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8044 BITBUS™ Enhanced Microcontroller

EXTENDED FIRMWARE ENVIRONMENT
(Continued)

Parallel Interface to | FIFO Command Byte—
Extension Device OFFO01H 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:

e 8-bit CPU

® On-chip oscillator

e 4K bytes of RAM

* 192 bytes of ROM

e 321/0 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 1/0 dependent upon
the ftrmware environment selected.

FFFF
EXTERNAL
1000
e v——
OFFF OFFF OVERLAPPED
SPACE
INTERNAL EXTERNAL
gan | | ®E&o | gr-—----- SPECIAL
& n X0 lid FUNCTION
co REGISTERS
INTERNAL
oF DATA RAM
0000 0000 % 0000
o J/ . > | S
EXTERNAL
INTERNAL
PROGRAM MEMORY DATA MEMORY “gag:w

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 P10 vee
space and most of the remaining internal data mem- P14 Fo.0
ory with the exception of bit space 02AH to 02FH. e e
Figure 5 shows the BEM’'s memory map. P14 0.3
P1.5 PO.4
RT3 P1.6 PO.5
1/0 ADDRESSING REQUIREMENTS oIS P17 ::3
RST .
The table below provides the BEM's I/O port ad- o oo i
dresses. INTI P32 PSEN
Table 1. BEM I/0 Addressing INTO P33 P27
0 P34 P2.6
Function Address Bit | Byte L Pas P25
Red LEDP1.0 | 90H X o s
Green LEDP1.1 | 91H X XTALZ P22
XTAL1Y P2.1
TCMD 92H X vss P20
RFNF # B3H X 280129-6
TENF# B2H X Figure 6A. BEM DIP Pin Configuration
RDY/NE* B4H X
Node Address FFFFH X
Configuration | FFFEH X irscay 8885
Reserved FFEOH-FFFDH X /; L
Digital I/0 FFCOH-FFDFH X il 4 39f=Po4
- P1.6—1 8 38p=P0.5
SBX #4 FFBOH-FFBFH X P17 9 s7}-ros
SBX #3 FFBOH-FFAFH X A ol I
SBX #2 FF90H~-FFOFH X N2 8044 34~ N/C
SBX #1 FF80H-FF8FH X Pa113 oz s3p-ae
P3.2~14 . 32}~ PSEN
User Defined FF40H-FF7FH X P33 15 stfb-rp27
Reserved FFO2H-FF3FH X g I o ras
P3.5—417 29~ P2.5
FIFO Command | FFO1H X 18 19 20 21 22 23 24 25 26 27 28
FIFO Data FFOOH X éééé REIEEE
280129-26
Figure 6B. BEM PLCC Pin Configuration
Table 2. BEM Pin Description
Name . Description

VSS Circuit ground potential.

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

PORTO Port 0 is an 8-bit open drain bidirectional 1/0 port. It is also the multiplexed low-order address
and data bus when using external memory. It is used for data output during program
verification. Port 0 can 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 1/0 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 Déscription (Continued)

Name

Description

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 address and the control sngnals
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 I/O some of the pins also serve alternate functions as foIIows

* /0 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.
e 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 (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 uf) is also connected from this pin to Vgc.

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.

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 voltage 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
external source can be used.

Firmware

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

Basic Firmware Services

POWER-UP DIAGNOSTICS
- INCREASE RELIABILITY

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

No programmatic interface exists for the power-up
diagnostics. Only 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-

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

State of Port*
After Test Completion
TestSequence | pog | ED | Green LED
(Pin 1.0) (Pin 1.1)
Power-on On On
Prior to Start of Tests Off Off
Test 1—Instruction 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.

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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ALE

PR @0 PR
+5V ° 9] ? o ° gm
A\ cK a cK o
— CLR CLR
T 5
MCLK .
o DATA
% DATA* ¢
S DATA " L Ih
> -
e @ T
RTS® = ?0—‘\
DCLK/RTS
——AAA +5V I % Dc#‘rs.'/
. JON
O O— o o p
O j
SCLK o
280129-7
NOTES:

1. Connect to ground for self-clocked mode and-SCLK for synchronous mode.
2. Remove for self-clocked operation with repeater(s).

3. Connect to RTS* for synchronous mode or 1/0* for self-clocked mode.
4. Selects MCLK as serial clock source.
5. Selects ALE or oscillator as serial clock source.

Figure 7. BITBUS™ Interface Hardware Requirements

| FLAG | ADDRESS | CONTROL | INFORMATION | FCS | FLAG |

1 1

1 N

2 1 (BYTES)

‘ Figure 8. BITBUS™ Frame Format

LAST BIT >
TRANSMITTED

MSB LS8

LENGTH

MT [ SE l DE | TR | RESERVED

NODE ADDRESS

SOURCE TASK ]DESTINA‘!ION TASK

COMMAND/RESPONSE

DATA

< FIRST BIT
TRANSMITTED
MT - MESSAGE TYPE
SE - SOURCE EXTENSION

DE - DESTINATION EXTENSION
TR - TRACK FIELD

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-AD?7.

BITO
BIT1
BIT2
BIT3
BIT4
BITS

BIT6
BIT7

O0O0OO0O0O0O0O0

/AN

NOTE:
Jumper Installed = 1
Jumper Removed = 0

Node Address Register

BITO (@]

BIT1 O

BIT2 (@] ALL JUMPERS REMOVED SELECTS
NODE ADDRESS OOH.

BIT3 o)

BIT4 O ALL JUMPERS INSTALLED SELECTS
NODE ADDRESS FFH.

BITS (@)

BIT6 O

BIT7 (@)

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 Controlier 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. .

(ISBX™ BUS)
PARALLEL INTERFACE

(1SBX"™ BUS)
PARALLEL INTERFACE

280129-11

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

Figure 12 provides one example of a Byte FIFO In-
terface. This specific example illustrates the inter-
face provided on the iSBX 344A BITBUS Controller
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 'V INTERCONNECT

{— iSBX™ 344 BOARD _‘|
| |
|1 |
| BEM |
| |
| |
| |
| |
| 8044LOCALBUS |
f )

| |
| TCcMmD! . !
| TeMo. RFNF i
' |

! |
' |
I |
I TRANSMIT RECEIVE |
| FIFO FIFO |
' |
l |
! |
' TENF* ACMD. |
I S P _

. EXTENSION DEVICE CPU
LOCAL BUS

EXTENSION
DEVICE CPU

280129-12

Figure 12. Byte FIFO Interface Example
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SEND MESSAGE

>l

~-—
-

-

RFNF*

WRITE
NEXT
DATA
BYTE

MESSAGE NO

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

/

READ
END OF
MESSAGE
COMMAND

RETURN

READ
NEXT
DATA
BYTE

280129-14

Figure 14. Transmitting a Message to BEM

USER SOFTWARE SERVICES

Multitasking, I1/0 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 I/0 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
RQS$CREATES$TASK Create and schedule a new task.
RQ$DELETESTASK Delete specified task from system.
RQS$GET$FUNCTIONSIDS | Obtain the function IDs of tasks currently in system.

INTERTASK COMMUNICATION CALLS

RQS$ALLOCATE Obtain a message buffer from the system buffer pool.
RQS$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 system memory pool memory.

RQ$RELEASESMEM

Release system memory pool memory.

INTERRUPT MANAGEMENT CALLS

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

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

EXTERNAL MEMORY

LOCAL I/0

RAC
TASK

USER
/ TASK

|  (OPTIONAL)
|

r__.__._ -—

iDCX™™
51
EXECUTIVE

8044
BITBUS™
INTERCONNECT

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 RQ$CREATESTASK system call.
DELETE__TASK Perform an RQ$DELETE$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 1/0 ports.
AND__I/0 AND values into specified /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 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 iSBX 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/O 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 ...............oovventn 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 T, = 0°Cto 70°C, Vg = 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 Vo + 0.5 \
(Except RST and XTAL2)

VIH1 Input High Voltage to 2.5 Vce + 0.5 XTALt1 = Vgg
PST For Reset, XTAL2 -

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

VOLA1 Output Low Voltage 0.45 \ loL = 3.2mA
Port 0, ALE, \PSEN (Note 1)

VOH Output High Voltage 2.4 Vv lon = —80 pA

- Ports 1,2, 3

VOH1 Output High Voltage 24 \ loq = —400 pA
Port 0, ALE, \PSEN

L Logical 0 Input Current —-500 HA XTAL1 at Vgg
Ports 1,2, 3 Vin = 0.45V

IIH1 Input High Current to 500 HA Vin < Vgg — 1.5V
RST/VPD For Reset

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

ICC Power Supply Current 170 mA All Outputs Disconnected,

EA = Ve

clo Capacitance of 170 Buffer 10 pF fe = 1 MHz

L2, Logical O Input Current -3.6 mA XTAL1 at Vss
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 T4 to0°Cto 70°C, Vo = 5V £10%, Vgg = 0V, Cy_ for Port 0, ALE and
PSEN Outputs = 100 pF; C|_for All Other Outputs = 80 pF

PROGRAM MEMORY

Symbol Parameter 12MHzClock | . JTOLOL = 3.5 Mita 10 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 Instrin 233 ns 4TCLCL—100 ns
TLLPL ALEto 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 1 ns
TPXIZ@ | Input Instr Float after PSEN 63 ns . TCLCL-20 ns
TPXAV(2 | Address Valid after PSEN 75 ns | TCLCL-8 ns
TAVIV Address.to Valid Instr in 302 ns ' 5TCLCL—-115 ns
TAZPL Address Float to PSEN —25 ns -25 ns

NOTES:

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

2. Interfacing RUPI-44 devices with float times up to 75 ns is permissible. This limited bus contention will not cause any
damage to Port O drivers.

EXTERNAL DATA MEMORY

Variable Clock

Symbol | Parameter 12 MHz Clock 1/TCLCL = 3.5 MHz to 12 MHz
Min | Max | Units Min Max Units

TRLRH | RD Pulse Width 400 ns | 6TCLCL—100 ns
TWLWH | WR Pulse Width 400 ns 6TCLCL—100 : ns
TLLAX(1) | Address Hold after ALE 48 ns TCLCL—-35

TRLDV RD to Valid Data in 252 ns . 5TCLCL—165 ns
TRHDX | Data Hold after RD 0 ns 0 ns
TRHDZ | Data Float after RD 97 ns 2TCLCL—-70 ns
TLLDV ALE to Valid Data in 517 ns 8TCLCL—150 ns
TAVDV Address to Valid Data in ’ 585 ns 9TCLCL—165 ns
TLLWL ALE to WR or RD 200 | 300 ns 3TCLCL—-50 3TCLCL +50 ns
TAVWL | Addressto WR or RD | 203 ns | 4TCLCL—130 : ns
TWHLH | WRorRDHighto ALEHigh | 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
ALE N TLLPL \
le——— TPLPH—
e — e \_&___,*CEV_\___/_
TAVLL | TR rexix =2 Xz
poRTo  INSTRIN < a7-aD INSTRIN ) A7-AD > @—
TAVIV
PORT 2 ADDRESS, ADDRESS A15-A8 Dl ADDRESS A15-A8 )
280129-16

DATA MEMORY READ CYCLE

TWHLH —»]
N TLLDV .
ALE / N
e
— TLLWL
RD TRLRH L
e—TUA __unvw»._.\ TRLOV A1z
TAVDV LLAX e B TRHOX | ju |
PORTO A7-A0 DATA IN
o] |e— TRLAZ
ADDRESS -~
PORT2  OR SFR.P2 L ADDRESS A15-A8 OR SFR-P2 >
280129-17
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WAVEFORMS (Continued)

