: 710-7344382 

Pioneerrrechnologies Group, Inc 2800 uberty Ave Wyle DlstnbutlOn Group 6845 Rexwood Road 
PIttsburgh 15238 1325 West 2200 South Untts 3-4-5 9801 A-Southern Pine Blvd Tel (412) 281-4150 SUite E Mlsslssauga L4T 1 R2 NEW MEXICO Charlotte 28210 West Valley 84119 Tel (416) 677-7432 Tel. (919) 527-8188 Pioneer Electronics Tel (801) 974-9953 1WX 610492-8867 Alliance ElectroniCS Inc 1WX.810-621-0366 259 Kappa Drive 

11030 Cochlh S E 
~~F~%i~r ii2~~00 WASHINGTON 

Hamllton/Avnet ElectronICS 
Albuquerque 87123 6845 Rexwood Rd , Unit 6 OHIO 

Mlsslssauga L4T 1 R2 Tel. (505) 292-3360 1WX 710-795-3122 tAimac Electronics Corp 1WX: 910-988-1151 Arrow ElectrOniCS, Inc 14360 S E Eastgate Way Tel (416) 277-0484 
7620 McEwen Road tPloneerrrechnologles Group, Inc 

Bellevue 98007 tHamJlton/Avnet Electronics HamlltonfAvnet ElectrOniCS Centerville 45459 Delaware Valley 
Tel (206) 843-9992 190 Colonnade Road South 2524 Baylor Dnve S E. Tel (513) 435-5563 261 Glbralter Road 
1WX. 910-444-2067 Nepean K2E 715 

~~~~~~~~~Jgg 1WX' 810459-1611 Horsham 19044 Tel (613) 226-1700 Tel (215) 674-4000 Arrow ElectrOniCs, Inc. 1WX 05-349-71 1WX: 910-989-0614 tArrow ElectroniCS, Inc 1WX 510-655-6778 19540 68th Ave South tZentromcs 6238 Cochran Road Kent 98032 Solon 44139 Tel (206) 575-4420 8 Tilbury Court 
NEW YORK Tel (216) 248-3990 TEXAS Bramptan L6T 3T4 

1WX 810427-9409 
tArrow Electronics, Inc tHarmlton/Avnet Electronics Tel. (416) 451-9600 

tArrow ElectroniCS, Inc. 14212 N E 21st Street TWX 06-976-78 
3375 Brighton Hennetta tHamlltonfAvnet ElectrOniCS 3220 Commander Drive 

Bellevue 98005 tZentronlcs Townllne Rd 954 Senate Dnve Carrollton 75006 

i~l¥fL~~~g 155 Colonnade Road Rochester 14623 Dayton 45459 Tel. (214) 380-8464 
Unit 17 Tel. (716) 275-0300 Tel' (513) 439-6733 1WX' 910-860-5377 
Nepean K2E 7Kl 1WX 510-253-4766 1WX 810-450-2531 

tArrow ElectroniCS, Inc Wyle Dlstnbutlon Group Tel (613) 226-8840 
15385 N E. 90th Street 

Arrow ElectroniCS. Inc HamlitonfAvnet ElectrOniCS 10899 Kmghurst Redmond 98052 Zentromcs 
4588 Emery Industrial Pkwy SUite 100 60-1313 Border St 20 Oser Avenue WarrenSVille Heights 44128 Houston 77099 Tel: (206) 881-1150 

Winnipeg R3H 014 Hauppauge 11788 Tel (216) 349-5100 Tel' (713) 530-4700 Tel' (204) 694-7957 Tel (516) 231-1000 1WX.810-427-9452 1WX 910-880-4439 WISCONSIN 1WX. 510-227-6623 
QUEBEC 

tHamlltonfAvnet ElectrOniCS fArrow Electronics. Inc Arrow ElectrOniCS, Inc tArrow ElectrOniCS Inc Hamllton/Avnet 777 Brooksedge Blvd 2227 W Braker Lane 200 N Patrick Blvd. Ste. 100 4050 Jean Talon Quest 933 Motor Parkway Westerville 43081 Austin 78758 Brookfleld 53005 Montreal H4P 1W1 ~:~Cf~)g~1~~ggo Tel' (614) 882-7004 Tel (512) 8354180 Tel (414) 767-6600 Tel: (514) 735-551 I TWX 910-874-1348 TWX. 910-262-1193 
1WX. 05-25590 1WX: 510-224-6166 tPloneer Electronics 

4433 Interpolnt Boulevard tHamlltonfAvnet ElectroniCS Hamllton/Avnet Electronics Arrow ElectroniCS, Inc. 
tHamlltonJAvnet ElectroniCS Daron 45424 1807 W Braker Lane 2975 Moorland Road 500 Avenue St-Jean BaptISte 
333 Metro Park To. (513~ 236-9900 Austin 78758 New Bertin 53151 SUite 280 
Rochestel 14623 1WX: 81 -459-1622 Tel (512) 837-8911 Tel: (414) 784-4510 Quebec G2E 5R9 
Tel: (716) 475-9130 1WX 910-874-1319 1WX.910-262-1182 Tel: (418) 871-7500 
1WX: 510-253-5470 tPloneer ElectrOniCs FAX 418-871-6816 4800 E. 131s1 Street tHamlltonJAvnet ElectrOniCS HamlltonJAvnet ElectroniCS tHamllton/Avnet ElectrOniCS Cleveland 44105 2111 W. Walnut HIli Lane CANADA 2795 Halpern 103 TWin Oaks Drive Tel' (216) 587-3600 

f.:~M~n~0-6111 8t. Laurent H2E 7K1 Syracuse 13206 1WX 810-422-2211 
Tel (514) 335-1000 Tel: (315) 437-0288 1WX' 910-860-5929 ALBERTA 1WX' 610-421-3731 1WX: 710-541-1560 OKLAHOMA 

tHamllton/Avnet ElectroniCS Hamllton/Avnet ElectrOniCs Zentromcs 

