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iSBC 80/04
SINGLE BOARD COMPUTER

m 8085A CPU used as central proces'sor
m 256 bytes of static read/write memory

m Sockets for 4K bytes of erasable
reprogrammable read only memory

a 22 programmable parallel I/O lines with
sockets for interchangeable line drivers
and terminators

m Optimized for stand-alone applications
with provisions for on-board + 5V
regulator, heat sink, and mounting
holes for attachment to user’s
equipment

m Programmable 14-bit binary timer

m TTL serial /O interface with hole
patterns for RS232C line drivers and
receivers

m Four-level vectored interrupt
m Upward compatibility with iSBC 80/05

= Single + 5V power supply

The iSBC 80/04 Single Board Computer is a member of Intel’s complete line of OEM .computer systems which take full
advantage of Intel’s LS| technology to provide economical, self-contained computer-based solutions for OEM applica-
tions. The iSBC 80/04 is a complete computer system on a single 6.75 x 7.85-inch printed circuit card. The CPU, system
clock, read/write memory, nonvolatile read only memory, I/O ports and drivers, serial interface, priority interrupt logic,

and programmable timer all reside on the board.

»
»
»
-
» o
»
»
»




iSBC 80/04

FUNCTIONAL DESCRIPTION

Intel’'s powerful 8-bit n-channel 8085A CPU, fabricated on .

a single LS| chip, is the central processor for the iSBC
80/04. The 8085A CPU is directly software compatible
with the popular intel 8080A CPU. The 8085A contains six
8-bit general purpose registers and an accumulator. The
six general purpose registers may be addressed individ-
ually or in pairs, providing both single and double preci-
sion operators. Minimum on-board instruction execu-
tion time is 2.03 microseconds. A block diagram of iISBC
80/04 functional components is shown in Figure 1.

Memory‘ Addressing

The 8085A CPU has a 16-bit program counter which
allows addressing of up to 65,536 bytes of memory. An
external stack, located within any portion of iISBC 80/04
read/write memory, may be used as a last-in/first-out
storage area for the contents of the program counter,
flags, accumulator, and all of the six general purpose
registers. A 16-bit stack pointer controls the addressing
of this external stack. This stack provides subroutine
nesting bounded only by memory size.

Memory Capacity

The iSBC 80/04 contains 256 bytes of read/write memory
'using the Intel 8155 RAM/IO/Timer. Two sockets for up
to 4K bytes of nonvolatile read only memory are pro-
vided on the board. Read only memory may be added in
2K-byte increments using Intel 2716 erasable and elec-
trically reprogrammable ROMs (EPROMSs) or Intel 2316E
masked ROMs. Optionally, if only 2K bytes are required,
- read only memory may be added in 1K-byte increments
using Intel 2708 EPROMSs or Intel 2608 masked ROMs.

Parallel I/O Interface

The iSBC 80/04 contains 22 programmable parallel |/O
lines implemented using the 1/0 ports of the Intel 8155

RAM/IO/Timer. The system software is used to con-
figure the /O lines in any combination of unidirectional
input or output ports as indicated in Table 1. The /O in-
terface may, therefore, be customized to meet specific
peripheral requirements. In order to take full advantage
of the large number of possible 1/0 configurations,
sockets are provided for interchangeable |/O line drivers
and terminators. Hence, the flexibility of the l/O inter-
face is further enhanced by the capability of selecting
the appropriate combination of optional line drivers and
terminators to provide the required sink current, polar-
ity, and drive/termination characteristics for. each appli-
cation. The 22 programmable 1/O lines and signal ground
lines are brought out to a 50-pin edge connector that
mates with flat, woven, or round cable.

Stand-Alone Applications

The iSBC 80/04 is designed to be a cost-effective solu-
tion for applications' requiring ‘a self-contained com-
puter on a single board without the need for external
memory or I/O options. In order to help minimize power
supply cost in small systems, the iSBC 80/04 includes
provision for an on-board + 5V regulator allowing unreg-
ulated voltage to be connected directly on the board.
Regulated DC voltages are applied to the board through
two 12-pin edge connectors which mate with flat,
woven, or round cables. The iSBC 80/04 also includes
pins that will accept MOLEX-type. connectors for con-
nection of regulated DC voltages. Mounting holes are
provided in the corners of the iSBC 80/04 board which
permit direct attachment to'the user's equipment,
thereby eliminating the need for cardcage and back-
plane.

Compatibility with iSBC 80/05

The iISBC 80/04 is fully upward compatible with the iSBC
80/05 Single Board Computer. Pin assignments for
parallel 1/0, serial I/0, and regulated DC voltages are

 22PROGRAMMABLE
1/O LINES

DRIVER/TERMINATOR
INTERFACE
(SOCKETS)

21/0 INTERRUPT
REQUEST LINES

EXTERNAL
INTERRUPT : SERIAL
REQUEST 1/0 INTERFACE
LINE (TTL LEVELS)

1/0 INTERFACE
(RS232C LEVELS)

RS232C DRIVERS
AND RECEIVERS
{SOCKETS)

]

8085
cPu

256 X8
1o

RAM :
MEMORY PORTS

TIMER
aK <8
ROM/EPROM
MEMORY
(SOCKETS)

. _INTERRUPT
REQUEST LINE

i ADDRESS/DATA LINES

CONTROL LINES

Figure 1. iSBC Block Diagram Showing Functional Components
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Table 1. Input/Output Port Modes of Operation
Mode of Operation
Unidirectional
Port Lines Input Output Control
t .
(aty) Unlatched Latched & Latched Latched &
nlatche Strobed atene Strobed
1 8 X X X X
2 8 X X X X
3 3 X X ) X1
4 3 X X X2
Notes

1. Port 3 must be used as a control port when port 1is used as a latched and strobed input or a latched and strobed output port.

2. Port 4 must be used as a control port when port 2 is used as a latched and strobed input or a latched and strobed output port.

indentical to those of the iSBC 80/05. Additionally, soft-
ware developed for the iSBC 80/04 will execute directly
in the iISBC 80/05. In addition to the iSBC 80/04 features,
the iSBC 80/05 contains a total of 512 bytes of read/write
memory, allows for expansion of memory and /O
capacity, and provides full MULTIBUS arbitration con-
trol for multimaster applications.

Programmable Timer

The iSBC 80/04 provides a fully programmable binary
14-bit interval timer utilizing the Intel 8155
RAM/IO/Timer. The systems designer simply configures
the time via software to meet system requirements.
Whenever a given timer delay is needed, software com-
mands to the programmable timer select the desired
functions. Four functions are available as shown in
Table 2. The contents of the timer counter may be read
at any time during system operation.

Table 2. Programmable Timer Functions

Function Operation

Programmable
pulse

Timer out goes low during the sec-
ond half of count. Therefore, the
count loaded in the count.length
register should be twice the pulse
width desired.

Timer out remains high until one-
half the count has been completed,
and goes low for the other half of the
count. The count length is auto-
matically reloaded when  terminal
count is reached. .

Square wave
rate generator

Divide by ‘N counter. A’ repetitive
timer out low pulse is generated and
new timeout initiated every time ter-
minal count is reached.

Rate generator

Programmable
strobe

A single low pulse is generated upon
reaching terminal count. This func-
tion is extremely useful for genera-

tion of real-time clocks.

Serial /0 Interface

The iSBC 80/04 prvides serial I/0 capability through the
serial input data (SID) and serial output data (SOD) func-
tions of the Intel 8085A CPU. These functions are con-
trolled exclusively by software through execution of the
8085A RIM and SIM instructions. The baud rate for the
serial 1/0 interface is determined by the system time
available for execution of serial /0O support software.
Hence, the maximum baud rate supported by the iSBC
80/04 is solely dependent on the overall system real-
time software requirements. Serial /O signals are TTL
compatible, and hole patterns are provided on the board
for optional installation of RS232C line drivers and
receivers.

Interrupt Capability

The iSBC 80/04 takes advantage of the powerful inter-
rupt processing capability of the 8085A CPU. Interrupt
requests are routed to four interrupt inputs of the 8085A
CPU (i.e., TRAP, RST 7.5, RST 6.5, and RST 5.5 in order of
priority, TRAP highest), and each input generates a
unique memory address (i.e., TRAP: 264¢, RST 7.5: 3C+g,
RST 6.5: 3445, RST 5.5: 2C+). A single 8085A jump in-
struction at each of these addresses then provides
linkage to locate each interrupt service routine in-
dependently anywhere in memory. All interrupt inputs
with the exception of one (TRAP) may be masked via
software. The trap interrupt should be used for condi-
tions such as power-down sequences which require at-
tention by the 8085A CPU.

Interrupt Generation — The iSBC 80/04 accepts inter-
rupts from four sources. An interrupt is automatically
generated by the programmable interval timer/event
counter upon completion of the selected function. Two
interrupts are automatically generated by the I/O ports
section of the 8155 when ports 1 or 2 of the 8155 are pro-
grammed to operate in the.““latched and strobed” mode
(see Table.1). The fourth interrupt source is available to
the userand should be used to inform the 8085A CPU of
catastrophic errors such as power failure. This user-
defined source:is connected to the trap input of the
8085A CPU.
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Systems Development Capability

The development cycle of the iSBC 80/04-based prod-
ucts may be significantly reduced using an Intellec
microcomputer development system. The resident
macroassembler, text editor, and system monitor
greatly simplify the design, development, and debug of

iSBC 80/04 system software. An optional diskette oper- -

ating system provides a relocating macroassembler, a
relocating loader and linkage editor, and a library mana-
ger. A unique in-circuit emulator (ICE-85). option pro-
vides the capability of developing and debugging soft-
ware directly on the iSBC 80/04.

Programming Capability

PL/M-80 — Intel’s high level programming language,
PUM, is also available as a resident Intellec microcom-
puter development system option. PL/M provides the

capability to program in a natural, algorithmic language
and eliminates the need to manage register usage or
allocate memory. PL/IM programs can be written in a
much shorter time than assembly language programs
for a given application.

FORTRAN:80 — For applications requiring computa-
tional and formatted /O capabilities, the high level
FORTRAN-80 programming language is also available
as a resident option of the Intellec system. The FOR-
TRAN compiler produces relocatable object code that
may be easily linked with PLUM or assembly language
program modules. This gives the user a wide flexibility
in developing software.

SPECIFICATIONS

Word Size

Instruction — 8, 16, or 24 bits
Data — 8 bits

Cycle Time ‘
Basic Instruction Cycle — 2.03 us, +0.1% -
Note

Basic instruction cycI‘e is defined as the fastest instruction (i.e., four
clock cycles).

Memory Addressing

ROM/EPROM — 0-0FFF
RAM — 3F00y .

Memory Capaclty
ROM/EPROM — 4K bytes (sockets only)
RAM — 256 bytes

110 Addressing
On-Board Programming /0 — see Table 1

8155 Timer | 8155 Timer
Port 8155 8155 | 8155 | 8155
Control | Port1 |Port2| 3 &4 | Ports Low-Ordgr High-Order
Byte Byte. :
Address 00 01 02 03 04 05

110 .éapacity

Parallel — 22 programmable lines (see Table 1)

Serial Communications Characteristics

SID and SOD functions of the 8085 CPU are used for
serial I/0. Controlled by software through RIM and SIM
instructions of the 8085A CPU. Baud rate determined by
system time available for serial /0 handling: On-board
timer may be used to greatly ease serial /O timing re-
quirements.

Interrupts

Four-level interrupt routed to 8085 CPU interrupt inputs.
Each interrupt automatically vectors the processor to a
unique memory location.

Interrupt | Memory T
Condition Input Address Priority .. yp»e-
User-defined TRAP 244 Highest .| Non-maskable
Timer RST 7.5 3C1p ¢ Maskable
/0 Port 2 RST 6.5 3446 Maskable
110 Port 1 RST 6.5 2Cqp Lowest | Maskable
Timer

Input Frequency Reference — 122.88 kHz +0.1% (B 14
us period nominal)

Output FrequenciesITiming Intervals

Function Timer/Counter ‘
Min Max
Programmable pulse " 8.14 us 66.67'ms
- Square wave rate generator 7.50 Hz 61.44 kHz
Rate generator 7.50 Hz 61.44 kHz
Programmable strobe 8.14 us 133.33 ms

Interfaces

Parallel 110 — All signals TTL compatlble

Interrupt Request — All TTL compatible (active-low)
Serial 110 — TTL; hole patterns available for user instal-
lation of RS232C line drivers and receivers

System Clock (8085 CPU)
1.966 MHz +0.1%
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Connectors
Pins Center
Interface (no.) (in.) Mating Connectors’
Molex 09-66-1071
Connector
Molex 09-50-7071
7 Connector
+5V, 5+\-I12V single- | 0.156
sided AMP 871946
Connector
AMP 3-87025-4
Connector
Molex 09-66-1071
Connector
Molex 09-50-7071
7 Connector
Voltages | +5V, —12V3 | single- | 0.156
sided AMP 871946
Connector
AMP 3-87025-4
Connector
Molex 09-66-1021
Connector
Molex 09-50-7021
2 Connector
U""*f;'\'fted single- | 0.156
sided
AMP 89194-1
Connector
. AMP 2-87025:5
Connector
50
Parallel /0 double- 0.1 3M 3415-000
N (flat cable)
sided
Molex 09-66-1071
Connector
Molex 09-50-7071
7 Connector
Serial 1/0 single- | 0.156
ended AMP 871946
Connector
AMP 3-87025-4
Connector

Notes

1. Connectors and pins from a given vendor may only be used with con-

nectors and pins from the same vendor.

2. A single 86-contact edge-on connector may be used to connect the
two groups of regulated voltages (i.e., +5V, +12V, -5V, and +5V,
—12v).

3. Required only when RS232C line drivers and receivers are used.

Line Drivers and Terminators

/0 Drivers — The following line drivers are all compati-
ble with the I/O driver sockets on the iSBC 80/04:

Driver Characteristic Sink Current (mA)
7438 1,0C 48
7437 | 48
7432 NI 16
7426 1,0C 16
7409 NI,0C 16
7408 NI 16
7403 1,0C 16
7400 | 16
Note

I = inverting; NI = non-inverting; OC = open collector.

1/0 Terminators — Intel provides 2202/330% divider and
1 kQ pull-up resistive terminator packs for termination
of /0 lines programmed as inputs. These options are as
follows:

220Q

+5V VWA
330Q

22052/3309_L VA 0 ISBC 901 OPTION
1kQ

1kQ +5V VA —o0 ISBC 902 OPTION

RS232C Drivers and Receivers
The following RS232C drivers and receivers are compati-
ble with the RS232C socket on the iSBC 80/04:

RS232C Driver — National DS1488 or TI SN75188
RS232C Receiver — National DS1490 or TI SN75189

Sockets

Sockets may be installed in the hole patterns provided
for the RS232C drivers and receivers. The following
sockets are compatible with the iSBC 80/04: TI
C93-14-02 and SCANBE US-2-14-160-N-B.

Compatible Voltage Regulator

National LM 323 — 3A, 5V Positive Regulator
Fairchild uA7805 KM — 1A, 5V Positive Regulator

Compatible Heat Sink

IERC — LA Series or
AAVID Engineering, Inc. — ‘Series 5051

Physical Characteristics
Width — 7.85 in. (19.94 cm)
Height — 6.75 in. (17.15 cm)
Depth — 0.50 in. (1.27 cm) -
Weight — 6.0 oz (169.9 gm)
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Figure 2. iSBC 80/04 Dimensions

Electrical Characteristics
DC Power Requirements

Without With2716 | With 2708
Voltage 3
(£5%) PROM1 EPROMZ | EPROM

(max) (max) (max)

Voo= +5V icc=600mA | 1.45A 1250

Vpp=+12v4 Ipp=0 7 maS 137 mA

vgg= -5V 4 Igg=0 0 90 mA

Vaa= -12v5 IAA=0 23 mAS 23 mAS

Notes

1. Does not include power required for optional EPROM/ROM, I/O )
drivers, and I/O terminators.

2. With two Intel 2716 EPROMs and 220Q/330% terminators installed
for 22 input ports; all terminator inputs low.

3. With two Intel 2708 EPROMs and 2209/330Q terminators installed
for 22 input ports; all terminator inputs low.

4. Required for 2708 EPROMSs.

5. Required only when RS232C capability required.

Environmental Characteristics
Operating Temperature — 0°C to +55°C

Reference Manual

9800482-02 - iSBC 80/04 Hardware Reference Manual
(NOT SUPPLIED)

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
SBC 80/04

Description
Single Board Computer



intal

iSBC 80/05 or (pSBC 80/05*)
SINGLE BOARD COMPUTER

m 8085A CPU used as central processor
m 512 bytes of static read/write memory

m Sockets for 4K bytes of erasable
reprogrammable or masked read only
memory

m 22 programmable parallel I/O lines with
sockets for interchangeable line drivers
and terminators

m Full MULTIBUS control logic allowing
up to 16 masters to share system bus

m Programmable 14-bit binary timer

m TTL serial I/0 interface with sockets for
RS232C line drivers and receivers

= Four-level vectored interrupt

m Fully compatible with optional iSBC
expansion boards and peripherals

= Single + 5V power supply

The iSBC 80/05 Single Board Computer is a member of Intel’'s complete line of OEM computer systems which take full
advantage of Intel’s LSI technology to provide economical, self-contained computer-based solutions for OEM applica-
tions. The iSBC 80/05 is a complete computer system on a single 6.75 x 12.00-inch printed circuit card. The CPU,
system clock, read/write memory, nonvolatile read only memory, I/O ports and drivers, serial interface, priority inter-
rupt logic, programmable timer, MULTIBUS control logic, and bus expansion buffers all reside on the board.

N
.
.

*Same product, manufactured by Intel Puerto Rico, Inc.
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FUNCTIONAL DESCRIPTION

Intel’s powerful 8-bit n-channel 8085 CPU, fabricated on
a single LSI chip, is the central processor for the iSBC

80/05. The 8085A CPU is directly. software compatible -
with the popular Intel 8080A CPU. The 8085A contains six. -

8-bit general purpose registers and an accumulator. The
six general purpose registers may be addressed individ-
ually or in pairs, providing both single and double preci-
sion operators. Minimum ‘on-board instruction execu-
tion time is 2.03 microseconds. A block diagram of iISBC
80/05 functional components is shown in Figure 1.

Memory Addressing

The 8085A CPU has a 16-bit program counter which
allows direct addressing of up to 65,536 bytes of mem-
ory. An external stack, located within any portion of
read/write memory, may be used as a last-in/first-out
storage area for the contents of the program' counter,
flags, accumulator, and all- of the-six general purpose
registers. A 16-bit stack pointer controls the addressing
of this external stack. This stack provides subroutlne
nesting bounded only by memory size.. -

,Memory Capacity
The iSBC 80/05 contains 512 bytes of readlwnte memory

using Intel’s low power static RAMs. Two sockets forup -

to 4K bytes of nonvolatile read only memory -are pro-
vided on the board. Read only memory may be added in
2K-byte increments using Intel 2716 erasable and elec-
trically reprogrammable ROMs (EPROMs) or Intel 2316E
masked ROMs. Optionally, if only 2K bytes are required,
read only memory may be added in 1K-byte increments
using Intel 2708 EPROMs or Intel 2608 masked ROMs.

Parallel 1/O Interface

The iSBC 80/05 contains 22 programmable parallel 1/0
lines implemented using the 1/0 ports of the Intel 8155

RAM/IO/Timer. The system. software is used to.con-

figure the I/O lines in any combination of unidirectional
input or output ports as indicated in Table 1. The I/O in-

._terface may, therefore, be customized to meet specific
* peripheral requirements. In order to take full advantage
+ of the large number: of possible I/0 configurations,

sockets are provided for interchangeable I/O line drivers
and terminators. Hence the flexibility of the I/O interface
is further enhanced by the capability of selecting the ap-
propriate combination of optional linedrivers and ter-
minators to provide the required sink current, polarity,
and drive/términation characteristics for each applica-
tion. The 22 programmable I/O lines and signal ground
lines are’brought out to a 40-pin ‘édge connector that
mates with flat, woven, or round cable.

Multimaster Capability

The iSBC 8085A is a full computer on a single board with
resources capable of supporting a great variety of OEM
system requirements. For those applications requiring
additional  processing capacity and the benefits of
multiprocessmg (i.e., several ‘CPUs andior -controllers
logically share systems tasks with communication.over
the system bus), the iSBC 80/05 provides full MULTIBUS
arbitration control logic. This control logic allows up to
three bus masters (i.e., any combination of iSBC 80/05,
ISBC 80/20-4, DMA controller, diskette controller, etc.) to
share the system bus in serial (da|sy chaln) priority
fashion, and up to 16'masters may share the’ MULTIBUS
with the addition of an external priority network. The
MULTIBUS arbitration logic operates synchronously
with a MULTIBUS clock (provided by the iSBC 80/05 or
optionally connected directly to the MULTIBUS clock)
while data is transferred via a handshake between the
master and slave modules. This allows different speed
controllers to share resources on the same bus, and for
transfers via the bus to proceed asynchronously. Thus,
transfer speed is dependent on transmitting and receiv-
ing devices only. This design prevents slow master

modules from beung handlcapped in their attempts to
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Table 1. Input/Output Modes of Operation

Mode of Operation
Li Unidirectional
Port (:]r:;)s Input Output Control
Latched & Latched &
Unlatched Strobed Latched Strobed
1 8 X X X X
2 8 X X X X
3 3 X X X1
4 3 X X X2
Notes

1. Port 3 must be used as a control port when port 1is used as a latched and strobed input or a latched and strobed output port.
2. Port 4 must be used as a control port when port 2 is used as a latched and strobed input or a latched and strobed output port.

gain control of the bus, but does not restrict the speed
at which faster modules can transfer data via the same
bus. The most obvious applications for the master-slave
capabilities of the bus are multiprocessor configura-
tions, high speed direct-memory-access (DMA) opera-
tions and high speed peripheral control, but are by no
means limited to these three.

Programmable Timer .

The iSBC 80/05 provides a-fully programmable binary
14-bit interval timer utilizing the Intel 8155 RAM/IO/
Timer. The system designer simply configures the timer
via software to meet system requirements. Whenever a
given time delay is needed, software commands to the
programmable timer select the desired function. Four
functions are available as shown in Table 2. The con-
tents of the timer counter may be read at any time dur-
ing system operation.

Serial I/O Interface

The iSBC 80/05 provides serial I/0 capability through the
serial input data (SID) and serial output data (SOD) func-
tions“of the Intel 8085A CPU. These functions are con-
trolled exculsively by software through execution of the
8085A RIM and SIM instructions. The baud rate for the
serial /O interface is determined by the system time
available for execution of serial I/O support software.
Hence, the maximum baud rate supported by the iSBC
80/05 is solely dependent on the overall system real-
time software requirements. Serial 1/0 signals are TTL
compatible and sockets are provided on the board for
optional connection of RS232C line drivers and receivers.

’

Interrupt Capability

The iSBC 80/05 takes advantage of the powerful inter-
rupt processing capability of the 8085A CPU. Interrupt
requests are routed to the four interrupt inputs of the
8085A CPU (i.e., TRAP, RST 7.5, RST 6.5, and RST 5.5 in
order of priority, TRAP highest), and each input gener-
ates a unique memory address (i.e., TRAP: 24,6, RST 7.5:
3C+6, RST 6.5: 3446, RST 5.5: 2C+g). A single 8085A jump

Table 2. Programmable Timer Functions

Function Operation

Programmable
pulse

Timer out goes low during the
second half of count. Therefore, the
count loaded in the count length
register should be twice the pulse
width desired.

Timer out will remain high until one-
half the count has been completed,
and go low for the other half of the
count. The count length is auto-
matically reloaded when terminal
count is reached.

Square wave
rate generator

Rate generator| Divide by N counter. A repetitive
timer out low pulse is generated and
new timeout initiated every time ter-

minal count is reached.

A single low puise is generated upon
reaching terminal count. This func-
tion is extremely useful for genera-
tion of real-time clocks.

Programmable
strobe

instruction at each of these addresses then provides
linkage to locate each interrupt service routine indepen-
dently anywhere in memory. All interrupt inputs with the
exception of one (TRAP) may be masked via software.
The trap interrupt should be used for conditions such as
power-down sequences which require immediate atten-
tion by the 8085A CPU.

Expansion Capabilities

Memory and I/O capacity may be expanded and addi-
tional functions added using Intel MULTIBUS compati-
ble expansion boards. High speed integer and floating-
point arithmetic capabilities may be added by using the
iSBC 310 High Speed Mathematics Unit. Memory may
be expanded to 65,536 bytes by adding user specified
combinations of RAM boards, EPROM boards, or com-
binations boards. Input/output capacity may beincreased
by adding digital /0O and analog I/O.expansion boards.
Mass storage capability may be achieved by adding sin-




iSBC 80/05

gle or double density diskette controllers as subsys:
tems. Modular expandable backplanes and cardcages
are avialable to support multiboard systems.

Systems Development Capability

The development cycle of iISBC 80/05-based products
may be significantly reduced using an Intellec micro-
computer development system. The resident macro-
assembler, text editor, and system monitor greatly
simplify the design, development, and debug of iSBC
80/05 system software. An optional diskette operating
system provides a relocating macroassembler, a relo-
cating loader and linkage editior, and a library manager.

A unique in-circuit emulator (ICE-85) option provides the
capability of developing and debugging software direct-
ly on the iSBC 80/05.

Programming Capability

PL/M-80 — Intel's high level programming language,
PL/M, is also available as a resident Intellec microcom-
puter development system option. PLUM provides the
capability to program in a natural, algorithmic language
and eliminates the need to manage register usage or
allocate memory. PL/M programs can be written in a
much shorter time than assembly language programs
for a given application.

SPECIFICATIONS

Word Size
Instruction — 8, 16, or 24 bits
Data — 8 bits

Cycle Time
Basic Instruction Cycle — 2.03 us, =0. 1%

Note

Basic' instruction cycle is defined as the fastest instruction (i.e., four
clock cycles). .

Memory Addressing
ROM/EPROM — 0- OFFFH
RAM — 3E004

Memory Capacity

On-Board ROM/EPROM — 4K bytes (with Intel 2716) or
2K bytes (with Intel 2708)

On-Board RAM — 512 bytes

Off-Board Expansion — Up to 65,536 bytes in user
specified combination of RAM, ROM, and PROM

1/0 Addressing
On-Board Programmable /0 — see Table 1

Control | Port1 | Port2 384 Port Byte Byte
Address 00 01 02 03 04 05

1/0 Capacity
Parallel — 22 programmable lines (see Table 1)

Note

The iSBC 80/05 may be expanded_.to 1102 programmable input/output
lines by using optional iSBC 80 I/O boards.

Serial Communications Charact_eristics

SID and SOD functions of the 8085A CPU are used for
serlal 1/0. They are controlled by software through RIM

1410

and SIM-instructions of the 8085A CPU. Baud rate is
determined by system time available for serial I/O handl-
ing. On-board timer may be used to greatly ease serlal
1/0 timing requirements.

Interrupts

Four-level interrupt routed to 8085A CPU interruptinputs.
Each interrupt automatically vectors the processor to a
unique memory location.

Interrupt Memory i T
Input * Address Priority ype
TRAP 244¢ Highest Non-maskable
RST 7.5 3C1p ¢ Maskable
RST 6.5 3446 Maskable
RST 5.5 2C1p Lowest Maskable
Timer

Input Frequency Reference — 122.88 kHz +0.1% (8 14
us period nominal)
Output Frequencies/Timing Intervals

Function Timer/Counter
Min Max
Programmable pulse 8.14 us 66.67 ms
Square wave rate generator 7.50Hz 61.44 kHz
Rate generator 7.50 Hz 61.44 kHz
Programmable strobe 8.14 us 133.33 ms

Interfaces

Bus — All signals TTL compatible

Parallel /0 — All signals TTL compatible

Interrupt Request — All TTL compatible (active-low)
Serial 10 — TTL; sockets available for RS232C ‘line
drivers and receivers

System Clock (8085A CPU)
1.966 MHz = 0.1%
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Lines Centers
Interface Mating Connector
(aty) (in) 9
Bus 86 double-sided 0.156 Viking 2KH43/9AMK12
Parallel I/0 | 50 double-sided 0.100 3M 3415-000
Molex 09-66-1071
Connector
Molex 09-50-7071
1 Connector
Serial IO 7 single-sided 0.156
AMP 87194-6°
Connector
AMP 3-87025-4
Connector
Note

1. Connectors and pins from one vendor may only be used with connec-

tors and pins from the same vendor.

