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Overview of Major Hardware Components

SYSTEM OVERVIEW

The ITT XTRA Personal Computer system includes three basic
components: the system unit, a keyboard, and a monitor.

The system unit is housed in a metal enclosure measuring 5.59”
(142 mm) high, 14.00” (356 mm) wide, and 15.57" (395 mm) deep.
The system motherboard is the large printed-circuit board that
IS mounted within the enclosure. Major components on the
motherboard include the following:

8088 microcomputer that runs at 4.773 MHz; optional 8087
COpProcessor;

128KB of Dynamic Random Access Memory (64K x 1 DRAM
chips); expandable to 256K of DRAM on the motherboard
(expandable to 512K if 256K x 1 DRAM chips installed);

32KB of Read-Only Memory (27128 ROM) that contains the
power-on diagnostics, ROM monitor, bootstrap loader, and
the basic input/output system (BIOS) (expandable to 64K);

An 8272A (or NEC uPD765 equivalent) floppy disk drive
controller that controls the system’s 5.25” floppy disk drive(s).

An INS 8250 controlled asynchronous communications port
(RS-232-C compatible);

A parallel printer port;

Five expansion slots that provide access to the system bus
for a monitor controller card (monochrome and/or color)

and a variety of hardware option cards such as a hard disk
controller and a Combo board (featuring up to 384K of
additional memory, real-time clock, and parallel printer port);

These motherboard features and all other major system
components are illustrated in the following figure.
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The unit’s 115 Watt current-limiting switching power supply is also
mounted within the system unit. The supply can operate on input
voltages ranging from 95 to 132 VAC (110 VAC) and 180 to 264
VAGC (220 VAC). It outputs DC voltages of +5V, +12V, -12V, and
an unregulated 15 - 20V for the monochrome monitor.

One or two 5-1/4” disk drives are also mounted within the system
unit. These drives provide the system with the capability of writing
data to and reading from 5-1/4" flexible diskettes. Each diskette
can store up to 362,496 bytes of data (double-sided, double
density, nine sectors per track, 512 bytes per sector). The optional
internal hard disk is also mounted within the system unit. It can
store up to 10 Megabytes of data.

The system’s low profile, detachable keyboard is connected to
the system unit by a six-foot shielded, coiled cord. The keyboard
IS designed to provide tactile feedback. The 84 sculptured keys
are arranged in four basic groups: standard typewriter keys, the
numeric keypad, cursor control keys, and special function keys.
Ten of the special function keys are completeiy programmable.
When these keys are used in conjunction with the [ shift |[ Ctrl | and
Alt | keys, up to 40 unique functions can be assigned.

The monochrome display control card plugs into one of the
motherboard’s expansion slots. This card supports the system’s
high resolution monochrome display (available in amber or green
phosphor). The 14" diagonal, anti-glare display screen offers a 25-
line by 80-character format, contrast adjustment, 256 different
characters, and numerous video attributes (e.g., blink, blank,
underline, normal/reverse video, and highlight). Characters are
formedina 7 x 9 matrixina 9 x 14 cell.

The optional color/graphics control card also plugs into one of
the motherboard’s expansion slots and is designed to operate
with a variety of industry standard color monitors. It supports a
direct connect port, composite video port, RF modulator, and

a light pen interface. The color/graphics board features both
text and graphics modes. High resolution (80 x 25) text mode
and low resolution (40 x 25) text mode feature eight background
colors and sixteen foreground colors. High resolution graphics




mode (640 x 200) is black and white only. Low resolution graphics
mode (320 x 200) features four colors. Characters in both text
and graphics modes appear within an 8 x 8 cell. Each character
measures 5 X 7. One line is dedicated to lowercase descenders.

A 2-1/4" audio speaker is attached to the inside of the system unit.
The control circuits which drive the speaker are located on the

motherboard.

The optional Combo board plugs into one of the 62-pin
motherboard expansion slots and provides an additional 128KB
of memory , a battery backup real-time clock, and an 8-bit general
purpose port which can be used for a parallel printer. Two “baby”
add-on memory cards of 128KB each can also be plugged into the
Combo board raising the available memory on the board to 384K.

The optional hard disk controller card plugs into one of the
motherboard’s expansion slots and interfaces the 10 MB internal
hard disk drive to the system.

Optional ITT printers provide letter quality printing at speeds of
20, 40, 55, or 90 characters per second. These printers can use
over 100 different types of printwheels in monospace (10, 12, or
15 pitch) or proportional space modes. In addition to printing
standard upper and lower case ASCII characters, the printers
feature a programmable graphics mode with resolution of up to
5760 points per square inch. Self-test diagnostic procedures and
simple paper and ribbon installation procedures are standard.
Both serial and parallel printers are supported by ports on the
XTRA’s motherboard.
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System Motherboard

OVERVIEW

The motherboard is a multilayer printed-circuit board measuring
14.1" X 13.5”. As illustrated in the previous block diagram, most of
the system’s major components are located on the motherboard.
It is, In effect, a single board computer. This section provides a
functional description of each of the motherboard’s major
components.

CONNECTORS, DIP SWITCHES, AND JUMPERS

DC power is supplied to the motherboard through a 9-pin
connector. Other connectors on the motherboard are provided
for the keyboard, the speaker, the two 5-1/4" disk drives, the
asynchronous communication port and parallel printer port.
Pin assignments for each of these connectors are included
with the functional description of the circuit, e.g., see the
section titled “Asynchronous Communications Controller”

for the pin assignments on connector P19, the asynchronous
communications port.

Also mounted on the motherboard are five system expansion slots
that provide for the monitor control and hardware option cards.
The system’s I/0O channel is bussed across each of the five 62-pin
card edge sockets that comprise this expansion backplane.



Two Dual In-Line Package (DIP) switches, S1 and S2, are mounted

on the motherboard.

3 4 5 6 7 8 |

2

1

ON [

Riligifififiyigiy

Motherboard DIP Switches
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The system software reads these switches to determine the
current configuration (i.e., type of display, number of floppy disk
drives installed, or amount of installed memory). The DIP switches
are set at the factory to indicate the shipped system configuration.
If a system addition or deletion is made, these switch settings may
need to be changed to reflect the current state of the system.

The following two figures illustrate each correct DIP switch setting
for all possible ITT XTRA Personal Computer configurations.

The additional settings for the floppy disk drives are for future
expansion.




- - -

SWITCH 1 SETTINGS

MATH MOTHERBOARD MONITOR FLOPPY DISKETTE
COPROCESSOR MEMORY TYPE DRIVE
Math Coprocessor
Installed 128K 80x25 COLOR 1 Drive

ONI"y1 2 3 4 5 &6 ON[M1 2 3 4 6 7 8 ON ON["1 2 3 4

INA0HAE AHNARHEH] . BAAE 1HARGARS

OFF OFF OFF OFF
Math Coprocessor

Not Installed 192K 40x25 Color Mode 2 Dnves

ONI"1 2 3 4 5 ON["1 2 3 4 5 ON[1 2 3 4 5 6 7 8 ON[1 2 3 4 5

RORRARA) [BOMGRRRR) |ARARERAd) JEEAHAEEA

OFF OFF OFF OFF

Color Monitor
256K m the 8Cx25 Mode 3 Drives

ON[™7 2 3 4 5 6 7 8 2 3 4 5 6 7 8 ONl' A 2 3 4 5

IRQGANAAl _|RBAHARHD) _|BEAGAAR.

OFF OFF OFF
Monochrome Monitor
or Both Mono and Color 4 Drives

ON| 1 2 3 4 5 6 7 8 ON[ 1 2 3 4 5 6 7 8

ilstsl 1 filsl W fslsfelishil'T"

OFF OFF

Motherboard DIP Switch Functions, Bank 1




SWITCH 2 SETTINGS

Switches 1-4, Not Used Screen Time Out ON Power Up Self Test OFF

ON[ 1 2 3 4 5 6 7 8 ONl % 2 3 4 5 6 7 8 ON[1 2 3 4 5 6 7 8

T el ilishlilils il

OFF OFF OFF

RS-232 Display Enable ON Screen Time Out OFF Normal Operation

ONI' 1 2 3 & 5 & 7 '8 ON[ ¢ 2 3 4 5 6 7 8 ON 4 5 6 7 8

ilsfihlisls ilalal'lolels 1HAAR AR

OFF OFF OFF

RS-232 Display Enable OFF Power up Self Test ON Factory Testing

ON[7 2 3 4 5 6 7 8 ON["1 2 3 4 5 6 7 8 ON["y 2 3 4 5 6 7 8

dilafel'|'lils ilshstalilali shalililslilils

OFF OFF OFF

Motherboard DIP Switch Functions, Bank 2

pieoqiayjop WalsAs



Jumpers on the right, front corner of the motherboard allow

reconfiguration of the board to support future options.