~~~=~;kS8~~:e Arrow ElectrOniCs, Inc. 4850 Wrlghl Rd • SUite 190 2816 21st Streel N E 817 McCaffrey 
1211 E. 51st 5t, SUite 101 Stafford 77477 Calgary T2E 6Z3 SI Laurent H4T 1M3 

Port Washington 11050 Tulsa 74146 Tel (713) 240-7733 Tel: (403) 230-3586 Tel (514) 737-9700 
Tel: (516) 621-6200 Tel. (918) 252-7537 1WX' 910-881-5523 1WX' 03-827-642 1WX 05-827-535 

tMlcrocomputer System Techmcal Distributor Center 



DENMARK 

Intel Denmark AlS 
Glentev8J 61, 3rd Floor 

~!F(~~;~r~Be~o ~ 
TLX: 19567 

FINLAND 

Intel Finland QY 
RUDsllantle 2 
00390 Helsinki 
Tel' (358) 0544644 
TLX: 123332 

FRANCE 

r.t~u~0~~~GpS3~·L 
78054 5t Quentin-en·Yvellnes 
Cedex 
Tel: (33) (I) 30 57 70 00 
TLX' 699016 

EUROPEAN SALES OFFICES 
WEST GERMANY ISRAEL NORWAY 

Intel Semiconductor GmbH* Intel Semiconductor UtI. * Inlel Norway AlS 
Domacher Strasse 1 Atldlm Industnal Park-Neve Sharet Hvamveion 4-PO Box 92 
8016 Feldklrchen bel Muenchen P.O. Box 43202 2013 Skletton 
~:'~k'\~2'() Tel-AVlv 61430 

~~:';~ol~ 842 420 Tel: (972) 03-496060 
TLX: 371215 

Intel Semiconductor GmbH 
Hohenzollem Strasse 5 ITALY SPAIN 
3000 Hannover 1 

irl<:'~k~\1/344081 Intel CorpOI'abon Halla S.p.A. 'III Intel Iberia S.A. 
MJlanoflon PaJazzo E Zurbaran, 28 
20090 Assago 28010 Madrid 

Intel SemICOnductor GmbH Milano Tel: (34) (I) 3082552 
Abraham Uncaln Strasse 16-18 Tol: (39) (02) 89200950 TLX: 46860 
6200 Wlesbaden TLX: 341286 
Tol: (49) 08121/7605.0 
TLX 4·186183 NETHERLANDS SWEDEN 

