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iRCB 44/20A

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 iISBX 344A
BITBUS Controller MULTIMODULE™, 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 /0 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
1/0 expansion device the iRCB 44/20A board man-
ages the multiple 1/0 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 iIRCB 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.

g

MS/PC=DOS
PERSONAL
COMPUTER "

BiTBUS™,
INTERCONNECT #2

IRCB 44/20A
ANALOG CONTROLLER

158X™ 311 OR 328
IPCX 344A ANALOG 1/0
INTERFACE
CONTROLLER

EXPANSION

IRCX 920 ANALOG
ISOLATION / TERMINATION

INTEL 310 SYSTEM

g ’ 15BX™ 344
INTERFACE
ﬁ CCONTROLLER

ISOLATION / TERMINATION

INPUT 25V, 210V,
0-5Y, 0-10V
© THERMOCOUPLE
© STRAIN GAUGE
® PRESURE SENSOR
© FLOW METER
® LEVEL MONITOR
OUTPUT® 4=20 mA, £5V, £ 10V,
0-5V,0-10V
© SERVO CONTROL
® VOLTAGE SOURCE

IRCB 44/20A

BiTBuUs™
INTERCONNECT
#

RCX 920 ANALOG

ISOLATION / TERMINATION
1SBX™ 344A

INTERFACE CONTROLLER

1SBX™ 44/10A
DIGITAL CONTROLLER

TRCX 920 ANALOG
ISOLATION / TERMINATION

IRCX 910 DIGITAL
ISOLATION / TERMINATION

IRCX 920 ANALOG

280721-2

Figure 1. BITBUS Distributed Control Example
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§
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Figure 2. iRCB 44/20A Functional Diagram

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

Two 28-pin JEDEC 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. BITBUS™ Microcontrolier Interconnect Modes Of Operation

Speed Maximum Distance Maximum # Nodes Maximum # Repeaters
Kb/S Between Repeaters Per Seament* Between A Master And
M/ft 9 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

Device Data Site Code Site
4K x B-64K x 8
EPROM/ROM NO YES
2Kx8-32K x 8
e YES YES
2Kx8-16Kx 8
NVRAM and E2PROM NO YES
Analog I/0

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 1/0 lines can be manipulated from a re-
mote supervisor by communicating with the Remote
Access and Control (RAC) 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 1/0 lines.

iSBXT™ Expansion

One 8-bit iSBX I/0 expansion connector is provided
to expand the functionality of the iIRCB 44/20A
board. A full line of compatible expansion MULTI-
MODULE boards are available from Intel; both sin-
gle- and double-wide versions are supported by the
iRCB 44/20A. Parallel 1/0, serial 1/0, |IEEE 488,
magnetic-bubble memory, or additional analog 1/0
may be added in this manner.

Also, the iISBX 344A BITBUS Controller MULTIMOD-
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.

Initialization and Diagnostic Logic

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 LEDs 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 1/0 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 ahd Control (RAC) 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

1/0 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$CREATESTASK Create and schedule a new task.
RQ$DELETES$TASK Delete specified task from system.
RQ$GET$FUNCTIONSIDS Obtain the function IDs of tasks currently in the system.

INTERTASK COMMUNICATION CALLS

RQS$ALLOCATE Obtain a message buffer from the system buffer pool.
RQ$DEALLOCATE Return a message buffer to the system buffer pool.
RQ$SENDSMESSAGE Send a message to specified task.

RQSWAIT Wait for a message event.

MEMORY MANAGEMENT CALLS

RQ$GETSMEM Get available SMP memory.
RQ$RELEASESMEM Release SMP memory.
INTERRUPT MANAGEMENT CALLS ,
RQS$DISABLESINTERRUPT Temporarily disable an interrupt.
RQS$ENABLESINTERRUPT Re-enable an interrupt.
RQSWAIT Wait for an interrupt event.
TIMER MANAGEMENT CALLS
RQ$SETSINTERVAL Establish a time interval.
RQSWAIT Wait for an interval event.
Table 4. RAC Services

RAC Service 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$SDELETE$TASK system call.

GET_FUNCTION__ID

Perform an RQ$GET$FUNCTIONSIDS call.

RAC_PROTECT

Suspend or resume RAC services.

READ__IO Return values from specified 1/0 ports.
WRITE_IO Write t3 the specified 1/0 ports.
UPDATE__IO Update the specified I/0 ports.

UPLOAD__MEMORY

Return the values in specified memory area.

DOWNLOAD__MEMORY

Write values to specified memory area.

OR_I/O0

OR values into specified I/0 ports.

AND__I/O AND values into specified I/0 ports.
XOR__I/0 ! XOR values into specified I/0 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 inemory 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 1/0 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 Panel. 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.

Processor Clock
12 MHz

Instruction Execution Times

1 psec 60% instructions
2 psec 40% instructions
4 pusec Multiply & Divide

Memory Addressing

iDCM Controller
Up to 64K bytes code

Address Ranges
Option A

Option B

External Data

0000H-7FFFH 0000H-7FFFH

Memory Site
External Code | 1000H-OFFFFH 8000H-OFFEFH
Memory Site (0000H-OFFFFH if

EA Active)

Internal Code

SPECIFICATIONS Memory 0000H-OFFFH 0000H-OFFFH
CPU i NOTES:
8044 BITBUS Enhanced Microcontroller (BEM) Option A: Supports maximum amount of external EPROM
code memory
Word Size Option B: Supports downloading code into external RAM or
Instruction—8 bits EEPROM memory
Data—8 bits
BITBUS™ Development Environments
HOST BITBUS™ TOOLS NODE ICET™| EPROM PROG.
SYSTEM DCS 100 CODE
TOOLBOX 3 3
<0 8
-1 3 [=3% E
0 S xo <=
® » fos] < Yo c Ia
2 ¥ S|2 8|z 2|8 |3Es 55
= 8 £ Slg |z 2 5|0 |82 aRf
= T = S w as 0a’g
8 S 58 6 S|8B 8|2 2 2| ¢ |35 =38
Series 1l C C C X
] X X XX X X X X
v X X[ X X X X X
iPDSTM| A A A X X|C € ¢C X
iRMX® 51" X X X X X X X|D D D
8"t X X X X X X X|{D D D
XENIX 51" | 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. iPDS™ 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 MULTI-
MODULE (MWAIT * or DMA not supported by iRCB
44/20)

Interrupt Sources

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

Bus Termination

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

Analog Input Specifications

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

+20V power off

Accuracy

Resolution—12 bits
Linearity and Noise— =3/, LSB (trimmable)
System Accuracy
Gain = 1—*0.035% full-scale range (trimmable)
Gain = 500—*0.15% full-scale range (trimma-
ble)

Mating Connectors

Stability

Gain tempco—32 ppm/°C (gain = 11)
75 ppm/°C (gain = 500)
Offset tempco—100 microvolts/°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)
A/D conversion time—30 microseconds

Analog Output Specifications

Number of channels—2
Output ranges—0 to 5V, 0 to 10V (unipolar) 5V,
+10V (bipolar)
Current-loop range—4 to 20 mA (unipolar mode
only)
Output impedance—0.2Q min. (voltage)
5 MQ max. (current)
Output current—=+5 mA (short-circuit protected)

Accuracy

Resolution—12 bits
Linearity and Noise—+3/, 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 microvolts/°C (unipolar)
300 microvolts/°C (bipolar)

0.6 microamps/°C (current-loop)

Offset temperature coefficient
30 microvolts/°C (unipolar)
180 microvolts/°C (bipolar)
0.3 microamps/°C (current-loop)

Function # of Pins Type Vendor Part Number
BITBUS 64 Flat Cable GW Elco 00-8259-096-84-124
Connector Robinson Nugent RNE-IDC-64C-TG30
Wire Wrap ITT Cannon G06 M96 P3 BDBL-004
GW Elco 60 8257 3017
iSBX -
Connector 36 Solder Viking 000292-0001
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Dynamic Performance

Aggregate throughput—20 KHz (gain = 1, 10)
7.5 KHz (gain = 100, 500)
Settling Time—15 microseconds to =1, LSB

Electrical Characteristics

Interface Compliance

iSBX BUS (through level D8/8F):
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. All other synchronous mode speeds re-
quire user-supplied 2.0-9.6 MHz crystal.

— Equivalent to 1.1 standard (RS 485) loads
— Message length up to 54 bytes maximum

Power Requirement (exclusive of optional
memory or iISBX MULTIMODULE)

Voltage Current (amps) Ma()‘:;al’t:):)ler
+5V £5% | 0.9 max.0.7 typ 45
+12V £5% 100 mA max.
—-12V +5% 100 mA max.
NOTE:

+15V and —15V required for 0 to 10V and +10V ranges;
for £ 15V operation, the iRCB 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: 0°C to +60°C at 0.8 CFM
air volume

Relative Humidity: 90% non-condensing

Reference Manual (Not Supplied)

148816— iRCB 44/20A Hardware Reference
Manual

ORDERING iNFORMATION

Part Number Description -
iRCB 44/20A BITBUS Analog I/0 Controller Board
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iRCX 910/920
DIGITAL/ANALOG
SIGNAL CONDITIONING
ISOLATION AND
TERMINATION PANELS

iRCX-910

* Digital termination for BITBUS™ iRCB 44/10A
digital remote controller board, iSBX™ 350 digital
MULTIMODULE™ and Multibus® digital I/O single
board computers (SBCs)

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

¢ LEDs indicate status of each module

® Separate connectors for BITBUS, Power, RCB and
Expansion I/O

o Integral mounting site for one 24 channel digital
iRCB 44/10A

iRCX 920

¢ Analog termination for iRCB 44/204, iSBX 311,
iSBX 328, and iSBC 88/40

® Sockets accepting up to 18 Analog Devices
Corporation’s 5B 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
iRCB 44/20A

®INTEL CORPORATION 1988

AUGUST 1988
ORDER NUMBER" 280443-001

313/27900187/page 1
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More Convenient BITBUS™
System Integration

Intel now provides one more building
block for developing BITBUS™ net-
works: the iRCX 910/920 Digital/
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 44/10A
and 44/20A, which provide analog/
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 MULTIBUS®
Boards

The iRCX 910 and iRCX 920 not only
work with the iRCB 44/10A 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.

Table 1 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 1/0 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 I/O 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.

Mention of these companies 1n no way constitutes an endorse-
ment by Intel of thesr products

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

iRCX 910 ' iRCX 920

Intel iSBCs

iSBX Intel iISBC Intel iSBX

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

519

350 88/40A 31
328

CENTRALIZED I/0

MULTIBUS
CHASSIS

| S -
| NN [ N N O
IS [ Ny -y -y -
S ) S NNy S g -
| WD S - =

TII I I TICT

]nunnnunnunuu
pooooooooooo

1000000oo0nD

iRCX-910 IRCX-920

BITBUS REMOTE 1/0 OR
DISTRIBUTED CONTROL

0
]

ToooonooonmL

iRCB-44/20A

loooooooooooo
|j0ooooooooooo

iRCX-910
iRCB-44/10A

[l
loDpooooooooon
oooooooooooo

IRCX-910

N

=N

IRCB-44/10A

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

313/27900187/page 2
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iRCX 920: Uses Analog
Devices Corporation
Modules to Provide State-
of-the-Art Signal Condition-
ing and Isolation

The iRCX 920 terminates 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, including thermocouple and RTD
sensors, millivolt and volt inputs, and
0-20 ma and 4-20 ma 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, allowingsuperior software
performance.

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 1/0 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

component placement and the inclusion
of a ground terminal. Also, they’re
mounted in front of the iRCB 44/10A
and 44/20A boards, protecting the heart
of the remote node from accidental
damage.

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

24 DIGITAL
1/0 MODULES

BITBUS
CONNECTOR

EXPANSION
‘CONNECTOR

Y

MOUNTING
BRACKET

CABLE CONNECTOR

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

18 ANALOG I/0
MODULES

BITBUS
CONNECTOR

TERMINATION
EWS
EXPANSION
CONNECTOR
MOUNTING
BRACKET

IRCB 44/20A

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

POWER REQUIREMENTS
(TYPICAL)
RCX 910
Vec = +5VDC +5%
Icc = 0.03 a/module installed
+1.00 a (if RCB 44/10A
installed)
+ current requirements of any
installed SBX
RCX 920
Vec = + 5VDC +5%
Ic.c = 0.03 a/input module
+0.17 a/output module
+1.00 a (if RCB 44/20A is
installed)
+ current requirements of any
installed SBX '
Additional Power Requirements when
used with RCB 44/20A
100 ma @ +12 VDC +4%
100 ma @ —12 VDC +4%

DIMENSIONS
RCX 910
Width: 1700 (43.18 cm)

Height:  6.20" (15.75 cm)
Depth: 3.25"” (8.26 cm) with
user-provided modules
installed
RCX 920
Width: 17.00" (43.18 cm)
Height:  6.20" (15.75 cm)
Depth: 4.25" (10.80 cm) with
user-provided modules
installed
ENVIRONMENTAL
REQUIREMENTS

RCX 910/RCX 920 Standalone
Operating Temperature: 0° to 70° C
(32° to 158° F)
Operating Humidity: 0-90% R.H.
(non-condensing)
RCX 910/RCX 920 with mounted RCB

In still air:
0° to 55° C (32° to 131° F)

‘With 200 linear feet/minute forced air:

0° to 60° C (32° to 140° F)

Ordering Information

Part Name Description

iRCX 910 BITBUS Digital Signal
Conditioning, Isolation,
and Termination Panel

iRCX 920 BITBUS Analog Signal
Conditioning, Isolation,
and Termination Panel

Analog I/0O Analog Devices 5B Series

Modules  To order contact:
Analog Devices
Corporation
One Technology Way
Norwood, MA 02062
(617) 329-4700

1SBC, 1SBX, MULTIBUS and BITBUS are trademarks of Intel
Corporation
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iRCX 900 ISOLATION MODULE

ISOLATION AND TRANSIENT PROTECTION FOR
BITBUS™ NETWORKS

The Intel IRCX 900 Isolation Module protects against ground loops, voltage differences
between nodes, and transient voltage spikes in BITBUS™ 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:

e Common-mode isolation of 1500 VAC
for a working voltage of 480 VAC.

e 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.

e Power-on indicator LEDs.

* Rugged industrial packaging with

multiple mounting options

Dual termination with 10-pin BITBUS

connector and 10-position terminal

block.

- I I-
October, 1989

© Intel Corporation 1989 1 7-71 Order Number 280639-001



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 nodes. The IRCX 900 can be
powered either from the 12V BITBUS signal line or a
separate 12-24V power source.

EASY TO INSTALL AND UPDATE

Installation and change of configuration are easy,
because the iIRCX 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 Intel's high quality standards. We
then verify quality through rigorous testing in our
state-of-the-art Environmental Test Laboratory.

SPECIFICATIONS
POWER REQUIREMENTS ENVIRONMENTAL REQUIREMENTS
Input Voltage: 10.8-26.4 VDC Storage Temperature: — 40° to 70°C (-40° to
Input Power: 2.0 watts (typical) 158°F)

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

DIMENSIONS:

Width: 6.48 in. (16.46 cm)
Height: 5.7 in. (14.48 cm)
Depth: 1.78in. (4.52 cm)

Operating Temperature: 0° to 55°C (32° to 131°F)
Storage Humidity: 5%-95% non-condensing at
55°C

8%-90% non-condensing at
55°C

Operating Humidity:

et bons
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).
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tel 8044 BITBUS™
ENHANCED MICROCONTROLLER

®m Dual Processor Microcontroller B BITBUS™ Firmware Included On-Chip
Architecture ®m Power-Up Diagnostics

m High Performance 8-Bit CPU @ DCX 51 Distributed Control Executive
m Embedded Parallel Communications Included On-Chip

Firmware m MCS©®-51 Software Compatible
m 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
BEM FIRMWARE 192 BYTES © Esfu:';“ > pATA
OSCILLATOR 4096 BYTES DUAL PORT
& TIMING PROGRAM u RAMO c> INTERFACE | gpLC-BASED
MEMORY UNIT) SERIAL

‘ ‘ COMMUNICATIONS
= K B i
U U

64K-BYTE BUS TWO 16-BIT
EXPANSION :> P"oG"ngAB"E TIMER EVENT
CONTROL COUNTERS
INTERRUPTS CONTROL PARALLEL PORTS COUNTERS
ADDRESS DATA BUS
AND I/0 PINS

280129-1
Figure 1. BEM Block Diagram

*IBM is a trademark of International Business Machines Corporation.