Line Drivers and Terminators

110 Drivers — The following line drivers are all compati-
ble with the 1/O driver sockets on the iSBC 80/05:

Driver Characteristic Sink Current (mA)
7438 1,0C 48

7437 I 48 .

7432 NI 16

7426 1,0C 16

7409 NI,0C 16

7408 NI 16

7403 1,0C - 16

7400 1 16

Note

| = inverting; NI = non-inverting; OC = open collector.

1/0 Terminators — Intel provides 220Q/330% divider and
1 kQ pull-up resistive terminator packs for termination
of I/0 lines programmed as inputs. These options are as
follows:

+5V l

220913309 O ISBC 901 OPTION

1kQ +5V M

- 0 ISBC 902 OPTION

Bus Drivers

Driver Characteristic Sink Current (mA)
Data Tri-state 50
Address Tri-state 50
Commands Tri-stc'e 32

RS232C Drivers and Receivers
The following RS232C drivers and receivers are compati-
ble with the RS232C socket on the iSBC 80/05:

RS232C Driver — National DS1488 or TI SN75188
RS232C Receiver — National DS1490 or TI SN75189

Physical Characteristics
Width — 12.00 in. (30.49 cm)
Height — 6.75 in. (17.15 cm)
Depth — 0.50 in. (1.27 cm)
Weight — 12.0 0z (339.8 gm)

Electrical Characteristics
DC Power Requirements

Without With2716 | With8708
Voltage 1 2 | 3
(£5%) PROM EPROM: EPROM
(max) (max) (max)
Veg= +5V Icc=180mA | 265A 2.45A
Vpp= +12v4 Ipp=0 7 maS 137’ mA
vgg= -5V 4 Igg=0 0 90'mA
Vaa= - 12v5 1AA=0 23 maS 23 mAS

Notes

1. Does not inciude power required for optional EPROM/ROM, 110
drivers, and I/O terminators.

2. With two Intel 2716 EPROMs and 220$/330% terminators installed
for 22 input ports; all terminator inputs low.

3. With two Intel 2708 EPROMs and 2202/330% terminators installed
for 22 input ports; all terminator inputs low.

4. Required for 2708 EPROMs.

5. Required only when RS232C capability required.

Environmental Characteristics
Operating Temperature — 0°C to +55°C.-

‘Reference Manual =~

9800483D — iSBC 80/05',Hardv‘vare Referehce Manual

(NOT SUPPLIED)

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
SBC 80/05

Description
Single Board Computer



intgl

iSBC 80/10B or (pSBC 80/10B*)
SINGLE BOARD COMPUTER

= Upward compatible with iSBC 80/10A
Single Board Computer

m 8080A CPU used as central processing
unit : '

m One iSBX bus socket for iSBX
MULTIMODULE board expansion

m 1K byte of read/write memory with
sockets for expansion up to 4K bytes

m Sockets for up to 16K bytes of read only
memory

m 48 programmable parallel 1/O lines with
sockets for interchangeable line drivers
and terminators

m Programmable synchronous/asynchro-
nous communications interface with
selectable RS232C or teletypewriter
compatibility

m Single level interrupt with 11 interrupt
sources

m Auxiliary power bus and power-fail
interrupt control logic for RAM battery
backup

= 1.04-millisecond interval timer

m Limited master MULTIBUS interface

The Intel® iSBC 80/10B board is a member of Intel's complete line of OEM microcomputer systems which
take full advantage of Intel’s LS| technology. to provide economical, self-contained computer-based
solutions for OEM applications. The iSBC 80/10B board is a complete computer system on a single 6.75 x
12.00-inch printed circuit card. The CPU, system clock, iSBX bus interface, read/write memory, read only
memory sockets, 1/0 ports and drivers, serial communications interface, bus control logic, and drivers all

reside on the board.

r
-
b
4
>
-,

*Same product, manufactured by Intel Puerto Rico, inc.
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FUNCTIONAL DESCRIPTION

Intel's powerful 8-bit n-channel MOS 8080A CPU,
fabricated on a single LS| chip, is the central
processor for the iSBC 80/10B board. The 8080A
contains six 8-bit general purpose registers and an
accumulator. The six general purpose registers
may be addressed individually orin pairs, providing
both single and double precision operators. A block
diagram of iSBC 80/10B board functional compo-
nents is shown in Figure 1.

iSBX Bus MULTIMODULE Board
Expansion

The new iSBX bus interface brings an entirely new
dimension to system design. offering incremental

on-board expansion with small iSBX boards. One
iSBX bus connector interface is provided to
accomplish plug-in expansion with any iSBX
MULTIMODULE board. iSBX boards are available
to provide expansion equivalent to the I/0 available
on the iISBC 80/10B board or the user may configure
entirely new functionality such as math directly on-
board. The iSBX 350 programmable I/0 MULTI-
MODULE board provides 24 1/0 lines using an
8255A programmable peripheral interface:. There-
fore, the iISBX 350 module together with the iISBC
80/10B board may-offer-72.lines of programmable
1/0. Alternately, a serial port may be added using
the iSBX 351 serial I/0 multimodule board or math
may be configured on-board. with the iSBX 332
floating point math MULTIMODULE board.
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F'i'gure‘1. iSBC 80/10B Single Board Computer Block Diagram
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The iSBX board is ‘a logical extension of the on-
board programmable 1/O and is accessed by the
iSBC 80/10B single board computer as common
1/0 port locations. The iSBX board is coupled
directly to' the 8080A CPU and therefore becomes
an integral element of the iSBC 80/10B single board
computer providing optimum performance.

Memory Addressing

The 8080A has a 16-bit program counter which
allows direct addressing of up to 64K bytes of
“memory. An external stack, located within any
portion of read/write memory, may be used as a
last-in/first-out storage area for the contents of the
program counter, flags, accumulator, and all of the
six general purpose registers. A 16-bit stack pointer
controls the addressing of this external stack. This
stack provides subroutine nesting bounded only by
memory size.

Memory Capacity

‘The iSBC 80/10B board contains 1K bytes of
read/write static memory. In addition, sockets for
up to 4K bytes: of RAM memory are provided on
board. Read/write memory may be added.in 1K
byte increments using two 1Kx4 Intel 2114A-5 static
RAMs. All on-board RAM read and write operations
are performed at maximum processor speed.
Sockets for up to 16K bytes of nonvolatile read-
only-memory are provided on the board. Read-
only-memory may be added in 1K byte increments
up to 4K bytes (using Intel 2708, 2758, or 2608); in

2K byte increments up to 8K bytes (using Intel 2716
or 2316A); or in 4K byte increments up to 16K bytes
(using Intel 2732). All on-board ROM or EPROM
read operations are performed at maxnmum proces-
sor speed.

Parallel 1/0 Interface

The iSBC 80/10B board contains 48 programmable
parallel 1/0 lines implemented using two Intel
8255A programmable peripheral interfaces. The
system software is used to configure the I/O lines in
any combination of unidirectional input/output,
and bidirectional ports indicated in Table 1. There-
fore, the 1/0O interface may be customized to meet
specific peripheral requirements. In order to take
full advantage of the large number of possible 1/0O
configurations, sockets are provided for inter-
changeable I/0 line drivers and terminators. Hence,
the flexibility of the 1/0 interface is further enhanced
by the capability of selecting the appropriate
combination of optional line drivers and terminators
to provide the required sink current, polarity, and
drive/termination characteristics for each appli-
cation. The 48 programmable |/O lines and signal
ground lines are brought out to two 50-pin edge

" connectors that mate with flat cable or round cable.

Serial 1/0 Interface

A programmable communications interface using
the Intel® 8251A Universal Synchronous/Asyn-
chronous Receiver/Transmitter (USART) is con-
tained on the board. A jumper selectable baud rate

Table 1. InputIOutput Port Modes of Operation

Mode of Operation
Unidirectional
Port I(.::;)s Input Output Bidirectional Control
Unlalched L;::::: d& Latched L;':::: d&

1 8 X X X X X
2 8 X X X X
3 8 X X X!
4 8 X X
5 8 X X
6 4 X X

4 X X

Notes

Port 3 must be used as a control port when either port 1 or port 2are used as a latched and strobed input or a latched and strobed output

port or port 1 is used as a bidirectional port.

1-14
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generator provides the USART with all common
communications frequencies. The USART can be
programmed by the system software to select the
desired synchronous or asynchronous serial data
transmission technique (including IBM Bi-Sync).
The mode of operation (i.e., synchronous or asyn-
chronous), data format, control character format
and parity are all under program control. The 8251A
provides full duplex, double-buffered transmit and
receive capability. Parity, overrun, and framing
error detection are all incorporated in the USART.
The inclusion of jumper selectable TTY or RS232C
compatible interfaces on the board, in conjunction
with the USART, provides a direct interface to
teletypes, CRTs, RS232C compatible cassettes, and
asynchronous and synchronous modems. The
RS232C or TTY command lines, serial data lines,
and signal ground lines are brought out to a 26-pin
edge connector that mates with RS232C compat-
ible flat or round cable.

Interrupt Capability

Interrupt requests may originate from 11 sources.
Two jumper selectable interrupt requests can be
automatically generated by the programmable
peripheral interface when a byte of information is
ready to be transferred to the CPU (i.e., input buffer
is full) or a byte of information has been transferred
to a peripheral device (i.e., output.buffer is empty).
Three jumper selectable interrupt requests can be
automatically generated by the USART when a
character is ready to be transferred to the CPU (i.e.,
receive channel buffer is full), a character is ready
to be transmitted (i.e., the USART is ready to accept
a character from the CPU), or when the transmitter
is empty (i.e., the USART has no character to
transmit). These five interrupt request lines are all
maskable under program control. Two-interrupt
request lines may be interfaced directly to user
designated peripheral devices; one via the MULTI-
BUS system bus and the other via the I/0 edge
connector. One jumper selectable interrupt request
.may be interfaced to the power-fail interrupt
control logic. One jumper selectable interrupt
request may originated from the interval timer. Two
general purpose interrupt requests are jumper
selectable from the iSBX interface. These two
signals permit a user installed MULTIMODULE
board to interrupt the 8080A CPU. The eleven
interrupt request lines share a single CPU interrupt
level. When an interrupt request is recognized, a
restart instruction (RESTART 7) is generated. The
processor responds by suspending program execu-
tion and executing a user defined interrupt service
routine originating at location 381e.
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Power-Fail Control

A power-fail interrupt may be detected through the
AC-low signal generated by the power supply. This
signal may be configured to interrupt the 8080A
CPU to initiate an orderly power down instruction
sequence.

Interval Timer

A 1.04 millisecond timer is available for interval
interrupts or as a clock output to the parallel 1/0
connector. The timer output is jumper selectable to
the programmable parallel interface, the parallel
1/0 connector (J1), or directly to the 8080A CPU.

MULTIBUS System Expansion
Capabilities

Memory and I/O capacity may be expanded and
additional functions added using Intel MULTIBUS™
system compatible expansion boards. Memory may
be expanded to 65,536 bytes by adding user speci-
fied combinations of RAM boards, EPROM boards,
or combination boards. Input/output capacity may
be increased by adding digital I/0 and analog 1/0
expansion boards. In addition, the iSBC 80/10B
board performs as a limited bus master in that it
must occupy the lowest priority when used with
other MULTIBUS masters. The bus master may
take control of the MULTIBUS system bus by halt-
ing the iISBC 80/10B board program execution. Mass
storage capability may be achieved by adding single
density diskette, double density diskette, or hard
disk controllers. Modular expandable backplanes
and cardcages are available to support multiboard
systems.

Real-Time Software

The RMX/80 executive, which contains all major
real-time facilities including priority-based system
resource allocation, intertask communication and
control, interrupt driven control for standard 1/0
devices, and interrupt handling, occupies 2K bytes
of memory which can be stored on-board in
EPROM. Optional linkable and relocatable modules
for console control (CRT or TTY), disk file system,
and analog subsystems are provided with the
RMX/80 package. User configurability is aided on
the Intellec microcomputer development system by
the Interactive Configuration Utility program
provided with the RMX/80 package.

System Development Capability

The development cycle of iSBC 80/10B-based
products may be significantly reduced using Intel's

- system development tools available today. The
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Intellec Series Il family of compatible microcom-
puter development systems provides a range of
capability from a low cost disk-based edit debug
workstation to a high performance, fully compatible
hard-disk-based software development system.
Also, a unique in-circuit emulator (ICE-80) option
provides the capability of developing and debug-
ging software directly on the iSBC 80/10B board.

Programmlng Capablllty

‘PL/M-80 — Intel's high Ievel programmmg lan-
guage, PL/M, is also available as a resident Intellec
microcomputer development system option. PL/M
provides the capability to program.in a natural,
algorithmic language and eliminates the need to
manage register usage or allocate memory. PL/M
programs. can -be written in.a much shorter time
than assembly :language programs for a grven
application. i

FORTRAN-80 —= For applications requiring compu-
tational and formatted /O ‘capabilities, the ANSI 77
standard high level FORTRAN-80 programming
language - is available as a resident option of the
Intellec sysfem; The FORTRAN compiler-produces

relocatable object code that:may be easily linked
with PL/M.or assembly language program modules.
In addition, the iSBC 801 FORTRAN-80 run-time
package is a.complete, ready-to-use set of linkable
object modules which are fully compatible with

"RMX/80 systems. The modules, when combined
‘with the FORTRAN-80 coded application, provide

the appropriate ‘interfaces to the disk file and
terminal 1/0 of RMX/80, and to the iSBC 310 Math

“Unit for applrcations requiring high speed math

BASIC-80 — A hlgh level language interpreter is
available with extended disk capabilities which
operates under.the RMX/80 Real-Time Multitasking
Executlve and translates BASIC-80 source programs
into an internally executable form. This language
interpreter, provided as a set of linkable object
modules, is ideally suited to the OEM who requires
a pass through programming language. The BASIC-80
programs may be created, stored, and interpreted
on the iSBC 80 based systems using the iSBC 802
BASIC-80 Configurable RMX/80 Disk-Based Inter-
preter. The iSBC 802 Interpreter has a complete
ready-to-use set of linkable object modules which
are fully compatible with Intel’'s: RMX/80 Real-Time
Multitasking Executive Software. The modules

_provide interfaces to disk file and terminal 1/0,

'software floating point, or mterface to other

routines provided by the user.

-SPECIFICATIONS

Word Size -
Instruction — 8; 16, or 24 blts
Data — 8 bits

Cycle Time

Basic Instruction Cycle — 1.95. usec

Note S

Basic instruction cycle is defined as the fastest instruction (i:e.,
four clock cycles).

Memory Addressing

On-Board ROM/EPROM
0-OFFF using 2708, 2758
0-1FFF using 2716, 2316E
0-3FFF usmg 2732 ‘

On Board RAM .
- -3C00-3FFF with no RAM expansion -
3000-3FFF wrth 2114A 5 expansnon
Note

All RAM confrguratnons are automatncally moved up to a base
address of 4XXX when configuring EPROM for 2732.

Memory Capacity
On-Board ROM/EPROM
16K bytes (sockets only) -

b

On-Board RAM :
1K byte with user expansion in 1K increments
to 4K bytes using Intel 2114A-5 RAMs

Off Board Expansuon
Up to 64K bytes using user specmed combina-
tions of RAM, ROM, and EPROM.

I/0 Addressing

‘On-Board Programmable I/O

; 110
Device Address
8255A No. 1
© Port A E4
Port B E5
Port C _E6
Control ‘E7
8255A No. 2
Port A E8
Port B* " E9
Port. C EA
Control; EB
' 8251A
‘Data - EC
Control ED
iSBX Multimodule
MCS0 - FO-F7
MCs1 F8-FF
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1/0 Capacity

Parallel — 48 programmable lines

Serial — 1 transmit, 1 receive

MULTIMODULE — 1 iSBX Bus MULTIMODULE
Board

Serial Baud Rates

Baud Rate (Hz)
Freq y (kHz)
(Jumper Selectable) Synchronous Asynchronous
(Program Selectable)

+16 + 64

307.2 - 19200 4800
153.6 - 9600 2400
76.8 — 4800 1200

38.4 38400 2400 600

19.2 19200 1200 300

9.6 9600 600 150

6.98 6980 — 110

4.8 4800 300 75

Serial Communications Characteristics
Synchronous — 5-8 bit characters; internal or ex-
ternal character synchronization; automatic sync
insertion

Asynchronous — 5-8 bit characters; break charac-
ter generation; 1, 1'%, or 2 stop bits; false start bit
detectors

Interrupts

Single-level with on-board logic that automatically
vectors the processor to location 38H using a re-
start instruction (RESTART?7). Interrupt requests
may originate from user specified 1/0 (2); the pro-
grammable peripheral interface (2); the iSBX MUL-
TIMODULE board (2); the programmable commu-
nications interface (3); the power fail interrupt (1);
or the interval timer (1).

Electrical Characteristics

DC Power Requirements

Interfaces

MULTIBUS — All signals TTL compatible
iSBX Bus — All signals TTL compatible
Parallel 1/0 — All signals TTL compatible

Serial 1/0 — RS232C or a 20 mil current loop TTY
interface (jumper selectable)

Interrupt Requests — All TTL compatible (active-
low)

Clocks
System Clock — 2.048 MHz + 0.1%
Interval Timer — 1.042 msec + 0.1% (959.5 HZ)

Connectors
Double-Sided
Interface Pins Centers Mating Connectors
(in)
(qty)

MULTIBUS 86 0.156 Viqug 2KH43/9AMK12
System Wire-wrap
iSBX Bus 36 0.1 iSBX 960-5
Parallel 110 (2) 50 0.1 3M 3415-000 Flat
Serial 110 26 0.1 AMP 871946 Flat’

Physical Characteristics
Width — 12.00 in. (30.48 cm)
Height — 6.75 in. (17.15 cm)
Depth — 0.05 in. (1.27 cm)

Weight — 14 oz. (484.4 gm)

With 2708 EPROM?

With 2758, 2716,
or 2732 EPROM

Power Down Requirements
(RAM and Support Circuit)

Voltage Without EPROM’
Vee = +5V 5% I%cc = 2.0A 31A
Vpp = +12V 5% lpp = 150 mA 400 mA
Ves = —5V 5% leg = 2 mA 200 mA
Vaa = —12V +5% laa = 175 mA 175 mA

346 A 84 mA + 140 mA/K (2114A-5)
150 mA Not Required
2 mA Not Required
175 mA Not Required

NOTES:

1. Does not include power required for optional ROM/EPROM, 1/O drivers, or I/O terminators.
2. With four Intel 2708 EPROMS and 2200/330Q for terminators, installed for 48 input lines. All terminator inputs low.

3. Same as #2 except with four 2758s, 2716s, or 2732s installed.

4. Icc shown without RAM supply current. For 2114A-5 add 140 mA per K byte to a maximum of 560 mA.
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Line Drivers and Terminators

MULTIBUS Drivers

1/0 Drivers — The following line drivers and termi- 2
nators are all compatible with the 1/0 driver sockets Function Characterlstic Sink Current (mA)
on the iSBC 80/10B Board: Data Tri-State 2% )
Address Tri-State 25
Driver Characteristic Sink Current (mA) Commands Tri-State 25
" 7438 1,0C 48
7437 1 48
7432 NI 16
7426 1,0C 16 . s
7408 NLOG 18 Environmental Characteristics
7408 NI 16 Operating Temperature — 0°C to 55°C
7403 1,0C 16
7400 I 16 i
Note

| - inverting, NI - non-inverting, OC - open collector.

Port 1 has 25 nA totem pole drivers and 1 kQ termi-

nators. : , .
1/0 Terminators — 2200/330Q divider or 1 kQ pull
up.
+5 MV
2200
zzm/mn-[ ;\:';:) $BC 801 OPTIAN
i 1kQ
1k4 +5 AN/

SBC 902 OPTION

Equipment Supplied
iSBC 80/10B Single Board Computer
iSBC 80/10B. Schematics

Reference Manual ,
9803119-01 — iSBC 80/10B Single Board Computer
Hardware Reference Manual (NOT SUPPLIED).

Manuals may be ordered from any Intel sales repre-
sentative, distributor office or from Intel Literature.
Department, 3065 Bowers Avenue, Santa Clara,
California 95051.

ORDERING. INFORMATION

Part Number
SBC 80/10B

Descﬂption
Single Board Computer
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iSBC 80/20-4 or (pSBC80/20-4*)
SINGLE BOARD COMPUTER

m 8080A CPU used as central processor
m 4K bytes of static read/write memory

m Sockets for up to 8K bytes of erasable
reprogrammable or masked read only
memory

m 48 programmable parallel /O lines with
sockets for interchangeable line drivers
and terminators

= Programmable synchronous/asynchro-
nous RS232C compatible serial
interface with fully software selectable
baud rate generation

m Full MULTIBUS control logic allowing
up to 16 masters to share system bus

= Two programmable 16-bit BCD and
binary timers '

m Eight-level programmable interrupt
control

m Compatible with optional memory and
/0 expansion boards

u Auxiliary power bus, memory protect,
and power-fail interrupt control logic
provided for battery backup RAM
requirements

The iSBC 80/20-4 Single Board Computer is a member of Intel's complete line of OEM computer systems which take
full advantage of Intel’'s LS| technology to provide economical, self-contained computer-based solutions for OEM
applications. Each iSBC 80/20-4 is a complete computer system on a single 6.75 x 12.00-inch printed circuit card. The
CPU, system clock, read/write memory, nonvolatile read only memory, /O ports and drivers, serial communications
interface, priority interrupt logic, two programmable timers, MULTIBUS control logic, and bus expansion drivers all
reside on each board. '

*Same product, manufactured by Intel Puerto Rico, Inc.
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FUNCTIONAL DESCRIPTION

Intel's powerful 8-bit n-channel MOS 8080A CPU, fabri-
cated on a single LSI chip, is the central processor for
the iSBC 80/20-4. The 8080A contains six 8-bit general
purpose registers and an accumulator. The six general
purpose registers may be addressed individually or in
pairs, providing both single and double precision opera-
tors. Minimum instruction execution time is 1.86 micro-
seconds. A block diagram of iSBC 80/20-4 functional
components is shown in Figure 1. )

Memory Addressing

The 8080A has a 16-bit program counter which allows
direct addressing of up to 65,536 bytes of memory. An
external stack, located within any portion of read/write
memory, may be used as a last-in/first-out storage area
"for the contents of the program counter, flags, accumu-
lator, and all of the six general purpose registers. A
16-bit stack pointer controls the addressing of this
external stack. This stack provides subroutine nesting
bounded only by memory size.

Memory Capacity

The iSBC 80/20-4 contains 4K bytes of static read/write
memory using Intel low power static RAMs. All on-board
RAM read and write operations are performed at maxi-
mum processor speed. Power for on-board RAM mem-
ory is provided on an auxiliary power bus, and memory
protect logic is included for battery backup RAM re-
quirements. Sockets for up to 8K bytes .of nonvolatile
read only memory are provided on the board. Read only

memory may be added in 1K-byte increments using Intel
2708 erasable and electrically reprogrammable ROMs
(EPROMSs) or Intel 2608 ROMs, or read only memory may
be added in 2K-byte increments using Intel 2716
EPROMSs or Intel 2316E masked ROMs. All on-board
ROM read operations are performed at maximum proc-
essor speed.

Parallel 1/0 Interface

The iSBC 80/20:4 contains 48 programmable parallel /0
lines implemented using two Intel 8255 programmable
peripheral interfaces. The system software is used. to
configure the 1/O lines in any combination of the uni-
directional ‘input/output, and bidirectional ports ‘indi-
cated in Table 1. Therefore, the I/O interface may be
customized to meet specified peripheral requirements.
In order to take full advantage of the large number of
possible /0 configurations, sockets are provided for in-
terchangeable /O line drivers and terminators. Hence,
the flexibility of the I/O interface is further enhanced by
the capability of selecting the appropriate combination
of optional line drivers and terminators to provide the
required sink current, polarity, and drive/termination
characteristics for ‘each application. The 48 program-
mable I/0 lines and signal ground lines-are brought out
to two 50-pin edge connectors that mate with flat,
woven, or round cable. v

Serial 1/O Interface
. A programmable communications ‘interface using

Intel’s 8251 Universal Synchronous/Asynchronous Re-
ceiver/Transmitter (USART) is contained on the iSBC

RS232C
COMPATIBLE
DEVICE

CONTROL

USER DESIGNATED
PERIPHERALS
48 PROGRAMMABLE
N PARALLEL 1 O LINES
SERIAL -

DATA .
INTERFACE INTERFACE
DRIVER
RS232C TERMINATOR
INTERFACE 8 INTERRUPT INTERFACE
. REQUEST
: LINES
2 INTERRUPT .. | PROGRAM
REQUEST LINES MABLE
-:'> INTER O OO [Cumper seLecTABLE
PROGRAMMABLE [~ 1 B | - <
COMMUNICATIONS: ; 2
aKx8 - TROLLER PROGRAMMABLE
ROMIPROM 4K x 8 (SBC 80/20-4) PROGRAMMABLE | - INTERFACE . B PROGRAMMABL E TIMERS
MEMORY BAUD RATE f—ef (USART) 8080A CPU _ | = 4INTERRUPT] = PERIPHERAL
MEMORY GENERATOR . : - 3 REQUEST INTERFACE
(SOCKETS) . . LINES _

LADDR ESS BUS

T . J_I'

DATA BUS

CONTROL BUS .

} 8 INTERRUPT T
REQUEST LINES o
MULTI MASTER [~ ADDRESS BUS sac b
BUS -
ARBITRATION [~ DATABUS SysTem
Logic | contrOL BUS .

Figure 1. iSBC 80/20 and iSBC 80/20-4 Block Diagram Showing Functional Components
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80/20-4 board. A software selectable baud rate generator
provides the USART with all common communications
frequencies. The USART can be programmed by the sys-
tem software to select the desired asynchronous or syn-
chronous serial data transmission technique (including
IBM Bi-Sync). The mode of operation (i.e., synchronous
or asynchronous), data format, control character parity,
and baud rate are all under program control. The 8251
provides full duplex, double-buffered transmit and
receive capability. Parity, overrun, and framing error de-
tection are all incorporated in the USART. The RS232C
compatible interface on each board, in conjunction with
the USART, provides a direct interface to RS232C com-
patible terminals, cassettes, and asynchronous and syn-
chronous modems. The RS232C command lines, serial
data lines, and signal ground line are brought out to a
26-pin edge connector that mates with RS232C compati-
ble flat or round cable. The iSBC 530 Teletypewriter
Adapter provides an optically isolated interface for
those systems requiring a 20 mA current loop. The iSBC
530 may be used to interface the iSBC 80/20-4 to.tele-
typewriters or other 20 mA current loop equipment.

Multimaster Capability

The iSBC 80/20-4 is a full computer on a single board
with resources capable of supporting the majority of
OEM system requirements. For those applications re-
quiring additional processing capacity and the benefits
of multiprocessing (i.e., several CPUs and/or controllers
logically share system tasks with communication over
the system bus), the iISBC 80/20-4 provides full MULTI-
BUS arbitration control logic. This control logic allows
up to three iSBC 80/20-4 or high speed controllers to
share the system bus in serial (daisy chain) priority
fashion, and up to 16 masters may share the system bus

with the addition of an-external priority network. Once
bus control is attained, a bus bandwidth of up to 5M
bytes/sec may be achieved.