Intel Semiconductor GmbH Intel Semiconductor B.V.* Intel Sweden A.B. * 
Zettachring lOA Postbus 84130 Dalvagen 24 
7000 Stuttgart 80 3099 CC Rotterdam 17136 Solna 
Tel: (49) 0711/7287·280 Tel: (31) 10.407.11 II Tel. (46) 8 734 01 00 
TLX 7·254926 TLX: 22253 TLX' 12261 

SWIlZERLAND 

Intel Semiconductor A.G. 
Zuenchstrasse 
8185 Wlnkel-RuErtl bei Zuench 
Tel: (41) Ot/860 62 62 
TLX' 825977. 

UNITED KINGDOM 

~:::~'W'~ratlon (U.K.) Ltd." 

SWindon, Wlltshiro SN3 lRJ 
Tel: (44) (0793) 696000 
TLX: 444447/8 

EUROPEAN DISTRIBUTORS/REPRESENTATIVES 
AUSTRIA Tekelec-A1rtronlc ITALY Dltram :~;~e~=t:~ms 
Bacher ElectroniCS G.m.b.H. Cite des Bruyeres 

Intesl 
Avenlda Miguel Bombarda, 133 

Rue Carle Vernet - BP 2 1000 Llsboa Western Road Rotenmuehlgasse 26 92310 Sevres OMslone ITT Industries GmbH 
i~:~~I~~ 54 5313 

Bracknoll RG12 lRW 
1120Wlen 

i~:'~~2 45 34 75 35 
Vlale Mllanofion Tel. (44) (0344) 55333 

Tol. (43) (0222) 83 58 46 Palazzo E/5 TLX.847201 
TLX: 31532 ~~'j"~~~~; SPAIN 

WEST GERMANY Jermyn 
BELGIUM TLX: 311351 ATD Electronlca, SA. Vestry Estate 

Inslca Belgium SA ElectroniC 2000 AG 
~~ ~=~:'~'r2~ 

Plaza eludad de Viana. 6 Otford Road 

g~'M~~~~~n 1~ 28040 Madnd Sevenoaks Av. des CroIX de Guerre 94 Tel: (34) (1) 2344000 Kent TN14 5EU 1120 Bruxelles Tel (49) 089/42oo1.() 
20092 Clmsello Belsamo (MI) 

,TLX: 42477 Tel. (44) (0732) 450144 
?10~oa~~:nlaan, 94 Tel. (39) 0212440012 

TLX: 522561 TLX: 352040 ITT·SESA TLX: 95142 

Tol: (32) (02) 21601 60 ~::!~'f~nent GmbH Telcom S.r.l ~~oM~~~d"'gol, 21-3 MMD TLX. 64475 or 22090 Via M. CIVItalI 75 Unrt 8 Southview Park 
8ahnhofstrasse 44 20148 Milano ~::l<i~.JN 41909 57 C8versham 

DENMARK 7141 Moeglingen Tel: (39) 02/4049046 Reading 

IlT-Multlkomponent 
Tel: (49) 07141/4879' TLX: 335854 Metrologla lbenca, SA Berkshire RG4 OAF 
TLX: 7264472 Tel. (44) (0734) 481656 Naveriand 29 ~:~~=n~~ts 

Ctra de FuencarraJ. n.SO 

~:\.g\0(J)uG 45 66 45 
Jermyn GmbH 28100 AIcobendas (Madnd) TLX: 846669 

1m Dachsstueck 9 ~~39~~l~1 
Tel (34) (1) 653 86 11 

Rapid Silicon TLX. 33 355 feF(.gT~I/51J8.0 Rapid House 
TLX: 311351 SWEDEN Denmark Street 

FINLAND TLX: 415257'() 
Silverstar Nordlsk Elektronlk AS High Wycombe 

OYFlntronlcAB Metrologle GmbH Via Dol Gracchl 20 Torshamnsgatan 39 ~~~kl.r.l\'(~;'t'f~ 2ER Melkonkatu 24A ~o~,~~==e7~9 20146 Milano 80)(36 
00210 HelSinki Tel' (39) 02/49961 164 93 Klsta TLX' 83793t 

i::l< (~~~lJ~ 6926022 
Tel: (49) 089/78042.() TLX: 332189 Tol. (46) IJ8.03 46 30 

Rapid Systems TLX: 5213189 TLX: 105 47 
NETHERLANDS Rapid House 

FRANCE 
Proelectron Vertnebs GmbH SwnzERLAND Denmark Street 
Max Planck Strasse 1-3 Koning en Hartman Elektrotechnlek High Wycombe 