DATA MEMORY WRITE CYCLE

ALE

PORTO

PORT 2

TWHLH— F

TIwe
TWLWH
N r
— TAVWL N\ vk /
leTLLAX 55 - TQVWH e TWHOX >
A7-A0 DATA OUT

-

ADDRESS
OR SFR-P2

Ds

ADDRESS A15-A8 OR SFR-P2

280129-18

SERIAL 1/0 WAVEFORMS

SYNCHRONbUS DATA TRANSMISSION

TDCY

TOCL

SCLK

TDCH——K—

DATA

280129-19

SYNCHRONOUS DATA RECEPTION

TOCY

SCLK

A

TDCL

\ | :;é

TDCH

DATA

TDSS

TDHS 1
280129-20
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CLOCK WAVEFORMS

INTERNAL STATE4 | STATES | STATE® | STATE1 | STATE2 | STATE3 | STATE4 | STATES

cLock pr|p2 | et |p2 P leeler]pa]|er|p2fer|p2a|p|p2]e]|r

XTAL 2

me |1 | R e R
THESE SIGNALS ARE NOT

EXTERNAL PROGRAM MEMORY FETCH ACTIVATED DURING THE

EXECUTION OF A MOVX INSTRUCTION

PSEN

PO IDATAl l PCLOUT l IDATAI PCL OUT DATAI l PCL OUT l

SAMPLED SAMPLED SAMPLED
FLOAT L FLOAT —! I“——FLOAT ———4

READ CYCLE

P2(EXT) [ INDICATES ADDRESS TRANSIONS |

—

WRITE CYCLE

RD ] T
00H IS EMITTED PCL OUT (IF PROGRAM
, DURING THIS PERIOD MEMORY IS EXTERNAL)
_ [omomm |~ [oaTal L
PO out SAMPLED
fefofe———————FloaT SAMPLED |
P2 S——| INDICATES DPH OR P2 SFR TO PCH TRANSITIONS

ﬁCL OUT(EVEN IF PROGRAM

MEMORY IS INTERNAL)

{ PCL OUT (IF PROGRAM

PORT OPERATION

WR |

po | DPLORRi | :
out [ DATA OUT ]

P2 P INDICATES DPH OR P2 SFR TO PCH TRANSITIONS

1 MEMORY IS EXTERNAL)

MOV PORT, SRC OLD DATA [ NEW DATA

MOV DEST, PO

PO PINS SAMPLED

==1

MOV DEST, PORT (P1. P2, P3) PO PINS SAMPLED

(INCLUDES INTQ, INT1, 70, T1)

P1.P2. P3 PINS SAMPLED
SERIAL PORT SHIFT CLOCK

P1,P2,P3
PINS SAMPLED

TXD !
(MODE 0)

“RXD SAMPLED

\
RXD SAMPLED
280129-21

This diagram indicates when signals are clocked in-
ternally. The time it takes the signals to propagate to
the pins, however, ranges from 25 to 125 ns. This
propagation delay is dependent on variables such as
temperature and pin loading. Propagation also var-

ies from output to output and component to compo-
nent. Typically though, (To = 25°C, fully loaded) RD
and WR propagation delays are approximately 50
ns. The other signals are typically 85 ns. Propaga-
tion delays are incorporated in the AC specifications.
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A.C. TESTING INPUT, OUTPUT, FLOAT WAVEFORMS

INPUT/OUTPUT FLOAT )
24 70 2.0 FLOAT
>( TEST POINTS >< 24— 0 2024
0.45 0.8 0.8 N ]
280129-22 o.45-——-—7{°‘° “\L—— 0.45
' 4 280120-23
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
‘<——‘—TCHCX : TCLCH—» [-—— re— TCHCL
25 25 . 25
_/ ' 08 o8 / -
TCLCX
TCLCL
280129-24
Variable Clock
Symbol Parameter Freq = 3.5 MHz to 12 MHz Units
Min Max
TCLCL Oscillator Period 83.3 285.7 ns
TCHCX High Time 30 TCLCL—-TCLCX ns
TCLCX Low Time 20 TCLCL—TCHCX ns
TCLCH Rise Time 20 ns
TCHCL Fall Time 20 ns
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BEM PARALLEL INTERFACE LOGIC TIMING

RD* l :t
TFNE* I J L
TcmMD* l \I

N
A0-15 —< FF00 > FFO1
WR*
RENF* | |

280129-25

SPECIFICATIONS

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

Related Documents
(Not Supplied)

Order Number

146312-001— Guide to Using the Distributed Con-
trol Modules

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

210941-002 — OEM System Handbook
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

18-103



inté"’ ; PRELIMINARY

8044AH/8344AH/8744H
HIGH PERFORMANCE 8-BIT MICROCONTROLLER
- WITH ON-CHIP SERIAL COMMUNICATION CONTROLLER

m 8044AH—Includes Factory Mask Programmable ROM
= 8344AH—For Use with External Program Memory
m 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 B 2.4 Mbps Maximum Data Rate

Timer/Counters

m Boolean Processor m 375 Kbps using On-Chip Phase Locked

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

® 4 us 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 |/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 penpherals can be used for 170 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 [~ 78051 HDLC/
1= Micro- Zport o o siu. | =f=sDLC
1= Lcontroller RAM port

) 231663-1
Figure 1. Dual Controller Architecture

: October 1987
18-104 Order Number: 231663-004
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Table 1. RUPIT™-44 Family Pin Description

VSss
Circuit ground potential.

vCC

+ 5V power supply during operation and program
verification.

PORT 0 . s
Port 0 is an 8-bit open drain bidirectional 1/O port.

It is also the multiplexed low-order address and
data bus when using external memory. It is used
for data output during program verification. Port 0
can sink/source eight LS TTL loads (six in 8744).

PORT 1

Port 1 is an 8-bit quasi-bidirectional 1/0 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 I/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 170 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 |nput in loop
and diagnostic modes.

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

— INTO (P3.2). Interrupt 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 (P3.5). In addition to 1/0, 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 0 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 (=8.2K}) 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™M-44 Family Pin Description (Continued)

XTAL 1

Input to the oscillator’s high gain amplifier. Re-
quired when a crystal is used. Connect to VSS

when external source is used on XTAL 2.

XTAL 2

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

RST
vss vce
P «w0[Jvce
TALY @ . .
XTALY \ N3 :n 2 39[7P00 ADO
L e e | < 1203 38 {1 P0.1 ADY
] gy > K P1a[]e [ Jpo2 AD2
D3 Do Lo praf]s 36[7r0.3 AD3
XTALZ pity pod K P56 35 [TP04 ADe
} > <o ﬂ ATS P16’ 34[]P0OS ADS
EA/VPP —»] e J an) § TS pr7(]e 33[J P08 ADe
I e ) < RST 9 2{JpP07 AD?
PSEN «— - o RXD P30 & vep
ALE/PROG <o :g:: 'I' o DATA TXD P3.1 [1ALE PROG
04 e INTO P32 — PSEN
- & INT1 P33 [SeP2r ats
0" J—:_ :;: T0 P4 [Ip26 At
[
H VS RXD—tm N SCLK T1 P3s [Jp2s A13
Eloana 0w [ o e | — ], WA Pl [JP24 A2
z INTO— | a0 namhl B E RO P37 P23 AN
[ INTI—p J- - e & |— 1 XTAL2 P22 At0
z LB -8 P—o P XTALY P21 A9
Sl scik 11— |* <> e |—»J o ’
z WR - > |— |2 vss P20 A8
S Ab - > J
» 231663-3
231663-2
Figure 2. Logic Symbol Figure 3A. DIP Pin Configuration
¥TMaN - Q0 9 =AM
iiana=rggee
I T N T Y T Y I I |
/6 S5 4 3 2 1 44 4342 41 40
P1.5—7 39— P0.4
P1.6— 8 38— P0.5
P1.7— 9 37— P0.6
RST/VPD—{ 10 36— P0.7
P3.0— 11 35p=EA .
N/C=—112 8044 34— N/C
p3.1=13 8344 33} ALE
P3.2— 14 32— PSEN
P3.3— 15 31p= P2.7
P3.4—4 16 30— P2.6
P3.5—4 17 29— P2.5
18 19 20 21 22 23 24 25 26 27 28
TTITT LT
93 % R N N
prEggydegdy

231663-21

Figure 3B. PLCC Pin Configuration
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FREQUENCE
nsrsns:;s
osciL 4096 BYTES siv l4——— DATA

l LATOR PROGRAM R AR () SERIAL
| & MEMORY RAM INTERFACE |+ &

TIMING (8044 & 8744) UNIT) HDLC/SDLC
I3 | SERIAL

ﬂ ﬂ ! COMMUNICATIONS

l 8051 K -
|| cpu |
| U U |
| K-BYTE Bl wo reair | |
| “Expmslorl:s :) PROGRAMMABLE TIMER1EVENT |

remnubrs | CONTROL 110 COUNTERS
I ' |
T -
INTERRUPTS CONTROL PAﬁALLEI. PORTS COUNTERS

DRESS DATA BUS
O0%N0 10 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
e on-chip oscillator

4K bytes of ROM

192 bytes of RAM

32 1/0 lines

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

a five-source interrupt structure with two priority
levels

e bit addressability for Boolean processing

SPECIAI.
INCTION

REGISTERS

—A—

255 [255  248) F8H w
FOH

RAM ADDRESS-

ABL
BITSIN
SFRs
(128 BITS)

INDIRECT
ADDRESS-
ING

DIRECT

127 }monzss

ADDRESS- , 48
ABLE
BITSIN

INTERNAL
DATA RAM

SPECIAL FUNCTION
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 spade 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 SlU is invoked. Due to the nature
of the serial port, two of Port 3’s I/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 A,direct 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 DEC Rn Decrement :
ADDC A, #data Addimmediate register 1 1
data to A with DEC = direct - Decrement
Carry flag 2 1 direct byte 2 1
SUBB A,Rn Subtract register DEC @Ri Decrement
from A with indirect RAM 11
Borrow LI MUL AB Multiply A & B 1 4
SUBB A,direct- Subtract direqt DIV AB Divide A by B 1 4
gic’)‘r‘j;;‘v’m A with 5 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 11
Accumulator 2 1 RRC A Rotate A Right
ANL direct,A AND through Carry
Accumulator to flag L
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,@RI Move indirect
to Accumulator 1 1 RAMto
ORL A, #data OR immediate Accumulator 11
data to MOV A, #data Move immediate
Accumulator 2 1 datato
ORL direct,A OR Accumulator Accumulator 2 1
to direct byte 2 1 MOV Rn,A Move
ORL direct, #data OR immediate Accumulator to
data to direct register 11
byte 3 2 MOV Rn,direct Move direct byte
XRL A,Rn _ Exclusive-OR to register 2 2
register to MOV Rn,#data  Move immediate
Accumulator 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,@RI 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 @Ri,A 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
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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 Catry 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,@eDPTR Move External PROGRAM AND MACHINE CONTROL
RAM (16-bit ACALL addri1 ~ Absolute
MOVX GRIA aMdd") t;: :\ 12 : SubroutineCall 2 2
LA. ove A 1o LCALL addr16 Long Subroutine :
Extgrnal RAM adar Ca"g I 3 2
(8-bit addr) 1.2 RET Return from
MOVX @DPTR,A Move A to subroutine 1 2
Exterpal RAM RETI Return from ‘
_ (16-bit) addr 1.2 interrupt 1 2
PUSH direct P:ts“ ‘1"‘3?‘ byte » 2 AJMP addrii  Absolutedump 2 2
. onto stac LIMP addri6 - Long Jump 3 2
POP direct Pop direct byte SIMP rel Short Jump
SCH Afn g°"l‘1$:]a‘2‘ 2 2 (elativeaddy 2 2
' ; e"cistae&ith JMP  @A+DPTR Jump indirect
: 9 relative to the
Accumulator 1 1 DPTR 1 2
XCH A,direct Exchange direct ‘ JZ rel Jump if
byte with g .
Accumulator 2 1 é::::mulator 'S. 2 2
XCH A.@Ri Exchange INZ  rel Jump if
wg":ict RAM 11 Accumulator is
XCHD A, @Ri Exchange low- o el T:;Z?f'% o 22
order Digit ind fiag i‘; e 2 2
BAM WA 1o JNC  rel Jump if No Carry
BOOLEAN VARIABLE MANIPULATION JB bitrel 3'321 if direct Bit 2 2
CLR C ClearCarryflag 1 1 ’ set P 3 2
CLR bit Clear direct bit 2 1 . P :
JNB  Dhit,rel Jump if direct Bit
SETB C Set Carry Flag 1 1 Not get 3 2
SETB bit Set direct Bit 2 1 JBC  bityrel Jump if direct Bit
CPL C Complement isset&Clearbit 3 2
Carry Flag 11 CJUNE A,directrel Compare direct
CPL bit Complement to A & Jump if
direct bit 2 1 Not Equal 3 2
ANL C,bit AND direct bit to CJNE 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 I/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:

addr16 — 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

Addri11

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
usec to 7 usec when using a 12 MHz clock.