October 1987
17-73 Order Number: 280129-003
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OPERATING ENVIRONMENT

Introduction

The BITBUS 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 1/0 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 I/0
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
TASKS

TRANSACTION
PROTOCOL

DATA LINK

PHYSICAL
LINK

T 1
1 1
PHYSICAL PHYSICAL
LINK LINK
DATA LINK DATA LINK
TRANSACTION TRANSACTION
PROTOCOL PROTOCOL
SLAVE TASKS SLAVE TASKS
280129-2
Figure 2. BITBUS™ Architecture
CONTROL <—| >
LINES 8051 HOLC/
1> MICRO-  |«cg»| DUALPORT Lg 5 S ~—> spLe
<> CONTROLLER RAM _ PORT
~—1
| DCMa44 F/W |
280129-3

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).

Figure 4 shows one example of an Extended firm-
ware environment. This particular example repre-
sents the BITBUS Core as used on Intel's iSBX™™
344A BITBUS Controller MULTIMODULE™ 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

EXTENDED FIRMWARE ENVIRONMENT
(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 I/0—
Control Interface OFFOOH to OFFFFH

external data space

BITBUS™INTERCONNECT

OPTIONAL

OSCILLATOR 12MHz CRYSTAL

il

ADO0-AD7
KNe———

DATA
PAIR

DATA

SCLK
SERIAL

INTERFACE] _1/O"
DCLK/ LLCAS
RTS PAIR

BEM

ADO-AD7 .
CONFIG. |—
A0
ADO-AD? N
~’| Doata
¥ X | memory
E CODE
AO-AF
ADDRESS| — MEMORY
LATCH |\
PMEM*
AB-AF AS-AF CONCs*
>} bECODER
FIFO
locs*
280129-4

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

Parallel Interface to | FIFO Command Byte—
Extension Device OFFO1H 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-

sults 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

e On-chip oscillator

4K bytes of RAM

192 bytes of ROM

32 1/0 lines

64K address space external data memory
64K address space external program memory
Two Programmable 16-bit counters

Five source interrupt structure with two priority
levels

® Bit addressability for Boolean functions
® 1 us instruction cycle time for 60% instructions
2 ps instruction cycle time for 40% instructions

® 4 us 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/0 dependent upon
the firmware environment selected.

FFFE

EXTERNAL

FFFF

1000
———
OFFF oFFF OVERLAPPED
SPACE
INTERNAL EXTERNAL /\
a9 | | @&o | sgr—-——--%- SPECIAL
INTERNAL
BF| DATARAM
0000 0000 Y 000
. _/ > P
" EXTERNAL
INTERNAL
PROGRAM MEMORY L. JDATA
280129-5
Figure 5. BEM Memory Map
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Memory Architecture

The 8044 microcontroller maintains separate data

SIGNAL FUNCTIONS

The 8044 BEM'’s pin configuration and pin descrip-

and code memory spaces. Internal data memory tion follow.
and program memory reside on the controller. Exter-
nal memory resides outside the controller. The BEM
firmware uses the available internal code memory po 1] T feo vee
space and most of the remaining internal data mem- PLI 2] 39 PoO
ory with the exception of bit space 02AH to 02FH. ::: :g g;’; ;‘;;
Figure 5 shows the BEM’s memory map. - % P03
P15 6 35 P04
ATS P16 7] 134 POS
1/0 ADDRESSING REQUIREMENTS o P78 133 Po6
RST 9 132 P07
g:w:s st:gle below provides the BEM'’s I/O port ad- o :: ol = g ;; ifE s
. P32 12 129 PSEN
Table 1. BEM 1/0 Addressing amomang § pn o
. N T0 P34 14 27 P26
Function Address Bit | Byte T P35 15 26 P25
Red LEDP1.0 | 90H X o ey ool o s
Green LED P1.1 | 91H X XTaLz 18 . 23 P22
XTAL1 19 D22 P21
TCMD 92H X vss 20 ] 21 P20
RFNF # B3H X 280129-6
TFNF# B82H X Figure 6A. BEM DIP Pin Configuration
RDY/NE* B4H X
Node Address FFFFH X
Configuration | FFFEH X frrizs88sss
Reserved FFEOH-FFFDH X /:., UL L
Digital I/0 FFCOH-FFDFH X P57 39f—po4
P1.6—1 8 38p=P0.5
SBX #4 FFBOH-FFBFH X P17 o 37b-po.6
SBX #3 FFBOH-FFAFH X RsT/vPD— 10 36[=po7
P3.0— 11 35— EA
SBX #2 FF90H-FF9FH X ne 12 8044 34l n/c
SBX #1 FF80H-FF8FH X o o ot
User Defined FF40H-FF7FH X P33 15 s1ib-p27
Reserved FFO2H-FF3FH X Pa.4—q18 30f=p2.6
P3.5—17 29~ P2.5
FIFO Command | FFO1H X 1|8 1[9 zlo le zlz zls 2I4 zls zle 2'7 zla
FIFO Data FFOOH X R FE TR
280129-26
Figure 6B. BEM PLCC Pin Configuration
Table 2. BEM Pin Description
Name Description

VSS Circuit ground potential.

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

PORT 0 Port 0 is an 8-bit open drain bidirectional I/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 sink/source eight LS TTL loads.

PORT 1 Port 1 is an 8-bit quasi-bidirectional 1/0 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/0 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

Description

PORT 2

Port 2 is an 8-bit quasi-bidirection I/0 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 170 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 sink/source four LS TTL loads.
In addition to 1/0 some of the pins also serve alternate functions as follows:
* /O 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 0.
o INTT (P3.3). Interrupt 1 input or gate control input for counter 1.
® TO (P3.4). Input to counter 0.
e SCLK T1 (P3.5). In addition to 1/0, 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 signal enables External Data Memory to Port 0.

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 KQ) from RST to VSS permits power-on reset
when a capacitor (= 10 pf) is also connected from this pin to Vgg.

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.

EA/VPP

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 voitage on the 8744.

XTAL 1

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.

XTAL 2

Output from the oscillator’s amplifier. Input to the internal timing circuitry. A crystal or

Firmware

The BEM'’'s Basic firmware environment provides
two services: BITBUS Communications and Power-
Up Diagnostics. The Extended firmware environ-

external source can be used.

Basic Firmware Services

POWER-UP DIAGNOSTICS
INCREASE RELIABILITY

ment provides the Basic firmware services plus Par- For added reliability and simplified system start up,

allel Communications and User Software Services

the BEM firmware includes power-up diagnostics. At

ﬂﬁgii(or?;) E\xcejéfggio?ie;]?:crﬁggﬁzea%ﬂo(v:vgmml 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 LEDs (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 P1.0, and the green
LED is connected to pin P1.1.

Table 3. Power-Up Test Sequence

BITBUS™ 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. BITBUS™
Interconnect Modes of Operation

Max. Dist | Max #
Speed| Between | Nodes Max #

Kb/s |Repeaters| Between |Repeaters
M/ft  |Repeaters

Synchro-

State of Port*
After Test Completion
TestSequence | poy ) ED | Green LED
(Pin 1.0) (Pin 1.1)
Power-on On On
Prior to Start of Tests Off Off
Test 1—lInstruction Set On On
Test 2—ROM
Checksum Test On Off
Test 3—Internal RAM Off Off
Test 4—External RAM Off On .

*Ports are Active Low.

BITBUS™ 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 (IEC) 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.

nous 2400 | 30/100 28 0
Self- 375 |300/1000 28 2
Clocked| 62.5 {1200/4000 28 10

BITBUS™ 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 (SDLC), 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.

BITBUS™ 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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+5v

ALE
PR @ [¢)
+5V o o ?
% cK a*
= CLR
7
MCLK o o
S DATA In

cK

CLR

DATA

DATA*

e

NOTES:

M

DCLK/RTS

N

—— AN\ +5V

DCLK*/
RTS*

B L

SCLK

O
280129-7

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. BITBUS™ Interface Hardware Requirements

| FLAG | ADDRESS | CONTROL | INFORMATION | FCs | FLAG |

1 1 1 N 2 1 (BYTES)
Figure 8. BITBUS™ Frame Format
pe L8 FIRST BIT
BI
LENGTH € TRANSMITTED
MT | SE | DE l ™ | RESERVED
SE - SOURCE EXTENSION
SOURCE TASK IDESTINATION TASK| DE - DESTINATION EXTENSION
COMMAND/RESPONSE TR - TRACK FIELD
LAST BIT
TRANSMITTED > DATA

280129-8

Figure 9. BITBUS™ Message Format
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BITBUS™ Interface Configuration

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-

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.

BITO
BIT1
BIT2
BIT3
BIT4
BITS

BIT6
BIT?7

O00O00QO0OO0OO0

VAR

NOTE:
Jumper Installed = 1
Jumper Removed = 0

Node Address Register

BITO (@]

BIT1 (@]

BIT2 O] ALL JUMPERS REMOVED SELECTS
NODE ADDRESS OOH.

BIT3 ()

BIT4 O ALL JUMPERS INSTALLED SELECTS
NODE ADDRESS FFH.

BIT5 (0]

BIT6 (0]

BIT7 O

- 280129-9
Mode Register

ESTABLISH THE BITBUS™ MODE IN THE
BEM FIRMWARE. THEY ARE USED ONLY
DURING POWER-UP. BITBUS™ 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
TO PROVIDE THE TWO MEMORY

ADDRESSING OPTIONS. IN BOTH CASES,

THE 8044 ARCHITECTURE OF SEPARATE
CODE AND DATA SPACES IS

MAINTAINED. JUMPER REMOVED ROR

OPTION A; JUMPER INSTALLED FOR OPTION B.

INDICATES WHETHER ABYTE FIFO IS
PRESENT. THE DCM FIRMWARE USES
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.
280129-10

Figure 10. BITBUS™ 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 MULTIMODULE
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
(FFO1H). 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 Function Internal Bit Address
INTO RFNF B3H
INT1 TFNE B2H
P1.2 TCMD 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.

(1SBX™ BUS)
PARALLEL INTERFACE

280129-11

Figure 11. Extending the Capability of BITBUS™ System with the Paraliel Communications Interface
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TFNE controls the input of data bytes to the BEM.
This bit is set when bytes are availabie 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
MULTIMODULE 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

{_ 1SBX ™ 344 BOARD -1‘
| |
| |
| BEM |
| |
| |
| |

|
l P 8044 LOCAL BUS |
| |
| TCcMD* . |
| TENE® RENF |
| |
| |
| |

|
| TRANSMIT RECEIVE I
] FIFO FIFO |
! [
l |

|
l[_ TENF e _J‘

EXTENSION DEVICE CPU__
LOCAL BUS

T

EXTENSION
DEVICE CPU

280129-12

Figure 12. Byte FIFO Interface Example
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SENV

YES

Y

WRITE
END OF
MESSAGE
COMMAND

RETURN
280129-13

Figure 13. Transmitting a Message from BEM
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RECEIVE MESSAGE

-t
-

A

A

READ
END OF
MESSAGE
COMMAND

RETURN

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 listed in Table 5. Other services provided by the
Executive: 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
the RQSENDMESSAGE call, other portions of the
firmware extend the communication capability
across the parallel and BITBUS interfaces. This

embedded 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
and Control Task) 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 0. Figure 13 illustrates
this concept in a BITBUS system. Table 6 shows the
functions provided by the RAC task. All /O com-
mand accesses are memory mapped to locations
OFFOOH to OFFFFH in the BEM'’s external memory.
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Table 5. iDCX™ 51 Calls

Call Name Description
TASK MANAGEMENT CALLS
RQ$CREATES$TASK Create and schedule a new task.
RQS$DELETE$TASK Delete specified task from system.
RQ$GETSFUNCTIONSIDS | Obtain the function IDs of tasks currently in system.

INTERTASK COMMUNICATION CALLS

RQS$ALLOCATE Obtain a message buffer from the system buffer pool.
RQ$DEALLOCATE Return a message buffer to the system buffer pool.
RQ$SENDSMESSAGE Send a message to specified task.

RQSWAIT Wait for a message event.

MEMORY MANAGEMENT CALLS

RQ$GET$SMEM

Get available system memory pool memory.

RQ$RELEASESMEM

Release system memory pool memory.

INTERRUPT MANAGEMENT CALLS

RQS$DISABLESINTERRUPT | Temporarily disable an interrupt.
RQ$ENABLESINTERRUPT | Re-enable an interrupt.
RQSWAIT Wait for an interrupt event.
TIMER MANAGEMENT CALLS

RQ$SETSINTERVAL Establish a time interval.
RQSWAIT Wait for an interval event.

EXTERNAL MEMORY

LOCAL /O

BITBUS™
INTERCONNECT

/ TASK
| (OPTIONAL)
I
l. PR -
|
\ USER

\ TASK
\ (OPTIONAL)

51
EXECUTIVE

280129-15

Figure 15. BEM Communication Firmware
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Table 6. RAC Functions

Name

Function

RESET__STATION

Perform a software reset.

CREATE__TASK

Perform an RQSCREATES$TASK system call.

DELETE__TASK

Perform an RQ$SDELETE$TASK system call.

GET_FUNCTION__ID

Perform an RQ$GET$FUNCTIONSIDS call.

RAC__PROTECT

Suspend or resume RAC services.

READ__IO Return values from specified 1/0 ports.
WRITE_IO Write to the specified I/0 ports.
UPDATE__IO Update the specified I/0 ports.

UPLOAD_MEMORY

Return the values in specified memory area.

DOWNLOAD__MEMORY

Write values to specified memory area.

OR_I/0

OR values into specified I/0 ports.

AND__I/0

AND values into specified 1/0 ports.

XOR__I/0

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.

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 the iISBX 344A module and the iRCB 44/10A and iRCB 44/20A
boards. Each RAC Access Function may refer to 1, 2, 3, 4, 5, or 6 individual I/0O 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, eg. 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 (ITD) allows the user to
specify the original attributes of a task. Table 7
shows the ITD task structure.

Table 7. ITD Structure

Pattern Word | value identifying an
ITD: “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 w/function
Register Bank | Bit(4) | assigns one register
bank to task
Priority Bit(4) | task priority level
Interrupt Vector | Word | specifies interrupt
associated w/task
Next ID Word | address of the next
ITD in linked-list
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias ........ 0to 70°C
Storage Temperature .......... —65°Cto +150°C
Voltage on Any Pin with

Respect to Ground (Vgg) ........ —0.5Vto +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 Tp = 0°Cto 70°C, Vo = 5V +£10%, Vgg = OV

Symbol Parameter Min Max Units Test Conditions

VIL Input Low Voltage —0.5 0.8 \

VIH Input High Voltage 2.0 Voo + 0.5 \
(Except RST and XTAL2)

VIHA1 Input High Voltage to 25 Voo + 0.5 XTAL1 = Vgg
PST For Reset, XTAL2 )

VOL Output Low Voltage 0.45 \' loL = 1.6 mA
Ports 1, 2, 3 (Note 1)

VOL1 Output Low Voltage 0.45 \' loL =32mA
Port 0, ALE, \PSEN (Note 1)

VOH Output High Voltage 24 \ loq = —80 A
Ports 1,2, 3

VOH1 Output High Voltage 2.4 \" lon = —400 pA
Port 0, ALE, \PSEN

lIL Logical 0 Input Current —-500 BA XTAL1 at Vsg
Ports 1,2, 3 Vin = 0.45V

1IH1 Input High Current to 500 pA Vin < Vgg — 1.5V
RST/VPD For Reset

ILI Input Leakage Current +10 pA 0.45V<Vin<Vgg
to Port 0, \EA

ICC Power Supply Current 170 mA All Outputs Disconnected,

EA = Voo

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

L2 Logical O Input Current —3.6 mA XTAL1 at Vgg
XTAL2 Vin = 0.45V

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
1-to-0 transitions during bus operations. In the worst cases (capacitive loading > 100 pF), the noise pulse on the ALE line
may exceed 0.8V. 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, to 0°C to 70°C, Vo = 5V +10%, Vg = OV, Cy for Port 0, ALE and
PSEN Outputs = 100 pF; C;_for All Other Outputs = 80 pF

PROGRAM MEMORY

Symbol Parameter 12 MHz Clock J/TOLGL o 3.5 Mete b0 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
TLLIV 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@ | Input Instr Float after PSEN 63 ns TCLCL—20 ns
TPXAV( | Address Valid after PSEN 75 ns TCLCL-8 ns
TAVIV Address to Valid Instrin 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 O drivers.