The bus controller provides its own clock which is
derived independently from the processor clock. This
allows different speed controllers to share resources on
the same bus, and transfers via the bus proceed asyn-
chronously. Thus, transfer speed is dependent on trans-
mitting and receiving devices only. This design prevents
slow master modules from being handicapped in their
attempts to gain control of the bus, but does not restrict
the speed at which faster modules can transfer data via
the same bus. Once a bus request is granted, single or
multiple read/write transfers can proceed at a maximum
rate of 5 million data words per second. The most obvi-
ous applications for the master-slave capabilities of the
bus are multiprccessor configurations, high speed
direct-memory-access (DMA) operations and high speed
peripheral control, but are by no means limited to these
three.

Prograinméble Timers

The iSBC 80/20-4 board provides three fully program-
mable and independent BCD and binary 16-bit interval
timers/event counters utilizing- an Intel 8253 Program-
mable Interval Timer. Two of these timers/counters are
available to the systems designer to generate accurate
time intervals under software control. Routing of these
counters is jumper selectable. Each may be independ-
ently routed to the programmable interrupt controller,
the I/O line drivers and terminators, or outputs from the
8255 programmable peripheral interfaces. The third in-
terval timer in the 8253 provides the programmable baud

Table 1. Input/Output Port Modes of Operation

' Mode of Operation
Unidirectional ) .
Port t::;)s Input Output Bidirectional Control
Unlatched » VLgttf:;g d& Latched Lg:‘:::: d&
8 X <X X X X
8 X X X X
4 X X X!
4 X X x!
4 8 X X X X X
8 X X X X
4 X X X2
4 X X x2
Notes

1. Part of port 3 must be used as a control port when either port 1 or port 2 are used as a latched and strobed input or a latched and strobed output

port or port 1 is used as a bidirectional port.

2. Part of port 6 must be usedras_ a control port when either port 4 or port 5 are used as a latched and strobed input or a latched and strobed output

port or port 4 is used as a bidirectional port.
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rate generator for the iSBC 80/20-4 RS232C USART
serial port. In utilizing the iSBC 80/20-4, the systems
designer simply configures, via software, each timer in-
dependently to meet system requirements. Whenever a
given time delay or count is needed, software com-
mands to the programmable timers/event counters
select the desired function. Seven functions are avail-
able, as shown in Table 2. The contents of each counter
may be read at any time during system operation with
simple read operations for event counting applications,
and special commands are included so that the con-
tents of each counter can be used ‘‘on the fly".

Tablé 2. Programmhble Timer Functions .

Function

Operation

Interrupt on
terminal count

Programmable
one-shot

Rate
generator

Square-wave
rate generator

When terminal count is reached, an’

interrupt request is generated. This
function- is extremely useful for
generation of real-time clocks.

Output goes low upon receipt of an
external trigger edge or software
command and returns high when
terminal count is reached. This
function is retriggerable.

Divide by N counter. The output will
go low for one input clock cycle,
and the period-from one low-going
pulse to the next is N times the in-
put clock period. '

Output will remain high until one-
half the count has been completed,
and go low for the other half of the
count.

Output remains high until software

is retriggerable.

On a jumper selectable basis, the
clock input becomes an input from
the external system. CPU may read
the number of events occurring
after the counting “window” has
been enabled or an interrupt may be
generated after N events occur in.
the system.

Event counter

Interrupt Capability

Operation and Priority Assignments — An Intel 8259
Programmable Interrupt Controller (PIC) provides vec-
toring for eight interrupt levels. As shown in Table 3, a
selection of four priority processing modes is available
to the systems designer so that the manner in which
requests are processed may be configured to match
system requirements. Operating mode and priority

Software

triggered loads count (N). N counts after

strobe count is loaded, output goes low for
one input clock period.

Hardware Output goes low for one clock

triggered period N counts after rising edge on

strobe counter trigger input. The counter

assignments may be reconfigured dynamically via soft-
ware at any time during system operation. The PIC
accepts interrupt requests from the programmable
parallel and serial 1/O interfaces, the programmable
timers, the system bus, or directly from peripheral
equipment. The PIC then determines which of the
incoming requests is of the highest priority, determines
whether this request is of higher priority than the level
currently being serviced, and if appropriate, issues an
interrupt to the CPU. Any combination of interrupt levels
may be masked through storage via software, of a single
byte to the interrupt register of the PIC.

Table 3. Programmable Interrupt Modes

Mode Operation
Fully lntei’rupt request line priorities fixed at 0
nested as highest, 7 as lowest.

Auto- Equal priority. Each level, after receiving
rotating | service, becomes the lowest priority level
until the next interrupt occurs.

Specific [ System software assigns lowest priority
priority | level. Priority of all other levels based in

sequence numerically on this assignment.
Polled System software examines priority-en-
~coded system interrupt status via inter-

rupt status register.

Interrupt Addressing — The PIC generates a unique
memory address for each interrupt level. These addres:
ses are equally spaced at intervals of 4 or 8 (software
selectable) -bytes. This 32- or 64-byte block may be
located to begin at any 32: or 64-byte boundary in the
65,536-byte memory space. A single 8080 jump instruc-
tion at each of these addressed then provides linkage to
locate each interrupt service routine independently any-
where in memory. )

Interrupt Request Generation — Interrupt requests may
originate from 26 sources. Four jumper selectable inter-
rupt requets can be automatically generated by the pro-
grammable peripheral interface when a byte of informa-
tion is ready to be transferred to the CPU (i.e., input buf-
fer is full) or a byte of information has been transferred
to a peripheral device (i.e., output buffer is empty). Two
jumper selectable interrupt requests can be automatic-
ally generated by the USART when a character is ready
to be transfer to the CPU (i.e., receive channel buffer is
full), or a character is ready to be transmitted (i.e., trans-
mit channel data buffer is empty). A jumper selectable
request can be generated by each of the programmable
timers. Nine additional interrupt request lines are avail-
able to the user for direct interface to user designated
peripheral devices via the system bus, and eight inter-
rupt request lines may be jumper routed directly from
peripherals via the parallel I/O driver/terminator section.

Power-Fail Control — Control logic is also included for
generation of a power-fail interrupt which works in con-
junction with the AC-low signal from iSBC 635 Power
Supply or equivalent. )
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Expansion Capabilities

Memory and /O capacity may be expanded and addi-
tional functions added using Intel MULTIBUS compati-
ble expansion boards. High speed integer and floating-
point arithmetic capabilities may be added by using the
iSBC 310 High Speed Mathematics Unit. Memory may
be expanded to 65,536 bytes by adding user specified
combinations of RAM boards, EPROM boards, or com-
bination boards. Input/output capacity may be increased
by adding digital /O and analog /O expansion boards.
Mass storage capability may be achieved by adding
single or double density diskette controllers as subsys-
tems. Modular expandable backplanes and cardcages
are available to support multiboard systems.

Real-Time Software

The iSBC 80/20-4 is totally compatible with Intel’'s RMX/
80 Real-Time Multi-Tasking Executive. iSBC 80/20-4
based user programs (tasks) can take advantage of the
RMX/80 executive to do all necessary scheduling, inter-
task ccommunication, and memory space allocation.
RMX/80 also provides standard 1/O support software
such as disk file handling, Intel analog board handling,
and terminal handling.

System Development Capability

The development cycle of iISBC 80/20-4 based products
may be significantly reduced using an Intellec micro-
computer development system. The resident macro-
assembler, text editor, and system monitor greatly
simplify the design, development, and debug of iSBC
80/20-4 system software. An optional diskette operating
system provides a relocating macroassembler, a re-
locating loader and linkage editor, and a library
manager. A unique in-circuit emulator (ICE-80) option
provides the capability of developing and debugging

software directly on the iSBC 80/20-4 single board com-
puter.

Programming Capability

PL/M-80 — Intel's high level programming language,
PL/M, is also available as a resident Intellec microcom-
puter development system option. PUM provides the
capability to program in a natural, algorithmic language
and eliminates the need to manage register usage or
allocate memory. PLUM programs can be written in a
much shorter time than assembly langauge programs
for a given application.

FORTRAN-80 — For applications requiring computa-
tional and formatted 1/0 capabilities, the high level
FORTRAN-80 programming language is also available
as a resident option of the Intellec system. The FOR-
TRAN compiler produces relocatable object code that
may be easily linked with PLUM or assembly language
program modules. This gives the-user a wide flexibility
in developing software.

BASIC-80 — A high level language interpreter with
extended disk capabilities which operates under the
RMX/80 Real-Time Multi-Tasking Executive and trans-
lates BASIC-80 source programs into an internally exe-
cutable form. This language interpreter, provided as a
set of linkable object modules, is ideally suited to the
OEM who requires a pass through programming lan-
guage. The BASIC-80 programs may be created, stored
and interpreted on the iSBC 80 based system. The
BASIC-80 language has a rich complement of state-
ments, functions, and commands to program applica-
tions requiring a full range of 1) string manipulation and
disk I/O for data processing, 2) single and double preci-
sion floating point and array handling for numeric analy-
sis, or 3) port /0 with mask operations controlled
through bit-wise Boolean logical operators.

SPECIFICATIONS

Word Size

Instruction — 8, 16, or 24 bits
Data — 8 bits

Cycle Time

Basic Instruction Cycle — 1.86 us

Note
Basic instruction cycle is defined as the fastest instruction (i.e., four
clock cycles).

Memory Addressing
On-Board ROM/EPROM — 0-OFFF (2708) or 0-1FFF
(2716)

On-Board RAM — 4K bytes ending on a 16K boundary
(e.g., 3FFFy, 7TFFFy, BFFFy, ... FFFFy)
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Memory Capacity
On-Board ROM/EPROM — 8K bytes (sockets only)
On-Board RAM — 4K bytes

Off-Board Expansion — Up to 65,536 bytes in user speci-
fied RAM, ROM, and EPROM

Note
ROM/EPROM may be added in 1K or 2K-byte increments.

1/0 Addressing
On-Board Programmable /O (see Table 1)

8255 No. 1 | 8255 No. 2| 8255 | 8255
Port No.1 | No.2 USART USA.R.IZ
) Data |C
12 |3 | 4|56 |Control |Control
Address | E4 E5|E6 EB[E9|EA E7 EB EC ED
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110 Capacity
Parallel — 48 programmable lines (see Table 1)

Note
Expansion to 504 input and 504 output lines can be accomplished using
optional I/0 boards.

Serial Communications Characteristics
Synchronous — 5-8 bit characters; internal or external
character synchronization; automatic sync insertion

Asynchronous — 5-8 bit characters; break character
generation; 1, 12, or 2 stop bits; false start bit detection

Baud Rates
Frequency (kHz) Baud Rate (Hz2)
s o e Synch Asynch
=16 +~64
153.6 - 9600 2400
76.8 — 4800 1200
384 38400 2400 600
19.2 19200 1200 300
96 9600 600 150
4.8 4800 300 75
24 2400 150 —
1.76 1760 110 —
Note

Frequency selected by I/0 write of appropriate 16-bit frequency factor to
baud rate register.

Register Address (hex notation, /0O address space)
DE Baud rate register

Note
Baud rate factor (16 bits) is loaded as two sequential output operations
to same address (DE).

Interrupts

Register Addresses (hex notation, I/O address space)
DA Interrupt request register

In-service register

Mask register

Command register

Block address register

Status (polling register)

Note

Several registers have the same physical address; sequence of access
and one data bit of control word determine which register will respond.

Timers

Register Addresses (hex notation, I/0O address space)
DF Control register

DC Timer 1

DD Timer 2

Note

Timer counts loaded as two sequential output operations to same
address, as given.

Input Frequencies

Event Rate
1.1 MHz max

Reference
1.0752 MHz + 10% (0.930 us period, nominal)

Note
Maximum rate for external events in event counter function.
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Output Frequencies/Timing Intervals

Dual Timer/Counter
Function Single Timer/Counter (Two Timers Cascaded)
Min Max Min Max
Real-time 1.86 us 60.948 ms 3.72us 1.109 hr
interrupt X
Programmable 1.86 us 60.948 ms 3.72 s 1.109 hr
one-shot
Rate generator | 16.407 Hz | 537.61kHz | 0.00025Hz | 268.81 kHz
Square-wave 16.407 Hz | 537.61kHz | 0.00025Hz | 268.31kHz
rate generator
Software 1.86 us 60.948 ms 3.72 us 1.109 hr
triggered
strobe
Hardware 1.86 us 60.948 ms 3.72ps 1.109 hr
triggered
strobe
Interfaces

Bus — All signals TTL compatible

Parallel /10 — All signals TTL compatible

Interrupt Requests — All TTL compatible

Timer — All signals TTL compatible

Serial /0 — RS232C compatible, data set configuration

System Clock (8080A CPU)
2.1504 MHz +0.1%

Auxiliary Power

An auxiliary power bus is provided to allow separate
power to RAM for systems requiring battery backup of
read/write memory. Selection of this auxiliary RAM
power bus is made via jumpers on the board.

Memory Protect

An active-low TTL compatible memory protect signal is
brought out on the auxiliary connector which, when
asserted, disables read/write access to RAM memory on
the board. This input is provided for the protection of
RAM contents during system power-down sequences.

Connectors

Double-
Sided Pins
(qty)

Centers

Interface (in)

Mating Connectors*

MULTIBUS
System
Bus

86 0.156 ELFAB BS1562043PBB

Viking 2KH43/9AMK12
Soldered PCB Mount

EDAC 337086540201

ELFAB BW1562D43PBB

EDAC 337086540202

ELFAB BW1562A43PBB
Wire Wrap

EDAC 345060524802

ELFAB BS1020A30PBB

EDAC 345060540201

ELFAB BW1020D30PBB
Wire Wrap .

3M 3415-001 Flat Crimp

GTE Sylvania
6AD01251A1DD
Soldered

AMP 15837151

EDAC 345026520202
PCB Soldered

3M 3462-0001

AMP 88373-5 Flat Crimp

Auxiliary 60 0.100

Bus

Parallel 110 0.100

(2)

50

Serial /0 26 0.100

*Note: Connectors compatible with those listed may also be used.
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Line Drivers and Terminators

110 Drivers — The following line drivers are all compati-
ble with the 1/O driver sockets on the iISBC 80/20-4.

Physical Characteristics

Width — 12.00 in. (30.48 cm)
Height — 6.75 in. (17.15 cm)

Driver Characteristic Sink Current (mA) Depth — 0.50 in. (1.26 cm)

7438 1.0C P Weight — 14 0z (397.6 gm)

7437 1 48 . o at

7432 NI 16 Electrical Chargcteristics

7426 1,0C 16 DC Power Requirements

7409 NI,0C 16

7408 NI 16 Voit Without | Withak |  With RAM | with8k

7403 1,0C 16 Py PROM' | PROM? |iSBC 5303 | Only* | PROMS

7400 ! 16 (25%) (max) (max) | (max) | (max) | (max)
Note Vee= +5V | lgc=4.0A 4.9A 4.9A 11A | 5.2A
I=inverting; NI = non-inverting; OC = open collector. Vpp= +12V | Ipp=90mA | 350 mA 450 mA — 90 mA

Vgg= -5V |lgg=2mA | 180mA | 180 mA - 2mA

Ports 1 and 4 have 20 mA totem-pole bidirectional Vaa= —12V | Iaa=20mA | 20mA | 120 mA - 20 mA
drivers and 1 kQ terminators. Notes

110 Terminators — 2209/330Q divider or 1 k2 pull-up

2200
+5v MA-
3300
_L A —O iSBC 901 OPTION
1 k0
1k +5V AN O iSBC 902 OPTION
Bus Drivers
Driver Characteristic Sink Current (mA)
Data Tri-state 50
Address Tri-state 50
Commands Tri-state 32

1. Does not include power required for optional PROM, 1/O drivers, and
110 terminators.

2. With four 2708 EPROMs and 2201/3300 input terminators installed for
32 1/0 lines, all terminator inputs low.

3. With four 2708 EPROMSs, 220Q/3300 input terminators installed for 32
1/0 lines, all terminator inputs low, and iSBC 530 Teletypewriter Adapter
drawing power from serial port connector.

4. RAM chips powered via auxiliary power bus.

5. With four 8716 EPROMSs and eight 220Q/330Q input terminators in-
stalled, all terminator inputs low.

Environmental Characteristics
Operating Temperature — 0°C to 55°CC

Reference Manual

9800317D — iSBC 80/20-5 Hardware Reference Manual
(NOT SUPPLIED)

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 Description

SBC 80/20-4 Single Board Computer with 4K bytes
RAM : :
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in =
| iSBC 80/24 or (pSBC 80/24*)
SINGLE BOARD COMPUTER

m Upward compatible with iSBC 80/20 4 -‘ Programmable synchronous/asynchro-
Single Board Computer ' } nous RS232C compatible serial
m 8085A-2 CPU operating at 48 or24MHz oy [2Ce With software selectable
m Two iSBX bus connectors for iSBX = Full MULTIBUS control logic for
-MULTIMODULE board expansion _ multimaster configurations and system
’ expansion

m 4K bytes of static read/write memory o . )
expandable on-board to 8K bytes using ™ Two programmable 16-bit BCD or binary

the iSBC 301 MULTIMODULE Board timers/event counters
m Sockets for up to 32K bytes of read only " lﬁ,:f:;ls of programmable interrupt
memory . .
m Auxiliary power bus, memory protect,
] 48 programmable parallel IIO Ilnes with and power-fail interrupt control logic
sockets for interchangeable line drivers provided for battery backup RAM
and terminators o requirements

The Intel® iISBC 80/24 Single Board Computer is a member of Intel’'s complete line of OEM microcomputer
systems which take full advantage of Intel’s LS| technology to provide economical, self-contained com-
puter-based solutions for OEM applications. The iSBC 80/24 board is a complete computer system on a
single 6.75x 12.00-inch printed circuit card: The CPU, system clock, iSBX bus interface, read/write
memory, read only memory sockets, /0 ports and-drivers, serial communications interface, priority inter-
rupt logic, and programmable timers all reside on the board. Full MULTIBUS interface logic is included to
offer compatibility with the Intel OEM Microcomputer Systems family of Single Board Computers, expan-
sion memory optlons digital and analog 1/0 expansion boards, and peripheral and communications con-
trollers

*Same product, manufactured by Intel Puerto Rico, Inc.
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FUNCTIONAL DESCRIPTION

Central Processing Unit

Intel’s powerful 8-bit N-channel 8085A-2 CPU fabri-
cated on asingle LSl chip, is the central processor
for the iSBC 80/24 board operating at either 4.8 or
2.4 MHz (jumper selectable). The 8085A-2 CPU is
directly software compatible with the Intel 8080A
CPU. The 8085A-2 contains six 8-bit general pur-
pose registers and an accumulator. The six gen-
eral purpose registers may be addressed individu-
ally or in pairs, providing single and double pre-
cision operators. Minimum instruction execution
time is 826 nanoseconds. A block diagram of the
iSBC '80/24 functional components is shown in
Figure 1.

MULTIMODULE Board Expansion

The new iSBX bus interface brings an entirely new
dimension to system design offering incremental
on-board expansion at minimal cost. Two iSBX
bus MULTIMODULE connectors are provided for
plug-in expansion of any iSBX MULTIMODULE
board. The iISBX MULTIMODULE concept provides
the ability to adapt quickly to new technology, the
economy of buying only what is needed, and the
ready availability of a spectrum of functions for
greater application potential. iSBX boards are

available to provide expansion equivalent to the
1/0 available on the iSBC 80/24 board or the user
may configure entirely new functionality, such as
math, directly on board. The iSBX 350 Parallel /0O
MULTIMODULE board provides 24 I/O lines using
an 8255A Programmable Peripheral Interface.
Therefore, two iSBX 350 modules together with
the iSBC 80/24 board may offer 96 lines of pro-
grammable I/O. Alternately, a serial port may be
added using the iSBX 351 Serial I/O MULTIMOD-
ULE board and math may be configured on-board
with the iSBX 332 Floating Point Math or iSBX 331
Fixed/Floating Point Math MULTIMODULE board.
Future iSBX products are also planned. The iSBX
MULTIMODULE board is a logical extension of the
on-board programmable I/O and is accessed by
the iSBC 80/24 single board computer as common
I/0 port locations. The iSBX board is coupled
directly to the 8085A-2 CPU and therefore be-
comes an integral element of the iSBC 80/24
single board computer providing optimum
performance. In addition, RAM memory capacity
may be expanded to 8K bytes using the iSBC 301.
4K Byte RAM MULTIMODULE board. All MULTI-
MODULE boards ranging from the iSBC 301
module to the iSBX modules offer incremental
expansion, optimum performance, and minimal
cost. :

RS232C
COMPATIBLE

CONTRI

SERIAL
INTERFACE DATA

INTERFACE

R$232C
INTERFACE

POWER FAIL
“INTERRUPT

USER
DESIGNATED
PERIPHERALS

USER DESIGNATED
ISBX{MULTIMODULE
. BOARD

)
PROGRAMMABLE USER DESIGNATED
PARALLEL ISBX MULTIMODULE
VO LINES - BOARD

ORIVER!
TERMINATOR ‘
INTERFACES

ol

| IsBX BUS!
INTERFACE

NEW BUS
| sTanoaro

CCONNECTOR CONNECTOR

{isBxiBUS: [ ° ISBX BUS |
MULTIMODULE! MULTIMOOULE 1
-

i

(JUMPERS)

SELECTOR

a

ON-BOARD SYSTEM BUS

4K x8
ISBC 301
32K x8 K x8 E E 8085A-2 PROGRAMMABLE WO ™WO
ROM/EPROM RAM INTERFACE ~—  BAUD RATE Py INTERRUPT. PROGRAMMABLE PROGRAMMABLE
(SOCKETS) . (USART) GENERATOR CONTROLLER INTERFACES TIMERS

MULTIMASTER
ARBITRATION
Loaic

MULTIBUS SYSTEM BUS

{

v

Figure 1. iSBC 80/24 Single Board Computer Block Diagram
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Memory Addressing

The 8085A-2 has a 16-bit program counter which
allows direct addressing of up to 64K bytes of
memory. An external stack, located within any
portion of read/write memory, may be used as a
last-in/first-out storage area for the contents of
the program counter, flags, accumulator, and all
of the six general purpose registers. A 16-bit stack
pointer controls the addressing of this external
stack. This stack provides subroutine nesting
bounded only by memory size.

Memory Capacity

The iSBC 80/24 board contains 4K bytes of static
read/write memory using Intel 8185-2 RAMSs. In
addition, the on-board RAM capacity may be ex-
panded to 8K bytes with the iSBC 301 4K byte
RAM MULTIMODULE board. All RAM read and
write operations are performed at maximum proc-
essor-speed. Power for the on-board RAM may be
provided on an auxiliary power bus, and memory
protect logic is included for RAM battery backup
requirements.

Four sockets are provided for up to 32K bytes of
nonvolatile read only memory on the iSBC 80/24
board. EPROM may be added in 1K byte incre-
ments up to 4K bytes (using Intel 2708 or 2758); in
2K byte increments up to 8K bytes (using Intel
2716); in 4K byte increments up to 16K bytes
(using Intel 2732); or in 8K byte increments up to
32K bytes (using Intel 2764).

Parallel 1/O Interface

The iSBC 80/24 board contains 48 programmable
parallel 1/O lines implemented using two Intel
8255A Programmable Peripheral Interfaces. The
system software is used to configure the I/O lines
in any combination of unidirectional input/output
and bidirectional ports as indicated in Table 1.
Therefore, the I/O interface may be customized to
meet specific peripheral requirements. In order to
take full advantage of the large number of possi-
ble /0O configurations, sockets are provided for in-
terchangeable /O line drivers and terminators.
Hence, the flexibility of the I/0 interface is further
enhanced by the capability of selecting the appro-
priate combination of optional line drivers and ter-
minators to provide the required sink current,
polarity, and drive/termination characteristics for
each application. The 48 programmable I/O lines -
and signal ground lines are brought out to two
50-pin edge connectors that mate with flat, woven, -
or round cables.

Serial I/0 Interface

A programmable communications interface using
the Intel 8251A Universal Synchronous/Asynchro-
nous Receiver/Transmitter (USART) is contained
on the iSBC 80/24 board. A software selectable
baud rate generator provides the USART with all
common communication frequencies. The USART
can be programmed by the system software to
select the desired asynchronous or synchronous
serial data transmission technique (including IBM

' Table 1. Input/Output Port Modes of Operation

Mode of Operation
Unidirectional

Port Lines Input Output Bidirectional | Control

ke P utpu ectiona ontro
Untatohed | Laiohed & | Latoneq | Latched &

1 8 X X X X X

2 8 X X X X

3 4 X X X
2 X X X1

4 8 X X X X X

5 8 X X X X

6 4 X X x2
4 X X X2

NOTES:

1. Part of port 3 must be used as a control port when either port 1 or port 2 are used as a latched and strobed input or a latched and

strobed output port or port 1 is used as a bidirectional port.

2. Part of port 6 must be used as a control port when either port 4 or port 5 are used as a latched and strobed input or a latched and

strobed output port or port 4 is used as a bidirectional port.

AFN-01485A
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Bi-Sync). The mode of operation (i.e. synchronous
or asynchronous), data format, control character
format, parity, and baud rate are all under program
control. The 8251A provides full duplex, double
buffered transmit and receive capability. Parity,
overrun, and framing error detection are all incor-
porated in the USART. The RS232C compatible in-
terface, in conjunction with the USART, provides a
direct interface to RS232C compatible terminals,
cassettes, and asynchronous and synchronous
modems. The RS232C command lines, serial data
lines, and signal ground line are brought out to a
26-pin edge connector that mates with RS232C
compatible flat or round cable. The iSBC 530 Tele-
typewriter Adapter provides an optically isolated
interface for those systems requiring a 20 mA cur-
rent loop. The iSBC 530 adapter may be used to in-
terface the iSBC 80/24 board to teletypewriters or
other 20 mA current loop equipment.

Multimaster Capability

The iSBC 80/24 board is a full computer on a
single board with resources capable of supporting
a large variety of OEM system requirements. For
those applications requiring additional process-
ing capacity and the benefits of multiprocessing
(i.e. several CPUs and/or controllers logically shar-
ing system tasks through communication over the
system bus), the iSBC 80/24 board provides full
MULTIBUS arbitration control logic. This control
logic allows up to three iISBC 80/24 boards or other
bus masters to share the system bus in serial
(daisy chain) priority fashion, and up to 16 masters
to share the MULTIBUS system bus with the addi-
tion of an external priority network. The MULTI-
BUS arbitration logic operates synchronously
with a MULTIBUS clock (provided by the iSBC
80/24 board or optionally connected directly to the
MULTIBUS clock) while data is transferred via a
handshake between the master and slave modu-
les. This allows different speed controllers to
share resources on the same bus since transfers
via the bus proceed asynchronously. Thus, trans-
fer speed is dependent on transmitting and re-
ceiving devices only. This design provides slow
master modules from being handicapped in their
attempts to gain control of the bus, but does not
restrict the speed at which faster modules can
transfer data via the same bus. The most obvious
applications for the master-slave capabilities of
the bus are multiprocessor configurations, high
speed direct memory access (DMA) operations,
and high speed peripheral control, but are by no
means limited to these three.

Programmable Timers

The iSBC 80/24 board provides three independent,
fully programmable 16-bit interval timers/event

counters utilizing the Intel 8253 Programmable In-
terval Timer. Each counter is capable of operating
in either BCD or binary modes. Two of these
timers/counters are available to the systems de-
signer to generate accurate time intervals under
software control. Routing for the outputs and
gateltrigger inputs of two of these counters is
jumper selectable. The outputs may be independ-
ently routed to the 8259A Programmable Interrupt
Controller, to the I/O line drivers associated with
the 8255A Programmable Peripheral Interface, or
may be routed as inputs to the 8255A chip. The
gateltrigger inputs may be routed to 1/O termi-
nators associated with the 8255A or as output
connections from the 8255A. The third interval
timer in the 8253 provides the programmable baud
rate generator for the RS232C USART serial port.
In utilizing the iSBC 80/24 board, the systems
designer simply configures, via software, each
timer independently -to meet system require-

Table 2. Programmable Timer Functions

Function

Operation

Interrupt on
terminal
count

Programmable
one-shot

Rate generator

Square-wave
rate generator

Software
triggered
strobe

Hardware
triggered
strobe

Event counter

When terminal count is reached,
an interrupt request is generated.
This function is extremely useful
for generation of real-time clocks.