Almex 6072 Dr81elch B.V. Industrade A G Buckln~hamshlre HP11 2ER 
Zone Industrlelle d'Antony Tol' (49) 08103/30434·3 Enorgleweg 1 Hertlstrasse 31 Tel: (44 (0494) 450244 
48, rue de l'Aubopine TLX: 417903 2627AP Dolft 8304 Wailiselion TLX: 83 93t 
BP t02 ~~i~~~ 15/60990S TOI' (41) (01) 8328111 

92164 Antony codex IRELAND TLX: 56788 
YUGOSLAVIA m (~IJ)~ 46 66 21 12 

~;~:~:~~~~8rk NORWAY TURKEY 
Nordlsk Bektroolkk (Norge) AlS 

H.R. MicroelectroniCS Corp 
Jermyn-Generlm Glenageary Postboks 123 EMPA Electronic 2005 de Ia Cruz Blvd .. SIe 223 
60, rue des Garneaux Co. Dublin Smedsvlngen 4 lIndwurmstrasse 95A Santa Clara. CA 95050 
SIIIC 580 Tel' (21) (353) (01) 85 63 25 1364 Hvalstad 8000 Muenchen 2 U.S.A 

~:5(MlU(~f':S~":e 78 
TLX: 31584 

~iWJ~2) 84 62 10 
Tel: (49) 089/53 80 570 Tel: (1) (408) 988'()286 
TLX: 528573 TLX 387452 

TLX' 261585 ISRAEL 
Rapldo ElectroniC Components 

~oe:ro~~~,eres Eastromcs Ltd. PORTUGAL UNITED KINGDOM 
S.p.a. 

11 Rozanls Street ATD Portugal LDA Accent ElectrOniC Components Ud. Via C Beccana. 8 
4, avo Laurent-Cely P O.B. 39300 Rua Dos Luslados. 5 Sala B Jubilee House, Jubilee Road 34133 Trieste 
92606 Asnlor .. ClIdex Tel-AVIV 61392 1300 Llsboa Lelchworth, Herts SG61TL Italla 
Tol: (33) (I) 479062 40 
TLX' 611448 

Tel: (972) 03-475151 
TLX: 33838 

Tel' (35) (1) 64 80 91 
TLX: 61562 

Tel: (44) (0462) 866666 
TLX: 826293 

Tol. (39) 040/360555 
TLX: 460461 

*Fleld Application location 



AUSTRAUA 

Intel Australia Ply. Ltd '* 
Spectrum BUlldlnte 

6~~:;t~E, 2~::' 6 
Tel 612-957-2744 
FAX: 612-923-2632 

BRAZIL 

Intel Semlcondutores do Brazil LTDA 
Av Paullstat 1159-CJS 404/405 
01311 - Sao Paulo - S.P. 
Tel 55-11-267-5899 
TLX: 39111531461S0B 
FAX: 55-11-267-5119 

CHINA/HO'G KONG 

Intel PRC Corporation 
15/F, Office 1, Clllc Bldg. 
Jlan Guo Men Wal Street 
BeiJing, PRC 
Tel: (1) 50D-4850 
TLX' 22947 INTEL CN 
FAX. (1) 500-2953 

Intel Semiconductor Ltd. * 
10/F East Tower 
Bond Center 
Queensway, Central 
Hong Kong 
Tel (5) 8444-555 
TLX' 63669 ISHLHK HX 
FAX (5) 6661-969 

INTERNATIONAL SALES OFFICES 
INOlA Intel J~an K K '* KOREA 

MltSUI- elmel MusaShl-kOSU~' Bldg 

~~e~ ~rg~r~~~b~a, Ud Intel Asia ElectronICS, Inc 915 Shlnmaruko. Nakahara- u 
4/2, Samrah Plaza Kawasaki-Shit Kanagawa 211 
5t Mark's Road Tel' 044-733-7011 g~:u~'~~~gr8' Voungdeungpo-Ku 
Bangalore 560001 FAX 044-733-7010 
Tel 011-91-812-215065 Tel (2) 784-6186, 8286, 8386 
TLX: 9538452875 OCBY ~~~~a=~ ~tsUgl Bldg. 