EXTERNAL DATA MEMORY

Symbol Parameter 12 MHz Clock JTELOL = 56 i 6 12 iz
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 | WRor 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
tDSS Data Setup Time 40 ns
tDHS Data Hold Time 40 ns

WAVEFORMS

Memory Access

PROGRAM MEMORY READ CYCLE

{ TCY |

TLHLL — TLLIV
TLLPL
ALE N —\
fe——— TPLPH——

PSEN ___/—— ) _J.C TPXAV

TLLAX ] <F

TAVLL .| ;:;l{}i——hpx'x: ™’Xiz
~
poRTo  'NSTRIN < A7-AD INSTRIN A7-AD INSTRIN >——
TAVIV
ADDRESS ¢ R N o
PORT 2 OR SFR-P2 >ﬁL ADDRESS A15-A8 ><L ADDRESS A15-A8
280129-16
DATA MEMORY READ CYCLE
TWHLH
\ TLLOV )
ALE / N
PSEN ___/
— TLLWL
RD TRLRH.
TRHDZ
TR AL —=N\ T /1
TAVDV = —— —H o TRHOX __] <
PORT 0 A7-A0 § DATA IN >
— TRLAZ
ADDRESS ~
PORT 2 OR SFR-P2 L ADDRESS A15-A8 OR SFR-P2 P
280129-17
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WAVEFORMS (Continued)

DATA MEMORY WRITE CYCLE

ALE

PSEN

PORT 0

PORT 2

o\

TWHLH——ﬂ %

e

TLLWL
\ TWLWH —
TAVWL /
TLLAX oy ~——TavwXx TOVWH TWHOX
< AT-A0 ' DATA OUT
ADDRESS -
ABDRESS, X ADDRESS A15-A8 OR SFR-P2
280129-18

SERIAL 1/0 WAVEFORMS

SYNCHRONOUS DATA TRANSMISSION

TDCY
TDCL
soux li 7[ A
TDCH—*K————
DATA > <
te—TTD
280129-19
SYNCHRONOUS DATA RECEPTION

TDCY

soLK ‘j TDCL L x
TDCH
DATA
TDSS TDHS 1

280129-20
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CLOCK WAVEFORMS

INTERNAL | STATE4 | sTATES | STATEG | STATE1 | STATE2 | STATE3 | STATE4 | STATES
cLocK pr|p2 | e [p2 e ez ler|p2]p|r2aip|p2|ri]|p2]ei]e2
XTAL 2

ALE ﬂ r——l__J—L__

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

PSEN

PO Joaral [ Pcrour | Joatal__[pctout]  foaral [Poroutr |
SAMPLED SAMPLED SAMPLED
FLOAT e FloaT—>—] ——rioAT ——]

P2(EXT) [ INDICATES ADDRESS TRANSIONS |
READ CYCLE
"o 1 |
00H IS EMITTED PCL OUT (IF PROGRAM
DURING THIS PERIOD MEMORY IS EXTERNAL)

[}
[T oPLoRRAI | / [patal L
PO
ourt } 7z, FLOAT SAMPLED -

P2 — INDICATES DPH OR P2 SFR TO PCH TRANSITIONS -
WRITE CYCLE

WwR 1 [PCL OUT(EVEN IF PROGRAM
MEMORY IS INTERNAL)

PO | DPL OR R l g r

our fo— DATA OUT =3~ PCL OUT (IF PROGRAM
P2 _ 1 INDICATES DPH OR P2 SFR TO PCH TRANSITIONS | MEMORY IS EXTERNAL)
PORT OPERATION
MOV PORT, SRC OLD DATA [ NEW DATA

PO PINS SAMPLED

MOV DEST. PO [@ J:A

MOV DEST, PORT (P1, P2, P3) PO PINS SAMPLED
(INCLUDES INTO, INT1, T0, T1)

P1. P2, P3 PINS SAMPLED P1,P2,P3
SERIAL PORT SHIFT CLOCK . PINS SAMPLED
TXD ! l 3
(MODE 0) “RXD SAMPLED RXD SAMPLED
280129-21
This diagram indicates when signals are clocked in- ies from output to output and component to compo-

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

INPUT/OUTPUT FLOAT
24 20 20 FLOAT
>C TEST POINTS >< 24— 10 2,.y:'—'"‘
0.45 0.8 0.8 \
280129-22 o_‘s___J(&' OJ\k__ 045
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 0.8V for a logic “0”.
EXTERNAL CLOCK DRIVE XTAL2
le———TCHCX TCLCH——+]  je— le— TCHEL
28 25 / 25
7‘ ) Kk 0.8 0.8 o
’ TCLCX
TcLeL
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

RD* Iﬂ
TFNE® I | 1 ‘;j
TcMD* | \jr___-
AQ-15 < Ffr0 D> @—————
WR*
" RFNF* I ______ |
280129-25
SPECIFICATIONS 210941-002 — OEM System Handbook

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

210918-006 — Embedded Controller Handbook

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

ORDERING INFORMATION

Part Number Description
P,N8044AH,R 0112 BITBUS Enhanced Micro-
controller
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8044AH/8344AH/8744H
HIGH PERFORMANCE 8-BIT MICROCONTROLLER
WITH ON-CHIP SERIAL COMMUNICATION CONTROLLER

= 8044AH—Includes Factory Mask Programmable ROM
® 8344AH—For Use with External Program Memory
® 8744H—Includes User Programmable/Eraseable EPROM

8051 MICROCONTROLLER CORE SERIAL INTERFACE UNIT (SIU)
m Optimized for Real Time Control 12 " m Serial Communication Processor that
MHz Clock, Priority Interrupts, 32 Operates Concurrently to CPU
Programmable 1/0 Lines, Two 16-bit

m 2.4 Mbps Maximum Data Rate
m 375 Kbps using On-Chip Phase Locked

Timer/Counters
@m Boolean Processor

Loop
m 4K X 8 ROM, 192 X 8 RAM m Communication Software in Silicon:
m 64K Accessible External Program — Complete Data Link Functions
Memory — Automatic Station Response
B 64K Accessible External Data Memory m Operates as an SDLC Primary or
m 4 ps 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 HDLC/SDLC 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 1/0 lines; 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 TTL and most byte-oriented MCS-80 and MCS-
85 peripherals can be used for 1/0 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
tasks. )

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’s Dual Controller Architecture

Control

Lines = |- 8051 HDLC/
T | Micro Zport siu. | =f=soLc
1T Lcontroller RAM port
231663-1
Figure 1. Dual Controller Architecture
October 1987
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Table 1. RUPITM-44 Family Pin Description

VSS
Circuit ground potential.

vCC

+ 5V power supply during operation and program
verification.

PORT 0
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 sink/source eight LS TTL loads (six in 8744).

PORT 1

Port 1 is an 8-bit quasi-bidirectional 170 port. It is
used for the low-order address byte during pro-
gram verification. Port 1 can sink/source four LS
TTL loads.

In non-loop mode two of the /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-to-Send input. A low indicates
that a receiving station is ready to receive.

PORT 2

Port 2 is an 8-bit quasi-bidirection 1/0 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 sink/source four LS TTL loads.

PORT 3

Port 3 is an 8-bit quasi-bidirectional 170 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 sink/source four LS LTT
loads.

In addition to 1/0, 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. Serves 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 'O’ written to this pin enables diagnostic
mode.

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

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

— TO (P3.4). Input to counter 0.

— SCLK T1 (P8.5). In addition to /0, 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 O into the External Data
Memory.

— RD (P3.7). The read control signal enables Ex-
ternal Data Memory to Port 0.

RST

A high on this pin for two machine cycles while the
oscillator is running resets the device. A small ex-
ternal pulldown resistor (=8.2KQ2) from RST to
Vss permits power-on reset when a capacitor
(=10uf) is also connected from this pin to V.

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 TTL high level, the RUPI-44 exe-
cutes instructions from the internal ROM when the
PC is less than 4096. When held at a TTL 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. RUPI™-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

' XTAL 2

Output from the oscillator’s amplifier. Input to the
internal timing circuitry. A crystal or external source

when external source is used on XTAL 2. can be used. )
RST
vss vce 8
| pmoC]r 7  [vee
xr:%.‘ z v g P12 19[]P00 ADO
e e ) < P23 B[P0t ADY
0 s o |2 praC]e 7[Jroz AD2
° 3
pi3 i Praf]s 8 [Je03 aD
XTAL2 oo O fa-o- : prsC)s 3 [1po4 ADe
> Joo |8 ATS P16(]7 3a[JPos ADS
EA IVPP — > ) o) § &S pi7]s 13[Jros ADs .
_ o ) < RSY 09  soee 2[2P07 ADZ
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Figure 3B. PLCC Pin Configuration

17-96




intel

PRELIMINARY

8044AH/8344AH/8744H
FREQUENCE
REFERENCE
|| oscu 4096 BYTES Siv ld——— DATA
LATOR PROGRAM oeapyres (> SERIAL
| & MEMORY RAM INTERFACE _'_.. o
TIMING (8044 & 8744) UNIT) HDLC/SDLC
| | SERIAL
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DORESS DATA BUS
AND 1/0 PINS 231663-4

Figure 4. Block Diagram

FUNCTIONAL DESCRIPTION

General

The 8044 integrates the powerful 8051 microcontrol-
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 8044’s architecture and in-
struction set are identical to the 8051’s. The 8044
replaces the 8051’s serial interface with an intelli-
gent SDLC/HDLC Serial Interface Unit (SIU). 64
more bytes of RAM have been added to the 8051
RAM array. The SIU can communicate 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 intended 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:
e 8-bit CPU
® on-chip oscillator

¢ 4K bytes of ROM

* 192 bytes of RAM

e 321/0 lines

® 64K address space for external Data Memory

® 64K address space for external Program Memory
e two fully programmable 16-bit timer/counters

a five-source interrupt structure with two priority
levels

bit addressability for Boolean processing

SPECIAL
REGISTERS
—
255 FoH 1
FOH
E8H
EOH
DeH
RAM 2n = aooaess-
et ABLE
b COH BITSIN
BsH SFRs
BOH (128 BITS)
ASH
INDIRECT
ADDRESS on
ING
90H
ssH
80H
DIRECT
P ADDRESS-
ING
ADDRESS-
ABLE
BITSIN
SFRs 3
(128 BITS)
1
REGISTERS
J
INTERNAL  SPECIAL FUNCTION
DATARAM  REGISTERS 231663-5

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

® 4 us cycle time for 8 by 8 bit unsigned Multiply/
" Divide

INTERNAL DATA MEMORY

Functionally the Internal 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 space 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 Data RAM ad-
dress space are filled with on-chip RAM.

Parallel 170

The 8044 has 32 general-purpose 1/0 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 1/0 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®-51 Instruction Set Description

Mnemonic Description Byte Cyc Mnemonic Description Byte Cyc
ARITHMETIC OPERATIONS ARITHMETIC OPERATIONS (Continued)
ADD ARn Add register to - SUBB A,@Ri Subtract indirect
Accumulator 1 1 RAM from A with
ADD Adirect Add direct byte Borrow 1 1
to Accumulator 2 1 SUBB A,#data Subtractimmed
ADD A,@Ri Add indirect data from A with
RAM to Borrow 2 1
Accumulator 1 1 INC A Increment
ADD A #data Addimmediate Accumulator 1 1
data to INC Rn Increment
Accumulator 2 1 register 1 1
ADDC A,Rn Add register to INC direct Increment direct
Accumulator byte 2 1
with Carry 1 1 INC @Ri Increment
ADDC A,direct Add direct byte indirect RAM 1 1
to A with Carry INC DPTR Increment Data
flag 2 1 Pointer 1 2
ADDC A,@Ri Add indirect DEC A Decrement
RAM to A with Accumulator 1, 1
Carry flag 1 1 DEC Rn Decrement
ADDC A,#data Add immediate register 1 1
datato Awith . DEC direct  Decrement
Carry flag .2 1 direct byte 2 1
SUBB ARn Subtract register DEC @Ri Decrement
from A with indirect RAM 1 1
Borrow o1 MUL AB Multiply A & B 1 4
SUBB A,direct Subtract direqt DIV AB " Divide Aby B 1 4
g‘gﬁgwm A with s 1 DA A Decimal Adjust
Accumulator 1 1
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Table 2. MCS®-51 Instruction Set Description (Continued)

Mnemonic Description Byte Cyc Mnemonic Description Byte Cyc

LOGICAL OPERATIONS LOGICAL OPERATIONS (Continued)

ANL ARn AND register to RL A Rotate
Accumulator 1 1 Accumulator 1 1

ANL A, direct AND direct byte Left
to Accumulator 2 1 RLC A Rotate A Left

ANL A,@RI AND indirect through the
RAM to Carry flag 1 1
Accumulator 1 1 RR A Rotate

ANL -A, #data AND immediate Accumulator
data to Right 1 1
Accumulator 2 1 RRC A Rotate A Right

ANL direct,A AND through Carry
Accumulator to flag 1 1
direct byte 2 1 SWAP A Swap nibbles

ANL direct,#data AND immediate within the
data to direct Accumulator 1 1
byte .3 2 DATA TRANSFER

ORL ARn OR register to MOV ARn Move register to
Accumulator 1 1 Accumulator 1 1

ORL A,direct OR direct byte to MOV Adirect Move direct byte
Accumulator 2 1 to Accumulator 2 1

ORL A,@Ri OR indirect RAM MOV A,@Rl Move indirect
to Accumulator 1 1 RAM to

ORL A, #data OR immediate Accumulator 1 1
data to MOV A, #data Move immediate
Accumulator 2 1 data to

ORL direct,A OR Accumulator Accumulator 2 1
to direct byte 2 1 MOV RnA Move

ORL direct,#data OR immediate Accumulator to
data to direct register 1 1
byte 3 2 MOV Rn,direct Move direct byte

XRL ARn Exclusive-OR to register 2 2
register to MOV Rn,#data Move immediate
Accumulator 1 1 data to register 2 1

XRL A,direct Exclusive-OR MOV direct,A Move
direct byte to Accumulator to
Accumulator 2 1 direct byte 2 1

XRL A,@Rl Exclusive-OR MOV direct,Rn Move register to
indirect RAM to direct byte 2 2
A 1 1 MOV direct,direct Move direct byte

XRL A,#data Exclusive-OR to direct 3 2
immediate data MOV direct,@Ri Move indirect
toA 2 1 RAM to direct

XRL direct,A Exclusive-OR byte 2 2
Accumulator to MOV direct, #data Move immediate
direct byte 2 1 data to direct