Motherboard Jumpers
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MOTHERBOARD JUMPER CONFIGURATIONS

SHORTING PLUG

JUMPER ACROSS PINS PURPOSE

J1 182 27128 (16K X 8 EPROMS)
38&4 FUTURE OPTION - 27256 (32K X 8 EPROMS)
42 182 27128 (16K X 8 EPROMS)
38&4 FUTURE OPTION - 27256 (32K X 8 EPROMS)
J3 18&2 64K X 1 DRAMS
3&4 FUTURE OPTION - 256K X 1 DRAMS
J4 182 64K X 1 DRAMS
38&4 FUTURE OPTION - 256K X 1 DRAMS
J5 182 64K X 1 DRAMS
3&4 FUTURE OPTION - 256K X 1 DRAMS
J6 182 RESERVED
J6 38&4 KEYBOARD

Other jumpers on the motherboard, J8 and J10, have no plug
installed. J8 is not used. J10 is used at the factory to reset the

system.



I/0 ADDRESS MAP

1/0 ADDRESS MAP

6 5 4 3 2 1
0 0 A4 A3 A2 AT
0 1 A4 A3 A2 A1
1 A5 A4 A3 A2 A1

HEX RANGE 9
O00H-01FH O
020H-03FH O

0

o O O o
o O O N

040H-05FH

O60H-07FH 0 0 O 1 1 A4A3A2A1

O80H-09FH 0 O 1 0 0 A4 A3 A2 A1
OAOH-OBFH 0 O 1 0 1 A4 A3 A2 A1
378H-37AH 1 1 0 1 1 1 1 A2AT

37BH&379H 1 1 0 1 1 1 A3 A2A1
3B0-3BB 1 1 1 0 1 1 A3A2A1

3BCH-3BFH 1 1 1 0 1 1 1 1 A1

3FOH-3F7H 1 1 1 1 1 1 0 A2AT

3F8H-3FFH 1 1 1 1 1 1 1 A2 A1
3DOH-3DFH 1 1 1 1 0 1 A3 A2A1

0 DEVICE
A0 8237A-5 DMA CONTROLLER
A0 8259A INTERRUPT CONTROLLER

A0 8253-5 INTERVAL TIMER
CONTROLLER

AO 8255A-5 PARALLEL PERIPHERAL
INTERFACE CONTROLLER

AO DMA BANK REGISTERS
A0 NMI MASK REGISTER

A0 PARALLEL 1/0 PORT (COMBO
BOARD)

A0 REAL TIME CLOCK

A0 6845 MONOCHROME
CONTROLLER

A0 PARALLEL 1/0 PORT (MOTHER-
BOARD)

A0 765 FLOPPY DRIVE
CONTROLLER

A0 8250 SERIAL I/0 PORT

A0 6845 COLOR/GRAPHICS
CONTROLLER
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SYSTEM MEMORY MAP

START ADDRESS:
DECIMAL HEXIDECIMAL FUNCTION
0 00000

16K 04000

32K 08000

48K  0C000

64K 10000 28 KB READ/WRITE MEMORY
80K 14000 ON MOTHERBOARD

96K 18000
112K 1C000
128K 20000
144K 24000
160K 28000
178K  2C000
192K 30000 OPTIONAL 128 KB READ/WRITE
208K 34000 MEMORY ON MOTHERBOARD
224K 38000
240K  3C000
256K 40000
072K 44000
288K 48000
304K  4C000
320K 50000 OPTIONAL COMBO BOARD
336K 54000 READ/WRITE MEMORY
352K 58000
368K  5C000
384K 60000
400K 64000
416K 68000
432K  6C000 OPTIONAL COMBO BOARD
448K 70000 READ/WRITE MEMORY
464K 74000
480K 78000
496K  7C000
512K 80000
528K 84000
544K 88000
560K 8C000 OPTIONAL COMBO BOARD
576K 90000 READ/WRITE MEMORY
592K 94000
508K 98000
642K  9C000




640K A0000

656K  A4000

672K  A8000

688K  ACO000

704K  B0O0O0O MONOCHROME DISPLAY BUFFER

720K  B4000

/36K  B8000 COLOR DISPLAY BUFFER

752K  BCO000

768K  C0000

784K  C4000

800K  C8000 HARD DISK CONTROL

816K  CCO000

832K  DO000O

848K D4000

864K  D8000

880K  DCO000

896K  EO0000

912K  E4000

928K  EB8000

944K ECO000

960K  FO000

976K  F4000

992K F8000 32 KB SYSTEM ROM
1.008M  FCO000

THE 8088 AND 8087 MICROPROCESSORS

The Intel 8088 microprocessor directs activity on the

motherboard. The 8088 uses a 16-bit internal architecture and

instruction set and is capable of addressing one megabyte of

memory via its twenty address lines. It communicates, however,

through an 8-bit rather than a 16-bit external data bus. The first 8

of the 20 address lines are demultiplexed from the address/data

signals. Another 8 address lines come directly out of the 8088

to a latch which redrives them onto the address bus. The last 4

address lines are demultiplexed from the address/status signals. k
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In addition to decoding the status lines, the 8288 bus controller
chip is used to decode the 8088’s QS1, QS2, TEST, and RQ/GT1
signals into the bus control signals AMWC, INTA, MRDC, AIOWC,
and IORC. As the 8088 does not have an on-the-chip clock, the
4.773 MHz operating frequency is developed from a crystal
oscillator and an 8284A clock chip.

The optional 8087 numeric data processor provides additional
floating point power for the ITT XTRA Personal Computer. This
processor monitors the instruction stream directed to the 8088
and executes those instructions it recognizes as its own. The 8087
adds 68 additional machine instructions to the system.

Internal Architecture of the 8088

The following figure illustrates the internal design of the 8088.
As shown in the illustration, the processor is organized into two
functional units: the execution unit and the bus interface unit.
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UNIT = QuL INSTRUCTION
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5—| QUEUE
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éf; | SYSTEM
_1
AEUS
EiFCUTK)
UNIT
EH | AL __
| —ar— ARITHMETIC/
| ‘_DH i DL LOGIC UNIT
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| 2 >
| D FLAGS | s

Internal Architecture of the 8088

The execution unit contains the arithmetic and logic unit and the
registers required to manipulate data, monitor the stack, and
temporarily store data. It takes instructions from the bus interface
unit, processes them, and issues operand addresses to the bus
interface unit. It then processes the operands and returns them to
the bus interface unit for storage in memory.

The bus interface unit allows the processor to operate faster by
using the bus more efficiently. It fetches instructions before the
execution unit needs them and stores them in a 4 byte instruction
queue. When the execution unit is ready for the next instruction,
it doesn’t need to become involved in extensive memory fetches.
The required bytes of information will already be in the instruction
gueue in the bus interface unit. By assuming responsibility for

all fetch and storage operations, bus control, and memory
relocation, the bus interface unit leaves the execution unit free

to concentrate on processing data. The 8088’s fourteen 16-bit
registers are described in the following paragraph and illustrated
in the subsequent figure.

y
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The 8088 internal registers are divided into two groups that
coincide with the operating functions of the processor. The two
groups are the register file (execution unit) and the relocation
register file (bus interface unit). The register file holds the data,
pointer and index registers. The relocation register file contains
the segment registers and the instruction pointer.

The accumulator (AX), base register (BX), count register (CX) and
data register (DX) are the general registers. These registers are
sometimes called the high low (HL) registers because they can be
divided into high and low bytes.

The stack pointer (SP), the base pointer (BP), the source index (Sl)
and destination index (DI) can also be used as general registers.
They, typically, are used to hold offset addresses when addressing
within a general segment of memory. The stack pointer, for
example, is used with the segment register (SS) to indicate the
current stack location. The function of both the instruction pointer
(PC) and the status flags (PSW) are evident within the names
assigned.

7 07 0
AX AH AL (A)  ACCUMULATOR
BX BH BL (HL) BASE
CX CH CL (BC) COUNT
DX DH DL (DE) DATA
15 0
{ SP (SP) STACK POINTER
| BP BASE POINTER
S| SOURCE INDEX
DI DESTINATION INDEX
15 0
,.__( (PC) INSTRUCTION POINTER
[ To[o[i]TIs]z] TA[ [e[ Jc]ipsw) STATUS FLAGS
15 0
S CS CODE SEGMENT
4 DS ] DATA SEGMENT
> SS STACK SEGMENT
ES | EXTRA SEGMENT

8088 Internal Registers



Memory Segmentation

The memory is logically divided into segments of up t0 64K bytes (
each. Each of the segments will terminate on a 16-byte boundary.

All memory references directly coincide with base addresses

contained in high speed segment registers. The segment registers

are named, from the highest address to the lowest address, code,

stack, data and extra data (see Memory Segmentation in the 8088
illustration).

All 16-bit word operands will be located on either even or odd
word boundaries. The address and data word operand least
significant byte (LSB) is stored in the lower value address location
and the most significant byte in the next higher address location.
The bus interface unit will automatically perform the proper
number of memory accesses to retrieve all data.