Output goes low upon receipt of
an external trigger edge or soft-
ware command and returns high
when terminal count is reached.
This function is retriggerable.

Divide by N counter. The output
will go low for one input clock cy-
cle, and the period from one low-
going pulse to the next is N times
the input clock period.

Output will remain high until one-
half the count has been com-
pleted, and go low for the other
half of the count.

Output remains high until soft-
ware loads count (N). N counts
after count is loaded, output goes
low for one input clock period.

Output goes low for one clock
period N counts after rising edge
on counter trigger input. The
counter is retriggerable.

On a jumper selectable basis, the
clock input becomes an input
from. the external system. CPU
may read the number of events oc-
curring after the counting ‘“‘win-
dow” has been enabled or an in-
terrupt may be generated after N
events occur in the system.
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ments. Whenever a given time delay or count is
needed, software commands to the program-
mable timers/event counters select the desired
function. Seven functions are available,; as shown
in Table 2. The contents of each counter may be
read at any time during system operation with
simple read operations for event counting applica-
tions, and special commands are included so that
the contents of each counter can be read “on the

fly”.

Interrupt Capability

The iSBC 80/24 board provides vectoring for 12 in-
terrupt levels. Four of these levels are handled
directly by the interrupt processing capability of
the 8085A-2 CPU and represent the four highest
priority interrupts of the iSBC 80/24 board. Re-
quests are routed to the 8085A-2interruptinputs—
TRAP, RST 7.5, RST 6.5, and RST 5.5 (in decreas-
ing order of priority), each of which generates a
call instruction to a unique address (TRAP: 24H;
RST 7.5: 3CH; RST 6.5: 34H; and RST 5.5: 2CH). An
8085A-2 JMP instruction at each of these ad-
dresses then provides linkage to interrupt service
routines located independently anywhere in mem-
ory. All interrupt inputs with the exception of the
trap interrupt may be masked via software. The
trap interrupt should be used for conditions such
as power-down sequences which require immedi-
ate attention by the 8085A-2 CPU. The Intel 8259A
Programmable Interrupt Controller (PIC) provides
vectoring for the next eight interrupt levels. As
shown in Table 3, a selection of four priority proc-
essing modes is availableto the systems designer
for use in designing request processing configu-
rations to match system requirements. Operating
mode and priority assignments may be reconfig-
ured dynamically via software at any time during
system operation. The PIC accepts interrupt re-
quests from the programmable parallel and serial
1/0 interfaces, the programmable timers, the sys-
tem bus, iSBX bus, or directly from peripheral
equipment. The PIC then determines which of the
incoming requests is of the highest priority, deter-
mines whether this request is of higher priority
than the level currently being serviced, and, if ap-
propriate, issues an interrupt to the CPU. Any
combination of interrupt levels may be masked,
via software, by storing a single byte in the inter-
rupt mask register of the PIC. The PIC generates a
unique memory address for each interrupt level.
These addresses are equally spaced at intervals of
4 or 8 (software selectable) bytes. This 32 or
64-byte block may be located to begin at any 32 or
64-byte boundary in the 65,536-byte memory
space. A single 8085A-2 JMP instruction at each
of these addresses then provides linkage to locate
each interrupt service routine independently any-
where in memory.

AFN-01485A

Table 3. Programmable Interrupt Modes

Mode Operation

Fully nested | Interrupt request line priorities fixed

at 0 as highest, 7 as lowest.

Autorotating | Equal priority. Each level, after re-
S ceiving service, becomes the lowest

priority level until next interrupt oc-

curs.

Specific System software assigns lowest pri-

priority ority level. Priority of all other levels
based in sequence numerically on
this assignment.

Polled System software examines priority-

“encoded system interrupt status via
interrupt status register.

Interrupt Request Generation

Interrupt requests may originate from 23 sources.
Two jumper selectable interrupt requests can be
generated by each iSBX MULTIMODULE board.
Two jumper selectable interrupt requests can be
automatically generated by each programmable
peripheral interface when a byte of information is
ready to be transferred to the CPU (i.e., input buf-
feris full) or a byte of information has been trans-
ferred to a peripheral device (i.e., output buffer is
empty). Three jumper selectable interrupt re-
quests can be automatically generated by the
USART when a character:is ready to be transferred
to the CPU (i.e., receiver channel buffer is full), a
character is ready to be transmitted (i.e., the
USART .is ready to accept a character from the
CPU), or when the transmitter is empty (i.e., the
USART has no character to transmit). A jumper
selectable request can be generated by each of
the programmable timers. Nine interrupt request

. lines are available to the user for direct interface
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to .user designated peripheral devices via the
MULTIBUS system bus. A power-fail signal can
also be selected as an interrupt source.

Power-Fail Control

A power-fail interrupt may be detected through
the AC-low signal generated by the power supply.
This signal may be configured to interrupt the
8085A-2 CPU to initiate an orderly power down in-
struction sequence.

MULTIBUS System Expansion
Capabilities

Memory and I/O capacity may be expanded and
additional functions added using Intel MULTIBUS
system compatible expansion boards. Memory
may-be expanded to 65,536 bytes by adding user
specified combinations of RAM boards, EPROM
boards, or combination boards. Input/output capa-
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city may be increased by adding digital I/O and
analog /O expansion boards. Mass storage capa-
bility may be achieved by adding single or double
density diskette or hard disk controllers as sub-
systems. Expanded communication needs can be
handled by communication controllers. Modular
expandable backplanes and card cages are avail-
able to support multiboard systems.

Real-Time Software

The RMX/80 executive, which contains all major
real-time facilities including priority-based system
resource allocation, intertask communication and
control, interrupt driven control for standard I/O
devices, and interrupt handling, occupies 2K
bytes of memory which can be stored on-board in
EPROM. Optional iinkable and relocatable modu-
les for console control (CRT or TTY), disk file sys-
tem, and analog subsystems are provided with the
RMX/80 package. These facilities eliminate the
need for users to design and implement applica-
tion specific executives, greatly simplifying appli-
cation design and reducing development time and
risk.

System Development Capability

The development cycle of iSBC 80/24-based prod-
ucts may be significantly reduced using Intel's
system development tools available today. The In-
tellec Series Il family of compatible microcom-
puter development systems provides a range of
capability from a low cost disk-based edit debug
workstation to a high performance, fully compati-
ble hard-disk-based software development sys-
tem. Also, a unique in-circuit emulator (ICE-85A)
option provides the capability of developing and
debugging software directly on the iSBC 80/24
board. . :

Programming Capability

PL/M-80—Intel’s high level system programming
language, PL/M, is also available as a resident

Intellec microcomputer development system op-
tion. PL/M provides the capability to program in a
natural, algorithmic language and eliminates the
need to manage register usage or allocate mem-
ory. PL/M programs can be written in a much
shorter time than assembly language programs.

FORTRAN-80—For applications requiring compu-
tational and formatted I/O capabilities, the ANSI
77 standard high level FORTRAN-80 programming
language is available as a resident option of the
Intellec system. The FORTRAN compiler pro-
duces relocatable object code that may be easily
linked with PL/M or assembly language program
modules. In-addition, the iSBC 801 FORTRAN-80
Run-Time Package is a complete, ready-to-use set
of linkable object modules which are fully compat-
ible with RMX/80 systems. The modules, when
combined with the FORTRAN-80 coded applica-
tion, provide the appropriate interfaces to the disk
file and terminal 1/0 of RMX/80, and to the iSBC
310 Math Unit for applications requiring high
speed math.

BASIC-80—A high level language interpreter is
available with extended disk capabilities which
operates under the RMX/80 Real-Time Multitask-
ing Executive and translates BASIC-80 source pro-
grams into ‘an internally executable form. This
language interpreter, provided as a set of linkable
object modules, is ideally suited to the OEM who
requires a pass through programming language.
The BASIC-80 programs may be created, stored,
and interpreted on the iSBC 80-based systems
using the iSBC 802 BASIC-8G Configurable
RMX/80 Disk-Based Interpreter. The iSBC 802 In-
terpreter has a complete ready-to-use set of link-
able object modules which are fully compatible
with Intel’s RMX/80 Real-Time Multitasking
Executive Software. The modules provide inter-
faces to disk file and terminal I/O, software float-
ing point, or interface to other routines provided
by the user. .

SPECIFICATIONS

Word Size

Instruction—8, 16, or 24 bits
Data—8 bits

Cycle Time

Basic Instruction Cycle _

826 nsec (4.84 MHz operating frequency)
1.65 usec (2.42 MHz operating frequency)
NOTE: :

Basic instruction cycle is defined as the fastest instruction
(i.e., four clock cycles).

Memory Addressing

On-Board EPROM
0-0FFF using 2708, 2758 (1 wait state)
0-1FFF using 2716 (1 wait state)
0-3FFF using 2732 (1 wait state)
using 2732A (no wait states)
0-7FFF using 2764A (no wait states)
On-Board RAM
3000-3FFF with no RAM expansion
2000-3FFF with optional RAM (iSBC 301 board)
NOTE:

Default configuration—may be reconfigured to top end of any
16K boundary.
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Memory Capacity

On-Board EPROM
32K bytes (sockets only)

May be added in 1K (using Intel 2708 or 2758), 2K
(using Intel 2716), 4K (using Intel 2732), or 8K
(using Intel 2764) byte increments.

On-Board RAM

4K bytes (8K bytes using iSBC 301 4K byte RAM
MULTIMODULE Board)

Off-Board Expansion

Up to 64K bytes using user specified combina-
tions of RAM, ROM, and EPROM.

Up to 128K bytes using bank select control via I/O
port and 2 jumper options.

May be disabled using PROM ENABLE via I/O port
and jumper option, resulting in off-board RAM
overlay capability.

1/10 Addressing
On-Board Programmable 1/0

Device 1/0 Address

8255A No. 1

Port A E4

Port B E5

Port C E6

Control E7
8255A No. 2

Port A - E8

Port B E9

Port C EA

Control EB
8251A

Data EC, EE

Control ED, EF
iSBX MULTIMODULE J5

MCSO0 C0-C7

MCS1 C8-CF
iSBX MULTIMODULE J6

MCS0 FO-F7

MCS1 F8-FF"

1/0 Capacity

Parallel—48 programmable lines
Serial—1 transmit, 1 receive, 1 SID, 1 SOD

iSBX MULTIMODULE — 2 iSBX MULTIMODULE
Boards

AFN-01485A

Serial Communications Characteristics

Synchronous—5-8 bit characters; internal or ex-
ternal character synchronization; automatic sync
insertion

Asynchronous—5-8 bit characters; break charac-
ter generation; 1, 1%, or 2 stop bits; false start bit
detectors

Baud Rates
. Output Baud Rate (H2)
requenc
i: kHz y Synchronous | Asynchronous
+16 +64
153.6 - 9600 2400
76.8 — 4800 1200
38.4 38400 2400 600
19.2 19200 1200 300
9.6 9600 600 150
4.8 4800 300 75
2.4 2400 150 —
1.76 1760 110 —
NOTE:

Frequency selected by I/0 write of appropriate 16-bit frequency
factor to baud rate register.

Register Address (hex notation, /O address
space)
DE Baud rate register

NOTE:
Baud rate factor (16 bits) is loaded as two sequential output op-
erations to same address (DEy).

Interrupts

Addresses for 8259A Registers (hex notation, I/O
address space)

DA or D8 Interrupt request register
DA or D8 In-service register
DB or D9 Mask register

DA or D8 Command register

DB or D9 Block address register

DA or D8 Status (polling register)

NOTE:

Several registers have the same physical address; sequence of

access and one data bit of control word determine which regis-
ter will respond.

Interrupt levels routed to 8085A-2 CPU automatic-
ally vector the processor to unique memory loca-
tions:

Interrupt | Memory -

Input Address Priority Type
TRAP 24 Highest | Non-maskable
RST 7.5 3C Maskable
RST 6.5 34 Maskable
RST 5.5 2C Lowest Maskable
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Timers

Register Addresses (hex notation,
space)

DF Control register

DC Timer 0

DD Timer1

DE Timer2

NOTE:
Timer counts loaded as two sequential output operations to
same address as given.

/0 address

Input Frequencies

Reference: 1.0752 MHz +0.1% (0.930 usec peri-
od, nominal)

Event Rate: 1.1 MHz max.

Output Frequencies/Timing Intervals
Dual TimerlCoumer—|

Function i Ti .
nctio Single Timer/Counter (Two Timers Cascaded)
Min. Max. Min. Max.

Real-Time 1.86 usec | 60.948 msec| 3.72 usec 1.109 hrs
Interrupt

Programmable | 1.86 usec |60.948 msec| 3.72usec 1.109 hrs
One-Shot

Rate 16.407 Hz | 537.61 kHz | 0.00025Hz |268.81 kHz
Generator

Square-Wave 16.407 Hz | 537.61 kHz | 0.00025Hz | 268.81 kHz
Rate

Generator

Software 1.86 usec (60.948 msec| 3.72 usec 1.109 hrs
Triggered

Strobe

Hardware 1.86 usec | 60.948 msec| 3.72 usec 1.109 hrs
Triggered .

Strobe
NOTE:

Input frequency to timers is 1.0752 MHz (default configuration).

Interfaces
MULTIBUS—AII signals TTL compatible

iSBX Bus—All signals TTL compatible
Parallel /10—All signals TTL compatible

Serial /0—RS232C compatible, configurable as a
data set or data terminal

Timer—All signals TTL compatible

Interrupt Requests—AlIl TTL compatible

System Clock (8085A-2 CPU)
4.84 or 2.42 MHz +0.1% (jumper selectable)

Auxiliary Power

An auxiliary power bus is provided to allow sepa-
rate power to RAM for systems requiring battery

backup of read/write memory. Selection of this
auxiliary RAM power bus is made via jumpers on
the board.

Connectors
Double-
Interface Sided Pins Centers Mating Connectors*
(in)
(qty)
MULTIBUS 86 0.156 ELFAB BS1562043PBB
System Viking 2KH43/9AMK12
Bus Soldered PCB Mount
EDAC 337086540201
ELFAB BW1562D43PBB
EDAC 337086540202
ELFAB BW1562A43PBB
Wire Wrap
Auxiliary 60 0.100 EDAC 345060524802
Bus ELFAB BS1020A30PBB
EDAC 345060540201
ELFAB BW1020D30PBB
Wire Wrap
iSBX Bus 36 0.100 iSBX 960-5
@
Parallel 110 50 0.100 3M 3415-001 Flat Crimp
(2) GTE Sylvania
6AD01251A1DD
Soldered
Serial I/0 26 0.100 AMP 15837151
EDAC 345026520202
PCB Soldered
3M 3462-0001
AMP 88373-5 Flat Crimp

*Note: Connectors compatible with those listed may also be used.

Memory Protect

An active-low TTL compatible memory protect sig-
nal is brought out on the auxiliary connector
which, when asserted, disables read/write access
to RAM memory on the board. This input is pro-
vided for the protection of RAM contents during
system power-down sequences.

Line Drivers and Terminators

1/0 Drivers—The following line drivers and termi-
nators are all compatible with the 1/O driver sock-
ets on the iISBC 80/24 Board:

Driver Characteristic Sink Current (mA)
7438 I, 0OC 48

7437 | 48
7432 NI 16
7426 I, 0OC 16
7409 NI, OC 16
7408 NI 16

7403 I, 0OC 16

7400 | 16

NOTE:

| = inverting; NI = non-inverting; OC = open collector.

Ports E4 and E8 have 32 mA totem-pole drivers
and 1K terminators.

1/0 Terminators—2200/3302 divider or 1 k2 pullup

AFN-01485A
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2200/3301! (iSBC 901 OPTION)

+5V WA

1 k22 (iSBX 902 OPTION)
1k

+5V VA d

Bus Drivers
Function | Characteristic | Sink Current(mA)

Data Tri-State 32
Address Tri-State 32
Commands Tri-State 32

Physical Characteristics
. Width—12.00 in. (30.48 cm)
Height—6.75 in. (17.15 cm)
Depth—0.50 in. (1.27 cm)
Weight—12.64 oz. (354 gm)

Electrical Characteristics
DC Power Requirements

o Current Requirements
Vec= +5V- [Vpp= +12V [Vgg= =5V [Vaa= —12V
5% (max) | £5% (max) | £5% (max) | £5% (max)

Without
EPROM! 3.34A 40 mA — 20 mA
RAM Only? 0.14A - — =
With
{SBC 5303 3.34A _MomA — 120 mA
With 4K
EPROM* 3.74A 300 mA 180 mA . 20 mA
(using 2708) X
With 4K
EPROM* 4.43A 40 mA — 20 mA
(using 2758)
With 8K
EPROM* 4.43A 40 mA - 20 mA
(using 2716)
With 16K
EPROM* 471A 40 mA - 20 mA
(using 2732)' ’
With 32K
EPROM* 471A 40 mA - 20 mA
(using 2764)

NOTES:

1. Does not include power for optional EPROM, I/O drivers,
and I/O terminators.
2. RAM chips powered via auxiliary power bus.

3. Does not include power for optional EPROM, 1/O. drivers,
and 1/0 terminators. Power for iSBC 530 Adapter is supplied
via serial port connector.

4. Includes power required for four EPROM chips, and /O ter-
minators installed for 16 1/0 lines; all terminator inputs low.

Environmental Characteristics
Operating Temperature—0°C to 55°C

Reference Manual

142648-001—iSBC 80/24 Single Board Computer
Hardware Reference Manual (NOT SUPPLIED)

Manuals may be ordered from any Intel sales rep-
resentative, distributor office or from Intel Litera-
ture Department, 3065 Bowers Avenue, Santa
Clara, California 95051. ’

ORDERING INFORMATION

Part Number Description
SBC 80/24 Single Board Computer

AFN-01485A 1-34



intgl
iSBC 80/30 or (pSBC 80/30%)
SINGLE BOARD COMPUTER

m 8085A CPU used as central processing = Full MULTIBUS control logic allowing

unit up to 16 masters to share the system
= 16K bytes of dual port dynamic read/ '
write memory with on-board refresh m 12 levels of programmabie interrupt
m Sockets for up to 8K bytes of read only control
memory ‘ ‘
m Sockets. for 8041A/8741A Universal = Two programmable 16-bit BCD or binary
Peripheral interface and interchange- counters

- able line drivers and line terminators

m 24 programmable parallel II/O lines with
- sockets for interchangeable line drivers
and terminators

= Programmable synchronous/asynchro-
nous RS232C compatible serial
interface with fully software selectable = Compatible with optional iSBC 80 CPU,
baud rate generation memory, and 1/O expansion boards

'nvAuiniary power bus, memory protect,
and power-fail interrupt control logic
for RAM battery backup

The iSBC 80/30 Single Board Computer is a member of Intel’s complete line of OEM computer systems which take full
advantage of Intel’s LSI technology to provide economical self-contained computer-based solutions for OEM applica-
tions. The iSBC 80/30 is'a complete computer system on a single 6.75x 12.00-inch printed circuit card. The CPU,
system clock, read/write memory, nonvolatile read only memory, universal peripheral interface capability, I/O ports and
drivers, serial communications interface, priority interrupt logic, programmable timers, MULTIBUS control logic, and
bus expansion drivers all reside on the board.
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FUNCTIONAL DESCRIPTION

Central Processing Unit

Intel’s powerful 8-bit n-channel 8085A CPU, fabricated
on a single LSI chip, is the central processor for the
iSBC 80/30. The 8085A CPU is directly software compati-
ble with the Intel 8080A CPU. The 8085A contains six
8-bit general purpose registers and an accumulator. The
six general purpose registers may be addressed individ-
ually or in pairs, providing both single and double preci-
sion operators. The minimum instruction execution
time is 1.45 microseconds. The 8085A CPU has a 16-bit
program counter. An external stack, located within any
portion of iISBC 80/30 read/write memory, may be used
as a last-in/first-out storage area for the contents of the
program counter, flags, accumulator, and all of the six
general purpose registers. A 16-bit stack pointer con-
trols the addressing of this external stack. This stack
provides subroutine nesting bounded only by memory

Bus Structure

The iSBC 80/30 has an internal bus for all on-board mem-
ory and /O operations and a system bus (i.e., the
MULTIBUS) for all external memory and /O operations.
Hence, local (on-board) operations do not tie up the sys-
tem bus, and allow true parallel processing when sev-
eral bus masters (i.e., DMA devices, other single board
computers) are used in a multimaster scheme. A block
diagram of the iSBC 80/30 functional components is
shown in Figure 1.

RAM Capacity

The iSBC 80/30 "contains 16K bytes of dynamic
read/write memory using Intel 2117 RAMs. All RAM read
and write operations are performed at maximum proc-
essor speed. Power for the on-board RAM may be pro-
vided on an auxiliary power bus, and memory protect
logic is included for RAM battery backup requirements.
The iSBC 80/30 contains a dual port controller, which
provides dual port capability for the on-board RAM mem-
ory. RAM accesses may occur from either the iSBC

size. 80/30 or from any other bus master interfaced via the

) USER DESIGNATED

S::}',:'— PERIPHERALS
couwmm.e 42 PROGRAMMABLE
INTERFACE PARALLEL I/0 LINES

D
INTERFAGE (OPTIONAL)
RS232C DRIVER
DRIVER AND TERMINATION
'“TE"""CE RECEIVER INTERFACE
i AN
POWER FAIL |
INTERRUPT |
4 INTERRUPT ——
REQUEST LINES
2 INTERRUPT
REQUEST LINES
2 INTERRUPT
REQUEST LINES
8 INTERRUPT
REQUEST
LINES
mrsnauw SEI.ECTOR
. | |
COMMUNICATIONS |-
INTERFACE . ™wo
(USART) PROGRAM-
MABLE
TIMERS
8Kx8 PROGRAMMABLE P E €
ROMEPROM DUAL PORT BAUD RATE e INTERRUPT PERIPHERAL PERIPHERAL
OIS CONTROLLER GENERATOR CONTROLLER INTERFACE INTERFACE

ST eSS

ON-BOARD SYSTEM BUS

N3

MULIMASTER
ARBITRATION

Loaic

Et:

MULTIBUS - C >

Figure 1. iSBC 80/30 Single Board Computer Block Diagram
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MULTIBUS. Since on-board RAM accesses do not
require the MULTIBUS, the bus is available for any other
concurrent operations (e.g., DMA data transfers) requir-
ing the use of the MULTIBUS. Dynamic RAM refresh is
accomplished automatically by the iSBC 80/30 for
accesses originating from either the CPU or via the
MULTIBUS. Memory space assignment can be selected
independently for on-board and MULTIBUS RAM
accesses. The on-board RAM, as seen by the 8085A
CPU, may be placed anywhere within the 0- to
64K-address space. The iSBC 80/30 provides extended
addressing jumpers to allow the on-board RAM to reside
within a one megabyte address space when accessed
via the MULTIBUS. In addition, jumper options are pro-
vided which allow the user to reserve 8K- and 16K-byte
segments of on-board RAM for use by the 8085A CPU
only. This reserved RAM space is not accessible via the
MULTIBUS and does not occupy any system address
space.

EPROM/ROM Capacity

Sockets for up to 8K bytes of nonvolatile read only
memory are provided on the iSBC 80/30 board. Read
only memory may be added in 1K-byte increments up to
a maximum of 2K bytes using Intel 2708 or 2758 eras-
able and electrically reprogrammable ROMs (EPROMs)
or Intel 2608 ROMs; in 2K-byte increments up to a max-
imum of 4K bytes using Intel 2716 EPROMSs or Intel
2316E masked ROMs; or in 4K-byte increments up to 8K
bytes maximum using Intel 2732 EPROMs. All on-board
EPROM/ROM operations are performed at maximum
processor speed.

Parallel I/O Interface

The iSBC 80/30 contains 24 programmable parallel I/O
lines implemented using the Intel 8255A Programmable
Peripheral Interface. The system software is used to
configure the I/O lines in any combination of unidirec-
tional input/output and bidirectional ports indicated in
Table 1. Therefore, the 1/0 interface may be customized
to meet specific peripheral requirements. In order to
take full advantage of the large number of possible /0
configurations, sockets are provided for interchange-
able I/0O line drivers and terminators. Hence, the flexibil-

ity of the I/O interface is further enhanced by the capabi-
lity of selecting the appropriate combination of optional
line drivers and terminators to provide the required sink
current, polarity, and drive/termination characteristics
for each application. The 24 programmable I/O lines and
signal ground lines are brought out to a 50-pin edge con-
nector that mates with flat, woven, or round cable.

Universal Peripheral Interface (UPI)

The iSBC 80/30 provides sockets for a user supplied In-
tel 8041A/8741A Universal Peripheral Interface (UPI) chip
and the associated line drivers and terminators for the
UPI's I/0 ports. The 8041A/8741A is a single chip
microcomputer containing a CPU, 1K bytes of ROM
(8041A) or EPROM (8741A), 64 bytes of RAM, 18 program-
mable I/O lines, and an 8-bit timer. Special interface
registers included in the chip allow the 8041A to func-
tion as a slave processor to the iSBC 80/30’s 8085A CPU.
The ‘UPI allows the user to specify algorithms for con-
trolling user peripherals directly in the chip, thereby
relieving the 8085A for other system functions. The
iSBC 80/30 provides an RS232C driver and an RS232C
receiver for optional connection to the 8041A/8741A in
applications where the UPI is programmed to handle
simple serial interfaces. For additional information, in-
cluding 8041A/8741A instructions, refer to the UPI-41A
User’s Manual and application note AP-41.

Serial 110

A programmable communications interface using the
Intel 8251A Universal Synchronous/Asynchronous Re-
ceiver/Transmitter (USART) is contained on the iSBC
80/30. A software selectable baud rate generator pro-
vides the USART with all common communication fre-
quencies. The USART can be programmed by the sys-
tem software to select the .desired asynchronous or
synchronous serial data transmission technique (in-
cluding IBM By-Sync). The mode of operation (i.e., syn-
chronous or asynchronous), data format, control
character format, parity, and baud rate are all under pro-
gram control. The 8251A provides full duplex, double
buffered transmit and receive capability. Parity, overrun,
and framing error detection are all incorporated in the

Table 1. Input/Output Port Modes of Operation

Mode of Operation
Unidirectional
Port I(':;:;f Input Cutput Bidirectional Control
Unlatched Lg:‘:::: d& Latched L;tt:::: d&

1 8 X X X X X
2 8 X X X X

4 X X X!

4 X X X1

.Note

1. Part of port 3 must be used as a control port when either port 1 or port 2 are used as a latched and strobed input or a latched and strobed output port

or port 1 is used as a bidirectional port.

1-37



iSBC 80/30

USART. The RS232C compatible interface on each
board, in conjunction with the USART, provides a direct
interface to RS232C compatible terminals, cassettes,
and asynchronous and synchronous modems. The
RS232C command lines, serial data lines, and signal
ground line are brought out to a 26-pin edge connector
that mates with RS232C compatible flat or round cable.
The iSBC 530 Teletypewriter Adapter provides an opti-
cally isolated interface for those systems requiring a 20
mA current loop. The iISBC 530 may be used to interface
the iSBC 80/30.to teletypewriters or other 20 mA current
loop equipment.