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

CLR A Clear indirect RAM 1 1
Accumulator 1 1 MOV @Ridirect Move direct byte

CPL A Complement to indirect RAM 2 2
Accumulator 1 1
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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 1 complement of
MOV DPTR, #data16Load Data direct bit to
Pointer with a " Carry 2 2
16-bitconstant 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 1 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 1 2 to Carry flag 2 1
MOVXA,@Ri Move External MOV  bit,C Move Carry flag
RAM (8-bit addr) to direct bit 2 2
toA 1 2
MOVXA,@DPTR Move Exte(nal PROGRAM AND MACHINE CONTROL
RAM (16-bit ACALL addr11 Absolute
. addr) to A 1 2 Subroutine Call 2 2
MOVX @Ri,A Move A to LCALL addr16 Long Subroutine
External RAM Call 3 2
(8-bit addr) 12
MOVX@DPTRA  MoveAto RET Return irom 12
External RAM RETI Return from
(16-bit) addr 1 2 interrupt 1 2
PUSH direct P“fh ‘:"ezt byte s 2 AJMP addri1  Absolutedump 2 2
. on'o stac LIMP addri6  LongJump 3 2
POP direct Pop direct byte SIMP rel Short Jum
from stack 2 2 . P
XCH ARn Exchange (relative addr) 2 2
’ register with JMP  @A+DPTR Jump indirect
Accumulator 1 1 relative to the
DPTR 1 2
XCH A,direct Exchange direct .
byte with Jz rel Jump if )
Accumulator 2 1 é\g::gmulator s P 2
XCH A, @Ri Exchange .
indirect RAM INZ  rel Jumpit
with A 11 Accumulator is
. Not Zero 2 2
XCHD A,@Ri Exchange low- it C
order Digit ind Jc rel Jump if Garry
RAM w A 11 flag is set 2 2
i JNC el Jump if No Carry
flag 2 2
BOOLEAN VARIABLE MANIPULATION JB bit rel Jump if direct Bit
CLR C ClearCarryflag 1 1 set 3 2
CLR bit Clear direct bit 2 1 . - :
SETB G Set Carry Flag 11 JNB  bitrel #g:)g el{ direct Bit 3 »
SETB bit Set direct Bit 2 1 JBC  bityrel Jump if direct Bit
CPL C Complement isset&Clearbit 3 2
Carry Flag 11 CJINE Adirectrel Compare direct
CPL bit Complement to A & Jump if
direct bit 2 1 Not Equa| 3 2
ANL C,bit AND direct bit to CJINE A, #data,rel Comp, immed,
Carry flag 2 2 to A & Jump if
Not Equal 3 2
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Table 2. MCS®-51 Instruction Set Description (Continued)

Mnemonic Description Byte Cyc
PROGRAM AND MACHINE CONTROL
(Continued)

CJNE Rn, #data,rel Comp, immed,

to reg & Jump if

Not Equal 3 2
CJNE @Ri,#data, rel Comp, immed,

toind. & Jump if

Not Equal 3 2
DJNZ Rn,rel Decrement

register & Jump

if Not Zero 2 2
DJNZ direct,rel Decrement

direct & Jump if

Not Zero 3 2
NOP No operation 1 1

Notes on data addressing modes:

Rn — Working register R0-R7

direct — 128 internal RAM locations, any 1/0
port, control or status register

@Ri — Indirect internal RAM location ad-
dressed by register RO or R1*

Notes on data addressing modes:

(Continued)

#data — 8-bit constant included in instruction

#data16 — 16-bit constant included as bytes 2
& 3 of instruction

bit — 128 software flags, any 1/0 pin, con-
troll or status bit

Notes on program addressing modes:
addri6 — Destination address for LCALL &
LJMP may be anywhere within the
64-K program memory address
space
— Destination address for ACALL &
AJMP will be within the same 2-K
page of program memory as the first
byte of the following instruction
rel — SJMP and all conditional jumps in-
clude an 8-bit offset byte, Range is
+127 —128 bytes relative to first
byte of the following instruction

All mnemonic copyrighted® Intel Corporation 1979

Addri1

Timer/Counters

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
pnsec to 7 usec when using a 12 MHz clock.

Ali 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.

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 SDLC 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 RAM. Transmit and receive buffers are not al-
lowed to “wrap around” in RAM; a “buffer end” is
generated after address 191 is reached.
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SYMBOLIC BYTE

REGISTER NAMES ADDRESS BIT ADDRESS ADDRESS

—t =
B REGISTER B 247 through 240 | 240  (FOH) e——
ACCUMULATOR ACC | 231 through 224 | 224  (EOH) -——]
*THREE BYTE FIFO FIFO 223 (DFH)

FIFO 222 (DEH)

FIFO 221 (DDH)
TRANSMIT BUFFER START T8S 220 (DCH)
TRANSMIT BUFFER LENGTH TBL 219 (DBH)
TRANSMIT CONTROL BYTE TCB 218 (DAH)
* SIU STATE COUNTER SIUST 217 (DSM)
SEND COUNT RECEIVE COUNT NSNR 223 through 216 | 216  (D8H) «——
PROGRAM STATUS WORD PSW [ 215 through 208 } 208  (DOH) «+——
*DMA COUNT DMA CNT 207 (CFH)
STATION ADDRESS STAD 206 (CEM)
RECEIVE FIELD LENGTH RFL . 205 (COH)
RECEIVE BUFFER START RBS 204 (CCH)
RECEIVE BUFFER LENGTH RBL 203 (CBH) SFR's CONTAINING
RECEIVE CONTROL BYTE RCB 202 (CAH) — DIRECT ADDRESSABLE BITS
SERIAL MODE SMD 201 (C9H)
STATUS REGISTER sTS 207 Whrough 200 | 200  (C8H) a——]
INTERRUPT PRIORITY CONTROL P 191 tﬁr'o"‘lr‘ 184_| 184  (BBH) | '
PORT 3 P3 | 183 through 76_| 176  (BOH) @——
INTERRUPT ENABLE CONTROL IE 75 througl 68 | 168 (ABH)
PORT 2 P2 167 through 60 | 160 (AOM) @——
PORT 1 P1 51 through 44 144 (90H) @—-—d
TIMER HIGH 1 TH1 141 (8DH)
TIMER HIGH 0 THO 140  (8CH)
TIMER LOW 1 T 139 (8BH)
TIMER LOW 0 TLO 138 (BAH)
TIMER MODE TMOD 137 (89H)
TIMER CONTROL TCON 743 through 136 | 136 (88H) o
DATA POINTER HIGH DPH 131 (83H)
DATA POINTER LOW DPL 130 (82H)
STACK POINTER SP 129 (81H)
PORT 0 PO 135 through 128 128  (80H) «-—

231663-6
NOTE:

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

Figure 5. Mapping of Special Function Registers

SERIAL MODE REGISTER (SMD) [ SCM2 [ sCM1 [ scmo ] NRzi [Loor | PFs | NB [ NFCS]

L —— NO FRAME CHECK SEQUENCE
NON-BUFFERED

PRE-FRAME SYNC

Loop

NON RETURN TO ZERO INVERTED
SELECT CLOCK MODE

STATUS REGISTER(STS) [ TBF | RBE | RTS | S | BOV | OPB | AM | RBP |

L RECEIVE BUFFER PROTECT

AUTO MODE/ADDRESSED MODE
OPTIONAL POLL BIT

RECEIVE INFORMATION BUFFER OVERRUN
SERIAL INTERFACE UNIT INTERRUPT
REQUEST TO SEND

RECEIVE BUFFER EMPTY

TRANSMIT BUFFER FULL

SEND COUNT RECEIVE
COUNT REGISTER (NSNR)

L SEQUENCE ERROR RECEIVED
RECEIVE SEQUENCE COUNTER
SEQUENCE ERROR SEND
SEND SEQUENCE 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 SDLC protocol such that it responds
to many SDLC frames without CPU intervention. All
AUTO mode responses to the primary station will
comform to IBM’'s SDLC 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: | (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: | (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 | 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
HDLC/SDLC 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 | 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 HDLC/SDLC 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 0.

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 SDLC frame format, the
8044 will support the frames displayed in Figure 7.
The standard SDLC 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

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 CPTION NFCS NB AM!

FRAME FORMAT

Standard SDLC
NON-AUTO Mode

0 0 0

~Standard SDLC
AUTO Mode

-

Non-Buffered Mode
NON-AUTO Mode

Non-Addressed Mode
NON-AUTO Mode

No FCS Field
NON-AUTO Mode

No FCS Field
AUTO Mode

No FCS Field
Non-Buffered Mode
NON-AUTO Mode

No FCS Field
Non-Addressed Mode
NON-AUTO Mode

[Flalc] | | Fes | F |

[Flalc] l | Fes | F

LFla] [ Fos | F |

I |res| F |

Mode Bits:

AM — “AUTO” Mode/Addressed Mode
NB — Non-Buffered Mode

NFCS — No FCS Field Mode

Key to Abbreviations:
F = Flag (01111110)
A = Address Field

C = Control Field

| = Information Field

Note 1:

becomes Address mode select.

FCS= Frame Check Sequence

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

Figure 7. Frame Format Options
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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.

SDLC 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.

SDLC Multidrob 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-
al 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 O 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 0’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

|scm2]scm1]scmo|NRzi|Loor | PFs|NB|NFCs|

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.0 | NFCS | No FCS field in the SDLC frame.

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 ‘MOV/B, 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 -

SMD.1 [ NB Non-Buffered mode. No control are as follows:
field in the SDLC frame.
SMD.2 | PFS | Pre-Frame Sync mode..ln this Bit# | Name | Description
mode, the 8044 transmits two STS.0 | RBP | Receive Buffer Protect. Inhibits
bytes before the first flag of a writing of data into the receive
frame, for DPLL synchronization. buffer. In AUTO mode, RBP
If NRZ! is enabled, 00H is sent; forces an RNR response instead
otherwise, 55H is sent. In either of an RR.
, 16 pref transiti
quarantend o nenens are STS.1|AM | AUTO Mode/Addressed Mode.
" - Selects AUTO mode where
SMD.3 | LOOP | Loop configuration. AUTO mode is allowed. If NB is
SMD.4 | NRZI | NRZI coding option. If bit = 1, true, (= 1), the AM bit selects the
NRZI coding is used. If bit = 0, addressed mode. AM may be
then it is straight binary (NRZ). cleared by the SIU.
SMD.5 | SCMO | Select Clock Mode—Bit 0 STS.2 | OPB | Optional Poll Bit. Determines
SMD.6 | SCM1 | Select Clock Mode—Bit 1 whathar ih SIL) wil generate an
SMD.7 | SCM2 | Select Clock Mode—Bit 2 boll (UP with P — 0). OPM may
be set or cleared by the SIU.
The SCM bits decode as follows: STS.3 | BOV | Receive Buffer Overrun. BOV
may be set or cleared by the SIU.
ScM Data Rate STS.4|Sl | SIUInterrupt. This is one of the
2 1 0| Clock Mode (Bits/sec)* five interrupt sources to the CPU.
0 0 0|Ext ly clocked 0-2.4M** The vector location = 23H. Sl
SMaygoee may be set by the SIU. It should
0 0 1]Reserved be cleared by the CPU before
0 1 0] Self clocked, timer overflow | 244-62.5K returning from an interrupt
0 1 1]|Reserved : routine. -
1 0 0| Selfclocked, external 16x | 0-375K STS.5 | RTS | Request To Send. Indicateg tha.t
the 8044 is ready to transmit or is
1 0 1] Self clocked, external 32x | 0-187.5K transmitting. RTS may be read or
1 1 0] Self clocked, internal fixed | 375K written by the CPU. RTS may be
1 1 1| Self clocked, internal fixed | 187.5K read by the SiU, and in AUTO
' mode may be written by the SIU.
NOTES: STS.6 | RBE | Receive Buffer Empty. RBE can
*Based on a 12 Mhz crystal frequency be thought of as Receive Enable.
**0-1 M bps in loop configuration RBE is set to one by the CPU
when it is ready to receive a
STS: Status/Command Register (bit- frame, or has just read the buffer,
addressable) : and to zero by the Slp when a
Bit 7 6 5 4 3 2 1 0 frame has been received.
[T8F [RBE | RTS[SI[BOV|OPB|AM[RBP|  |STS7 | TBF | Transmit Buffer Full. Written by
the CPU to indicate that it has
The Status/Command Register (Address C8H) pro- gge;égfezﬂ,stmhg gl:ger TBF may

vides operational control of the SIU by the 8044
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NSNR: Send/Receive Count Register (bit-
addressable)
Bit: 7 6 5 4 3 2 1 0

[Ns2|Ns1|Nso|sEs|NR2|NR1|NRo | SER|

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|NS0O |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 Ngand Ng 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=0 is
valid. The CPU should write RBL only when RBE=0.
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RFL: Receive Field Length Register
(byte-addressable)

The Receive Field Length register (Address CDH)
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 = 0.

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 = 0.

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 Intellec™ devel-
opment system. 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 ...... 0°Cto 70°C
Storage Temperature. .......... —65°Cto —150°C
Voltage on EA, VPP Pinto VSS. .. —0.5V to —21.5V
Voltage on Any Other Pinto VSS ....—0.5V to —7V
Power Dissipation . .... e 2w

*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 T, = 0°Cto 70°C, VCC = 5V = 10%, VSS = 0V

Symbol Parameter Min Max Unit| Test Conditions
ViL Input Low Voltage (Except EA Pin of 8744H) —0.5 0.8 \"
VILA Input Low Voltage to EA Pin of 8744H 0 0.8 v
VIH Input High Voltage (Except XTAL2, RST) 20 |VCC + 05| V
VIH1 Input High Voltage to XTAL2, RST 25 |VCC + 05| V |XTAL1 = VSS
VOL Output Low Voltage (Ports 1, 2, 3)* 0.45 V |IOL = 1.6mA
vOoL1 Output Low Voltage (Port 0,ALE,PSEN)* .
oo v [ oeim
8044AH/8344AH 0.45 V {IOL=32mA
VOH Output High Voltage (Ports 1, 2, 3) 24 V |IOH = —80 nA
VOH1 | Output High Voltage (Port 0 in External 24 V |IOH = —400 pA
Bus Mode, ALE, PSEN)
L Logical 0 Input Current (Ports 1, 2, 3) -500 pA | Vin = 0.45V
1 Logficaa;l f4l|3%t:|$urrent to EA Pin 15 | ma
liL2 Logical 0 Input Current (XTAL2) —-3.6 mA | Vin = 0.45V
ILI Input Leakage Current (Port 0)
8744H : +100 pA | 0.45 < Vin < VCC
8044AH/8344AH +10 pA |0.45 < Vin < VCC
IIH Logical 1 Input Current to EA Pin of 8744H 500 pA
HH1 Input Current to RST to Activate Reset 500 pA | Vin < (VCC — 1.5V)
ICC Power Supply Current: Ali Outputs Discon-
8744H 285 mA | nected: EA = VCC
8044AH/8344AH 170 mA
ClO Pin Capacitance 10 pF | TestFreq. = 1MHz(1)

*NOTES:
1. Sampled not 100% tested. Tp = 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 1-to-
0 transitions during bus operations. In the worst cases (capacitive loading > 100 pF), the noise pulse on the ALE line may
exceed 0.8V. 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 = 0°Cto +70°C, VCC = 5V * 10%, VSS = 0V, Load Capacitance for Port 0, ALE, and PSEN = 100 pF,
Load Capacitance for All Other Outputs = 80 pF

EXTERNAL PROGRAM MEMORY CHARACTERISTICS

Variable Clock
Symbol Parameter 12 MHz Osc 1/TCLCL = 3.5MHzto 12MHz | ynit
Min Max Min Max
TLHLL | ALE Pulse Width 127 © 2TCLCL-40 ns
TAVLL | Address Valid to ALE Low 43 TCLCL-40 ns
TLLAX! | Address Hold After ALE Low 48 . TCLCL-35 ns
TLLIV ALE Low to Valid Instrin 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
TPXI1Z2 | 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 O drivers.