7 0
L }FFFFFH
o
A &
64 KB ) CODE SEGMENT (
F
Y L XXX XOH
.:'_,',
| STACK SEGMENT
+ OFlFSET
b =
I %
SEGMENT MSB
REGISTER FILE WORD{-—— L SB DATA SEGMENT
CS r— BYTE
SS )
DS ) —>
ES 1> 7 7z
'\
>EXTRA DATA
SEGMENT k
J
=
> o
T 100000H

Memory Segmentation in the 8088
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Memory Addressing

There are two major 8088 addressing concepts that should be
understood. These concepts are (1) the formation of the address
and (2) the available addressing modes.

An 8088 address is, in essence, a combination of two distinct
addresses: the segment address and the effective, or offset,
memory address. The segment addresses are pointed to by

the segment registers which are acting as base registers. The
segment registers can point to any memory location lying within
an address boundary that is an even multiple of 16 bytes.

Each address is developed by summing the segment register
contents with the effective memory address. Each addressed
instruction relates directly to one defined memory area set off

by segment registers (see the Memory Addressing figure). The
selected segment register, containing the addressed instruction,
is then left-shifted four bits and added to the effective memory
address to generate the actual memory address. This addressing
scheme allows the direct addressing of 1,048,576 external bytes
of memory.

No restrictions are placed on the segment register contents. The
segment registers do not have to specify overlapping memory
locations or be divided into 64K pages. Each segment register

will identify any 64K byte memory segment in memory as well as
provide the possibility of overlapping one or more segments within
memory.




Memory Addressing Modes

An instruction memory address location is developed from the :
program counter (PC register) and a segment from the CS (
register. The program counter contents, used to develop the
instructions, are normally incremented as the instructions are

executed. Jump or Call instructions may modify the program

contents in any one of three ways. The modifications are:

Program relative addressing
Direct addressing
Indirect addressing

program relative addressing is an 8-bit or 16-bit immediate data
displacement, provided by the instruction, and added to the
program counter as a signed number. This intersegment operation
will not alter the contents of the CS register.

Direct Addressing is the immediate load of 16-bit addresses’ data
into both the program counter and CS register. This addressing (
mode is called an intersegment operation. -

Indirect Addressing uses two options to complete operations.
First, a single 16-bit word will be read into the program counter.
The next Jump or Call will use the word in the program counter to
reference a memory location in the current CS segment.

The second form of Indirect Addressing is similar to the first
option. A single 16-bit word will be read into the program

counter. The next Jump or Call instruction will use the word in

the program counter to reference a memory location in the current
CS segment. The CS segment memory location is read and directs
you to the final memory location.
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Data Memory Addressing

There are six modes of data memory addressing. They are (1)
Immediate; (2) Direct; (3) Direct, Indexed; (4) Implied; (5) Base
Relative; and (6) Stack.

Immediate addressing includes an operand immediately following
the instruction object code (opcode).

Direct addressing will add a 16-bit displacement, from the two
object code bytes, to the Data Segment register. The sum then
becomes the actual memory address.

Direct, Indexed addressing will specify that either the Source
Index (Sl) or Destination Index (Dl) register will be the primary
index register. Once the primary index register is established,
you will have the option of either adding an 8-bit or 16-bit
displacement to the contents of the specified primary index
register to generate the effective address.

The 8-bit or 16-bit displacements are taken from object code
bytes. The 16-bit displacement is stored in two object code bytes.
The displacement order places the low-order byte before the high-
order byte exactly as required for direct addressing.

The 8-bit displacement requires the high-order bit of the low-
order byte to be placed in the high-order byte to create a 16-bit
displacement.

Implied Memory addressing is almost identical to Direct Indexed
addressing. The only deviation to the Direct Indexed form

is the omission of any displacement value. The omission of

a displacement value, therefore, implies an address in the
designated primary index register.



Data memory Base Relative addressing, within the DS segment,

uses the contents of the BX register to develop the effective

memory address. These contents are added to the contents of a =
selected index register to form the effective memory address. (

Data memory addressing options, except immediate addressing,
can use the base relative addressing options. For example, Direct
addressing will always generate a 16-bit displacement. Base
relative addressing will take the displacement and allow it to be
the 16-bit displacement, an 8-bit displacement or no displacement

at all.

Base Relative Implied addressing will add the BX register contents
to the contents of the selected index register to form the effective
memory address.

Base Relative Direct Indexed data memory addressing adds the
BX register contents to the effective memory address similar to
Direct Indexed addressing.

Stack Memory addressing is a variation of Base Relative (
addressing. The BP register contents are used to establish the
effective memory address.
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BUS STRUCTURE

When the 8087 chip is installed, it communicates with the 8088
over a local data/address bus. The 8087 requests use of the bus
from the 8088 by using its request (RQ) and grant (GT) arbitration
lines. Although the 8088 acts as the master processor, either chip
can control the local bus.

The local bus comprises eight multiplexed address and data lines
(ADO - AD7), twelve address lines (A8 - A19), and three status and
control lines (SO - S2). The 8288 bus controller, three 74LS373
octal address latches, and two 74L.S245 data transceivers are
used to connect the local bus shared by the 8088 and optional
8087 to the system bus and resident bus. The system bus is
composed of three subbuses - the control bus, the address bus,
and the data bus. The interconnection of the 8088 processor and
the local bus to the system bus is shown on the following page

The control bus is composed of a variety of system bus arbitration
and bus cycle control lines, clock signals, and interrupt request
and DMA request/acknowledge lines.

The system data bus drives the on-board ROM and RAM, the
8272 floppy disk controller, and the five 62-pin I/0 expansion slot
connectors. All option boards manufactured by ITT will operate

in any one of the five I/0 expansion slots. The monochrome
display controller board, with its 6845 video controller, is normally
mounted in slot 5 of the |/0 expansion backplane.

The resident data bus drives the on-board device controller chips
(e.g., 8237A-5 programmable DMA controller, 8255A-5 parallel
peripheral interface controller, 8253-5 timer controller, and the
8250 asynchronous communications interface chip). These chips
control the system’s external devices such as the keyboard and

printer.
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8259A PROGRAMMABLE INTERRUPT CONTROLLER

) The 8259A programmable interrupt controller provides eight
prioritized levels of interrupts (interrupt 0 has the highest priority).

The interrupt system frees the 8088 from the task of constantly
polling I/0 devices to determine if they require servicing. Under
the interrupt scheme, the 8088 need only attend to 1/0 devices
after being notified by an interrupt that a device is ready to be
serviced. The following figure illustrates the major 8259A signal
lines.

S0-S2

8088 CPU

) \ INTR

IRO-1R7/
=8

INT

8259A

PROGRAMMABLE
INTERRUPT

CONTROLLER

8288

kL 8US CONTROLLER
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8259A Programmable Interrupt Controller



All of the system’s interrupt driven peripheral devices, located

on the motherboard or in the I/0 expansion backplane, are -~
connected via interrupt request lines to the 8259A programmable (
interrupt controller. Interrupt assignments are listed in the

following table.

8259A INTERRUPT ASSIGNMENTS

INTERRUPT DESCRIPTION

Interrupt 0  Timer interrupt
Interrupt 1 Keyboard data ready
Interrupt 2 /0 bus

Interrupt 3 I/0O bus
Interrupt 4  1/0 bus or a synchronous communications port (primary)

Interrupt 5 /0O bus
Interrupt 6 /O bus or floppy drives
Interrupt 7 I/0O bus or parallel printer port

Note that interrupts 4, 6, and 7 can be generated by a device on
the 170 bus or by a device on the motherboard. Memory parity
errors, |/0 errors from cards installed in the expansion backplane,
and interrupts from the 8087 are reported via the 8088’s Non-
Maskable Interrupt (NMI) logic.



System Motherboard

8259A Functional Description

When the 8259A programmable interrupt controller receives an
iInterrupt request, it first evaluates the request. If the request is
not masked, and is of the highest priority of all presently existing
interrupts, the 8259A sends an INT to the 8088’s INTR input.

The 8088 then goes into an interrupt acknowledge sequence.

It finishes execution of the current instruction, preserves the
contents of the flag reqgisters, the CS register, and the IP register
by pushing them on to the stack, and clears the interrupt flag

to prevent additional interrupts from occurring. The 8288 bus
controller then signals the 8259A interrupt controller via the -INTA
line that the interrupt request has been granted. A second pulse
on the -INTA line causes the 8259A to place the interrupt type on
the data bus. The 8088 multiplies the value of the interrupt type
by four. The result provides the address of the device’s interrupt
vector.

A table of all of the system’s interrupt vectors is located at the
low end of system memory (00000 to 003FF). Each interrupt
vector is composed of four bytes that indicate the address of

the appropriate interrupt service routine. Before jumping to the
interrupt vector, the system saves the current program address
on the stack and disables its interrupt. The address of the service
routine is then placed in registers CS and IP, the 8088’s program
address registers. The computer then runs the interrupt service
routine. When the service routine is completed, the 8088 pops the
stack, reenables its interrupts, and returns control to the program
that was running when the interrupt occurred.