TLX' K29312 INTELKO 
FAX' 091-812-215067 FAX (2) 784-6096 

'-2-1 Asahl-machl 
AtsUgl-shl, Kanagawa 243 

SINGAPORE Tel 0462-29-3731 
JAPAN FAX 0462-29-3761 

Intel Singapore Technology. Ud 

lmat Japan KK Intel Japan K K.. 101 Thomson Road #21-05/06 

5-8 TokOdal. Tsukuba-shl Ryokuch,-Ekl Bldg. Umted Square 
_ald. 300-26 2-4-1 Terauchl Singapore 1130 

Tel: 0296-47-8511 Toyonaka-shl. Osaka 560 Tel: 250-7811 

TLX: !l656-160 Tel 06-663-1091 TLX 39921 INTEL 

FAX. 029747-8450 FAX' 06-863-1084 FAX. 250-9256 

Intel Japan K.K" 
Intel Japan K K. TAIWAN Shlnmaru Bldg. 

Dauchl Mttsugl Bldg 1-5-1 Marunouchl Intel Technology Far East ltd 1·8889 Fuchu-cho Chlyoda-ku, Tokyo 100 
Fuchu-sh~ Tokyo .183 Tel' 03-201-3621 8th Floor, No 205 
Tel. 0423-60-7871 FAX: 03-201-6850 Bank Tower Bldg 
FAX. 0423-60-0315 Tung Hua N. Road 

Intel Japan K K T81pel 
Tel 886-2-716-9660 Intel Japan K K • Green Bldg FAX. 686-2-717-2455 Bldg. Kumagaya 1-16-20 Nlshlkf 

2-69 Hon-cho Naka-ku, Nagoya-shl 
Kumagaya-shl. Saltama 360 Alchl450 
Tel: 0485-24-6671 Tel 052-204-1261 
FAX: 0485-24-7518 FAX. 052-204-1285 

INTERNATIONAL DISTRIBUTORS/REPRESENTATIVES 
ARGENTINA 

OAFSYS SAL 
ChacabuCQ, 90-6 PISO 
1069-Buenos Aires 
Tel. 54-1-334-7726 
FAX' 54-1-334-1871 

AUSTRALIA 

Emwl Electronics 
15-17 Hume Street 
Huntlngdala, 3166 
Tel 011-61-3-544-8244 
TLX' AA 30895 
FAX' 011-61-3-543-8179 

NBD-Australla 
205 Middleborough Rd. 
Box HIli, Vlctorl8 3128 
Tel 03 8900970 
FAX 03 8990819 

BRAZIL 

Elebra MlcroeJectronlca SA 
Rua Geraldo Flaustna Gomes. 78 
10th Floor 
04575 - Sao Paulo - S P. 
Tel 55-11-534-9641 
TLX. 55-11-54593/54591 
FAX. 55-11-534-9424 

CHILE 

DIN Instruments 
Suecla 2323 
Casilia 6055. Correo 22 
Santiago 
Tel: 56-2-225-6139 
TLX' 240.846 AUO 

CHINAlHONG KONG 

Novel PreciSIon Machlne1 Co , Ltd. 

~~!s~1 ~,o:r;p~~~ln~tre!~g· 
N.T., Kowloon 
Hong Kong 
Tel 652-0-4223222 
1WX 39114 JINMI HX 
FAX' 852-0-4261602 

·Fleld Appllcatlon Locatlon 

INDIA 

Mlcromc DeVices 
ANn Complex 
No 65 0 V.G. Road 
Basavanagudl 
Bangalore 560 004 
Tel: 011-91-812-600-631 

011-91-612-611-365 
TLX. 9538456332 MOBG 

MrcrcOlc Devices 
No. 516 5th Floor 
Swastlk Chambers 
Sian, Trombay Road 
Chembur 
Bombay 400 071 
TLX. 9531 171447 MOEV 