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

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.

18-111



|nter 8044AH/8344AH/8744H PRELIMINARY

SYMBOLIC BYTE
REGISTER NAMES ADDRESS BIT ADDRESS ADDRESS
—t—
B REGISTER B 247 through 240 | 240  (FOH) e——
ACCUMULATOR ACC 231 rou; 224 224 (EOH) «——]
*THREE BYTE FIFO FIFO 223 (DFH)
FIFO 222 (DEM)
FIFO . [T ] 221 (DDH)
TRANSMIT BUFFER START 88 220 (DCH)
TRANSMIT BUFFER LENGTH TBL 219 (DBM)
TRANSMIT CONTROL BYTE TCB 218 (DAH)
* SIU STATE COUNTER SIUST 217 (D9H)
SEND COUNT RECEIVE COUNT NSNR 223 through 216 | 216  (DBH) w—
PROGRAM STATUS WORD PSW 215 —H‘_"'ﬁ_‘_t rougl 208 | 208 (DOH) «—]
*DMA COUNT DMA CNT 207 (CFH)
SYATION ADDRESS STAD 206 (CEM)
RECEIVE FIELD LENGTH RFL 205 (CDH)
RECEIVE BUFFER START : RBS i 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 through 200 200 (C8H) @——r
INTERRUPT PRIORITY CONTROL P "‘1‘9—#h_1 thro 184 | 184  (BOH) @
PORT 3 P3 1—F—“"h_—oa Thr 176 | 176  (BOM) g—
INTERRUPT ENABLE CONTROL IE ‘1‘75"‘-%"ﬂr-—' 70| 168 | 168  (ABH) @—
PORT 2 P2 _137—r“lr_1 rou 160 | 160  (AOH) —f
PORT 1 P1 151 through 144 | 144  (90H)
TIMER HIGH 1 TH1 141 (8DH) ]
TIMER HIGH 0 THO 140 (8CH)
TIMER LOW 1 : \(%] 139 (8BH)
TIMER LOW 0 TLO 138 (8AH)
TIMER MODE TMOD 137 (89H)
TIMER CONTROL ~ ~ TCON 143 through 136 | 136  (88H) @]
DATA POINTER HIGH DPH 131 (83H)
DATA POINTER LOW DPL 130 (82H)
STACK POINTER . sP 129 (81H)
PORT 0 PO 135t h 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) [gm [scmi]scmo] nRz2i-JLoor| 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 | SI | 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) |_NS2 | NS1

SEQUENCE ERROR RECEIVED
RECEIVE SEQUENCE COUNTER
SEQUENCE ERROR SEND
SEND SEQUENCE COUNTER

231663-7

Figure 6. Serial Interface Unit Control Registers

18-112



intel

8044AH/8344AH/8744H

PRELIMINARY

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 OPTION NFCS NB AM! FRAME FORMAT
Standard SDLC 0 0 o [Flalc] | [ Fes | F |
NON-AUTO Mode
Standard SDLC o o 1 [F[a]c| I | Fes | F |
AUTO Mode
Non-Buffered Mode 0 1 1 | | A I | J FCs L F J
NON-AUTO Mode
Non-Addressed Mode 0 1 0 | | | J FCS | F l
NON-AUTO Mode
No FCS Field 1 o o [F]A]c] ' | F |
NON-AUTO Mode
No FCS Field 1 o 1 [Fla]c| 0 | F |
AUTO Mode
No FCS Field 1 1 1 [F]aA] ' | F |
Non-Buffered Mode
NON-AUTO Mode
No FCS Field 1 1 o |[F[ 1 | F | |

Non-Addressed Mode
NON-AUTO Mode

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

NFCS — No FCS Field Mode

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

C = Control Field

I = 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 Multidrop Networks

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

Data Clocking Options

The 8044’s serial port can operate in an externally
clocked or self clocked system. A clocked system
provides to the 8044 a clock synchronization to the
data. A self-clocked system uses the 8044’s on-chip
Digital Phase Locked Loop (DPLL) to recover the
clock from the data, and clock this data into the Seri-
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 0 to 375 Kbps at a 16x sampling rate.

To aid in a Phase Locked Loop capture, the SIU has
a NR2ZI (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 synchronlzed with the data by the tlme
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 recelvmg 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|soMo|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. In 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, fpr DPLL synchrqmzatlon. buffer. In AUTO mode, RBP
If NRZI is enabled, 00H is sent; forces an RNR response instead
otherwise, 55H is sent. In either of an RR.
case, 16 preframe transitions are
quarantend. | enons el 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 whather the sy rg';g‘?ﬁfgg an
SMD.7 | SCM2 | Select Clock Mode—Bit 2 poll (UP wﬁh P =0). oppM 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.
ScMm Data Rate STS.4 [SI - | SIU Interrupt. This is one of the
2 1 0| Clock Mode (Bits/sec)* five interrupt sources to the CPU.
0 0 O] Externally clocked 0-2.4M** The vector location = 23H. SI
Y 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] Self ulocked, external 16x | 0-375K STS.5 | RTS azqggzz To Se(r;d.t Intdicates.:hat
{ nsmit or
1 0 1] Self clocked, external 32x | 0-187.5K t,ansmmi:fg_e,%é :,a;abe o o
1 1 0] Self clocked, internal fixed | 375K written by the CPU. RTS may be
11 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) v and to zero by the SI!J when a
Bit 7 6 5 4 3 2 1 0 frame has been received.
I TBF I RBE I RTS I S| I BOVJ OPB MMLRBP I STS.7 | TBF | Transmit Butfer Full. Written by
the CPU to indicate that it has
The Status/Command Register (Address C8H) pro- g'ée(getgfezag‘;w\: 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
(UBC /B, REL,’ and ‘MOV /B,C’) should not be
used, since the SIU may write to NSMR between the
two 8044 CPU accesses.

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

Bit# Name | Description
NSNR.O[SER |Receive Sequence Error:

NS (P) # NR (S)
NSNR.1|NRO |Receive Sequence Counter—Bit 0,
NSNR.2|NR1 |Receive Sequence Counter—Bit 1
NSNR.3|NR2 |Receive Sequence Counter—Bit 2
NSNR.4 [ SES |Send Sequence Error:

NR (P) # NS (S) and

NR (P) = NS (S) + 1
NSNR.5| NSO |Send Sequence Counter—Bit 0
NSNR.6|NS1 |Send Sequence Counter—Bit 1
NSNR.7[NS2 |Send Sequence Counter—Bit 2
Parameter Registers

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

The eight parameter registers are as follows:

STAD: Station Address Register
(byte-addressable)

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

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

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

TBL: Transmit Buffer Length Register
(byte = addressable)

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

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

TCB: Transmit Control Byte Register
(byte-addressable)

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

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

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

RBL: Receive Buffer Length Register
(byte-addressable)

The Receive Buffer Length register (Address CBH)

. contains the length (in bytes) of the area in on-chip

RAM allocated for the received I-field. RBL=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
béen 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 ....—0.5Vto —7V
Power Dissipation ............cciiiiiiiia.n 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 v
ViL1 Input Low Voltage to EA Pin of 8744H 0 0.8 \"
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
VOL1 Output Low Voltage (Port 0,ALE,PSEN)*
o744t 0és | v |- 24m
8044AH/8344AH 0.45 V |IOL =3.2mA
VOH Output High Voltage (Ports 1, 2, 3) 2.4 V |IOH = —80 nA
VOH1 | Output High Voltage (Port 0 in External 24 V |IOH = —400 pA
Bus Mode, ALE, PSEN)
liL Logical 0 Input Current (Ports 1, 2, 3) —500 pA | Vin = 0.45V
L1 Logflc;a; :)4I£%ur:hc;urrent to EAPin —15 mA
L2 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 A [0.45 < Vin < VCC
IIH Logical 1 Input Current to EA Pin of 8744H 500 RA
IIH1 Input Current to RST to Activate Reset 500 pA | Vin < (VCC — 1.5V)
ICC Power Supply Current: All Outputs Discon-
8744H 285 mA | nected: EA = VCC
8044AH/8344AH 170 mA
cio Pin Capacitance 10 pF | Test Freq. = 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

12 MHz Osc Variable Clock
stbo| Parameter 1/TCLCL = 3.5 MHz to 12 MHz Unit
' Min Max Min Max
TLHLL | ALE Pulse Width 127 2TCLCL-40 ns
TAVLL -| Address Valid to ALE Low 43 TCLCL-40 ns
TLLAX! | Address Hold After ALE Low 48 TCLCL-35 ns
TLLIV ALE Low to Valid Instr in ' ns
8744H 183 4TCLCL-150
8044AH/8344AH 233 4TCLCL-100
TLLPL | ALE Low to PSEN Low 58 TCLCL-25 ns
TPLPH | PSEN Pulse Width ‘
8744H ‘ 190 3TCLCL-60 ns
8044AH/8344AH 215 3TCLCL-35 ns
TPLIV PSEN Low to Valid Instr in - )
8744H 100 - 3TCLCL-150 ns
8044AH/8344AH 125 3TCLCL-125 ns
TPXIX Input Instr Hold After PSEN 0 0 ns
TPXIZ2 | Input Instr Float After PSEN 63 TCLCL-20 ns
TPXAV2 | PSEN to Address Valid 75 TCLCL-8 ns
TAVIV Address to Valid Instr in :
8744H 267 5TCLCL-150 ns
8044AH/8344AH 302 5TCLCL-115 ns
TAZPL | Address Float to PSEN —-25 —25 ns
NOTES:

