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ICE™.88A IN-CIRCUIT EMULATOR"

2. Either of two 1K-byte blocks of ICE-88A
module high-speed memory, which allows
nearly full-speed emulation (with two addi-

tional wait states per 8088-controlled bus-

cycle).

3. Intellec system memory, which provides emu-
lation at approximately 0.02 percent of reai-
time with a 5 MHz clock.

4. Arandom-access diskette file, with emulation
speed comparable to Intellec system memo-
ry, except the emulation must wait when a
new page is accessed on the diskette.

The user can also designate a block of memory
as non-existent. The ICE-88A module issues an
error message when any such guarded memory
is addressed by the user program.

As the user, prototype progresses to mclude
memory, emulation becomes real time.

OPERATION MODES

The ICE-88A software is a RAM-based program
that provides the user with easy-to-use com-
mands for initiating emulation, defining break-
points, controlling trace data collection, and dis-
playing and controlling system parameters.
ICE-88A commands are configured with a broad
range of modifiers which provide the user with
maximum flexibility in descnblng the operation
to be performed.

Emulation

Emulation commands to the ICE-88A emulator
control the process of setting up, running and
halting an emulation of the user's iAPX 88
system. Breakpoints and tracepoints enable the
ICE-88A module to halt emulation and provide a
detailed trace of execution in any part of the
user’'s program. A summary of the emulation
commands is shown in Table 1.

Breakpoints: The ICE-88A module has two
breakpoint registers that allow the user to halt
emulation when a specified condition is met. The
breakpoint registers may be set up for execution
or non-execution breaking. An execution break-
point consists of a single address which causes
a break whenever the 8088 executes from its
queue an instruction byte which was obtained
from the address. A non-execution breakpoint
causes an emulation break when a specified
condition other than an instruction execution
occurs. A non-execution breakpoint condition,
using one or both breakpoint registers, may be
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specified by any one of or a combination of the
following:

1. A set of address values — Break on a set of
address values has three valuable features:

a. The ability to break on a single address.

b. The ability to set any number of break-
points within a limited range (1,024 bytes
maximum) of memory.

c. The ability to break in an unlimited range.
Execution is halted on any memory
access to an address greater than (or less
than) any 20-bit breakpoint address.

2. A particular status of the 8088 bus — one or
* more of: memory or I/0 read or write, instruc-
tion fetch, halt, or interrupt acknowledge.

3. A set of data values — features comparable
to break on a set of address values, explained
in point one.

4. A segment register — break occurs when the
register is used in an effective address
calculation.

Table 1. Summary of ICETM-88A
Emulation Commands

Command Description

GO Initializes emulation and
allows the user to specifiy the
starting point and breakpoints.

Example:

GO FROM .START TILL
.DELAY EXECUTED

where START and DELAY are
statement labels.

STEP Allows the user to single-step

through the program.

Emulation break can also be set to occur on an
external signal condition. An external breakpoint
match output and emulation status lines are
provided on the buffer box. These aliow syn-
chronization of other test equipment when a
break occurs or when emulation is begun. Exe-
cution breakpoints set to occur on instructions
requiring only two or three clock cycles to com-
plete will break after completion of the following
instruction.

Tracepoints: The ICE-88A module has two
tracepoint registers which establish match con-
ditions to conditionally start and stop trace
collection. The trace information is gathered at
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least twice per bus cycle, first when the address
signals are valid and second when the data sig-
nals are valid. If the 8088 execution queue is
otherwise active, additional frames of trace are
collected. i

Each trace frame contains the 20 address/16
data lines and detailed information on the status
of the 8088. The trace memory can store 1,024
frames, or an average of about 300 bus cycles,
providing ample data for determining how the
8088 was reacting prior to emulation break. The
trace memory contains the last 1,024 frames of
trace data collected, even if this spans several
separate emulations. The user has the option of
displaying each frame of trace data or displaying
by instruction in actual ASM-86 assembler
mnemonics. Unless the user chooses to disable
trace, the trace information is always available
after an emulation.

Interrogation and Utility

Interrogation and utility commands give the user
convenient access to detailed information about
the user program and the state of the 8088 that
is useful in debugging hardware and software.
Changes can be made in both memory and the
8088 registers, flags, input pins, and 170 ports.
Commands are also provided for various utility
operations such as loading and saving program
files, defining symbols and macros, displaying
trace data, setting up the memory map, and re-
turning control to ISIS-Il. A summary of the basic
interrogation and utility commands is shown in
Table 2.

iAPX 88/20 DEBUGGING

The ICE-88A module has the extended capabili-
ties to debug iAPX 88/20 microsystems which
contain both the 8088 microprocessor and the
8087 numeric processor extension (NPX). An
iAPX 88/20 system is configured in the 8088's
maximum mode and communication between
the processors is accomplished through the
RQ/GT signals. Debugging can be done either
using the 8087 chip itself (in which case the
8088 ESCAPE instruction is interpreted as a
floating-point instruction) or using the 8087 soft-
ware emulator E8087 (where the 8088 INTER-
RUPT instruction is interpreted as a floating-
point instruction). Three new data types are
defined to use the NPX:

REAL (4 byte short real)
DREAL (8 byte long real)
TREAL (10 byte temporary real)

While the 8087 NPX is not a programmable part,
it does interact closely with the 8088 and can
execute instructions in parallel with it. The
ICE-88A module provides information about the
relative timing of instruction execution in each
processor so that the complete system can be
debugged. Other debugging capabilities availa-
ble through the ICE-88A module are: symbolical-
ly disassemble NPX call instructions from
memory or trace history; display or change the
control, status, and flag values of the NPX; dis-
play the NPX stack either in hexadecimal or dis-
assembled form; and display the last instruction
address, last operand, and last operand
address. The 8087 can only communicate with
user memory.

DESIGN CONSIDERATIONS

o When the ICE-88A system is operating in in-
terrogation mode, responses to HOLD/HOLD
ACKNOWLEDGE can require up to 450
microseconds.

o A HOLD sequence error will occur if an addi-
tional hold pulse is inserted before the
ICE-88A system responds to the previous
hold pulse.

© To enter emulation, user READY must be
high to avoid a READY$TIMEOUT error.

© If a user applies a RESET during generation
of HOLD, a failure message may result.

® The ICE-88A system generates an extra bus
cycle upon entry into emulation. Users
should ignore the extra bus cycle. :

o The ICE-88A system also generates extra
bus cycles under another condition: While
normally accessing the user system (that is,
for download and memory interrogation
commands), in addition to the bus cycles re-
quired for read-after-write, extra bus cycles
are generated during interrogation. Users
should ignore the extra bus cycles.

DC CHARACTERISTICS OF THE
ICE™-88A MODULE USER CABLE

1. Output Low Voltages [V o, (Max)=0.4V]

IOL (Min)
ADO-AD7 12mA
A8-A15 _ (24mA@05V)
A16/83-A10/S6, SSO, RD, 8mA

LOCK, Qs0, QS1, 50, 51,
S2, WR, 10/M, DT/R, DEN,

(16 mA @ 0.5V)

ALE, INTA

HLDA 7mA

RQ/GT 16 mA
210357-002
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Table 2. Selected ICETM-88A Module Interrogation and Utility Commands

Memory/Register Commands
Display or change the contents of:
® Memory
® 8088registers
® 8088 status tlags
® 8088 input pins
® 8088 1/0 ports
® |CE-88A pseudo-registers (e.g.

emulation timer)

Memory Mapping Commands
Display, declare, set, or reset the ICE-88A
memory mapping.

Symbol Manipulation Commands
Display any or all symbols, program
modules, and program line numbers and
their associated values (locations in
memory).

Set the domain (choose the particular
program module) for the line numbers.

Define new symbols as they are needed in
debugging.

Remove any or all symbols, modules, and
program statements.

Change the value of any symbol.

Select program modules whose symbols
will be used in debugging.

TYPE
Assign or change the type of any symbotin’
the symbol table.

DASM
Disassemble user program memory into
ASM-86/88 assembler mnemonics.

RQ/GT
Set or display the status of the
request/grant facility which enables the
ICE-88A module to share the system bu
with co-processors. .

BUS
Display which device in the user’s iAPX 88
system is currently master of the system
bus.

CAUSE
Display the cause
emulation break.

PRINT
Display the specified portion of the trace
memory.

LOAD
Fetch user symbol table and object code
from the input file.

EVALUATE
Display the value of an expression in
binary, octal, decimal, hexadecimal, and
ASCII.

CLOCK
Select the internai (ICE-88A module
provided, for stand-alone mode only) or an
external (user-provided) system clock.

RWTIMEOUT
Allows the user to time out READ/WRITE
command signals based on the time taken
by the 8088 to access Intellec memory or
diskette memory.

ENABLE/DISABLE RDY
Enable or disable logical AND or ICE-88A
emulator Ready with the user Ready signal
for accessing Intellec memory, ICE memory
or diskette memory.

of the most recent

. Output High Voltages [V oy (Min)=2.4V]

Ion (Min)
ADO-AD7 —3mA
A8-A15 -
A16/S3-A19/S6, SO, RD, —2.6mA
LOCK, Qs0, QS1, 50, ST,
S2, WR, 10/M, DT/R, DEN,
ALE, INTA, HLDA
RQ/GT 250 mA

5-108

. Input Low Voltages [V, (Max)=0.8V]

I (Max)
ADO-AD7 —0.2mA
NMI, CLK —0.4mA
READY —0.8mA
INTR, HOLD, TEST,RESET ~ —1.4mA
MN/MX (0.1 uF to GND) —3.3mA
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4. Input High Voltages [V}, (Min)=2.0V]

(1™ (Max)
ADO-AD7 80 1A
NMI, CLK 20 nA
READY 40 pA
INTR, HOLD, TEST, RESET —0.4mA
MN/MX (0.1 F to GND) -1.1mA

5. No current is taken from the user
circuit at V¢ pin.

SPECIFICATIONS
ICE™-88A Operating Environment

REQUIRED HARDWARE

Intellec Model 800, Series I, Series Ill, or Series
IV microcomputer development system with the
following features:

® Three adjacent slots for the ICE-88A
module. .

® 64K bytes of Intellec memory. If user
prototype program memory is desired,
additional memory above the basic 64K is
required.

System console (Model 800 only)
Disk drive (Model 800 only)
ICE-88A module

REQUIRED SOFTWARE

System monitor
ISIS, version 4.3 or subsequent versions

Equipment Supplied

Printed circuit boards (3)
Interface cable and emulation buffer module

Operator's manual

ICE-88A software, diskette-based
—8inch single and double density
— 5" inch double density

Emulation Clock

' User system clock up to 5 MHz or 2 MHz

ICE-88A internal clock in stand-alone mode

Physical Characteristics

PRINTED CIRCUIT BOARDS

Width: 12.00in (30.48 cm)
Height: 6.75in (17.15¢cm)
Depth: 0.50in (1.27 cm)
Package Weight: 9.00 (4.10kg)

Electrical Characteristics
DC POWER

Veo=+5V %= 5%

lcc=17A maximum; 11A typical
Vpp=+12V£5%

lpp=120 mA maximum; 80 mA typical
Vgg=—10V=5% or —12V £5% (optional)
lgg=25 mA maximum; 12 mA typical

Environmental Characteristics

Operating Temperature: 0° to 40°C

Operating Humidity: Up to 95% relative humidity
without condensation.

ORDERING INFORMATION

Part Number Description

ICE-88A iAPX 88 microsystem in-circuit
emulator, cable assembly, and
interactive software.

210357-002
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PROM PROGRAMMERS

MAJOR iUP-200A/iUP-201A FEATURES: o Support for new personality modules
that provide state of the art fast

int I® iUP-200A/iUP-201A UNIVERSAL

= Support for all Intel PROM families - programming algorithms, the .
through muitiple-device personality inteligent Identifier™, and a security
modules, which may also be used with bit.
the Intel personal development ADDITIONAL iUP-201A FEATURES:

system (iPDS™), .
L = Off-line editing, device duplication,
8 Serial interface to all Intellec® and PROM memory locking.
development systems. .

a 32K-byte iUP RAM.
®  Powerful PROM programming

software (iPPS). - @m  24-character alphanumeric display.
s iUP system self-tests plus device s Full hexadecimal plus 12-function
integrity checks. keypad. '

The iUP-200A and iUP-201A universal programmers program and verify data in all the Intel pro-
grammable ROMs (PROMs). They can also program the PROM memory portions of Intel's single-chip
microcomputer and peripheral devices. When used with any Intellec® development system, the
iUP-200A and iUP-201A universal programmers provide on-line programming and verification using
the Intel PROM programming software (iPPS). In addition, the iUP-201A universal programmer sup-
ports off-line, stand-alone program editing, PROM duplication, and PROM memory locking. The
iUP-200A universal programmer is expandable to an iUP-201A model.

The following are trademarks of Intel Corporation and may be used only to describe Intel products: CREDIT, Index, Intel, Insite, Intellec,

Library Manager, Megachassis, Micromap, MULTIBUS, PROMPT, UPI, uScope, Promware, MCS, ICE, iRMX, iSBC, iSBX, inteligent

Identifier, MULTI:MODULE and ICS. Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied

in an Intel product. No other circuit patent licenses are implied.

® INTEL CORPORATION, 1984 6-1 March, 1984
: - Order Number:210319-003
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FUNCTIONAL DESCRIPTION

The iUP-200A universal programmer operates in
on-line mode. The iUP-201A universal program-
mer operates in both on-line and off-line mode.

‘On-line System Hardware

The iUP-200A and iUP-201A universal program-
mers are free-standing units that, when connect-
ed to any Intel development system having at
least 64K bytes of host memory, provide on-line
PROM programming and verification of Intel pro-
grammable devices. In addition, the universal
programmer can read the contents of the ROM
versions of these devices.

The universal programmer communicates with
the host through a standard RS-232C serial data
link. A serial converter is needed when using the
MDS 800 as a host system. (Serial converters
are available from other manufacturers.)

Each universal programmer contains an 8085
CPU, selectable power supply, 4.3K bytes of
static RAM, a programmable timer, an interface
for personality modules, an interface for the host
system, and 12K bytes of programmed EPROM.
The iUP-201A also has a keyboard and display.
The programmed EPROM contains the firmware

needed for all universal programmer editing and
control functions. :

A personality module adapts the universal pro-
grammer to a family of PROM devices; it contains
all the hardware and firmware necessary to pro-
gram either a family of Intel PROMs or a single
Intel device. The user inserts the personality
module into the universal programmer front
panel. The personality module comes ready to
use; no additional sockets or adapters are
required.

‘Figure 1 shows ‘the iUP-200A on-line system
configuration, and Figure 2 shows the on-line
system data flow.

On-line System Software

' The Intel PROM programming software (iPPS) is

included with both the iUP-200A and iUP-201A
models of the universal programmer. Created to

‘run on any Intellec development system, the

iPPS software provides user control through an
easy-to-use interactive interface. The iPPS soft-
ware performs the following functions to make
PROM programming quick and easy:

0 Reads PROMs and ROMs

® Programs PROMs directly or from a file

.
-
§\\\~\>\\\i\\\\\ .

\\
-

\\\\\ \\\\
.
N

L
.*_\\6\ N

Figure 1 On-Line System Configuration

Order Number: 210319-003
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HOST DEVELOPMENT SYSTEM

iPPS hl iPPS o Isis
BUFFER SOFTWARE FILE
RS-232 INTERFACE
UNIVERSAL PROGRAMMER
(IUP-200A OR iUP-201A)
rm————- 1
PERSONALITY 3 4
- UNIVERSAL -
PROGRAMMER | UrAzoTA )
PROM »|  FIRMWARE — |
DEVICE(S) : :
. ~J

'0026

Figure 2 On-Line System Data Flow

® Verifies PROM data with buffer data

® Locks EPROM memory from unauthorized
access (on devices which support this
feature)

® Prints PROM contents on the network or de-
velopment system printer

® Performs interactive formatting operations
such as interleaving, nibble swapping, bit
reversal, and block moves

® Programs multiple PROMs from the source
file, prompting the user to insert new PROMs

® Uses a buffer to change PROM contents

All iPPS commands, as well as program address
and data information, are entered through the
development system ASCII keyboard and dis-
played on the system CRT. Table 1 summarizes
the iPPS commands.

The iPPS software lets the user load programs
into a PROM from Intellec system memory or

6-3

directly from a disk file. Access to the disk lets
the user create and manipulate data in a virtual
buffer with an address range up to 16M. This
large block of data can be formatted into dif-
ferent PROM word sizes for program storage
into several different PROM types. In addition, a
program stored in the target PROM, the Intellec
system memory, or a system disk file can be in-
terleaved with a second program and entered
into a specific target PROM or PROMs.

The iPPS software supports data manipulation
in the following Intel formats: 8080 hexadecimal
ASCIl, 8080 absolute object, 8086 hexadecimal
ASCI|, 8086 absolute object, and 80286 absolute
object. Addresses and data can be displayed in
binary, octal, decimal, or hexadecimal. The user
can easily change default data formats as well
as number bases.

The user invokes the iPPS software from the
ISIS operating system (Intellec 800, Series II,
and Series |ll, versions V3.4 and later; Series IV,
versions V1.0 and later). The software can be
run under control of ISIS submit files, thereby
freeing the user from repetitious command entry.

Order Number: 210319-003
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Table 1 iPPS Command Summary

Command Description
PROGRAM CONTROL GROUP | CONTROLS EXECUTION OF THE iPPS SOFTWARE.
EXIT Exits the iPPS software and returns control to the ISIS operating
system.
<ESC> Terminates the current command.
REPEAT Repeats the previous command.
ALTER Edits and re-executes the previous command.

UTILITY GROUP

DISPLAYS USER INFORMATION AND STATUS AND SETS
DEFAULT VALUES.

DISPLAY Displays PROM, buffer, or file data on the console.

PRINT Prints PROM, buffer, or file data on the local printer.

QUEUE Prints PROM, buffer, or file data on the network spooled printer.

HELP Displays user assistance information.

MAP Displays buffer structure and status.

BLANKCHECK Checks for unprogrammed PROMs.

OVERLAY Checks whether non-blank PROMs can be programmed.

TYPE Selects the PROM type.

INITIALIZE Initializes the default number base and file type.

WORKFILES Specifies the drive device for temporary work files.
BUFFER GROUP EDITS, MODIFIES, AND VERIFIES DATA IN THE BUFFER.

SUBSTITUTE Examines and modifies buffer data.

LOADDATA Loads a section of the buffer with a constant.

VERIFY Verifies data in the PROM with buffer data.

'|FORMATTING GROUP
FORMAT

REARRANGES DATA FROM THE PROM, BUFFER, OR FILE.
Formats and interleaves buffer, PROM, or file data.

COPY GROUP
COPY (file to PROM)
COPY (PROM to file)
COPY (buffer to PROM)
COPY (PROM to buffer)
COPY (buffer to file)
COPY (file to buffer)
COPY (file to URAM)
COPY (URAM to file)
COPY (buffer to URAM)
COPY (URAM to buffer)

COPIES DATA FROM ONE DEVICE TO ANOTHER.
Programs the PROM with data in a file on disk.
Saves PROM data in a file on disk.
Programs the PROM with data from the buffer.
Loads the buffer with data in the PROM.
Saves the contents of the buffer in a file on disk.
Loads the buffer from a file on disk. ‘
Loads file data into the iUP RAM (iUP-201A model only).
Saves iUP URAM data in a file on disk (iUP-201A model only).
Loads the buffer into the iUP URAM (iUP-201A model only).
Loads iUP URAM data into the buffer (iUP-201A model only).

SECURITY GROUP

KEYLOCK

LOCKS SELECTED DEVICES TO PREVENT UNAUTHORIZED
ACCESS.
Locks the PROM from unauthorized access.

Order Number: 210318-003
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System Expansion

The iUP-200A universal programmer can be
easily upgraded (by the user) to an iUP-201A
universal programmer for off-line operation. The
upgrade kit (ilUP-PAK-A) is available from Intel
or your local Intel distributor. '

Off-line System

The iUP-201A universal programmer has all the
on-line features of the iUP-200A universal pro-
grammer plus off-line editing, PROM
duplication, program verification, and locking of
PROM memory independent of the host system.
The iUP-201A universal programmer also ac-
cepts Intel hexadecimal programs developed on
non-Intel development systems. Just a few key-
strokes download the program into the iUP RAM
for editing and loading into a PROM.

Off-line commands are entered using the off-line
command keys summarized in Table 2.

In addition to the hardware components included
as part of the iUP-200A, the iUP-201A contains
a 24-character alphanumeric display, full hexa-
decimal 12-function keypad, and 32K bytes of
iUP RAM. Figure 3 illustrates the iUP-201A key-
board and display.

The two logical devices accessible during off-
line operation are the PROM device and the iUP
RAM. A typical operation is copying the data
from a PROM (or ROM) into the iUP RAM, modify-
ing this data in iUP RAM, and programming the
modified data back into a PROM device. The ad-
dress range of the iUP RAM is automatically
determined by the universal programmer when
PROM type selection is made. Figure 4 shows

- the off-line system data flow.

IUP READY -
COMMAND

oooooaQ

ADDRESS

55
| DATA

—-
—7

ON stcs ROOM CLEAR
VER PROG T
LINE fELECT i
SHIFT c D E F
8 9 A B
Y
. tock .
. L a || 5 6 7
N .
T
E
R ADDR }]|| DATA FILL LOAD
2 3
@POWER

0157

‘Figure 3 iUP-201A Keyboard and Display
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Table 2 Off-Line Command Keys Summary

Key R

Function

ON
LINE

1 DEVICE
{SELECT

4 PROG

IM-HZm

SHIFT A%’R
SHIFT DATA
1
SHIFT
SHIFT L°3A°
LOCK
SHIFT 3:

Selects either on-line or off-line operation. Wher on-line, all other function keys
are disabled. )

Selects the PROM type when using a personality module able to program
multiple PROM devices.

Verifies the contents‘of the installed PROM device with the contents of the iUP
RAM. The universal programmer display indicates the address and the XOR of
any mismatches. ‘

Performs a device blank check and then programs the target PROM with data
from the iUP.RAM. If the blank check fails, pressing PROG again performs an
overlay check to verify that non-blank PROMs can be programmed.

Loads the iUP RAM with the data from the PROM device installed in the
personality module.

Terminates the current off-line function, clears a user entry, or restores the
display after an error.

Transfers information from the universal programmer display (addresses, data,
or baud rate) into the iUP RAM.

Selects an address field for display.
Selects a data field for keypad editing and entry.

Loads a contiguous section of iUP RAM locations with a constant.

Downloads Inte! hexadecimal data from any development system which has an
RS-232C port.

Locks a PROM from unauthorized access.

Order Number: 210319-003
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UNIVERSAL PROGRAMMER (iUP-201A)

PERSONALITY
MODULE

PROM
DEVICE(S)

A

UNIVERSAL
PROGRAMMER
FIRMWARE
(MANUAL FRONT
PANEL CONTROL)

A

iUP-201A
URAM .

RS-232 INTERFACE

HOST
SYSTEM

(OPTIONAL)

0027

Figure 4 Off-Line System Data Flow

SYSTEM DIAGNOSTICS

Both the iUP-200A and iUP-201A universal pro-
grammers include self-contained system diag-
nostics that verify system operation and aid the
user in fault isolation. Diagnostics are performed
on the power supply, CPU internal firmware
ROM, internal RAM, timer, the iUP-201A
keyboard, and the iUP RAM. In addition, tests
are made on any personality module installed in
the programmer the first time the module is
accessed. The personality module tests include
the power select circuitry and up to 4K of
module firmware. Straight-forward messages
are provided on the development system display
in on-line mode and on the iUP-201A display in
off-line mode.

PERSONALITY MODULES

A personality module is the interface between
the iUP-200A/iUP-201A universal programmer
(or an iPDS system) and a selected PROM (or
ROM). Personality modules contain all the hard-
ware and firmware for reading and programming
a family of Intel devices. Each personality
module is a single molded unit inserted into the
front panel of the universal programmer. No addi-
tional adapters or sockets are needed. Table 3
lists the available personality modules.

Each personality module connects to the univer-
sal programmer through a 41-pin connector.
Module firmware is uploaded into the iUP RAM
and executed by the internal 8085A processor.

Table 3 iUP Personality Modules

Personality Module PROM Type PROMs and ROMs Supported
iUP-Fast 27/K EPROM 2764, 2764A, 27128, 27256
iUP-F27/128 E2/EPROM 2716, 2732, 2732A, 2764, 27128, 2815, 2816
iUP-F87/51A Microcontroller 8748, 8748H, 8048, 8749H, 8048H, 8049, 8049H,
8050H, 8751, 8751H, 8051
iUP-F87/44A Peripheral 8741A,8041A, 8742, 8042, 8744H, 8044AH, 8755A

Order Number: 210319-003
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The personality modute firmware contains rou-

tines necessary to read and program a family of

PROMSs. In addition, the personality module

sends specific information about the selected

PROM to the universal programmer to help per-
- form PROM device integrity checks.

LEDs on each persdnality module indicate
operational status. On some personality

modules a column of LEDs.indicate which PROM

device type the user has selected. On some per-
sonality modules an LED below the socket indi-
cates which socket is to be used. A red indicator
light tells the user when power is Qeing supplied
to the selected device. Figure 5 shows the per-
sonality modules‘supported on the universal
programmer. ’

In addition to the testing done by the iUP system
self-tests, each personality module contains di-

agnostic firmware that performs selected PROM ] .

tests and indicates status. These tests are per-
formed in both on-line and off-line modes. The
PROM installation test verifies that the device is
installed in the module correctly and that the ZIF
socket is closed. The PROM blank check deter-
mines whether a device is blank. The universal
programmer automatically determines whether

. the blank state is all zeros or all ones. The over-

lay check (performed when a PROM is not

.blank) determines which bits are programmed,

compares those bits against the program to be
loaded, and allows programming to continue if
they match. As with the system self-tests,
straight-forward messages are provided. The
user can invoke all of the PROM device integrity
checks except the installation test (which
occurs automatically any time an operation is
selected).