M,cromc Devices 
25/8, 1st Floor 
Bada Bazaar Marg 
Old Rajtnder Nagar 
New Deihl 110 060 
Tel: 011-91-11-5723509 

011-91-11-589nl 
TLX: 031-63253 MONO IN 

Mlcronlc DeVices 
6-3-34B/12A Dwaral<apurl Colony 
Hyderabad 500 482 
Tel' 011-91-842-226746 

S&S Corporatlon 
1587 Kooser Road 
San Jose, CA 95118 
Tel (408) 976-6216 
TLX' 820261 
FAX. (406) 978-8635 

JAPAN 

Asahl ElectroniCS Co. Ltd. 
KMM Bldg 2-14-1 Asano 
Kokuraklta-ku 
Kltakyushu-shl 802 
Tel: 093-511-6471 
FAX 093-551-7861 

C. Itch Techno-SCience Co. Ltd 
4-8-1 Dobashl, Mlyamae-ku 
Kawasakl-shl, Kanagawa 213 
Tel' 044-852-5121 
FAX.044-8n-4268 

ola Sernlcon Systems, Inc. 
Flower Hili Shlnmachl Hlgashl-kan 
1-23-9 Shlnmachl. Setagaya-ku 
Tokyo 154 
Tel 03-439-1600 
FAX 03-439-1601 

Okaya Kokl 
2-4-16 Sakae 
Naka-ku. Nagoya-shl 460 
Tel 052-204-2916 
FAX: 052-204-2901 

Ayoyo Electro Corp 
Konwa Bldg 
1-12-22 TsuklJI 
Chuo-ku. Tokyo 104 
Tel' 03-546-5011 
FAX: 03-546-5044 

KOREA 

J-Tek Corporatlon 
6th Roar, Government Pension Bldg 
24-3 VOlda-dong 

~~~~?~:~~~~o-kU 
Tel' 82-2-780-6039 
TLX. 25299 KOOIGIT 
FAX: 82-2-784-8391 

Samsung ElectroniCS 
150 Taepyungro-2 KA 
Chungku. Seoul 100-102 
Tel: 82-2-751-3985 
TLX' 27970 KOASST 
FAX: 82-2-753-0967 

MEXICO 

SSB Electromcs, Inc 
675 Palomar Street. Bldg. 4. SUite A 
Chula Vista, CA 92011 
Tel' (619) 585-3253 
TLX. 26n51 CBALL UR 
FAX (619) 585-8322 

Dlcopel SA 
Tochtll 368 Frace Ind. San AntoniO 
Azcapotzalco 
C P. 02760-Me",co, 0 F. 
Tel 52-5-561-3211 
TLX: 177 3790 O,corn. 
FAX: 52-5-561-1279 

PSI de MeXICO 
FranCISCO Villas Esq AJusto 
Cuemavaca - Morelos- CEP 62130 
Tel: 52-73-13-9412 
FAX' 52-73-17-5333 

NEW ZEALAND 
Email ElectroniCS 
36 Olive Road 
Penrose, Auckland 
Tel 011-64-9-591-155 
FAX 011-64-9-592-681 

SINGAPORE 
ElectroniC Resources Pte. Ltd 
17 H""",y Aoad #04-01 
SlngapCJre 1336 
Tel' 283-0088 
1WX 56541 ERS 
FAX: 2895327 

SOUTH AFRICA 
ElectroniC BUilding Elements 
178 Erasmus Street (off Watermeyet Street) 
Meyerspark. Pretona, 0184 
Tel. 011-2712-803-7680 
FAX: 011-2712-803-8294 

TAIWAN 
Micro ElectrOniCS Co~oratlOn 
f:p~~7 Ii ~ndl Shen ast Rd. 

Tel 686-2-501-8231 
FAX 886-2-505-6609 
Sertek 
151F 135, Section 2 
Chien Juo North Rd. 
Taipei 10479, R O.C. 
Tel: (02) 5010055 
FAX' (02) 5012521 

(02) 5058414 

VENEZUELA 
P BenaVides S,A. 
AVllanes a RIO 
Resldencla Kamarata 
Locales 4 AL 7 
La Candelaria, Caracas 
Tel: 58-2-574-6338 
TLX.26450 
FAX: 58-2-572-3321 



ALABAMA 

*'ntel Corp 
5015 Bradford Dr I SUite 2 
Huntsville 35805 
Tel: (205) 830-4010 

ALASKA 

Intel Corp. 
c/o TransAlaska Data Systems 
300 Old Steese Hwy. 
Fairbanks 99701-3120 
Tel: (907) 452-4401 

Intel Corp. 
c/o TransAiaska Data Systems 
1551 Lore Road 