]
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EXTERNAL DATA MEMORY CHARACTERISTICS

Symbol Parameter 12 MHz Osc LITCLOL 35 Wiia to 12 Mz 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+50 ns
TAVWL | Address to RD or WR Low 203 4TCLCL-130 ns
TQVWX | Data Valid to WR Transition

8744H 13 TCLCL-70 ns

8044AH/8344AH 23 TCLCL-60 ns
TQVWH | Data Setup Before WR High 433 7TCLCL-150 ns
TWHQX | Data Held After WR 33 TCLCL-50 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+50 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
tDSS Data Setup Time 40 ns
tDHS Data Hold Time 40 ns
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mtel 8044AH/8344AH/8744H
WAVEFORMS
Memory Access
PROGRAM MEMORY READ CYCLE
} TCY |
TLHLL — T
ALE TLLRL \
le——TPLPH
e ——" e FM
Tavie— e TR TR xS TPz
porTq  INSTRIN A7-AD INSTRIN ] AT-AD  >— INSTRIN
TAVIV
PORT 2 ADDRESS ><L ADDRESS A15-A8 X ADDRESS A15-A8 >
231663-8

DATA MEMORY READ CYCLE

o TWHLH —]
LLDV
ALE / \\
PSEN  ______/
— TLLWL
AD TRLRH L
TAHDZ
T TAYNL ":_mwv /|
TAVOV LLAX B TRHOX | fo
PORT 0 a7-A0 r———< DATA IN
T e— TRLAZ
poRT2  S3%ras2 ADDRESS A15-A8 OR SFR-P2 >
231663-9
DATA MEMORY WRITE CYCLE
TWHLH—»]
ALE
PSEN
= ‘_/ TLLWL
WR TWLWH —
TAVWL /1
leTLLAX 7] ~—Tavwx TQVWH e TWHOX
PORT 0 A7-A0 P DATA OUT ?
' 1
PORT 2 D_S_E:Els"gngjz X ADDRESS A15-A8 OR SFR-P2
231663-10
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SERIAL I/0 WAVEFORMS
SYNCHRONOUS DATA TRANSMISSION
TD&Y
TDCL
\ / N\
SCLK
‘l ;7 -TDCH K;“f
DATA ><
1m0
231663-11
SYNCHRONOUS DATA RECEPTION
TDCY
soLK —j TOCL [ X
N 7 N~
TDCH

DATA

TOSS

TDHS 1

231663-12
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AC TESTING INPUT, OUTPUT, FLOAT WAVEFORMS

INPUT/OUTPUT FLOAT
24 X 2.0 2.F>< |e——————FLoaT
TEST POINTS 24— 50 2024
0.45 0.8 08 } /
231663-13 Aos . 5|
AG testing inputs are driven at 2.4V for a Logic “1” and 0.45V for 045— M ——oas
a Logic “0” Timing measurements are made at 2.0V for a Logic 231663-14
“1" and 0.8V for a Logic “0”.
EXTERNAL CLOCK DRIVE XTAL2
|e———TCHCX TCLCH—— le—— TCHCL
25 25 25
% K 0.8 0.8 K
TCLCX
TCLCL
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 I STATES | STATES | S™ATE6 | STATE1 | STATE2 | STATE3 | STATE4 | STATES l
cLock pr|p2 | e P2 e lp2lpi]|p2|pi|p2fpr|pP2]|pi]|r2]|ep]p
\
XTAL 2
me | L | I
THESE SIGNALS ARE NOT
EXTERNAL PROGRAM MEMORY FETCH ACTIVATED DURING THE
— EXECUTION OF A MOVX INSTRUCTION
PSEN

PO 'DATAl ' PCLOUT l IDATAI I PCL OUT | IDATAI I PCL OUT l
SAMPLED SAMPLED SAMPLED
FLOAT L—FLOAT_—_’l l‘_FLOAT —’l

P2(EXT) ___[npicaTes aDoRESS TRANSIONS | r_—_
READ CYCLE
RD l ]
00H IS EMITTED PCL OUT (IF PROGRAM
DURING THIS PERIOD MEMORY IS EXTERNAL)

N L W /
. i i, W

P2 _ INDICATES DPH OR P2 SFR TO PCH TRANSITIONS [ -
WRITE CYCLE

WA ‘ I PCL OUT(EVEN IF PROGRAM
MEMORY IS INTERNAL)

[ orLorRi | A
Po out

o DATA OUT ~te1={ pCL OUT (IF PROGRAM
P2 E— INDICATES DPH OR P2 SFR TO PCH TRANSITIONS | MEMORY IS EXTERNAL)
PORT OPERATION
MOV PORT, SRC OLD DATA | NEW DATA

PO PINS SAMPLED

MOV DEST, PO |$[ J’:z."/[

MOV DEST, PORT (P1, P2, P3) PO PINS SAMPLED
(INCLUDES INTO, INT1, T0, T1)

P1. P2, P3 PINS SAMPLED P1,P2,P3
SERIAL PORT SHIFT CLOCK PINS SAMPLED
)
@D h L
(MODE 0) YRXD SAMPLED “RXD SAMPLED
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, (Tp = 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-sec/cm?2 rating for 20 to 30
minutes, at a distance of about 1 inch, should be
sufficient.

Erasure leaves the array in an all 1s 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
0. Pins P2.4-P2.6 and PSEN should be held low, and
P2.7 and RST high. (These are all TTL levels except
RST, which requires 2.5V for high.) EA/VPP is held
normally high, and is pulsed to +21V. While EA/
VPP is at 21V, the ALE/PROG pin, which is normally
being held high, is pulsed low for 50 msec. Then
EA/VPP 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 TTL high rather than a
TTL 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_and pins P2.0-P2.3 of
Port 2. Pins P2.4-P2.6 and PSEN are_held at TTL
low, while the ALE/PROG, RST, and EA/VPP pins
are held at TTL high. (These are all TTL 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 0. External pull-
ups (e.g., 10K) are required on Port 0 during program
verification.
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*5V
v _—I
Aoo:_ Ao A7) P cc
OFFFH 8744H A
AgS P2.0- PO, PGMDATA
P23
P2.
N 2.4
= P25 ALE ALE PROG
P26
TTL HIGH P27
N s Summ— XTAL2 €A TA VPP
a-6 MHz (]
XTAL1 RST VIH1
Vss PSEN L
- - 231663-17
Figure 8. Programming Configuration
+5V
vce J
NC| P1
8744H
PO| NC
P20-
NC|pa3
| P24
= E P25 ALE ALE/PROG 50 ms PULSE TO GND
P26
TTL HIGH ——E P27
T XTAL2 EA ‘EA/VPP +21V PULSE
a-6 MHz [] ’
XTAL1 RST VIH1
vss PSEN —
- - 231663-18

Figure 9. Security Bit Programming Configuration
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+
w
<

Vce J
ADDR. —TT-“
0000H- LN 8744H
OFFFH PGM DATA
P2.0- PO Z (USE 10K PULLUPS)
A8 - A11 ) pa3
| P2.4
= P2s ALE TTL HIGH
- E P26 |
ENABLE —————— P2.7 EA

XTAL2 RST VIH1

LI
4-6 MHz[]
XTAL1 PSEN
Vss

Figure 10. Program Verification Configuration

]

231663-19

EPROM PROGRAMMING, SECURITY BIT PROGRAMMING
AND VERIFICATION CHARACTERISTICS
TA = 21°C to 27°C, Vg = 4.5V to 5.5V, Vgg = OV

Symbol Parameter Min Max Units
Vpp Programming Supply Voltage 20.5 215 "
IPP Programming Current 30 mA
1/TCLCL Oscillator Frequency 4 6 MHz
TAVGL Address Setup to PROG 48TCLCL

TGHAX Address Hold after PROG 48TCLCL

TDVGL Data Setupto PROG - 48TCLCL

TGHDX Data Hold after PROG 48TCLCL

TEHSH ENABLE High to Vpp 48TCLCL

TSHGL Vpp Setup to PROG 10 psec
TGHSL Vpp Hold after PROG 10 psec
TGLGH PROG Width 45 55 msec
TAVQV Address to Data Valid 48TCLCL

TELQV ENABLE to Data Valid . 48TCLCL

TEHQZ Data Float after ENABLE 0 48TCLCL
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EPROM PROGRAMMING, SECURITY BIT PROGRAMMING
AND VERIFICATION WAVEFORMS

PROGRAMMING VERIFICATION
P1.0-P1.7 y \ 4
p20-p23 — ADDRESS } <\ ADDRESS
\ v,
TAVQV
PORT 0 -< DATA IN < DATA OUT ?—————
TOVGL TGHDX
TAVGL TGHAX
ALE PROG \ /
TSHGL TGHSL |
TGLGH
21V 5V
TTL HIGH TTL HIGH TTL HIGH TTL HIGH
EA VPP
JEHSH | reLav | TeHaz
P27
(ENABLE)
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 iIRUG 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 iIRUG’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 .

USERS GROUP
280678-1
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INTEL SYSTEMS CUSTOMER SERVICES 1

REAL-TIME SUPPORT FROM REAL-TIME EXPERTS

Intel's real-time service and support offerings include everything you need to keep your
Intel equipment—and yourself—in peak performance at all times. Intels 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

e Over one hundred Intel service and
training centers worldwide

® Hardware maintenance programs with
prompt, worldwide response

e 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

September, 1989
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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 reparr. 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.

e Carry-in service. An economical option for small

system users that saves you transportation costs.

Mail-in service. [f 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.

Troubleshooting 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:

e 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
microcontrollers to operating systems. Customers tell
us over and over that one to ten days spent with Intel
saves weeks of self-study —thats 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
better 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®, iRMK™, 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 microcontroller
workshops. Learn to program the 8080, 8086,
386™, i486™, 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

tintel Corp.

5015 Bradford Dr., #2
Huntsville 35805

Tel: (205) 830-4010
FAX: (205) 837-2640

ARIZONA

tintel Corp.

11225 N. 28th Dr.
Suite D-214

Phoenix 85029

Tel: (602) 863-4980
FAX" (602) 869-4294

Intel CorE.

1161 N. El Dorado Place
Suite 301

Tucson 85715

Tel: (602) 299-6815
FAX: (602) 296-8234

CALIFORNIA

tintel Corp.

21515 Vanowen Street
Suite 116

Canoga Park 91303
Tel: (818) 704-8500
FAX: (818) 340-1144

tintel Corp.
2250 E. Imperial Highway

Suite 218

El Segundo 90245

Tel: (213) 640-6040

FAX: (213) 640-7133

Intel Cog)
15510 Arden Way

Sacramemo 95815
Tel: (916) 920-8096
FAX: (916) 920-8253

tintel Corp

9665 Chesapeake Dr.
Sutte 3:

San Di eg 0 95123
Tel: (619) 292-8086
FAX: (619) 292-0628

tintel Corp.*
400 N. Tustin Avenue

FAX: (714) 541-9157

tintel Corp *

San Tomas 4

2700 San Tomas Expressway
2nd Flool

Santa Clara 95051

Tel* (408) 986-8086

TWX: 910-338-0255

FAX: (408) 727-2620

COLORADO

intel Corp.
g445 Northpark Dnve

it
Culorado Spnngs 80807
Tel: (719) 594-6622
FAX: (303) 594-0720

ﬂntel Corp.*

50 S Cherry St.
Sun 91 i

Denver 80222

Tob (303) 321-8086
0-931-2289

FAX (303) 322-8670

tSales and Service Office
*Field Application Location

DOMESTIC SALES OFFICES

CONNECTICUT

tinte! Cory '_p

301 Lee Farm Corporale Park
83 Wooster Heights R

Danbury 06810

Tel: (203) 748-3130

FAX: (203) 794-0339

FLORIDA

tintel C%’))‘

6363 N.W 6th Way

Suite 100

Ft Lauderdale 33309
Tel: (305) 771-06!

TWX: &

0-956-9407
FAX. (305) 772-8193

tintel Corp.

5850 T G Lee Bivd.
Suite
Orlando 328&'».‘
Tel: (407) 240-8000
FAX' (407) 240-8097

Intel Corp

11300 4|h Street North
Suite 1

St. Petersburg 33716
Tel' (813) 577-2413
FAX: (813) 578-1607

GEORGIA

Intel Corp.
20 Technology Parkway, N.W
Suite 150

Norcross 30092
Tel. (404) 449-0541
FAX. (404) 605-9762

ILLINOIS

Intel Corp *

00 N. Martingale Road
uite 400

Schaumburg 60173
Tel: (312) 605-8031
FAX. (312) 706-9762

INDIANA

tintel Corp.

8777 Purdua Road
Sutte 125
Indianapolis 46268
Tel: (317) 875-0623
FAX: (317) 875-8938

IOWA

Inte!l Corp.

1930 St. Andrews Dnve N.E.
2nd Floor

Cedar Rapids 52402

Tel: (319) 393-1294

KANSAS

tintel Corp

10985 Cody St.

Sutte 140, Bldg. D
Overland Park 66210
Tel: (913) 345-2727
FAX (913) 345-2076

MARYLAND
tintel Corp.*
10010 Junction Dr.
Sulte 200
pOlIS Junction 20701
Tel. (301) 206-2860
FAX: (301) 206-3677

" (301) 206-3678

MASSACHUSETTS

tintel Corp.*

Westford Corp. Center
3 Carlisle Road

2nd Floor

Westford 01886

Tel* (508) 692-3222
TWX' 710-343-6333
FAX: (508) 692-7867

MICHIGAN

tintel Corp.

7071 Orchard Lake Road
Suite 100

West Bloomfield 48322
Tel: (313) 851-8096

FAX (313) 851-8770

MINNESOTA

tintel Corp.

3500 W. 80th St.
Suite 360
Bloomington 55431
Tel: (612) 835-6722
TWX: 910-576-2867
FAX" (612) 831-6497

MISSOURI

tintel Corﬁ.

4203 Earth City Expressway
Surte 131

Earth City 63045

Tel: (314'{291-1990

FAX: (314) 291-4341

NEW JERSEY

tintel Corp.*
Parkway 109 Office Center
328 New:;nan Springs Road

Red Banl 1

Tel: (201) 747-2233
FAX: (201) 747-0983
tintel Corp

280 Corporate Center
75 Livingston Avenue
First Floor

Roseland 07068

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

NEW YORK

Intel Corp.*

850 Cross Keys Office Park
Fairport 14450

Tel: (716) 425-2750

TWX 510-253-7391

FAX: (716) 223-2561

tintel Corp.*
2950 Eggressway Dr., South

Suite 1
Islan la 11722

Tel. (516) 231-3300
TWX: 510-227-6236
FAX: (516) 348-7939

tintel Corp.

Westage Business Center
Bldg. 300, Route 9
Fishkill 12524

Tel: (914) 897-3860

FAX: (914) 897-3125

NORTH CAROLINA

tintel Corp.
5800 Executive Center Dr.
Suite 105
Charlone)258212
FAX: (704) 535-2236

Intel Corp.

5540 Centerv:ew Or.
Suite 2

Ra.lmgh 27606

Tel: (919) 851-9537
FAX: (919) 851-8974

OHIO

tintel Corp.*

3401 Park Center Drive
Suite 220

Dayton 45414

Tel: (513) 890-5350
TWX: 810-450-2528
FAX: (513) 890-8658

tintel Corp.*

25700 Science Park Dr
Suite 100

Beachwood 44122

Tel: (216) 464-2736
TWX: 810-427-9298
FAX: (804) 282-0673

OKLAHOMA

Intel Corg.

6801 N. Broadway
Sute 115

Oklahoma City 73162
Tel: (405) 848-8086
FAX- (405) 840-9819

OREGON
tintel Corp.

15254 N.W. Greenbrier Parkway

Building B
.l?eave ton 97005

FAX: (503) 645-8181

PENNSYLVANIA'

tintel Corp.*

455 Pennsylvania Avenue
Suite 230

Fort Washington 19034
Tel: (215) 641-1000
TWX' 510-661-2077

FAX (215) 641-0785

tintel Corp.*

400 Penn Center Bivd.
Sutte 610

Pittsburgh 15235

Tel: (412) 823-4970
FAX: (412) 829-7578

PUERTO RICO

tintel Corp.

South Industnal Park
P.O. Box 910

Las Piedras 00671
Tel: (809) 733-8616

TEXAS

Intel Corp.

8911 Capital of Texas Hwy
Austin 78759

Tel: (512) 794-8086

FAX: (512) 338-9335

tintel Corp.*

12000 Ford Road
Suite 400

Dallas 75234

Tel. (214) 241-8087
FAX. (214) 484-1180

tintel Corp.*

7322 SW Freeway
Suite 1490
Houston 77074
Tel: (713) 988-8086

* 910-881-2490
FAX: (713) 988-3660
UTAH
tintel Corp.