' Figure 6 illustrates a typical testing sequence.

Figure 5 Personality Modules

6-8
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Figure 6 PROM Testing Sequence
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iUP 200A/iUP 201A

iUP-200A/iUP-201A SPECIFICATIONS

Control Processor

Inte! 8085A microprocessor
6.144 MHz clock rate

Memory

RAM — 4.3 bytes static
ROM — 12K bytes EPROM

Interfaces

Keyboard — 16-character hexadecimal and 12-
function keypad (iUP-201A model only)

Display —  24-character alphanumeric
(iUP-201A model only)

Software

Monitor — system controller in pre-programmed
EPROM

iPPS — Intel PROM programming software on
supplied diskette

Physical Characteristics

Depth — 15inches (38.1 cm)
Width — 15inches (38.1.cm)
Height — 6inches (15.2 cm)
Weight — 15 pounds (6.9 kg)

Electrical Characteristics

Selectable 100, 120, 200, or 240 Vac *= 10%;
50-60 Hz
Maximum power consumption — 80 watts

Environmental Characteristics

Reading temperature — 19°C to 40°C
Programming temperature — 25°C + '5°

Operating humidity — 10% to 85% relative ’

humidity

Reference Material

164852 — [UP-200A/201A Universal Program-
mer User’s Guide.

164861 — jPPS PROM Programming Software
User’s Guide.
164853 — PPS PROM Programming Soft-
" ware/iUP-200A/201A Universal Pro-
grammer Pocket Reference.

PERSONALITY MODULE
SPECIFICATIONS

Memory
EPROM — up to 4K bytes

Physical Characteristics

Width — 5.5inches (1.4 cm)
Height — 1.6inches (4.1 cm)
Depth — 7.0inches (17.8 cm)
Weight — 1 pound (.45 kg)

Electrical Characteristics

Maximum power consumption (module) — 7.5
watts '

Maximum power consumption (device) — 2.5
watts

Maximum power consumption (total from iUP) —
10 watts

Environmental Characteristics

Reading temperature — 10°C to 40°C
Programming temperature — 25°C =+ 5°
Operating humidity — 10% to 85% relative
humidity . .

Reference Material

- Appropriate personality module user’s guide:

164376 — UP-Fast 27/K Personality Module
User's Guide.

162848 — |UP-F27/128 Personality Module
User’s Guide.

164855 — jUP-F87/51A Personality Module
User’s Guide.

164853 — jUP-F87/44A Personality Module
User's Guide.

ORDERING INFORMATION
Part number Description
iUP-200A Intel on-line universal

programmer

iUP-201A Intel on-line/off-line

universal programmer

iUP-Fast 27/K* EPROM personality

module

EPROM and E2PROM
personality module

iUP-F27/128

Order Number: 2103198-003
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iUP 200A/IUP 201A

iUP-F87/51A

iUP-F87/44A

iUP-200/201 U1
Upgrade Kit

iUP-PAK-A Upgrade
Kit

Microcontroller
personality module

Peripheral personality
module

Upgrades an
iUP-200/201 universal
programmer to an
iUP-200A/201A
universal programmer

Upgrades an iUP-200A
universal programmer
toaniUP-201A

universal programmer

*The iUP-Fast 27/K pérsonality module can be used only with an iUP-200A/201A universal programmer or an iUP-200
/iUP-201 universal programmer upgraded to an A with the iUP-200/201 U1 upgrade kit. If used in an iPDS, this per-
sonality module requires version 1.4 or later of the iPPS-iPDS software. All iPDS-140 units shipped after June 1984

will contain this software.

Order Number: 210319-003



intel PROM PROGRAMMING
PERSONALITY MODULES

MAJOR PERSONALITY MODULE s Comes ready to use.
FEATURES: ® Inciudes the Fast 27/K personality

u Adapts aniUP-200A/iUP-201A Univer- o Anat programs Inters iatast
sal Programmer or Intel Personal '

Development System (iPDS™) to m Supports multiple PROM device types.
a family of PROM devices. .

Personality modules custom-fit the iUP-200A/iUP-201A Universal Programmer or the iPDS™™ system
to a family of PROM devices. Each personality module comes ready to use —just plug it into a Universal
Programmer or an iPDS system and begin reading or programming parts. The personality modules can
be used off-line or controlled from a host or iPDS system using Intel’'s powerful PROM programming
software (iPPS). Selected personality modules support the latest PROM programming features such-
as the intgligent Programming™ algorithms (reduce programming time up to a factor of 10), the intgli-
gent Identifier™ (automatically selects the correct intgligent Programming algorithm), and the security
bit function (protects PROM memory from unauthorized access).

Intel Corporation Assumes No Responsibility for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Cir-
cuit Patent Licenses are Implied. Information Contained Herein Supercedes Previously Published Specifications On These Devices From

Intel.
: 6-12
© INTEL CORPORATION, 1984 May, 1984
ORDER NUMBER: 280003-001



inte|® ' PROM Programming Personality Modules

PERSONALITY MODULE
DESCRIPTION

The personality module adapts the universal pro-
grammer or the iPDS system to a specific family
of PROM devices; it contains all the hardware
and firmware necessary to read and program a
family of Intel PROMs. The personality module
comes ready to use; the user merely inserts the
personality module into the universal program-
mer front panel or the side door of the iPDS
chassis. No additional sockets or adapters are
required. i

As Table 1 shows, each personality module sup-
ports a different family of PROM devices.

Each personality module connects to the univer-
sal programmer/iPDS system through a 41-pin
connector. LEDs on the personality module indi-
cate its operational status. A column of LEDs or
a hexadecimal display indicates which PROM
device type the user has selected. On some per-
sonality modules, an LED below the socket indi-
cates which socket is to be used. A red indicator
light tells the user when power is applied to the
selected device.

After specifying the PROM device type, the user
inserts the PROM to be programmed or read in
the socket on the personality module. The per-
sonality module checks for correct PROM
installation. In addition, each personality module
contains diagnostic firmware that performs the
following selected PROM tests and indicates
status.

® The PROM installation test verifies that the
device is installed in the module correctly
and that the ZIF socket is closed.

e The PROM blank check determines whether
a device is blank. The universal

programmer/iPDS system automatically
determines whether the blank state is all
zeros or all ones.

® The overlay check (performed when a PROM
is not blank) determines which bits are
programmed, compares those bits with the
program to be loaded, and allows program-
ming to continue if they match.

The user can invoke all the PROM device integri-
ty checks except the installation test (which
occurs automatically any time an operation is
selected).

PROM PROGRAMMERS

The personality modules are used with either
the universal programmer or the iPDS system.
Both the iUP-200A and iUP-201A models of the
universal programmer program PROM devices
in on-line mode. The iPPS software which con-
trols on-line programming runs on the host
system. The iUP-201A universal programmer
adds an additional feature: off-line programming
directly from the universal programmer’s
keyboard. Figure 1 shows an iUP-201A universal
programmer with a personality module inserted.

The iPDS system features stand-alone on-line
programming controlled by the iPDS-iPPS soft-
ware which runs on the iPDS system. The iPDS
system operates in on-line mode only. Figure 2
shows an iPDS system with a personality
module inserted.

Table 2 compares the features of the universal
programmer with the features of the iPDS
system.

Table 1. Personality Modules

_Personality Module PROM Type PROMs and ROMs Supported
" iUP-Fast 27/K EPROM ’ 2764, 2764A, 271‘28_, 27256
iUP-F27/128 E2PROM/EPROM | 2716, 2732, 2732A, 2764, 27128, 2815, and 2816
iUP-F87/51A Microcontroller 8748, 8748H, 8048, 8749H, 8048H, 8049,
8049H, 8050H, 8751, 8751H, 8051
iUP-F87/44A Peripheral 8741A, 8041A, 8742, 8042, 8744H, 8044AH,
8756A

280003-001
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201A Universal Programmer

Figure 1.iUP

0149

Figure 2. iPDSTM System

280003-001
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- Table 2. PROM Programmers

Operating mode

Configuration

On-line mode

Requires host system

On-line mode and
off-line mode
Requires host system
in on-line mode;

Features iUP-200A Universal iUP-201A Universal iPDSTM System
Programmer Programmer
Function PROM programmer PROM programmer Development system

and PROM programmer
On-line'mode.

‘Stand-alone plugged

into iPDS system

running iPPS software

On CRT of host

stand-alone in off-line
mode

Data display On built-in single-line | OniPDS CRT
- system terminal display in stand-alone
. mode
Input keyboard From host system Built-in keyboard From iPDS Keyboard
‘ terminal :
THE iPPS SOFTWARE program stored in the target PROM, the system

The iPPS software, included with both the
iUP-200A and iUP-201A models of the universal
programmer and with the iPDS system, brings in-
creased flexibility to PROM programming. The
iPPS software provides user control through an
easy-to-use interactive interface and performs
the following functions to make PROM program-
ming quick and easy:

Reads PROMs and ROMs.
Programs PROMs directly or from a file.
Verifies PROM data with buffer data.

Locks EPROM memory from unauthorized
access (on devices which support this
feature).

® Prints PROM contents on the network printer
(universal programmer only) or the develop-
ment system printer.

® Performs interactive formatting operations
such as interleaving, nibble swapping, bit
reversal, and block moves. ‘

® Programs multiple PROMs from the source
file, prompting the user to insert new PROMs.

® Uses a buffer to change PROM contents.

With the iPPS software the user can load pro- .

grams into a PROM from system memory or
directly from a disk file. Access to the disk lets
the user create and manipulate data in a virtual
buffer. This block of data can be formatted into
different PROM word sizes for program storage
into several different PROM types. In addition, a

memory, or a system disk file can be interleaved
with a second program and entered into a specif-
ic target PROM or PROMs.

The iPPS software supports data manipulation
in the following Intel formats: 8080 hexadecimal
ASCIl, 8080 absolute object, 8086 hexadecimal
ASCII, 8086 absolute object, and 80286 absolute
object. Addresses and data can be displayed in
binary, octal, decimal, or hexadecimal. The user
can easily change default data formats as well.
as number bases.

The user invokes the iPPS software from the
SIS operating system (Intellec 800, Series II,
and Series I, ISIS versions V3.4 and later;
Series |V, ISIS versions V1.0 and later; iPDS
system, ISIS versions 1.4 and later). The soft-
ware can be run under control of ISIS submit
files, thereby freeing the user from repetitious
command entry.

Note that the universal programmer and the:
iPDS system each has its own version of the

" iPPS software. To distinguish between them, the

iPPS software for the iPDS system is called
iPPS-iPDS software.

PERSONALITY MODULE FEATURES

The personality modules described in the follow-
ing sections allow a universal programmer/iPDS
system to program a wide range of PROM
devices, each with its unique needs and
requirements: PROMs, EPROMs, E2PROMs,
microcontrollers, and microprocessor peripher-
als.

280003-001
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Note that the user needs one of the following
configurations to use the Fast 27/K personality
module or to use the security bit function on the
iUP-F87/51A and iUP-F87/44A personality
modules:

iPDS system

Intel PROM programming software
(iPPS-iPDS), version 1.4 or later

iPDS-140 EMV/PROM adapter option

universal programmer

The user can easily update an iUP-200/201 uni-
versal programmer to an iUP-200A/201A univer-
sal programmer with the iUP-200/201 U1 up-
grade Kit. ‘ )

The iUP-Fast 27/K Personality Module

The iUP-Fast 27/K personality module lets the
user program, read, and verify the contents of
Intel’s newest 64K and 256K EPROMs. This per-
sonality module supports the intgligent Program-
ming algorithms and the intgligent Identifier. The
inteligent Identifier lets the personality module

. i Intel PRO interrogate the PROM device  in the
on-line ntef M programming program/master socket. It determines whether
software (iPPS), version 1.4 the type selected matches the type of PROM
or later device installed and then selects the proper in-
model 200A or 201A teligent Programming algorithm. The intgligent
. Programming algorithms reduce programming
® off-line model 201A time up to a factor of 10. ‘
g .
AF
w
Vd
MASTER PROGRAM
SOCKET SOCKET
O !
PROM *
/ ' ke
PIN1 0-2784 HEXADECIMAL
= 1-27128 DISPLAY
ACTIVE
C‘) SOCKET
SOCKET
POWER LOCKING -
INDICATOR ARMS 1930

Figure 3. iUP-Fast 27/K Personality Module

280003-001
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The iUP-Fast 27K personality module supports
the following PROM devices:

2764 2764A 27128 27256

As shown in Figure 3, the iUP-Fast 27/K person-
ality module contains two 28-pin sockets, a
hexadecimal display (0 through F), and a red
LED that indicates when power is being applied
to a socket. The program socket holds the
device being programmed. The master socket
will be used in future upgrades. The hexadecimal
display shows the PROM device type selected.

The iUP-F27/128 Personality Module

The iUP-F27/128 personality module lets the
user program, read, and verify the contents of a
wide variety of PROM devices, including some of

Intel’s most popular PROM devices. This person-
ality module .supports the following PROM
devices: .

2716 2732 2732A 2764 27128 2815 2816

As shown in Figure 4, the iUP-F27/128 personal-
ity module contains two sockets: one for 24-pin
PROM devices and the other for 28-pin PROM
devices. The user can use only one socket at a
time. An LED below the socket indicates the cor-
rect socket to use based on the PROM device
type selected, and a row of green LEDs on the
right side of the personality module indicate
which PROM type is selected. The ACTIVE
SOCKET LED indicates when power is being ap-
plied to the PROM device and when the universal
programmer/iPDS system is accessing the
selected socket.

PIN 1

© 2118
2732 (Vpp 25V)
27324 (Vpp 21V)
PROM
Q 158 DEVICE

TYPE
2784 INDICATORS

SOCKET
SELECT
INDICATORS

SOCKET
POWER
INDICATOR
k?!?ﬁKSING 0153

Figure 4. iUP-F27/128 Personality Module
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The iUP-F87/51A Personality Module

The iUP-F87/51A personality module lets the
user program EPROM microcontrollers and read
the memory contents of ROM microcont Iférs.
This personality module supports the security
bit function on the 8751H microcontroller. The
KEYLOCK command locks the 8751H EPROM
memory from unauthorized access by setting
the security bit (which cannot be unlocked with-
out erasing the device). As a safety precaution,
the KEYLOCK command requires user verifica-
tion before locking the security bit.

The iUP-F87/51A personality module suppoﬁs
the following PROM devices:

8048
8751

8748 8748H
8048 8050H

8048H
8751H

8749H
8051

As shown in Figure 5, the iUP-F87/51A personal-
ity module has two sockets for inserting applica-
ble PROM devices: one for the MCS®-48 family
of devices and the other for the MCS-51 family
of PROM devices. An LED below the socket indi-
cates the correct socket to use based on the
PROM device type selected. One of the green

I

©s8oas ~ 1
Qsoasn AEAD
Osos4g/H

© 80504

Q8051

©asr48 (Vpp 25v)
© g748H {vpp 21v)
©8749H

© 8751

[@n s\

©8751H
©AcTIvE
SOCKET

1931

Figure 5. iUP-F87/51A Personality Module
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LEDs on the right side of the personality module
lights to indicate the PROM type selected. The
ACTIVE SOCKET LED lights when power is ap-
plied to the PROM device and when the universal
programmer/iPDS system is accessing the
selected socket. .

The iUP-F87/44A Personality Module

The iUP-F87/44A personality module lets the
user program EPROM versions of the 8044
family of microcontroller/serial interface units
and read the memory contents of ROM versions.
This personality module supports the security
bit function on the 8744H microcontroller. The
KEYLOCK command locks the 8744H EPROM
memory from 'unauthorized access by setting
the security bit (which cannot be cleared without

erasing the device). As a safety precaution, the
KEYLOCK command requires user verification
before setting the security bit.

The iUP-F87/44A personality module supports
the following PROM devices:

8741A 8041A 8742 8042
8744H 8044AH 8755A

As shown in Figure 6, the iUP-F87/44A personal-
ity module has two sockets for inserting applica-
ble PROM devices: one for the 8741A, 8742, and
8755A PROM devices and the other for the
8744H PROM device. An LED below each socket -
indicates the correct socket to use based on the
PROM device type selected. One of the green
LEDs on the right side of the personality module
lights to indicate the PROM type selected. The

I ININENN]

© 80414 READ
© 8042 gy |y

© so4aan_|

O sr41a
8742

Q@ 8744H
8755A

© SPARE

© SPARE

@ sPaRE

ACTIVE
SOCKET

1932

Figure 6. iUP-F87/44A Personality Module
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ACTIVE SOCKET LED lights when power.is ap-
plied to the PROM device and when the universal
programmer/iPDS system is accessing the
selected socket.

PROM PROGRAMMING EXAMPLE

The personality module is the interface that lets
the user perform a wide variety of PROM
programming, data display, and data editing
operations. One of the most popular applications
is copying data from a master PROM into a blank
PROM. Table 3 outlines and compares the steps
for both on-line and off-line copying. Notice the
easy-to-use, English-language approach of the
iPPS commands, which may be shortened to the
first letter for faster entry.

The on-line example assumes that the universal
programmer/iPDS system has been powered on
and is under control of the ISIS software and
that the iPPS software has been initialized. The
off-line example assumes that the iUP-201A uni-
versal programmer has been powered on and
initialized.

PERSONALITY MODULE
SPECIFICATIONS
Memory

EPROM — upto 4K bytes

* Operating humidity

Physical Characteristics

Width — 5.5inches (1.4cm)
Height — 1.6inches (4.1 cm)
Depth — 7.0inches (17.8 cm)
Weight — 1 pound (.45 kg)

Electrical Characteristics

Maximum power consumption (module) —7.5 watts
Maximum power consumption (device) —2.5 watts
Maximum power consumption (total from PROM
programmer) — 10 watts

Environmental Characteristics

Reading temperature  10°C to 40°C
Programming temperature  25°C =+ 5°

10%-85% relative humidity

DOCUMENTATION

Appropriate personality module user’s guide:

164376 — iUP-FAST 27/K Personality
Module User’s Guide

162848 — iUP-F27/128 Personality Module
User’s Guide

164855 — iUP-F87/51A Personality Module
User’s Guide

164854 — jUP-F87/44A Personality Module
User’s Guide

Table 3. Typical PROM Programming Sequence

6-20

Action On-line Off-line
' Command Function Key
1. Select PROM type. TYPE DEVICE
SELECT
2. Instali the PROM to be copied (the master
PROM) in the personality module.
3. Copy the contents of the master PROM to the COPY PROM ROM TO
buffer. TO BUFFER RAM
4. Verify that the copy was correct. VERIFY VER
5. Remove the master PROM; install a blank
PROM .
6. Copy the buffer to the blank PROM. COPY BUFFER PROG
TO PROM
280003-001
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ORDERING INFORMATION

Part number Description

iUP-Fast 27/K* EPROM personality module

iUP-F27/128 EPROM and E2PROM
personality module

iUP-F87/51A*  Microcontroller personality
module

iUP-F87/44A*  Peripheral personality module

*The iUP-Fast 27/K personality module and the
security bit function on the iUP-F87/51A and
iUP-F87/44A personality modules can be used
with an iUP-200A/201A universal programmer;
or an iUP-200/iUP-201 universal programmer
upgraded to an A with the iUP-200/201 U1
upgrade kit; or an iPDS system, using version
1.4 or later of the iPPS-iPDS software (iPDS-140
units shipped after June 1984 contain this
software).

6-21
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Intel Corporation makes no warranty for the use of its products and assumes no responsibility for any
errors which may appear in this document nor does it make a commitment to update the mformatlon
contained herein.

Intel retains the right to make changes to these specifications at any time, without notice.
Contact your local sales office to obtain the latest specifications before placing your order.
The following are trademarks of Intel Corporation and may only be used to identify Intel Products:

BXP, CREDIT, i, ICE, 12CE, ICS, iDBP, iDIS, iLBX, im» IMMX,
Insite, INTEL, intg|, Intelevision, Intellec intgligent ldentlfler
intIIBOS, int ligent Programming™ Intelllnk iOSP, iPDS,
|RMS iSBC, |§BX iSDM, iSXM, L|brary Manager, MCS,
Megachassis, Micromainframe, MULTIBUS, Multichannel™
Plug-A-Bubble, MULTIMODULE, PROMPT, Ripplemode,
-RMX/80, RUPI, System 2000, and UPI, and the combination of
ICE, iCS, iRMX, iSBC, MCS, or UPI and a numerical suffix.’

™

MDS is an ordering code only and is not used as a product name or trademark MDS® is a registered
trademark of Mohawk Data Sciences Corporation.

* MULTIBUS is a patented Intel bus.

Additional copies of this manual or other Intel literature may be obtained from:
Intel Corporation
Literature Department

3065 Bowers Avenue
Santa Clara, CA 95051
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INTRODUCTION

Programmable read-only memory (PROM) devices
play a significant role in microprocessor-based
products. How can PROM programming devices per-
form to best serve the needs of those who develop
and service such products?

This application note first provides a general answer
to this question; then, it proceeds to describe the fea-
tures and use of PROM programming hardware and
software available for the Intel Personal Develop-
ment System (iPDSTM). The description explains
how the iPDS system provides the wide range of
capabilities needed by those who use PROM pro-
gramming devices. The description also highlights
the iPDS system’s ability to program some of Intel’s
newest EPROMs.

PROMS IN THELIFECYCLE OF A
PRODUCT

Memory Options: A Review

Before PROM programming needs are discussed, it
is important to briefly review memory options
available to designers.

Microprocessor-based products need memory to

store instructions and data used in controlling their
operations. In order to maximize product operating
speeds, designers must use memory that can be
accessed quickly. Both random access memory
(RAM) devices and read-only memory (ROM)
devices offer designers quick access, but RAM
devices are volatile—their contents are erased when
system power is turned off. ROM devices are
nonvolatile; thus, designers use ROMs to store pro-
grams and data that will not change during the
operation of the product.

After a product’s program code data has been
debugged, you can transfer the code to program-
mable ROMs (PROMs) or masked ROMs. (The
most flexible PROMs are E2PROMs and EPROMs;
E2PROMs are electrically erasable and EPROMs can
be erased by ultraviolet light.) PROMs are program-
med using a relatively simple procedure; by
contrast, masked ROMs can only be programmed in
a manufacturing environment. Thus, masked ROMs
provide less flexibility but are used because they
may be more cost-effective in large volumes.
However, because the price of PROMs is falling and
because inventories with erasable PROMs can be
reprogrammed when product programs are
changed, erasable PROMs are also attractive for
large volumes.

6-24

Desirable PROM Programming Features

Once your product’s software is debugged, you can
load the software into the product’s PROMs (so that
it becomes the product’s firmware). However,
usually in the development of a product, the initial
programming of PROM devices is not the last
operation involving the PROMs. Even if the
software is debugged, once it is loaded into the
PROMs, you may discover new bugs in the program
that you failed to detect before the program was
committed to PROMs. So, there may soon be a need
to erase the PROMs (if they are EPROMs or
E2?PROMs) and reprogram them.

During product development and servicing, you will
also sometimes need to accomplish the following
tasks:

®  Check the contents of a PROM.

® Use one PROM to program other PROMs
that will be used in other prototype systems.

® Update earlier firmware versions with later

versions.

Consider in more detail the (P)ROM-related needs
that can arise for you during the product’s life cycle,
that is, between the time when the product’s
software has been loaded into PROMs and the time
when the product is phased out. There are two basic
sets of needs, those having to do with displaying
(P)YROM contents and those having to do with pro-
gramming PROMS.

DISPLAYING AND PRINTING NEEDS

For a variety of reasons, you may need to examine
what is stored in a (P)ROM. For example, you may
suspect that a (P)ROM’s program is in error; or you
may have incomplete documentation on what was
programmed into a (P)ROM. Thus, you will want to
be able to display the contents on a video display
terminal and to have a printer print out the contents.
You will want to be ablé to choose the display base
(binary, octal, decimal, or hexadecimal) and
whether to display the contents as ASCII characters.

PROGRAMMING NEEDS

When you program PROMs, you need a program-
ming device that can program a variety or PROMS
and one that offers flexibility and ease of program-
ming. The following list describes PROM program-
ming needs.

280015-001
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Need for simple operation — You want a
programming device that satisfies all of the
following needs and is simple to operate.
You do not want to have to refer to a
manual every time you wish to program a
PROM.

Need to program a wide variety of
PROMs — For greatest flexibility, you
want a programming device that can pro-
gram the various kinds of PROMs that are
available. For example, you will want to be
able to program microcontrollers with
EPROMs, and you will want to be able to
program from the small inexpensive 16K
and 32K PROMS to the latest 256K
PROMS with inteligent Programming™
algorithms to speed programming. You will
also want to be able to program those
PROMSs that use the new lower program-
ming voltage (12.5 V).

Need to be upgradeable — A PROM pro-
gramming device should be designed so
that it can be upgraded to program PROMs
that will be available in the future. Without
upgradeability, the device will soon be
out-of-date.

Need to check PROM contents before
programming — If the PROM you will be
programming is blank, it can of course be
programmed. Even if it has some bits set at
the time of programming, if the same bits
must also be set for the program, the
PROM can be used. Thus, ideally, a PROM
programming device will determine
whether the PROM is blank, and if not,
determine whether the bits already set are
compatible with the program to be loaded
into the PROM.

Need to recognize file formats — When
a PROM is programmed using an object file
generated by a compiler or assembler, the
PROM programming device must be able
to extract the data that is to be loaded into
the PROM from the larger file structure.
For greatest flexibility, you will need a
PROM programming device that recognizes
the file structures generated by compilers
and assemblers that you will use when
developing program code for the PROMs.

Need to support a variety of source pro-
gram options — There are three sources
you may wish to use for PROM data: an
already-programmed PROM, a software
development system, or a disk. For greatest
programming flexibility, you will want a

6-25

PROM programming device that makes all
three kinds of sources available.