Multimaster Capability

The iSBC 80/30 is a full computer on a single board with
resources capable of supporting a great variety of OEM
system requirements. For those applications requiring
additional processing capacity and the benefits of
multiprocessing (i.e., several CPUs and/or controllers
logically sharing system tasks through communication
over the system bus), the iSBC 80/30 provides full
MULTIBUS arbitration control logic. This control logic
allows up to three iSBC 80/30’s or other bus masters to
share the system bus in serial (daisy chain) priority fash-
ion, and up to 16 masters to share the MULTIBUS with
the addition of an external priority network. The MULTI-
BUS arbitration logic operates synchronously with a
MULTIBUS clock (provided by the iSBC 80/30 or option-
ally connected directly to the MULTIBUS clock) while
data is transferred via a handshake between the master
and slave modules. This allows different speed con-
trollers to share resources on the same bus, and trans-
fers via the bus proceed asynchronously. Thus, transfer
speed is dependent on transmitting and receiving
devices only. This design prevents slow master modules
from being handicapped in their attempts to gain con-
trol of the bus, but does not restrict the speed at which
faster modules can transfer data via the same bus. The
most obvious applications for the master-slave capabili-
ties of the bus are multiprocessor configurations, high
speed direct memory access (DMA) operations, and high
speed peripheral control, but are by no means limited to
these three.

Programmable Timers

The iSBC 80/30 provides three independent, fully pro-
grammable 16-bit interval timers/event counters utiliz-
ing the Intel 8253 Programmable Interval Timer. Each
counter is capable of operating in either BCD or binary
modes. Two of these timers/icounters are available to
the systems designer to generate accurate time inter-
vals under software control. Routing for the outputs and
gateltrigger inputs of two of these counters is jumper
selectable. The outputs may be independently routed to
the 8259A Programmable Interrupt Controller, to the I/O
line drivers associated with the 8255A Programmable
Peripheral Interface, and to the 8041A/8741A Universal
Programmable Interface, or may be routed as inputs to
the 8255A and 8041A/8741A chips. The gateltrigger in-
puts may be routed to I/O terminators associated with
the 8255A or as output connections from the 8255A. The
third interval timer in the 8253 provides the program-
mable baud rate generator for the iSBC 80/30 RS232C
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USART serial port. In utilizing the iSBC 80/30, the
systems designer simply configures, via software, each
timer independently to meet system requirements.
Whenever a given time delay or count is needed, soft-
ware commands -to the programmable timers/event
counters select the desired function. Seven functions
are available, as shown in Table 2. The:contents of each
counter may be read at any. time during system opera-
tion with simple read operations for event counting ap-
plications, and special commands are included so that
the cantents of each counter can be read “on the fly”.

. Table 2. Programmable Timer Functions

Function

Interrupt on
terminal count

Operation

When terminal count is reached, an
interrupt request is generated. This
function is extremely useful for gen-
eration of real-time clocks.

Output goes low upon receipt of an

Programmable

one-shot external trigger- edge or software
command and returns high when ter-
minal count is reached. This func-
tion is retriggerable.

Rate Divide by N counter. The output will

generator go low for one input clock cycle, and

the period from one low-going pulse
to the next is N times the input clock
period. :

Output will remain high until one-
half the count has been completed,
and go low for the other half of the
count.

Square-wave
rate generator

Software Output remains high until software
triggered loads count (N). N counts after count
strobe is loaded, output goes low for one in-
put clock period. '
Hardware Output goes low for one clock
triggered period N counts after rising edge on
strobe counter trigger input. The counter is

retriggerable.

On a jumper selectable basis, the
clock input becomes an input from
the external system. CPU may read
the number of events occurring after
the counting ‘“window” has been
enabled or an interrupt may be gen-
erated after N events occur in the
system.

Event counter

Interrupt Capability

The iSBC 80/30 provides vectoring for 12 interrupt
levels. Four of these.levels are handled directly by the
interrupt processing capability of the 8085A CPU and
represent the four highest priority interrupts of the iSBC
80/30. Requests are routed to the 8085A interrupt inputs,
TRAP, RST 7.5, RST 6.5, and RST 5.5 (in decreasing order
of priority) and each input generates a unique memory
address (TRAP: 24H; RST 7.5: 3CH; RST 6.5: 34H; and
RST 5.5: 2CH). An 8085A jump instruction at each of
these addresses then provides linkage to interrupt ser-
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vice routines located independently anywhere in mem-
ory. All interrupt inputs with the exception of the trap
interrupt may be masked via software. The trap interrupt
should be used for conditions such as power-down
sequences which require immediate attention by the
8085A CPU. The Intel 8259A Programmable Interrupt
Controller (PIC) provides vectoring for the next eight
interrupt levels. As shown in Table 3, a selection of four
priority processing modes is available to the systems
designer for use in designing request processing con-
figurations to match system requirements. Operating
mode and priority assignments may be reconfigured
dynamically via software at any time during system
operation. The PIC accepts interrupt requests from the
programmable parallel and serial I/O interfaces, the pro-
grammable timers, the system bus, or directly from
peripheral equipment. The PIC then determines which
of the incoming requests is of the highest priority, deter-
mines whether this request is of higher priority than the
level currently being serviced, and, if appropriate, issues
an interrupt to the CPU. Any combination of interrupt
levels may be masked, via software, by storing a single
byte in the interrupt mask register. of the PIC. The PIC
generates a unique memory address for each interrupt
level. These addresses are equally spaced at intervals of
4 or 8 (software selectable) bytes. This 32- or 64-byte
block may be located to begin at any 32- or 64-byte
boundary in the 65,536-byte memory space. A single
8085A jump instruction at each of these addresses then
provides linkage to locate each interrupt service routine
independently anywhere in memory.

Table 3. Programmable Interrupt Modes

Mode Operation

Fully Interrupt request line priorities fixed at 0

nested as highest, 7 as lowest.

Auto- Equal priority. Each level, after receiving

rotating | service, becomes the lowest priority Ievel
until next interrupt occurs.

Specific | System software assigns lowest priority

priority level. Priority of all other levels based in
sequence numerically on this assignment.

Polled System software examines priority-
encoded system interrupt status via inter-
rupt status register.

Interrupt Request Generation — Interrupt requests may
originate from 18 sources. Two jumper selectable inter-
rupt requests can be automatically generated by the
programmable peripheral interface when a byte of infor-
mation is ready to be transferred to the CPU (i.e., input
buffer is full) or a byte of information has been trans-
ferred to a peripheral device (i.e., output buffer is
empty). Two jumper selectable interrupt requests can be
automatically generated by the USART when a character
is ready to be transferred to the CPU (i.e., receive chan-
nel buffer is full), or a character is ready to be trans-
mitted (i.e., transmit channel data buffer is empty). A
jumper selectable request can be generated by each of
the programmable timers and by the universal periph-
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eral interface, eight additional interrupt request lines
are available to the user for direct interface to user
designated peripheral devices via the system bus, and
two interrupt request lines may be jumper routed
directly from peripherals via the parallel /O driver/termi-
nator section.

Power-Fail Control

Control logic is also included to accept a power-fail
interrupt in conjunction with the AC-low signal from the
iSBC 635 Power Supply or equivalent.

Expansion Capabilities

Memory and /O capacity may be expanded and addi-
tional functions added using Intel MULTIBUS compati-
ble expansion boards. High speed integer and floating
point arithmetic capabilities may be added by using the
iSBC 310 High Speed Mathematics Unit. Memory may
be expanded to 65,536 bytes by adding user specified
combinations of RAM boards, EPROM boards, or combi-
nation boards. Input/output capacity may be increased
by adding digital /0O and analog 1/O expansion boards.
Mass storage capability may be achieved’by adding
single or double density diskette controllers as sub-
systems. Modular expandable backplanes and card-
cages are available to support multiboard systems.

Real-Time Software

Intel’s RMX/80 Real-Time Multi-Tasking Executive soft-
ware, specifically designed for Intel iSBC 80 single
board computers, provides the capability to-monitor and
control multiple asynchronous external events. The
RMX/80 executive, which synchronizes and controls the
execution of multiple tasks, is provided as a linkable
and relocatable module requiring only 2K bytes of mem-
ory space. Optional linkable and relocatable modules
for teletypewriter and CRT control, diskette file system,
high speed math unit, and analog subsystems are also
available.

System Development Capability

The development cycle of iSBC 80/30-based products
may be significantly reduced using the Intellec series
microcomputer development systems. The. resident
macroassembler, text editor, and system monitor
greatly simplify the design, development, and debug of
iSBC 80/30 system software. An optional diskette oper-
ating system provides a relocating macroassembler,
relocating loader and linkage editor, and a library man-
ager. A unique in-circuit emulator (ICE-85) option pro-
vides the capability of developing and debugging soft-
ware directly on the iSBC 80/30.

Programming Capability

PL/M-80 — Intel’s high level programming language,
PL/M, is also available as a resident Intellec microcom-
puter development system option. PL/M provides the
capability to program in a natural, algorithmic language
and eliminates the need to manage register usage or
allocate memory. PLUM programs can be written in a
much shorter time than assembly language programs
for a given application.
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FORTRAN-80 — For applications requiring computa-
tional and formatted 1/0O" capabilities, the high level
FORTRAN-80 programming language is also available
as a resident option of the intellec system. FOR-
TRAN-80 meets and exceeds the ANS- FORTRAN 77
subset language specification. The FORTRAN-80 com-
piler produces relocatable object code that may be
easily linked with other FORTRAN-80, PL/M, or assem-
bly language program modules. This gives the user wide
flexibility in developing software by using the best soft-
ware tool for a particular functional module within the
user’'s application.

BASIC-80 — A high level language interpreter with ex-
tended disk capabilities which operates under the
RMX/80 Real-Time Multitasking Executive and trans-
lates BASIC-80 source programs into an internally exe-
cutable form. This language interpreter provided as a
set of linkable object modules is ideally suited to the
OEM who requires a pass thru programming language.
The Basic-80 programs may be created, stored and inter-
preted on the iSBC 80 based system. The BASIC-80
language has a rich-.complement of statements, func-
tions, and commands to program applications requiring
a full range of 1) string manipulation and disk /O for
data processing, 2) single and double precision floating
point and array handling for numeric analysis, or 3) port
1/10 with- mask operations controlled through bit-wise
Boolean logical operators. '

SPECIFICATIONS

Word Size

Instruction — 8, 16, or 24 bits
Data — 8 bits

Cycle Time
Basic Instruction Cycle — 1 .45 us

Note
Basic instruction cycle is defined as the fastest instruction (i.e., four
clock cycles).

Memory Addressmg

On-Board ROM/EPROM — 0-07FF (using 2708 or 2758
EPROMSs or 2608 ROMs); 0-0FFF (using 2716 EPROMs
or 2316E ROMs); 0-1FFF (using 2732 ROMs)

On-Board RAM — 16K bytes of dual port RAM starting
on a 16K boundary. One or two 8K-byte segments may
be reserved for CPU use only.

Memory Capacity »
On-Board Read Only Memory — 8K bytes (sockets only)
On-Board RAM — 16K bytes

Off-Board Expansion — Up to 65,536 bytes in user
specified combinations of RAM, ROM, and EPROM

Note .
Read only memory may be added in 1K, 2K, or 4K-byte increments.

/0 ‘Addressing
On-Board Programmable |/O (see Table 1)

Port 8255A 8041A/8741A - USART
1| 2| 3 |Control Data | Control Data | Control .
Address | E8| E9|EA EB E4 or E6|E5 or E7 EC ED

/0 Capacity o

Parallel — 42 programmable- lines..using one 8255A (24
1/0 lines) and an optional 8041Ai8741A (18 1/O lines)
Serial — 2 programmable lines using one 8251A and an
optional 8041A/8741A programmed for serial operation
Note:

For additional information on the 8041A/8741A refer to the UPI-41 User's
Manual (Publication 9800504).
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Serial Communications Characteristics
Synchronous — 5—8 bit characters; internal or external
character synchronization; automatic sync insertion.
Asynchronous — 5—8 bit characters; break character
generation; 1, 1%2, or 2 stop bits; false start bit detec-
tion.

Baud Rates
E (kHz2) Baud Rate (H2)
(Software Selectable) ynch A h ;
+ 16 + 64
153.6 — 9600 2400
76.8 - 4800 1200
38.4 38400 2400 - 600
19.2 19200 1200 300
9.6 9600 600 150
4.8 4800 300 75
24 2400 150 —
1.76 1760 110 —
Note

Frequency selected by I/O write of appropriate 16-bit frequency factor to

baud rate register (8253 Timer 2).

Interrupts
Addresses for 8259A Registers (Hex notation, /O ad-

dress space)
DA

Interrupt request register

DA In-service register

DB Mask register

DA Command register

DB Block address register
DA Status (polling register)
Note

Several registers have the same physical address; sequence of access
and one data bit of control word determine which register will respond.
Interrupt Levels routed to 8085A CPU automatically vec-
tor the processor to unique memory locations:

Interrupt Memory
Input Address Priority Type
TRAP 24 Highest _ Non-maskable
RST 7.5 3C $ Maskable
RST 6.5 34 Maskable
RST 5.5 2C Lowest Maskable
r=% o
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Timers

Register Addresses (Hex notation, I/O address space)
DF Control register

DC Timer 0

DD Timer 1

DE Timer 2

Note
Timer counts loaded as two sequential output operations to same
address, as given.

Input Frequencies

Reference: 2.46 MHz +0.1% (0.041 us period, nominal);
1.23 MHz+0.1%(0.81 us period, nominal); or 153.60 kHz
+0.1%(6.51 us period nominal).

Note
Above frequencies are user selectable

Event Rate: 2.46 MHz max

Note
Maximum rate for external events in event counter function.

Output Frequencies/Timing Intervals

Single Timer/Counter Dual Timer/Counter

F i (Two Timers Cascaded)
Min Max Min Max

Real-time 1.63 us 427.1 ms 3.26 ps 466.50 min
interrupt

Programmable 1.63 ps 427.1 ms 3.26 us 466.50 min
one-shot

Rate generator | 2.342 Hz 613.5 kHz |0.000036 Hz | 306.8 kHz
Square-wave 2.342 Hz 613.5 kHz |0.000036 Hz | 306.8 kHz
rate generator

Software 1.63 us 427.1 ms 3.26 us 466.50 min
triggered

strobe

Hardware 1.63 us 427.1 ms 3.26 ps 466.50 min
triggered

strobe
Interfaces

MULTIBUS — All signals TTL compatible

Parallel /10 — All signals TTL compatible

I{nerrupt Requests — All TTL compatible

Timer — All signals TTL compatible

Serial I/0 — RS232C compatible, data set configuration

System Clock (8085A CPU)
276 MHz £0.1%

Auxiliary Power

An auxiliary power bus is provided to allow separate
power to RAM for systems requiring battery backup of
read/write memory. Selection of this auxiliary RAM
power bus is made via jumpers on the board.

Connectors
Pins Centers o
Interface Mating Connectors
@) (in) 9
Bus 86 0.156 Viking 2KH43/9AMK12
Parallel 110 50 0.1 3M 3415-000
Serial 110 26 0.1 3M 3462-000

Memory Protect

An active-low TTL compatible memory protect signal is
brought out on the auxiliary connector which, when
asserted, disables read/write access to RAM memory on
the board. This input is provided for the protection of
RAM contents during system power-down sequences.

Line Drivers and Terminators
1/0 Drivers— The following line drivers are all compati-
ble with the I/O driver sockets on the iSBC 80/30

Driver ' Characteristic Sink Current (mA) —l
7438 I 1.0C 48
7437 | 48
7432 NI 16
7426 1.0C 16
7409 NI.OC 16
7408 NI 16 }
7403 1.0C 16
7400 I 16 |

Note
| = inverting; NI = non-inverting; OC = open collector.

Port 1 of the 8255A has 20 mA totem-pole bidirectional
drivers and 1 kQ terminators.

110 Terminators — 2209Q/330Q divider or 1 kQ pullup

2209
+5V AAA
3309 l
2209/3309—L VWA O iSBC 901 OPTION
1kQ
1kQ +5V W O iSBC 902 OPTION

Bus Drivers

Function Characteristic Sink Current (mA)
Data Tri-state 50
Address Tri-state 50
Commands Tri-state 32

Physical Characteristics
Width — 12.00 in. (30.48 cm)
Height — 6.75 in. (17.15 cm)
Depth — 0.50 in. (1.27 cm)
Weight — 18 oz. (509.6 gm)
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Electrical Characteristics
DC Power Requirements

Current Requirements

Configu- Vecc=+5V | Vpp=+12V [ Vgg= —-5V| Vap= —12V|

ration * 5% (max) + 5% (max) *5%(max) | =5%(max)
Without
£PROM! Icc=35A | Ipp=220mA | Igg=— 1AA=50 mA
With
8041/87412 3.6A 220 mA - 50 mA
RAM only® | 350 mA 20 mA 25 mA -

" |with

(SBC 5304 3.5A 320 mA — 150 mA
With 2K
EPROM® 4.4A 350 mA 95 mA 40 mA
(using 8708)
With 2K

EPROM®., 46A 220 mA - 50 mA
(using 2758)
With 4K

EPROM® 46A 220 mA - 50 mA
(using 2716)

With 8K :

EPROM® 46A 220 mA - 50 mA
(using 2332)
Notes

1. Does not include power required for optional EPROM/ROM, 8041A/
8741A /0 drivers, and l/O terminators.

2. Does not include power required for optional EPROM/ROM, l/O drivers
and I/0 terminators.

3. RAM chips powered via auxiliary power bus

4. Does not include power required for optional EPROM/ROM, 8041A/
8741A /O drivers, and I/O terminators. Power for iSBC 530 is supplied
through the serial port connector.

5. Includes power required for two EPROM/ROM chips, 8041A/8741A
and 2209/330Q input terminators installed for 34 1/0 lines; all terminator
inputs low. .

Environmental Characteristics
Operating Temperature — 0°C to 55°C

Reference Manual

9800611B — iSBC 80/30 Single Board Computer Hard-
ware Reference Manual (NOT SUPPLIED)

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 Description
SBC 80/30 Single Board Computer
with 16K bytes RAM
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intel
iSBC 86/12A or (pSBC 86/12A*)
SINGLE BOARD COMPUTER

= 8086 16-bit HMOS microprocessor m Two programmable 16-bit BCD or binary
central processor unit timers/event counters

m 32K bytes of dual-port read/write
memory expandable on-board to 64K
bytes with on-board refresh

m Sockets for up to 16K bytes of read only & Auxiliary power bus and power fail

o 9 levels of vectored interrupt control,
expandable to 65 levels

memory expandable on-board to 32K interrupt control logic for read/write
bytes : memory battery backup

= System memory expandable to 1 mega- [ULTIBUS interface for multimaster
byte - configurations and system expansion

m24 programmable parallei 110 Iineé with
sockets for interchangeabile line drivers
and terminators

Compatible with iSBC 337 MULTI-
MODULE Numeric Data Processor

= Programmable synchronous/asynchro- m Compatible with iSBC 80 family single
nous RS232C compatible serial beard computers, memory, digital and
interface with software selectable analog !/O, and peripheral controller
baud rates boards

The iSBC 86/12A Single Board Computer is a member of Intel's complete line of OEM microcomputer systems which take
full advantage of Intel's LSI technology to provide economical self-contained computer based solutions for OEM
applications. The iSBC 86/12A board is a complete computer system on a single 6.75 x 12.00-inch printed circuit
card. The CPU, system clock, read/write memory, nonvolatile read only memory, 1/0O ports and drivers, serial
communications interface, priority interrupt logic and programmable timers, all reside on the board. Full MULTIBUS
interface logic is included to offer compatibility with the Intel OEM Microcomputer Systems family of Single Board
Computers, expansion memory options, digital and analog I/O expansion boards and peripheral controllers.

*Same product, manufactured by Intel Puerto Rico, Inc. 1-43
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FUNCTIONAL DESCRIPTION

Central Processing Unit

The central processor for the iISBC 86/12A board is Intel's
8086, a powerful 16-bit HMOS device. The 225 sq. mil
chip contains 29,000 transistors and has a clock rate of
SMHz. The architecture includes four (4) 16-bit byte
addressable data registers, two (2) 16-bit memory base
pointer registers and two (2) 16-bit index registers, all
accessed by a total of 24 operand addressing modes for
complex data handling and very flexible memory
addressing.

Instruction Set — The 8086 instruction repertoire includes
variable length instruction format (including double
operand instructions), 8-bit and 16-bit signed and
unsigned arithmetic operators for binary, BCD and
unpacked ASCII data, and iterative word and byte string
manipulation functions. In addition, the iSBC 337 MUL-
TIMODULE Numeric Data Processor may be installed to
add over 60 numeric instructions and hardware support
for multiple precision integer and floating point data
types.

Architectural Features — A 6-byte instruction queue
provides pre-fetching of sequential instructions and can
reduce the 1.2usec minimum instruction cycle to 400 nsec
for queued instructions. The stack oriented architecture
facilitates nested subroutines and co-routines, reentrant

code and powerful interrupt handling. The memory
expansion capabilities offer a 1 megabyte addressing
range. The dynamic relocation scheme allows ease in
segmentation of pure procedure and data for efficient
memory utilization. Four segment registers (code, stack,
data, extra) contain program loaded offset values which
are used to map 16-bit addresses to 20-bit addresses.
Each register maps 64K-bytes at a time and activation ofa
specific register is controlled explicitly by program
control and is also selected implicitly by specific functions
and instructions.

Bus Structure

The iSBC 86/12A microcomputer has three buses: an
internal bus for communicating with on-board memory
and 1/0 options, the MULTIBUS system bus for referenc-
ing additional memory and |/O options, and the dual-port
bus which allows access to RAM from the on-board CPU
and the MULTIBUS system bus. Local (on-board)
accesses do not require MULTIBUS communication,
making the system bus available for use by other
'MULTIBUS masters (i.e. DMA devices and other single
board computers transferring to additional system
memory). This feature allows true parallel processingina
multiprocessor environment. Inaddition, the MULTIBUS
interface can be used for system expansion through the
use of other 8- and 16-bit iISBC computers, memory and
1/0 expansion boards.

r——"
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Figure 1. iISBC 86/12A Single Board Computer Block Diagram
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RAM Capabilities

The iSBC 86/12A microcomputer contains 32K bytes of
dynamic read/write memory using 16K-bit 2117 RAMs. In
addition, the on-board RAM complement may be ex-
panded to 64K bytes with the iISBC 300 32K-byte MULTI-
MODULE RAM option: Power for the on-board RAM and
refresh circuitry may be optionally provided on an aux-
iliary’ power bus, and memory protect logic is included
for RAM battery backup requirements. The iSBC 86/12A
board contains a dual-port controller which allows ac-
cess to the on-board RAM (32K bytes or 64K bytes when
the iSBC 300 module is included with the iSBC 86/12A
board) from the iSBC 86/12A CPU and from any other
MULTIBUS master via the system bus. The dual-port
controller allows 8- and 16-bit accesses from the
MULTIBUS system bus, and the on-board CPU transfers
data to RAM over a 16-bit data path. Priorities have been
established such that memory refresh is guaranteed by
the on-board refresh logic and that the on-board CPU
has priority over MULTIBUS system bus requests for ac-
cess to RAM. The dual-port controller includes inde-
pendent addressing logic for RAM access from the on-
board CPU and from the MULTIBUS system bus. The on-
board CPU will always access RAM starting at location
000004. Address jumpers allow on-board RAM to be
located starting on any 8K-byte boundary within a 1
megabyte address range for accesses from the MULTI-
BUS system bus. In conjunction with this feature, the
iSBC, 86/12A microcomputer has the ability to protect
on-board memory from MULTIBUS access to any con-
tiguous 8K-byte segments (or 16K-byte segments with
iSBC 300 module). These features allow the multi-
processor systems to establish local memory for each
processor and shared system (MULTIBUS) memory con-
figurations where the total system memory size (includ-
ing local on-board memory) can exceed 1 megabyte
without addressing conflicts.

EPROM Capabilities

Four sockets are provided for up to 16K bytes of non-
volatile read only memory on the iSBC 86/12A board.
EPROM may be added in 2K-byte increments up to a
maximum of 4K bytes by using Intel 2758 electrically

programmable ROMs (EPROMs); in 4K-byte increments
up to 8K bytes by using Intel 2716 EPROMSs; or in
8K-byte increments up to 16K bytes using Inel 2732
EPROMs. On-board EPROM is accessed via 16-bit data
paths. On-board EPROM capacity may be expanded to
32K bytes with the addition of the iSBC 340  16K-byte
MULTIMODUE EPROM option. It provides an additional
four sockets for Intel 2732 EPROMs. With user modifica-
tion of the iSBC 86/12A’s on-board memory and MULIT-
BUS address decode, Intel 2758 and 2716 EPROMs may
be optionally supported. System memory size is easily
expanded by the addition of MULTIBUS system bus
compatible memory boards available in the iSBC prod-
uct family.

Parallel 1/0 Interface

The iSBC 86/12A single board computer contains 24
programmable parallel 1/0 lines implemented using the
Intel 8255A Programmable Peripheral Interface. The
system software is used to configure the I/0 lines in any
combination of unidirectional input/output and bidirec-
tional ports indicated in Table 1. Therefore, the 1/0
interface may be customized to meet specific peripheral
requirements. In order to take full advantage of the large
number of possible I/O configurations, sockets are
provided for interchangeable 1/0 line drivers and
terminators. Hence, the flexibility. of the I/O interface is
further enhanced by the capability of selecting the
appropriate combination of optional line drivers and
terminators to provide the required sink current, polarity,
-and drive/termination_characteristics for each applica-
tion. The 24 programmable 1/0O lines and signal ground
lines are brought out to a 50-pin edge connector that
mates with flat, woven, or round cable.

Serial I/0

A programmable communications interface using the
Intel 8251A Universal Synchronous/Asynchronous
Receiver/Transmitter (USART) is contained on the iSBC
86/12A board. A software selectable baud rate generator
provides the- USART with all common communication

Table 1. InputIOqtput Port Modes of Operation

Mode of Operation
Unidirectional
Port Iz::;: Input Output Bidirectional Control
tatohed | FGRCE | Latened | TG hed
1 8 X X X X : X

8 X X X X

4 X X X1
4 X X X!

Note

port or port 1 is used as a bidirectional port.

1. Part of port 3 must be used as a control port when either port 1 or port 2 are used as a latched-and strobed.input or a latched and strobed output

1-45



iSBC 86/12A

frequencies. The USART can be programmed by the
system software to select the desired asynchronous or
synchronous serial data transmission technique (includ-
ing IBM Bi-Sync). The mode of operation (i.e., synchro-
nous or asynchronous), data format, control character
format, parity, and baud rate:are all under program
control. The 8251A provides full duplex, double buffered
transmit and receive capability. Parity, overrun, and
framing: error detection are all incorporated in. the
USART. The RS232C compatible interface on each
board, in conjunction with the USART, provides a direct
interface to- RS232C compatible terminals, cassettes, and
asynchronous and-synchronous modems. The RS232C
command lines, serial data lines, and signal ground line
are brought out to a 26 pin edge connector that mates with
RS232C compatible flat or round cable. The iSBC 530
Teletypewriter Adapter provides an optically isolated
interface for those systems requiring a 20 mA current
loop. TheiSBC 530 unit may be used to interface the iSBC
86/12A board to teletypewriters or other 20 mA current
loop equipment. i

Programmable Timers

The iSBC 86/12A board provides three independent, fully
programmable 16-bit interval timers/event counters
utilizing the Intel 8253 Programmable Interval Timer.
Each counter is capable of operating in either BCD or
binary modes. Two of these timers/counters are available
to  the systems designer to generate accurate time
intervals under software control. Routing for the outputs
and gate/trigger inputs of two of these counters is jumper
selectable. The outputs may be independently routed to
the 8259A Programmable Interrupt Controller and to the
1/0 line drivers associated with the 8255A Programmable
-Peripheral Interface, or may be routed as inputs to the
8255A chip. The gate/trigger inputs may be routed to 1/0
terminators associated with the 8255A or as output
connections from the 8255A. The third interval timer in
the 8253 provides the programmable baud rate generator
for the iISBC 86/12A board RS232C USART serial port. In
utilizing the iSBC 86/12A board the systems designer
simply configures, via software, each timerindependently
to meet system requirements. Whenever a given time
delay or count is needed, software commands to the
programmable timers/event counters select the desired
function. Seven functions are available, as shown in
Table 2. The contents of each counter may be read at any
time during system operation with simple read operations
for event counting applications, and special commands
are included so that the contents can be read “on the fly”,

MULTIBUS System Bus and
Multimaster Capabilities

The MULTIBUS system bus features asynchronous data
transfers for the accommodation of devices with various
transfer rates while maintaining maximum throughput.
Twenty address lines and sixteen separate data lines
eliminate the need for address/data multiplexing/demul-
tiplexing logic used in other systems, and allow for data
transfer rates up to 5 megawords/sec. A failsafe timer is
included in the iSBC 86/12A board which can be used to
generate an interrupt if an addressed device does not
respond within 6 msec.
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Table 2. Programmable Timer Functions

Function Operation

Interrupt on
terminal count

When terminal count is reached,
an interrupt request is generated.
This function is extremely useful
for generation of real-time.clocks.