428 East 6400 South
Sutte 104

Murray 84107

Tel: (801) 263-8051
FAX. (801) 268-1457

VIRGINIA

tintel Corp.

1504 Sama Rosa Road
Suite 10

Rlchmond 23288

Tel: (804) 282-5668
FAX: (216) 464-2270
WASHINGTON

tintel Corp.

155 108th Avenue N.E
Sute 386

Bellevue 98004

Tel: (206) 453-8086
TWX. 910-443-3002
FAX: (206) 451-9556
Intel Cory

408 N. Mullan Road
uite 102

Spokane 99206

Tel (509) 928-8086
FAX: (509) 928-9467
WISCONSIN

Intel Corp.

330 S. Executive Dr.
Suite 102

Brookfield 53005
Tel (414) 784-8087
FAX: (414) 796-2115

CANADA

BRITISH COLUMBIA

Intel Semiconductor of
Canada, Ltd.

4585 Canada Way
Suite 2

Bumaby V5G 4L6

Tei: (604) 298-0387
FAX: (604) 298-8234

ONTARIO
tintel Semiconductor of

a, Ltd.
2650 Queensview Drive
Suite 250
Ottawa K2B 8H6
Tel: (613) 829-9714
FAX (613) 820-5936

tintel Semiconductor of
Canada, Ltd.
1S 90 Anwell Dnve

ite
Rexdale M9W 6H8
Tel: (416) 675-2105
FAX: (416) 675-2438

QUEBEC

Intel Semiconductor of
Canada, Ltd.

620 St. Jean Boulevard
Pointe Claire H9R 3K2
Tel. (514) 694-9130
FAX: 514-694-0064



n

ALABAMA

Arrow Electronics, Inc.
1015 Henderson Road
Huntsville 35805

Tel: (205) 837-6955

‘tHamilton/Avnet Electronics
Hesearch Drive

35805
o (205) 837-7210
TWX: 810-726-2162

Pioneer/Technologies Group, Inc
4825 University Square

Huntsville 35805

Tel: (205) 837-9300

TWX. 810-726-2197

ARIZONA

‘tHamilton/Avnet Electronics
Madison Drive

Tempe 85281

Tel: (602) 231-5140

TWX: 910-950-0077

Hamilton/Avnet Electronics

30 South McKiemy

Chandler 85226

Tel: (602) 861-6669

TWX. 910-950-0077

Arrow Electronics, Inc
4134 E. Wood Street
Phoenix 85040
Tel, (602) 437-0750
TWX: 910-951-1550 !
Wyle Distribution Group
17855 N Black Canyon Hwy.
Phoenix 85023
Tel: (602) 249-2232
TWX: 910-951-4282

CALIFORNIA

Arrow Electronics, Inc.
10824 Hope Street

Cypress 90630

Tel: (714) 220-6300
Arrow Electronics, Inc.
19748 Dearborn Street
Chatsworth 91311

Tel: (213) 701-7500
TWX 910-493-2086

tArow Electronics, Inc

521 Weddell Drive

Sunnyvale 94086

Tel: (408) 745-6600
TWX: 910-339-9371

Arrow Electronics, Inc
9511 Ridgehaven Court
San Diego 92123

Tel (619) 565-4800
TWX: 888-064

tArrow Electronics, Inc.
2961 Dow Avenue
Tustin 92680

Tel: (714) 838-5422
TWX. 910-595-2860

‘tAvnet Electronics

Tel (714) 754-6071
TWX 910-595-1928

‘tHamilton/Avnet Electronics
1175 Bordeaux Drive
Sunnyvale 94086

Tel: (408) 743-3300

TWX' 910-339-9332

‘tHamilton/Avnet Electronics
4545 Ridgeview Avenue
San Diego 92123

Tel' (619) 571-7500

TWX 910-595-2638

‘tHamilton/Avnet Electronics
9650 Desoto Avenue
Chatsworth 91311

Tel: (818) 700-1161

DOMESTIC DISTRIBUTORS

‘THamilton Electro Sales
10950 W. Washington Bivd.
Culver City 20230
Tel: (21 3&338-2455

TWX: 91 0-6364

Hamilton Electro Sales
1361B West 190th Street

Gardena 90248

Tel. (213) 217-6700
‘tHamilton/Avnet Electronics
3002 ‘G’ Street

Ontano 91761
Tel. (714) 989-9411

TAvnet Electronics
20501 Plummer
Chatsworth 91351
Tel: (213) 700-6271
TWX. 910-494-2207

‘tHamilton Electro Sales

3170 Pullman Street

Costa Mesa 92626

Tel: (714 641 4150
595-2638

‘tHamilton/Avnet Electronlcs

4103 Northgate Blv

Sacramento 95834
Tel: (916) 920-3150 -

Wyle Distribution Group
124 Maryland Street

El Segundo 90254

Tel. (213) 3228100

Wyle Distribution Group
7382 Lampson Ave.
Garden Grove 92641-

Tel' (714) 891-1717

TWX: 910-348-7140 or 7111

Wyle Distnbution Group
11151 Sun Center Drive
Rancho Cordova 95670
Tel: (916) 638-5282

tWyle Distribution Group
9525 Chesapeake Drive
San Diego 92123

Tel: (619) 565-9171
TWX: 910-335-1590

1tWyle Distribution Group
3000 Bowers Avenue
Santa Clara 95051

Tel: (408) 727-2500
TWX 910-338-0296

tWyle Distribution Group
17872 Cowan Avenue
Irvine 92714

Tel: (714) 863-9953
TWX: 910-595-1572

Wyle Distnbution Group
26677 W. Agoura Rd
Calabasas 91302

Tel: (818) 880-9000
TWX: 3720232

COLORADO

Arrow Electronics, Inc
7060 South Tucson Way
Englewood 80112

Tel: (303) 790-4444

Hamilton/Avnet Electronics

765 E Orchard Road
Suite 708

Englewood 80111 !

- (303) 740-10

TWX, 910-935- 0787

tWyle Distribution Group
451 E 124th Avenue
Thornton 80241

Tel (303) 457-9953
TWX 910-936-0770

puter System T

D

Center

CONNECTICUT

tArrow Electronics, Inc.
12 Beaumont Road
Wa.llln ford 06492

) 265-7741
TWX 710-476-0162

Hamuitton/Avnet Electronics
Commerce Industnal Park
Commerce Drive

Danbury 06810
Tel: (203) 797-2800
TWX: 710-456-9974

tPioneer Electronics
112 Main Street
Norwalk 06851

Tel: (203) 853-1 515
TWX: 7 68-3373

FLORIDA

tArrow Electronics, Inc.
400 Fairway Drive
Suite 102

Deerfield Beach 33441
Tel* (305) 429-8200
TWX: 510-955-9456

Arrow Electronics, Inc.

37 Skyhns Drnive

Suite

Lake M rv32 46

Tel: (407) 323~0252
959-6337

‘tHamilton/Avnet Electronics

6801 N.W. 15th Way

Ft. Lauderdale 33309

Tel* (305) 971-2900
956-3097

‘tHamiiton/Avnet Electronics
3197 Tech Dnive North

$St. Petersburg 33702

Tel: (813) 576-3930

TWX' 810-863-0374

‘tHamilton/Avnet Electronics
6947 Umversnty BOUIevar
Winter Park 327

Tel. (305) 62&3888

TWX: 810-853-0322

TPloréeer/T echlng’logles Group, Inc.
Ive
ita Monte Spnngs 32701
Te! ( 7) 834-9090
TWX. 810-853-0284

Pioneer/T echnologles Group, Inc
674 S. Military Trail

Deerfield Beach 33442

Tel: (305) 428-88
TWX' 510-955- 9658

GEORGIA

TArrow Electronics, Inc.
3155 Northwoods Parkway
Suite A

Norcross 30071

Tel (404) 449-8252

TWX. 810-766-0439

‘tHamilton/Avnet Electronics
5825 D Peachtree Corners
Norcross 30092

Tel: (404) 447-7500
TWX 810-766-0432

Pioneer/Technologies Group, Inc
3100 F Northwoods Place
Norcross 30071

Tel. (404) 448-1711

TWX: 810-766-4515

ILLINOIS

Arrow Electronics, Inc.
1140 W. Thorndale
ltasca 60143

Tel: (312) 250-0500
TWX' 312-250-0916

‘tHamilton/Avnet Electronics
1130 Thorndale Avenue
Bensenville 60106

Tel: (312) 860-7780

TWX* 910-227-0060

MTI Systems Sales
1100 W. Thorndale
Itasca 60143

Tel: (312) 773-2300

tPioneer Electronics
1551 Carmen Drive

Elk Grove Village 60007
Tel: (312) 437-9680
TWX: 910-222-1834

INDIANA

tArrow Electronics, Inc
2495 Directors Row, Suite H
Indianapolis 46241

Tel: (317) 243-9353

TWX. 810-341-3119
Hamilton/Avnet Electronics
485 Gradle Drive

Carmel 46032

Tel. (317) 844-9333

TWX: 810-260-3966
tPioneer Electronics

6408 Castleplace Drive
Indianapolis 46250

Tel: (317) 849-7300

TWX: 810-260-1794

owa

Hamilton/Avnet Electronics
915 33rd Avenue. S.W,

Cedar Rapids 52:
Tel: (319) 362-4757

KANSAS

Arrow Electronics
8208 Melrose Dr., Suite 210

Lenexa 662
Tel: (913) 541-9542

‘tHamilton/Avnet Electronics
9219 Quivera Road

Pioneer/Tec Gr.
10551 Lockman Rd.
Lenexa 66215

Tel: (313) 492-0500

KENTUCKY

Hamilton/Avnet Electronics
1051 D. Nswton Park
Lexington 4051

Tel. (606) 259- 1475

MARYLAND

Arrow Electronics, Inc.
8300 Guilford Drive
Suite H, River Center
Columbia 21046

Tel: (301) 995-0003
TWX: 710-236-9005

Hamilton/Avnet Electronics
6822 O | Lane

21045
Tel (301) 995-3500,
10-862-1861

tMesa Technology Cor|

9720 Patuxem Woods

Columbia 21046

Tel. (301) 29045150
TWX' 710-828-9702

100 Garther Road

Gaithersburg 20877
Tel: (301) 921-0660
TWX: 710-828-0545

1 Pnoneerl‘rechnologles Group, Inc.

Arrow Electronics, Inc.
7524 Standish Place

Rockville 20855
Tel: 301-424-0244
MASSACHUSETTS
Arrow Electronics, Inc.
25 Upton Dr.
Wilmington 01887
Tel: (617) 935-5134
tHamiiton/Avnet Electronics
'1: 0D Centggrgl&l) Dnve
Tel (617) 531-7430
TWX 710-393-0382
MTI Systems Sales

83 Cambnidge St.
Burlington 01813

Pioneer Electronics

MICHIGAN

Arrow Electronics, Inc.

755 Phoenix Drive

Ann Arbor 48104

Tel* (313) 971-8220
WX 810-223-6020

Hamulton/Avnet Electronics
2215 29th Street S.| E

Space A5
Grand Rapids 49508
Tel. (616) 243-8805
TWX: 810-274-6921
Pioneer Electronics
4504 Broadmoor S.E.
Grand Rapids 49508
FAX: 616-698-1831
tHamilton/Avnet Electronics
32487 Schoolcraft Road
Livonia 48150
Tel: (313) 522-4700
TWX: 810-282-8775
TPloneer/MIchl an

485 Stam
Livonia 4 0
Tel. (313) 525 1800
TWX: 810-242-3271

MINNESOTA

tArrow Electronics, Inc
5230 W 73rd Street
Edina 55435

Tel* (612) 830-1800
TWX. 910-576-3125
‘tHamilton/Avnet Electronics
12400 Whitewater Dnve
Minnetonka 55434

Tel: (612) 932-0600
tPioneer Electronics
7625 Golden Triange Dr.
Suite G

Eden Prain 55343

Tel: (612) 944-3355

MISSOURI
Arrow Electronics, Inc.
Schuetz

TWX. 910-764-0882

‘tHamiiton/Avnet Electronics
13743 Shorehne Court
Earth City 63045

Tel. (314) 344-1200

TWX: 910-762-0684

NEW HAMPSHIRE

fArrow Electronics, Inc.

3 Penmeter Road
Manchester 03103

Tel (603) 668-6968

TWX' 710-220-1684
tHamilton/Avnet Electronics
444 E Industrial Drive
Manchester 03103

Tel (603) 624-9400
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NEW JERSEY

tArrow Electronics, Inc
Four East Stow Road
Unit 11

Marlton 08053
Tel (609) 596-8000
TWX: 710-897-0829

1Arrow Electronics

6 Century Drive

Parsipanny 07054

Tel (201) 538-0900
‘tHamilton/Avnet Electronics
1 Keystone Ave., Bldg. 36
Cherry Hill 08003

Tel: (609) 424-0110

TWX: 710-940-0262

tHamlllon/Avnet Electronics
10 Industn

Falrﬁeld 07006

Tel: (201) 575-5300

TWX' 710-734-4388

TMTI Systems Sales
Il k Rd

C
Fa ield 07006
Tel. (201)227 -5652

1P|oneer Electronics
45 Route 46
Plnebrook 07058
Tel. (201) 575-3510
TWX: 710-734-4382

NEW MEXICO

Alliance Electronics Inc

Hamilton/Avnet Electronics
2524 Baylor Drive S E.
Albuguerque 87106

Tel: (505) 765-1500

TWX: 910-989-0614

NEW YORK

tArrow Electronics, Inc.
3375 Brighton Henretta
Townline Rd

Rochester 14623

Tel. (716) 275-0300
TWX 510-253-4766

Arrow Electronics, Inc
20 Oser Avenue
Hauppauge 11788
Tel (516) 231-1000
TWX. 510-227-6623

Hamilton/Avnet

933 Motor Parkway
Hauppauge 11788
Tel. (516) 231-9800
TWX: 510-224-6166

‘tHamilton/Avnet Electronics
333 Metro Park
Rochester 14623
Tel: (716) 475-9130
510-253-5470

‘tHamilton/Avnet Electronics
103 Twin Oaks Drive
Syracuse 13206

Tel: (315) 437-0288

TWX: 710-541-1560

1MTI Systems Sales

38 Harbor Park Dnive

Washington 11050
Tel (516) 621-6200

uter System T

DOMESTIC DISTRIBUTORS (Contd.)