Need to support data manipulation and
modification — You may wish to modify a
source file for your PROM program. For
example, you may discover an error in the
source file, or you may realize that for your
new processor system, the PROM data
must first be 2’s complemented. For a
variety of reasons, your PROM program-
ming will be much more flexible if the
PROM programming device offers a buffer
for temporary storage and PROM program-
ming software that can manipulate the
source program data in a variety of ways.

Need for variety in loading program
code into PROMs — If your product has a
16-bit microprocessor and you are using
8-bit PROM s to store the firmware, you will
need to interleave the 16-bit code between
two 8-bit PROMs. A PROM programming
device with interleaving capability will
speed such programming. You may want
other kinds of flexibility when program-
ming.

Need to transfer long programs that will
not fit into one PROM — Long programs
may exceed the storage capacity of the
PROMs chosen for your product. You need
a programming device that can format the
program so that it can be stored in
successive PROMs.

Need to verify programming — When
programming is finished, you will want to
check that the PROM is indeed correctly
programmed. A defect in the PROM could
corrupt the intended firmware. Checking
would involve comparing the source with
the programmed PROM.

Need to compare buffer with PROM —
If you are interrupted when programming -
PROMs or if you have not labeled PROMs
that you did program, you may forget
whether a particular PROM was program-
med. In such cases, you will want to
compare the particular PROM with the pro-
gram stored in the buffer of the program-
ming device. Comparison will prevent you
from having to reprogram an already-pro-
grammed PROM.
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Need to lock microcontrollers from
unauthorized access — Some advanced
microcontrollers can be locked to prevent
. unauthorized access. To take advantage of
this security feature, you need to be able to
control the locking of the microcontrollers.

Need to automate routine PROM pro-
gramming tasks — To speed program-
ming, you will want a programming device
that can automate routine programming
functions. Automation will not only speed
programming, it will also release personnel
for other work.

DESIRABLE PROM PROGRAMMING
FEATURES: A SUMMARY

In “summary, if PROMs (and ROMs) are
incorporated in your product, you will have the
greatest flexibility if your PROM programming
device has the following features. (Of course, for
ROMs only reading tasks are needed.)

® [seasy-to-use.

® Can program a wide variety of PROMs.

® [Isupgradeable.

® Can display (P)ROM contents in ASCII
characters and in a variety of bases.

®  (Can enable a printer to print out (P)ROM
contents in ASCII characters and in a
variety of bases.

®  Can check for blank PROMs.

_® If PROM is not blank, can check PROM

contents for compatibility with program.

® Can recognize file formats of your
deyelopment system object files.

® Supports transfers of program code from
development systems, disks, and other
PROMs to the new PROM.

® Provides temporary storage and software
for manipulating Programming data before
loading it into the PROM.

® Supports variety in how data is loaded into
PROMs, e.g.:
— Interleaving 16-bit data into 8-bit

PROMs

— Segmenting long programs so that
resulting program segments fit into
successive PROMs

®  Can verify the accuracy of copying.

® Can compare programming buffer with
PROM contents.

® Can lock microcontrollers from unauthor-
ized access.

® Can automate routine PROM programming

tasks.

The Intel Personal Development System (iPDS)
with the PROM programming option meets these
needs. The.following sections describe the iPDS
PROM programming hardware and software and
show how this system can perform all of these tasks
for a variety of PROMs.

THE iPDS™ PROM PROGRAMMING
SYSTEM

The iPDS system supports integrated hardware and
software development; it provides a complete set of
software development tools and in-circuit emulators
for hardware debugging and hardware-software
integration. With its optional PROM programming
hardware and software, the iPDS system also
supports PROM programming.

Three components comprise the iPDS PROM
programming system: the iPDS: system (with the
ISIS-PDS operating system and the plug-in module
adapter board), the PROM programming modules,
and the PROM programming software. Each of
these components is described briefly in. the
following sections.

iPDS™ System
To perform PROM programming tasks, the iPDS

~ system must use its ISIS-PDS operating system and
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the plug-in module adapter board. The PROM
programming software (iPPS-PDS) runs under the
ISIS-PDS operating system.

The adapter board allows you to use both the PROM
programming personality modules and emulation
modules. It provides the interface between the
modules and the iPDS system. _

Figure 1 shows the iPDS system with a PROM

programming personality module plugged into its
side.
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Figure 1 iPDSTM System with PROM Programming Personality Module

PROM Programming Personality Modules

A personality module is the interface between the
-iPDS system and a selected PROM. Personality
modules contain all the hardware and firmware for

reading and programming a family of Intel devices.
Each personality module-is a single molded unit
inserted into the side panel of the iPDS unit. No
additional adapters or sockets are needed. Table 1
lists the available personality modules, and Figure 2
shows the four modules.

Table 1 PROM Programming Personality Modules

5 PROM TYPE'
PERSONALITY MODULE PROGRAMMED PROMs AND ROMs SUPPORTED
iUP-Fast 27/K EPROM 2764, 2764A, 27128, 27256, and provisions
for future PROMs
iUP-F27/128 E2/EPROM 2716, 2732, 2732A, 2764, 27128, 2815 and
, 2816
iUP-F87/51A Microcontroller 8748, 8748H, 8048, 8749H, 8048H, 8049,
8049H, 8050H, 8751, 8751H, 8051
iUP-F87/44A Peripheral 8741A, 8041A, 8742, 8042, 8744H, 8044AH,

8755A
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Figure 2 PROM Programming Personality Modules

Each personality module connects to the iPDS
system through a 41-pin connector. Module firm-
ware is uploaded into the iPDS system and executed
by the iPDS system. The personality module firm-
ware contains routines needed to read and program
a family of PROMs. In addition, the personality
module sends specific information about the selected
PROM to the iPDS system, such as information
about the PROM size and its blank state.

LEDs on each personality module indicate its opera-
tional status. On some personality modules a
column of LEDs or a hexadecimal display indicates
which PROM device type the user has selected. On
some personality modules with more than one
socket, an' LED below each socket indicates the
socket to be used. In addition, a red indicator light
tells the user when power is being supplied to the
selected device.

The personality moduie firmware performs selected
PROM tests and indicates status:
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The PROM installation test verifies that the
device is installed in the module correctly
and that the ZIF socket is closed.

The PROM blank check determines wheth-
er the device is blank. The iPDS system au-
tomatically determines whether the blank
state for the particular device is defined as
all zeros or all ones.

The overlay check (performed when a
PROM is not blank) determines which bits
are programmed, compares those bits
against the program to be loaded, and
allows programming to continue if they
match.

Easy-to-read status messages are also provided. The
user can invoke all of the PROM device integrity
checks except the installation test (which occurs au-
tomatically any time an operation is selected). The
following sections describe specific features of the
three personality modules that program the newer
Intel PROMs.
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iUP-F87/44A AND iUP-F87/51A
PERSONALITY MODULES: SPECIAL FEATURE

Each of these personality modules supports the
security bit function on one member of the micro-
controller family it can program. The iUP-F87/44A
module supports the function on the 8744H
microcontroller, and the iUP-F87/51A supports the
function on the 8751H microcontroller. The KEY-
LOCK command locks the 8744H (or the 8751H)
EPROM memory from unauthorized access by set-
ting the security bit; the microcontroller cannot be
unlocked without erasing the EPROM. As a safety
precaution, the KEYLOCK command requires user
verification before it sets the security bit.

IUP-FAST 27/K PERSONALITY MODULE:
SPECIAL FEATURES

The iUP-Fast 27/K personality module supports the
inteligent Identifier™ and the intgligent Program-
ming algorithms. The intgligent Identifier is used to
check the PROM installed in the personality module
socket to determine whether it matches the type
selected; then the intgligent Identifier is used to
select the proper intgligent Programming algorithm.
The intgligent Programming algorithms reduce
PROM programming time by as much as a factor of
ten. This module has provision for support of future
EPROMS and E2PROMs via simple plug-in updates.

The intgligent Programming™ Algorithm

Using the capablhues of the iPDS PROM programming equipment and employing a new kind of algo-
rithm that recognizes differences among EPROM cells, you can dramatically reduce programming time
for the newest high-density EPROMSs. As a bonus, the technique helps ensure that EPROMs receive ad-
equate programming — in terms of memory-cell charge — to maintain long-term reliability.

Reducing programming time and costs for EPROMs has become increasingly important because the
- chips have become a cost-effective, easy-to-use alternative to masked ROM in high-volume applications
requiring code flexibility or simplified inventory — a major switch from EPROMSs’ original small-volume
prototyping applications. And, volume usage makes EPROM programming a significant manufacturing

consideration.

The conventional programming procedure for most EPROMs uses a nominal 50-msec pulse per
EPROM byte, resulting in a total programming time of approximately 1.5 minutes for a 16K-bit chip.
With the introduction of the 2764 (64K bits) and devices with even higher densities, however, program-
ming times have increased. A 256K-bit EPROM, for example, requires 24 minutes for programming

using the conventional programming method.

Most EPROM cells program in less than 45 msec, however. In fact, empirical data shows that very few
cells require longer than 8 msec for programming. Therefore, a procedure that takes into account the
characteristics of individual EPROM cells can significantly reduce a device’s programming time.

Arbitrarily reducing programming time is risky, however, because a cell’s ability to achieve and maintain
its programmed state is a function of this time. What is needed, therefore, is a way to verify the level to
which individual cells have been programmed. Such a way exists. By determining the charge stored in a
cell compared to the minimum charge needed to program the cell to a detectable level, you can check
for a'program margin that ensures reliable EPROM operation.

Margin checking does not occur in conventional EPROM programming, however. Instead, each
EPROM cell receives a 45- to 55-msec write pulse, and manufacturers attempt to ensure program
margin by screening out EPROMs having bytes that do not program within 45 msec. This programming
procedure is thus an open loop ~ no actual verification of margin occurs.

By contrast, the inteligent Programming algorithm guarantees reliability through the closed-loop tech-
nique of margin checking. This algorithm uses two different pulse types: initial and over-program. The
algorithm first applies a 1-msec initial pulse to an EPROM. After the pulse, it checks the EPROM’s
output for the desired programmed value. If the output is incorrect, the algorithm repeats the pulse-
and-check operation. When the output is correct, the algorithm supplies an over-program pulse; the
length of this pulse depends on how many initial pulses were used and varies with the EPROM being
programmed. This longer pulse helps ensure that the EPROM cell has an adequate programmmg margin

for reliable operation.
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Prom Programming Software (iPPS-PDS)

The iPPS-PDS software provides easy-to-use com;
mands that allow you to load programs into a target
PROM from another PROM, from iPDS system
memory, or directly from a disk file.

The iPPS-PDS software also supports data manipula-
tion in the following Intel formats: 8080 hexadecimal
ASCII, 8080 absolute object, 8086 hexadecimal
ASCII, 8086 absolute object, and 286 absolute
object. Addresses and data can be displayed in
binary, octal, decimal, or hexadecimal. You can
easily change default data formats as well as number
bases.

You invoke the iPPS-PDS software from the ISIS
operating system. (The software can be run under
control of ISIS submit files, thereby freeing you
from repetitious command entry.)

An explanation of the iPPS-PDS software follows. It
is divided into three main sections: the iPPS-PDS
storage devices, iPPS-PDS commands, and invoking
the iPPS-PDS. Also see the Appendix for iPDS
PROM programming examples.

iPPS-PDS STORAGE DEVICES

The iPPS-PDS software transfers data between any
two of the three storage devices: PROM, buffer, and
file. These devices are defmed in the followmg three
sections.

PROM Device

The PROM device is plugged. into a socket on the
personality module installed in the iPDS system.
The iPPS-PDS software does not recognize the
PROM device until you enter the TYPE command.
The TYPE command automatically sets the appropri-
ate buffer size according to the size of the PROM
device specified.

Buffer Device

The buffer device is a section of development
system memory that the iPPS-PDS software allocates
and uses as a working area for temporary storage
and for rearranging data. Its boundaries can exist
anywhere in a virtual address range from 0 to
16777215 (0 to 224-1).

When the iPPS-PDS software is initialized, the

buffer starting address is set to 0 and the buffer
ending address is set to 8K—1, providing an initial
buffer size of 8K bytes (the default buffer size when
no PROM type is specified). During subsequent
iPPS-PDS operations, the size and boundaries can
vary. Specific iPPS-PDS commands determine these
variations. The most recent command that changed
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the lower boundary of the buffer determines the
buffer starting address. The TYPE command affects
both the size and location of the buffer. For
example, the TYPE command always resets the
buffer start address to 0. The most recent TYPE
command controls the size of the buffer.

The iPDS system needs a virtual buffer when
PROM size exceeds 8K. If the PROM size exceeds
the 8K memory buffer space available on the devel-
opment system, the iPPS-PDS software creates a
virtual buffer area using temporary file space on
disk.

Two temporary work files are used to create the
virtual buffer. During subsequent virtual buffer
operations, the iPPS-PDS software automatically
swaps data in and out of development system
memory from and to work files.

File Device

The file device is an ISIS file on a disk. It is specified
within iPPS-PDS commands.

The data stored in the disk file is in one of the follow-
ing Intel absolute formats: 8080 hexadecimal, 8080
object, 8086 hexadecimal, 8086 object, or 80286
object. The iPPS-PDS software can read any of these
formats as input but writes data to a file in 8080
object, 8086 object, or. 80286 object formats only.
Basically, these files contain representations of
blocks of memory data. Included with the data are
addresses for the locations of the data. The data
blocks are not necessarily in consecutive address
order. The method used to create the ﬁle determines
the order of the data. .

The iPPS-PDS file devwe has address boundaries
that exist in the virtual range from 0 to 16777215 (0
to 224-1). These boundaries are determined as
follows:

The file’s lowest address is the lowest ad-
dress encountered while reading the file.
® The file’s highest address is the highest ad-

dress encountered while reading the file.

If the iPPS-PDS software creates the file (that is, if
the file is a destination device in an iPPS-PDS
command), the specific command issued determines
these boundaries.

When you specify a particular address range to be
read from a file, all sections in the address range that
are not present in the file are written in-a PROM
destination device as the blank state of the currently
selected PROM type. If the destination device is the
buffer, the nonexistent sections in the file do not
overwrite the corresponding sections in the buffer.
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During the operation of commands that use the file
device as a source, the iPPS-PDS software only
reads the actual data from the file and ignores any
other information in the file. For example, the file
can contain special information used later for
debugging. Since the iPPS-PDS software ignores this
information, it will not appear in any new files
generated. If the data is written back to the original
file, the original file is deleted.

iPPS-PDS COMMANDS

Each iPPS-PDS command consists of a keyword that
identifies the command, followed by other keywords
and associated parameters that are the arguments of
the command. You enter all iPPS-PDS commands,
as well as program address and data information,
through the development system ASCII keyboard;
the commands are displayed on the system CRT.
Table 2 summarizes the iPPS-PDS commands.

Table 2 iPPS-PDS Command Summary

COMMAND DESCRIPTION
PROGRAM CONTROL GROUP | CONTROLS EXECUTION OF THE iPPS-PDS SOFTWARE.
EXIT Exits the iPPS software and returns control to the ISIS operating
‘ system.
<ESC> Terminates the current command.
REPEAT Repeats the previous command.
ALTER Edits and re-executes the previous command.
UTILITY GROUP DISPLAYS USER INFORMATION AND STATUS; SETS
DEFAULT VALUES.
DISPLAY Displays PROM, buffer, or file data on the console.
PRINT Prints PROM, buffer, or file data on the local printer.
HELP Displays user assistance information.
MAP Displays buffer structure and status.
BLANKCHECK Checks for unprogrammed PROMs.
OVERLAY Checks whether non-blank PROMs can be programmed.
TYPE Selects the PROM type.
INITIALIZE Initializes default number base and file type.
WORKFILES Specifies the drive device for temporary work files.
BUFFER GROUP EDITS, MODIFIES, AND VERIFIES DATA IN BUFFER.
SUBSTITUTE Examines and modifies buffer data.
LOADDATA Loads a section of buffer with a constant.
VERIFY Verifies data in the PROM with buffer data.
FORMATTING GROUP REARRANGES DATA FROM PROM, BUFFER, OR FILE.
FORMAT Formats and interleaves buffer, PROM, or file data.
COPY GROUP COPIES DATA FROM ONE DEVICE TO ANOTHER.
COPY (file to PROM) Programs PROM with data in a file on disk.
COPY (PROM to file) Saves PROM data in a file on disk.
COPY (buffer to PROM) Programs PROM with data from the buffer.
COPY (PROM to buffer) Loads the buffer with data in the PROM.
COPY (buffer to file) Saves the contents of buffer in a file on disk.
COPY (file to buffer) Loads the buffer from a file on disk.
SECURITY GROUP LOCKS SELECTED DEVICES; PREVENTS
UNAUTHORIZED ACCESS.
KEYLOCK. Locks the PROM from unauthorized access.
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Once entered, a command line is verified for correct
syntax and executed. If a syntax error is detected,
the following error message is displayed:

- -SYNTAX ERROR- -specific error.

If you omit a required keyword, the iPPS-PDS soft-
ware prompts for the keyword and its associated
parameters. If the keyword is entered but its parame-
ters are omitted, either a default value is assumed or
an error message is displayed if there is no default.
In certain commands, default keywords are also
assumed.

You can enter complete iPPS-PDS keywords or any
unique abbreviation (only the first character is
required). For example, command keywords of C,
CO, COP, and COPY are all interpreted as the
COPY command. ‘

The iPPS-PDS software accepts numeric entries in
any one of four number bases: binary (Y), octal (O
or Q), decimal (T), or hexadecimal (H). Numbers
can be entered in any of these bases by appending
the appropriate letter identifier to specify the base
(e.g., 11111111Y, 377Q, 255T, FFH). An explicit
number base identifier overrides the default
number base, which is initially hexadecimal.

INVOKING iPPS

There are two methods of invoking the iPPS-PDS
software: command lines and submit files.

The command line for invoking the iPPS-PDS soft-
ware (under V1.0 and later versions of the ISIS.PDS
operating system) uses the following syntax:

[:Fn:liPPS

The symbol “:Fn:” Specifies the drive on which the
iPPS-PDS files are located. When you enter the iPPS-
PDS command, the ISIS operating system loads and
executes the iPPS-PDS software.

The iPPS-PDS software can also run under the con-
trol of a submit file. SUBMIT is an ISIS command
that allows you to use a disk text file as input for fur-
ther ISIS commands or as command inputs to utili-
ties running under the ISIS operating system. Thus,
a submit file can contain the ISIS command line to
invoke the iPPS-PDS software and then a sequence
of commands for the iPPS-PDS software itself.

Summary: The iPDS™ System Meets |
PROM Programming Needs

Table 3 describes briefly how the iPDS system meets
each of the needs identified earlier in this application
note.

The iPDS system can be a complete intelligent
PROM programmer — and, because the iPDS
system is also a development system, it can provide
an excellent means to off-load PROM programming
from your current development system (just as the
iPDS system allows you to off-load other 8-bit devel-

. opment tasks). In addition, with its state-of-the-art

PROM programming capability, the iPDS system be-
comes an attractive solution to your complete devel-
opment system needs.
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Table 3 iPDSTM Features Meet PROM Programming Needs

NEED

iPDSTM FEATURE

Be easy-to-use.

Program a wide variety of
PROMs.

Be upgradeable.

Display (P)ROM contents in
ASCII characters or in a variety
of bases. :

Enable a printer to print out
(P)ROM contents in ASCII
characters and in a variety of
bases.

Check for blank PROMs.

If PROM is not blénk, check
PROM contents for compatibility
with program.

Recognize file formats of
development system object files.

Support transfers of program
code from development system,
disks, and other PROMs to the
new PROM.

Provide temporary storage and
software for manipulating
programming data before loading
itinto the PROM.

Load data into PROMsin a

variety of formats, e.g.:

— interleaving 16-bit data into
two 8-bit PROMs

— segmenting long programs so
that resulting program
segments fit into successive
PROMs

Verify the accuracy of copying.

Compare programming buffer
with PROM contents

Control the security feature of
advanced microcontrollers for
unauthorized access.

Automate routine PROM
programming tasks.

iPPS software and the PROM programming personality modules
were designed to provide ease-of-use.

Personality modules each permit the programming of a family of
PROMs or microcontrotllers.

New personality modules will be released as new PROM families
appear.

iPPS DISPLAY command displays (P)ROM (or buffer or file)
contents in ASCII characters and in binary, octal, decimal, or
hexadecimal.

iPPS PRINT command prints out (P)ROM (or file or buffer)
contents in ASCII characters and in binary, octal, decimal, or
hexadecimal.

iPPS BLANKCHECK command checks for blank PROMS. .

iPPS OVERLAY command checks PROM contents for
compatibility with program.

iPPS command file switch allows you to indicate to the iPDS
system which object file format is being used.

iPPS COPY commands allow you to copy in either direction
between the iPDS disk drive(s), PROMs, and the iPDS buffer
storage.

iPDS buffer provides temporary storage and the iPPS
SUBSTITUTE and LOADDATA commands allow you to
manipulate programming data before you load it intoa PROM.

iPPS FORMAT command allows you to format data in a variety
of ways so that it can be loaded into PROMs in various
sequences (including interleaving and segmenting).

iPPS software automatically checks the accuracy of copying.

iPPS VERIFY command compares buffer data with PROM data.

iPPS KEYLOCK command locks advanced microcontrollers.

ISIS SUBMIT files permit you to store frequently used
command sequences. The files can then be activated witha
single command. :
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APPENDIX: PROM PROGRAMMING
EXAMPLES

Displaying (P)ROM contents and programming
PROMs are easy tasks with the iPDS system. The
following four examples show typical uses of the
iPDS system’s PROM programming capabilities:

®  Examining the contents of a masked ROM
®  Duplicating a PROM

® Interleaving a file between two PROMs

®  Locking a microcontroller V

EXAMPLES

The examples assume that the iPDS system is under
control of the iPPS-PDS software. The boldface
characters shown on the iPDS screen displays
indicate user entries. The key-in sequence below
each screen display gives the actual entries that you
must key in to obtain the screen display.

Examining the Contents of a Masked ROM

The DISPLAY command lets you examine the
contents of a PROM or a masked ROM.

o0ooo30:
000040
000050
000060
oo0070:
ooDoao:
0o0090:
0000AO:
0oo0BO:
0oooco:
oooonao:
00DOED:
0000FD:
000100:
000110:
000120-

ABORTED
PPS>

PPS> DISPLAY PROM

FFFFFFFFFFFFFFFF C33b LCFFFFFFFFFF
F3DBA0DEL 20 CA0D3 08 3E00D3 D1 DB A0 EL 0L
€2 bk 00 3E 4F D3 DO 3E 58 D3 DO 3E 89 D3 DO 3E
9903 DO €3 76 00 3E 4F D3 DO 3E 948 D3 DO 3E BA
D3 D0 3E 9C D3 D0 21 00 00 11 00 0A AF 47 7B B2

CABADD?885231BC37?D0O078FES5C28D00

3E34D3IE33ELFD3IEO03EDNO0D3IEODDL3000DB
80ELDLC2A9000L2COD3E?2D3E3?9D3EL
?8D3EL3IEB2D3IE3I3EON0D3EZ3ELLDIERDI
L03E22D360D3 50D 80ELOYCAC?00DBAD
ELO4C2 CEODAFD3FOD3FODIFOD3IFL 3E AL
D3F83E23D3L03ECADIECIEODD3EZD3 S0
2L EF002B?CB5C2F300DBABELOYCZFDOO
JEO0D3E23ELLD3IE2DISODPBAOUEL DY CADA
10DPBADELO4C211013E22D36LDD350DB A0
EbO4CALEDLDBABOELOY (2250121004011

ENTER <CR> TO CONTINUE %

oooooo: C3 4000202044 202D204449534B002020 -9.D-DISK
000010: 4?202D204? 454E4552414C0020204B20 6 - GNENERAL. K
000020: 2D 204BH4S 5942 4F 4L 52 44 2F 43 52 54 00FF - KEYBOARD/(RT..

Key-in Sequence

DISPLAY PROM

Comments

i -
This example shows the data in the PROM in hexadecimal format, which is

IRETURN

ESC

column.
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the default base in this example. Press the ESC key at any time to end the
display. The “S” sign is the echo of the ESC key. You can also display the
data in other number bases. Note the ASCII code displayed in the far right
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Duplicating a PROM

One frequently used application of iPDS PROM
programming is copying data from a PROM into a
buffer or file, then copying it into another PROM.
You can perform this operation using the iPPS-PDS
buffer (or an iPDS file for intermediate storage) and
the iPPS-PDS COPY commands.

The following example illustrates a .direct
PROM-to-buffer-to-PROM duplication. If you wish
to perform these examples, place the PROM in the
PROM socket and reset the iPPS-PDS (using the
TYPE command for your type of PROM). A 2716
EPROM that contains sample code is used in this
example. ’ :

PPS> COPY PROM TO BUFFER
CHECK SUM = 4DUuA

PPS>

Key-in Sequence
COPY PROM TO BUFFER

RETURN

!
| omreoascesscooney )

If you want to check the buffer to be sure the data

now there matches the original data in the PROM,
one command is all that is needed. Enter the

Comments

This command copies every memory location in the PROM to
the buffer beginning at destination address 00H in the buffer.
The checksum is the 2’s complement of the 16-bit sum of all
the bytes read.

VERIFY command, and if the buffer and PROM
data match, you will be informed VERIFY TEST
PASSED.

PPS> VERIFY

VERIFY TEST PASSED
pPPS>

Key-in Sequence Comments

VERIFY

RETURN

6-36

The data in the buffer matches the data in the PROM.
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Now that you have verified that the data in the
buffer matches the data in the PROM, you are ready
to copy the buffer to a blank PROM. Remove the

master PROM from the PROM socket and insert the
blank PROM. Then use COPY again to copy the
contents of the iPPS-PDS buffer to the blank PROM.