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

Symbol Parameter 12 MHz Osc 1/TCLCI‘.I i'?sl.’;emcl-ll:iz 12MHz | ynit
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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[ ]
Inte[ 8044AH/8344AH/8744H
WAVEFORMS
Memory Access
PROGRAM MEMORY READ CYCLE
| T |
TLHLL — T
. TLLPL \
ALE ) N
le——T1pLPH
e \;_»__:'Cm___/—
: TLLAX —o] Py
TAVLL o] RothzeL jTeXIX=E o Pxz % ,
porTo  INSTRIN A7-AD INSTRIN ] A7-AD
TAVIV
“ADDRESS r a N
PORT2  _ORSFR-2 XM ADDRESS A15-A8 X ADDRESS A15-A8 D
231663-8
DATA MEMORY READ CYCLE
LoV TWHLH —]
ALE / N
s S
= TLLWL
RO TRLRH "
\ LAy - TRLOV /]
TAVDV = =~ — B TRHOX ]
PORT 0 A7-A0 [ DATAN ,<
le— TRLAZ
PoRT2  HDORESS) [ ADDRESS A15-A8 OR SFR-P2 P
231663-9
DATA MEMORY WRITE CYCLE
TWHLH —»
ALE / N\
PSEN
W —_/ TLLWL
N TWLWH —
TAVWL - N /1
leTLLAX 7] - Tavwx TQVWH : TWHOX
PORT 0 A7-A0 P DATA OUT j
PORT 2 Q‘EBS'}%?%Z [ ADDRESS A15-AB OR SFR-P2
231663-10
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SERIAL 1/0 WAVEFORMS

SYNCHRONOUS DATA TRANSMISSION

TDCY

SCLK ) l‘ ’ 7[ e 5(

- X

le—TTD

231663-11

SYNCHRONOUS DATA RECEPTION

TDCY

scLK -_Bi 5 é | 3 ‘

TDCH

DATA

TDSS TDHS {
' 231663-12
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AC TESTING INPUT, OUTPUT, FLOAT WAVEFORMS

INPUT/OUTPUT FLOAT
24 2.0 20 FLOAT

TEST POINTS Cal Y 2024

0.45 0.8 08 ) / <
231663-13 A o8 0.8

AC testing inputs are driven at 2.4V for a.Logic *“1” and 0.45V for 0.45 f———o0.s
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

fe———TCHCX TCLCH—— te— [*—— TCHCL
25 25 ) / 25
7[ ‘ 0.8 0.8 A c
- 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

STATE 5
Pt | P2

STATE 4
p1 | p2

STATE3
P1 | P2

STATE 4
P | P2

ST ATE 6
p1 | P2

STATE S STATE 2
P | P2 p1 | P2
\

THESE SIGNALS ARE NOT

EXTERNAL PROGRAM MEMORY FETCH ACTIVATED DURING THE
EXECUTION OF A MOVX INSTRUCTION

STATE 1
P | P2

INTERNAL
CLOCK

PSEN

) JIoatal [ pcLout | Joatal [ pcLour | Joaral _ [Perour |
SAMPLED SAMPLED SAMPLED
FLOAT b rloaT 2 ——rloar ]

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

o [ToeoRm |~ [oaTal \ L
ouT } Z, FLOAT SAMPLED -]

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

WR 1 | PCL OUT(EVEN IF PROGRAM
~ MEMORY IS INTERNAL)

[ opLormi | Q :
PO

our I DATA OUT. ot3=| PCL OUT (IF PROGRAM
P2 _ INDICATES DPH OR P2 SFR TO PCH TRANSITIONS "LMEMORY IS EXTERNAL)
PORT OPERATION 4
MOV PORT, SRC OLD DATA [NEW DATA
PO PINS SAMPLED

WOV DEST. P0 4

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 - s [ ] L ‘ i
(MODE 0) - VRXD 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, (Tao = 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? 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

ADDR. A P1 vVce
N A
R
jm P2.0- Po | __PGM DATA
P23 ‘

P24
P25 ALE ALE PROG
P2.6
TTL HIGH P2.7 )
T XTAL2 EA EA/VPP
a-6MHz (]
| XTAL1 RST |——— VIH1
Vss PSEN —
- - 231663-17
Figure 8. Programming Configuration
+5V
vce -—J
NC| P1
8744H
PO | NC
P20-
NC| o3
. P2.4
= I: P25 ALE ALE/PROG 50 ms PULSE TO GND
P26
TTL HIGH _.[: P27
T xTAL2 EA ‘EA/VPP +21V PULSE
a-6MHz [
XTAL1 RST |———ViH1
Vss PSEN L
- - 231663-18

Figure 9. Security Bit Programming Configuration
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+sV
v _I
ADD':L A5 P cc
O::g"; 8744H PGM DATA
P2.0- PO ::) (USE 10K PULLUPS)
As - A1 ) pay
 P2.4
= E P25 ALE TTL HIGH
‘ P26 - I
ENABLE —————— P2.7 EA
1T xTAL2 RST VIH1
4-6 MHz[]
| XTAL1Y PSEN 1
Vss -

231663-19

Figure 10. Program Verification Configuration

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

Symbol Parameter Min Max ‘ Units
Vpp Programming Supply Voltage 20.5 215 Y
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 Setup to 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 usec
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 A 4
p20-p23 — ADDRESS & — ADDRESS
\_ / N
TAVQV,
PORT 0 K DATA IN < oaraour &———
| S
TDVGL TGHDX
TAVGL TGHAX
ALE PROG
TSHGL TGHSL
TGLGH
21V - 5V
TTL HIGH / \\ TTL HIGH TTL HIGH TTL HIGH
EA VPP
.m. -—|TELQV —| TEHQZ
P2.7
(ENABLE)
231663-20
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INSITE™
USER’S PROGRAM LIBRARY

Program Library Catalog Offering
Hundreds of Programs

Programs

New Program Updates Sent During Sub-
scription Period

Accepted Program Submittals Entitle You
to a Free Membership or Free Program
Package

Membership. Membership in Insite Library is
available on an annual basis. Intel customers
may become members through an accepted
program contribution or paid membership fee.

Program Submittals. The Insite Library is
built on program submittals contributed by
users. Customers are encouraged to submit
their programs. (Details and forms are available
through the Insite Library.) For each accepted
program, submittors will receive membership

Diskettes and Listings Available for Library

with Insite for one year or a free program pack-

age.

Program Library Service. Diskettes, or
Source Listings are available for every program
in Insite Library. Membership is required to pur-
chase programs.

Insite™ Program Library Catalog. Each
member will be sent the Program Library Cata-
log consisting of an abstract for each program
indicating the function of the routine, required
hardware and software, and memory require-
ments.

Insite offices are worldwide, with five loca-
tions to serve you:

NORTH AMERICA

Intel Corporation

2402 W. Beardsley Road

Phoenix, Arizona 85027

ATTN: Insite User's Program Library
Telephone: 602-869-3686

191

s Free Membership to Software Support
Standard Contract Customers

Free Membership to Warranty Customers
CP/M 80, ISIS II, iNDX, and iRMX 86™
Operating Systems Supported

Programs for 8048, 8041, 8051, 8052HB,

8080/8085, 8086/8088, 80286 Processors

THE ORIENT

Intel Japan K.K.

5-6 Tohkohdai, Toyosato-cho, :
Tsukuba-gun, Ibaraki, 300-26, Japan
ATTN: Insite User's Program Library
Telephone: 029747-8511

EUROPE

Intel Corporation S.A.R.L.

5 Place de la Balance

Silic 223

94528 Rungis Cedex, France
ATTN: Insite User's Program Library
Telephone: 0687-22-21

Intel Semiconductor GmbH
Seidlstrasse 27

8000 Muenchen 2

West Germany

ATTN: Insite User's Program Library
Telephone: 089-5389-1

Intel Corporation (U.K.) Ltd.

Pipers Way

Swindon SN3 LRJ

Wiltshire, England

ATTN: Insite User's Program Library
Telephone: 0793-488-388

» For more. information call your local Intel
Sales Office or the Phoenix Insite User's Pro-
gram Library location.
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INSITE™ USER’S PROGRAM LIBRARY

® Membership Information

— Library members have available a vanety of programs, Insite catalogs, updates and special
discount offers.

— Annual membership forms may be sent to the local library (see sample form and Iocatiorr list
on back page).

— Membership fee to be covered by check, Purchase Order, or accepted program submittar.
® Ordering Programs

— Library membership required.

— Refer to the lnsrte catalog to determine prograrﬁ needs and order numbers

— Program order forms should be sent to the local library (sample form provuded on the follow -
ing page).

— Telephone orders are accepted, with verbal Purchase Order numbers expediting delivery
— Program orders are filled within two days, delivery within a week.

* Call the local Insite Irbrary with questions on program orders or technical assistance in pro-
gram selection.

® Program submittals follow these guidelines: ‘
. — Write in a language capable of compnatron/assembly currently supported by Intel
— Furnish a well documented source code and listing.
— Provide a link and locate (or equivalent) listing.
— Assure validity by.inclusion of a demonstration prograrrr.
— Complete. submittal form, available in the catalog.

* Upon the program’s technical acceptance to the library, submitter may choose up to three
FREE programs (up to $300 value) or a FREE annual membership.
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Membership Form

| WISH TO BECOME A MEMBER OF INSITE. ENCLOSED |S:
[J CHECK/MONEY ORDER
-JPURCHASE ORDER
[ PROGRAM SUBMITTAL

MEMBER NAME:
COMPANY:
. ADDRESS:-

TELEPHONE:

REFER TO THE INSITE PRICE LIST FOR ANNUAL MEMBERSHIP FEE.

RETURN COMPLETED FORM TO THE NEAREST INSITE OFFICE:

NORTH AMERICA THE ORIENT

Intel Corporation . Intel Japan K.K.

2402 W. Beardsley Road 5-6 Tohkohdai, Toyosato-cho,
Phoenix, Arizona 85027 Tsukuba-gun, Ibaraki, 300-26, Japan
ATTN: Insite User's Program Library ~ ATTN: Insite User's Program Library
Telephone: 602-869-3686 Telephone: 029747-8511

EUROPE

Intel Corporation S.A.R.L. Intel Semiconductor GmbH Intel Corporation (U.K.) Ltd.

5 Place de la Balance Seidlstrasse 27 Pipers Way

Silic 223 8000 Muenchen 2 Swindon SN3 LRJ

94528 Rungis Cedex, France West Germany Wiltshire, England

ATTN: Insite User's Program Library ATTN: Insite User's Program Library ATTN: Insite User's Program Library
Telephone: 0687-22-21 Telephone: 089-5389-1 Telephone: 0793-488-388
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Program Order Form

P.O. NO. # AMOUNT ENCLOSED $

ADDRESS: (please print) Membership Information

NAME COMPANY

STREET PHONE NO.

CiTY STATE

PLEASE CHECK: []ISIS gdcem [JiNDX O irMX
O Double Density 0 Double Density
0 Single Density [ Single Density [ Listing
0OiPDS 0OiPDS
ORDER NO. TITLE
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iRUG is the Intel IRMX® User’s Group. It is a non-profit group chartered to establish a forum for users of the
iRMX Operating System and to promote and encourage development of iRMX based software.

iRUG DESCRIPTION

iRUG membership is for licensed iRMX Operating System users and their employees. 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 bimonthly international newsletters; synopsis of soft-
ware problem reports (SPRs) submitted by members; opportunity to present papers and conduct workshops;
invitations to seminars devoted to the use of Intel products.

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

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

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

“The Human Interface” is iRUG’s bimonthly international newsletter. 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 aids; release and update plans for the iRMX
Operating System; and technical articles from the members.

For Information Contact:

Catherine Moon
iRUG Coordinator
5200 N.E. Elam Young Parkway
Mailstop HF3-80
Hillsboro, OR 97124
(503) 696-7038 .