Programmable [ Output goes. low upon receipt of

one-shot | an external trigger edge or soft-
ware ‘command and returns high
when terminal count is reached.
This function is retriggerable.

Rate | Divide by N counter. The output

generator ‘| will go low for one input clock

cycle, and the period from one low
| going pulse to the next is N times
the input clock period. .
Output will remain high untit.one-
half the count has been completed,
and go low for the other half of
the count.

Square-wave
rate generator

‘Software

Output “remains high until " soft-
triggered ware loads count-(N). N counts af-
strobe ter count. is: loaded, output goes

low for one.input clock period.
‘Hardware ‘[ Output goes low for one clock"
triggered period N counts after rising edge -
strobe counter trigger input. The counter

is retriggerable.

On a jumper selectable basis, the
clock input becomes an input
from the external system. CPU
may read the number of events
occurring after the counting “win-
dow” has’ ‘been enabled or an
interrupt may be generated after N

Event counter

events occur in the system.

Multimaster Capabilities — The iSBC 86/12A board is a
full computer on a single board with resources capable of
supporting a great variety of OEM system requirements.
For those applications requiring additional processing
capacity and the benefits of multiprocessing (i.e., several
CPUs and/or controllers logically sharing system tasks
through communication over the system bus), the iSBC
86/12A board provides full MULTIBUS arbitration control
logic.” This control logic allows up to three iISBC 86/12A
boards or other bus masters, /including iSBC 80 family
MULTIBUS compatible 8-bit single board computers, to
share the system bus in serial (daisy chain) priority
fashion and up.to 16 masters to share the MULTIBUS
system bus with the addition of an external priority
network. The MULTIBUS arbitration logic operates
synchronously with a MULTIBUS clock (provided by the
iSBC 86/12A board or optionally provided directly from
the MULTIBUS) while data is transferred via a handshake
between the master and slave modules. This allows
different speed controllers to share resources on the same
bus, and transfers via the bus proceed asynchronously.
Thus, transfer speed is dependent on transmitting and
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receiving devices only. This design prevents slow master
modules from being handicapped in their attempts to gain
control of the bus, but does not restrict the speed at which
faster modules can transfer data via the same bus. The
most obvious applications for the master-slave capabili-
ties of the bus are multiprocessor configurations, high
speed peripheral control, but are by no means limited to
these three.

Interrupt Capablity

The iSBC 86/12A board provides 9 vectored interrupt
levels. The highest level is the NMI (Non-maskable
Interrupt) line which is directly tied to the 8086 CPU. This
interrupt cannot be inhibited by software and is typically
used for signalling catastrophic events (i.e., power
failure). On servicing this interrupt, program control will
be implicitly transferred through location 00008y The
Intel 8259A Programmable Interrupt Controller (PIC)
provides vectoring for the next eight interrupt levels. As
shown in Table 3, a selection of four priority processing
modes is available to the systems designer for use in
designing request processing configurations to match
system requirements. Operating mode and priority
assignments may be reconfigured dynamically via
software at any time during system operation. The PIC
accepts interrupt requests from the programmable
parallel and serial 1/0 interfaces, the programmable
timers, the system bus, or directly from peripheral
equipment. The PIC then determines which of the
incoming requests is of the highest priority, determines
whether this request is of higher priority than the level
currently being serviced, and, if appropriate, issues an
interrupt to the CPU. Any combination of interrupt levels
may be masked, via software, by storing a single byte in
the interrupt mask register of the PIC. The PIC generates
a unique memory address for each interrupt level. These
addresses are equally spaced at 4 byte intervals. This
32-byte block may begin at any 32-byte boundary in the
lowest 1K-bytes of memory,* and contains unique
instruction pointers and code segment offset values (for
expanded memory operation) for each interrupt level.
After acknowledging an interrupt and obtaining a device
identifier byte from the 8259A PIC, the CPU will store its
status flags on the stack and execute an indirect CALL
instruction through the vector location (derived from the
device identifier) to the interrupt service routine. In
systems requiring additional interrupt levels, slave 8259A
PIC’s may be interfaced via the MULTIBUS system bus,
to generate additional vector addresses, yielding a total
of 65 unique interrupt levels.

Interrupt Request Generation — Interrupt requesté may
originate from 18 sources. Two jumper selectable
interrupt requests can be automatically generated by

Table 3. Programmable Interrupt Modes

Mode Operation

Fully nested Interrupt request line priorities

fixed at 0-as highest, 7 as lowest.
Equal priority. Each level, after
receiving service, becomes the
lowest priority level until next in-
terrupt occurs.

Auto-rotating

Specific System software assigns lowest

priority priority level. Priority of all other
levels based in sequence numeri-
cally on this assignment.

Polled System software examines priori-

ty-encoded system interrupt status
via interrupt status register.

information is ready to be transferred to the CPU (i.e.,
input buffer is full) or a byte of information has been
transferred to a peripheral device (i.e., output buffer is
empty). Two jumper selectable interrupt requests can be
automatically generated by the USART when a character
is ready to be transferred to the CPU (i.e., receive channel
buffer is full, or a character is ready to be transmitted (i.e.,
transmit channel data buffer is empty). A jumper
selectable request can be generated by each of the
programmable timers. An additional interrupt request
line may be jumpered directly from the parallel I/O driver
terminator section. Eight prioritized interrupt request
lines allow the iSBC 86/12A board to recognize and
service interrupts originating from peripheral boards
interfaced via the MULTIBUS system bus. The MULTI-
BUS fail safe timer of the iSBC 337 processor and the
exception and error output signal also can be selected
as interrupt sources.

Power-Fail Control

Control logic is also included to accept a power-fail
interrupt in conjunction with the AC-low signal from the
iSBC 635 and iSBC 640 Power Supply or equivalent:

Expansion Capabilities

Memory and I/O capacity may be expanded and
additional functions added using Intel MULTIBUS
compatible expansion boards. Memory may be expanded
by adding user specified combinations of RAM boards,
EPROM boards, or combination boards. Input/output
capacity may be increased by adding digital 1/0 and

~analog I/0 expansion boards. Mass storage capability.

the programmable peripheral interface when a byte of

*Note: The first 32 vector locations are reserved by Intel
for dedicated vectors. Users who wish to maintain

compatibility with present and future Intel products:

should not use these locations for user-defined vector
addresses.
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may be achieved by adding single or double density
diskette controllers, or hard disk controllers. Modular
expandable backplanes and cardcages are available to
support multiboard systems.

Note: Certain system restrictions may be incurred by the
inclusion of some of the iISBC 80 family optionsin aniSBC
86/12A system. Consult the Intel OEM Microcomputer
System Configuration Guide for specific data.
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System Development Capabilities

The development cycle of iSBC 86/12A products can be
significantly reduced. by using the Intellec® series
microcomputer development system. The Assembler,
High Level Languages, Locating Linker, Library Man-
ager, Text Editor and System Monitor are all supported
by the ISIS-Il disk-based operating system.

In-Circuit Emulator — ICE-86 in-circuit emulator provides
the necessary link between the software development
environment provided by the Intellec system and the
“target” iSBC 86/12A execution system. In addition to
providing the mechanism for loading executable code and
data into the iSBC 86/12A board, ICE-86 in-circuit
emulator provides a sophisticated command set to assist
in debugging software and final integration of the user
hardware and software. ICE-86 in-circuit emulator
maximizes the use of available development resources by

allowing Intellec resident resources (e.g., memory and
peripherals) to be accessed by software running on the
target iSBC 86/12A system. In addition, software can be
executed without an iISBC 86/12A execution vehicle, in 2K
bytes of RAM resident in the ICE-86 system itself. Sym-
bolic references to instruction and data locations can be
made through ICE-86 in-circuit emulator to allow the user
to reference memory locations with assigned names.

PL/M-86 — Intel's high level programming language,
PL/M-86, is also available as an Intellec Microcomputer
Development. System option. PL/M-86 provides the
capability to program in a natural, algorithmic language
and eliminates the need to manage register usage or
allocate memory. PL/M-86 programs can be written in a
much shorter time than assembly language programs for a
given application. PL/M-86 includes byte and word,
integer, pointer and floating point.(32-bit) data types and
also includes conditional compilation and macro features.

SPECIFICATIONS

Word Size

Instruction — 8, 16, 24, or 32 bits
Data — 8, 16 bits

Cycle Time
Basic Instruction Cycle — 1.2usec
— 400 nsec (assumes
instruction in the queue)

Note:
Basic instruction cycle is defined as the fastest instruction time (i.e.,
two clock cycles)

Memory Capacity ‘ _
On-Board Read Only- Memory — 16K bytes (sockets
only); expandable to 32K bytes with iSBC 340 16K-byte
MULTIMODULE EPROM option.

On-Board RAM — 32K bytes; expandable to 64K bytes
with iSBC 300 32K-byte MULTIMODULE RAM option.

Off-Board Expandion — Up to 1 megabyte in user speci-
fied combinations of RAM and EPROM.

Note:
Read only memory may be added in 2K, 4K, or 8K-byte increments.

Memory Addressing

On-Board EPROM — FF000-FFFFFy (using 2758
EPROMSs); FE000-FFFFFy (using 2716 EPROMSs);
FCO000-FFFFFy (using 2732 EPROMS), F8000-FFFFFy
(with iSBC 340 EPROM option and four additional 2732
EPROMSs). '

On-Board RAM — 32K bytes of dual port RAM. Option-
ally expandable to 64K bytes with iSBC 300 RAM option.

CPU Access — 32K bytes: 00000-07FFFy; 64K bytes:
00000-0FFFF.

MULTIBUS Access — Jumper selectable for any 8K-byte
boundary, but not crossing a 128K-byte boundary. Ac:
cess for 8K, 16K, 24K or 32K (16K, 32K, 48K, 64K with
iSBC 300 option) bytes may be selected for on-board
CPU use only. '

110 Capacity
Parallel — 24'programmable lines using one 8255A.
Serial — 1 programmable line using one 8251A.

110 Addressing
On-Board Programmable 1/0

8255A USART
Port
1] 2 3 Control Data Control
Address C8 |CA | CC CE D8 or DA or
DC DE

Serial Communications Characteristics
Synchronous — 5—8 bit characters; internal or exter-
nal character synchronization; automatic sync insertion.
Asynchronous — 5—8 bit characters; break character
generation; 1, 1¥2, or 2 stop bits; false start bit
detection. ’

Baud Rates
Frequency (kHz) Baud Rate (Hz)
(Software Selectable) Synch Asynch
+ 16 = 64
153.6 — 9600 2400
768 — 4800 1200
38.4 38400 2400 600
19.2 19200 1200 300
9.6 9600 600 150
4.8 4800 300 75
24 2400 150 -
1.76 1760 110 -
Note:

Frequency selected by 1/0 write of appropriate 16-bit frequency factor
to baud rate register (8253 Timer 2).
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Interrupts
Addresses for 8259A Registers (Hex notation 1/O ad-
dress space)
CO or C4 Write: Initialization Command Word 1 (ICW1)
and Operation Control Words 2 and 3
(OCW2 and OCW3)
Read: Status and Poll Registers

C2orC6 Write: ICW2, ICW3, ICW4, 0CW1 (Mask
Register)
Read: 0CW1 (Mask Register)
Note:

Several registers have the same physical address; sequence of access
and one data bit of control word determine which register will respond.

Interrupt Levels — 8086 CPU includes a non-maskable
Interrupt (NMI) and a maskable interrupt (INTR). NMI
interrupt is provided for catastrophic events such as
power failure. NMI vector address is 00008. INTR interrupt
is driven by on-board 8259A PIC, which provides 8-bit
identifier of interrupting device to CPU. CPU multiplies
identifier by four to derive vector address. Jumpers select
interrupts from 18 sources without necessity of external
hardware. PIC May be programmed to accommodate
edge-sensitive or level-sensitive inputs.

Timers

Register Addresses (Hex notation, /O address space)
Do Timer O

D2 Timer 1

D4 Timer 2

D6 Control register

Note:

Timer counts are loaded as two sequential output operations to same
address as given.

Input Frequencies

Reference: 2.46 MHz +0.1% (0.041 us period, nominal);
1.23 MHz +0.1% (0.81 us period, nominal); or 153.60
kHz +£0.1% (6.51 us period nominal).

Note:
Above frequencies are user selectable.

Event Rate: 2.46 MHz max
Output Frequencies/Timing Intervals

Single Timer/Counter Dual Timer/Counter

Function (Two Timers Cascaded)
Min Max Min Max
Real-time 1.63 us 427.1 ms 326 s 466.50 min
interrupt
Programmable 1.63 us 427.1 ms 326 s 466.50 min
one-shot
Rate generator 2.342 Hz 613.5 kHz | 0.000036 Hz | 306.8 kHz

Square-wave 2.342 Hz
rate generator
Software
triggered
strobe
Hardware
triggered
strobe

Event —

613.5 kHz | 0.000036 Hz | 306.8 kHz

163 us 4271 ms 3.26 s 466.50 min

1.63 us 427.1 ms 326 s 466.50 min

2.46 MHz — —

counter

Interfaces

MULTIBUS — All signals TTL compatible

Parallel /0 — All signals TTL compatible

Interrupt Requests — All TTL compatible

Timer — All signals TTL compatible

Serial /0 — RS232C compatible, data set configuration

System Clock (8086 CPU)
5.00 MHz * 0.1%

Auxiliary Power

An auxiliary power bus is provided to allow separate
power to RAM for systems requiring battery backup of
read/write memory. Selection of this auxiliary RAM
power bus is made via jumpers on the board.

Connectors
Interface Pins Ce!uters Mating Connectors
(qty) (in.)
Bus 86 0.156 VIKING 3KH43/9AMK12
Parallel 1/0 50 0.1 3M 3415-000
Serial 1/0 26 0.1 3M 3462-000

Memory Protect

An active low TTL compatible memory protect signal is
brought out on the auxiliary connector which, when
asserted, disables read/write access to RAM memory
on the board. This input is provided for the protection
of RAM contents during system power down sequences.

Line Drivers and Terminators

1/0 Drivers — The following line drivers are all compatible
with the 1/0 driver sockets on the iSBC 86/12A board.

Driver Characteristic Sink Current (mA)
7438 1,0C 48
7437 I 48
7432 NI 16
7426 1,0C 16
7409 NI,OC 16
7408 NI 16
7403 1,0C 16
7400 | 16
Note:

| = inverting; NI = non-inverting; OC = open collector.

Port 1 of the 8255A has 20 mA totem-pole bidirectional
drivers and 1 kQterminators.

1/0 Terminators — 2209/330qdivider or 1 kQ pullup

22002/330Q) (isBC 901 OPTION)

2209
+5V WA

1 K () (iSBC 902 OPTION)

1kQ
+5V A/ O
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Bus Drivers

Environmental Characteristics

Operating Temperature — 0°C to 55°C

Function Characteristic Sink Current (mA)
Data Tri-state 50
Address Tri-state 50
Commands ~ Tri-state 32

Relative Humidity — to 90% (without condensation)

Physical Characteristics
Width — 12.00 in. (30.48 cm)
Height — 6.75in. (17.15cm)
Depth — 0.70 in. (1.78 cm)
Weight — 19 oz. (539 gm)

Electrical Characteristics
DC Power Requirements

Reference Manual

9803074-01 — iSBC 86/12A Single Board Computer
Hardware Reference Manual (NOT SUPPLIED)

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

. . Current Requirements
Configu- |Vgg = +5V|Vpp = +12V|Vgg = —5V|Vpp = — 12V
ration *5% (max)| *=5% (max) | £5% (max)| *=5% (max)
Without
EPROM! 5.2A 350 mA — 40 mA |
RAM Only3 390 mA 40 mA 1.0 mA —
With
2A 450 mA — 140 mA
iSBC 5304 5 som om
With 4K
EPROMS 5.5A 350 mA — 40 mA
(using 2758) ’
With 8K
EPROMS 5.5A ' 350 mA — 40 mA
(using 2716) '
With 16K
EPROMS 5.4A 350 mA - 40 mA
(using 2732) .

Notes:

1. Does not include power for optional EPROM, I/O driilers, and /O ter-

minators.

2. Does not include power required for optional EPROM, I/O drivers, and
1/0 terminators.

3. RAM chips powered via auxiliary power bus.

4. Does not include power for optional EPROM, I/O drivers, and I/O ter-
minators. Power for iSBC 530 is supplied via serial port connector.

o

installed for 16 1/0 lines; all terminator inputs low.

. Includes power required for four EPROM chips, and I/O terminators

ORDERING INFORMATION

Part Number
SBC 86/12A.

Description
Single Board Computer

with 32K bytes RAM
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MEASUREMENT AND CONTROL COMPUTER

m High performance 5 MHz iAPX 88/10 m 4K bytes static RAM, expandable via
8-bit HMOS processor iSBC 301 MULTIMODULE RAM to 8K

bytes (1K byte dual-ported)

m 12:bit, 20 kHz analog-to-digital Four ERPOM/E2PROM sockets for up
converter with programmable gain to 32K bytes, expandable to 64K bytes
control with iSBC 341 expansion MULTI-

MODULE

= 16 differential/32 single-ended analog

input channels m On-board 21-volt power supply for

E2PROM modification under program

m Three iSBX MULTIMODULE control
connectors for analog, digital, and m MULTIBUS Intelligent Slave or
other 1/0 expansion Multimaster

The Intel iISBC 88/40 Measurement and Control Computer is a member of Intel’s large family of Single
Board Computers that takes full advantage of Intel’s VLSI technology to provide an economical self-
contained computer based solution for applications in the areas of process control and data acquisition.
The on-board iAPX 88/10 processor with its powerful instruction set allows users of the iSBC 88/40 board
to update process loops as much as 5-10 times faster than previously possible with other 8-bit micro-
processors. For example, the high performance iSBC 88/40 can concurrently process and update 16 con-
trol loops in less than 200 milliseconds using a traditional PID (Proportional-Integral-Derivative) control
algorithm. The iSBC'88/40 board consists of a 16 differential/32 single ended channel analog multiplexer
with input protected circuits, A/D converter, programmable central processing unit, dual port and private
RAM, read only memory sockets, interrupt logic, 24 channels of parallel I/O, three programmable timers
and MULTIBUS control logic on a single 6.75 by 12.00-inch printed circuit card. The iSBC 88/40 board is
capable of functioning by itself in a stand-alone system or as a multimaster or intelligent slave in a large
MULTIBUS system.

RLLITTT T

1-51



k3

S

iSBC 88/40

" FUNCTIONAL DESCRIPTION

Three Modes of Operation

The iSBC 88/40 Measurement and Control Com-
puter (MACC) is capable of operating in one of

- three modes: stand-alone controller, bus multi-
master or intelligent slave. A block diagram of the -

iSBC 88/40 Measurement and Control Computer is
shown in Figure 1.

Stand-Alone Confroller

The iSBC 88/40 Measurement and Control Com-
puter may function as a stand-alone single board
controller with CPU, memory and I/O elements on
a single board. The on-board 4K bytes of RAM and
up to 32K bytes of read only memory, as well as
the analog-to-digital converter and programmable
parallel /0 lines allow significant. control and
monitoring capabilities from a single board.

Bus Multimaster

In this mode of operation the iSBC 88/40 board
may interface and control a wide variety of iSBC
memory and /O boards or even with additional

iSBC 88/40 boards or other single board computer
masters or intelligent slaves.

Intelligent Slave

The iSBC 88/40 board can perform as an intelli-
gent slave to any Intel 8 or 16-bit MULTIBUS
master CPU by not only offloading the master of
the analog data collection, but it can also do a sig-
nificant amount of pre-processing and decision
making on its own. The distribution of processing
tasks to intelligent slaves frees the system master
to do other system functions. The dual port RAM
with flag bytes for signalling allows the iSBC
88/40 board to process and store data W|thout
MULTIBUS memory or bus contention.

Central Processing Unit

The central processor unit for. the iSBC 88/40
board is a powerful 8-bit HMOS iAPX 88/10 micro-
processor. The 22.5 sq. mil. chip contains approxi-
mately 29,000 transistors and has a clock rate of 5
MHz. The architecture includes four (4) address-
able data registers and two (2) 16-bit memory base
pointer registers and two (2) 16-bit index registers,
all accessed by a total of 24 operand addressing -
modes for complex data handling and very flexible
memory addressing..

< MULTIBUS, SYSTEM BUS . >

’ ﬁ INTERRUPT/

MULTIMASTER
INTERFACE
8288, 8289

DUAL PORT

INTELLIGENT
SLAVE

INTERFACE

12 BITS RESOLUTION
PGA (1.5.50.250)

PORT B SOCKETS
24 ACCEPT 55V, 300 mA
8(16) 8(16) LINE DRIVERS

J3 J2
ANALOG INPUTS  PARALLEL DIGITAL IO

TO iCS 910, TO iCS 920, 930
SIGNAL CONDITIONING/SCREW
TERMINATION PANELS

iSBX
#
AID INPUT
kil

RESET @ INTERRUPT/
g T 7 USER
{"w— BATTERY
S BACKUP

" 8088 . STATIC RAM
4.8 MHz i 3K (8185)

8087 NUMERIC
DATA PROCESSOR
EXPANSION

4KRAM .

-
I
[}
|
{ EXPANSION |

" secsy

ROM/EPROM/E?PROM
428.PIN SOCKETS
16K WITH 2732
32K WITH 2764

E?PROM
WRITE PULSE
GENERATION

Vep(21V)
10 ms PULSE

-
]
ADDITIONALFOUR  §
28-PIN SOCKETS 1
4

Figure 1. iSBC 88/40 Measurement and Control Computer Block Diagram
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INSTRUCTION SET — The iAPX 88/10 instruction
repertoire includes variable length instruction for-
mat (including double operand instructions), 8-bit
and 16-bit signed and unsigned arithmetic oper-
ators for binary, BCD and unpacked ASCII data,
and iterative word and byte string manipulation
functions. The instruction set of the iAPX 88/10 is
a superset of the 8080A/8085A family and with
available software tools, programs written for the
8080A/8085A can be easily converted and run on
the iAPX 88/10 processor. Programs can also be
run that are implemented on the iAPX 86/10 with
little or no modification.

ARCHITECTURAL FEATURES — A 4-byte instruc-
tion queue provides pre-fetching of sequential in-
structions and can reduce the 1.2 ysec minimum
instruction cycle to 400 nsec for queued instruc-
tions. The stack oriented architecture facilitates
nested subroutines and co-routines, reentrant
code and powerful interrupt handling. The mem-
ory expansion capabilities offer a 1 megabyte ad-
dressing range. The dynamic relocation scheme
allows ease in segmentation of pure procedure
and data for efficient memory utilization. Four
segment registers (code, stack, data, extra) con-
tain program loaded offset values which are used
to map 16-bit addresses to 20-bit addresses. Each
register maps 64K bytes at a time and activation of
a specific register is controlled explicitly by pro-
gram control and is also selected implicitly by
specific functions and instructions.

Bus Structure

The iSBC 88/40 single board computer has three
buses: 1) an internal bus for communicating with
on-board memory, analog-to-digital converter,
iSBX MULTIMODULES and I/O options; 2) the
MULTIBUS system bus for referencing additional
memory and I/O options, and 3) the dual-port bus
which allows access to RAM from the on-board
CPU and the MULTIBUS system bus. Local (on-
board) accesses do not require MULTIBUS com-
munication, making the system bus available for

use by other MULTIBUS masters (i.e. DMA devices .

and other single board computers transferring to
additional system memory). This feature allows
true parallel processing in a multiprocessor en-
vironment. In addition, the MULTIBUS interface
can be used for system expansion through the use
of other 8- and 16-bit iSBC computers, memory
and I/0 expansion boards.

RAM Capabilities

DUAL-PORT RAM — The dual-port RAM of the
iSBC 88/40 board consists of 1K bytes of static

RAM, implemented with Intel 2114A chips. The on-
board base addess of this RAM is 00C00 (3K) nor-
mally; it is relocated to 01C00 (7K) when the iISBC
301 MULTIMODULE RAM is added to the pro-
tected RAM. The MULTIBUS port base address of
the dual-port RAM can be jumpered to any 1K byte
boundary in the 1M byte address space. The dual-
port RAM can be accessed in a byte-wide fashion
from the MULTIBUS system bus. When accessed
from the MULTIBUS system bus, the dual-port
RAM decode logic will generate INH1/ (Inhibit
RAM) to allow dual-port- RAM to overlay other
system RAM. The dual-port. control logic is de-
signed to favor an on-board RAM access. If the
dual-port-is not currently. performing a memory
cycle for the MULTIBUS sytem port, only one wait
state will be required. The on-board port may re-
quire more than one -wait state if the dual-port
RAM. was busy when the on-board cycle was re-
quested. The LOCK prefix facility of the iAPX
88/10 assembly language will disallow system bus
accesses.to the dual-port- RAM. In addition, the
on-board port to the dual-port RAM can be locked
by other compatible MULTIBUS masters, which
allows true symmetric semaphore operation.
When the board is functioning in the master
mode, the LOCK prefix will additionally disable
other masters from obtaining the system bus.

PRIVATE RAM — In addition to the 1K byte dual-
port RAM, there is a 3K byte section of private
static RAM not accessible from the system bus.
This RAM has a base address of 00000, and con-
sists of three Intel 8185 RAM chips which are in-
terfaced to the multiplexed address/data bus of
the iAPX 88/10 microprocessor. Expansion of this
private RAM from 3K to 7K bytes can be accom-
plished by the addition of .an iSBC 301 MULTI-
MODULE RAM (4K bytes). When the 301 is added,
protected RAM extends from 0 to 7K, and the base
address of the dual-port RAM is relocated from 3K
(00C00) to 7K (01C00). All protected RAM ac-
cesses require one wait state. The private RAM
resides on the local on-board bus, which elimi-

_nates contention problems between on-board ac-

cesses to private RAM and system bus accesses
to dual-port RAM. The private RAM can be battery
backed.

Parallel 1/0 Interface

The iSBC 88/40 single board computer contains 24
programmable parallel 1/O lines implemented
using the Intel 8255A Programmable Peripheral In-
terface. The system software is used to configure
the 1/O lines in any combination of unidirectional
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input/output and bidirectional ports indicated in
Table 1. There the 1/O-interface may be custom-
ized to meet specific peripheral requirements. In
order to take full advantage of the large number of
possible /0 configurations, sockets are provided
for interchangeable I/O line drivers and termi-
nators. Port 2: can also accept TTL compatible
peripheral drives, such as 75461/462; 75471/472,
etc. These are open collector, high voltage drivers
(up to 55 volts) which can sink 300 mA. Hence, the
flexibility of the I/0 interface is further enhanced
by the capability of selecting the appropriate com-
bination of optional line drivers and terminators to
provide the required sink current, polarity, and:
drive/termination characteristics for each applica-
tion. The 24 programmable /O lines and signal
ground lines are brought out to-a 50-pin edge con-
nector that mates with flat, woven, or round cable.
This edge connector is also compatible with the
Intel iCS 920 Digital I/0 and. iCS 930 AC Signal
Conditioning/Termination Panels, for field wiring,
optical isolation and hlgh power (up to 3 amp)
power drive. .