PPS> COPY BUFFER TO PROM
CHECK SUM = 4DYA

PPS>"

Key-in Sequence

COPY BUFFER TO PROM

Note that for copying from the buffer to a PROM,
you do not need to use the VERIFY command. The
iPPS-PDS software automatically verifies the
copying when you copy in this direction.

Interleaving a File Between Two PROMS

It is often desirable to have code or data arranged in
16-bit words and stored on a pair of 8-bit PROMs.
This is the case, for example, when working with an

6-37

" Comments

The display of the check-sum and the return of the iPPS prompt
indicate that the PROM was successfully programmed.

8086 microprocessor that reads from and writes to
memory on a 16-bit data bus. The data is interleaved
between two PROMSs, the odd (or low) bytes stored
in one PROM and the even (or high) bytes stored in
the other PROM. The FORMAT command handles
this interleaving automatically.

In the following example, a file written in Intel 8086

hexadecimal format is interleaved into two PROM
devices.

280015-001
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PPS>FORMAT DOUBLE.BYT (0,FFFH)

LU=3

INPUT BLOCK SIZE (NBYTES)

N=2

OUTPUT BLOCK SIZE (NBYTES)

N=1

INPUT BLOCK STRUCTURE :

NUMBER OF INPUT LOGICAL UNITS =002

NUMBER OF OUTPUT LOGICAL UNITS =001

*

Key-in Sequence

FORMAT DOUBLE.BYT (O,FFFH)

RETURN
3 |[|RETURN
2 }HETURN
1 {|RETURN

6-38

LOGICAL UNIT (BIT=1.NIBBLE=2.BYTE=

OUTPUT SPECIFICATION (<CR>TOEXIT):

3.N-BYTE=4)

Comments

In this example, a file called DOUBLE.BYT is split
into two files, with alternate bytes being loaded into
alternate files. After establishing the FORMAT com-
mand and the file name with the first entry, the iPPS
software prompts for the size of the logical unit that
is going to be manipulated. Byte is selected as the
logical unit. You are then prompted to set up the
input block size (in this case two bytes) -and the
output block size (one byte). A diagram of the input
block is displayed with the logical units labeled. The
least significant bit in the input block is displayed
with the logical units labeled. The least significant bit
in the input block is shown on the left. The number
of logical units in the output block is also displayed.
You are then prompted with an asterisk (*) to enter
the output specification.

280015-001
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*0 TO LOWER.BYT
OUTPUT STORED
*1 TO UPPER.BYT
OUTPUT STORED
*,

PPS>

Key-in Sequence Comments '

0 To LOWERBYT Once the size of the logical unit, the input block size and the output block

sizes have been established, you are prompted for the output specification
- (how you want the data in the file to be manipulated in terms of logical

units). This example specified that the least significant byte in each input

block be stored in a file titted LOWER.BYT in the default drive. The iPPS
1 TO UPPER.BYT software then sorts through the DOUBLE.BYT file. Next it specifies that the
most significant byte be stored in a file titled UPPER.BYT. The iPPS software
then sorts through the DOUBLE.BYT file and copies every odd byte to the
RETURN UPPER.BYT file. OUTPUT STORED is displayed after each output specifi-
cation is implemented. You then have the option of entering another output
specification. Pressing RETURN exits the FORMAT command and returns
the iPPS prompt. .

RETURN

[RETURN

You can use the two files created with this words to a 16-bit microprocessor. To copy the files
FORMAT operation to program two PROMs, which to the PROMs, use the COPY command as follows.
you can then install in parallel to provide 16-bit data

PPS>COPY LOWER.BYT TO PROM
CHECK SUM = 518

PPS>COPY UPPER.BYT TO PROM
CHECK SUM = 84AC

PPS>

Key-in Sequence Comments

COPY LOWER.BYT TO PROM You must install a blank PROM in the personality

module before entering each COPY command.

RETURN

COPY UPPER.BYT TO PROM

RETUR;l

280015-001
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Locking a Microcontroller the KEYLOCK command (the KEYLOCK com-
mand cannot be used withall EPROMSs). The follow-
After programming a microcontroller, you can pro- ing example locks an 8751H microcontroller, which
“tect it from unauthorized access by locking it with then cannot be unlocked without erasing it.
PPS>KEYLOCK
EXECUTE- -Y/N? Y
PPS>

Key-in Sequence Comments )
' Entering Y locks the EPROM. If you enter N, the command terminates and
KEYLOCK RETURN) EPROM remains unlocked.
Y }i|return

280015-001
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SDK-85
MCS-85™ SYSTEM DESIGN KIT

= Complete Single Board Microcomputer = Popular 8080A Instruction Set
System Including CPU, Memory, and I/O . .
= Interfaces Directly with TTY
= Easy to Assemble, Low Cost, Kit Form

= Extensive System Monitor Software in = High Performance 3 MHz 8085A CPU

ROM (1.3 us Instruction Cycle)
» Interactive LED Display and Keyboard » Comprehensive Design lerary
Included

= Large Wire-Wrap Area for Custom
Interfaces

The SDK-85 MCS-85 System Design Kit is a complete single board microcomputer system in kit form. It contains all
components required to complete construction of the kit, including LED display, keyboard, resistors, caps, crystal,
and miscellaneous hardware. Included is a preprogrammed ROM containing a system monitor for general software
utilities and system diagnostics. The complete kit includes a 6-digit LED display and a 24-key keyboard for a direct in-
sertion, examination, and execution of a user's program. In addition, it can be directly interfaced with a teletype ter-
minal. The SDK-85 is an inexpensive, high performance prototype system that has designed-in flexibility for simple in-
terface to the user’s application.

©INTEL CORPORATION, 1983 MAY 1983
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FUNCTIONAL DESCRIPTION

The SDK-85 is a complete 8085A microcomputer system
on a single board, in kit form. It contains all necessary
components to build a useful, functional system. Such
items as resistors, capacitors, and sockets are included.
Assembly time varies from three to five hours, depend-
«ng on the skill of the user. The SUK-85 functional block
diagram is shown 'n Figure 1.

8085A Processor

- The SDK-85 is designed around Intel's 8085A microproc-

essor. The Intel 8085A is a new generation, complete
8-bit parallel central processing unit (CPU). Its instruc-
tion set is 100% software upward compatible with the
8080A microprocessor, and it is designed to improve the
_present 8080A’s performance by higher system speed.
Its high level of system integration allows a minimum
system of three IC’s: 8085A (CPU), 8156 (RAM), and
8355/8755 (ROM/PROM). A block diagram of the 8085A
microprocessor is shown in Figure 2.

System Integration — The 8085A incorporates all of the
features that the 8224 (clock generator) and 8228 (sys-
tem controller) provided for the 8080A, thereby offering
a high level of system integration.

Addressing — The 8085A uses a multiplexed data bus.
The 16-bit address is split between the 8-bit address bus
and the 8-bit address/data bus. The on-chip address
latches of 8155/8156/8355/8755 memory products allows
a direct interface with the 8085A.

System Monitor

A compact but powerful system monitor is supplied
with the SDK-85 to provide general software utilities and
system diagnostics. It comes in a pre-programmed
ROM.

Communications Interface

The SDK-85 communicates with the outside world
through either the on-board LED display/keyboard com-
bination, or the user’s TTY terminal (jumper selectable

. ADDRESS l
CPU DECODER

ROM/IO (8355}
EPROMANO (8755)

RAM/I0/COUNTER

KEYBOARD/DISPLAY I FOR BUS EXPANSION

ADDRESS
FIELD FIELD

paTA |

SDK 85 KEYBOARD LAYOUT

VECT
RESET INTR C|D|E|F

SINGLE[ 0 | 8|9 | A | 8

SERIALl

STEP H|L
SUBST [EXAM| 4 | & | 6 7
REG |SPH|SPL[PCH|PCL

|
| I
| |
| I
| | |
! | |
| | I
! | e[ o] 1] 2] 3 | Pm———— :
'?Tm | ): 8216
M | 10 LINES | 10 LINES U J
| | |
DATA
l—lEH-l | | | | oat
| r arss 14D 8155 | |
| ' N ——--=1
|Nre|mtd$;:(> 8085 | 8205 | 8355 _J' | 8155 - | | :u 8216 h
| [ S, -
7 13T | | PAWAN [
| |
i | O
N _————
DATA/ | L | | | r 1
ADDRESS [ | T anz
B8US | | T I ! [ |
| | ADDRESS
| | | ] | 16 ) sus
L |
AopRes ] - | } ] y 8212
—_——m e
| ! | | |
‘ ' | | |
\} l ! t t T CONTROL
RO!
CONTBU; [ N T i T :>' 3x8216 h BUS
f I { | | (SR
I | | 1 [
7T T T OprioNAL A PLACE HASBEEN PROVIDED ON THE PC BOARD FOR THE DEVICE BUT THE
[ | DEVICE ISNOT INCLUDED.

Figure 1. SDK-85 System Design Kit Functional Block Diagram
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RST55
INTR INTA

INSIDE THE 8085:

RST 15
TRAP

INTERRUPT CONTROL

BBIT INTERNAL DATA BUS

sID

SERIAL 1/0 CONTROL

soD

ACCUMULATOR

INSTRUCTION

IAREG) 18) REGISTER (8) Red
B (8 c 8
REG. REG.
INSTRUCTION u?c m Ec ®
DECODER d REG,
AND ol )
MACHINE REG. REG REGISTER
CYCLE e ARRAY
ENCODING STACK POINTER

POWER
SuPPLY

— 5V
~= GND

prROGRAM coUNTER '8!

INCREMENTER DECREMENTER
ADDRESS LATCH (16

TIMING AND CONTROL

Xy e
cLK

GEN CONTROL STATUS

Xz DMA

RESET

U

|

l DATA/ADDRESS BUF

<
I ADDRE!

S BUFFER
18)

' IRIEEN

CLK OUT RO WR ALE Sq $; IOM

READY HOLD

IN REGISTER PAIRS FOR CERTAIN OPERATIONS.
® BBITALU. .

INLDA RESET OUT

RESET IN

e SEVEN 8-BIT REGISTERS. SIX OF THEM CAN BE LINKED

AsAg
ADDRESS BUS

AD;ADg
ADDRESS/DATA BUS

e 16-BIT STACK POINTER (STACK IS MAINTAINED
OFFBOARD IN SYSTEM RAM MEMORY).
e 16-BIT PROGRAM COUNTER.

Figure 2. 8085A Microprocessor Block Diagram

Both memory and I/O can be easily expanded by simply
soldering in additional devices in locations provided for
this purpose. A'large area of the board (45 sq. in.) is laid
out as general purpose wire-wrap for the user’'s custom
interfaces.

Assembly

Only a few simple tools are required for assembly;
soldering iron, cutters, screwdriver, etc. The SDK-85
user's manual contains step-by-step instructions for
easy assembly without mistakes. Once construction is
complete, the user connects his kit to a power supply
and the SDK-85 is ready to go. The monitor starts imme-
diately upon power-on or reset.

Table 1. Keyboard Monitor Commands

Command Operation
Reset Starts monitor.
Go Allows user to execute user pro-
gram.
Single step Allows user to execute user pro-

gram one instruction at a time—
useful for debugging.

Allows user to examine and
modify memory locations.
Allows . user to examine and
modify B8085A’s register con-
tents.

Substitute memory

Examine register

Vector interrupt Serves as user interrupt button.

Commands — Keyboard monitor commands and teletype
monitor commands are provided in Table 1 and Table 2 re-
spectively.

Table 2. Teletype Monitor Commands

Operation
Displays multiple memory loca-
tions.
Allows user to examine and
modify memory locations one
at a time.
Allows user to store multiple
bytes in memory.
Allows user to move blocks of
data in memory.
Allows user to examine and
modify the B8085A’s register

Command
Display memory

Substitute memory

Insert instructions
Move memory

Examine register

contents.
Go Allows user to execute user
programs.
Documentation

In addition to detailed information on using the
monitors, the SDK-85 user’s manual provides circuit dia-
grams, a monitor listing, and a description of how the
system works. The complete design library for the
SDK-85 is shown in Figure 7-11 and listed in the Specifi-
cations section under Reference Manuals.




Figure 3. SDK-85 Design. Library

8085A INSTRUCTION SET

Table 3 contains a summary of processor instructions
used for the 8085A microprocessor.

Table 3. Summary of 8085A Processor Instructions

. ) n . Instrxfctlon Code? Clock? Mnemonic! . Description Instruction Code? Clock3
v D; Dg Dg D4 D3 Dy Dy Dy [ Cycles Dy Dg Dg Dy D3 Dy Dy Dyf Cycles
MOVE, LOAD, AND STORE ) LXI SP Load immediate stack 00 % 1 0 0.0 1 10
MOVr1r2  Move registertoregister 0 1 D D D S S § 4 pointer
MOV M.r Move registertomemory 0 1 1 1 0 S S S 7 INX SP Increment stack pointer 00 1100 1 1 6
MOV rM Move memory to register 01 DDDODOI1T 10 7 DCX SP Decrement stack 001 1t 101 6
MVir Move immediate register 0O 0DDD 11 t-0 7 D'OIn(‘e"
MVIM Move immediate memory .0, 0 1 .1 0 1°1 0 - 10 JUMP
X B Load immediate register 00 0 00 0 0 1 10 JMP Jump unconditional 110 0 0 0 1 1 10
Pair 8 & : : i a s Jump on carry 110 01 10 10 w0
LXi D Logd immediate register 00 0 1Y 00 0 1 10 JNC Jump on no ca"yt 110100 10 2110
PairD & E . . .
X H Load immediate register 0 0 1 0 0 0 0 1 10 sz Jump on zero Troe oo o
Pair H & L JNZ Jump on no zefo 110000 10 710
STAXB  Store A Indirect 000000410 7 ® Jump on positive try o0 o mo
STAXD  Store A indirect 00010010 7 ™M Jump on minus ottt o0 o
"LDAXB  Load A indirect 60001010 7 JPE Jump on parity even troroto a0 7o
LDAX D Load A indirect 000 1 10 1 0 7 JPO Jump on parity odd 11 1 0 .0 0o 1 0 7110
STA Store A direct 001 10010 13 PCHL’ H & L to program Trr o008
LDA Load A direct 00 1 1 10 1t 0 13 counter
SHLD Store H & L direct 00 100 0 10 16 CALL
LHLD Load H & L direct 60 1o 1010 16 CALL Call unconditional * 11700 1 1 0 1 18
XCHG Exchange D& E.H& L 1 1.1 0 1 0 1 1 4 cc. " Call on'carry : t 1. 01 1 1 0 0 9/18
registers CNC Call on rio carry 1 1,010 1 0 0 918
STACK OPS ) ) cz Call on zero 1100 1 1 0 0 918
PUSH B ‘ z:ssr;ar:‘?lsler pairB& C 1100 0 1 01 v|2 oNZ Call on o ?eto 1100 '0 y 0 0 s
PUSH D Push registerpair D&E 1 1 0 %+ 0 1 0 1 12 ce " Call on positive 111 1+t 01 00 98
on stack CcM Call on minus - 11 1t 11 1 00 9ns
PUSH H Push registerpairH&L 1 1 1 0.0 1 0 1 12 CPE Call on parity even t 110110 0 918
on stack ) Call on parity 0dd 111001 00 98
PUSH PSW  Push A and flags on 111 10 1 0 1 12
stack RETURN . .
POPB Pop register pairB& C 1t 10 0 0 0 0 1 10 RET Return 1 1.0 0 1 0 01 10
off stack RC Return on carry 110 1 1 00 0 612
POP D Pop register pairD&E "1 1 0 1+ 0 0 0 1~ 10 RNC Return on no carry 1101000 0 612
off stack RZ Return on zefo 11 00 1 00 0 612
POP H zzps::g:(slev pairH& L 111 0 0 0 0 1' ’_0, RNZ Return’on no zero 11700 0 0 0O 6/12
POP PSW Pop A and flags off 11 1100 0 1 10 RP Return on positive 1t 1 110 0 0 O 612
stac RM Return on minus Tt 11t 11 0 00 6112
XTHL Exchange top of stack. 1110 0 0 1 1 16
H&L .
SPHL " H&Ltostackpointer 1 11 1 1 0 0 1 6
continued
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Table 3. Summary of 8085A Processor Instructions (Continued)

2
Instruction Code? 3 Instruction Code 3
Mnemonic! Description Clack Mnemonic? Description Clock
Dy Dg Dg D4 D3 Dy Dy Dy | Cycles D; Dg Dg Dy D3 D, Dy Dy Cycles
RPE Return on parity even 1 110 1 0 0 O 6/12 LOGICAL
RPO . ' . Return on parity odd 11100 0 0 0 612 ANA r And register with A 1.0 1 0 S § s 4
XRA 1 Exclusive Or register 101 01 S S S 4
RESTART with A 9
RST Restart T1TAAAT LT R ORAT Or register with A 1 0.1 1058 8 S 4
INCREMENT AND DECREMENT CMPr Compare registerwithA 1 0 1 1 1 S S § 4
INRr Increment register 0 0 DDDI1Y OO 4 ANA M And memory with A 1 01 00 1 10 7
DCRr Decrement register 0 o0oDDD1 O 4 XRA M Exclusive Or memory 101001 1 10 7
INRM Increment memory 0 0 % 1 0 1 00O 10 with A
DCR M Decrement memory 00 1t 10 1 0 1 10 ORA M Or memory with A 101101 10 7
INX8 '"Cfe:“e"‘ B&C 000060011 6 CMPM  ComparememorywithA 1 0 1 .1 1 1 1 0 7
registers
o ANI And immediate with A 111 00 1 v O 7
INXD Increment D & E 00 0t 00 t 1 6
registers XRI E).('cr:u:we Or immediate 11 1+ 0 1 1 10 7
INX H Increment H & L 00 1t 0 00 1 1 6 w n
registers . ORI Or immediate with A Tt 11 1 0t 10 7
pex 8 Decrement B & C 0000 1t 0 1 1 6 CPI Czr:;;are immediate T 11 1 1 0» 7
DCX D Decrement D & E 00 0 1 1 01 1 6 "
DCX H Decrement H & L 00 t 0 1t 0 1 1 6 ROTATE
ADD RLC Rotate A left 0 0 0 00 1 1 1 4
RRC Rotate A right 0000 1 1 ¥ 1 4
ADDr Add register to A 10 0 0 0 8 s s 4 . 9 .
R RAL Rotate A left through o0 0 1 0 1 1t 1 4
ADCr Add register to A with 1000 1 S8 S 8§ 4 carry .
car
i RAR Rotate A right through o0 0 1t t t 11 4
ADDM  Add memory to A 100001 10 7 carry
ADC M Add memoryto Awith 1 0°0 0 1 1 1 0 7
carry SPECIALS )
AD! Add immediate tc A 11000 1 1 0 7 CMA Complement A 0 0.1 0 1 1 1 1 4
ACI Add immediate to A 11001110 7 sTC Set carry 60 1 170 1 1 1 4
with carry
DAD B AJdB&CtloH &L 0000 100 1 10 CMmC Complement carry o0 t 1 1 1 11 4
DAD D AGdD&EtoH &L 000 1 10 0 1 10 DAA Decimal adjust A 00 1t 00 1 1 1 4
DADH AddH&LtoH&L 00t 010 0 1 10
DAD SP Add stack pointer to 001 1 1 0 0 1 10 INPUTIOUTPUT
HaL IN Input 11 0 1 1 0 1 1 10
ouTt Output 11010 0 1 1 10
SUBTRACT
suBr Sublract registerfromA 1 0 0 1 0 S S § 4 CONTROL
SBBr Subtract registerfromA 1 0 0 t 1 8§ S § 4 El Enable interrupts T 1117 1 0 1 4
with borrow DI Disable interrupts 1t 11100 11 4
sSuB M Subtract memory from A 100 1 01 10 7 NOP No-operation 00 00O0O0O0 O 4
SBBM Subtract memory from 100 1t 1t 1 1 0 7
A with borrow HLT Hait ettt ror o ®
sul Subtract immediate 1101 0 1 10 7
from A NEW 8085 INSTRUCTIONS
sBl Subtract immediate 11011110 7 RIM Read interrupt mask 00100000
from A with borrow ‘ SIM Set interrupt mask ¢ 0 1 1 0.0 00 4
Notes
1. All mnemonics copyright © Intel Corporation 1977.
2. DDD or $SS: B=000, C=001, D=010, E=011, H=100, L=101, Memory=110, A=111.
3. Two possible cycle times. (6/12) indicates instruction cycles dependent on condition flags.

SPECIFICATIONS

Central Processor
CPU — 8085A

nstruction Cycle — 1.3 us
Tey — 330 ns

Memory
ROM — 2K bytes (expandable to 4K bytes) 8355/8755A
RAM — 256 bytes (expandable to 512 bytes) 8155

Addressing

ROM — 0000-07FF (expendable to OFFF with an addi-
tional 8355/8755A)

RAM — 2000-20FF (2800-28FF available with an addi-
tional 8155)

Note

The wire-wrap area of the SDK-85 PC board may be used for additional
custom memory expansion up to the 64K-byte addressing limlt of the
8085A.
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Input/Output

Parallel — 38 lines (expandable to 76 lines)

Serlal — Through SID/SOD ports of 8085A. Software
generated baud rate.

Baud Rate — 110

Interfaces

Bus — All signals TTL compatible

Parallel /O — All signals TTL compatible

Serlal /O — 20 mA current loop TTY

Note

By poputating the buffer area of the board, the user has access to all bus

signals that enable him to design custom system expansions into the
kit's wire-wrap area.

Interrupts

Three Levels
(RST 7.5) — Keyboard interrupt

(RST 6.5) — TTL input
(INTR) — TTL input
DMA

Hold Request — Jumper selectable. TTL compatible
input.

Software

System Monitor — Pre-programmed 8755A or 8355 ROM
Addresses — 0000-07FF

Monitor /0 — Keyboard/display or TTY (serial /O)

Physical Characteristics

Width — 12.0 in. (30.5 cm)
Height — 10 in. (25.4 cm) - -
Depth — 0.50 in. (1.27 cm)
Weight — approx. 12 oz

Electrical Characlerlshcs

DC Power Requirement (power supply not included in
kit)

Voltage Current
Voo 5V 5% 13A
VITY - 10V £ 10% 0.3A

(V-n-y'required only if teletype
is connected)

Environmental Characteristics
Operating Temperature — 0-55°C

Reference Manuals

9800451 — SDK-85 User's Manual (SUPPLIED)

9800366 — MCS-85 User's Manual (SUPPLIED)
9800301 — 8080/8085 Assembly Language Program-
ming Manual (SUPPLIED)

8085/8080 Assembly Language Reference Card (SUP-
PLIED)

Reference manuals are shipped with each product only
if designated SUPPLIED (see above). Manuals may be
ordered from any Intel sales representative, distributor

- office or from Inte! Literature Department, 3065 Bowers

Avenue, Santa Clara, California 95051.

ORDERING INFORMATION

Part Number
SDK-85

Description
MCS-85 system design kit
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SDK-86
MCS-86™ SYSTEM DESIGN KIT
s Complete Single Board Microcomputer = Wire Wrap Area for Custom Interfaces
System Including CPU, Memory, and I/O . . .

= Extensive System Monitor Software in
m Easyto Assemble Kit Form ROM
= High Performance 8086 16-Bit CPU a Comprehensive Design Library
= Interfaces Directly with TTY or CRT Included
]

Interactive LED Display and Keyboard

The SDK-86 MCS-86 System Design Kit is a complete single board 8086 microcomputer system in kit form. It contains
all necessary components to complete construction of the kit, including LED display, keyboard, resistors, caps, crys-
tal, and miscellaneous hardware. Included are preprogrammed ROMs containing a system monitor for general soft-
ware utilities and system diagnostics. The complete kit includes an 8-digit LED display and a mnemonic 24-key key-
board for direct insertion, examination, and execution of a user's program. In addition, it can be directly interfaced
with a teletype terminal, CRT terminal, or the serial port of an Intellec system. The SDK-86 is a high performance proto-
type system with designed-in flexibility for simple interface to the user's application.

MAY 1983
©INTEL CORPORATION, 1983 . Order Number: 205945-001
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FUNCTIONAL DESCRIPTION

The SDK-86 is a complete MCS-86 microcomputer sys-
tem on a single board, in kit form. It contains all neces-
sary components to build a useful, functional system.
Such items as resistors, caps, and sockets are included.
Assembly time varies from 4 to 10 hours, depending on
the skill of the user. The SDK-86 functional block dia-
gram is shown in Figure 1.

8086 Processor

The SDK-86 is designed around Intel’s 8086 microproc-

essor. The Intel 8086 is a new generation, high perform-

ance microprocessor implemented in N-channel, deple-

tion load, silicon gate technology (HMOS), and pack-

aged in a 40-pin CerDIP package. The processor

features attributes of both 8-bit and 16-bit micro-

processors in that it addresses memory as a sequence

of 8-bit bytes, but has a 16-bit wide physical path to

memory for high performance. Additional features of

the 8086 include the following:

* Direct addressing capability to one megabyte of
memory .

¢ Assembly language compatibility with 8080/8085

¢ 14 word x 16-bit register set with symmetrical oper-
ations 3

* 24 operand addressing modes

¢ Bit, byte, word, and block operations

* 8 and 16-byte signed and unsigned arithmetic in
binary or decimal mode, including multiply and divide

® 4 or 5 or 8 MHz clock rate

A block diagram of the 8086 microprocessor is shown in
Figure 2.

System Monitor

A compact but powerful system monitor is supplied
with the SDK-86 to provide general software utilities and
system diagnostics. It comes in preprogrammed read
only memories (ROMs).

Communications Interface

The SDK-86 communicates with the outside world
through either the on-board light emitting diode (LED)
display/keyboard combination or the user’s TTY or CRT
terminal (jumper selectable), or by means of a special
mode in which an Intellec development system
transports finished programs to and from the SDK-86.
Memory may be easily expanded by simply soldering in
additional devices in locations provided for this pur-
pose. A large area of the board (22 square inches) is laid
out as general purpose wire-wrap for the user’s custom
interfaces.