USERS GROUP
280678-1
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SYSTEMS ENGINEERING
SERVICE f

[] Engineering Services
from highly trained and
experienced Systems
Engineers

Systems Engineering
Services '

Intel provides Field Systems
Engineering Services to meet
your needs in any phase of
your development or support
effort. Our Systems Engineers
(SEs) have extensive industry
experience and they are
highly trained on Intel's latest
technology. Additionally, our
SEs have easy accessto
Intel's vast technology and
factory resources to help
guide your effort or to quickly
resolve a problem. Because
your workload and resource

(] Direct access to Intel’s
current technology, engi-
neering resources
and product information

requirements vary, we have
established a large and grow-
ing organization of Systems
Engineers so that we will have
an SE available where and
when you need one. The ser-
vice is very flexible. You can
engage an SE by the hour,
week or month. Also, you can
engage an SE on a retainer
basis to be available to you
throughout your development
effort.

Systems Engineering
Services Can Help You In
Many Ways...

We Can Save You Time

We have anticipated your
need to maximize the use of
your staff to complete your
development effort. That is
why we provide industry expe-
rienced and highly trained SEs
to assist you with the integra-
tion of Intel's technology with
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(] Quick help to complete
applications based on -
Intel products

your product. Because our
SEs are constantly working
with new products on different
projects, Intel SEs have many
years of experience rather
than a year’s experience many
times. This diverse industry
experience enables them to
understand and solve applica-
tion problems rapidly.
YoucanuseanSEina
variety of ways, ranging from
assistance in using a new
product, developing an appli-
cation, personalized training,
customizing or tailoring an Intel
product to providing technical
and management consulting.



Systems Engineers are well
versed in technical areas
such as microcommunica-
tions, real-time applications,
embedded microcontrollers
and network services.

Access to Intel Technology
and Factory Resources

Intel SEs are equipped with
our latest chips, boards,
boxes, systems, software and
tools so they can work at your
facilities or at our local office.
Plus, the SEs are comple-
mented by other field SEs, fac-
tory support and development
resources. These additional
resources can lower your
project cost and ensure com-
patibility with future Intel proj-
ects. So when you engage an
SE you don't just get an indi-
vidual—you get a whole team.

Quality Commitment
The quality of your completed

effortis just asimportanttous -

asitisto you. Asamember

of your team we are committed
to adhering strictly to your
quality standards.

For those customers who
look to Intel to set the quality
standard, we have adopted
the IEEE Software Engineer-
ing Standards. Intel has broad-
ened the IEEE outline and
used it to develop a System
Quality Assurance Plan, The
plan covers design, documen-

Systems Engineering Services

System Software Law Hardware Applications Systems

RMX® Components Reaktime Engineering

UNIX*/XENIX** C Microprocessors Communications - Services

DOS ASSEMBLER Microcontrollers  Office Automation  Software

iNA PASCAL Peripherals FactoryAutomation ent

FORTRAN Boards Aerospace System Integration
Processor Military Custom products
Communication  Financial Consulting
1o Troubleshooting
Systems Network Design

Realtime Project
Multi-user Management

sion. Our SEs are committed
to help you get a successful
product to market in the least

tation, testing, peer reviews,
coding and other essential
components of a quality

assurance plan. In addition, possible time.
we have developed an .
Engagement Management
Standard, which ensures you ﬁ’,‘ha;?'d,:s”gfve Done
proper and timely information . .
during the SE engagement. Microcommunications
» Design and implementa-
The Intel Team Is Read| tion at all levels of
To Help y integration of the ISO/OSI

Seven-layer model
s Fault-tolerant, distributed
real-time microcomputer

You know your application
needs. Our field and factory

teams know our products network design and

and have diverse applications implementation
experience using them. Work- = Migrate 9600 baud ASCII/
ing together we can achieve ASYNC to 10 megabit/sec
an effective and timely solution. Ethernet

Unlike other alternatives for
additional system engineering
resources, Intel's Systems
Engineers share your commit-

= Provide file transfer
capability between VAXt
and iRMX with remote job
execution oniRMX sys-

ment to make the decision to tem under VAX control
use Intel products a good deci- | u PortiNA to customer’s
custom board

Microcontroliers
» Embedded 16-bit micro-
-controller for automotive
applications
—Engine control
—Chassis control

0 TIME
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Custom INTEL Products

= Communications firmware
to optimize performance
and for modem control

» Diagnostics and boot
PROMS

= Graphics firmware
customization

Office Automation

= Design 100+ node Ethernet
Microcomputer network

= Design and develop custo-.
mer specific network utilities

= Needs analysis and rec-
ommendations on effi-
cient and effective use of
microcomputers and ISV
software packages

Real-Time Applications
= Blood analyzer control
and test system
= Conveyor control system
» Remote monitoring
system

' Ordering Information '

Your local Field Sales Engineer
or the Regional SE Manager
can discuss a Systems Engi-
neer Service which is most
appropriate to your needs.
They can also provide infor-
mation on Terms and Condi-
tions including price
information. .

* Registered Trademark of AT&T
** Registered Trademark of
Microsoft Corp.
1 Registered Trademark of
Digital Equipment Corp.



CUSTOMER TRAINING

[ Indepth exposure and
practical “hands-on”
experience with Intel
products :

] Quick and effective
Microcomputer, Systems,
Local Area Network and
End-User training

" [ Quality training and

instructional materials
including slide/video pre-
sentations and reference
manuals

(] Available at 14 interna-
tional Intel Training
Center locations, or at
customer sites for
on-site project teams

Hands-On Training Reduces
Your Development Time

Intel's comprehensive training
workshops are 1- to 10-day
training sessions where a lim-
ited number of individuals
receive detailed technical
training and attend hands-on
laboratory sessions that teach
them to design with Intel
products.

The workshops are a
proven fast and efficient way to
provide training to new design
team members who otherwise
would spend weeks of self-
study to attain optimum pro-
ductivity. The workshops are
an excellent way to get engi-
neers up to speed quickly.

Courses Cover All
Aspects of Systems, Design
And Implementation

A variety of courses is offered
regularly. The courses include:

Microprocessor/Micro-
controller Workshops

80386 Programming Using
ASM 386; 80386 System
Software; 80386 Hardware
Design; 80286 Micro-
processors; 8086, 8088,
80186, 80188 Microprocessors
Base Architecture; 8086,
8088, 80186, 80188 Advanced
Microprocessors (including
8087); Introduction to Micro-
processors; MCS™-80/85
Microprocessors; 12ICE User's
Workshop; MCS™-51 Micro-
controllers; MCS™-96 16-bit
Microcontroller and Bitbus.
Operating Systems and Pro-
gramming Workshops

PL/M Programming; iRMX®
86 Operating System Part 1;
iRMX 86 Operating System

.Part 2; iRMX 286 Operating

System; iRMX Application and
Debug; Fundamentals of
XENIX*; XENIX Shell Pro-
gramming; XENIX System
Administration; Introduction to
C Programming; System
Programming in C for XENIX
andiDIS.
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Local Area Networking
Workshops - .
LAN Overview; Map-NET; iN
960; LAN Applications/iRMX-
NET and LAN Applications/
XENIX-NET.

End-User Workshops

Office Automation/Introduc-
tion; Office Automation/
Advanced; System Adminis-
tration 1; System Adminis-
tration 2; and Network Admin-
istration 1 (Local Area Net-
works and OpenNET™).



Training Locations And
Dates

Workshops are offered nearly
every week at Intel Training
Centers. A Customer Training
Workshop Catalog that details
scheduled dates and loca-
tions of specific workshops is
distributed twice a year. You
may obtain your catalog from
Intel’s Literature Department,
your nearest Intel Sales Office,
or by calling your local Intel
Training Center.

Workshop Options

Customer Site Workshops
Training workshops may also
be held at your site. Allinstruc-
tional materials and laboratory
equipment are brought in by
Intel, together with a qualified
Intel instructor to conduct the
session.
Customer-Site Workshops
offer the following benefits:
= Intensive, personalized
training focused on your
staff
= Adjustments tothe

courses/sessionsto fitthe

backgrounds and needs
of the participants

= [mproved learning atmos-
phere as a result of co-
workers training together
and receiving quality, uni-
form instruction

= Convenience, because
the class can be sched-
uled according to your
needs.

n Cost-effectiveness,
because more personnel
can betrained at a lower
cost per person.

Custom Workshops
Should you require amore

customized workshop to meet

a special need or fit a specific
product line, we will tailor a
program that will do the job for
you efficiently and effectively.
Such workshops may be con-
ducted either in one of Intel's
Training Centers or on-site at
your facility.

*XENIX is a trademark of Microsoft
Corporation.

Intel's Introduction to Micro-
processors course is available
in a self-paced instruction kit
(as well as in publicly held

_classes).

Workshop Tuition
Standard Tuition

This basic package fee
includes course notebook, lit-
erature and materials (such as
the SDK-85 kit for the Introduc-
tion to Microprocessors
Workshop).

Group Rate Tuition

When an organization enrolls
three or more individuals in the
same workshop (held onthe
same date in the same location)
the company becomes eligible

- for a special group rate and

asavings on the overall cost of

tuition. To receive the discount,

three individuals must attend
the class.

Enroliment Information

Call the Intel Training Center
nearest you between
8:30-12:00 and 1:00-4:30.
Since enroliment is limited,
registration 4-8 weeksin
advance is recommended.

A confirmation letter will be
issued upon registration,
which guarantees enrollment.

Worldwide Training Centers

Boston .
Three Carlisle Road
First Floor

Westford, MA 01866
(617) 6921000

Chicago

300 N. Martingale Road
Suite 300

Schaumburg, IL 60173
(312):310-5700

Los Angeles

Call Santa Clara

(408) 9701700

Santa Clara

2700 San Tomas Expressway
Santa Clara, CA 95051
(408) 9701700

TWX 910-379-5082

Washington, D.C. Area
7833 Walker Drive
Fourth Floor
Greenbelt, MD 20770
(301)220-3380

TWX 910-997-0428
Copenhagen
Glentevej 61—3rd Floor *
DK-2400 Copenhagen
(01) 198033 :
Telex 19567
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Hong Kong

1701-3 Connaught Centre

1 Connaught Road, Central

52153117

Telex 60410 ITLHK HX

Milan

Milanofiori Palazzo E/3

20090 Assago, Milan, ltaly

39-2-82-44-071

Munich

Nymphenburger Strass /il

8000 Muenchen 2, West
Germany

(089) 5389-0

Telex 523177

Osaka

Ryokuchi-Eki Building

2-44, Terauchi

Toyonaka-shi, Osaka, Japan

03-437-6611

Paris

1 Rue Edison

B.P. 303 )

78504 St: Quentin-en-Yvelines

Paris, France’

30-57-7000

Telex 270475

Rotterdam

Marten Meesweg 93

3068 Av Rotterdam

The Netherlands

(10) 212377

Telex 22283

Stockholm

Dalvagen 24

S-171 36 Solna, Sweden
(468) 734-01-00

Swindon

UnitsF&G

Dorcan Complex

Faraday Road

Swindon, Wiltshire, England
793-696-000

Telex 44447

Tel Aviv

Atidim Industrial Park

Neve Sharet, Dvora Havevia
Tel Aviv 61430

3-491099

Tokyo
Matsuoka-Tamura-cho Bldg.
220, 5-chome, Shinbashi
Minato-ku, Tokyo, 105 Japan
03-437-6611

Toronto

Call Boston

(617) 692-1000

Telex (710) 343-6333



SOFTWAHE SUPPOHT
' SER I

[[] Comprehensive software
support to address your
most frequent questions

[[] Two levels of support:
Standard Service or
Basic Service

[J Updates ensure that you
have the latest
released version of Intel
software, manuals
and documentation for all
covered products as
they are released

[] Users kept up to date
with regularly published
software data

Most Commonly Requested
Support Services

For An Easy-To-Budget
Monthly Charge

STANDARD SERVICE

TIP SERVICE
UPDATES
SUBSCRIPTIONS

BASIC SERVICE
UPDATES
SUBSCRIPTIONS

Intel's Software Support Ser-
vice provides updates, man-
uals and documentation for
covered products as released;
Intel's ;COMMENTS technical
newsletter; product-specific
technical reports; written
responses to customer inquir-
ies under our Software Prob-
lem Reporting (SPR) Service;
and access to TIP Service
phone support.