INTERRUPT REQUEST REGISTER (IRR) AND
IN-SERVICE REGISTER (ISR)

The interrupts at the IR input lines are handled by two registers in
cascade, the Interrupt Request Register (IRR) and the In-Service
Register (ISR). The IRR is used to store all the interrupt levels
which are requesting service; and the ISR is used to store all the
interrupt levels which are being serviced.




PRIORITY RESOLVER

This logic block determines the priorities of the bits set in the (’
IRR. The highest priority is selected and strobed into the
corresponding bit of the ISR during -INTA pulse.

INTERRUPT MASK REGISTER (IMR)

The IMR stores the bits which mask the interrupt lines to be
masked. The IMR operates on the IRR. Masking of a higher priority
input will not affect the interrupt request lines of lower priority.

INT (INTERRUPT)

This output goes directly to the CPU interrupt input. The V, level

on this line is designed to be fully compatible with the 8088 input
levels.

-INTA (INTERRUPT ACKNOWLDEGE)

-INTA pulses will cause the 8259A to release vectoring information (
onto the data bus. The format of this data depends on the system
mode (UPM) of the 8259A.

DATA BUS BUFFER

This 3-state, bidirectional 8-bit buffer is used to interface the
8259A to the system Data Bus. Control words and status
information are transferred through the Data Bus Buffer.

READ/WRITE CONTROL LOGIC

The function of this block is to accept OUTput commands from the
CPU. It contains the Initialization Command Word (ICW) reqisters
and Operation Command Word (OCW) registers which store the
various control formats for device operation. This function block
also allows the status of the 8259A to be transferred onto the Data
Bus.

L
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-CS (CHIP SELECT)

A LOW on this input enables the 8259A. No reading or writing of
the chip will occur unless the device is selected.

-WR (WRITE)

A LOW on this input enables the CPU to write control words (ICWs
and OCWs) to the 8259A.

-RD (READ)

A LOW on this input enables the 8259A to send the status of the
Interrupt Request Register (IRR), In Service Register (ISR), the
Interrupt Mask Register (IMR), or the interrupt level onto the Data
Bus.

AO

This input signal is used in conjunction with -WR and -RD signals
to write commands into the various command registers, as well

as reading the various status registers of the chip. This line can be
tied directly to one of the address lines.

THE CASCADE BUFFER/COMPARATOR

This function block stores and compares the ID’s of all 8259’s
used in the system. The associated three I/0 pins (CAS0-2) are
outputs when the 8259A is used as a master and are inputs when
the 8259A is used as a slave. As a master, the 8259A sends the ID
of the interrupting slave device onto the CASO-2 lines. The slave
thus selected will send its preprogrammed subroutine address
onto the Data Bus during the next one or two consecutive -INTA
pulses.




Programming the 8259A

The 8259A accepts two types of command words generated by -
the 8088: (

1. Initialization Command Words (ICWs): Before normal
operation can begin, each 8259A in the system must be
brought to a starting point by a sequence of 2 to 4 bytes timed
by -WR pulses.

2. Operation Command Words (OCWSs): These are the command
words which command the 8259A to operate in various
interrupt modes. These modes are:

Fully nested mode
Rotating priority mode
Special mask mode
Polled mode

The OCWSs can be written into the 8259A anytime after |
initialization. (

INITIALIZATION COMMAND WORDS (ICWS)

Whenever a command is issued with AO = 0 and D4 = 1, this
Is interpreted as Initialization Command Word 1 (ICW1). ICW1
starts the initialization sequence during which the following
automatically occur.

a. The edge sense circuit is reset, which means that following
initialization, an interrupt request (IR) input must make a low-
to-high transition to generate an interrupt.

O

. The Interrupt Mask Register is cleared.
. IR7 input is assigned priority 7.

The slave mode address is set to 7.

© o o

Special Mask Mode is cleared and Status Read is set to IRR (

—

If IC4 = 0, then all functions selected in ICW4 are set to zero.
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INITIALIZATION COMMAND WORDS 1 AND 2
(ICW1,ICW2)

A5 - A15: Page starting address of service routines. A15 - A11 are
inserted in the five most significant bits of the vectoring byte and
the 8259A sets the three least significant bits according to the
interrupt level. A10 - A5 are ignored and ADI (Address interval)
has no effect.

LTIM: IfLTIM = 1, then the 8259A will operate in the level
interrupt mode. Edge detect logic on the interrupt inputs
will be disabled.

ADI: CALL address interval. ADI = 1 then interval = 4;
AD1 = 0 theninterval = 8

SNGL: Single. Means that this is the only 8259A in the system.
If SNGL = 1 no ICW3 will be issued.

|C4: If this bit is set - ICW4 has to be read. If ICW4 is not
needed, set |[C4 = 0.

INITIALIZATION COMMAND WORD 3 (ICW3)

This word is read only when there is more than one 8259A in the
system and cascading is used, in which case SNGL = 0. It will load
the 8-bit slave register. The functions of this register are:

a. In the master mode (either when SP=1, or in buffered mode
when M/S = 1inICW4) a “1” is set for each slave in the
system. The master then will enable the corresponding slave
to release byte 2 through the cascade lines.

b. In the slave mode (either when -SP = 0, or if BUF = 1 and
M/S = 0in ICW4) bits 2-0 identify the slave. The slave
compares its cascade input with these bits and, if they are
equal, byte 2 of the call sequence is released by it on the Data

Bus.



INITIALIZATION COMMAND WORD 4 (ICW4)
SFNM: If SFNM = 1 the special fully nested mode is

BUF:

M/S:

AEOI:

uPM:

programmed.

If BUF = 1 the buffered mode is programmed. In buffered
mode, -SP/-EN becomes an enable output and the
master/slave determination is by M/S.

If buffered mode is selected: M/S = 1 means the 8259A is
programmed to be a master, M/S = 0 means the 8259A
is programmed to be a slave. If BUF = 0, M/S has no

function.

If AEOI = 1 the automatic end of interrupt mode is
programmed.

Microprocessor mode: uPM = 1 sets the 8259A for 8088
operation.

OPERATION COMMAND WORDS (OCWs)

After the Initialization Command Words (ICWs) are programmed
into the 8259A, the chip is ready to accept interrupt requests at its
input lines. However, during the 8259A operation, a selection of
algorithms can command the 8259A to operate in various modes
through the Operation Command Words (OCWSs).

OCWH1

A0 D7 D6 DS D4 D3 D2 D1 DO

1 M7 M6 M5 M4 M3 M2 M1 MO

OCW2

0 R SL EOI 0 0 L2 LT LO

OCWS3

0 0O ESMM SMM O 1 P RR RIS
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OPERATION CONTROL WORD 1 (OCW1)

OCW 1 sets and clears the mask bits in the Interrupt Mask
Register (IMR). M7 - MO represent the eight mask bits. M = 1
iIndicates the channel is masked (inhibited); M = 0 indicates the
channel is enabled.

OPERATION CONTROL WORD 2 (OCW2)

R, SL, EOI - These three bits control the Rotate and End of
Interrupt modes and combinations of the two. A chart of these
combinations can be found on the Operation Command Word
Format.

L2,L1,LO - These bits determine the interrupt level acted upon
when the SL bit is active.

OPERATION CONTROL WORD 3 (OCW3)

ESMM - Enable Special Mask Mode. When this bit is set to 1 it
enables the SMM bit to set or reset the Special Mask Mode. When
ESMM = 0, the SMM bit becomes a “don’t care.”

SMM - Special Mask Mode. If ESMM = 1 and SMM = 1, the
8259A will enter Special Mask Mode. If ESMM = 1 and SMM = 0
the 8259A will revert to normal mask mode. When ESMM = O,
SMM has no effect.

FULLY NESTED MODE

This mode is entered after initialization unless another mode is
programmed. The interrupt requests are ordered in priority from
0 through 7 (O highest). When an interrupt is acknowledged, the
highest priority request is determined and its vector placed on the
bus. Additionally, a bit of the Interrupt Service register (ISO-7) is
set. This bit remains set until the 8088 issues an End of Interrupt
(EOI) command immediately before returning from the service
routine, or if AEOI (Automatic End of Interrupt) bit is set, until the
trailing edge of the last INTA. While the IS bit is set, all further
interrupts of the same or lower priority are inhibited, while higher
levels will generate an interrupt (which will be acknowledged only
if the 8088 internal interrupt enable flip-flop has been re-enabled
through software).



After the initialization sequence, IRO has the highest priority and
IR7 the lowest. Priorities can be changed, as will be explained, in
the rotating priority mode.

END OF INTERRUPT (EOI)

The In Service (IS) bit can be reset either automatically following
the trailing edge of the last in sequence -INTA pulse (when AEOI
bit in ICW1 is set) or by a command word that must be issued to
the 8259A before returning from a service routine (EOI command).
An EOlI command must be issued twice if in the Cascade mode,
once for the master and once for the corresponding slave.