~~~~~~~e52~~'V76 

ARIZONA 

"'Intel Corp. 
11225 N 28th Dr. 
SUite 0-214 
PhoenIX 85029 
Tel (802) 869-4980 

*Intel Corp 
500 E. Fry Blvd., Suite M-15 
Sierra Vista 85635 
Tel (602) 459-5010 

CALIFORNIA 

tlntel Corp. 
21515 Vanowen St., Ste. 116 
canoga Park 91303 
Tel: (818) 704-8500 

·Intel Corp 
2250 E Impenal Hwy_, Ste_ 218 
EI Segundo 90245 
Tel (213) 640-6040 

"'Intel Corp 

~=~r;~~:~. 
Tel. (916) 351-6143 

1·800-468-3548 

Intel Corp 
9865 Cheasapeake Dr., Surte 325 

:;:r Ps'f£o2~~~~gs~326 
**Intel Corp. 
400 N. Tusbn Avenue 
SUite 450 
Santa Ana 92705 
Tel (714) 835-9642 

CALIFORNIA 

2700 San Tomas Expressway 
Santa Clara 95051 

Tel'\~~~~~ 

DOMESTIC SERVICE OFFICES 
·*tlntel Corp KANSAS NEW YORK 
San Tomas 4 
2700 San Tomas Exp .• 2nd Floor *Intel Corp. "'tlntal Corp 
Santa Clara 95051 10985 Cody, 5urte 140 2950 Expressway Dr_ South 
Tel (4OS) 986-8086 Overland Park 66210 Island,a 11722 

Tel: (913) 345-2727 Tel' (516) 231-3300 

COLORADO 'Intel Co'll' 
MARYLAND we~e usiness Center ·'ntel Corp. Bldg_ 00, Route 9 

650 S. Cherry 5t, SUite 915 ""'tlnte! Corp. Fishkill 12524 
Denver 80222 10010 Junction Or .• Sutte 200 Tel. (914) 897-3860 
Tel: (303) 321-8086 Annapolis JunCbon 20701 

CONNECTICUT 

Tel. (301) 206-2860 
FAX' 301-206-3Bn NORllf CAROLINA 

*Intel Corp. 
;~~eLec;,ofParm Corporate Park MASSACHUSETTS 5800 Executive Dr., Ste. 105 
83 Wooster Heights Rd. **tlntel Corp. 

Charlotte 28212 
Tel' (704) 568-8966 Danbury 06810 3 Carhsle Rd., 2nd Floor 

Tel (203) 748-3130 Westford 01886 
;~el CO~ Road Tel (508) 692-1060 
SUlte~ FLORIDA 

MICHIGAN 
Raleigh 27607 

**Intel Corp. Tel (919) 78HI022 
6363 N W. 6th Way, Ste. 100 "'tlntal Corp. 
Ft. Lauderdale 33309 7071 Orchard Lake Rd, Ste 100 OHIO Tel (305) 771-D500 West Bloomheld 48322 

*Intel Corp Tel (313) 851·8905 
;~~~'fH!;nter Dr., Ste 220 5850 T.G. lee Blvd , Ste 340 

Orlando 32822 MINNESOTA ¥:rr5~:~5350 Tel (407) 240-8000 
:Iotlntel Corp 

·tlntel Corp. 
GEORGIA 3500 W. 801h St_, Surte 360 

25700 ScIence Park Dr, Ste 100 Bloomlnwon 55431 
Tel: (6t2 835-6722 Beachwood 44122 

-'ntel Corp. Tel: (216) 464-2736 
3280 POinte Pkwy., Ste 200 
Norcross 30092 MISSOURI 
Tel. (404) 449-0541 OREGON 

"'Intel Corp 
HAWAII 4203 Earth City Exp., Ste 131 Intel Corp. 