Packaged in a convenient
“environment” form, the Stan-
dard and Basic Software Con-
tracts cover all supported
software products thatrunin a
particular environment.

Additional software prod-
ucts purchased at a later date
which runin the covered envi-
ronment may be added at no
extra charge by simply regis-
tering the product.

A basic monthly fee is set for
the first system covered. All
additional systems are
covered at a reduced rate per
system. You are entitled to
updates and subscriptions
equivalent to the total number
of systems covered under the
contract.

Standard level service
includes TIP support, for two
callers for each system cov-
ered under the contract.

Contracts have a minimum
one-year term and continue in
force until cancelled with 30
days’ written notice.
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(] Direct telephone access
to Intel’s trained
Software Support staff to
help isolate and resolve
problems

TIP Service Provides
Telephone Access To Trained
Software Engineers

TIP Service is a product-
specific telephone information
service designed to address
time-critical product inquiries
by providing direct access to
Intel's trained Software Engi-
neering staff. This direct
response mechanism aids in
obtaining maximum utilization
of your Intel software products.
TIP Service provides a timely
response to those time-critical
product questions that could
not be answered by the prod-
uct documentation, the Soft-
ware Problem Reporting
Service or the regularly pub-
lished Technical Reports.

The two designated callers
will have, by phone, direct
access to Intel's trained Soft-
ware Engineering staff within
Intel's Central Customer Sup-
port Center during normal
working hours (7:00 a.m. to
6:00 p.m. MST).

When you call TIP Service,
the receptionist will initiate a
numbered Incident Report
and provide you with this
assigned number for future
reference. At this point, you will
be able to speak with a mem-
ber of Intel's Software Engi-
neering staff. If oneis not
immediately available, the call
will be returned within
two hours.



Any new symptom, problem
or work-around identified by
you or the Software Engineer
is added to the Software Prob-
lem Report (SPR) Service for
future reference and incor-
porated into the appropriate
Troubleshooting Guide.

Upon conclusion of the
incident, the Incident Report
is closed and permanently
logged and filed.

Software Engineers Help
Isolate And Solve Problems

Intel's Software Engineering
staff is a group specifically
established to provide the fol-
lowing services to users of
Intel software and system
products:
= Centralized access to
Intel's engineering and
support resources
= The latest technical infor-
mation on Intel defined
and documented product
problems and deficien-
cies, and their associated
work-arounds, temporary
fixes, patches or other
solutions
= Technical assistance in
isolating the cause or
source of a suspected
product problem
= A central Software Problem
Reporting (SPR) Service

Updates Ensure That
You Have The Latest Released
Version Of Any Intel Software

Under the terms of the con-
tract, Intel will provide man-
uals, documentation, diskettes
or other media of your choice
for all covered updates as they
are released.

When you obtain contrac-
tual coverage for your intel
software products, you must
designate a primary and a
secondary person for Intel to
contact. Intel will send a soft-
ware registration packet that
will allow Intel to verify that the
software to be supported is at
the current release level. Intel
will then record the returned
information and assemble and
mail any required updates,
manuals and supporting docu-
mentation to the designated
contact.

Subscription Service
Keeps You Up-To-Date And
Up-To-Speed

Intel's Subscription Service is
an efficient communications
mechanism intended to pro-
vide you with the latest Intel
software and system product
data, as well as information
regarding product and docu-
mentation inconsistencies.
Itis also amechanism to
enable you to report sus-
pected product problems
to Intel's engineering
organization.

Subscription Service includes:
= ;COMMENTS—atech-
nical bulletin which con-
tains operational tips,
programming techniques
and other technical
information.
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» Troubleshooting Guides—
technical information
regarding current soft-
ware problems, interim
programming solutions
and application articles.
Published periodically, by
product or product family.
Software Problem Report-
ing (SPR) Serviceis a writ-
ten communications
vehicle for you to use to
,  inquire about or to report
suspected product prob-
lems, or to suggest prod-
uctimprovements. All
Software Problem Reports
(SPRs) are reviewed by a
member of the Software
Support Staff, and are
answered in writing as
quickly and completely as
possible.

Ordering Information

Software support contracts
are placed in effect by com-
pleting an Intel System Service
Agreement. Eligible contract
environments are listed in the
current Intel price book.

Contact your local Intel
Sales or Service Office to sign
up for support.



 HARDWARE MAINTENANCE
 seAvice

[] Backed by a 15-year
service organization

"~ [0 comprehensive hard-

' ware support options that
include all necessary
parts, labor and installa-
tion of engineering
changes

Comprehensive Hardware
Support Options

Intel's Customer Support
Operation is an International
Organization with the exper-
tise and resources to provide
on-site service on a world-
wide basis.

Intel's Standard Hardware
Maintenance Service is
designed to keep your system
running at maximum effi-
ciency. Intel provides remedial -
maintenance, preventive main-
tenance and parts replace-
ment, or exchange for a fixed

[] Personalized attention
from your Intel Customer
Engineer

[[] Extended coverage
options to provide you
support up to seven days
per week and twenty-
four hours per day

[[] Preferential, priority dis-
patch of your Customer
Engineer to your site

amount. The contract includes
all parts and labor during the
contract hours selected at
your site.

Maintenance charges are
based on individual contracts,
subject to applicable zoning
policies and optional parts and
coverage. ltis recommended
that all interconnected prod-
ucts be included in the mainte-
nance agreement. Extended
Service coverage and installa-
tion are also available.

Intel utilizes a sophisticated
Central Dispatch System that
promptly dispatches person-
nel, monitors call progress and
tracks each piece of equip-
ment you have under contract.
During emergency calls you
are protected by the automatic
problem escalation system.
Central dispatch closely
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monitors the situation and will
escalate problems to the
appropriate management and
technical people. The system
maintains a complete history
file on each piece of equip-
ment under contract. This
assures you that the equip-
ment will be maintained at the
highest level with engineering
change orders and appropri-
ate spares stocked locally.



Preventive Maintenance
Avoids Problems

Intel's Preventive Mainte-
nance (PM) programs are
designed to increase your sys-
tem availability by identifying
potential problems before a
malfunction occurs. Your
assigned Customer Engineer
not only performs the preven-
tive maintenance specified by
Intel or the original manufac-
turer, but also will augment the
service with personal experi-
ence with your products and
applications. The PM services
include reviewing performance,
history of the equipment,
executing the diagnostics to
identify potential problems,
making any necessary elec-
tronic and mechanical adjust-
ments and replacing any worn
or defective parts as required.

Remedial Maintenance
Receives Priority

If unscheduled maintenance
becomes necessary, the
assigned Customer Engineer
will be on-site within the con-
tracted response time. The
Customer Engineer will call the
same day of your request for
service to discuss the symptoms
observed, ensuring that all
logistical items are available to
resolve the problem. Verifica-
tion of the equipment being
back in service will be accom-
plished by executing diag-
nostics. The Customer Engineer
will then update the device
history file with the corrective
action taken.

Engineering Changes
Installed At No Extra Cost

Assuring you of the latest engi-
neering improvements is a
standard feature of Intel Stan-
dard Hardware Maintenance
Service. The changes ensure
not only that the equipment
operates at the highest stan-
dards but has continued com-
patibility with Intel supplied
software and replacement
parts. Engineering changes

Service Specifications And
Options

Term
Maintenance agreements are

written for a minimum of a one-

year term and continue month
to month thereafter until can-
celled by either party with 30
days' notice.

Standard billing is monthly
but flexible options are
available.

Period of Coverage
9/5—9 continuous hours

between the hours of 7:00 a.m.

t0 6:00 p.m., Monday through
Friday, excluding local Intel
holidays.

16/5—16 continuous hours

between the hours of 7:00 a.m.

to 12:00 Midnight, Monday
through Friday, excluding local
Intel holidays.

24/5—24 hour coverage com-
mencing 7:00 a.m., Monday
through 7:00 a.m. Saturday,
excluding local Intel holidays.

24/7—24 hours coverage,
7 days a week, excluding local
Intel holidays.

Maintenance Price Grid:

9/5 16/5 24/5 24/7
Standard 11% 130% 150%

Maintenance Service
Response Time/Cost Grid

The time/cost grid for mainte-
nance agreement coverage
lists the available response
time within service zones. As
equipment location moves
farther in distance from the ser-
vice center, response times
are extended and contract cov-
erage costincreases by the
percentage quoted below the
response time. For response
time of less than 8 hours or dis-
tance greater than 150 miles,
contact your local Field
Service Office.

Parts

Maintenance parts required
for on-site service will be
furnished by Intel on an ex-
change basis; replaced parts
become the property of Intel.

are installed during a pre- Ordering Information
ventive or remedial mainte- Contact your local Intel Field
nance call. Sales or Service Office.
Class 0-50 mi 51-100 mi 101-150 mi Comments
Standard 8-hr 16-hr 24-hr On-site
response response response
100% 125% 150%

19-13



ol

SOFTWARE SUPPORT SERVICES

PC-DOS*

Comprehensive software support to address your
most frequent questions

Unlimited telephone access for problem resolution
Packaged by architecture for greater flexibility
Substantially reduced rates for updates

Most Commonly Requested Support Services

Intel's Software Support Service provides comprehensive
coverage for all Intel products running on your PC-DOS based
system. Six packages defined by architecture provide flexibility so
that you only purchase the package you need. Benefits of Software
Support Service include: access to unlimited telephone support
(TIPS), subscription to ; COMMENTS monthly newsletter,
product specific technical reports, written responses to software
problem inquiries, updates at greatly reduced prices, and Insite
Library Membership.

Packaged in a kit form, the standard contract covers all
supported products that run under a particular architecture.
Additional software products purchased at a later date which run
in the covered architecture may be added at no extra charge by
simply registering the product.

The monthly fee is set for each system covered. You are entitled
to subscriptions and to purchase updates equivalent to the total
number of systems covered under your contract. Contracts have a
minimum one-year term and continue in force until cancelled with
30 days’ written notice.

For networked PCs, a substantial discount in the form of a price
cap is offered. (Support of the network itself is covered under a
separate environment.)

& TIPS Service Provides Telephone Access
To Trained Software Engineers

TIPS Service is a product specific telephone information service
designed to address time-critical product inquiries by providing
access to Intel’s trained Software Engineering (SE) staff. This
response mechanism aids in obtaining maximum utilization of
your Intel software products for those product questions that could
not be answered by product documentation, the Software
Problem Reporting Service, or the regularly published
Technical Reports.

Two designated callers will have direct access to Intel’s Central
Customer Support center during normal working hours (8:00 a.m.
to 5:00 p.m. MST). When you call our toll free number, the
dispatcher will initiate a numbered Incident Report and provide
you with this number for future reference. A software engineer will
return your call within one hour.