1Pioneer Electronics
68 Corporate Drive
Binghamton 13904
Tel (607) 722-9300
TWX' 510-252-0893

Pioneer Electronics
40 Oser Avenue
Hauppauge 11787
Tel: (516) 231-9200

tPioneer Electronics
60 Crossway Park West

Woodbury. ong Island 11797

Tel. (516) 921-8700
TWX 510-221-2184

tPioneer Electronics
840 Falrpor( Park

450
Tel (716) 381-7070
TWX' 510-253-7001

NORTH CAROLINA

tArrow Electronics, Inc
5240 Greensdairy Road
Raleigh 27604

Tel (919) 876-3132
TWX® 510-928-1856

‘tHamulton/Avnet Electronics
3510 Spring Forest Drive
Raleigh 27604
Tel* (919) 878-0819

TWX. 510-928-1836

Pioneer/Technologies Group, Inc

9801 A-Southern Pine Bivd
Charlotte 28210

Tel. (919) 527-8188

TWX. 810-621-0366

OHIO
Arrow Electronics, Inc

Tel (513) 435-5563
TWX' 810-459-1611

tArrow Electronics, Inc
6238 Cochran Road
Solon 44139

Tel (216) 248-3990
TWX' 810-427-9409

‘tHamilton/Avnet Electronics
954 Senate Drive

Dayton 45459

Tel* (513) 439-6733

TWX 810-450-2531

Hamilton/Avnet Electronics
4588 Emery Industrial Pkwy
Warrensville Heights 44128
Tel (216) 349-5100

TWX. 810-427-9452

tHamilton/Avnet Electronics
777 Brooksedge Blvd
Westerville 43081

Tel* (614) 882-7004

tPioneer Electronics
4433 Interpoint Boulevard
Dayton 45424

Tel. (513) 236-9900
TWX: 810-459-1622

tPioneer Electronics
4800 E. 131st Street
Cleveland 44105
Tel* (216) 587-3600
TWX 810-422-2211

OKLAHOMA

Arrow Electronics, Inc.
1211 E. 515( St, Suite 101
Tulsa 7:

Tel. (91 8) 252 7537

Distnibutor Center

‘tHamilton/Avnet Electronics
12121 E 51st St, Suite 102A
Tulsa 74146

Tel (918) 252-7297

OREGON

tAImac Electronics Corp
1885 NW 16Sth Place
Beaverton 97005

Tel' (503) 629-8090
TWX* 910-467-8746

1Hamllton/Avnet Electronics
. Jean Road

Bldg C, Sute 10

Lake Oswego 97034

Tel: (503) 635-7848

TWX: 910-455-8179

Wyle Distribution Group
5250 N

Suite

Hlllsboro 97124

Tel (503) 640-6000
TWX: 910-460-2203

E Elam Young Parkway

PENNSYLVANIA

Arrow Electronics, Inc
650 Seco Road
Monroevnlle 15146
Tel (412) 855-7000

Hamilton/Avnet Electronics
2800 Liberty Ave
Pittsburgh 15238

Tel (412) 281-4150

Pioneer Electronics
259 Kappa Drive
Pittsburgh 15238
Tel (412) 782-2300
TWX 710-795-3122

tPioneer/Technologies Group, Inc

Delaware Valley
261 Glbvalter Road
Horsham

Tel (215) 674 4000
TWX 510-665-6778

TEXAS

tArrow Electronics, Inc
3220 Commander Drive
Carroliton 75006

Tel. (214) 380-6464
TWX' 910-860-5377

tArrow Electronics, Inc
10899 Kinghurst

Suite 100

Houston 77099

Tel' (713) 530-4700
TWX 910-880-4439

tArrow Electronics, Inc
2227 W Braker Lane
Austin 78758

Tel (512) 835-4180
TWX 910-874-1348

‘tHamilton/Avnet Electronics
1807 W Braker Lane
Austin 78758

Tel (512) 837-8911

TWX 910-874-1319

tHamilton/Avnet Electronics
2111 W. Walnut Hill Lane
Irving 75038

Tel: (214) 550-6111

TWX' 910-860-5929

tHamilton/Avnet Electronics
4850 Wnght Rd , Suite 190
Stafford 77477

Tel (713) 240-7733

TWX' 910-881-5523

tPioneer Electronics

18260 Kramer

Austin 78758

Tel (512) 835-4000
WX. 910-874-1323

tPioneer Electronics
13710 Omega Road
Dallas 75234

Tel (214) 386-7300

TWX. 910-850-5563

tPioneer Electronics
5853 Point West Drive
Houston 77036

Tel (713) 988-5555
TWX: 910-881-1606

Wyle Distribution Group
1810 Greenville Avenue
Richardson 75081

Tel: (214) 235-9953

UTAH

Arrow Electronics
1946 Parkway Blvd
Salt Lake City 84119
Tel (801) 973-6913

tHamilton/Avnet Electronics
1585 West 2100 South

Salt Lake City 84119

Tel' (801) 972-2800

TWX: 910-925-4018

Wyle Distribution Group
1325 West 2200 South
Suite E

West Valley 84119

Tel (801) 974-9953

WASHINGTON

tAImac Electronics Corp
14360 S E Eastgate Way
Bellevue 98007

Tel (206) 643-9992
TWX. 910-444-2067

Arrow Electronics, Inc.
19540 68th Ave South
Kent 98032

Tel (206) 575-4420

‘tHamilton/Avnet Electronics
14212 NE 21st Street
Bellevue 98005

Tel* (206) 643-3950

TWX 910-443-2469

Wyle Distribution Group
15385 N E. 90th Street
Redmond 98052

Tel: (206) 881-1150

WISCONSIN

Arrow Electronics, Inc

200 N Patrick Blvd , Ste. 100
Brookfield 53005

Tel (414) 767-6600

TWX. 910-262-1193

Hamilton/Avnet Electronics
2975 Moorland Road

New Berlin 53151

Tel: (414) 784-4510

TWX. 910-262-1182

CANADA

ALBERTA

Hamilton/Avnet Electronics
2816 21st Street NE
Calgary T2E 6Z3

Tel; (403) 230-3586

TWX: 03-827-642

Zentronics
Bay No 1
3300 14th Avenue N.E

Calgary T2A 6J4

Tel (403) 272-1021
BRITISH COLUMBIA
THamilton/Avnet Electronics
105-2550 Boundary

Burmalay V5M 3Z3
Tel (604) 437-6667

Zentronics
108-11400 Bndgeporl Road
Richmond V6X 1T2
Tel (604) 273-5575
WX: 04-5077-89

MANITOBA

Zentronics

60-1313 Border Unit 60
Winnipeg R3H 0X4

Tel (204) 694-1957

ONTARIO

Arrow Electronics, Inc
36 Antares Dr
Nepean K2E 7W5
Tel (613) 226-6903

Arrow Electronics, Inc
1093 Meyerside
Mississauga L5T 1M4
Tel (416) 673-7769
TWX 06-218213

THamilton/Avnet Electronics
6845 Rexwood Road

Units 3-4-5

Mississauga L4T 1R2

Tel (416) 677-7432

TWX 610-492-8867

Hamilton/Avnet Electronics
6845 Rexwood Rd, Unit 6
Mississauga L4T 1R2

Tel (416) 277-0484

tHamilton/Avnet Electronics
190 Colonnade Road South
Nepean K2E 7L5
Tel (613) 226-1700
WX 05-349-71
1Zentronics
8 Tilbury Court
Brampton L6T 3T4
Tel. (415) 451-9600
TWX' 06-976-78
tZentronics
155 Colonnade Road
Unit 17
Nepean K2E 7K1
Tel (613) 226-8840

Zentronics

60-1313 Border St
Winnipeg R3H 014
Tel" (204) 694-7957

QUEBEC

tArrow Electronics Inc
4050 Jean Talon Quest
Montreal H4P 1W1

Tel: (514) 735-5511
TWX. 05-25590

Arrow Electronics, Inc.

500 Avenue St-Jean Baptiste
Suite 280

Quebec G2E 5R9

Tel: (418) 871-7500

FAX 418-871-6816

Hamilton/Avnet Electronics
2795 Halpern

St. Laurent H2E 7K1

Tel (514) 335-1000

TWX' 610-421-3731

Zentronics

817 McCaffrey

St Laurent H4T 1M3
Tel (514) 737-9700
TWX' 05-827-535
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DENMARK

Intel Denmark A/S
Glentevej 61, 3rd Floor

2400 Copenhagen NV
Tel (45) (31) 19 80 33
TLX: 19567

FINLAND

Intel Finland OY
Ruosilantie 2

00390 Helsinki

Tel (358) 0 544 644
TLX: 123332

FRANCE

Intel Corporation S AR.L

1, Rue Edison-BP 303

78054 St Quentin-en-Yvelines

Cedex
Tel: (33) (1) 30 57 70 00
TLX' 699016

EUROPEAN SALES OFFICES

WEST GERMANY

Intel Semloonductor GmbH*
Dornacher

8016 Feldkirchen beu Muenchen
Tel: (49) 089/90992-

TLX: 5-23177

Intel Semiconductor GmbH

Hohenzollem Strasse 5
3000 Hannover 1

}el (49) 051 1/344081

Intel Sermiconductor GmbH
Abraham Lincoln Strasse 16-18

6200 Wiesbaden
Tel: (49) 06121/7605-0
TLX 4-186183

Intel Semiconductor GmbH
Zettachring 10A

7000 Stuttgart 80

Tel: (49) 0711/7237 280
TLX 7-25482

ISRAEL

Intel Semiconductor Ltd.*

Atdim Industnal Park-Neve Sharet
P.O. Box 43202

Tel-Aviv 61430

Tel: (972) 03-498080

TLX: 371215

ITALY

Intel Corporation ltalia S.p.A.*
Milanofion Palazzo E
20090 Assago

Milano
Tel: (39) (02) 89200950
TLX: 341286

NETHERLANDS

Intel Semiconductor B.V.*
Postbus 84130

3099 CC Rotterdam

Tel: (31) 10.407.11 11
TLX: 22283

NORWAY

Intel Norway A/S
Hvamvelen 4-PO Box 92

2013 Skjetten
Tel, (47) 7 (6 842 420

SPAIN

Intel Iberia S.A.
Zurbaran, 28

28010 Madrid

Tel: (34) (1) 308 25 52
TLX: 46880

SWEDEN

Intel Sweden AB.*
Dalvagen 24

171 36 Solna

Tel. (46) 8 734 01 00
TLX 12261

SWITZERLAND

Intel Semiconductor A.G.
uerichstrasse

8185 Winkel-Rueti bei Zuerich

Tel: (41) 01/860 62 62

TLX 825977

UNITED KINGDOM

Intel Corporation (U.K.) Ltd.*

m\don,a\)l'vmsmre SN3 1RJ
Tel ( ) (0793) 696000
LX: 444447/8

EUROPEAN DISTRIBUTORS/REPRESENTATIVES

AUSTRIA

Bacher Electronics G.m.b.H.
Rotenmuehlgasse 26

1120 Wien
Tel. (43) (0222) 83 56 46
TLX: 31532

BELGIUM

Inelco Belgium S A

Av. des Croix de Guerre 94
1120 Bruxelles

Qorlot skruisenlaan. 94
1120 Brussel

Tel: (32) (02) 216 01 60
TLX. 64475 or 22090

DENMARK

ITT-Multikomponent
Naverland 29

2600 Glostrup
Tel: (45) (0) 2 45 66 45

FINLAND

QY Fintronic AB
Melkonkatu 24A

00210 Helsinki

Tel. (358) (0) 6926022
TLX 124224

FRANCE

Almex

Zone industrielle d'Amony
48, rue de I'Aubepine
BP 102

92164 Antony cedex
Tel. (33) (1) 46 66 21 12
TLX 250067

Jermyn-Generim
60, rue des Gemeaux

Silic 580
94653 Rungis cedex
TeI (33) (1) 4978 49 78
Metrologie
Tour d’Asnieres

4 av Laurent-Cely
2606 Asnieres Cedex
Tel (33) (1) 47 90 62 40

*Field Application Location

Tekelec-Alrtronic

Cite des Bruyeres

Rue Carle Vernet - BP 2
92310 Sevres

Tel: (33) (1) 45634 75 35
TLX: 204552

WEST GERMANY

Electronic 2000 AG
Stahlgruberring 12
8000 Muenchen 82
Tel (49) 089/42001-0
TLX: 522561

ITT Multikomponent GmbH
Postfach 1265
Bahnhofstrasse 44

7141 Moeglingen
Tel: (49) 07141/4879
TLX: 7264472

Jermyn GmbH
lm Dachsstueck 9

Tel (49) 064%1/503-0
TLX: 415257-0

Metrologie GmbH
Meglingerstrasse 49
8000 Muenchen 71
Tel: (49) 089/78042-0
TLX: 5213189

Proelectron Vertriebs GmbH
Max Planck Strasse 1-3
6072 ich

Tel (49) 06103/30434 3

IRELAND

Micro Marketing Ltd.
Glenageary Office Park
Glenageary

Co. Dublin
Tel (21) (353) (01) 85 63 25
TLX: 31584

ISRAEL

Eastronics Ltd.

11 Rozanis Street

P 0.B. 39300
Tel-Aviv 61392

Tel: (972) 03-475151
TLX: 33638

ITALY

Intesi

Divisione ITT Industries GmbH
Viale Milanofion

Palazzo E/5

20090 Assgfo M1y

Tel: (39) 02/824701

TLX: 311351

Lasi Elettronica S., p A.

V. le Fulvio Testi, 126

20092 Cimisello Balsamo M)
}el. (39) 02{)2440012

Telcom S.r.l

Tel: (39) S9040046
TLX: 3

T Multloomponents
Viale Milanofion E/S
20090 Assago (Mi)
Tel* (39) 02/824701
TLX: 311351

Silverstar

NETHERLANDS
go\;ung en Hartman Elektrotechnlek
Ehérgleweg 1
27 AP Delft
Tel: (31) (0) 15/609906
TLX: 38250

NORWAY

Nordisk Elektronikk (Norge) A/S
Postboks 123
Smedsvingen 4

1364 Hvalstad
Tel: (47) (02) 84 62 10
TLX: 77546

PORTUGAL

ATD Portugal LDA
?ésa Dos Luslados 5 Sala B
Tel (35) (1) 64 80 91

Avenlda Miguel Bombarda, 133
1000 Lisboa
;el (35) (1) 54 53 13

SPAIN

ATD Electronica, S A.
Plaza Ciudad de Viena, 6
28040 Madnd

Tel: (34) (1) 234 40 00
TLX: 424

ITT-SESA

Calle M"IAgueI Angel, 21-3
28010

TeI. (34) g) 419 09 57

Metrologla Ibenca, S.A.
Ctra de Fuencarral, n.80
28100 Alcobendas (Madnd)
Tel (34) (1) 653 86 11

SWEDEN

Nordisk Elektronik AB

Torshamnsgatan 39
oX 3

164 93 Kista

Tel. (46) 08-03 46 30

TLX: 105 47

SWITZERLAND

Industrade A G
Hertistrasse 31

8304 Wallisellen

Tel' (41) (01) 8328111
TLX: 56788

TURKEY

EMPA Electronic
Lindwurmstrasse 95A

8000 Muenchen 2
Tel: (49) 089/53 80 570
TLX: 528573

UNITED KINGDOM

Accent Electronic Components Ltd.

Jubilee House, Jubilee Road

tchworth, Herts SG6 1TL
Tel (44) (0462) 686666
TLX: 826293

Bytech-Comway Systems
3 The Western Centre
Western Road

Bracknell RG12 1RW
Tel. (44) (0344) 55333
TLX. 847201

Jermyn

Vestry Estate

Otford Road
Sevenoaks

Kent TN14

Tel (44) (0732) 450144

MMD
Unit 8 Southview Park
Caversham

Reading

Berkshire RG4 OAF
Tel. (44) (0734) 481666
TLX: 846669

Rapid Silicon

Rapid House

Denmark Street

High Wycombe
Buckinghamshire HP11 2ER
Tel: (44) (0494) 442266
TLX' 837931

Rapid Systems

Rapid House

Denmark Street

High Wycombe
Buckinghamshire HP11 2ER
Tel: (44917(0494) 450244
TLX: 837931

YUGOSLAVIA

H.R. Microelectronics Corp
2005 de la Cruz Blvd., Ste 223
Santa Clara, CA 95050

Tel: (1) (408) 988-0286

TLX 387452

Rapldo Electronic Components

Vla c Beccana, 8
34133 Trieste

Itaia
Tel. (39) 040/360555
TLX: 460461



AUSTRALIA

Intel Australia Pty. Ltd *
Spectrum Building

200 Pacific Hwy., Level 6
Crows Nest, NSE, 2065
Tel 612-957-2744

FAX: 612-923-2632

BRAZIL

Intel Semicondutores do Brazil LTDA
Av Paulista, 1159-CJS 404/405
01311 - Sao Paulo - S.P.