EPROM Capabilities

Four (4) 28-pin sockets are provided for the use of
Intel 2716s, 2732s, 2764s, 'and‘ their respective
ROMs. When' using 2764s the on-board EPROM
capacity is 32K bytes. Read only memory expan-
sion is available through the use of the iSBC 341
EPROM/ROM memory expansion MULTIMODULE.
When the iSBC 341 is used an additional four (4)
EPROM sockets are made available, for a total
iSBC 88/40 board capacity of 64K bytes EPROM. |

E2PROM Capabilities

The four 28-pin sockets can also accommodate In-
tel 2816 EZPROMs, for dynamlc storage of control

loop setpoints, conversion parameters, or other
data (or programs) that change periodically but
must be kept in nonvolatile storage. To give the
user dynamic control of this nonvolatile memory,
the iSBC 88/40 board also contains an on-board
DC to DC converter which under program control
will furnish the voltage necessary for modifying
the contents of Intel 2816 E2PROMS. .

Timing Logic

The iSBC 88/40 board provides an 8253-5 Program-
mable Interval Timer, which contains three in-
dependent, programmable 16-bit timers/event
counters. All three of these counters are available
to generate time intervals or event counts under
software control. The outputs of the three
counters may be independently routed to the in-
terrupt matrix. The inputs and outputs of timers 0
and 1 can be connected to parallel /O lines on the
J1 connector, where they replace 8255A port C
lines. The third counter is also used for timing
E2PROM write operations.

Interrupt Capability

The iSBC 88/40 board provides 9 vectored inter-
rupt levels. The highest level is the NMI (Non-
maskable Interrupt) line which is directly tied to
the iAPX 88/10 CPU. This interrupt cannot be in-
hibited by software and is typically used for sig-
nalling catastrophic events (i.e., power failure). On
servicing this interrupt, program control will be
implicitly transferred through location 00008y.
The Intel 8259A Programmable Interrupt Con-
troller (PIC) provides vectoring for the next eight
interrupt levels. As shown in Table 2, a selection
of four priority processing modes is available to
the designer to match system requirements. Oper-
ating mode and priority assignments may be re-
configured dynamically via software at any time

Table 1. Input/Output Port Modes of Operation

Mode of Operation
. Unidirectional
- Port Iz::;)s Input Output Bidirectional | Control
Latched | L3S0 | Latchea | LETROE
1 8 X X X X X
2 8 X X X X
3 4 X X X'
4 X X X'
NOTE: o

1. Part of port 3 must be used as a control port when either port 1 or port 2 are used as a latched and strobed input or a Iatched and

strobed output port or port 1 is used as a bidirectional port.
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during system operation. The PIC accepts inter-
rupt requests from the programmable parallel
and/or iSBX interfaces, the programmable timers,
the system bus, or directly from peripheral equip-
ment. The PIC then determines which of the in-
coming requests is of the highest priority, deter-
mines whether this request is of higher priority
than the level currently being serviced, and, if ap-
propriate, issues an interrupt to the CPU. Any
combination of interrupt levels may be masked,
via software, by storing a single byte in the inter-
rupt mask register of the PIC. The PIC generates a
unique memory address for each interrupt level.
These addresses are equally spaced at 4-byte in-
tervals. This 32-byte block may begin at any
32-byte boundary in the lowest 1K bytes of mem-
ory*, and contains unique instruction pointers
and code segment offset values (for expanded
memory operation) for each interrupt level. After
acknowledging an interrupt and obtaining a de-
vice identifier byte from the 8259A PIC, the CPU
will store its status flags on the stack and execute
an indirect CALL instruction through the vector
location (derived from the device identifier) to the
interrupt service routine.

*NOTE: The first 32 vector locations are reserved by Intel for
dedicated vectors. Users who wish to maintain compatibility
with present and future Intel products should not use these
locations for user-defined vector addresses.

Table 2. 'Programmable Interrupt Modes

Mode Operation

Fully nested | Interrupt request line priorities fixed

at 0 as highest, 7 as lowest.

Auto-rotating | Equal priority. Each level, after receiv-
ing service, becomes the lowest prior-
ity level until next interrupt occurs.

Specific System software assigns lowest pri-

priority ority level. Priority of all other levels
based in sequence numerically on
this assignment.

Polled System software examines priority-

encoded system interrupt status via

interrupt status register.

INTERRUPT REQUEST GENERATION — Interrupt
requests may originate from 26 sources. Two
jumper selectable interrupt requests can be auto-
matically generated by the programmable periph-
eral interface when a byte of information is ready
to be transferred to the CPU (i.e., input buffer is
full) or a byte of information has been transferred
to a peripheral device (i.e., output buffer is.empty).

A jumper selectable request can be generated by
each of the programmable timers. An additional
interrupt request line may be jumpered directly
from the parallel /0 driver terminator section.
Eight prioritized interrupt request lines allow the
iSBC 88/40 board to recognize and service inter-
rupts originating from peripheral boards inter-
faced via the MULTIBUS system bus. The fail safe
timer can be selected as an interrupt source. Also,
interrupts are provided from the iSBX connectors
(6), end-of-conversion, PFIN and from the power
line clock.

Power-Fail Control

Control logic is also included to accept a power-
fail interrupt in conjunction with the AC-low signal
from the iSBC 635, iSBC 640, and iCS 645 Power
Supply or equivalent.

iSBX MULTIMODULE Expansion
Capabilities - ‘

Three iISBX MULTIMODULE connectors are pro-
vided on the iSBC 88/40 board. Up to three (3)
single wide MULTIMODULE or one (1) double wide
and one (1) single wide iSBX MULTIMODULE can
be added to the iSBC 88/40 board. A wide variety
of peripheral controllers, analog and digital expan-
sion options are available. For more information
on specific iISBX MULTIMODULES consult the
Intel OEM Microcomputer System Configuration
Guide. ‘

Proceésing Expansion Capabilities

The addition of a iSBC 337 Multimodule Numeric
Data Processor offers high performance integer
and floating point math functions to users of the
iSBC 88/40 board. The iSBC 337 incorporates the
Intel 8087 and because of the MULTIMODULE
implementation, it allows on-board expansion
directly on the iSBC 88/40 board, eliminating the
need for additional boards for floating point
requirements. ) ‘

MULTIBUS Expansion

Memory and I/O capacity may be expanded further
and additional functions added using Intel MULTI-
BUS compatible expansion boards. Memory may
be expanded by adding user specified combina-
tions of RAM boards, EPROM boards, or memory
combination boards. Input/output capacity may be
increased by adding digital /O and analog 1/0
MULTIBUS expansion boards. Mass storage capa
bility may be achieved by adding single or double
density diskette controllers, or hard disk con-
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trollers either through the use of expansion
boards and iSBX MULTIMODULES. Modular ex-
pandable backplanes and cardcages are available
to support multiboard systems.

NOTE: Certain system restrictions may be incurred by the in-
clusion of some of the iSBC 80 family options in an iSBC 88/40

system. Consult the Intel OEM Microcomputer System Config-
uration Guide for specific data.

Analog Input Section

The analog section of the iSBC 88/40 board re-
ceives all control signals through the local bus to
initiate channel selection, gain selection, sample
and hold operation, and analog-to-digital conver-
sion. See Figure 2.

INPUT CAPACITY — 32 separate analog signals
may be randomly or sequentially sampled in
single-ended mode with the 32 input multiplexers
and a common ground. For noiser environments,
differential input- ' mode can be"configured to
achieve 16 separate differential signal inputs, or
32 pseudo differential inputs.

RESOLUTION — The analog section provides
12-bit resolution with a successive approximation
analog-to-digital converter. For bipolar operation
(-5 to + 5 volts) it provides 11 bits plus sign.

SPEED — The A-to-D converter conversion speed
is 50 us (20 kHz samples per second). Combined
with the programming interface, maximum
throughput via the local bus and into memory will
be 55 microseconds per sample, or 18 kHz sam-
ples per second, for a single channel, a random
channel,.or a sequential channel scan at gains of 1

and 5, 250 us at a gain of 50, and 2.5 ms at a gain
of 250. A-to-D conversion is initiated via a pro-
grammed command from the iAPX 88/10 central
processor. Interrupt on end-of-conversion is a
standard feature to ease programming and timing
constraints.

ACCURACY — High quality components are used
to -achieve 12 bits resolution and accuracy of
0.035% full scale range *12 LSB. Offset is
adjustable under program control to insure
+0.024% FSR+ 2 LSB accuracy at any fixed
temperature between 0°C and 60°C (gain 1).
See specifications for other gain accuracies.

GAIN — To allow sampling of millivolt level sig-
nals such as strain gauges and thermocouples,
gain is made configurable via user program com-
mands up to 250 (20 millivolts full scale input
range). User can select gain ranges of 1 (5V), 5
(1V), 50 (100 mV), 250.(20 mV) to match his applica-
tion. .

OPERATIONAL DESCRIPTION — The iSBC 88/40
single board computer addresses the analog-to-
digital converter by executing IN or OUT instruc-
tions to the port address. Analog-to-digital conver-
sions can be programmed in either of two modes:
1) start conversion and poll for end-of-conversion
(EOC), or 2) start conversion and wait for interrupt
at end of conversion. When the conversion is com-
plete as signaled by one of the above techniques,
INput instructions read two bytes (low and high
bytes) containing the 12-bit data word as shown
on the following page. ’

HIGH
IMPEDANCE
BUFFER

LOCAL
BUS

AN

INTERRUPT
LOGIC

INTR

PROGRAMMABLE
GAIN SELECT
& OFFSET
ADJUST

SAMPLE &
HOLD
AMP

DAC 80
&
SAR

OUTPUT
BUFFER

SEE =

DATA
LINES

— AMP
—|
+| 16CHANNEL DIFFERENTIAL
*| mulTieLexen INDED A
o ENDED AMP
—
ANALOG
INPUT 3—
SIGNALS BUFFER
— AMP
—
«| 16 CHANNEL
. INPUT 1
o] mutipLexer [[V
-
—
SIGNAL__ -~

s

START
CONVERSION &
CHANNEL
SELECTOR
LoGic

—

CONTROL

GROUND
—l— PSEUDO DIFFERENTIAL GROUND

LINES

Figure 2. iSBC 88/40 Analog Input Section
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iSBC 88/40

Output Command — Select input channel and
start conversion.
GAIN
BIT POSITION 7
INPUTCHANNELI G1 | G2 I

CONNECTOR CHANNEL SELECT

5 4 3 2 1 0
[ Jos ez [er [ o]
Input Data — Read converted data (low byte) or

Read converted data (high byte).

DATA
o pah
BITPOSIION_7 6 5 4 3 2 1
LOWISTATUSBYTEI D3 | D2 I D1 | Do I | I I ] |

DATA

HIGHBYTEl D11 IDIOl-DS | D8 | D7 | D6 | D5 | D4 |

Offset Correction — At higher gains (x 50, x 250)
the voltage offset tempco in the A/D circuitry can
sometimes cause unacceptable inaccuracies. To
correct for this offset, one channel can be dedi-
cated to be used as a reference standard. This
channel can be read from the program to deter-

mine the amount of offset. The reading from this
channel will then be subtracted from all other
channel readings, |n effect eliminating the offset
tempco

System Software Development

The development cycle of the iSBC 88/40 board
may be significantly reduced using an Intel Intel-
lec Microcomputer Development System with the
optional iAPX 88/iAPX 86 Software Development
package.

The iAPX 88/iAPX 86 Software Development pack-
age includes Intel’s high-level programming lan-:
guage, PL/M 86. PL/M 86 provides the capability to
program in a natural, algorithmic_language and
eliminates the need to manage register usage or
allocate memory. PL/M 86 programs can be writ-
ten in a much shorter time than assembly lan-
guage programs for a given application.

SPECIFICATIONS

Word Size

Instruction — 8, 16, or 32 bits
Data — 8 bits

Instruction Cycle Time

417 nanoseconds for fastest executable instruc-
tion (assumes instruction is in the queue). 1.04
microseconds for fastest executable instruction
(assumes instruction is not in the queue).

Memory Capacity

On-board ROM/EPROM/E?PROM

Up to 32K bytes; user installed in 2K, 4K or 8K byte
increments or up to 64K if iSBC 341 MULTI-
MODULE EPROM option installed. Up to 8K bytes
of E?PROM using Intel 2816s may be user-
installed in increments of 2, 4 or 8K bytes
On-board RAM

4K bytes or 8K bytes if the iSBC 301 MULTIMOD-
ULE RAM is installed. Integrity maintained during
power failure with user-furnished batteries. 1K
bytes are dual-ported.

Off-board Expansion

Up to 1 megabyte of user:specified combination
of RAM, ROM, and EPROM.

Memory Addressing
On-board ROM/EPROM

FEO00-FFFFF (using 2716 EPROMS)
FC000-FFFFF (using 2732 EPROMs) .
F8000-FFFFF (using 2764 EPROMs)
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On-board ROM/EPROM (With iSBC 341 MULTI-
- .MODULE EPROM option installed) -

- FC000-FFFFF (using 2716 EPROMs)
F8000-FFFFF (using 2732 EPROMSs)
FO000-FFFFF (using 2764 EPROMS)

On-board RAM (CPU Access)
00000-00FFF
00000-01FFF (if iISBC 301 MULTIMODULE RAM
option installed)

On-board RAM

Jumpers allow: 1K bytes: of RAM to act as slave
RAM for access by another bus master. Address-
ing may be set within any 1K boundary in the
1-megabyte system address space.

Slave RAM Access
Average; 550 nanoseconds
Interval Timer

Output Frequencies —

: Dual Timers
Function Single Timer (Two Timers
Min. [ Max. | Cascaded)

Real-Time. 0977 s | 64 ms |69.9 minutes
Interrupt ) ) maximum
Interval N

Rate 15.625 Hz | 1024 kHz | 0.00024 Hz
Generator ‘| minimum
(Frequency)

iAPX 88/10 CPU Clock
48 MHz +0.1%

AFN-01631A
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110 Addressing

All communications to parallel /O ports, iISBX
bus, A/D port, timers, and interrupt controller are
via read and write commands from the on-board
iAPX 88/10 CPU.

Interface Compatability

Parallel /0 — 24 programmable lines (8 lines per
port); one port includes a bidirectional bus driver.
IC sockets are included for user installation of line
drivers and/or /O terminators and/or peripheral
drivers as required for interface ports.

iSBX Bus Connectors — Three iSBX bus connec-
tors are provided. These connectors accept 8-bit
iSBX MULTIMODULE boards. One set of the three
iSBX MULTIMODULE connectors will accept a
double wide iISBX MULTIMODULE board.

Interrupts

iAPX 88/10 CPU includes a non-maskable interrupt
(NMI). NMI interrupt is provided for catastrophic
events such as power failure. The on-board 8259A
PIC provides 8-bit identifier of interrupting device
to CPU. CPU multiplies identifier by four to derive
vector address. Jumpers select interrupts from 26
sources without necessity of external hardware.
PIC may be programmed to accommodate edge-
sensitive or level-sensitive inputs.

Analog Input

16 differential (bipolar operation) or 32 single-
ended (unipolar operation).

Full Scale Voltage Range — -5 to + 5 volts (bi-
polar), 0 to + 5 volts (unipolar). )

Gain — Program selectable for gain of 1, 5, 560, or
250.

Resolution — 12 bits (11 bits plus sign for +5
volts).

Accuracy — Including noise and dynamic errors

Gain 25°C
1 +0.05% FSR*
5 +0.075% FSR*
50 +0.075% FSR*
250 +0.1% FSR*

*NOTE: FSR = Full Scale Range = Y2 .LSB. Figures are In per-
cent of full scale reading. At any fixed temperature between
0°C and 60°C, the accuracy is adjustable to +0.05% of full
scale.

Gain TC (at gain=1) — 54 PPM per degree centi-
grade, 74 PPM at other gains.

Offset TC (in % of FSR/°C) — Galn Offset TC

0.0016%
5 0.0022%
50 0.016%
250 '0.08% -
- o
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Input Overvoltage Protection — 30 volts
Input Impedance — 20 megohms (minimum)

Conversion Speed — 50 us (maximum) at gain=1
or5

Common Mode Rejection Ratio — 60 dB (mini-
mum)

Physical Characteristics

Width — 30.48 cm (12.00 in.)

Length — 17.15 cm (6.75 in.)

Height — 1.78 cm (0.7 in.)
2.82 cm (1.13 in.) with. iSBC Memory Ex-
pansion, MULTIMODULES, iSBX Nu-
meric Data Processor or iSBX MULTI-
MODULES. ‘

Electrical Requirements
Power Requirements (Maximum) —

Contfig- +5V | +5VAux| +12Vv | —12v
uration |Typ |Max | Typ | Max |Typ | Max | Typ | Max
iSBC
4 |55
88/4012 100|150 | 80 {120 | 30 | 40
NOTES:

1. The current requirement includes. one worst case (active-
standby) EPROM current.

2. If +5V Aux is supplied by the iSBC 88/40 board, the total
+ 5V current Is the sum of the +5V and the +5V Aux.

Environmental Requirements
Operating Temperature — 0° to 60°C (32°C to
131°F)

Relative Humidity — to 90% without condensa-
tion

Equipment Supplied

The following are supplied with the iSBC 88/40
board:

a. Schematic diagram

b. Assembly drawing

Reference Manuals

124978-001 — iSBC 80/40 Measurement and Con-
trol Computer Hardware Reference Manual (NOT
SUPPLIED).

Manuals may be ordered from an intel sales repre-
sentative, distributor office or from Intel Literature
Department, 3065 Bowers Avenue, Santa Clara,
California 95051. '

ORDERING INFORMATION

Part Number Description
SBC 88/40 Measurement and Control
Computer’



intel
iSBC 310
HIGH SPEED MATHEMATICS UNIT

m Provides iSBC 80 high speed mathe- m Compare and test operation
matical functions — Relative to zero

m Performs functions independently and — Relative to floating point constant
concurrently with iSBC 80 Single Board
Computer functions m Float-to-fix and fix-to-float

m Fixed point integer arithmetic conversions
— 16- and 32-bit format
— Multiply and divide

_ . m Multimaster access — multiplé
Extended divide masters may access iSBC 310 via
o Floating point arithmetic system bus

— Intel standard 32-bit format
— Add, subtract, multiply, divide
— Square and square root m Single + 5V power requirement

The iSBC 310 High Speed Mathematics Unit is a member of Intel’s complete family of OEM computers and expansion
modules. The iSBC 310 acts as an intelligent slave processor to one or more iISBC computer masters as it performs its
high speed arithmetic functions. It plugs into a standard iSBC 604/614 cardcage to interface directly into any iSBC 80
single board computer. Designed to increase the computational throughput of all computers in the iSBC 80 family, the
iSBC 310 utilizes Intel’s high speed Series 3000 Bipolar Microprocessor. The iISBC 310 performs arithmetic functions
an order of magnitude faster than is possible with software routines. Standard operations include floating point add,
subtract, multiply, divide, square, and square root; fixed point integer multiply, divide, and extended divide; and con-
versions between fixed and floating point representations, as well as test, compare, and argument exchange.
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FUNCTIONAL DESCRIPTION

iSBC 80 single board computers communicate with the
iSBC 310 using I/0 and memory read/write commands.
To pass arguments from the iSBC 80 to the iSBC 310, a
memory write command is used for each byte to be load-
ed into the iSBC 310’s working registers. An operation
command is then given to the iSBC 310 by using an out-
put instruction to pass the appropriate opcode. The
mathematics unit will then perform the function inde-
pendently from the single board computer; therefore,
any iSBC 80 can continue to operate while the iSBC 310

is performing its arithmetic operations. Upon comple- .

tion of its designated operation, the high speed mathe-
matics unit notifies the iSBC 80 via an interrupt or by
setting a status bit. The resultant data can then be read
by the iSBC 80 via a memory read command to the prop-
er memory address.

Arithmetic Functions

The iSBC 310 provides a full complement of arithmetic
functions which operate on 16- and 32-bit unsigned
fixed point integers, 32-bit signed fixed point integers,
and 32-bit single precision floating point numbers.
These functions are detailed in Table 1. The results of

comparison operations are described in the operation
results section.

Status Byte

The iSBC 310 may be operated in either an interrupt
driven or polled mode. Three status indications are
available:

Busy — The iSBC 310 is currently processing an arith-
metic command, and cannot respond . to  further
requests. ) )
Complete — The iSBC 310 has completed an operation
without error. This line may be connected to an interrupt
level via an on-board jumper.

Error — The iSBC 310 has completed an operation
which results in.an error condition. This line may be con-
nected to an interrupt level via an on-board jumper.

Result Byte

After completion of an operation, a result byte may be
read. This byte indicates the error conditions where ap-
plicable (see Specifications), and the results of a com-
pare or test operation.

MEMORY

(16 BYTES) < )

L

MICROPROGRAM
STORAGE

11

SEQUENCER

PIPELINE REGISTERS

BUS :
INTERFACE .. OEMBUS
LoGIC

i

INTERNAL BUS

L0

25 MHz
CLOCK

& RESULT
BUFFERS

MEMORY
& 1/0
ADDRESS
DECODER

il
1T

OP CODE
REGISTER

Figure 1. iSBC 310 Block Diagram Showing Functional Components
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iSBC 310

Table 1. iISBC 310 Arithmetic Functions

Operation Op Code Ma’:;;"°1 Notes?

Fixed point multiply (MUL) 0 19 My=my « my

Fixed point divide (DIV) 1 28 mq=m4/M,, my=remainder

Extended fixed point divide (EDIV) E 94 M1=My/mj, Mé: remainder

Floating point multiply (FMUL) 2 91 X1=Xy « Xa

Floating point divide (FDIV) 3 102 X1=X4/X

Floating point add (FADD) 4 56 Xy=X1+ Xz

Floating point subtract (FSUB) 5 56 Xi=X1= X2

Square (FSQR) 6 91 X1=X2

Square root (FSQRT) 7 199 X1=VX,

Fixed-to-float-conversion (FLOAT) 8 89 Xy=Ny4

Float-to-fixed-conversion (FIX) 9 81 Ni=X;

Compare (FCOMP) A 5 Compare X; and X,

Test (FTST) B 5 Compare X4 and 0.0

Exchange (EXCH) F 4 Exchange arguments (fixed or floating)
Notes

1. Does not include register setup time

2. m — 16-bit unsigned fixed point integers; M
single precision floating point number

— 32bit unsigned fixed point integer; N — 32-bit two's complement signed fixed integer; X — 32-bit

SPECIFICATIONS

Arithmetic Functions
See Table 1

Formats .
Single Precision Floating Point (32 Bits) -

Memory Location

Base Address (M)
M+1
M+2
M+3

Fz —Fo

Fis —Fg
F22 — F16
E7 —Eq

Eog

where: S = sign bit
0= positive
1=negative
E, - Ep = biased exponent (8 bits) (bias = 7F})

Fa2— Fo = fraction (23 bits)

Note

F is always normalized (i.e., a ““1” is assumed in the highest bit position),
yielding an effective 24-bit fraction.

Fixed Point Integer (16-Bit)

Memory Location

Base Address (M)
M+1

F7z —Fp
F15 — Fg

where:
F15— Fo = 16-bit integer

PR P
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Extended Precision Integer

Memory Location
Base Address (M) F7 —Fo
M+1 F15 —Fs
M+2 F23 — Fip
M+3 s | Fao—Fa

where: S = sign bit )
Fao— Fo = two’s complement integer

Result Byte

Contains the following information:
7 6 5 4 3

> [ <] r [ r]

l ERR | |

R is reserved for future use

is equal (for FCOMP and FTST)
> is greater than (for FCOMP and FTST)
< is less than (for FCOMP and FTST)

ERRis a 3-bit error code that specifies one of
the following error conditions:

No error

Divide by zero

Square root of negative number

Overflow

Underflow

First argument valid

Second argument valid

Reserved

and:

000
001
010
011
100
101
110
111
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Status Byte
Contains the following information:

7 6 5 a 3 2 1.
[rRlrf{r[rR[Ar]E]c]e]
where:  Ris reserved for future use

B is busy
C is operation complete wnhout error
E is operation complete with error

Addressing

110 Addressing — Used to pass operation codes, mem-
ory address boundaries, and result and status bytes be-
tween host processor and iSBC 310.

Port Address Output Input

Base (P) OP CODE R

P+1 MEM LOW Result byte

P+2 MEM HIGH R

P+3 ‘R : "R

P+4 R R

P+5 R R

P+6 R R
; P+7 R-... Status byte
where: P = 1/O base address of X0 or X8 (where

X =any hex digit)
R = reserved for iSBC 310 usage
OP CODE = mathematic commands (see Table 1)

MEM LOW, _ programmable base address (see Mem-
MEM HIGH ~ ory Addressing)

Memory Addressing — Sixteen memory locations are

used; the first eight are used for argument/result stor-
age; the second eight are reserved for future use.
Memory addresses are assigned from the host proc-
essor via an 1/0 output instruction (see /0 Addressing).
MEM LOW (the lower address byte) must be X0 (where X
is any hex digit). MEM HIGH (the upper address byte)
may be any value.

Interrupts

Interrupts are generated on operation complete and
operation error. Either one or both interrupts may be

connected to any of the 8 interrupt levels on the iSBC 80
bus via jumper selection.

Bus Interface
All sngnals are TTL compatlble

Bus Connector

Bus Connector — 86-pin, double-sided PC edge connec-
tor with 0.156-in. contact centers. .

Mating Connector — Viking 3KH43/9AMK12

Physical Characteristics
Width — 12.00 in (30.48 cm)
Height — 6.75 in. (17.15 cm)
Depth — 0.50 in. (1.27 cm)
Weight — 12 oz (340.5 gm)

Electrical Characteristics
DC Power Requirements
Vee Icc
5V £5% 6.7A max; 4.9A typ.

Environmental Characteristics
Operatiryg Temperature — 0°C to 55°C

Equipment Supplied

High speed mathematics units

Standard preprogrammed ROMs (installed)
Schematics

Assembly drawing

Reference Manual

9800410A — iSBC 310 Hardware Reference Manual
(NOT SUPPLIED)

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
SBC 310

Description )
“ High Speed Mathematics Unit
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iSBX 331
FIXED/FLOATING POINT MATH
MULTIMODULE BOARD

m iSBX bus compatible high speed
fixed/floating point math expansion

u 4 MHz operation

m Fixed point single and double precision
(16/32-bit)

m Floating point double precision (32-bit)
= Binary data formats

m Square root, log, and exponential
functions

i Float-to-fixed and fixed-to-float
conversions

m End of operation ihterrupt
m Software reset control

‘ = Low power requirements
m Add, subtract, multiply and divide '

m Trignometric and inverse tngonometrlc
functions

m iSBX bus on-board expansion elimi-
nates MULTIBUS system bus latency
and increases system throughput

The Intel® iSBX 331 Fixed/Floating Point Math MULTIMODULE Board is a member of Intel’s new line of
iSBX bus compatible MULTIMODULE products. The iSBX MULTIMODULE board plugs directly into any
iSBX bus compatible host board offering low cost incremental on-board expansion. As a result, any iSBX
bus compatible host board may be expanded to perform high speed math computations, affording up to a
40 x improvement in speed compared to software math. The iSBX 331 module performs single/double
(16/32-bit) precision fixed point plus double (32-bit) precision floating point arithmetic operations. In addi-
tion, the module performs transcendental, data manipulation, and fixed to float/float to fixed point conver-
sion operations. The command operations run entirely independent of the host board permitting efficient
concurrent processing. The iSBX board is closely coupled to the host board through the iSBX bus, and as
such, offers maximum on-board performance and frees MULTIBUS system traffic for other system
resources. Incremental power dissipation is minimal requiring only 2.73 watts.