There are two forms of EOl command: specific and nonspecific.
When the 8259A is operated in modes which preserve the fully
nested structure, it can determine which IS bit to reset on EOI.
When a nonspecific EOl command is issued, the 8259A will
automatically reset the highest IS bit of those that are set, since
in the fully nested mode the highest IS level was necessarily the
last level acknowledged and serviced. A nonspecific EOl can be
issued with OCW2 (EOlI = 1,SL = 0, R = 0).

When a mode is used which may disturb the fully nested structure,
the 8259A may no longer be able to determine the last level
acknowledged. In this case a specific End of Interrupt must be
issued which includes as part of the command the IS level to be
reset. A specific EOIl can be issued with OCW2 (EOI = 1, SL = 1,
R = 0,and LO - L2 is the binary level of the IS bit to be reset).

It should be noted that an IS bit that is masked by an IMR bit will
not be cleared by a nonspecific EOI if the 8259A is in the Special
Mask Mode.
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AUTOMATIC END OF INTERRUPT (AEOI) MODE

If AEOI = 1in ICW4, then the 8259A will operate in AEOI mode
continuously until reprogrammed by ICW4. In this mode the
8259A will automatically perform a nonspecific EOIl operation at
the trailing edge of the last interrupt acknowledge pulse (second
pulse). Note that from a system standpoint, this mode should

be used only when a nested multilevel interrupt structure is not
required within a single 8259A.

The AEOI mode can only be used in a master 8259A and not a
slave.

AUTOMATIC ROTATION (Equal Priority Devices)

In some applications there are a number of interrupting devices of
equal priority. In this mode a device, after being serviced, receives
the lowest priority, so a device requesting an interrupt will have

to wait in the worst case until each of seven other devices are
se‘_rviced at most once.

There are two ways to accomplish Automatic Rotation using
OCW2, the Rotation on Non-Specific EOl Command (R = 1,

SL = 0, EOI = 1) and the Rotate in Automatic EOl Mode which is
setby(R = 1,SL = 0, EOIl = 0) and cleared by (R = 0, SL = 0,
EOI = 0).

SPECIFIC ROTATION (Specific Priority)

The programmer can change priorities by programming the
bottom priority and thus fixing all other priorities; i.e., if IRS is
programmed as the bottom priority device, then IR6 will have the
highest one.

The Set Priority command is issued in OCW2 where: R = 1,
SL = 1, LO - L2 is the binary priority level code of the bottom
priority device.




Observe that in this mode internal status is updated by software
control during OCW2. However, it is independent of the End

of Interrupt (EOI) command (also executed by OCW?2). Priority
changes can be executed during an EOl command by using the
Rotate on Specific EOl command in OCW2 (R = 1, SL = 1,

EOl = 1and LO - L2 = IR level to receive bottom priority).

INTERRUPT MASK

Each Interrupt Request input can be masked individually by the
Interrupt Mask Register (IMR) programmed through OCW 1. Each
bit in the IMR masks one interrupt channel if it is set (1). Bit O
masks IR0, Bit 1 masks IR1 and so forth. Masking an IR channel
does not affect the other channels’ operation.

SPECIAL MASK MODE

Some applications may require an interrupt service routine to
dynamically alter the system priority structure during its execution
under software control. For example, the routine may wish to
inhibit lower priority requests for a portion of its execution but
enable some of them for another portion.

The difficulty here is that if an Interrupt Request is acknowledged
and an End of Interrupt command did not reset its IS bit (i.e., while
exXxecuting a service routine), the 8259A would have inhibited all
lower priority requests with no easy way for the routine to enable
them.

That is where the Special Mask Mode comes in. In the special
Mask Mode, when a mask bit is set in OCW 1, it inhibits further
interrupts at that level and enables interrupts from all other levels
(lower as well as higher) that are not masked.

Thus, any interrupts may be selectively enabled by loading the
mask register.

The special Mask Mode is set by OCW3 where: SSMM = 1,
SMM = 1, and cleared where SSMM = 1, SMM = 0.

.
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POLL COMMAND

In this mode the INT output is not used or the microprocessor
internal Interrupt Enable flip-flop is reset, disabling its interrupt
input. Service to devices is achieved by software using a Poll

command.

The Poll command is issued by setting P = 1in OCWS3. The 8259A
treats the next -RD pulse to the 8259A (i.e., -RD = 0, -CS = 0) as
an interrupt acknowledge, sets the appropriate IS bit if there is a
request, and reads the priority level. Interrupt is frozen from -WR
to -RD.

The word enabled onto the data bus during -RD is:

D7 D6 05 D4 DS D2 D1 DO
o e S s OB W W0

WO - W2: Binary code of the highest priority level
requesting service
1: Equal to a 1if there is an interrupt.

This mode is useful if there is a routine command common to
several levels so that the -INTA sequence is not needed (saves
ROM space). Another application is to use the poll mode to
expand the number of priority levels to more than 64.

READING THE 8259A STATUS

The input status of several internal registers can be read to update
the user information on the system. The following registers can be
read via OCWa3 (IRR and ISR or OCW1 [IMRY]).

Interrupt Request Register (IRR): 8-bit register which contains
the levels requesting an interrupt to be acknowledged. The
highest request level is reset from the IRR when an interrupt is
acknowledged. (Not affected by IMR).



In-Service Register (ISR): 8-bit register which contains the priority
levels that are being serviced. The ISR is updated when an End of
Interrupt Command is issued.

Interrupt Mask Register: 8-bit register which contains the interrupt
request lines which are masked.

The IRR can be read when, prior to the RD pulse, a Read Register
Command is issued with OCW3 (RR = 1, RIS = 0).

The ISR can be read when, prior to the RD pulse, a Read Register
Command is issued with OCW3 (RR = 1, RIS = 1).

There is no need to write an OCW3 before every status read
operation, as long as the status read corresponds with the
previous one; i.e., the 8259A remembers whether the IRR or ISR
has been previously selected by the OCWa3. This is not true when
poll is used.

After initialization the 8259A is set to IRR.

For reading the IMR, no OCWS3 is needed. The output data bus will
contain the IMR whenever -RD is active and A0 = 1 (OCW1).

Polling overrides status read when P = 1, RR = 1in OCWS3.

EDGE AND LEVEL TRIGGERED MODES
This mode is programmed using bit 3 in ICW1.

If LTIM = 0, an interrupt request will be recognized by a high
level on IR input, and there is no need for an edge detection. The
interrupt request must be removed before the EOl command

is issued or the CPU interrupt is enabled to prevent a second
Interrupt from occurring.

¢
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In both the edge and level triggered modes the IR inputs must
remain high until after the falling edge of the first INTA. If the IR
Input goes low before this time a DEFAULT IR7 will occur when the
CPU acknowledges the interrupt. This can be a useful safeguard
for detecting interrupts caused by spurious noise glitches on the
IR inputs. To implement this feature the IR7 routine is used for
clean up simply executing a return instruction, thus ignoring the
interrupt. If IR7 is needed for other purposes, a default IR7 can still
be detected by reading the ISR. A normal IR7 interrupt will set the
corresponding ISR bit, a default IR7 won’t. If a default IR7 routine
occurs during a normal IR7 routine, however, the ISR will remain
set. In this case it is necessary to keep track of whether or not the
IR7 routine was previously entered. If another IR7 occursitis a
default.

THE SPECIAL FULLY NESTED MODE

This mode will be used in the case of a big system where
cascading is used, and the priority has to be conserved within
each slave. In this case the fully nested mode will be programmed
to the master (using ICW4). This mode is similar to the normal
nested mode with the following exceptions:

a. When an interrupt request from a certain slave is in service,
this slave is not locked out from the master’s priority logic
and further interrupt requests from higher priority IR’s within
the slave will be recognized by the master and will initiate
interrupts to the processor. (In the normal nested mode a
slave is masked out when its request is in service and no
higher requests from the same slave can be serviced.)

b. When exiting the Interrupt Service routine the software has
to check whether the interrupt serviced was the only one
from that slave. This is done by sending a nonspecific End
of Interrupt (EOI) command to the slave and then reading
its In-Service register and checking for zero. If it is empty, a
nonspecific EOIl can be sent to the master too. If not, no EOI
should be sent.




BUFFERED MODE

When the 8259A is used in a large system where bus driving
buffers are required on the data bus and the cascading mode is
used, there exists the problem of enabling buffers.

The buffered mode will structure the 8259A to send an enable
signal on -SP/-EN to enable the buffers. In this mode, whenever
the 8259A’s data bus outputs are enabled, the -SP/-EN output
becomes active.

This modification forces the use of software programming to
determine whether the 8259A is a master or a slave. Bit 3 in
ICW4 programs the buffered mode, and bit 2 in ICW4 determines
whether it is a master or a slave.

CASCADE MODE

The 8259A can be easily interconnected in a system of one master
with up to eight slaves to handle up to 64 priority levels.