Tel 55-11-287-5899

TLX: 3911153146 I1SDB

FAX: 55-11-287-5119

CHINA/HONG KONG

Intel PRC Corporation
15/F, Office 1, Citic Bldg.
Jian Guo Men Wa: Street
Beying, PRC

Tel: (1) 500-4850

TLX' 22947 INTEL CN
FAX. (1) 500-2953

Intel Semiconductor Ltd.*
East Tower

Bond Cent

Queensway, Central

Hong Kong

Tel (5) 8444-555

TLX 63869 ISHLHK HX

FAX (5) 8681-989

INDIA

Intel Asia Electronics, Inc
4/2, Samrah Plaza

St Mark's Road
Bangalore 560001

Tel 011-91-812-215065
TLX: 9538452875 DCBY
FAX- 091-812-215067

JAPAN

Intel Japan K

&-6 Tokodal, Tsukuba shi
ibaraki, 300-26

Yoi: 0298—47 8511

TiX: 3656-160

FAX. 029747-8450

Intel Japan K.K *
Daiichi Mitsug! Bldg
1-8889 Fuchu-cho
Fuchu-shk, Tokyo 183
Tel. 0423-60-7871
FAX. 0423-60-0315

Intel Japan KK *
Bldg. Kumagaya
2-69 Hon-cho

Kumagaya-shi, Satama 360

Tel: 0485-24-6871
FAX: 0485-24-7518

Intel Japan KK *

Mitsu-Seimet Musashi-kosugt Bldg
915 Shinmaruko, Nakahara-ku
Kawasaki-shi, Kanagawa 211

Tel* 044-733-7011

FAX 044-733-7010

Intel Japan KK

Nihon gelmel Atsugr Bldg.
1-2-1 Asah-machi
Atsugi-shi, Kanagawa 243
Tel 0462-29-3731

FAX 0462-29-3781

Intel Japan K K.*
Ryokuchi-Eki Bldg.

2-4-1 Terauchi
Toyonaka-shi, Osaka 560
Tel 06-863-1091

FAX: 06-863-1084

Intel Japan K K.
Shinmaru Bidg.

1-5-1 Marunouchi
Chiyoda-ku, Tokyo 100
Tel" 03-201-3621

FAX: 03-201-6850

Intef Japan KK
Green Bldg

1-16-20 Nishiki
Naka-ku, Nagoya-shi
Aichi 450

Tel 052-204-1261
FAX. 052-204-1285

INTERNATIONAL SALES OFFICES

KOREA

Intel Technology Asia, Ltd
16th Floor, Life Bldg

61 Yoxdc»dong, ‘Youngdeungpo-Ku
Seoul 150-01

Tel (2) 784-8186, 8286, 8386

TLX' K29312 INTELKO

FAX (2) 784-8096

SINGAPORE

intel Singapore Technology, Ltd
101 Thomson Road #21-05/06
United Square

Singapore 1130

Tel: 250-7811

TLX 39921 INTEL

FAX. 250-9256

TAIWAN

Intel Technology Far East Ltd
8th Floor, No 205

Bank Tower Bldg

Tung Hua N. Road

Taiper

Tel 886-2-716-9660

FAX. 886-2-717-2455

INTERNATIONAL DISTRIBUTORS/REPRESENTATIVES

ARGENTINA

DAFSYS SRL
Chacabuco, 90-6 PISO
1069-Buenos Arres
Tel. 54-1-334-7726
FAX' 54-1-334-1871

AUSTRALIA

Email Electronics

15-17 Hume Street
Huntingdale, 3166

Tel 011-61-3-544-8244
TLX' AA 30895

FAX' 011-61-3-543-8179

NSD-Australia

205 Middleborough Rd.
Box Hill, Victoria 3128
Tel 03 8900970

FAX 03 8990819

BRAZIL

Elebra Microelectronica S A

Rua Geraldo Flausina Gomes, 78
10th Floor

04575 - Sao Paulo - SP.

Tel 55-11-534-9641

TLX. 55-11-54593/54591

FAX. 55-11-534-9424

CHILE

DIN Instruments
Suecia 2323

Casilla 6055, Correo 22
Santiago

Tel: 56-2-225-8139
TLX' 240.846 RUD

CHINA/HONG KONG

Novel Precision Machmerg Co, Ltd.
Flat D, 20 Kingsford Ind Bldg.

Phase 1, 26 Kwai Hei Street

N.T., Kowloon

Hong Kong

Tel 852-0-4223222

TWX 39114 JINMI HX

FAX' 852-0-4261602

*Field Application Location

INDIA

Micronic Devices

Arun Complex

No 65 D V.G. Road

Basavanagudi

Bangalore 560 004

Tel: 011-91-812-600-631
011-91-812-611-365

TLX. 9538458332 MDBG

Micronic Devices

No. 516 5th Floor
Swastik Chambers

Sion, Trombay Road
Chembur

Bombay 400 071

TLX. 9531 171447 MDEV

Micronic Devices
25/8, 1st Floor
ada Bazaar Marg
Old Rajinder Nagar
New Delhi 110 060
Tel: 011-91-11-5723509
011-91-11-589771
TLX: 031-63253 MDND IN

Micronic Devices

6-3-348/12A Dwarakapun Colony

Hyderabad 500 482
Tel' 011-91-842-226748

S&S Corporation
1587 Kooser Road
San Jose, CA 95118
Tel (408) 978-6216
TLX' 820281

FAX. (408) 978-8635

JAPAN

Asahi Electronics Co. Ltd.
KMM Bldg 2-14-1 Asano
Kokurakita-ku
Kitakyushu-shi 802

Tel: 093-511-6471

FAX 093-551-7861

C. Itoh Techno-Science Co , Ltd
4-8-1 Dobashi, Miyamae-ku
Kawasaki-shi, Kanagawa 213

Tel' 044-852-5121
FAX. 044-877-4268

Dia Semicon Systems, Inc.
Flower Hill Shinmachi Higashi-kan
J‘_ -23-9 Shmmachl, Setagaya-ku

okyo 1
Tel 03-439~1600
FAX 03-439-1601

Okaya Koki

2-4-18 Sakae

Naka-ku, Nagoya -shi 460
Tel 052:204-291

FAX: 052-204-; 2901

Ryoyo Electro Corp
Konwa Bldg

1-12-22 Tsukyl
Chuo-ku, Tokyo 104
Tel' 03-546-5011
FAX: 03-546-5044

KOREA

J-Tek Corporation

6th Floor, Government Pension Bldg
24-3 Yoido-dong

Youn?deungpcrku

Seoul 150-010

Tel' 82-2-780-8039

TLX. 25299 KODIGIT

FAX: 82-2-784-8391

Samsung Electronics
150 Taepyungro-2 KA
Chungku, Seou! 100-102
Tel: 82-2-751-3985

TLX- 27970 KORSST
FAX: 82-2-753-0967

MEXICO

SSB Electronics, Inc

675 Palomar Streek Bldg 4, Suite A
Chula Vista, CA

Tel' (619) 585- 3253

TLX. 287751 CBALL UR

FAX (619) 585-8322

Dicopel S A
Tochth 368 Fracc Ind. San Antonio
Azcapo Ico
C P. 02760-Mexico, D F.
Tel 52 5 561-3211

'7 3790 Dicome
FAX 52 5-561-1279

PSI de Mexico

Francisco Villas Esq Ajusto
Cuernavaca - 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 Harvey Road #04-01
Singapore 1336

Tel' 283-0888

TWX 56541 ERS

FAX: 2895327

SOUTH AFRICA
Electronic Building Elements

178 Erasmus Street (off Watermeyet Street)

Meyerspark, Pretoria, 0184
Tel. 011-2712-803-7680
FAX: 011-2712-803-8294

TAIWAN

Micro Electronics Corporation
5/F 587, Ming Shen East Rd.
Tapel, RO
Tel 886-2-501-8231
FAX 886-2-505-6609
Sertek
15/F 135, Section 2
Chien Juo North Rd.
Taipe1 10479, RO.C
el (02) 5010055
FAX: (02) 5012521
(02) 5058414

VENEZUELA

P Benavides 8.A.
Avilanes a Rio
Residencia Kamarata
Locales 4

La Candelana. Caracas
Tel: 58 2-574-633

TLX. 28450

FAX: 58-2-572-3321



In

ALABAMA

*Intel Corp

5015 Bradford Dr, Suite 2
Huntsville 35805

Tel: (205) 830-4010

ALASKA

Intel Corp.

c/o TransAlaska Data Systems
300 Old Steese Hwy.
Farbanks 99701-3120

Tel: (907) 452-4401

Intel Corp.

c/o TransAlaska Data Systems
1551 Lore Road

Anchorage 99507

Tel: (907) 522-1776

ARIZONA

*Intel Corp.

11225 N 28th Dr.
Suite D-214
Phoenix 85029

Tel (602) 869-4980

*Inte) Corp

500 E. Fry Blvd., Suite M-15
Sierra Vista 85635

Tel (602) 459-5010

CALIFORNIA

tintel Corp.

21516 Vanowen St., Ste. 116
Canoga Park 91. 303

Tel: (818) 704-8500

*Intel Corp

2250 E Imperial Hwy., Ste. 218
El Segundo 90245

Tel (213) 640-6040

*Intel Corp

1900 Prame Cg Rd.

Folsom 95630-

Tel. (916) 351-6143
1-800-468-3548

Intel Corp

9665 Cheasapeake Dr., Sute 325
San Diego 92123-1326

Tel. (619) 292-8086

**Intel Corp.

400 N. Tustin Avenue
Suite 450

Santa Ana 92705

Tel (714) 835-9642

CALIFORNIA

2700 San Tomas Expressway

Santa Clara 95051

Tel* $408) 970-1700
-800-421-0386

DOMESTIC SERVICE OFFICES

**tintel Corp

San Tomas 4

2700 San Tomas Exp 2nd Floor
Santa Clara 9505

Tel (408) 986-1 BOBG

COLORADO

*Intel Corp.
650 S Cherry St, Sute 915

Denver 8
Tor '(303) 321-8086

CONNECTICUT

*Intel Corr:p

301 Lee Farm Corporate Park
83 Wooster Heights Rd.
Danbury 06810

Tel (203) 748-3130

FLORIDA

**Intel Corp.

6363 N W. 6th Way, Ste. 100
Ft. Lauderdale 33309

Tel (305) 771-0600

*Intel Corp

5850 T.G. Lee Bivd, Ste 340
Orlando 32822

Tel (407) 240-8000

GEORGIA

*Intel Corp.

3280 Pointe Pkwy., Ste 200
Norcross 30092

Tel. (404) 449-0541

HAWAII

*Intel Corp.
US.1S.C_Signal Batt
Building T-1521
Shatter Plats

Shafter 96856

ILLINOIS

**tInte! Corp.

300 N. Mamngale Rd Ste 400
Schaumburg 601

Tel (312) 605- 5031

INDIANA

*Intel Corp.

8777 Purdue Rd, Ste 125
Indianapolis 46261 3

Tel. (317) 875-0623

CUSTOMER TRAINING

ILLINOIS

goo N. Mamnga\e Road

uite

Schaumburg 60173

Tel: (703) 706-5700
1-800-421-0386

KANSAS

*lntel Corp.

0985 Cody, Suite 140
Oveﬂand Park 66210
Tel: (913) 345-2727

MARYLAND

"‘ﬂntel Corp.
0010 Juncnon Dr., Sutte 200
Annapolis Junction 20701
Tel. (301) 206-2860
FAX: 301-206-3677

MASSACHUSETTS

**tIntel Corp.

3 Carhsle Rd 2nd Floor
Westford 01886

Tel (508) 692-1 060

MICHIGAN

*tintel Corp.

7071 Orchard Lake Rd, Ste 100
West Bloomfield 48322

Tel (313) 851-8905

MINNESOTA

*tintel Corp

3500 W. 80th St., Suite 360
Bloomington 55431

Tel: (612) 835-6722

MISSOUR!

*Intel Corp

4203 Earth City Exp., Ste 131
Earth Cif 45

Tel: (314) 291-1990

NEW JERSEY

**Intel Corp.

300 Sylvan Avenue
Englewood Cliffs 07632
Tel. (201) 567-0821

*[ntel Corp

Parkway 109 Office Center
328 Newman Springs Road
Red Bank 07701

Tel (201) 747-2233

*Intel Corp

280 Corporate Center

75 Livingston Ave., 1st Floor
Roseland 07068

Tel. (201) 740-0111

MASSACHUSETTS

3 Carlisle Road, First Floor

Westford
Tel: (301) 220-3380
1-800-328-0386

NEW YORK

*tintel Corp

2950 Expressway Dr. South
Islandia 11722

Tel" (516) 231-3300

*Intet Corp.
Westage Business Center

Tel. (914) 897-3860

NORTH CAROLINA

*Intel Corp.

5800 Executnve Dr., Ste. 105
Charlotte 2821
Tel (704) 568- agss

**Intel Corp

2700 Wycliff Road
Suite 102

Raleigh 27607

Tel (919) 781-8022

OHIO

**tIntel Cor,

3401 Park Center Dr., Ste 220
Dayton 45414

Tel: (513) 890-5350

*tintel Corp.

25700 Science Park Dr, Ste 100
Beachwood 44122

Tel: (216) 464-2736

OREGON

intel Corp.

15254 N.W. Greenbrier Parkway
Building B

Beaverton 9700!

Tel. (503) 645-8051

*Intel Corp.

200 N.E. Elam Young Parkway
Hillsboro 97123
Tel: (503) 681-8080

PENNSYLVANIA

*tintel Corp.

455 Pennsylvania Ave,, Ste 230
Fort Washington 19034

Tel: (215) 641-1000

tintel Corp

400 Penn Center Blvd , Ste. 610
Pittsburgh 15235

Tel: (412) 823-4970

CENTERS

MARYLAND

10010 Junction Dr.

Surte 200

Annapolis Junction 20701

Tel: (301) 206-2860
1-800-328-0386

Intel Corp.

1513 Cedar Citff Dr.
Camp Hill 17011
Tel: (717) 761-0860

PUERTO RICO
Intel Cori

South lngustrlal Park
P.O B 91 0

Tel: (809) 733‘8616
TEXAS

Intel Corp
2%5 Dyer St Suite 225
Tel: (915) 751—0186

*Intel Corp.
313 E Anderson Lane, Suite 314

Austin 78752

Tel (512) 454-3628
**1Intel Corp.

12 (I)OO Ford Rd., Sutte 401

Dal
Tel: (214) 241-8087

*Intel Corp

7322 S.W Freeway, Ste. 1490
Houston 77074

Tel (713) 988-8086

UTAH

Intel Corp.

428 East 6400 South, Ste. 104
Murray 84

Tel: (801) 253 8051

VIRGINIA

'lntel Corp.

1504 Sama Rosa Rd., Ste. 108
Richmond 23288
Tel (804) 282-5668

WASHINGTON

*Intel Corp.

155 108th Avenue N.E., Ste. 386
Bellevue 98004

Tel. (206) 453-8086

CANADA

ONTARIO
Intel Semiconductor of
G Ld

2650 Queensview Dr., Ste. 250
Ottawa K2B 8H6
Tel. (613) 829-9714
FAX: 613-820-5936
Intel Semlconductor of
Cana

Attwell Dr., Ste. 102
Rexdale MOW 6H8
Tel: (416) 675-2105
FAX 416-675-2438

SYSTEMS ENGINEERING MANAGERS OFFICES

MINNESOTA

3500 W 80th Street
Suite 3

Bloomln on 55431
Tel: (612) 835-6722

1System Engineering locations
*Carry-in locations
**Carry-in/mail-in locations

NEW YORK

2950 Expvessway Dr., South
Islandia 11722
Tel (506) 231 -3300
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Microcomputer Boards
and Systems

Intel’s complete line of OEM
microcomputer systems takes advantage of
Intel’s technology to provide economical,
self-contained, computer-based solutions
for OEM applications. The extensive use of
high integration VLSI produces high-
performance, single board systems.

Intel has a broad range of hardware
and software products for both software
development and real-time applications.
The Intel Custom Board and Systems
Group offers a broad array of custom
services for OEMs seeking unique solutions
for their markets.

This handbook contains application
notes, article reprints and data sheets for
Intel OEM boards and systems including
such key products as Multibus ',

BITBUS and iRMX' operating systems.
The data sheets include specifications and -
features; charts covering configuration and
architecture; block diagrams; operational
descriptions and functional descriptions.

In addition, technical briefs provide helpful
information about subsystems. An entire
section of this handbook is devoted to
explanations of the extensive service and
support, engineering services, customer
training and hardware maintenance
services offered by Intel.

Printed in U.S.A. 0190 34K RRD BC
Microcomputer Systems

ISBN 1-55512-089-X