Earth CIW 63045 15254 N.W. Greenbrier Parkway 

!tlntet Corp. Tel: (314 291-1990 BUilding 8 
Beaverton 97005 

U S.I S.C Signal Batt Tel. (503) 645-8051 
Bulldmg T-I521 NEW JERSEY Shafter Plats ""ntel Corp. Shafter 98856 **'ntel Corp. 5200 N.E. Elam Young Parkway 

300 Sylvan Avenue Hillsboro 97123 
ILLINOIS Englewood Cliffs 07632 Tel: (503) 681-8080 

Tel. (201) 567-0821 
"""'tlntal Corp. 
300 N_ Martingale Rd .. Ste 400 ~,=~rf09 Office Center 

PENNSYLVANIA 
Schaumburg 60173 
Tel' (312) 605-8031 328 Newman Spnng. Road "'tlntel COrp. 

Red Bank OnOI 455 Pennsylvania Ave .• St9 230 
Tel (201) 747-2233 Fort Washington 19034 

INDIANA Tel: (215) 841·1000 
*1"tel Corp 

*Intel Corp. 280 Corporate Center tlntel Corp 
8n7 PUrdue Rd ,Ste 125 75 livingston Ave., 1st Floor 400 Penn Center Blvd, St •. 610 
Indianapolis 46268 Roseland 07068 ~~~~~I~r 8~~~70 Tel_ (317) 875-0623 Tel. (201) 740-0111 

CUSTOMER TRAINING CENTERS 
IWNOIS 

300 N. Martingale Road 
Surte300 
Schaumburg 60173 
Tel: (708) 706-5700 

1-800-421·0386 

MASSACHUSETTS 

3 CarlISle Rosd, First Floor 
Westford 01886 
Tel: (301) 220-3380 

1-800-328-0386 

MARYLAND 

10010 Junction Dr. 
Surte 200 
Annapolis Junction 20701 
Tel: (301) 206-2880 

1-800-328-0386 

Inlel Corp. 
1513 Cedar Cliff Dr. 

~M~I ~~-11eo 
PUERTO RICO 

Intel Corp. 
South Industrial Park 
P.O. Box 910 
Las PIedras 00671 
Tel: (809) 733-8616 

TEXAS 
Intel COrp 
8815 Oyer St , Suite 225 
EI Paso 79904 
Tel: (915) 751-0188 

"Intel Corp. 
313 E Anderson Lane, SUite 314 
Austin 78752 
Tel (512) 454-3628 

""'tlntel Corp. 
12000 Ford Rd., SUite 401 
Dallas 75234 
Tel: (214) 241-8087 

;~~I ~vr Freeway, Ste. 1490 
Houston 77074 
Tel (713) 988-8OB6 

UTAH 
Intel Corp 
428 East 6400 South, Ste. 104 
Murray 84107 
Tel: (801) 283-8051 

VIRGINIA 
"Intel Corp_ 
1504 Santa Rosa Rd., Ste. lOS 
Richmond 23288 
Tel (804) 282-566B 

WASHINGTON 

"Intel Corp. 
155 10Bth Avenue N_E., Ste_ 386 
Bellevue 98004 
Tel. (206) 453-8086 

CANADA 
ONTARIO 
Intel Semiconductor of 
Canada, Ud. 
2650 QueensVlew Dr., Ste. 250 
Ottawa K2B 8H6 
Tel. (SI3) 829-9714 
FAX: 613-820-5936 

Intel Semiconductor of 
Canada, Ltd. 
190 AtJwell Dr., Ste. 102 
Rexdale IoHiWoI SH8 
Tel: (41S) 675-2105 
FAX 416-675-2438 

SYSTEMS ENGINEERING MANAGERS OFFICES 
MINNESOTA 

3500 W BOth Street 
SUite 360 
Bloomington 55431 
Tel: (612) 835-6722 

tSystem Engineering locations 
·Carry·m locattons 

**carry·ln!msll·m locabons 

NEW YORK 

2950 Expressway Dr .• South 
Islandia 11722 
Tel' (506) 231-3300 