The master controls the slaves through the 3 line cascade bus.
The cascade bus acts like chip selects to the slaves during the
-INTA sequence.

In a cascade configuration, the slave interrupt outputs are
connected to the master interrupt request inputs. When a slave
request line is activated and afterwards acknowledged, the master
will enable the corresponding slave to release the device routine
address during byte 2 of INTA.

The cascade bus lines are normally low and will contain the slave
address code from the trailing edge of the first INTA pulse to the
trailing edge of the third pulse. Each 8259A in the system must
follow a separate initialization sequence and can be programmed
to work in a different mode. An EOl command must be issued
twice: once for the master and once for the corresponding slave.
An address decoder is required to activate the Chip Select (CS)
input of each 8259A.

The cascade lines of the Master 8259A are activated only for slave
inputs; no slave inputs leave the cascade line inactive (low).

(

—
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8237A-5 PROGRAMMABLE DMA CONTROLLER

The DMA controller provides direct access to memory for the
system’s peripheral devices without intervention by the 8088.
By allowing these direct transfers, the 8237A-5 substantially
Improves system performance.

Operational Overview

As shown in the DMA 8088 interface illustration, whenever the
DMA controller is given access to the system bus, the bus
arbitration circuitry isolates the local bus from the system bus by
disabling the address latches and data transceivers that interface
the local and system buses (see the following figure). The DMA
controller requests control of the bus by issuing a Hold Request
(HRQ). If the 8088 is in the process of executing an instruction or
IS in the midst of an interrupt acknowledge sequence, the status
will remain active until the sequence is complete. This prevents the
DMA controller from gaining control of the system bus while the
8088 still requires access to the bus. When -LOCK goes inactive
the 8088 is in its idle state at the end of a bus cycle, the DMA
controller receives a hold acknowledge signal (HLDA), granting it
access to the bus. The 8284A clock generator, via the RDY 1 line,
is used to place the 8088 into a continuous wait state which will
keep the local bus isolated from the system bus until the DMA
request has been completed.
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Two of the four 20-bit DMA channels support high speed transfers
between memory and the I/0 BUS. A third channel is available

to the I/0 bus or to the floppy drives. The fourth channel is used
to implement a memory refresh scheme. Under this scheme a
dummy DMA transfer is requested every 15 microseconds via

the 8253-5 interval timer, triggering a memory read cycle that
refreshes dynamic memory on the motherboard and on any board
installed in one of the expansion slots. A memory refresh requires
four clock cycles; DMA data transfers require five clock cycles.
Specific channel assignments are as listed in the table below:

DMA CHANNEL ASSIGNMENTS

CHANNEL FUNCTION |

Channel 0 Memory Refresh

Channel 1 /0O Bus

Channel 2 /0O Bus and Floppy Drives
Channel 3 /0O Bus

8237A-5 DMA Controller Internal Description

The 8237A-5 major logic blocks, internal registers, and data
interconnection paths are shown in the following block diagram.
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As shown in the block diagram, the 8237A-5 contains three basic
blocks of control logic. The Timing Control block generates
internal timing and external control signals for the 8237A-5. The
Command Control block decodes the various commands given
to the 8237A-5 by the microprocessor prior to servicing a DMA
Request. It also decodes the Mode Control word used to select
the type of DMA during the servicing. The Priority Encoder block
resolves priority contention between DMA channels requesting
service simultaneously.

The Timing Control block derives internal timing from the 8284A’s
CLK signal.

8237A Detailed Functional Description

The 8237A is designed to operate in two major cycles. These

are called Idle and Active cycles. Each device cycle is made up

of a number of states. The 8237A can assume seven separate
states, each composed of one full clock period. State | (Sl) is the
inactive state. It is entered when the 8237A has no valid DMA
requests pending. While in Sl, the DMA controller is inactive

but may be in the Program Condition, being programmed by

the processor. State SO (S0) is the first state of a DMA service.
The 8237A has requested a hold but the processor has not yet
returned an acknowledge. The 8237A-5 may still be programmed
until it receives HLDA from the CPU. An acknowledge from the
CPU will signal that DMA transfers may begin. S1, S2, S3, and S4
are the working states of the DMA service. If more time is needed
to complete a transfer than is available with normal timing, wait
states (SW) can be inserted between S2 or S3 and S4 by the use
of the Ready line on the 8237A. Note that the data is transferred
directly from the I/0 device to memory (or vice versa) with -IOR
and -MEMW (or -MEMR and -IOW) being active at the same time.
The data is not read into or driven out of the 8237A-5 in |/0O-to-
memory or memory-to-1/0 DMA transfers.




Memory-to-memory transfers require a read-from and a write-to-
memory to complete each transfer. The states, which resemble the
normal working states, use two digit numbers for identification.
Eight states are required for a single transfer. The first four states
(S11, S12, S13, S14) are used for the read-from-memory half and
the last four states (S21, S22, S23, S24) for the write-to-memory
half of the transfer.

IDLE CYCLE

When no channel is requesting service, the 8237A-5 will enter

the Idle cycle and perform Sl states. In this cycle the 8237A-5

will sample the DREQ lines every clock cycle to determine if any
channel is requesting a DMA service. The device will also sample
-CS, looking for an attempt by the microprocessor to write or read
the internal registers of the 8237A-5. When -CS is low and HLDA
is low, the 8237A-5 enters the Program Condition. The CPU can
now establish, change or inspect the internal definition of the part
by reading from or writing to the internal registers. Address lines
A0-AS3 are inputs to the device and select which registers will be
read or written. The -IOR and -IOW lines are used to select and
time reads or writes. Due to the number and size of the internal
registers, an internal flip-flop is used to generate an additional bit
of address. This bit is used to determine the upper or lower byte of
the 16-bit Address and Word Count registers. The flip-flop is reset
by Master Clear or reset. A separate software command can also

reset this flip-flop.

Special software commands can be executed by the 8237A-5 in
the Program Condition. These commands are decoded as sets of
addresses with the -CS and -IOW. The commands do not make
use of the data bus. Instructions include Clear First/Last Flip-Flop
and Master Clear.
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ACTIVE CYCLE

When the 8237A is in the Idle cycle and a nhon-masked channel
requests a DMA service, the device will output an HRQ to the
microprocessor and enter the Active cycle. It is in this cycle that
the DMA service will take place, in one of four modes:

Single Transfer Mode - In Single Transfer mode the device is
programmed to make one transfer only. The word count will be
decremented and the address decremented or incremented
following each transfer.

When the word count rolls over from zero to FFFFH, a Terminal
Count (TC) will cause an Autoinitialize if the channel has been

programmed to do so.

DREQ must be held active until DACK becomes active in order
to be recognized. If DREQ is held active throughout the single
transfer, HRQ will go inactive and release the bus to the system.
It will again go active and, upon receipt of a new HLDA, another
single transfer will be performed, ensuring one full machine cycle
execution between DMA transfers.

Block Transfer Mode - In Block Transfer mode the device is
activated by DREQ to continue making transfers during the
service until a TC, called by word count going to FFFFH, or an
external End of Process (-EOP) is encountered. DREQ need

only be held active until DACK becomes active. Again, an
Autoinitialization will occur at the end of the service if the channel
has been programmed for it.



Demand Transfer Mode - In Demand Transfer mode the device is
programmed to continue making transfers until a TC or external

-EOP is encountered or until DREQ goes inactive. Thus transfers
may continue until the I/0O device has exhausted its data capacity. (
After the I/0O device has had a chance to catch up, the DMA

service is re-established by means of a DREQ. During the time

between services when the microprocessor is allowed to operate,

the intermediate values of address and word count are stored in

the 8237A-5 Current Address and Current Word Count registers.

Only an -EOP can cause an Autoinitialize at the end of the service.

-EOP is generated either by TC or by an external signal.

Cascade Mode - This mode is used to cascade more than one
8237 A-5 together for simple system expansion. The HRQ and
HLDA signals from the additional 8237A are connected to the
DREQ and DACK signals of a channel of the initial 8237A-5. This
allows the DMA requests of the additional device to propagate
through the priority network circuitry of the preceding device. The
priority chain is preserved and the new device must wait for its
turn to acknowledge requests. Since the cascade channel of the (
initial 8237A-5 is used only for prioritizing the additional device, it
does not output any address or control signals of its own. These
could conflict with the outputs of the active channel in the added
device. The 8237A-5 will respond to DREQ and DACK but all other
outputs except HRQ will be disabled.

TRANSFER TYPES

Each of the three active transfer modes can perform three

different types of transfers. These are Read, Write, and Verify.