Assembly

Only a few simple tools are required for assembly: sol-
dering iron, cutters, screwdriver, etc. The SDK-86
assembly manual contains step-by-step instructions for
easy assembly with a minimum of mistakes. Once con-
struction is complete, the user connects his kit to a
power supply and the SDK-86 is ready to go. The monitor
starts immediately upon power-on or reset.

Commands — Keyboard mode commands, serial port
commands, and Intellec slave mode commands are
summarized in Table 1, Table 2, and Table 3, respec-
tively. The SDK-86 keyboard is shown in Figure 3.

TRANSCEIVER

=]

CLK GEN

BAUD RATE |
GENERATOR

TTY or RS232

KEYBD DISPLAY
SCAN SCAN
1/0 CONNECTORS l L

DRIVER DRIVER
KEYBOARD EBBE EEEB

LED DISPLAY

8284 DRIVER CONTROL
LINES
CONNECTOR
LATCHES [ - o | l
__l} ,J ' ADDRESS
BUS EXPANSION!
PROM RAM DECODE 110 DECODE CONNECTOR
s DECODE LOGIC LOGIC LOGIC
0 . T
: T mnn
] S s s St . TRANS. I
cPU . _ . CEIVERS
T g 1 EEaE
EXPANSION
KBD/DISP
PROM PROM RAM RAM, 110 PORTS | 1O PORTS CTRLR . CONNECTOR
2316E 2316E 2142x2 | 2142x2 8255A 8255A 8279.5
EXPANSION|EXPANSION| | [EXPANSION]EXPANSION —
SOCKET | SOCKET SOCKETS | SOCKETS

Figure 1. SDK-86 System Design Kit Functional Block Diagram
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Documentation

In addition to detailed information on using the moni-
tors, the SDK-86 user's manual provides circuit dia-
grams, a monitor listing, and a description of how the
system works. The complete design library for the
SDK-86 is shown in Figure 4 and listed in the specifica-

tions section under Reference Manuals. A
- P
r
EXECUTION UNIT BUS INTERFACE UNIT
RELOCATION
REGISTER FILE REGISTER FILE
SEGMENT
DATA, REGISTERS
POINTER, AND AND
INDEX REGS INSTRUCTION
{8 WORDS) POINTER B .
TR, I S TR N AN P
It f[ Figure 4. SDK-86 Design Library
}—= 6REs, Table 1. Keyboard Mode Commands
16.81T ALY #) s .
Mae'ss Command Operation
FLAGS sus QE:)‘D‘;-A%
INTERFACE .
o uNT r_:>_h_ Reset Starts monitor.
3 )INTARDWAR
o Go Allows user to execute user
ﬁ‘"’“"’ NALe program, and causes It to halt
JL at predetermined program
savre stop. Useful for debugging.
e Single step Allows user to execute user
program one instruction at a
— time. Useful for debugging.
Tesi Substitute Allows user to examine and
NT— Lock memory modify memory locations in
o CONTAOL & TIMING Lz>os°.«:s. byte or word mode.
HOLD——e] j()s—,;‘.s; Examine Allows user to examine and
HLOA=— register modify 8086 register contents.
Block move Allows user to relocate pro-

CLK

RESET READY MN/MX Vcc
GND

Figure 2. 8086 Microprocessor Block Diagram

+ 8 9 A B
wics Bowosfll nss @ /Es
.

4 5 6 7
IB/SP | OB/BP MV/SI @ EW/DI
0 ' 1 2 3
EB/AX |l ER/BX J GO/CS | ST/DX

Figure 3. SDK-86 Keyboard
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Input or output

gram and data portions in
memory.

Allows direct control of
SDK-86 /O facilities in byte or
mode.

Table 2.

Serial Mode Commands

Command

' Operation

Dump memory

Start/continue
display

Punch/read
paper tape

Allows user to print or display
large blocks of memory infor-
mation in hex format than
amount visible on terminal’s
CRT display.

Allows user to display blocks
of memory information larger-
than amount visible on ter-
minal’'s CRT display.

Allows user to transmit fin-
ished programs into and out of
SDK-86 via TTY paper tape
punch.
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8086 INSTRUCTION SET

Table 4 contains a summary of processor instructions
‘used for the 8086 microprocessor.

Table 4. 8086 Instruction Set Summary

Mnemonic and ion € Mnemonic and |
Description Instruction Code Description Instruction Code
Data Transter
MOV = Mewe: 78543210 708543270 76543210 78543210 CMP - Compars: TOS423210 TU543210 78543210 766432108
Register/memory to/trom register {10 00100 w|mod reg ¢/m Register/memory and regrster SO 1100w [mod rea i
Immediate 1o register /memary 1100011 w|ma000 t/m data . aatw i ] | immeate with regster/memory 1000005 w[mods11 o/m data_ | datadsws0l ]
Immediate to register 1911w % data datadw ) | immegiate with accumulator 0011110w dala datadtwt |
Memory to accumulator 1010000w addr-low addr-mgh AA$-ASCHl adjust for sublract 00111111
Accumulator to memory 1010001 w 20dr-tow addr-mgn 9AS-Decmal adst fo suburact 20101111
Register/memory to segment registes [1000 1110 [modOreg r/m .,'Jl,m"m,v (ensigned 111101 1w |mdlo0 im
Segment register 10 register/memory (10001100 [modOreg r/m IMUL=nteger multply (signed) 111101 1w[mg1 0t r/m
PUBH = Push: , AAN-ASCIl adjust for multiply 11010100[00001010
Register/memory EEERERNECTSRENE) DIV-Divide (unsigned) 1119101 1w]modt10 m
Regiter SO0 103V Integer drvide (signed) 111109 1 w[medt st i/m
Seqment register 000 s 110 AAD-ASCH adjust for drvide 11010101]00001010
CBW-Convert byte to word 10011000
POP < Pop: . CWO-Convert word to double word |1 0011001
Register /memory 10001117 [med000 m
Register 01011 reg
Segment register 000reg 111
XCHG = Exchange: X
Register memory with regiser Logic
fegster with accumulator NOT -favert 1111011 wmodo 10 r/m
R SHL/SAL-Shift logicat/arithmenc left | 110100 v wmod1 00 r/m
1N = input SHR-Shit logical nght 110100vw[mdiot t/m
Fixed port [ioetow] s SAR-Shift arthmenc right 110100V w[mody 11 rim
Variable port m AOL-Rotate left 110100v w|mod0 00 rim
ROR:Rotate rght 110100vw[modo 01 tim
0UT = Qutput ACL-Rotate through carry flaglet (110100 v w[mod0 10 r/m
Fixed port 111001 1w bt ] #CR - Rotate through carry right 110100 v w[mod0s 1 r/m
Variadle part 11101 11w
XLAT=Translate byte to AL 11010111 AND  Ang:
LEA=Load A 1o register 10001101 [mod_reg oim Reg /memory and register to exthes (0010004 w [mod reg c/m
L08:Load pointer to DS 11000101 [mod reg o/m Immediate to register/memory 1000000w{mod100 r/im data data it w=t
LES=Load pointer to ES. 11000900 {mod reg rim Immediate to accumulator 0010010 w data data ot
LANF=Load AN with tlags 10011111
SANF <Store AH nto flags 10011110 TEST - And functien o flags. no result:
PUMNF-Push lags 100 1100 Register/memory and register 100001 0w mod reg t/m
POPE-Pop flags TXERLE Immediate data and registec/memory [1 1110 1 1 w [mod0 00 1/m data | datadw-t ]
Immedrate data and accumulator 1010100w dala daadw- |
OR - Or:
Reg /memory and register toether (0000 10d w [mog reg_e/m
Arithmetic Immediate 10 register /memory 1000000 w [mod0 01 rim gata | datadwel
ADD = Ad¢: Immediate 1o accumulator 0000110w data _ daadwet )
Reg./memory with register to either [0 0000 0d w[mod reg rim . XOR - Exclusive
Immediate lo register/memory 1000008 w|mod000 e/m data [ _datadsw01] | peg Imemory and register to either  [00 11004 w mod reg rim
Immediate to accumulator 0000010w data _dataitwt ] immediate to register /memory 1000000w [modt110 t/m data Gata dw= ]
A0C - Add with corry: . Immediate 1o accumulator D011010w data data it w=1_|
Reg /memory with register to esther (000 100d w]mod reg /m
Immediate to register /memory 1000005 w[md010 r/m dau_ | daaiswor)
Immediate 1o accumulator 0001010w data datadw=1_|
INC = Increment: String M
Register/memory 1111111 w|mod000 rim | AP -Rapeat XEEITER
Register 31000 e MOVS = Move bytelword 1010010w
ARA=ASCH adjust for add 00110111 CMPS = Compare bytoiword TEITEEE
BAA-Decimal adjust for add 00100111 SRS = Scan bytefword ——
U8 - Subtract: L0DS = Load bytelwd to AUAX [1010110w
Reg./memory and register tosither 00 1010¢ wimod reg o/m ST0S = Stor byte/wd frm AUA 1010101 w
Immediate from register/memory 100000 s w [modt 01 r/m data | daaisw-01]
immediats from accumulator 0010110w data datatwsl |
888 = Subtract with berraw
Reg./memory and register to either (000 1100d w [mod reg r/m '
Immediato from ragister/memory 100000 sw |moa0 11 i/m Gta | daadisweoi] « Control Transler
Immediate from 00011 10w] G daadw | CALL - Calt:
Direct within segment 11101000 disp-low disp-mgh |
OEC = Decrament: ‘ Indurect within segment 11111111 [med 010 t/m
Register /memory 1111111wimedd 0 r/m ] Direct intersegment 10011010 offsel-low offset-high ]
Register 01001 reg seg-low seghigh |
NE:Change sign 111101 1w md0t ) o/m | Indect oo fmeg o1t om

continued
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Table 4. 8086 lnstruct!on Set Summary (Continued)

AL = 8-bit accumutator

AX < 16-bit accumulator

CX = Count register

DS = Data segment

ES - Extra segment

Above/below refers ta unsigned value

Greater = more positive.

Less = less positive (more negative) signed values

i d=1then “10” reg; if d =0 then “from™ reg

it w = 1then word instruction; it w 0 then byte instruction

if mod = 11 then r/m is treated as a REG tield

if mod = 00 then DISP = 0°, disp-low and disp-high are absent
it mod = 01 then DISP - disp-low sign-extended to 16-bits, disp-high 1s absent
it mod = 10 then DISP = disp-high: disp-low

if r/m = 000 then EA = (BX) ~ (SI) + DISP

if r/m = 001 then EA = (BX) « (D!) + DISP

it (/m = 010 then €A = (BP) + (SI) + DISP.

if r/m = 011 then EA = (BP} - (DI) + DISP

if r/m = 100 then EA = (SI) ~ DISP

it r/m = 101 then EA = (DI) + DISP

it r/m = 110 then EA = (BP) + DISP*

it r/m = 111 then EA = (BX) « DISP

DISP follows 2nd byte of instruction (before data if required)

*except it mod = 00 and r/m = 110 then EA = disp-high- disp-low

Mnemonic and Instruction Code Mnemonic and nstruction Cod
Lo . nstruction Code
Description Description
JMP - ynconditiona! Jump: 78543210 70543210 188543210 76543210 78543210
Direct within segment 11101001 disp-low asphgn | NS Jump on ot sign 01111001 "o ]
Direct within segment short 11101011 asp L00P toop CX imes 11100010 aisp
Indirect within segment 11131111 |mogd 100 e/m L00PZ/LDOPE Loop whiie zeraiequal (11100001 4isp
Direct intersegment 11101010 oftsetlow otisethigh ] m'"/tf%"‘“l‘?““ while a0t 11100000 aisp
seg low seg-high | JCRZ Jump on CK zero 11100011 disp
Indirect wntersegment 11111111 mod 101 rim
RET - Raturn fram CALL:
INT  Interrupt
Within segment 11000011
Type specihed 11001101 ype )
Wilhin seg adding immed to SP 11000010 datatow | daangh |
Type 3 11001100
Intersegment 11001011
INTO Interrupt on overtiow 11001110
Intersegment adding immediate ta SP[1 10010 10 data-low dalahgn |
IAET Interrupt retutn 11001111
JE/J2-Jump on equal /zero 01110100 05
Jl/JlG(;fu'mnslen less/not greater e P
JLEFING Juma 01 less or equaltnl [T 11 o o
AB/JNAL - Jump on below fnot above
- o N ¥ (01110010 asp Processor Control
., 1 1/
it above eroworeaual! {01101 10 (] CLE Ciear carty 11111000
IPLIPE=Jump on parity fparty even {0 1111010 disp CMC Complement carry 11110101
J0=Jump on overtiow 01110000 disp STC Set carry ‘[vi111001
48-Jump on sign 01111000 aisp CLO Ciear dwection 11111100
JNE/INI-Jump on not equat/not zera {0 1110101 disp $10 Set direction 11111101
JNLZJGE- Jump On ot less rgreater
ovuem?a\ o 01111101 asp CLI Clear interrupt 11111010 -
ALE/JG-. I 1/
SALE/JS: Jump o not less or equall {47y 311111 aisp STI Set ntesrupt IRRRNITAR]
INB/IRE Jump on fot belowiabove (7770571 e HLT Han 71110100
u
JNBE/JA-Jump on not below or 01110111 disp WAIT wait 10011011
ve
JNP/JPO. Jump on Aot par /par 0dd 01111011 Gisp ESC Escape (1o extecnal devicer 1101 x x x{mod xxx 1im |
N0 Jump on not overfiow 01110001 disp L0CK Bus lock prefin 11110000
Notes

if s.w =01 then 16 bits of immediate data form the operand
if s:w =11 then an immediate data byte is sign extended (o
form the 16-bit operand
f v=0then ““count’ =1, it v=0 then “"count’* in (CL)
x =don't care
i v=0then count’ = 1.1t v =1 then ““count’ in (CL) register
215 used for sinng pnmitives for companson with ZF FLAG

SEGMENT OVERRIDE PREFIX

001 reg 110 l

REG is assigned according to the following table

168It (w: 1] 88itw - 0]
000 AX 000 AL
001 CX 001 CL
010 DX 010 DL
01 BX 011 BL
100 SP 100 AH
101 8P 101 CH
10 S 110 DH
1Dl 1" BH

Instructions which reference the flag register file as a 16-bit object use the symbol FLAGS to
represent the file

FLAGS = X:X:X:X(OF) (DF):(IF) (TF).(SF) (ZF):X:(AF):X(PF).X:(CF)
978

Mnemonics « Intel,

SPECIFICATIONS

Central Processor
CPU — 8086 (5 MHz clock rate)

Note
May be operated at 2.5 MHz or 5 MHz, jumper selectable, for use with

8086.
Memory

ROM — 8K bytes 2316/2716
RAM — 2K bytes (expandable to 4K bytes) 2142

Addressing

ROM — FEQ00-FFFFF

RAM — 0-7FF (800-FFF available with additional
2142's)

Note
The wire-wrap area of the SDK-86 PC board may be used for additional
custom memory expansion.

Input/Output

Parallel — 48 lines (two 8255A's)

Serial — RS232 or current loop (8251A)

Baud Rate — selectable from 110 to 4800 baud
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Interfaces

Bus — All signals TTL compatible

Parallel /0 — All signals TTL compatible
Serial I/0 — 20 mA current loop TTY or RS232
Note

The user has access to all bus signals which enable him to design cus-

tom system expansions into the kit's wire-wrap area.

Interrupts (256 vectored)

Maskable
Non-maskable
TRAP

DMA )
Hold Request — Jumper selectable. TTL compatible
input.

Software

System Monitor — Preprogrammed 2716 or 2316 ROMs
Addresses — FE000-FFFFF

Monitor /0 — Keyboard/display or TTY or CRT (serial
110)

Physical Characteristics
Width — 13.5 in. (34.3 cm)
Height — 12 in. (30.5 cm)

Depth — 1.75 in. (4.45 cm)
Weight — approx. 24 oz. (3.3 kg)

Electrical Characteristics

DC Poﬁér Requirement
(Power supply-not included in kit)

Voltage Current
veehV£5% 3.5A
VITY - 12V£10% 0.3A
(V7Y required only if teletype is connected)

Environmental Characteristics
Operating Temperature — 0-50°C

Reference Manuals

9800697A — SDK-86 MCS-86 System Design Kit
Assembly Manual

9800722 — MCS-86 User’s Manual

9800640A — 8086 Assembly Language Programming
Manual

8086 Assembly Language Reference Card

Reference manuals are shipped with each product only
if designated SUPPLIED (see above). Manuals may be
ordered from any Intel sales representative, distributor
office or from Intel Literature Department, 3065 Bowers
Avenue, Santa Clara, California 95051.

ORDERING INFORMATION

Part Number
SDK-86

Description
MCS-86 system design kit



Intel SDK-C86

MCS-86™ SYSTEM DESIGN KIT
SOFTWARE AND CABLE INTERFACE TO
INTELLEC® DEVELOPMENT SYSTEM

= Provides the Software and Hardware s Ephances and Extends the Power and
Communications Link Between an Usefulness of the SDK-86
Isnl;f(lleg® Development System and the u Allows the SDK-86 to Become an
-8 ‘ Execution Vehicle for ISIS-Il Developed
= |Intellec® System Files can be Accessed 8086 Object Code Using the Series Il .
and Down-Loaded to the SDK-86 8086/8088 Software Development
Resident Memory Packages
= Datain SDK-86 Memory can be a All SDK-86 Serial Port Mode Commands
Uploaded and Saved in lntellec® Become Available at Console of the

System Files Intellec® System

The SDK-C86 product provides the software and hardware link for using the SDK-86 monitor in conjunction
with an Intellec® Development System while adding features of data transfer between SDK-86 memory and In-
tellec® System files. The user may enter programs and data into the SDK-86 and then save them on a diskette.
Also, programs and data may be created on the Intellec® System using the Series |1 8086/8088 Software Devel-
opment Packages, then loaded into the SDK-86 for testing and checkout. This provides a real time execution
environment of the SDK-86 as a peripheral to the Intellec® System.

(2}
S s
(\ PO \s‘

\ oo e

The i of Intel Cor ion and may be used only to identify Intel products: i, Intgl, INTEL, INTELLEC, MCS, 'm, ICS, ICE, UPI, BXP, iSBC, iSBX, iNSITE, iRMX,
CREDIT, RM)(/BO uScope, Multibus, PROMPT, Promware, Megachassis, Library Manager, MAIN MULT| MODULE and the combination of MCS, ICE, SBC, RMX or iCS and a numerical
sutfix; e.g., iISBC-80.

© INTEL CORPORATION, 1983 . . MAY 1983
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HARDWARE

There are two serial ports on the Intellec® System back
panel, TTY and CRT. Assuming that one of the ports is
used for the Intellec® console, the SDK-C86 cable can
plug into the unused port. The SDK-86 is jumper
selectable to accept eitherthe CRT (RS232)or TTY (20mA
current loop) signals.

The edge connector on the SDK-86 has the MULTIBUS™
form factor. No signals are connected to the fingers
except the power supply traces. Therefore, the SDK-86
can plug directly into the Intellec® motherboard to obtain
power while using the SDK-C86 cable as the communi-
cation link.

SOFTWARE

Two programs must be invoked to operate in the SDK-86
slave mode.. One program runs on the SDK-86, and
another runs in any ISIS-1I environment that includes a
diskette drive.

The serial 1/0 monitor is installed on the SDK-86 and
operates as though it was talking to a terminal. The
software in the Intellec® allows the Intellec®, with a
console device, to behave as if it were a terminal to the
SDK-86.

The SDK-CB86 software program in the Intellec reads the
console input device, then passes the character to the
SDK-86 through the serial port. It also receives the
characters from the SDK-86 and displays them at the
console output device. Besides the basic transfer
function, this program also recognizes and performs the
Upload and Download functions.

COMMAND MODES"

e Transparent: In this mode, the SDK-C86 software
passes all characters through without any processing.
All the commands of the SDK-86 monitor (except paper
tape commands) are available and will function in
exactly the same manner as if the terminal were
attached directly to the serial port of the SDK-86.

* Upload/Download: In this mode the SDK-C86 software,
in the Intellec®, recognizes the mnemonic for Upload or
Download from the terminal. It “translates” the
Download command to an R (Read hexadecimal tape)
command and the Upload command to a W (Write
hexadecimal tape). The R and W commands are then
passed on to the SDK-86 monitor. Using these paper
tape commands allows for a checksummed transfer of
data between the Intellec® and the SDK-86 memory.

COMMAND SUMMARY
* Reset — starts the SDK-86 monitor.

Execute with Breakpoint (G} — Allows you to exe-
cute a user program and caJse it to halt at a predeter-
mined program step — useful for debugging.

Single Step (N) — allows you to execute a user program
one instruction at a time — usetul for debugging.

Substitute Memory (S, SW) — allows you to examine
and modify memory locations in byte or word mode.

Examine Register (X) — allows you to examine and
modify the 8086's register contents.

Block Move (M) — allows you to relocate program and
data portions in memory.

Input or Output (1, IW, O, OW) —allows direcf control of
the SDK-86’s I/0 facilities in byte or word mode.

Display Memory (D) — allows you to print or display
large blocks of memory information in HEX format.

Load (L) — allows you to load hex format object files
into SDK-86 memory from an Intellec.

Transfer (T) — allows you to save contents of SDK-86
memory in a hex format object file in the Intellec.

- SERIAL
PORTS CABLE
SERIAL

PORT

INTELLEC®

DEVELOPMENT
SYSTEM
BLILTLE2TET
MLILTL/2LT0780
LIETEILTITLIETLT
WU (T &=
SDK-86
CRT OR TTY

@) DISKETTE

SDK-86/Intellec® Slave Mode Configuration
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MCS®-51 SYSTEM DESIGN KIT
FOR DESIGNS OF 8051/8052 SINGLE-BOARD
MICROCOMPUTERS

= Complete single-board microcomputer —System debugging commands

kit: Go
—Intel® 8031 CPU " Step
—Intel 8032 CPU Breakpoints
—ASCIl keyboard and 24-character o Interface softwareé:
alpha-numeric display —Serial port
—Wire-wrap area for custom — Audio cassette
circuitry

—Intellec® system

= User’s guide, assembly manual, and
MCS®-51 design manuals

—User-configurable RAM
—Serial and parallel interfaces

= Extensive system software in ROM:

—Single-line assembler and
disassembler

The SDK-51 MCS®-51 System Design Kit contains all of the components required to assemble a com-
plete single-board microcomputer based on either Intel’s high-performance 8051 or 8052 single-chip
microcomputer. SDK-51 uses the external ROM version of the 8051 (8031) and the 8052 (8032). Once
you have assembled the kit and supplied +5V power, you can enter programs in MCS-51 assembly
language mnemonics, translate them into MCS-51 object code, and run them under control of the
system monitor. The kit supports optional memory and interface configurations, including a serial
terminal link, audio cassette storage, EPROM program memory, and Intellec® development system
upload and download capability.

Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intel product. No other circuit
patent licenses are implied. Information contained herein supercedes previously published specifications on these devices from Intel.

© INTEL CORPORATION, 1984 7-15 SEPTEMBER 1984
ORDER NUMBER: 162549-002
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FUNCTION DESCRIPTION

The SDK-561 is a kit that includes hardware and
software components to assemble a complete
MCS-51 family single-board microcomputer.
Only common laboratory tools and test equip-
ment are required to assemble the kit. Assembly
generally requires 5 to 10 hours, depending on
the experience of the user. See Figure 1 for a
block diagram of the SDK-51/52 system.

The MCS®-51 Microcomputer Series

MCS-51 is a series of high-performance single-
chip microcomputers for use in sophisticated
real-time applications such as instrumentation,
industrial control, and intelligent computer
peripherals. The 8031, 8032, 8051, 8052, and
8751 microcomputers belong to the 8051 family,
which is the first family in the MCS-51 series.

In addition to their advanced features for control
applications, MCS-51 family devices have a mi-
croprocessor bus and arithmetic capability such
as hardware multiply and divide instructions,
which make the SDK-51 a versatile stand-alone
microcomputer board.

The 8031, 8032, 8051, 8052, and
8751 CPUs

The 8031, 8032, 8051, 8052, and 8751 CPUs
each combine, on a single chip, a 128X 8 data
RAM; 32 input/output lines; two 16-bit timer/e-
vent counters; a five-source, two-level nested in-
terrupt structure; a serial 1/0 port; and on-chip -
oscillator and clock circuits. An 8051 block dia-
gram is shown in Figure 2.

The 8031, the SDK-51's CPU, is a CPU without
on-chip program memory. The 8031 can address
64K bytes of external program memory in addi-
tion to 64K bytes of external data memory. For
systems requiring extra capability, each
member of the 8051 family can be expanded
using standard memories and the byte-oriented
MCS-80 and MCS-85 peripherals. The 8051 is
an 8031 with the lower 4K bytes of program
memory filled with on-chip mask-programmable
ROM while the 8751 has 4K bytes of ultraviolet
light-erasable, electrically programmable ROM
(EPROM).

The 8031 CPU operates at a 12 MHz clock rate,
resulting in 4us multiply and divide and other in-
structions of 1us and 2us. :

8031/8032 MONITOR
MICROCONTROLLER EPROM
—’\ USER-
CONFIGURABLE
14 MEMORY CASSETTE
J—’ INTERFACE
ADDRESS ——:> <':————:’>
8041A SERIAL
& DATA BUSES uPl 170
PARALLEL —N\
/o uPI KEYBOARD
BUS V
) BREAKEQINT N DispLAY
2085
Figure 1. Block Diagram of the SDK-51 System Design Kit
162549-002
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The 8032 and 8052 CPUs each combine, on a
single chip, a 256 X 8 data RAM; 32 input/output
lines; three 16-bit timer/event counters; a five-
source, two-level nested interrupt structure; a
serial 170 port; and on-chip oscillator and clock
circuits. Refer to the shadowed areas in Figure 2.