Support includes verification of the reported bug and providing
work-arounds on a best efforts basis. Any new symptom, problem,
or work-around identified by you or the Software Engineer is
added to our software problem data base and incorporated into the
appropriate Troubleshooting Guide for future reference. Upon
gnclusion of the incident, it is closed and permanently logged and

ed.

®lowel Corporanon, 1988
*PC-DOS 1  tradexmark of Microsoft Corporation
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Telephone support will be provided for down-rev products for
six months following the first release of its successor on the same
host. Support includes verifying the reported bug in the down-rev
product and providing a work-around, on a best efforts basis. If the
bug appears in the current product, TIPS will provide any known
work-around first and will attempt to find a work-around with the
down-rev product second.

‘W Subscription Service Keeps You

Up-To-Date and Up-To-Speed

Intel’s Subscription Service is an efficient communications
mechanism intended to provide you with the latest Intel software
and syslcm product data, as well as information regarding product

and doc M ince It is also a mechanism to
enable you to report suspected product problems to Intel’s
engineering organization.

Subscription Service includes:

® ; COMMENTS - a monthly technical bulletin which contains
operational tips, programming techniques, and other technical
information.

® Troubleshooting Guides - technical information regarding
current software problems and interim programming solutions.

® Software Problem Reporting Service - a written communi-

cations vehicle for you to use to inquire about or report

suspected product problems. All SPRs are answered in writing

as quickly and completely as possible.

Insite Library Membership - includes programs submitted by

users of Intel products.

& Updates Ensure That You Have The
Latest Released Version of Any Intel Software
Under the terms of the contract, Intel will offer manuals,
documentation, diskettes or other mcdla of your cho:ce for all
covered updates as they are released, at a
from individual update prices.

March 1988
Order Number: 270589-001



SERVICE SPECIFICATIONS AND OPTIONS

Terms ..
Maintenance agreements are written for a minimum of one year and continue month to month thereafter until cancelled by either
party with a 30 days’ written notice. )

Period of Coverage

8:00 a.m. - 5:00 p.m. (MST) excluding weekends and Intel holidays

Product Codes

SSCDSIKIT ...... Applies to DOS hosted products targeted to 8051 Architecture
SSCD96KIT ... Applies to DOS hosted products targeted to 8096 Archi

SSCDS86KIT ....... Applies to DOS hosted products targeted to 8086/80186 Architecture

SSCD286KIT ..... Applies to DOS hosted products targeted to 80286 Architecture

SSCD386KIT ... .. Applies to DOS hosted products targeted to 80386 Architecture

SSCD700KIT ...... Applies to DOS hosted products targeted to all Architectures

A current listing of products covered in each kit appears in the Intel Product Catalog and ; COMMENTS magazine.

& Ordering Information

Software Support Contracts are placed in effect by completing an Intel System Service Agreement. Contact your local Intel Sales or
Service Office to sign up for support, or simply call 1-800-INTEL 4 U. Once your products are registered, support will begin immediately.

19-15



NETWORK SERVICES

M One-stop shopping for your network
N Complete physical and logical
network design
M Network installation management
M Network user and administrator training
M Worldwide service and support

& One-stop Shopping

As part of the commitment to meet your total net-
working needs, Intel offers a full set of services to
provide you with convenient one-stop shopping for
all your networking requirements. This provides a
single point of responsibility for installation of your
network and frees your resources to concentrate on
your specific applications.

. Corhplete Network Design

Today’s networking products are powerful and extremely
flexible. The return they can provide on your investment
via increased productivity and reduced costs can be very
substantial. However, in order to obtain both maximum
equipment utilization and user productivity, they need
to be custom configured to your specific organizational
and usage requirements. Whether installing your first net-
work or adding to an existing one, Intel’s Networking
Specialist can perform this design service for you.

Physical Network Design: When planning and designing
the physical layout of a network, issues such as type of
building, local fire and building codes, adherence to
various specifications (e.g., Ethernet, IEEE, R5232) must
be taken into consideration. Intel’s Physical Network
Design Service can provide this for you. In addition to
the most efficient cable routing and recommendation of
the most reliable components, a complete bill of materials
and cost information for the physical network is produced.

Logical Network Design: Because every organization is
unique and has its own set of requirements, the network
that serves it must be logically designed and configured
to meet these requirements. Just as there is no generic
data base design, there is no generic network design.
Issues such as the most efficient use of file and print
servers, host communication servers, network security,
and system and network administration must be taken
into consideration. An Intel Networking Specialist will
interview your users to understand their requirements and

©Intel Corporation, 1987

then logically design the network to meet those require-
ments. This Logical Network Design Service produces the
software “blueprint” to be used by the network installers
and ensures immediate use of your network upon
completion of its installation.

¥ Network Installation Management

Once the physical and logical design of your network
has been completed and agreed upon, the imple-
mentation phase begins. An Intel team will manage the
installation of the physical network, set up and install
all nodes, and install and configure all software according
to the logical design “blueprint” produced as a result
of the Logical Network Design Service. Before the instal-
lation team leaves, they will ensure that your network
is fully operational.

& Network User and Administrator Training

Just as the design of the network is critical to its max-
imum utilization and productivity so is the proper
training of your users. Intel’s Customer Training provides
a comprehensive selection of courses for both your
end users and network administrators. By training your
staff in parallel with network installation, they will be
in a position to start using the network immediately
upon its installation.

Mainframe
Y,

OpenNET™
e "
S e @ @ S

Department Service Network #2

June 1987
Order Number: 270309-02
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& Worldwide Service and Support

Because a network can be equated to a large multiuser
mainframe, ensuring maximum network uptime, opera-
tional efficiency and timely repair is extremely
important. Intel’s Customer Service provides a full range
of network maintenance services that can be tailored to
meet your specific needs. Among these are Software
Support which includes free updates to all Software, and
Hardware Maintenance of all system nodes, PCs and
attached peripherals as well as the network “backbone”
cable, transceivers, transceiver cables, connectors and
repeaters. In the event of network problems, Intel’s
Customer Service personnel are equipped with pro-
prietary software diagnostic tools which help to locate and
analyze any problems quickly. These same tools can also
be used to conduct a periodic performance “tune up” of
your network. Options as to level of service, response time
and hours of coverage are also available.

Over 865 trained professionals in 80 service locations
are dedicated to providing you with top quality, world
class service. :

& Custom Network Management Services

If you have a large network installation, Intel’s team of
Network Specialists can put together a custom proposal
that will provide a wide range of Network Management
Services to meet your specific needs. These include, but
are not limited to, the following:

* Network administration

¢ Coordination and administration of customer
user groups .

® Ons-site first level support

® Node relocation management

¢ Consulting and application development
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PC AT 386 CONVERSION

& Converts an IBM* PC AT to a 386 PC

& 2-3 times faster software execution

& Retains compatibility with AT

& Conversion done at your site by Intel

& Converted AT covered by one-year warranty
& Includes high-speed math coprocessor

& The Way to Grow
Intel's PC AT 386 Conversion provides the answer for
PC power users who need to grow but want to retain their
PC AT investment. It is a complete package of hardware
and service that converts IBM PC ATs into 386 PCs fully
compatible with the original PCs. The advantages include:
— Applications run 2-3 times faster
— Quality service on the converted PCs
— Compatible with current and future PC AT software
and hardware
— Up to 16MB of 32-bit memory can be added to the
system

& Intel Does Conversion

The conversion replaces the AT's base board with Intel’s
386 AT Base Board. This simple, fast procedure exchanges
the PC's original 80286 microprocessor for an 80386. It
also switches the original 16-bit base memory for more
efficient 32-bit base memory and adds connectors for
expanding 32-bit memory to 16MB.

All conversions will be done at your site by an Intel
Customer Engineer experienced with servicing PC ATs.
For volume conversions, Intel will plan the process with
you to minimize disruption.

& 80386 Power Means Fast Execution

The 80386 microprocessor installed in each converted
PC runs at a fast 16MHz. That's between two and three
times faster than the PC AT's 80286 microprocessor.
Whatever you run on your PCs — spreadsheets, CAD
packages, database programs, compilers — executes 2-3
times faster. The time you used to wait for your PC to catch
up with you can now be spent more productively.

& Compatibility Retains Your Investment

The 80386 is the most' advanced member of the Intel
family of microprocessors that have powered IBM’s PCs.

¢ intel Corporation, 1987
* IBMisareg d of §

| Business Machines Corporation
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The 80386 can execute virtually all software written for
the PC, PC XT, and PC AT. It just does so faster.

The 386 AT Base Board extends that compatibility by
duplicating the functions of the PC AT's base board. Your
expansion cards and the rest of the PC AT system work
with the new 386 AT Base Board as they did with the
original. Most importantly, the data on your hard disk
remains unchanged.

& Intel Warrants the Converted 386 PC

Intel knows that reliable operation remains as impor-
tant after the conversion as it was before. To ensure a
minimum of down time, Intel provides a one-year, on-site
warranty for the converted IBM PC AT, not just for the
converted base board. The warranty is backed by an
organization that has 15 years’ experience servicing com-
puters from over 80 locations worldwide.

The warranty covers the 386 AT Base Board plus the AT's
original basic hardware (Model 5170):

— 386 AT Base Board

— Power suppl

— Disk controller

— Winchester disk drive (20 or 30MB)
— Floppy disk drive (360KB or 1.2MB)
— Keyboard

~— IBM Monitor

— IBM Color Graphics Adapter

Additional items such as many popular expansion cards
and peripherals can be covered at an additional cost.

June 1987
Order Number: 270301-02



W 386 AT Base Board Specifications ® 32-Bit Memory Expansion
- Comspaﬁble with IBM PC AT base board including ~ Up to 16MB of 32-bit memory can be added to the

BIOS compatibility system in increments of 2 or 16 megabytes by adding Intel
— 16MHz 80386 microprocessor; switchable to 6MHz with 386 PC memory boards to the 386 AT Base Board’s 32-bit
keyboard command memory expansion connectors.

— 10MHz 80287 Math Coprocessor installed

— 512KB of 32-bit memory installed on Base Board

— Two connections for 32-bit memory expansion

— Two PC-compatible 8-bit bus slots and four PC AT
compatible 16-bit bus slots

ORDERING INFORMATION

386 AT Conversion Kits

All conversion packages include Intel’s 386 AT Base Board, 287 math coprocessor, installation, and warranty.
(See restrictions on installation and warranty below.) Packages differ only in the amount of additional 32-bit
memory above the base 512KB.

Minimum order is 50 conversions.

Total 32-Bit Expected

Order Code Memory Availability
386ATCON 0.5MB Now
386ATCON2M 2.5MB Now
386ATCON4M 4.5MB Now

386ATCONSM 8.5MB mid-1987

Add-on 32-bit Memory

Installation not included unless ordered as part of the original conversion. These boards work only with the
386 AT Base Board. :

Expected
Order Code Description Availability
386AT2MB 32-bit 2MB memory board* Now
386ATSMB 32-bit 8MB memory board* mid-1987

Restrictions

1. Installation and warranty of converted PC and on-site service not available in certain areas. Mail-in warranty
on boards sold by Intel available in these areas.

2. Warranty on converted PC not available unless conversion done by Intel. Mail-in warranty on boards sold
by Intel available for customers who do their own conversion.

* Can be used only with the 80386 Base Board
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PC AND PERIPHERAL
HARDWARE MAINTENANCE

¥ On-site hardware maintenance service

¥ One-stop shopping for maintenance on IBM*
and other major brand personal computers
and peripherals

& Includes all parts and labor required
for remedial and preventive maintenance

& Fixed budgetable monthly maintenance fee

& Personalized attention from a Customer
Engineer .