Write transfers move data from an 1/0 device to the memory by
activating -MEMW and -IOR. Read transfers move data from

memory to an |/0 device by activating -MEMR and -IOW. Verify
transfers are pseudo transfers. The 8237A operates as in Read

or Write transfers generating addresses, and responding to EOP,

etc. However, the memory and |/0 control lines all remain inactive.
Verify mode is not permitted during memory to memory operation. (
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Memory-to-Memory - To perform block moves of data from one
memory address space to another with a minimum of program
effort and time, the 8237A-5 includes a memory-to-memory
transfer feature. Programming a bit in the Command register
selects channels 0 and 1 to operate as memory-to-memory
transfer channels. The transfer is initiated by setting the software
DREQ for channel 0. The 8237A-5 requests a DMA service in the
normal manner. After HLDA is true, the device, using eight-state
transfers in Block Transfer mode, reads data from the memory.
The channel 0 Current Address register is the source for the
address used and is decremented or incremented in the normal
manner. The data byte read from the memory is stored in the
8237A-5 internal Temporary register to memory using the address
in its Current Address register and incrementing or decrementing
it in the normal manner. The channel 1 Current Word Count is
decremented. When the word count of channel 1 goes to FFFFH,
a TC is generated causing an -EOP output terminating the service.

Channel 0 may be programmed to retain the same address for
all transfers. This allows a single word to be written to a block of

memory.

The 8237A-5 will respond to external -EOP signals during
memory-to-memory transfers. Data comparators in block search
schemes may use this input to terminate the service when a match
is found. Memory-to-memory operations can be detected as an
active AEN with no DACK outputs.

Autoinitialize - By programming a bit in the Mode register, a
channel may be set up as an Autoinitialize channel. During
Autoinitialize initialization, the original values of the Current
Address and Current word Count registers are automatically
restored from the Base Address and Base Word count registers
of that channel following -EOP. The base registers are loaded
simultaneously with the current registers by the microprocessor
and remain unchanged throughout the DMA service. The mask
bit is not set when the channel is in Autoinitialize. Following
Autoinitialize the channel is ready to perform another DMA
service, without CPU intervention, as soon as a valid DREQ is

detected.




Priority - The 8237A-5 has two types of priority encoding available
as software selectable options. The first is Fixed Priority which
fixes the channels in priority order based upon the descending
value of their number. The channel with the lowest priority is 3
followed by 2, 1 and the highest priority channel, 0. After the
recognition of any one channel for service, the other channels are
prevented from interfering with that service until it is completed.

The second scheme is Rotating Priority. The last channel to get
service becomes the lowest priority channel with the others

rotating accordingly.

With Rotating Priority in a single chip DMA system, any device
requesting service is guaranteed to be recognized after no more
than three higher priority services have occurred. This prevents
any one channel from monopolizing the system.

Compressed Timing - In order to achieve even greater throughput
where system characteristics permit, the 8237A-5 can compress
the transfer time to two clock cycles. State 3 is used to extend

the access time of the read pulse. By removing state S3, the read
pulse width is made equal to the write pulse width and a transfer
consists only of state S2 to change the address and state S4 to
perform the read/write. S1 states will still occur when A8-A15
need updating (see Address Generation).

Address Generation - In order to reduce pin count, the 8237A-5
multiplexes the eight higher order address bits on the data lines.
State S1is used to output the higher order address bits to an
external latch from which they may be placed on the address

bus. The falling edge of Address Strobe (ADSTB) is used to load
these bits from the data lines to the latch. Address Enable (AEN) is
used to enable the bits onto the address bus through a three-state
enable. The lower order address bits are output by the 8237A
directly. Lines AO-A7 should be connected to the address bus.
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During Block and Demand Transfer mode services, which include
multiple transfers, the addresses generated will be sequential.
For many transfers the data held in the external address latch

will remain the same. This data need only change when a carry

or borrow from A7 to A8 takes place in the normal sequence of
addresses. To save time and speed transfers, the 8237 A executes
S1 states only when updating A8-A15 in the latch is necessary.
This means for long services, S1 states and Address Strobes may
occur only once every 256 transfers, a savings of 255 clock cycles
for each 256 transfers.

Register Description

Current Address Register - Each channel has a 16-bit Current
Address register. This register holds the value of the address used
during DMA transfers. The address is automatically incremented
or decremented after each transfer and the intermediate values

of the address are stored in the Current Address register during
the transfer. This register is written or read by the microprocessor
in successive 8-bit bytes. It may also be reinitialized by an
Autoinitialize back to its original value. Autoinitialize takes place
only after an -EOP.

Current Word Register - Each channel has a 16-bit Current
Word Count register. This register determines the number of
transfers to be performed. The actual number of transfers will

be one more than the number programmed in the Current Word
Count register (i.e., programming a count of 100 will resultin 101
transfers). The word count is decremented after each transfer.
The intermediate value of the word count is stored in the register
during the transfer. When the value in the register goes from zero
to FFFFH, a TC will be generated. This register is loaded or read
in successive 8-bit bytes by the microprocessor in the Program
Condition. Following the end of a DMA service it may also be
reinitialized by an Autoinitialization back to its original value.
Autoinitialize can occur only when an -EOP occurs. If it is not
Autoinitialized, this register will have a count of FFFFH after TC.




Base Address And Base Word Count Registers - Each channel
has a 16-bit Current Address register. This register holds the
value of the address used during DMA transfers. The address is .
automatically incremented or decremented after each transfer (
and the intermediate values of the address are stored in the
Current Address register during the transfer. This register is
written or read by the microprocessor in successive 8-bit bytes.
It may also be reinitialized by an Autoinitialize back to its original
value. Autoinitialize takes place only after an -EOP.
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Command Register - This 8-bit register controls the operation

of the 8237A-5. It is programmed by the microprocessor in the
Program Condition and is cleared by Reset or a Master Clear
instruction. The following table lists the function of the command
bits.

(90943210 Bit Number

‘ 0 Memory-to-memory disable
1 Memory-to-memory enable

0 Channel O address hold disable
1 Channel O address hold enable
X Ifbit0=20
0
1

Controller enable
Controller disable

Normal timing
Compressed timing
If bit0 = 1

Fixed priority
Rotating priority

Extended write selection
If bit3 = 1

DREQ sense active high
DREQ sense active low

DREQ sense active low
DACK sense active high

0
1
X
0
1
0 Late write selection
1
X
0
1
0
1



Mode Register - Each channel has a 6-bit Mode register

associated with it. When the register is being written to by the
microprocessor in the Program Condition, bits 0 and 1 determine (
which channel Mode register is to be written. |

7_6|5 4&%1 0 Bit Number

, 00 Channel 0 select
J L 01 Channel 1 select
10 Channel 2 select
11 Channel 3 select

00 Verify transfer

01 Write transfer

10 Read transfer

11 lllegal

XX Ifbits6and 7 = 11

0 Autoinitialization disable
1 Autoinitialization enable
0
1

Address increment select (
Address decrement select |

00 Demand mode select
01 Single mode select
10 Block mode select
11 Cascade mode select

Request Register - The 8237A-5 can respond to requests for DMA
service which are Initiated by software as well as by a DREQ. Each
channel has a request bit associated with it in the 4-bit Request
register. These are nonmaskable and subject to prioritization

by the Priority Encoder network. Each register bit is set or reset
separately under software control or is cleared upon generation

of a TC or external -EOP. The entire register is cleared by a Reset.

To set or reset a bit, the software loads the proper form of the data
word. In order to make a software resquest, the channel must be

In Block Mode. (\
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16543210 Bit Number

- 4 | %Y (00 Select channel 0

‘ | )01 Select channel 1

Don’t Care 10 Select channel 2
11 Select channel 3

0 Resetrequest bit
1 Set request bit

Mask Register - Each channel has associated with it a mask bit
which can be set to disable the incoming DREQ. Each mask bit is
set when its associated channel produces an -EOP if the channel
is not programmed for Autoinitialize. Each bit of the 4-bit Mask
register may also be set or cleared separately under software
control. The entire register is also set by a Reset. This disables all

DMA requests until a clear Mask register instruction allows them
to occur. The instruction to separately set or clear the mask bits is
similar in form to that used with the Request register.

T6543210 Bit Number

|
| i Ll: 00 Select channel 0 mask bit
I 01 Select channel 1 mask bit
10
11

Don’t Care Select channel 2 mask bit
Select channel 3 mask bit

0 Clear mask bit
1 Set mask bit



All four bits of the Mask register may also be written with a single

command.
76543210 Bit Number
|

0 Clear channel 0 mask bit
1 Set channel 0 mask bit

Don’t Care -
0 Clear channel 1 mask bit
1 Set channel 1 mask bit
‘0 Clear channel 2 mask bit
|1 Set channel 2 mask bit
‘0 Clear channel 3 mask bit
1 Set channel 3 mask bit

Definition of Register Codes

REGISTER | OPERATION SIGNALS

-CS -IOR -IOW A3 A2 A1 AO
Command | Write 0 i 0 1 0 0 0]
Mode Write 0 1 0 y 0 1 1
Request Write 0 0 O [0 1
Mask Set/Reset 0 1 0 0 1 0
Mask Write 0 1 0 1 1 1
Temporary | Read 0 0 1 1 10| 1
Status Read 0 0 1 O | 0] O




System Motherboard

Status Register - The Status register is available to be read out

of the 8237A-5 by the 8088. It contains information about the
status of the devices at this point. This information includes which
channels have reached a terminal count and which channels

have pending DMA requests. Bits 0 - 3 are set every timea TC is
reached by that channel or an external -EOP is applied. These bits
are cleared upon Reset and on each Status Read. Bits 4 - 7 are set
whenever their corresponding channel is requesting service.