For additional information on the 8051 family,
see the Microcontroller Handbook or the
MCS®-51 Macroassembler User’s Guide.

System Software

A compact but powerful system monitor is con-
tained in 8K bytes of pre-programmed ROM. The
monitor includes system utilities such as com-
mand interpretation, user program debugging,
and interface controls. Table 1 summarizes the
SDK-51 monitor commands.

The ROM devices also include a single-line as-
sembler and disassembler. The assembler lets
you enter programs in MCS-51 assembly lan-
guage mnemonics directly from the ASCII
keyboard. The disassembler supports debugging
by letting you look at MCS-51 instructions in
mnemonic form during system interrogation.

Memory

The two 64K external memory spaces are com-
bined into a single memory space which you can
configure between program memory and data
memory. The kit includes 1K-byte of static RAM.
The board has space and printed circuitry for an
additional 15K bytes of RAM and BK bytes of
ROM.

Two sets of ROM devices are included in the kit,
one for the 8031 microcontroller for 8051
development, and one for the 8032 mlcrocontrol-
ler for 8052 development.

User Interface

The kit includes a typewriter-format, ASCIi-
subset keyboard and a 24-character, alpha-
numeric LED display. The standard keyboard
and display provide full access to all of the
SDK-51's capabilities. All of the SDK-51 inter-
faces are controlled by a pre-programmed Intel
8041 Universal Peripheral Interface.

A 3 X4 matrix keyboard can be jumpered to port
1 of the 8031/8032.

REFERENCE COUNTERS
I 1
[ |
| |
| |
I 4096 BYTES !
| |OSCILLATOR PROGRAM 128 BYTES A LA |
| TIMING (8055 8751 DATA MEMORY COUNTERS |
| |
| l I
I I
| I
| l | I
I |
l PROGRAMMABLE l

64K-BYTE BUS —’\ PROGRAMMABLE S betEx
[ EXPANSION Vo FoLLo I

CONTROL

| ® SYNCHRONOUS | |
| SHIFTER I
L | [— ~~~~~ o 3 ﬁﬁ i~ B o _J

Y

INTERRUPTS CONYROL PARALLEL PORTS SERIAL SERIAL
) ADDRESS/DATA BUS. IN ouT
*Shadowed areas indicate 8032 features & /O PINS

. 2084

Figure 2. 8031/8032 Block Diagram

162549-002
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Optional Interfaces

TERMINAL

An RS-232-compatible CRT or printing terminal
or a current-loop-interface terminal may be used
as a listing device by connecting it to the board's
serial interface connector and supplying +12
and —12volts to the board.

~ AUDIO CASSETTE

The kit includes hardware, software, and user’s
guide instructions to connect and operate an
audio cassette tape recorder for low-cost pro-
gram and data storage.

Table 1. SDK-51 Commands

Command Operation.

Define addresses for
breaking execution.

Set breakpoint

Display cause Ask the system why

execution stopped.

Transfer files to and from
Intellec® development

Upload, download

system.

Save, load Transfer files to and from
optional cassette
interface.

Set top of Define partition between

program memory | program memory and

data memory.

Set baud Define baud rate value of

serial port.

Display memory Examine and change
program memory or data

location.

Translate an MCS-51
assembly mnemonic into
object code.

Assemble

Disassemble Translate program
memory into MCS-51

assembly language

mnemonics.

Go Start execution between
a selected pair of
addresses.

Step Execute a specified

number of instructions.

INTELLEC® SYSTEM

An SDK-51 and an Intellec Model 800 or Series
Il development system with ISIS can upload and
download files through the serial interface with-
out adding any software to the Intellec system.

Parallel 1/0

The kit includes an Intel 8155 parallel 1/0 device
which expands the 8031/8032 1/0 capability
providing 32 dedicated parallel lines. Three
40-pin headers between the 8031 and 8155
devices and the wire-wrap area facilitate inter-
connections with the user’s custom circuitry.

Debugging

Hardware breakpoint logic in the SDK-51
checks the address of a program or external
data-memory access against values defined by
the user and stops execution when it sees a
“break” condition. After a breakpoint, you can
examine and modify registers, memory
locations, and other points.in the system. A step
command lets you execute instructions in a
single-step mode.

Assembly and Test

The SDK-51 assembly manual describes hard-
ware assembly in a step-by-step process that in-
cludes checking each hardware subsystem as it
is installed. Building the system requires only a
few common tools and standard laboratory
instruments. Figure 3 shows an assembled
SDK-51/52 system.

Figure 3. SDK-51 Assembled with
Additional RAM and ROM
Devices Installed
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SDK-51 System Design Kit

SPECIFICATIONS

Control Processor

Intel 8031 and 8032 microcomputers
12 MHz clock rate

Memory

RAM — 1K-byte static, expandable in 1K seg-
ments to 16K-byte with 2114 RAM devices; user-
configurable as program or data memory.

ROM — Printed circuitry for 8K bytes of program

memory in 4K segments using 2732A EPROM
devices.

Interfaces

Keyboard — 51-key, ASCII subset typewriter ‘

format, 12-key (3 x 4) matrix
Display — 24-character, alpha-numeric

Serial — RS-232 with user-selectable baud rate.
Printed circuitry for 100 baud 20 mA current
loop interface. 8031 serial port.

Parallel — 32lines, TTL compatible

Cassette — Audio cassette tape storage inter-
‘face

Software

System monitor preprogrammed in on-board
ROM MCS-51 assembler and disassembler pre-
programmed in on-board ROM.

Interface control software preprogrammed in
8041’s on-chip ROM. : '

Assembly and Test Equipment
Required

Needle-nose pliers
Small Phillips screwdriver

Small diagonal wire cutters

Soldering pencil, <30 watts, 1/16" diameter tip
Rosin-core, 60-40 solder, 0.05" diameter
Volt-Ohm-Milliammeter, 1 meg-ohm input impe-
dance

Oscilloscope, 1 volt/division vertical sensitivity,
200 us/division sweep rate, single trace, internal
and external triggering

Physical Characteristics

Length — 13.5in. (34.29 cm)
Width — 12in. (30.48 cm)
Height — 4in. (10.16cm)
Weight — 31b. (1.36 kg)

Electrical Characteristics

DC Power Requirement (supplied by user, cable
included with kit)

Voltage Current
+ 5V 5% 3A
+12V+5%* 100 mA
—12V+5%* 100 mA

*=+12 volts required only for operation with serial interface.

Environmental Characteristics

Operating Temperature — Oto 40°C
Relative Humidity — 10% to 90%, non-

- condensing

Reference Manuals

SDK-51/52 MCS®-51 System Design Kit User’s
Guide ‘

SDK-51/52 MCS®-51 System Design Kit Assem-
bly Manual ’

SDK-51 MCS®-51 System Design Kit Monitor
Listing Manual

SDK-52 MCS®-51 System Design Kit Monitor
Listing Manual

MCS®-51 Macro Assembler User’s Guide
MCS®-51 Macro Assembly Language Pocket
Reference

ORDERING INFORMATION

Part Number
MCI-51-SDK

Description
MCS-51 System Design Kit

162548-002
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tel o SDK-2920
2920 SYSTEM DESIGN KIT

m Complete 2920 program developme‘nt: a File handiing capabilities:
— 2920 assembly language keyboard — Up/down load of object file to
— Single-line assembler/disassembler Intellec or audio cassette

— 24-character, alphanumeric display - :Ja%:: ‘:g f&::f:cme with symbol

— 2920 memory display and modify — 2920 EPROM programming
— List program memory to line printer gega|.time execution of a programmed
with symbOI table 2920
s Decimal-to-binary conversion program ] Breadboarding area

The SDK-2920 contains all of the components required to assemble a complete single board microcom-
puter system for programming and evaluation of the 2920 Analog Signal Processor. The 8085/8041A
microcomputer-based program development section allows you to immediately enter programs in 2920
assembly mnemonics, translate them to 2920 object code, and program the on-board 2920 EPROM. The
kit supports basic filing options such as up/down loading to/from an Intellec, audio cassette, and line
printer. The SDK-2920 also provides the user with a 2920 run mode section allowing real-time execution of
a programmed 2920. This section comes complete with BNC connectors and Intel’s 2912 PCM line filters
required for one input and one output network. The kit supports optional input and output circuitry on the
run mode section.

The following are trademarks of Intel Corporation and may be used only to describe Inte! products: Intel, Intellec, MCS and ICE, and the combination of MCS or ICE and a

numerical suffix. Intel C assumes no r ility for the use of any circuitry other than circuitry embodied in an Intel product. No other circuit patent licenses are
implied.
© INTEL CORPORATION, 1983 MAY 1983
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FUNCTIONAL DESCRIPTION

The SDK-2920 is a kit which includes all the
necessary hardware and software components to
assemble, using common laboratory tools and
test equipment, a complete single board 2920 pro-
gramming and evaluation aid. Assembly generally
requires 4 to 8 hours, depending on the ex-
perience of the user.

The 2920 Signal Processor

The Intel® 2920 Signal Processor is a program-
‘mable, single chip analog and digital signal pro-
cessor specifically designed to replace analog
subsystems in real-time processing applications.
Its instruction set plus the high precision (25 bits)
digital arithmetic logic unit provides the capability
to implement very complex subsystems. Typical
functions performed by the 2920 include: lowpass
and bandpass filters with up to 20 complex pole
and/or zero pairs; threshold detectors; limiters;
rectifiers; up to 25-bit multiplication and division;
approximations to nonlinear functions such as
square law and logarithm; logical operations; in-
put and output muitiplexing of signals; logical
outputs for decision type processing; and analog
outputs for multifrequency oscillators, waveform
generators, etc. In addition, several 2920's may be
cascaded for very complex processing applica-
tions with no loss in throughput rate.

Tables 1 and 2 show the 2920 instruction set and
op codes.

Table 1. Shift Op Codes

. {Op Code | scale

Operation Mnemomc 3l2[1 10| Factor
Shift Right 13 Bits R13 1{1{ofof 213
Shift Right 12 Bits R12 t{o]1l1] 212
shift Right 1 Bit RO1 ojlojo|o| 27!
No Shift R0O 1{1i1{1 1
shift Left 1 Bit LO1 1{1|1]o] 2
Shift Left 2 Bits LO2 1101 4

System Software

A compact but powerful system monitor is con-
tained in 6K bytes of preprogrammed ROM. The
monitor includes system utilities such as com-
mand interpretation, user program debugging,
and interface controls.

The monitor ROM devices also include a single-
line assembler and disassembler. The assembler
lets you enter programs in 2920 assembly lan-
guage mnemonics. The disassembler supports
debugging by letting you look at or change either
hexadecimal values or 2920 instructions during
program interrogation.

VSP —»|

RUN/PROG —»|

PROGRAM STORAGE
(EPROM)
192x 24

- «———RST/EOP

SIGIN (0) ————»|

SIGIN (1) ——»]
) > AID * DAR

SIGIN 2) ———=| MUX CIR.

&
SIGING ———=]  sgn 8

A
SCRATCH
PAD
MEMORY

[——— SIGOUT (0)

e

—-—— SIGOUT(1)

I —— SIGOUT(2)

DMUX [ SIGOUT(3)

CAP 1 ﬁt
CAP2

CLOCK LOGIC

DIA

&
S&H's |——— SIGOUT(4)
[ SIGOUT(5)

——— SIGOUT (6)

&
PROGRAM
COUNTER

*EXTERNAL COMPONENTS T
VRer

+5V -5V

————» SIGOUT (7)

YA D]

OF GRDD GRDA M1 M2

Figure 1. 2920 Function Block Diagram (Run Mode)
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Table 2. Instruction Set and Op Codes

Mnemonics Op Codesl!!
Code Condition ALU ADF | ADK Operations ‘ Notes
Digital Instructions 2,1,0 1,0 2,1,0
ADD 110 A J (Ax2M+B -8B
suB : 101 B-(Ax2Y) - B
LDA m |- (Ax2Y+0- B
XOR 000 (Ax2MeB -~ B
AND 001 (Ax2M.8 - B
ABS 011 Ax2Y)| - B
ABAl' 100 (3 [3] (Ax2MN)|+B — B
LM 010 Sign(A) — = F.S, — B
ADD CND( 2 110 (Ax2")+ B — B IFF DAR(K)=1
B — B IFF DAR(K)=0
SUB CND( 128! 101 B-(Ax2M) —~ B & CY — DAR(K) IFF CYp=1 (5
B+(Ax2N) ~ B & CY — DAR(K) IFF CYp=0
LDA CND( )2 111 \ \ (Ax2Y) ~ B IFF DAR(K)= 1
B8 — B IFF DAR(K)=0
ABAl'"I CND( ) 100 (Ax2Y)+B -~ B
XOR CND( ) 000 (Ax2Y)eB - B
Analog Instructions
IN(K) 00 0-3 Signal sample from input channel K
OUT(K) 10 0-7 DI/A to output channel K
CVTS 00 6 Determine sign bit
CVT(K) m 01 0-7 Perform A/D on bit K (6]
EOP 00 5 Program counter to zero
NOP 00 4 No operation
CND(K) 1 0-7 Select bit K for conditional instructions
CNDS 00 7 Select sign bit for conditional instructions
' 0 1 2 3 4 5
o[1]2]0] [1]a1[e1]a2] [s2]a3[B3]A4] [B4]As[B5]A0] [BO[0] 1] 2] [3]o]1]2]
|<—ADK->|<-ADF->I<—— MEMORY ADDRESSES | SHF ——|<—ALU—>|
Note: The input pins for each nibble bit from left to right are DO, D1, D2, D3.
NOTES: E
1. Op codes ALU and ADF are in binary notation, ADK is in decimal notation and represents the value “K” when appropriate.
2. CND( ) can be either CND(K) or CNDS testing amplitude bits or the sign bit of the DAR respectively.
3. Determined by analog instructions below.
4. B is set to full scale (F.S.) amplitude with the same sign as the “A” port operand.
5. The previous carry bit (CYp) is tested to determine the operation. The present carry bit (CY) is loaded into the Kth bit location of

the DAR. “Present carry (CY) is generated independent of overflow. It will represent the carry (CY) of a calculated 28-bit result.”

6. EOP will also enable overflow correction if it was disabled during a program pass. The EOP must occur in ROM location 188.

7. Determined by digital instructions above.

8. For SUB CNDS Operation CY — DAR(S). . -

9. Does not affect DAR. In this case, CND Is used with XOR/ABA to enable/disable the ALU overflow saturation algorithm. Use of
either instruction causes the ALU output to roll over rather than go to full scale with sign bit preserved. An EOP instruction will
also enable the ALU overflow saturation algorithm.

10. Clarification of CYgyr sense for certain operations. For LDA, XOR, AND, ABS; CYgyr — 0.

Memory User Interface

The kit contains 1.25K bytes of RAM for 2920 pro- The kit includes a function and hex keyboard and
gram development. The RAM is used as 2920 pro- a formatted 24-character, 18-segment display for
gram memory for up to a 192-instruction 2920 pro- easy 2920 code entry. The interactive keyboard
gram. The RAM space is also used for a symbol and display enables the system monitor o step
table up to 40 user defined symbols. the user through a command entry sequence with
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the friendliness of a menu-driven operating sys- Assembly and Test

tem. . The SDK-2920 assembly manual describes assem-

Optional Interfaces ply in a step-by-step process that includgs check-
. ing segments of hardware as they are installed.

An RS-232 or 20 mA current loop compatible CRT Building the system requires only a few common

or printer may be used as a listing or file storage tools and standard instruments.

device by connecting it to the board’s serial inter-
face connector and supplying + 12 and — 12 volts
to the board. In addition, the kit provides an audio
cassette-interface, allowing the use of an audio
cassette as a mass storage device.

Debugging

Program development is made easy by use of inter-
active error messages that will inform the user of
illegal entries at the time of program development.
Syntax errors are detected prior to EPROM program-
ming, giving the user the option to continue or abort
the programming.

The run-mode section allows the user to execute a’
programmed 2920 in real time, with his own input
stimulus and output circuit or instrumentation.
The kit is supplied with the 2920 (600 ns instructions)
and a 6.67 M Hy crystal.

' 'Figureka. Assembled SDK-2920

CONTROL
SECTION 2920 DATA KEYS
RESET usT Kp ADD ABS ABA AND Y ALy DEST SAC SHF ANALOG
LOAD KN Cc o E F
HEX/ASM EOIT +i= sus LDA LiM XOR t
- - R 8 9 A B Sam—— 2920 __\—
INSRT DEL L IN out CvIS cvT \
NEXT PREV . 4 s [ 7 e —
—\__ Svstem Desion Kir menm
SHIFT CONV DAR NOP CNDS CND EOP
CR Y 0 1 2 3
Figure 2. Keyboard Arrangement Figure 4. Display Layout
o SERIALCH CASSETTE

RAM

INPUT 2912AS ANTI-ALIASING 125K | sasia | | ea3 |
ANALOG FILTER (1 OF 4) 2920 PROG. @ [E

Vaer | 2520 8041A UPI
PROTOTYPING EXECUTION £agen
SOCKET
cLock ]
KEYBOARD
6K AND
OUTPUT _ {2912 AS RECONSTRUCTION MONITOR DISPLAY
ANALOG FILTER (1 OF 4) ROM
2920 RUN MODE SECTION PROGRAM DEVELOPMENT SECTION

Figure 5. SDK-2920 Functional Block Diagram
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Table 3. SDK-2920 Control Commands

RESET —

SHIFT —
EDIT —~—

LOAD —
LisT -~

CONV —

Sets.the monitor to its initialization program and responds to the selection of one of the four modes.
The display will prompt the user with EDIT? LOAD? LIST? CONV?.

Selects the upper case characters or functions.

Selects the edit mode, allowing for 2920 program entry and/or modification. The commands available
in the edit mode are shown below in Table 4.

Selects the load mode, providing for up/down loading to/from the RS-232, cassette, or the 20 mA cur-
rent loop interfaces. It also provides for 2920 EPROM read, program and verify.

Selects the list mode, providing for listing the 2920 program source code, symbol table, and 2920 hex
code to a line printer via the RS-232 interface.

Selects the decimal-to-binary-to-decimal conversion program.

Table 4. Edit Mode Commands

—

NEXT

PREV

LIST

HEX/ASM

LR

INSRT

DEL

Cursor Right The blinking cursor is moved right one position unless at the end of displayed
field.
Cursor Left Blinking cursor is moved left until the sequence number is encountered, then it

skips to the left edge-of the display.

Next Instruction The next 2920 instruction is displayed unless at end of memory.

Pfevious Instruction The previous 2920 instruction is displayed unless at beginning of memory.
List Memory Send disassembied 2920 instructions to serial port.

Mode Toggle Toggle edit mode between symbolic assembly and hexadecimal.

Insert Instruction  Expand the program in memory by one location and insert a NOP at current
memory display address. :

Deleté Instruction  Contract the program in memory by one location and remove the instruction at
the current memory display position.

EDIT LOAD LIST CONV
2920=1AUX=2CASS=3

NOTE: WILL BLINKIF NOT
SOCKETED PROPERLY
AFTER (CR)

NOTE: CAN ENTERSINGLE
CHARACTER

[ VERIFY 2920 SOCKETED(CR) | [10-SDK=1 FROM-SDK=2|

ENTER FILE XX(CR)

| [READ = 1 PROGIVER =2 CMPR = 3 | [ START Aux] [084=1 SOURCE=2 | [T0-SDK=1FROM-SDK =2 |

PUSH CR TO PROGRAM [ sTART AUX, THEN (CR) | | START CASS | [START CASS THEN (CR)}

2920 TRANSFER ACTIVE [(CATA DISPLAYED AS TRANSFERRED) | [ (DISPLAY BLANK) ]

] CHECKSUM=XX, (CR) * | | LOAD COMPLETE (CR) | XX LOADED (CR}

Figure 6. Load Command and Display Tree
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SPECIFICATIONS

Control Processor

Intel 8085A microprocessor
6.144 MHz clock rate

Memory

RAM — 1.25K-byte static
ROM — 6K-byte

Interfaces

Keyboard — 28-key with shift, providing 54 func-
tions and characters

Display — 24-character, 18-segment LED

Serial — RS-232 with user-selectable baud rate
and 20 mA current loop

Cassette — Hardware and software for audio cas-
sette tape storage interace

Software

System monitor preprogrammed in ROM

2920 assembler and disassembler preprogram-
med in ROM

Interface control software preprogrammed in 8041
on-chip ROM

Assembly and Test Equipment Required

* Needle-nose pliers

* Small Phillips screwdriver

* Small flat-blade screwdriver

* Small diagonal wire cutters

¢ Soldering pencil, <30 watts, 1/16” diameter tip

¢ Rosin-core, 60-40 solder, 0.05” diameter

¢ Volt-ohm-milliameter, 1 meg ohm input imped-
ance

® Oscilloscope, 1 volt/division vertical sensitivity,
200 gus/division sweep rate, single trace, internal
and external triggering

Physical Characteristics

Length — 16 in. (40.64 cm)
Width — 10 in. (25.40 cm)
Height — 4 in. (10.16 cm)
Weight — 3 Ib (1.36 kg)

Electrical Characteristics

DC Power Requirements (supplied by user, cables
included with the kit)

Program Development Section:

Voltage Current Comments
+5V £5% 1.0A Required for program development
+12V £5% 100 mA Required for 2920 EPROM program-

ming and RS-232 interface

—12V £5% 100 mA Required for RS-232 interface

Run Mode Section:

Voltage Current Comments
+5V 5% 300 mA Required for operation as supplied
200 mA Required for each additional 2912/
7418324 pair
-5V £5% 250 mA Required for operation as supplied
200 mA Required for each additional 2912/

7415324 pair

Environmental Characteristics

Operating Temperature — 0 to 40°C
Relative Humidity — 10% to 80% non-condensing

Reference Manuals

SDK-2920 System Design Kit User's Guide
SDK-2920 System Design Kit Assembly Manual
2920 Analog Signal Processor Design Handbook

ORDERING INFORMATION

Part Number
MCI-20-SDK

Description
2920 System Design Kit
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intel

MICROSOFT*, INC. BASIC-80 INTERPRETER
SOFTWARE PACKAGE

s Compatible with other Microsoft BASIC
compilers and interpreters

a Sophisticated string handling and
structured programming features for
applications development

n Direct transfer of BASIC programs to
the 8085, 8086 and 8088

= Random and sequential file
manipulation where random file record
length is user-definable

o Read or write memory location
capabilities

= Meets the requirements for the ANSI
subset standard for BASIC, and
supports many enhancements

= Extensive text editing features built-in

= Automatic line number generation and
renumbering

= Supports assembly language
subroutine calls

» Trace facilities for easier debugging

BASIC Release 5.0 from Microsoft is an extensive implementation of BASIC. Microsoft BASIC gives users what
they want from a BASIC—ease of use plus the features that are comparable to a minicomputer or large

mainframe.

BASIC-80 meets the requirements for the ANSI subset standard for BASIC, as set forth in document BSRX3.60-
1978. It supports many unique features rarely found in other BASICs.

FEATURES

—Four variable types: Integer (—32768, +32767),
String (up to 255 characters), Single-Precision
Floating Point (7 digits), Double-Precision
Floating Point (16 digits).

—Trace facilities (TRON/TROFF) for easier
debugging.

—Error trapping using the ON ERROR GOTO
statement.

—PEEK and POKE statements to read or write any
memory location.

—Automatic line number generation and
renumbering, including reference line numbers.

—Matrices with up to 255 dimensions.

—Boolean operators OR, AND, NOT, XOR, EQV,
IMP.

—Formatted output using the PRINT USING facility,
including asterisk fill, floating dollar sign,
scientific notation, trailing sign, and comma
insertion.

—Direct access to 1/O ports with the INP and OUT
functions.

—Extensive program editing facilities via EDIT
command and EDIT mode subcommands.

—Assembly language subroutine calls (up to 10 per
program) are supported.

—IF/THEN/ELSE and nested IF/THEN/ELSE
constructs.

" —Supports variable-length random and sequential

disk files with a complete set of file manipulation
statements: OPEN, CLOSE, GET, PUT, KILL,
NAME, MERGE. '

@©INTEL CORPORATION, 1983.
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MICROSOFT, INC.
BASIC-80 INTERPRETER

BASIC-80 Commands, Statement$,~

Functions

AUTO RENUM NAME

LIST WIDTH SAVE

NULL CONT EDIT

TROFF MERGE NEW

CLEAR RUN | TRON

LOAD DELETE

Program Statements

CALL RANDOMIZE RETURN

GOsuB COMMON WAIT _

END DEF FN ON GOSUB

GOTO ERROR DIM

STOP POKE FOR/NEXT/

WHILE/ RESUME STEP
WEND SWAP IF/THEN/

CHAIN DEFDBL ELSE

DEF USR DEFSTR ON ERROR

LET DEFSNG GOTO

REM DEFINT OPTION BASE

Input/Output Statements and Functions

CLOSE GET NAME
KiLL POS PUT
out FIELD EOF
RESTORE  LSET/RSET SPC
READ PRINT INKEY$
TAB USING INPUT
DATA LoC OPEN
LINE MKI$ CvD
INPUT MKS$ CvI
PRINT MKD$ CVS
WRITE LLIST
LPRINT LPOS

T VA>I

Arithmetic Functions

ABS SIN LOG
INT CDBL FIX
SGN CSNG cos
ATN’ CINT RND
EXP SQR TAN
String Functions
ASC STR$ INSTR
LEN HEXS$ RIGHT$
STRINGS OCT$ MID$
CHR$ - VAL SPACE$
LEFT$
Operators
. XOR
<= NOT
+ EQV
<> MOD
\ IMP
>= OR
AND
Special Functions
ERL ERR VARPTR
USR FRE PEEK

SPECIFICATIONS

Operating Environment

The standard disk version of Microsoft BASIC-80
occupies 24K bytes of memory. Microsoft BASIC-80
Interpreter is compatible with Intel’s ISIS operating
system or CP/M* operating system.