¥ Professional maintenance management
ensuring prompt problem resolution

& Extended coverage options to meet your
support needs

M Priority service and response above those
who are not on contract

& Comprehensive Maintenance Support
Intel's Customer Support is an international organi-
zation with the expertise and resources to provide on-site
service on a worldwide basis.
Intel’s PC and Peripheral Hardware Maint e ser-

& Preventive Maintenance Avoids Problems

Intel's P; ive Mai wce (PM) prog; are
specifically designed to identify potential problems before
malfunctions occur, thus providing increased system
availability. Your assigned Customer Engineers not only
perform the preventive maintenance specified by Intel
and/or the equip facturer, but will augment the
service with personal experience with your products and
applications. The PM services include reviewing per-
formance, maintaining a history of the equipment, ex-
ecuting the diagnostics to sequentially identify potential
problems, making any necessary electronic and
mechanical adjustments and replacing any worn or defec-
tive parts as required.

& Remedial Maintenance Receives Priority

If unscheduled maintenance becomes necessary, the
assigned Customer Engineer will be on-site within the
response time and coverage contracted for. The Customer
Engineer will call the same day of your request for ser-
vice to discuss the symptoms observed, ensuring that all
logistical items are available to correctly resolve the
problem. Verification of the equipment being back in ser-
vice will be accomplished by executing diagnostics. The
Cust Eneri

vice is designed to keep your system running at maximum
efficiency. Intel provides remedial maintenance, preven-
tive maintenance and parts replacement or exchange for
a fixed amount at your site. All parts and labor during
the contract hours selected are included.

Maintenance charges are based on individual customer
services, subject to applicable zoning dpolicies and optional
parts and coverage. It is recommended that all intercon-
nected products be included in the maintenance agree-
ment, Extended service coverage and installation are also
available.

Intel utilizes a sophisticated Central Dispatch System
to efficiently dispatch personnel for fast response.

As an Intel customer you receive automatic problem
escalation protection. The Central Dispatch System allows
for close monitoring of service requests and call status.
Close monitoring assures you that any discrepancy will
be escalated through the technical and management struc-
tures to mobilize the necessary resources. Intel’s problem
escalation protection is designed to keep your business
operating smoothly.

©Intel Corporation, 1987
* IBM is a reg d trademark of I | Business Machines Corp

gi will then update the device history
file with the corrective action taken.

March 1987
Order Number: 22030201
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SERVICE SPECIFICATIONS AND OPTIONS

Terms

Maintenance agreements are written for a minimum of one year and continue month to month thereafter until
cancelled by either party with 30 days’ notice.

Standard billing is monthly, but flexible options are available.

Period of Coverage
9/5 - 9 continuous hours between 7:00 a.M. and 6:00 PM., Monday through Friday, excluding local Intel
holidays.

16/5 - 16 continuous hours between 7:00 AM. and 12:00 Midnight, Monday through Friday, excluding local
Intel holidays.

24/5 - 24 hours of coverage commencing 7:00 AM. Monday through 7:00 am. Saturday, excluding local Intel
holidays.

2417 - 24 hours of coverage 7 days a week, excluding local Intel holidays.

Mai Price Grid
9/5 16/5 24/5 2417
Base 115% 130% 150%

Maintenance Service Response Time/Cost

The time/cost grid below for maintenance ag t coverage shows the available response time within
service zones. As equipment location moves further in distance from the service center, response times are
extended and contract coverage cost increases by the percentage quoted below the response time.

Resp Time/Cost
Zone1 Zone 2 Zone 3
0-50 miles 51 -100 miles - 101 - 150 miles
4 contract hours 8 contract hours 8 contract hours
100% 120%

Parts

Maintenance parts required for on-site service will be furnished by Intel on an exchange basis; replaced parts
become the property of Intel.
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intel

Any of the following products may appear in this publication. If so, it must be noted that
such products have counterparts manufactured by Intel Puerto Rico, Inc., Intel Puerto
Rico II, Inc., and/or Intel Singapore, Ltd. The product codes/part numbers of these
counterpart products are listed below next to the corresponding Intel Corporation product
codes/part numbers.

{;nel Corporation }:::: ll:::::: Il::zzvlll?‘;;lc. Intel Singapore, Ltd . Intel Corporation }:::: g:z::z ]l:;z’l[;’“;;lc‘ Intel Singapore, Ltd.

roduct Codes/ Product Codes/ Product Codes/ Product Codes/ Product Codes/ Product Codes/

Part Numbers Pro " Part Numbers Part Numbers Part Numbers
art Numbers Part Numbers

376SKIT p376SKIT KM2 pKM2

903 p903 KM4 pKM4

904 po04 KM8 pKMS8

913 po13 KNLAN pKNLAN

914 p9l4 KT60 pKT60

923 p923 KW140 pKW140

924 p924 KW40 pKW40

952 p9s2 KW80 pKW80

953 p953 Mi1 pM1

954 p954 M2 pM2

ADAICE pADAICE M4 pM4

B386M1 pB386M1 M8 pM8

B386M2 pB386M2 MDS610 pMDS610

B386M4 pB386M4 MDX3015 pMDX3015

B386M8 pB386M8 MDX3015 pMDX3015

CO044KIT pCO44KIT MDX3016 pMDX3016

C252KIT pC252KIT MDX3016 pMDX3016

C28 pC28 MDX457 pMDX457

C32 pC32 MDX457 pMDX457

C452KIT pC452KIT MDX458 pMDX458

D86ASM pD86ASM MDX458 pMDX458

D86C86 pD86C86 MSA96 pMSA96

D86EDI pD86EDI NLAN pNLAN

DCM9111 pDCM9111 PCLINK sPCLINK

DOSNET pDOSNET PCX344A pPCX344A

F1 pF1 R286ASM PR286ASM

GUPILOGICIID pGUPILOGICIID R286EDI pR286EDI

H4 pH4 R286PLM pR286PLM

1044 plo44 R286SSC pR286SSC

1252KIT pI252KIT R86FOR pR86FOR

1452KIT pl452KIT RCB4410 sRCB4410

I86ASM pI86ASM RCX920 pRCX920

ICE386 pICE386 RMX286 pRMX286

111010 pIIIO10 RMXNET pRMXNET

111086 pll1086 S301 pS301

111086 TIII086 S386 pS386

11111 pllllll SBCO010 pSBCO010

111186 plIl186 SBCO012 pSBCO12 sSBC012

111186 TIII186 SBC020 pSBC020

111198 plll198 SBC028 pSBC028

111212 plll212 SBC040 pSBC040

111286 pIlI286 SBC056 pSBCO056

111286 TIII286 SBC108 pSBC108

11515 pIlIs15 SBC116 pSBC116

111520 TIII520 SBC18603 pSBC18603 sSBC18603

111520 pIIIs20 SBC186410 pSBC186410

111531 plIIsS31 SBC18651 pSBC18651 sSBC18651

111532 pIII532 SBC186530 pSBC186530

111533 plII533 SBC18678 pSBC18678

111621 plll621 SBC18848 pSBC18848 sSBC18848

111707 pIII707 SBC18856 pSBC18856 sSBC18856

111707 TII707 SBC208 pSBC208 sSBC208

111815 pIlI81S SBC214 pSBC214

INA961 pINA961 SBC215 pSBC215

IPAT86 pIPAT86 SBC220 pSBC220 sSBC220

KAS pKAS SBC221 pSBC221

KC pKC SBC28610 pSBC28610 sSBC28610

KH pKH SBC28612 pSBC28612

KM1 pKM1 SBC28614 pSBC28614
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Intel Corporation

Intel Puerto Rico, Inc.
Intel Puerto Rico II, Inc.

Intel Singapore, Ltd.

Intel Corporation

Intel Puerto Rico, Inc.
Intel Puerto Rico II, Inc.

Intel Singapore, Ltd.

Product Codes Product Codes Product Codes/ Product Codes
Part Numbers / Product Codes/ Part Numbers / Part Numbers Product Codes/ Part Numbers /
Part Numbers Part Numbers
SBC28616 pSBC28616 SBCMEM310 pSBCMEM310
SBC300 pSBC300 SBCMEM312 pSBCMEM312
SBC301 pSBC301 SBCMEM320 pSBCMEM320
SBC302 pSBC302 SBCMEM340 pSBCMEM340
SBC304 pSBC304 SBE96 pSBEY6
SBC307 pSBC307 SBX217 pSBX217
SBC314 pSBC314 SBX218 pSBX218
SBC322 pSBC322 SBX270 pSBX270
SBC324 pSBC324 SBX311 pSBX311
SBC337 pSBC337 SBX328 pSBX328
SBC341 pSBC341 SBX331 pSBX331
SBC386 pSBC386 sSBC386 SBX344 pSBX344
SBC386116 pSBC386116 SBX350 pSBX350
SBC386120 pSBC386120 SBX351 pSBX351
SBC38621 pSBC38621 SBX354 pSBX354
SBC38622 pSBC38622 SBX488 pSBX488
SBC38624 pSBC38624 SBX586 sSBX586
SBC38628 pSBC38628 SCHEMAIIPLD pSCHEMAIIPLD
SBC38631 pSBC38631 SCOM pSCOM
SBC38632 pSBC38632 SDKS51 pSDK51
SBC38634 pSBC38634 SDK85 pSDK85
SBC38638 pSBC38638 . SDK86 pSDK86
SBC428 pSBC428 sSBC428 SXM217 pSXM217
SBC464 pSBC464 SXM28612 pSXM28612
SBC517 pSBC517 SXM386 pSXM386
SBC519 pSBC519 sSBC519 SXM544 pSXM544
SBC534 pSBC534 sSBC534 SXM552 pSXM552
SBC548 pSBC548 SXM951 pSXM951
SBC550 TSBC550 SXM955 pSXM9I55
SBC550 pSBC550 SYP120 pSYP120
SBC550 pSBC550 SYP301 pSYP301
SBC552 pSBC552 SYP302 pSYP302
SBC556 pSBC556 sSBC556 SYP31090 pSYP31090
SBC569 pSBC569 SYP311 pSYP311
SBC589 pSBC589 SYP3847 pSYP3847
SBC604 pSBC604 SYR286 pSYR286
SBC608 pSBC608 SYRS86 pSYRS86
SBC614 pSBC614 SYS120 pSYS120
SBC618 pSBC618 SYS310 pSYS310
SBC655 pSBC655 SYS311 pSYS311
SBC6611 pSBC6611 T60 pT60
SBC8010 pSBC8010 TA096 pTA096
SBC80204 pSBC80204 TA252 pTA252
SBC8024 pSBC8024 sSBC8024 TA452 pTA452
SBC8030 pSBC8030 W140 pW140
SBC8605 pSBC8605 sSBC8605 w280 pW280
SBC8612 pSBC8612 W40 pW40
SBC8614 pSBC8614 W80 pW80
SBC8630 pSBC8630 sSBC8630 XNX286DOC pXNX286DOC
SBC8635 pSBC8635 sSBC8635 XNX286DOCB  pXNX286DOCB
SBC86C38 sSBC86C38 XNXIBASE pXNXIBASE
SBC8825 pSBC8825 sSBC8825 XNXIDB pXNXIDB
SBC8840 pSBC8840 XNXIDESK pXNXIDESK
SBC8845 pSBC8845 sSBC8845 XNXIPLAN pXNXIPLAN
SBC905 pSBC905 XNXIWORD pXNXIWORD
SBCLNKO001 pSBCLNKO001

CG/PCPN/102488
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