Badaro.en
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iSBX 331

FUNCTIONAL DESCRIPTION

The iSBX 331 module uses the Intel 8231 Arithme-
tic Processing Unit (APU) to accomplish high
speed (4 MHz) math operation. The system soft-
ware may communicate with the iSBX 331 module
across the iSBX bus using I/O read/write com-
mands. All transfers, including operand, result,
status, and command information, take place over
an 8-bit bidirectional data bus. Operands are
pushed onto an internal stack and.commands are
issued to perform operations on the data. Results
are then available from the stack. A status byte
may be read to monitor execution completion and
the nature of the result (zero, sign, or errors). In ad-
dition, control logic is included on the iSBX 331
module to facilitate single instruction software
reset control.

Command Functions

The iSBX 331 module commands fall into three
categories: double precision floating point, single
precision fixed point, and double precision fixed
point (see Table 1). There are four arithmetic oper-
ations that can be performed in either fixed or
floating point numbers: add, subtract, multiply,
and divide. These operations require two oper-
ands. The 8231 assumes these operands are lo-
cated in the internal stack as Top of Stack (TOS)
and Next on Stack (NOS). The result will always be

returned to TOS. There are four types of transcen-
dental operations that can be performed in float-
ing point numbers: trigonometric functions, loga-
rithms, exponentials, and square roots. The re-
sults of these operations will be returned to TOS.
There are four types of data manipulation opera-
tions that can be performed in either fixed or float-
ing point numbers: sign change of TOS, exchange
of TOS and NOS and copying or popping operands
onto or off of TOS. Fixed to floating point conver-
sion can be performed on floating point instruc-
tions and floating point to fixed point conversion
can be performed on fixed point instructions.

The execution times of the commands are shown
in Table 2.

Interrupt Requests

There is one interrupt line from the APU that may
generate an interrupt request to the host: END
(MINTRI). The END interrupt line is active upon
command completion. The END signal is cleared
by a reset or status register read.

Installation

The iSBX 331 module plugs directly into the
female iSBX connector on the host board. The
module is then secured at one additional point
with nylon hardware to insure the mechanical
security of the assembly (see Figures 1 and 2).

MULTIMODULE
"' CONNECTOR

INTEL iSBX 331
MULTIMODULE
BOARD

HOST BOARD

INTEL iSBX

Figure 1. Installation of ISBX 331 Module on a Host Board
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Table 1. Command Summary

Double Precision Floating Point Instructions (32-Bit)

; Stack Contents
Instruction . Description (;Ioedxe A“j\r E;eguti[;m“’ vszafth:: t?;gs

ACOS Inverse Cosine of A 0 6. R UUU S,Z, E
ASIN Inverse Sine of A 0 5 RUUU S,Z, E
ATAN Inverse Tangent of A 0o 7 R B UWU S, Z
CHSF Sign Change of A 1 5 R BCD S, Z
COos Cosine of A (radians) 0 3 R B U U S, Z
EXP e Function 0 A R B UU S,Z,E
FADD Add A and B 1 0 R CDU S,Z,E
FDIV Divide B by A 1 3 RCDU S,Z, E
FLTD 32-Bit Fixed to Floating Point Conversion 1 C R B CU S,z
FLTS 16-Bit Fixed to Floating Point Conversion 1 D R B C U S, Z
FMUL Multiply A and B 1 2 RCDU S,Z, E
FSUB Subtract A from B 1 1 R C DU S, Z, E
LOG Common Logarithm (base 10) of A 0 8 R B U U S,Z, E
LN Natural Logarithm of A 0 9 RBUU S,Z E
POPF Stack Pop 1 8 B CDA S, Z.
PTOF Stack Push 1 7 A ABZC S, Z
PUPI Push = onto Stack 1 A R A BGC S,z
PWR B* Power Function 0 B RCUU S,Z,E
SIN Sine of A (radians) 0 2 R B UU S,Z
SQRT Square Root of A 0 1 R B C U S,Z, E
TAN Tangent of A (radians) 0 4 "R B UU S, Z E
XCHF Exchange A and B 1 9 B ACD S,Z

Double Precision Fixed Point Instructions (32-Bit)

Stack Contents
Instruction Description C':-Ioedxe Altir EBxegutIi)on"’ sf::,:i t?:(gs

CHSD Sign Change of A 3 4 R B CD S,2,0
DADD Add A and B 2 C R C DA S,Z2,C E
DDIV Divide B by A 2 F RCDU S,Z,E
DMUL Multiply A and B (R = lower 32 bits) 2 E RCDU S,2,0
DMUU Multiply A and B (R = upper 32 bits) 3 6 R CDU S,Z0
DSuUB Subtract A from B 2 D R CDA S,Z,C,0
FIXD Floating to Fixed Point Conversion 1 E R B CU S,2,0
POPD Stack Pop 3 8 B CDA S,z
PTOD Stack Push 3 7 A ABC S, Z
XCHD Exchange A and B 3 9 B ACD S, Z

AFN.01486A 2-3
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Table 1.. Command Summary (continued)

Single Precision Fixed Point Instructions (16-Bit)

Instruction - Description :oedxe Asttha;r:kEg::l:?igﬁz’ S::ftf:itlzda(gs
, SR AyA B;B C,C DD | "

CHSS Change Sign of Ay 7 4 RA ByB . CyC . DyD | S,Z0
FIXS Floating to Fixed Point Conversion 1 F RByB /CyC U U U| SZO0
POPS Stack Pop 7 8 A_By.B . CyC.DyDL Ay| S, Z
PTOS Stack Push 7 7 Ay Ay A By B . CyC Dy| S,Z
SADD Add A; and AL 6 C R By B.CyC . DyD Ay| S,ZCE
SDIv Divide A_ by Ay 6 F RByB . CyC.DyD  U| 'S,2Z E
SMUL Multiply A_ by Ay (R=lower 16 bits) 6 E R By B.CyC_DyD U S,Z E
SMUU Multiply A, by A, (R=upper 16 bnts) 7 6 R ByB .CyC_.DyD U S,Z E
SsuB Subtract Ay from A 6 D R ByB . Cy,C.DyD Ay| S,ZC,E
XCHS .©  |Exchange Ay and A 7 °9 A Ay By B Cy C..Dy D, S, Z
NOP No Operation 0 o0 Ay AL BL, B, CyC. DyD.|

NOTES:

1. The stack initially is composed of four 32-bit numbers (A, B, C, D). A is equrvalent to Top Of Stack (TOS) and B is Next On Stack
(NOS). Upon completion of a command the stack is composed of: the result (R); undefined (U); or the'initial contents (A, B, C, or D).

2. The stack mntlally is composed of eight 16-bit numbers (AU, AL, By, B, Cy, C, Dy, D). Ayisthe TOS and A is NOS. Upon comple-
tion of a command the stack is composed of: the result (R); undefined (U); or the initial contents (Ay, A(, By, By,...).

3. Nomenclature: Sign (S); Zero (Z); Overflow (O); Carry (C); Error Code Field (E).

i

" Table 2. Command Execution Times

Command Mnemonic pSeconds Command Mnemonic uSeconds’
SADD 4.25 ASIN 1917
SSuB 75 ACOS 1933.5
SMUL 21-235 ATAN 1501.5
SMUU 20-24.5 LOG 1118.5-1783
SDIV 21-235 LN 1074.5-1739
DADD 5.25 EXP 948.5-1219.5
DSuUB 9.5 PWR"~ 2072.5-3008
DMUL 48.5-52.5 NOP - 1
DMUU 45.5-54.5 CHSS 5.75
DDIV 52 CHSD 6.75
FIXS 23-54 CHSF 45
FIXD 25-86.5 PTOS 4
FLTS 24.5-46.5 PTOD 5
FLTD 24.5-945 PTOF 5
FADD 13.5-92 POPS 25
FSUB 17.5-92.5 POPD 3
FMUL 36.5-42 POPF - 3
FDIV 38.5-46. - XCHS 45
SQRT 200 XCHD - 6.5 -
SIN - 1116 XCHF 6.5 -
COos 10295 < PUPI 4
TAN 1438.5

NOTE: Assumes 4 MHz operation.
2-4 AFN-01486A
o eny PESN W =N
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Figure 2. iSBX 331 MULTIMODULE Board Mounting Clearances (inches)

SPECIFICATIONS

Word Size
Data—8 bits.

On-Board Clock Rate
4.0 MHz £0.1%.

1/10 Addressing

Type of ISBX
Function o )g:ati on Connector
P Port Address
Data Transfer Read or Write | X0, X2, X4, or X6
Command Transfer | Write X1, X3, X5, or X7
Status Transfer Read X1, X3, X5, or X7
Reset Write X8 through XF
NOTE:

The port addresses are determined on the host iSBC micro-
computer. Refer to the Hardware Reference Manual for your
host iSBC microcomputer to determine the first digit (X) of the
connector port addresses.

Arithmetic Functions
See Table 1.

Data Formats
Single Precision Fixed Point (16 bits)

NN RN
15 0

Bit 15: S=Sign of the operand. Positive
values are represented by a sign bit of
zero (S=0). Negative values are repre-
sented by the two’s complement of
the corresponding positive value with

a sign bit equal to 1 (S=1).

AFN-01486A

Bits 0-14: Values in the range from — 32, 768 to
+ 32, 767.

Double Precision Fixed Point (32 bits)

:‘IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIo

Bit 31: S=Sign of operand. Positive -values
are represented by a sign of zero (S=
0). Negative values are represented by
the two’'s complemet of the corre-
sponding positive value with a sign bit
equal to 1 (S=1).

Values in the range from —2,:147, 483
648 to + 2, 147, 483, 647.

Bits 0-30:

Double Precision Floating Point (32 bits)

EXPONENT

IIIIIII IVIIIIIIIIIIIIIIIIIIIIIIo

31 30
Bit 31: MS=Sign of the mantissa. 1 repre-
sents negative and O represents posi-
tive.

Bits 24-30: ES=the exponent expressed as a
two’s complement 7-bit value having a
range of —64 to +63.

The mantissa is expressed as a 24-bit
(fractional) value. The 8231 APU re-
quires that floating point data be rep-
resented by a fractional mantissa
value between 0.5 and 1 multiplied by
2 raised to an appropriate power (expo-
nent). This is expressed as follows:

Bits 0-23:

Value = mantissa x 2¢xponent
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Device Status

Device status is provided by means of an internal
status register whose format is shown below:

BUSY SIGN ZERO

ERROR CODE CARRY

I I I
7 0
BUSY: Indicates that 8231 is currently executing
a command (1= Busy)

SIGN: Indicates that the value on the top of stack
is negative (1= Negative)
ZERO: Indicates that the value on the top of stack
is zero (1= Value is zero)

ERROR CODE: This field contains an indication
of the validity of the resuit of the last operatlon
The error codes are:

0000 — No error

1000 — Divide by zero

0100 — Square root or log of negative number

1100 — Argument of inverse sine, cosine, or
eX too large

XX10— Underflow

XX01— Overflow

CARRY: Previous operation resulted in carry or
borrow from most significant bit. (1= Carry/Bor-
row, 0= No Carry/No Borrow.)

If the BUSY bit in the status register is a one, the
other status bits are not defined; if zero, indicating
not busy, the operation is complete and the other
status bits are defined as given above.

Access Time

Read—1900 ns (max.)
Write— 1900 ns (max.)

NOTE:

Actual transfer speed is-dependent upon the cycle time of the
host microcomputer. The listed times assume no operation in
progress. If an operation is executing when an access is at-
tempted, the command execution time must be added to the
above times for all accesses except status read.

Interrupts

One interrupt request may originate from the APU
indicating command completion (END).

Interface
iSBX Bus—All signals TTL compatible

Physical Characteristics

Width—6.35 cm (2.50 in.)

Length—9.40 cm (3.70 in.)

Height*—2.04 cm (0.80 in.) iSBX 331 Board

—2.86 cm (1.13/in.) iSBX 331 Board +
Host Board

Weight—51 gm (1.79 02)

*See Figure 2.

Electrical Characteristics

DC Power Requirements

Vo= +5V 5% lcc =365 mA max.
Vpp= +12V £5%  Ipp=75 mA max.

Environmental
Operating Temperature—0°C to 55°C

Free moving air across the base board and iSBX
board

Reference Manual

142668-01—iSBX 331 Floating Point Math
MULTIMODULE Board (NOT SUPPLIED)

Reference 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
SBX 331

Description

Fixed/Floating Point Math
MULTIMODULE Board
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iSBX 332

FLOATING POINT MATH
MULTIMODULE BOARD

m iSBX bus compatible high speed m Add, subtract, multiply and divide
floating point math expansion functions

= 4 MHz operation = End-of-operation and error interrupts

m Compatible with proposed IEEE format ' : :
and existing Intel floating point = Software reset control
standard

m Single (32-bit)/double (64-bit) precision

m Accessed as 1/0 porf locations
arithmetic and data manipulation o

m Low power requirements

commands
m Performs functions independently and m iSBX bus on-board expansion elimi-
concurrently with the MULTIBUS host nates MULTIBUS system bus latency

board and increases system throughput

The Intel® iSBX 332 Floating Point Math MULTIMODULE Board is a member of Intel’s new line of iSBX bus compatible
MULTIMODULE products. The iSBX MULTIMODULE board plugs directly into any iSBX bus compatible host board
offering incremental on-board expansion. The iSBX 332 module performs single (32-bit) and double (64-bit) precision
floating point add, subtract, multiply, and divide functions compatible with the proposed IEEE floating point standard.
The command operations run entirely independent of the host board permitting efficient concurrent processing. The
iSBX board is closely coupled to the host board through the iSBX bus, and as such, offers maximum on-board perform-
ance and frees MULTIBUS system traffic for other system resources. In addition, incremental power dissipation is
minimal requiring only 2.73 watts
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FUNCTIONAL DESCRIPTION

The iSBX 332 module uses the Intel® 8232 Floating
Point Processor (FPP) to accomplish high speed math
operation. The system software may communicate with
the iSBX 332 module across the iSBX bus using I/O read/
write commands. All transfers, including operand,
result, status, and command information, take place
over an 8-bit bidirectional data bus. Operands are
pushed onto an internal stack and commands are
issued to perform operations on the data stack. Results
are then available to be retrieved from the stack. A
status byte may be read to monitor execution comple-
tion and the nature of the result (zero, sign, or errors). In
addition, control logic is. included on the iSBX 332
module to facilitate single instruction software reset
control. .

Command Functions

The iSBX 332 module commands fall into three catego-
ries: single precision arithmetic, double precision arith-
metic and data manipulation (see Table 1). There are
four arithmetic operations that can Ze performed with
single precision (32-bit) or double precision (64-bit) float-
ing point numbers: add, subtract, multlply and divide.
These operations require two . operands. The 8232
assumes that these operands are located in the internal
stack as Top of Stack (TOS) and Next on Stack (NOS).
The result will always be returned to the previous NOS
which becomes the new TOS. Results from an operation
are of the same precision and format as the operands.

The results will be rounded to preserve the accuracy. In
addition to the arithmetic operations, the 8232 imple-
ments eight data manipulating operations. These
include changing the sign of a double or single
precision operand located in TOS, exchanging single
precision operands located at TOS and NOS, as well as

‘copying and popping single or double precision oper-

ands. See also the sections on status register and
operand formats.

The execution times of the commands are all data
dependent. Table 2 shows one example of each com-
mand execution time.

Interrupt Requests

There are two interrupt lines from the FPP that may gen-
erate an interrupt request to the host: END (MINTR1)
and ERINT (MINTRO). The END interrupt line is active
upon command completion and the ERINT line is active
when the current command execution results in an error
condition. The error conditions are: attempt to divide by
zero, exponent overflow and exponent underflow. Both
the END and ERINT signals are cleared by a reset or
status register read.

Installation

The iSBX 332 module plugs directly into the female iSBX
connector on the host board. The module is then
secured at one additional point with nylon hardware to
insure the mechanical security of the assembly (see
Figures 1 and 2).

INTEL ISBX 332
MULTIMODULE
BOARD

HOST BOARD

INTEL 1SBX -
MULTIMODULE
CONNECTOR
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Table 1. Command Summary

Command Bits . L

76543210 Mnemonic Description

X0000001 SADD Add TOS to NOS single precision and result to NOS. Pop stack.

X0000010 SSuUB Subtract TOS from NOS single precision and result to NOS. Pop stack.

X0000011 SMUL Multiply NOS by TOS single precision and result to NOS. Pop stack.

X0000100 SDIV Divide NOS by TOS single precision and result to NOS. Pop stack.

X0000101 CHSS Change sign of TOS single precision operand.

X0000110 PTOS Push single precision operand on TOS to NOS.

X0000111 POPS Pop single precision operand from TOS. NOS becomes TOS.

X0001000 XCHS Exchange TOS with NOS single precision.

X0101101 CHSD Change sign of TOS double precision operand.

X0101110 PTOD Push double precision operand on TOS to NOS.

X0101111 POPD Pop double precision operand from TOS. NOS becomes TOS.

X0000000 CLR CLR status.

X0101001 DADD Add TOS to NOS double precision and result to NOS. Pop stack.

X0101010 DSuUB Subtract TOS from NOS double precision and result to NOS. Pop stack.

X0101:011 DMUL Multiply NOS by TOS double precision and result to NOS. Pop stack.

X0101100 DDIV Divide NOS by TOS double precision and result to NOS. Pop stack.
NOTE:

X =Don't care. Operation for bit combinations not listed above is undefined.

Table 2. Execution Times

Command TOS NOS Result Clock Periods Time (us)
SADD 3F800000 3F800000 40000000 58 14.5
SSuB 3F800000 . 3F800000 00000000 56 14.0
SMUL 40400000 3FC00000 40900000 198 49.5
SDIV 3F800000 40000000 3F000000 228 57.0
CHSS 3F800000 — BF800000 10 25
PTOS 3F800000 — - 16 4.0
POPS 3F800000 — — 14 3.5
XCHS 3F800000 40000000 — 26 6.5
CHSD 3FF0000000000000 — BFF0000000000000 24 6.0
PTOD 3FF0000000000000 — — ' 40 10.0
POPD 3FF0000000000000 — — 26 6.5
CLR 3FF0000000000000 - - 4 1.0
DADD 3FF00000A0000000 8000000000000000 3FF00000A0000000 578 144.5
DSuUB 3FF00000A0000000 8000000000000000 3FF00000A0000000 578 144.5
DMUL BFF8000000000000 3FF8000000000000 €002000000000000 1748 437.0
DDIV BFF8000000000000 3FF8000000000000 BFF0000000000000 4560 1140.0

NOTE:

TOS, NOS and result are in hexadecimal; clock period is in decimal.

29
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0.40 (max.)
ﬂ ﬂ SOCKET
0.80 (max.) I iSBX 332 MULTIMODULE BOARD
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Figure 2. Mounting Clearances (inches)
SPECIFICATIONS (bit 22) of the mantissa. In other words, the
mantissa is assumed to be a 24-bit normal-
Word Size ized quantity and-the most significant bit,
D 8 Bit which will always be 1 due to normaliza-
ata — Its tion, is implied. The FPP restores this
. implied bit internally before performing
Ilo Addressmg arithmetic, normalizes the result, and strips
1SBX Conmactor Port the implied bit before returning the results
Function Type of Operation ‘Address to the external data bus. The binary point is

Data Transfer Read or Write X0, X2, X4, or X6

Command Transfer Write X1, X3, X5, or X7

Status Transfer Read X1, X3, X5, or X7

Reset Write X8 through XF
NOTE:

The port addresses are determined on the host iSBC microcomputer.

Refer to the Hardware Reference Manual for your host iSBC microcom-
puter to determine the first digit (X) of the connector port address.

Arithmetic Functions
See Table 1

Floating Point Format
Single Precision Floating Point (32 Bits)

) —IMPLIED BIT
Lsle, M L]
31 30 23 22 2 1 0

Bit 31: S =Sign of the mantissa. 1 represents neg-
ative and 0 represents positive.

Bits 23-30: E=These 8 bits represent-a biased expo-
nent. The bias is 27— 1=127.

Bits 0-22: M =23-bit mantissa. Together with the sign

bit, the mantissa represents a signed frac-
tion in sign-magnitude notation. There is an
implied 1 beyond the most significant bit

between the implied bit and bit 22 of the
mantissa.

Double Precision Floating Point (64 Bits)

. —IMPLIED BIT
[sTe, | M I
63 62 52 51 2 10

Bit 63: S = Sign of the mantissa. 1 represents neg-
ative and 0 represents positive.

Bits 52-62: E = Biased exponent. The bias is 210_ 1=
1023.

Bits 0-51: M =51-bit mantissa. Together with the sign

bit, the mantissa represents a signed frac-
tion in sign-magnitude notation. There is an
implied 1 beyond the most significant bit
(bit 51) of the mantissa. In other words, the
mantissa is -assumed to be a 53-bit normal-
ized quantity and the most significant bit,
which will always be a 1 due to normal-
ization, ‘is implied. The FPP restores this
implied. bit internally before performing
arithmetic, normalizes the result, and strips
the implied bit before returning the result
to the external data bus. The binary point is
between the implied bit and bit 51 of the
mantissa.
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Status Byte
Contains the following information:

DIVIDE EXPONENT | EXPONENT

RESERVED | EXCEPTION | UNDERFLOW | OVERFLOW | RESERVED
] u v

SIGN | ZERO
BUSY s z

7 8 5 4 3 2 1 0

Bit 0 Reserved.

Bit 1 Exponent Overflow (V): When 1, this bit indicates
that exponent overflow has occurred. Cleared to
zero otherwise.

Bit 2 Exponent Underflow (U): When 1, this bit indi-
cates that exponent underflow has occurred.
Cleared to zero otherwise.

Bit 3 Divide Exception (D): When 1, this bit indicates
that an attempt to divide by zero has been made.
Cleared to zero otherwise.

Bit 4 Reserved.

Bit 5 Zero (Z): When 1, this bit indicates that the result
returned to TOS after a command is all zeros.
Cleared to zero otherwise..

Bit 6 Sign (S): When 1, this bit indicates that the result
returned to TOS is negative. Cleared to zero other-
wise.

Bit 7 Busy: When 1, this bit indicates the APU is in the
process of executing a command. It will become
zero after the command execution is complete.
All other status bits should be considered to be
undefined if this bit is set.

Access Time

Read — 1900 ns (max.)
Write — 1900 ns (max.)

NOTE:

Actual transfer speed is dependent upon the cycle time of the host
microcomputer. The listed times assume no operation in progress. If an
operation is executing when an access is attempted, the command exe-
cution time must be added to the above times for all accesses except
status read.

Interrupts

Two interrupt requests may originate from the FPP indi-
cating command completion (END) and error conditions
(ERINT).

Interface
iSBX Bus — All signals TTL compatible

Physical Characteristics

Width — 6.35 cm (2.50 in.)

Length — 9.40 cm (3.70 in.)

Height* — 2.04 cm (0.80 in.) iSBX 332 Board

— 2.86 cm (1.13 in.) iISBX 332 Board + .Host
Board '

Weight — 51 gm (1.79 o02)
*See Figure 2

Electrical Characteristics

DC Power Requirements
Voc=+5V 5% lcc =365 mA max.
Vpp=+12V £5% lop=75 MA max.

Environmental
Operating Temperature — 0°C to 55°C
Free moving air across the base board and iSBX board.

Reference Manual

9803204-01 — iSBX 332 Floating Point Math
MULTIMODULE Board (NOT SUPPLIED)

Reference Manuals may be ordered from any Intel sales
representative, distributor office or from Intel Literature
Department, 3065 Bowers Ave., Santa Clara, California
95051. i

ORDERING INFORMATION

Part Number Description
SBX 332 Floating Point Math MULTIMODULE
Board

—rilianza
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iSBX 350
PARALLEL 1/0 MULTIMODULE BOARD

= iSBX bus compatible I/O expansion m Accessed as I/0 port Iocat‘io:ns '

m 24 programmable 1/O lines with sockets

for interchangeable Ime drivers and = Single +5V low power requirement

terminators ' ;
S ‘ m iSBX bus on-board expansion elimi-
u Three jumper selectable interrupt nates MULTIBUS system bus latency
request sources and increases system throughput

The Intel” iSBX 350 Paraliel /O MULTIMODULE Board is a member of Intel's new line of iSBX bus ‘compatible
MULTIMODULE products. The iSBX MULTIMODULE board plugs directly-into any iSBX bus compatible host board
offering incremental on-board expansion. The iISBX 350 module provides 24 programmable 1/O lines with sockets for
interchangeable line drivers and terminators. The iSBX board is closely coupled to the host board through the iISBX
bus, and as such, offers maximum on-board performance and frees MULTIBUS system traffic for other system
resources. In addition, incremental power dlSSlpatlon is minimal requmng only 1.6 watts (not including optional
driver/terminators).
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FUNCTIONAL DESCRIPTION

Programmable Interface

The iSBX 350 module uses an Intel® 8255A-5 Program-
mable Peripheral Interface (PPI) providing 24 parallel [/O
lines. The base-board system software is used to con-
figure the 1/0 lines in any combination of unidirectional
input/output and bidirectional ports indicated in Table 1.
Therefore, the I/0 interface may be customized to meet
specific peripheral requirements. In order to take full
advantage of the large number of possible /O configura-
tions, sockets are provided for interchangeable /O line
drivers and terminators. Hence, the flexibility of the I/O
interface is further enhanced by the capability of select-
ing the appropriate combination of optional line drivers
and terminators to provide the required sink current,
polarity, and driver/termination characteristics for each
application. In addition, inverting bidirectional bus
drivers (8226) are provided on sockets to allow conven-
ient optional replacement to non-inverting drivers (8216).
The 24 programmable I/O lines, signal ground, and +5

volt power (jumper configurable) are brought to a 50-pin
edge connector that mates with flat, woven, or round
cable.

Interrupt Request Generation

Interrupt ‘requests may originate from three jumper
selectable sources. Two interrupt requests can be auto-
matically generated by the PPl when a byte of informa-
tion is ready to be transferred to the base board CPU
(i.e., input buffer is full) or a byte of information has
been transferred to a peripheral device (i.e., output buf-
fer is empty). A third interrupt source may originate

directly from the user I/O interface (J1 connector).

Installation

The iSBX 350 module plugs directly into the female iSBX
connector on the host board. The module is then
secured at one additional point with nylon hardware to
insure the mechanical security of the assembly (see
Figure 1 and Figure 2).

USER 1/0
CONNECTOR

INTEL iSBX 350
MULTIMODULE
BOARD

HOST BOARD

INTEL iSBX
MULTIMODULE
<~ " CONNECTOR

Figure 1. Installation of.iSBX 350 Module on a Host Board
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1.13 (max.) 1SBX U : U
CONNECTOR
AL £ ¢ _-\\ 0.50 (min.)
CONNESTOR SOCKET
(FEMALE)
HOST MICROCOMPUTER BOARD )
Figure 2. Mounting Clearances (inches) .
Table 1. Input/Output Port Modes of Operation
Mode of Operation
Unidirectional
Port lar::)s Input Output Bidirectional Control
Latched & Latched &
Unlatched Strobed Latched Strobed
A 8 X X X X X
B 8 X X X X
o] 4 X X x!
4 X X x!
NOTE:

1. Part of port C must be used as a control port when either port A or port B are used as a latched and strobed input or a latched and strobed output port
or port A is used as a bidirectional port.

SPECIFICATIONS

Word Size
Data — 8 Bits

110 Capacity
24 programmable lines (see Table 1)

Access Time

Read — 250 ns max.
Write — 300 ns max.

/0 Addressing

NOTE:

Actual transfer speed is dependent upon the cycle time of the host
microcomputer.

Interrupts

8255A-5 Ports iSBX 350 Address
Port A X0 or X4
Port B X1 or X5
Port C X2 or X6
Control X3 or X7
Reserved X8 to XF

NOTE:

The first digit of each port I/O address is listed as “X" since it will
change dependent on the type of host iSBC microcomputer used. Refer
to the Hardware Reference Manual for your host iSBC microcomputer to
determine the first digit of the port address.

Interrupt requests may originate from the program-
mable peripheral interface (2) or the user <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>