Required Hardware

Intellec Microcomputer Development System

—iPDS (Personal Development System)
—minimum of 1 diskette drive

8-2

Required Software

ISIS Operating System or CP/M Operating System.

Documentation Package

One copy of each manual is supplied with the
software package.

Description

BASIC-80 Reference Manual
BASIC Reference Book

AFN-02086C



inte[ MICROSOFT, INC.
BASIC-80 INTERPRETER

ORDERING INFORMATION

Order Code Description
SD102CPM80F  Microsoft BASIC-80 Interpreter Software Package, CP/M version (Double-Sided,
Double Density 54" Floppy) iPDS format

SD102ISS80F Microsoft BASIC-80 Interpreter Software Package, ISIS version (Double-Sided,
Double Density 54" Floppy) iPDS format

SUPPORT

Intel offers several levels of support for this product,
depending on the system configuration in which it is
used. Please consult the price list for a detailed
description of the support options available.

An Intel Software License required.

*Microsoft is a trademark of Microsoft, Inc. .
*CP/M is a registered trademark of Digital Research, Inc.
*MP/M-Il is a trademark of Digital Research, Inc.

8-3 AFN-02086C



intel

MICROSOFT*, INC. BASIC-80 COMPILER
SOFTWARE PACKAGE

= Produces highly optimized, true
machine code

= Compiled programs are fast and
compact because of extensive
optimizations performed during
compilation

= Supports all the commercial language
features of the Microsoft BASIC
interpreter (except direct mode
commands)

» Supports double-precision
transcendental functions

= Machine code for application programs
may be placed on diskette, ROM, or
other Media

= Provides source program security
because only compiled code need be
distributed to end-users

a Loader format identical to Microsoft's
MACRO-80 assembler, COBOL-80
compiler, and FORTRAN-80 compiler:
Compiled BASIC programs can be
loaded and linked with any of these
languages

Microsoft's BASIC-80 compiler is a powerful tool for programming BASIC applications or microprocessor
system software. The single-pass compiler produces extremely efficient, optimized 8080 machine code that is in
Microsoft-standard, relocatable binary format. Execution speed is typically 3-10 times faster than Microsoft’s

BASIC-80 interpreter.

FEATURES

Optimized, Compatible Object Code

The BASIC compiler produces object code that is
highly optimized for speed and space, relocatable,
and compatible with other Microsoft software prod-
ucts. The loader format is identical to that of the
MACRO-80 assembler, COBOL-80 compiler and
FORTRAN-80 compiler, so programs written in any
one of these four languages can be loaded and linked
together. The compiler can also provide a formatted
listing of the machine code that is generated.

Compiled programs are fast and compact due to ex-
tensive optimizations performed during compilation:

—Expressions are reordered to minimize temporary
storage and (wherever possible) to transform
floating point division into muitiplication.

—Constant multiplications are distributed to allow
more complete constant folding. -

—~Constants are folded wherever possible. The
expression reordering finds “hidden” constant
operations.

—Peephole optimizations are performed, including
strength reduction.

—The code generator is template-driven, allowing
optimal sequences to be generated for the most
commonly used operations.

—String operations and garbage collection are
extremely fast.

Compiled BASIC-80 programs are the ideal end prod-
uct for BASIC applications’ programmers. The ma-
chine code for any application program may be
placed on a diskette, ROM, or other media. The pro-
gram not only runs faster than with the interpreter,
but the BASIC source program need not be dis-
tributed. Thus the original application program is
protected from unauthorized alteration.

Language Features

The Microsoft BASIC-80 Compiler supports all the
commercial language features of Microsoft BASIC-
80, except those commands that are not usable in the
compiler environment (i.e., direct mode commands
such as LOAD, AUTO, SAVE, EDIT, etc.). That means
you get the BASIC language compatible with other
Microsoft BASIC packages. -

©INTEL CORPORATION, 1983,

MAY 1983
ORDER NUMBER:210247-002
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BASIC-80 COMPILER

In addition, the compiler supports double-precision larger programs because the runtime routine library
transcendental functions (SIN, COS, TAN, ATN, LOG, does not reside in memory during linking. The ex-
EXP, SQR), %INCLUDE, CHAIN and COMMON. The ecutable files saved on disk are also much smaller

%INCLUDE compiler directive brings another source since the BRUN module exists separately.

file into the compilation without retyping the main

source file. P yping Utility Software Package

BRUN Runtime Module The BASIC-80 package includes the Microsoft Utility
Software Package. The Utility Software Package in-

The BRUN runtime module contains the most com- cludes the MACRO-80 macro assembler, the LINK-80

mon runtime routines needed for most programs. linking loader and the CREF-80 Cross-Reference

Using the BRUN module provides faster link loading Facility. Refer to the description of the Microsoft

of program modules and allows the user to link much Utility Software Package for full details.

SPECIFICATIONS

Operating Environment Required Software

The BASIC Compiler requires a minimum of 34K CP/M* Operating System
bytes of memory (exclusive of the operating system).

Microsoft recommends that 48K bytes be available Documentation Package

for compiling medium to large programs. The com- One copy of each manual is supplied with the
piler itself occupies about 28K bytes. At runtime, the'  goftware package.

BRUN module occupies approximately 15.5K bytes.

If, as an option, the BRUN module is not used, the Description

runtime library occupies 8K-18K bytes. BASIC Compiler User's Manual

. BASIC-80 Reference Manual
Reqmred Hardware BASIC Reference Book

Intellec Microcomputer Development System Microsoft Utility Software Manual

—iPDS (Personal Development System) (Specify by Alpha Character when ordering.)
—minimum of 1 diskette drive

ORDERING INFORMATION

Order Code Description ;
SD124CPMB8OF Microsoft BASIC-80 Compiler Software Package, CP/M version (iPDS Format)
SUPPORT: '

Intel offers several levels of support for this product, depending on the system configuration in which it is used.
Please consult the price list for a detailed description of the support options available.

An Intel Software License required. *CP/M is a registered trademark of Digital Research, Inc.
*Microsoft is a trademark of Microsoft, Inc. *MP/M-Il is a trademark of Digital Research, Inc.
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DIGITAL RESEARCH INC.
CP/M* 2.2 OPERATING SYSTEM

= High-performance, single-console = More than 1,000 commercially available

operating system compatible software products
= Simple, reliable file system matched to = General-purpose subroutines and
microcomputer resources . . table-driven data-access algorithms
= Table-driven architecture allows field provide a truly universal data
reconfiguration to match a wide variety management system
of disk capacities and needs s Upward compatibility from all previous
= Extensive documentation covers all versions

facts of CP/M applications

CPIM 2.2 is a monitor control program for microcomputer 'systenﬁ and appliéation‘uses on Intel 8080/8085-
based microcomputer. CP/M provides a general environment for program execution, construction, storage,
aqd editing, along with the program assembly and check-out facilities.

The CP/M monitor provides rapid access to programs through a comprehensive file management package. The
file subsystem supports a named file structure, allowing dynamic allocation of file space as well as sequential
and random file access. Using this system, a large number of distinct programs can be stored in both source-
and machine-executable form.

CP/M also supports a powerful context editor, Intel- -compatible assembler, and debugger subsystems Nearly all
personal software programs can be bought configured to run under CP/M, several of which are available from
Intel.

FEATURES
CP/M is logically divided into four distinct modules: —Uses less than 4K of memory allowing plenty of
memory space for applications programs
BIOS—Basic 1/O System ‘ ‘ ~_Uses less than 4K of memory
: : —Makes programs transportable from system to
—Provides primitive operations for access to disk system
drives and interface to standard peripherals . . . .
(teletype, CRT, paper tape reader/punch, bubble —Entry points include the following primitive
memory, and user-defined peripherals) operations which can be programmatically
Al gif ‘ | accessed:
—Allo ificati S .
lar erdoare o o tailoring to a particu SEARCH  Look for a particular disk file by
) name
BDOS . A . OPEN Open a file for further operations
—Basic Disk Operating System CLOSE Close a file after processing
—Provides disk management for one to sixteen disk RENAME  Change the name of a particular file
drives containing independent file directories READ Read a record from a particular file
—Implements disk allocation strategies for fully WRITE Write a record to a particular file
dynamic file construction and minimization of SELECT Select a particular disk drive for
head movement across the disk further operations

SEPTEMBER 1984
©INTEL CORPORATION, 1983. ' 8-6 ORDER NUMBER:210268-004
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CP/M 2.2

CCP—Console Command Processor

—Provides primary user interface by reading and
interpreting commands entered through the
console

—Loads and transfers control to transient programs,
such as assemblers, editors, and debuggers

—Processes built-in standard commands including:

ERA Erase specified files

DIR List file names in the directory
REN Rename the specified file
SAVE Save memory contents in a file

TYPE Display the contents of a file on

the console

TPA—Transient Program Area

—Holds programs which are loaded from the disk
under command of the CCP

—Programs created under CP/M can be checked out
by loading and executing these programs in
the TPA

—User programs, loaded into the TPA, may use the
CCP area for the program's data area

—Transient commands are specified in the same
manner as built-in commands

—Additional commands can be easily defined by the
user

—Defined transient commands include:

PIP Peripheral Interchange Program
—implements the basic media transfer
operations necessary to load, print,
punch, copy, and combine disk files;
PIP also performs various
reformatting and concatenation
functions. Formatting options include
parity-bit removal, case conversion,
Intel hex file validation, subfile
extraction, tab expansion, line number
generation, and pagination

ED Text Editor—allows creation and
modification of ASCII files using
extensive context editing commands:
string substitution, string search,
insert, delete and block move; ED
allows text to be located by context,
line number, or relative position with a
macro command for making extensive
text changes with a single command
line

8-7

ASM Fast 8080 Assembler—uses standard
Intel mnemonics and pseudo
operations with free-format input, and
conditional assembly features

DDT Dynamic Debugging Tool—contains
an integral assembler/disassembler
module that lets the user patch and
display memory in either assembler
mnemonic or hexadecimal form and
trace program execution with full
register and status display;
instructions can be executed between
breakpoints in real-time, or run fully
monitored, one instruction at a time

Allows a group of CP/M commands to
be batched together and submitted to
the operating system by a single
command

STAT Lists the number of bytes of storage
remaining on the currently logged
disks, provides statistical information
about particular files, and displays or
alters device assignments

Converts Intel hex format to absolute
binary, ready for direct load and
execution in the CP/M environment

SYSGEN Creates new CP/M system disks for
back-up purposes

MOVCPM Provides regeneration of CP/M
systems for various memory
configurations and works in
conjunction with SYSGEN to provide
additional copies of CP/M

SUBMIT

LOAD

BENEFITS

—Easy implementation on any computer configura-
tion which uses an Intel 8080/8085 Central Pro-
cessing Unit (see the CP/M-86 data sheet for CP/M
applications on the iAPX86 CPU)

—iPDS version supports bubble memory option as
an additional diskette drive. Also allows diskette
duplication with a single drive

—Extensive selection of CP/M-compatible programs
allows production and support of a comprehen-
sive software package at low cost

—Field programmability for special-purpose operat-
ing system requirements

—Upward compatibility from previous versions of
CP/M release 1

AFN-02111C
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—Provides field specification of one to sixteen logi-
cal drives, each containing up to eight megabytes

—Files may contain up to 65,536 records of 128 bytes
each but may not exceed the size of any single disk

—Each disk is designed for 64 distinct files—more
directory entries may be allocated if necessary

—Individual users are physically separated by user
numbers, with facilities for file copy operations
from one user area to another

—Relative-record random-access functions provide
direct access to any of the 65,536 records of an
eight-megabyte file

SPECIFICATIONS

Hardware Required

—Model 800 with 720 kit

—DS 235 kit or MDS 225 with 720 kit (integral drive
supported except as system boot device)

—iPDS Personal Development System
Optional:
RAM up to 64K
—Additional floppy disk drives
- —Single density via 201 controller

—Bubble memory and optional Shugart 460 5%"
disk drive for iPDS

Documentation Package

, Title

CP/M 2.2 documentation consisting
of 7 manuals: .
An Introduction to CP/M Features
and Facilities
CP/M 2.2 User's Guide
CP/M Assembler (ASM) User’s
Guide
CP/M Dynamic Debugging Tool
(DDT) User's Guide
ED: A Context Editor for the CP/M
Disk System User’s Manual
CP/M 2 Interface Guide
CP/M 2 Alteration Guide

Shipping Media

(Specify by Alpha Character when ordering.)
A—single density (IBM 3740/1 compatible)
B—double density

F-—double-sided, double density 5%" floppy (iPDS
format)

Order Code - Product Description

. :«+ CP/M (Control Program for

See Price List Microcomputers) is a disk-based
operating system for the Intel
8080/8085-based systems. CP/M
provides a general environment for
program development, test, execution
and storage. CP/M storage is available
via a comprehensive, named-file
structure supporting both sequential
and random access. CP/M support
tools include a Text Editor, a
debugger, and an 8080/8085
assembler.

SUPPORT:

Intel offers several levels of support for this product, depending on the system configuration in which it is used.
Please consult the price list for a detailed description of the support options available.

An Intel Software License required.
*CP/M is a registered trademark of Digital Research, Inc.

*CP/M-86, MP/M, CP/NET and MP/NET are trademarks of Digital Research, Inc.

AFN-02111C
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WordStar* WORD PROCESSING SOFTWARE

un Powerful, reliable, and user-friendly a Streamlines text entry
word processing software package o Horizontal scrolling for wide pages
@ Six on-screen menus and ten Help - = Wordwrap removes need to worry
menus provide quick command about right margin
reference

e On-screen formatting displays text
exactly as it will be printed

a All functions easily controlled despite
differences in printers and consoles

s Printout enhancements provide
numerous combined print functions

o Simple formatting commands including
Hyphen-Help

WordStar, a popular word processing program written for use under the CP/M¥ operéting system, gives screen
editing capabilities in an easy to learn and use format. The program is in use by programmers, and engineers
for documentation and program entry, as well as managers and secretaries.

With WordStar, the user can easily make insertions and deletions, move or copy blocks of text, and search for
and replace a string of text. WordStar will automatically reformat text upon command as these editing functions
are performed.

Documents produced by WordStar can include any combination desired of pagination (page numbers), right
and left justification, subscripts, superscripts, underlining, boldface type, overstrikes, crossouts, and even
accents for use in foreign languages. Commands for all of these are entered with simple control-character
keystrokes which are well documented in the program'’s six help menus. )

All WordStar commands are easily executed using the CTRL key and the standard typewriter keys. Using the
CTRL key, the function of standard keys can be changed to perform useful editing commands. The cursor-
movement diamond (a group of standard kéys on the keyboard) allows fast access to any area of text.

R4 |
14 | scrou
{ | screen

Figure 1. WordStar Keyboard Functions

The following are trademarks of Intel Corporation and its atfiliates and may be used only to identify Intel products: BXP, CREDIT, i, ICE. iCS, 'm, Insite, Intgl, INTEL, Intelevision,
intgligent Identifier™ , intgligent Programming™ , Intellink, Intellec, IMMX, 1OSP, iPDS, iRMX,_ iSBC, iSBX, Library Manager, MCS, MULTIMODULE, Megachassis, Micromainframe,
MULTIBUS. Multichannel. Plug-A-Bubble. PROMPT. Promware, RUPI, RMX/80. System 2000. UPI. and the combination of iCS. iRMX, iSBC, iSBX, ICE, 12 ICE, MCS, or UPl and a
numerical suffix. Intel Corporation Assumes No Responsibility for the use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Patent Licenses are
implled. © INTEL CORPORATION, 1983 . MAY 1983
*WordStar MailMerge and SpeliStar are trademarks of MicroPro International. ORDER NUMBER:210762-002
+CP/M is a registered trademark of Digital Research Inc. 8-9 '
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FEATURES

WordStar is designed to be simple for the novice to
use, while remaining sophisticated enough to be
appealing to even the most advanced user.

Standard typewriter keys are combined with the
“Control” key to provide a wide variety of editing
functions (Fig. 1). All cursor control is localized to the
ten keys in the “Cursor-Movement Diamond” (Fig. 2),
and the on-screen menu details the functions of the
other keys, so the user can quickly find functions
without memorizing them.

Wordwrap is a feature of WordStar that allows the
typist to entirely disregard margins. When typed
characters go beyond the right margin, WordStar
brings the last full word down to the next line auto-
matically. The only time the Return key.needs to be
used is between paragraphs. Margins can be auto-
matically right and left justified both during and after
entry.

Horizontal Scrolling give the flexibility in creating
documents too wide to fit on the video screen. When
Wordwrap is disabled and a line is being typed
beyond normal screen width, the displayed lines are
~automatically scrolled -offscreen to the left. A single
keystroke can be used to move the lines back to their
normal position. Editing functions can also use Hori-
zontal Scrolling to examine and modify any part of a
wide document.

The On-Screen Formatting feature displays the text
on the screen as it will appear when it is printed. This
allows the changing of margins, spacing, and other
format variables without requiring the use of a num-
ber of intermediate printouts.

Hyphen-Help aids in reformatting by positioning the
cursor over a word requiring hyphenation at the end
of a line, and allowing the user to select a hyphen-
ation point or decide not to hyphenate. Hyphens en-
tered this way are “soft”, and will not be printed if the
document is reformatted and the hyphen is no longer
required. Permanent or “hard” hyphens are inserted
while typing and will always be printed.

WordStar's Find and Replace command allows the
text to be scanned for a specified character string.
Once the string is found it will be replaced quickly
with the updated information. Options with this com-
mand allow the user to perform functions like finding
the “n™" occurrence, performing the operation “n”
times, replacing the string without verification by the

\
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user each time, searching backward, or to compen-
sate for differences in upper and lower case letters
(i.e., at the beginning of a sentence).

Entire blocks of text can be marked at their begin-
ning and ending, then moved to a new area as easily
as moving the cursor. Different block control com-
mands allow the duplication and deletion of blocks
as well.

Column Move assists in the creation and editing of
tables of data. With Column Move, a column can be
taken from one table and moved to another table or
to another place in the same table. Columns can also
be easily duplicated or deleted.

Over 20 Page Formatting commands enable a range
of functions from producing automatic page
headings to overriding built-in parameters for line
height and character width. Margins can be set and
number of lines typed per page can be dictated via
these very simple commands. These page com-
mands are especially useful in long documents.

Decimal Tab is a feature that assists in aligning fig-
ures into columns. When a number is entered into a
decimal tab position, it will be automatically aligned
so that its decimal point is directly below the.decimal .
point of the number on the line above.

Files can be combined with each other to form
derivative documents. One file can be inserted at any
point of another, beginning middle or end, with equal
simplicity.

Print controls, single letters entered while editing to
enhance the printout, permit the user of underscore,
boldface, underlining, double-strike, superscript,
subscript, overprint, and nearly any combination of
the above. This facilitates the generation of mathe-
matical formulas with subscripts and superscripts,
and allows the text to include foreign words and
phrases with accents above and below certain let-
ters. Alternate character pitch, for italics, and even
ribbon color selection can be controlled by WordStar
if these options are available on the printer in use.

Can be used with MailMerge* to generate chained

* printing combining form letters with mailing lists.

MailMerge allows names to be drawn from the ad-
dress and inserted into the text of the form letter.

SpeliStar* may also be used with WordStar to check
the spelling in a document against both a 20,000-
word standard dictionary and a user-generated sup-
plemental dictionary which can be used to store
names, buzz words, or abbreviations.

AFN-013158
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WordStar is easily adapted to nearly any video termi- On-Screen Menus are displayed at the top of the
nal and document printer, despite the wide variation screen along with the text being edited. Should the
of options and communication standards used by user desire to fill the entire screen with text, the menu
these devices. At installation time the user is displays can be turned on and off as desired.
prompted through a series of questions which con-

figure that WordStar installation to fit the hardware The ten Help Menus guide the user through the use
at hand. of all editing functions from Moving Text to Para-

graph Reform.
When an existing file is edited and saved, any previ-
ous version of the file is saved under the original
filename as a .BAK extension (i.e., after updating a
file entitled “LETTER” there would be two files, LET-

TER and LETTER.BAK on the diskette). When a doc- Line Letter | $creen
ument is to be updated, its latest extension is w R
automatically used as input. Whenever a new .BAK Up Up | e
extension is created, the older .BAK version is Word T Tobar Word
destroyed. A S D F
WordStar allows documents of almost any size to be Lett oft R R
entered and edited. A Memory Management feature Line Lettor Screen
automatically transfers text to and from mass storage z c
if the document is too large to be held in main

Down n Down

memory at one time.

There are six Main Menus (Fig. 3A-3F) and ten Help
Menus to guide even the most inexperienced user
through a WordStar editing session. The Main or Figure 2. The Cursor Movement Diamond

A:TEST.DOC PAGE l1LINE1 QOL 1 INSERT ON \
<<< MAIN MENT >>>

* * Cursor Movement * *|* Delete *| * Miscellaneous * | * Other Menus *
"S char left "D char right I"G char |°I Tab "B Reform | (fram Main only)
“A word left °F word right IDEL chr 1fI°V Insert On or Off |°J Help “K Block
“E line up X line down |°T word rt!"L Find/Replce again!™Q Quick "P Print
* Scrolling * *|“Y line IRETURN End paragraphl”0O Onscreen
"Z line up “W line down | I"N Insert a RETURN |
°C screen up "R screen downl| |1"U Stop a cammand |
L ! ! ! { ! ! i { ! ! { R
| .
Figure 3A. Main Menu: guide to the most frequently used commands. This menu
—and all other menus—can be called up at any time, or dropped to allow full-screen viewing of the text.

m A:TEST.DOC PAGE 1 LINE 1 OOL 1 INSERT ON
< <K< HELP MENU >>>

| | * Other Menus *
H Display and set the help level | S Status line | (from Main only)
B Paragraph reform (CTRL B command) | R Ruler line 1°J Help “K Block
F Flags in rightmost column of screen | M Margins and tabs |7Q Quick “P Print
D Dot commands, print ctrl(P command) | P Place markers 170 Onscreen

| V Moving text |Space bar returns

| lyou to Main Menu.
L ! ! 1 1 ! ! ! ! ! ! ! R
B

Figure 3B. Help Menu: a directory of commands that control help levels and show reference information.

AFN-013158
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6 A:TEST.DOC PAGE 1 LINE 1 COL 1 INSERT ON
< <K< QUICK MENU >>>
* *  Cursor Movement * *|* Delete *| * Miscellaneous * | * Other Menus *
S left side D right side |Y line rt|F Find text in file | (from Main only)
E top of scrn X bottom scrn!DEL lin 1fIA Find and Replace |°J Help “K Block
" R top of file C end of filel* * * *|L Find misspelling 17Q Quick "P Print
B top of block K end of block 10 Repeat command or | "0 Onscreen
0-9 marker Z up W down | key until space |Space bar returns
V last Find or block | bar or other key lyou to Main Menu.
L ! ! ! 1 ! ! ! 1 ! ! ! R '
|

Figure 3C. Quick Menu: expanded cursor movement, deletion, find/replace commands, and place
marker commands.’

ﬂ( A:TEST.DOC PAGE 1 LINE 1 QOL 1 INSERT ON ' \
< <KL BLOCK MENU S>> :
* Saving Files * |* Block Operations *| * File Operations *| * Other Menus *
S Save and resumelB Begin K End IR Read P Print | (from Main only)
D Save—done {H Hide / Display 10 Copy E Rename |°J Help “K Block
X Save and exit IC Copy Y DeletelJ Delete I"Q Quick "P Print
Q Abandon file IV Move W Write |* Disk Operations *|"0 Onscreen
* Place Markers *IN Column off (ON)IL Change logged disklSpace bar returns
0-9 Set/hide # 0-91 IF Directory on (OFF) lyou to Main Menu.
L ! ! ! ! ! ! ! ! ! ! ! R
| |

Figure 3D: Block Menu: instructions for using block and place markers, saving and printing a file, and
inserting other files. :

ﬂ A:TEST.DOC PAGE 1 LINE1 COL 1 INSERT ON \
<<< ONSCREEN MEND >5>>

* Margins & Tabs * |* Line Functions *| * More Toggles * | * Other Menus *

L Set left margm IC Center text IJ Justify off (ON)| (from Main only)

R Set right margin IS Set 11ne spacing |V Vari-tabs off (ON)I1"J Help “K Block

X Release margins | |H Hyph~help off (ON)|°Q Quick "P Print

I Set N Clear tabl * Toggles * |E Soft hyph on (OFF)|"0 Onscreen

G Set paragraph tablW Wrd wrap off (ON) ID Prnt disp off (ON) ISpace bar returns

F Ruler from line |IT Rlr line off (ON) IP Pge break off (ON)lyou to Main Menu.

L ! ! ! ! ! { 1 ! ! ! 1 R

|

Figure 3E. Onscreen Menu: functions that perform onscreen document formatting (such as line spacing,
tabs, margins, justification, and wordwrap).

AFN-013158

8-12



intel

WordStar* WORD PROCESSING SOFTWARE

~

< <K<

(begin and end) | (one time each)

B Bold
S Underscore |0 Non-break space
X Strikeout IF Phantom space
V Subscript IG Phantom rubout

T Superscript

P A:TEST.DOC PAGE 1 LINE 1 QOL 1
PRINT MENU
*Special Effects*| * Special Effects * |* Printing Changes *| * Other Menus *

D Doublel!H Overprint characterIN Standard pitch

IRETURN Overprint linelQ(1) W(2) E(3) R(4) lyou to Main Menu.

INSERT ON \
>> >

I (from Main only)
|"J Help “K Block
IC Printing pause I"Q Quick "P Print
Y Other ribbon color|”0 Onscreen

| * User Patches *|Space bar returns

IA Alternate pitch

=1 1 ! n

L ! ! ! ! ! ! !
|

Figure 3F. Print Menu: special print control characters including subscripts, superscripts, boldface,

double strike, and strikeout.

BENEFITS

WordStar is an advanced word-processing program
that can turn any CP/M based personal computer
into a sophisticated yet easy to learn and use text
processor. It takes very little time for even the least-
trained user to learn to productively generate docu-
mentation with WordStar.

The simplifying features of WordStar do not detract
from its acceptance by advanced users. Menus and
other features are designed to be unobtrusive when
they are not needed. WordStar's sophistication
means that it will not run out of horsepower as the

user progresses, but will always be an appealing and
highly productive tool.

With WordStar there is no question about the appear-
ance of the printed output, since the text can be dis-
played on the screen exactly as it is to be printed.

Time savings when using WordStar will be consider-
able. Generation of new text is easier than by
handwritten/typed means. When WordStar is used
for program editing it supplies powerful features un-
available in other editors. With WordStar, both code
and documentation can be generated at the same
time within the same environment.

AFN-01315B8
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Table 1.

EDITING COMMAND INDEX

~ hold CTRL key, type letter

5 > > > > > > > > > > > 3> > > > > 3> > > > >

N<XXE<CHOIOVO0OZ2rXe —IOTMOO D>

>

cursor left word
reform paragraph
scroll up screenful
cursor right character
cursor up line

cursor right word
delete character right
cursor left character
tab

help PREFIX

editing PREFIX
find/replace again
(Same as RETURN)
insert hard carriage return
formatting PREFIX
print control PREFIX
editing PREFIX

scroll down screenful
cursor left character
delete word right
interrupt

insert on/off

scroll down line
cursor down line
delete line .

scroll up line

explain reform
summarize print directives

~ explain Flags

set Help level

command index

explain tabs and Margins
explain Place markers
explain Ruler line
explain Status line
explain moVing text

set/hide marker 0-9
mark/hide Block beginning
Copy block

Done edit (save)

rEname file

File directory on/off

- Hide/display marked block

delete additional file
mark blocK end
change Logged disk
column mode on/off
cOpy file

Print

" DEL

" ESCAPE

" LINE FEED
RETURN

" TAB

" abandon edit

Read additional file

Save and reedit

moVe block

Write block to additional file
save and eXit

delete block

Center cursor line

print control display on/off
soft hyphen Entry on/off
margins & tabs from line
paraGraphtab
Hyphen-Help on/off

set tab stop

Justification on/off

set left margin

clear tab stop

Page break display on/off
set Right margin

set line Spacing

ruler display on/off
Wordwrap

enter 'A-'Z
make next line overprint
enter non-break space

cursor to marker 0-9

find and replace

cursor Block beginning
cursor end file

cursor right end line
cursor top screen

Find

cursor blocK end

find misspelling

cursor Previous position
repeat next command
cursor beginning of file
cursor left Side screen
cursor source
continuous downward scroll
cursor bottom of screen
delete to end line
continuous upward scroll
delete to beginning line

delete character left
error release

(same as )

hard carriage return
tab

8-14
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Table 1. (Continued)

NO-FILE COMMANDS

D open a Document file (o] cOpy file
E rEname file P Print
F File directory on/off R Run program
H set Help level S run SpellStar (optional)
L change Logged disk X eXit to operating system
M run MailMerge (optional) Y delete file
N open a Non-document file
SPECIFICATIONS DOCUMENTATION PACKAGE

OPERATING ENVIRONMENT

Hardware Required

8080 or 8085 CPU

5Y4" or 8” Diskette drive

Printer

64K Bytes of memory

Console with absolute cursor addressing
Note: Intellec Series Il and IIl require iMDX-511

Optional hardware

Additional mass storage

Software Required
CP/M 2.2 operating system

Wordstar Training Guide
Wordstar Operator’s Guide

Wordstar General Information Manual
Wordstar Reference Manual
Wordstar Installation Manual

SUPPORT

Intel offers several levels of support for this product,
depending on the system configuration in which it is
used. Please consult the price list for a detailed
description of the support options available.

Intel software license is required.

ORDERING INFORMATION

Description

WordStar word processing software package for use under the CP/M operating system

Order Code

Shipping Media

SD111CPMB0ASU A—Single-density 8" diskette
SD111CPM80BSU B—Double-density 8" diskette
SD111CPM80FSU F—iPDS Format 5%" diskette

8-15
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MICROSOFT*
MULTIPLAN* SPREADSHEET

= Simplifies the design and use of very m Wide array of sophisticatéd functions
large spreadsheets, and multiple inter- to simplify formulas
related spreadsheets '

m Cells and areas can be named for
m Automatically updates subtotals, clarity

totals, percentages, growth curves, etc | ¢, reference and update several in-

» Can perform multiple iterations to terrelated spreadsheets at once

solve closed-loop problems = Simple to use, intuitive commands.

= Formulas automatically revised when Single keystroke command entry
reordering rows and columns in

. B “Windows” allow several portions of
displays

large sheets to be viewed at once
= Can be used in time, monetary, and in-

g a Contains the features of the most
ventory budgeting

popular spreadsheet programs, as well
as its contribution of new features

Multiplan is a productivity tool designed to help the user to analyze data in spreadsheet format. As an aid
to both business and personal needs, Multiplan is an extremely powerful modeling and planning tool.

Multiplan is easy to learn and use, yet its versatility is enhanced by the skill of the user. Multiplan allows
the user to operate in as intuitive a way as possible, and its widespread capabilities allow accomplish-
ment of a variety of tasks. Advanced users are unencumbered by snmpllfymg features, and have enough
power to satisfy their needs.

ACTIVE BORDERED

WINDOW #2
ﬂn 1 2 3 \

| — 2 3 4
—1 1
COLUMNS (1-63) 2 2 ‘
3 Sales $20000.00 3 $20000.00
4 4
5 Cost 5
6 Material $4000.00 6 $4000.00 .
7 Labor $7000.00 7 $7000.00 DOLLAR FORMAT
8 Overhead $4000.00 8
[ 22— 9 - .
10 Total Costs $15000.00 10 $ 1
ROWS (1-255)\ 1 1 w008
12 12
13 13
14 14
15 GrossProfits ~ $5000.00 15 $5000.00 P glﬁl-TLER
MENU SELECTION 16 16
~ 4 17
18 . 18
19
COMMAND LINE—{—— AOMMAND: ,Arpém Blank Copy Delete Edit Format Goto Help Inset Lock Move — STORAGE REMAINING
Name Options Print Quit Sort Transfer Value Window Xternal
Select option or type command letter
MESSAGE—" R10C3 SUM(R6:8C3) 95% Free TEMP SHEET NAME
AN
LOCATION AND CONTENTS/ .
OF ACTIVE CELL ABSOLUTE REFERENCE

Typical Multiplan Screen Display

The following are trademarks of Intel Corporation and its affiliates and may be used only to identify Intel products: BXP, CRED!T, i, iCE, iCS, im, Insite, Intg!, INTEL,
Intelevision, Intellink, Intellec, iIMMX, iOSP, iPDS, iRMX, iSBC, iSBX, Library Manager, MCS, MULTIMODULE, Megachassis. Micromainframe, MULTIBUS, Multichannel, Piug-A-
Bubble, PROMPT, Promware, RUPI, RMX/80, System 2000, UPI, and the combination of iCS, iRMX, iSBC, iSBX, ICE, I12ICE, MCS, or UPI and numerica! suffix. Intel Corporation
Assumes No Responsibility for the use of Any Circuitry Other Than Circuitry Embodied in an Intel product. No Other Patent Licenses are implied. & INTEL CORPORATION,
©INTEL CORPORATION, 1983 MAY 1983
*Microsoft & Multiplan are of Mi Corp. ORDER NUMBER:210767-002
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FEATURES

—Names can be used to express ‘cells”
(worksheet elements), or groups of ce!ls. These
names, in turn, can be used as parts of for-
mulas and commands. Named areas can be
combined in various ways for ease of use.

— A wide range of functions unique to Multiplan
is available in addition to the functions typical
to the most popular spreadsheet programs.
These functions allow the user to select win-
dows, sort data, draw from other worksheets,
and a number of other important operations.

—Expressions can be clarified by the use of
names as in ‘“PROFIT=SALES - COSTS"”
rather than “R12C1=R1C3 - R5C12".

—Active sheets can draw data automatically
from inactive ‘‘supporting” sheets through the
use of named cells and areas. This unique
feature allows the user to streamiine the pro-
cessing of data, and to generate an entire pad
full of interrelated spreadsheets.

— Muitiplan offers a worksheet size of up to 255
rows by 63 columns, a broad worksheet
simulator in which words, numbers, and for-
mulas may be entered into information cells.
Added to the access of data in inactive sheets,
this large sheet size allows the user to perform
very rigorous analyses in a minimum amount of
time.

— With Multiplan the user gains the capability to
plan against several different situations to
allow comparison of one set of circumstances
against another. A good example of this would
be the generation of several sheets, one based
on steady growth versus others based on
several potential problems. This way, con-
tingency planning will become less tedious and
more effective.

— By altering a single critical number, the impact
on other dependent numbers will be auto-
matically updated to help the user observe sen-
sitivities and interdependencies. This helps the
user to plan resources efficiently, and schedule
more effectively.

8-17

— Multiplan overcomes the limitations of paper
worksheets by allowing the user to instantly
move, insert, or delete entire rows or columns
of data. The remaining rows, columns, or free
space will expand or contract automatically as
necessary, thereby eliminating the costly. and
tiresome work of typing or hand-printing the
worksheet over and over.

—All commands can be invoked by a single
keystroke and selections are menu driven.
Multiplan even offers proposed responses to
commands, to encourage its use by even the
most unskilled user. Multiplan’s commands,
prompts, and messages, as well as the screen
and keyboard, communicate with each other
and the user directly and naturally to allow the
untrained user to accomplish objectives easily.

— A special edit area helps the user to make addi-
~ tions and deletions quickly and easily.

—Up to eight windows are available to allow
users to view different parts of a very large
worksheet simultaneously. The windows can
be aligned, scrolled together, opened, or closed
at will.

—An iteration option allows the simulation of
closed-loop problems involving mutually in-
terdependant formulas. The number of itera-
tions can be chosen, or iterations can continue
until a given constraint is met.

— Formulas can be moved frorﬁ one worksheet
location to another without having to be rewrit-
ten by the user.

— Reference to a particular cell need not be in
absolute terms, but can be expressed as a loca-
tion relative to other cells. A formula containing
this sort of relative reference may be copied
into other cells and will be automatically
changed to reflect its new position.

—The sheet display may be redesigned or format-
ted in various ways without affecting the data
stored in Multiplan. Thus, the same data can be
presented in different order in different reports
with a minimum of effort.
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Commands

The following is a brief list of commands available
under Multiplan. All of these commands are in-
voked by the single keystroke of their first letter
(i.e. “C” for Copy or “F” for Format) with the ex-
ception of eXternal, which is invoked by typing an
“X. .

Several of the commands offer a number of selec-
tions of operational modes, which are displayed
when the command is invoked. In order to choose
a mode, either press the TAB key until the cursor
rests over the selected mode, then hit RETURN, or
type the first letter of the selected mode, then hit
RETURN.

For more detailed descriptions of the commands,
please see the Multiplan User’'s Manual.

ALPHA

Replaces the contents of the active cell with a
character string. If the active cell already contains
a string, that string is the proposed response of
the command, so that it can be edited.

BLANK :

Deletes contents of all specified cells. Names are
not affected; if a cell was referred to by a name
before use of this command, that name will still
apply.

COPY

Presents a choice of three ways of copying the
contents of some cells into other cells. To
duplicate one cell across several to its right,
choose Right. To duplicate one cell across several

below it, choose Down. To copy any cell or cells to

any others, choose From.

DELETE

Presents a two-way choice to delete cells. To
delete a row or rows, choose R. To delete a col-
umn or columns, choose C. To blank out the cells,
use the Blank command.

EDIT

Makes contents of the active cell available for
editing. Place the cell pointer on the cell to be
edited and press E. The cell's contents are then

placed on the command line for modification. The
edit cursor is placed at the end of the current
contents rather than highlighting the whole

_command, as is done for other defaults. If the cell

contains a string, it is presented in double quotes.
After having edited the cell’s contents, press
RETURN to put the changed contents back in the
cell (or press ABORT to cancel any changes).

FORMAT

Presents a choice of three kinds of format adjust-
ment. To set a specific format for a cell or group of
cells, choose Cells. To set the width of a column
or columns, choose Width. To set the default
format—the format that applies wherever a
specific format hasn’t been set—choose Default.

GOTO

Presents a choice of ways to move the cell pointer
over the sheet. To display a specific row and col-
umn, choose Row-col. To display a named area,
choose Name. '

HELP

Provides helpful information about Multiplan.
When help is requested, the spreadsheet is
replaced by text from the HELP file and the HELP
command menu appears on the screen. Help is
available in the areas of Applications, Com-
mands, Editing, Formulas, and the Keyboard. The
spreadsheet display is reinstated when the
RESUME subcommand is entered.

INSERT

Presents a choice of ways to insert. new cells into
the sheet. To insert new rows choose Row. To
insert new columns choose Column.

LOCK ‘

Provides two ways to lock cells in protection
against accidental change. Either individual cells
or all cells containing formulas can be moved,
deleted, formatted or sorted after having been
locked, but their contents cannot be changed.

MOVE

Presents a choice of ways to move cells around
the sheet. To move whole rows, choose Row. To
move whole columns, choose Column.
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Table 1. Multiplan Commands

ALPHA
BLANK
COPY DOWN
COPY FROM
COPY RIGHT
DELETE COLUMN
DELETE ROW
EDIT
FORMAT CELLS
FORMAT WIDTH
FORMAT DEFAULT
CELLS
FORMAT DEFAULT
WIDTH
FORMAT OPTIONS
COMMAS
FORMAT OPTIONS
FORMULAS
GOTO ROW-COL
GOTO NAME
GOTO WINDOW
HELP APPLICATIONS
HELP COMMANDS
HELP EDITING
HELP FORMULAS
HELP KEYBOARD
HELP NEXT
HELP PREVIOUS
HELP RESUME
HELP START
INSERT COLUMN
INSERT ROW
LOCK CELLS
LOCK FORMULAS
MOVE COLUMN
MOVE ROW
NAME
OPTIONS

PRINT FILE
PRINT MARGINS
PRINT OPTIONS
PRINT PRINTER
QUIT

SORT

TRANSFER CLEAR
TRANSFER DELETE
TRANSFER LOAD
TRANSFER OPTIONS
TRANSFER RENAME
TRANSFER SAVE
VALUE ‘
WINDOW BORDER
WINDOW CLOSE
WINDOW LINK
WINDOW SPLIT
HORIZONTAL
WINDOW SPLIT
VERTICAL
WINDOW SPLIT
TITLES
XTERNAL COPY
XTERNAL LIST
XTERNAL USE

Ferrrt

I

|

I T T O O Y

I

Frirel

Replaces cell contents with a character string.

Clears cell contents.

Used to fill a column with identical values.

Duplicates one or a number of cells to another location.
Used to make a row of identical values.

Removes columns from the spreadsheet.

Removes rows from the spreadsheet.

Allows editing of the contents of a single cell.

Used to help align cells in a column.

Limits the width of all cells in a given column,

Sets formats for all previously unformatted cells.
Sets formats for all previously unformatted columns.
Displays numbers with commas separating every third digit.

Displays formulas instead of their values.

Moves the cell pointer to the specified row and column.

Moves the cell pointer to the named area.

Places the specified cell within the given window.

lllustrates solutions to a number of common problems.

Lists and describes all commands.

Describes Editing functions.

Gives Formula construction rules.

Explains special functions of the keyboard.

Gives the next screenful of HELP text.

Gives the previous screenful from HELP call.

Returns to the spreadsheet from HELP call.

Begins the HELP tutorial.

Used to add a column to an existing spreadsheet.

Used to add a row to an existing spreadsheet.

Protects the indicated cell from alteration.

Locks out alteration of all cells containing formulas or text.
Changes the order of the columns on the sheet.

Changes the order of the rows on the sheet.

Assigns a name to a cell or number of cells. .
Allows the user to disallow recalculation upon every change of a cell
value, to mute the audible alarm, or to enable the Iteration option.
Outputs the spreadsheet to a diskette file.

Sets up the margins on the printed output.

Aliows optional printing modes to be used.

Prints the spreadsheet on the system’s printer.

Ends the Multiplan session without saving the active sheet.

Sorts a range of rows to put values in a specified column into ascending
or descending numerical order.

Clears the active sheet.

Deletes the specified file.

Loads a sheet from the disk file.

Modifies the context of the following transfer operation.
Renames the active sheet.

Saves the active sheet on diskette.

Enters a value or formula into the active cell.

Changes the border of the specified window.

Removes a window from the screen.

Sets or breaks link for synchronized scrolling between windows.

Horizontally divides a window into two windows.
Vertically divides one window into two windows.

Divides one window into two or four which scroll together.
Copies data from an inactive sheet to the active sheet.

Displays the relationships between the active sheet and the other sheets.
Sets a substitute name for a supporting sheet.

AFN-00649B
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Commands (Continued)

NAME
Assigns a name to a cell or area of cells. The
name defined may then be used wherever a

reference to that cell or area is needed in a com- .

mand or formula.

OPTIONS
The Options command can be used to set and
reset various options provided with Multiplan.

The Recalc option controls how often Multiplan
performs formula calculations. If the option is on,
Multiplan recalculates ail formulas whenever a
cell is changed. If the option is off, recalculation
is done only when the Recalc control key is
pressed or during Transfer Save.

The Recalc option has an effect on how quickly
Multiplan finishes entering a new value in a cell.
The length of time Multiplan takes to recalculate
the sheet depends on how many cells are in use,
and on the complexity of the formulas in them.
When you want to make a number of entries on a
busy sheet, turn the Recalc option off to get the
quickest response. Turn it on again when you are
interested in seeing the effect of each change.

The Mute option silences Multiplan’s audible
alarm.

The lterate option gives the user a means of solv-
ing problems which involve circular or ‘“closed
loop" references. Whereas formulas which count
on each other's results(i.e, A= B+C,B = A+C)
are disallowed in other spreadsheet programs,
Multiplan - allows spreadsheets with such
references to be reiterated upon in an orderly
manner either unti! a maximum number of itera-
tions has been reached, or until a cell has reached
a predetermined value.

PRINT

Presents a choice of four actions related to print-
ing the active sheet. To begin printing, choose Go.
To put printabie output in a disk file, choose File.
To set the margins that will be used on the printed
output, choose Margins. To fix the part of the
worksheet to be printed, or to insert a control line
at the top of the output, choose Options.

QUIT
Ends the Multiplan session without saving the ac-

tive sheet. Multiplan requests confirmation; if it is
given, Multiplan terminates, returning control to
the computer operating system. The active sheet
is lost unless it has previously been saved.

SORT

Reorders the rows on the spreadsheet so that the
data in a specified column appears in ascending
or descending numerical order. The column to be
sorted may contain numbers, text, or other values,
and if such values are mixed, they are presented
in ascending order numerically, alphabetically
and by error value, after which any blank cells
follow.

TRANSFER
Offers a choice of five commands, which affect an
entire sheet.

To load a saved sheet, replacing the active sheet,
choose Load.

To save the active sheet in a disk file,_ choose
Save.

To give the active sheet a new name, choose

- Rename.
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To clear the active sheet, deleting all its contents,
and restoring all its default settings, choose
Clear.

To delete the disk copy of the active sheet,
choose Delete.

VALUE

This command is used to enter a formula or
number into the active cell. VALUE may either be
selected from the command menu or by typing a
numerical value, a mathematical symbol, or a left
parentheses.

WINDOW

Presents a choice of four things that can be done
with windows.

To open a new window by splitting the active win-
dow horizontally or vertically, or to open a window
used strictly for titles, choose Split.

To close a window by removing it from the screen,
choose Close.

To synchron’ize scrolling of windows, choose Link.
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To move a window to a particular part of the sheet,
choose Home.

To add or remove a decorative border around a
window, choose Border.

XTERNAL

Presents a choice of actions relating to the use of
data from other sheets in the formulas of the
active sheet.

To copy data, or blocks of data from an inactive
spreadsheet to the active sheet, choose Copy.

To display the relationships between the active
sheet and other sheets, showing which sheets
support (provide values for) the active one and
which sheets depend on (use values from) the
active sheet, choose List.

To assign a substitute name for an inactive sheet,

specify Use.

Table 2. Multiplan Functions

Returns value specified after “THEN" if argument is true, or the “ELSE” specified

ABS ~— Calculates the absolute value of an argument.
AND — True if, and only if, all values are true; otherwise returns false.
ATAN — Gives the arctangent of an argument.
AVERAGE — Returns the average of all cells referenced by up to 5 arguments.
COLUMN  — Gives the current column number.
CcOos — Calculates an argument’s cosine.
COUNT — Finds the number of cells fitting the referenced criteria.
DOLLAR — Formats numbers as dollar amounts.
EXP — This is the inverse natural logarithm of the argument.
FALSE — Returns the logical false value.
FIXED — Rounds the first argument to the precision specified by the second.
IF -
value if false.
INDEX — Returns the value of the cell in a named area offset by an index value.
INT — Truncates the argument’s fractional part.
ISERROR — Returns true if, and only if, the argument is an error value.
ISNA — Returns true if, and only if, the argument is an #N/A value.
LEN — Gives the number of characters in the argument’s string.
LN — Calculates the natural logarithm of its argument.
LOG10 — Returns the common logarithm of its argument.
LOOKUP — Used to search for dependent variables in a iookup table.
MAX — Finds the largest numeric value in an area of cells.
" MID — Produces the middle characters of a string.
MIN — Finds the smallest numeric value in an area of cells.
MOD — Gives the remainder of the integer division of the two arguments.
NA — Returns the #N/A value.
NOT — Gives the logical inverse of the argument. -
NPV — Calculates the net present value of a constant annuity.
OR — True if, and only if, any of the arguments are true; otherwise returns a false.
PI — Returns Pi (3.14159...).
REPT — Forms a string consisting of a repeated substring.
ROUND — Rounds the first argument to the precision specified by the second.
ROW — Gives the current row number.
SIGN — Performs the Signum function on the argument.
SIN — Returns the sine of the argument.
SQRT — Calculates the square root of the argument.
STDEV — Calculates the standard deviation of the arguments.
SumMm — Adds the sum of all cells in a specified area.
TAN — Calculates the tangent of the argument.
TRUE — Returns the logical true value.
VALUE — Used to extract numbers from strings.
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BENEFITS

Unlike other spreadsheet programs, Mulitiplan
allows the user to create and view as many as
" eight different windows within the screen display
area. Complete control is allowed over each win-
dow, allowing windows without borders, and the
freezing and scrolling of title columns and rows.

Muitiplan allows formulas to describe the con-
tents of any cell. Formulas are written in a method
similar to standard programming languages, and
are evaluated according to priority of functions, a
unique feature among spreadsheet programs.
Parentheses are allowed to clarify the order of
calculation. Formulas can use a string of
characters as a variable name, and variables may
be either numerical data, or strings of characters
which may be manipulated to concatenate words
and phrases. These are all unusually powerful and
intuitively easy-to-learn features many of which
are unique to Multiplan.

Muiltiplan gives the user an unusual amount of
flexibility in rearranging the format or layout of a
spreadsheet with its three forms of addressing:
absolute, relative, or symbolic (by name). Any of
the three can be combined in any order to produce
the exact results needed in any case.

One of the features that sets Multiplan apart from

other spreadsheet programs is the ability to name

all cells. The NAME command allows the naming
of single cells, an area of cells of any shape, or
even a list of unconnected areas of cells. That

MICROSOFT MULTIPLAN SPREADSHEET

name can then be used in functions, or even as a
response in a command. NAME also allows the
user to review all cell names in their proper posi-
tion on the screen in order to reduce confusion.

Multiplan commands can be entered by single
letters on the command lines, after which the pro-
gram will fill in the rest of the command. This
speeds the user through complex operations
without leaving any doubt about their functions.
Versatile commands handle not only single data
cells, rows, or columns as do other spreadsheet
programs, but these commands allow Multiplan
to move multiple rows or columns, or insert,
delete, or handle any rectangular area. All relative
references are automatically adjusted to account
for these changes.

Multiplan automatically updates ail entries
affected by a change in a single cell, without re-
quiring the user to command it to do so. This
feature allows the user to fiddle with numbers and
test for sensitivities and trouble spots.

Another unique benefit of Multiplan is its ability
to employ values from one sheet in the formulas
of another. This ‘“sheet linkage” can be used to
construct a hierarchy of worksheets, with detailed
worksheets feeding their totals to a summary
worksheet. When a detail sheet is updated and
saved on diskette, the dependent summary sheet
will be automatically updated the next time it is
loaded.

SPECIFICATIONS

Operating Environment
REQUIRED HARDWARE:

Multiplan requires a minimum system which con-

tains at least:

- 64K bytes of RAM

- 8080/8085 CPU

- Console with absolute cursor positioning
- One Diskette drive

OPTIONAL HARDWARE:
- Line printer

REQUIRED SOFTWARE:
- CPIM* Operating System

*CPIM is a registered trademark of Digital Research, Inc.

Documentation Package
Multiplan users manual

Shipping Media
(Specify by Alphabetical Character when order-
ing)

A - Single density IBM 3740/1 compatible 8"
diskette

B - Double density IBM 3740/1 compatible 8”
diskette

F - iPDS™ compatibie 5-1/4” diskette

AFN-006498
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ORDERING INFORMATION

Order Code Shipping Media
SD109CPMB0A A—Single-density 8" diskette
SD109CPM80B B—Double-density 8” diskette
SD109CPMBOF F—iPDS Format 5% diskette
SUPPORT

Intel offers several levels of support for this pro-
duct, depending on the system configuration in
which it is used. Please consult the price list fora
detailed description of the support options
available.

Product Description

Multiplan spreadsheet program
for use under CP/M* on 8080/8085
based small computers.
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