16543210 Bit Number
|
L1 Channel 0 has reached TC
1 Channel 1 hasreached TC
1 Channel 2 has reached TC
1 Channel 3 hasreached TC

Channel O request
Channel 1 request
Channel 2 request
Channel 3 request

Temporary Register - The Temporary register is used to hold data
during memory-to-memory transfers. Following the completion

of the transfers, the last word moved can be read by the 8088 in
the Program Condition. The Temporary register always contains
the last byte transferred in the previous memory-to-memory
operation, unless cleared by a Reset.

Software Commands - These are additional special software
commands which can be executed in the Program Condition. They
do not depend on any specific bit pattern on the data bus. The two
softare commands are:

Clear First/Last Flip-Flop: This command is executed prior
to writing or reading new address or word count information
to the 8237A-5. This initializes the flip-flop to a known state
so that subsequent accesses to register contents by the
microprocessor will address upper and lower bytes in the
correct sequence.



Master Clear: This software instruction has the same effect
as the hardware Reset. The Command, Status, Request,
Temporary, and Internal First/Last Flip-Flop registers are
cleared and the Mask register is set. The 8237A will enter the
|dle cycle.

Clear Mask Register: This command clears the mask bits of all
four channels, enabling them to accept DMA requests.

The following table lists the address codes for the software
commands:

SOFTWARE COMMAND ADDRESS CODES

Signals
A3 A2 A1 AO -10R -IOW OPERATION
1 0 0 0 0 1 Read Status Register
1 0 0 0 1 0 Write Command Register
1 0 0 1 0 1 lllegal
1 0 0 1 1 0 Write Request Register
1 0 1 0 0 1 lllegal
1 0 1 0 1 0 Write Single Mask Register
Bit
1 0 1 1 0 1 lllegal
1 0 1 1 1 0 Write Mode Register
1 1 0 0 0 1 lllegal
1 1 0 0 1 0 Clear Byte Pointer Flip/Flop
1 1 0 1 0 1 Read Temporary Register
1 1 0 1 1 0 Master Clear
1 1 1 0 0 1 lllegal
1 1 1 0 1 0 Clear Mask Register
1 1 1 1 0 1 lllegal
1 1 1 1 1 0 Write All Mask Register Bits
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Programming The 8237A-5

The 8237A-5 will accept programming from the 8088 any time
that HLDA is inactive; this is true even if HRQ ia active. The
responsibility of the host is to assure that programming and
HLDA are mutually exclusive. Note that a problem can occur

If a DMA request occurs, on an unmasked channel while the
8237A-5 is being programmed. For instance, the CPU may be
starting to reprogram the two byte Address register of channel

1 when channel 1 receives a DMA request. If the 8237A-5 is
enabled (bit 2 in the command register is 0) and channel 1

IS unmasked, a DMA service will occur after only one byte of

the Address register has been reprogrammed. This can be
avoided by disabling the controller (setting bit 2 in the command
register) or masking the channel before programming any other
registers. Once the programming is complete, the controller can
be enabled/unmasked.

After power-up it is suggested that all internal locations, especially
the Mode registers, be loaded with some valid value. This should
be done even if some channels are unused.

8253-5 PROGRAMMABLE INTERVAL TIMER

The 8253-5 timer controller provides a 1.193 Mhz clock input to
three 16-bit timer counter channels. Each of these timers can

be initialized with a specific value that represents the length of a
desired delay. The 8253-5 can then be commanded to count out
the delay. At the conclusion of the count, the 8253-5 can issue an
interrupt or otherwise trigger a desired event. This arrangement
allows the system to generate accurate time delays without
creating the overhead that timing loops in system software would

generate.

Timer O (OUT 0) is the system’s general purpose timer. It connects
to Interrupt Request 0 and can be used for an internal clock.
Timer 1 connects to DMA Request 0 and is used in the dynamic
memory refreshing scheme. Timer 2 is used to develop the audio
signal used to drive the speaker. A simplified block diagram of the
interval timer circuit is shown in the following figure.
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Functional Overview Of The 8253-5
DATA BUS BUFFER

A 3-state, bi-directional, 8-bit buffer is used to interface the
8253-5 to the system data bus. Data is transmitted or received by
the buffer upon execution of INput or OUTput CPU instructions.
The Data Bus Buffer has three basic functions.

1. Programming the MODES of the 8253-5.
2. Loading the count registers.

3. Reading the count values.

READ/WRITE LOGIC

The Read/Write Logic accepts inputs from the sytem bus and
in turn generates control signals for overall device operation. It
IS enabled or disabled by CS so that no operation can occur to
change the function unless the device has been selected by the
system logic.

-RD (READ)

A low on this input informs the 8253-5 that the CPU is inputting
data in the form of a counter’s value.

-WR (WRITE)

A low on this input informs the 8253 that the CPU is outputting
data in the form of mode information or loading counters.

AO,AT

These inputs are connected to the address bus. Their function
is to select one of the three counters to be operated on and to
address the control word register for mode selection.

-CS (CHIP SELECT)

A low on this input enables the 8253. No reading or writing will
occur unless the device is selected. The -CS input has no effect
upon the actual operation of the counters.



CONTROL WORD REGISTER

The Control Word Register is selected when A0, A1 are 11. It
then accepts information from the data bus buffer and stores it
in a register. The information stored in the register controls the
operational MODE of each counter, selection of binary or BCD
counting, and the loading of each count register.

The Control Word Register can only be written into; no read
operation of its contents is available.

COUNTER #0, COUNTER #1, COUNTER #2

These three functional blocks are identical in operation so only a
single counter will be described. Each counter consists of a single,
16-bit, pre-settable, DOWN counter. The counter can operate in
either binary or BCD and its input, gate and output are configured
by the selection of MODES stored in the Control Word Register.

The counters are fully independent, and each can have separate
Mode configuration and counting operation, binary or BCD.
Also, there are special features in the control word that handle
the loading of the count value so that software overhead can be
minimized for these functions.

The reading of the contents of each counter is available to the
programmer with simple READ operations for event counting
applications. In addition, special commands and logic are
Included in the 8253-5 so that the contents of each counter can
be read “on the fly” without having to inhibit the clock input.

Programming the 8253-5

A set of control words must be sent out by the CPU to initialize
each counter of the 8253 with the desired MODE and quantity
Information. Prior to initialization, the MODE, count, and output
of all counters is undefined. These control words program the
MODE, Loading sequence, and selection of binary or BCD
counting. Once programmed, the 8253-5 is ready to perform
whatever timing tasks it is assigned to accomplish.
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All of the modes for each counter are programmed by the
system’s software by simple |/O operations.

Each counter of the 8253 is individually programmed by writing a
control word into the Control Word Register (A0,A1 = 11).

CONTROL WORD FORMAT

D7 | D6 DS D4 D3 D2 D1 DO
SCI | SCO | RLI RLO M2 M MO BCD

DEFINITION OF CONTROL

SC - Select Counter: M - Mode:
SC1SCO0 M2 M1 MO

O | O | Select Counter O 0 0 0 Mode 0
0 1 | Select Counter 1 0 0 1 Mode 1
1 0 | Select Counter 2 X 1 O | Mode?2
1 [ 1 | lllegal X 1 1 | Mode 3

1 0 0 | Mode 4

1 0 1 Mode 5

RL - Read/Load:
RL1 RLO

0 0 Counter Latching operation

1 0 Read/Load most significant byte only

0 1 Read/Load least significant byte only

1 1 Read/Load least significant byte first, then
most significant byte.

BCD:
0 Binary Counter 16-bits
1 Binary Coded Decimal (BCD) Counter (4 Decades)



COUNTER LOADING

The count register is not loaded until the count value is written
(one or two bytes, depending on the mode selected by the RL
bits), followed by a rising edge and a falling edge of the clock.
Any read of the counter prior to that falling clock edge may yield
invalid data.

MODE DEFINITION

MODE 0: Interrupt on Terminal Count. The output will be initially
low after the mode set operation. After the count is loaded into
the selected count register, the output will remain low and the
counter will count. When terminal count is reached, the output
will go high and remain high until the selected count register is

reloaded with the mode or a new count is loaded. The counter
continues to decrement after terminal count has been reached.

Rewriting a counter register during counting results in the
following:

1. Write 1st byte stops the current counting.
2. Write 2nd byte starts the new count.

MODE 1: Programmable One-Shot. The output will go low on the
count following the rising edge of the gate input.

The output will go high on the terminal count. If a new count value
Is loaded while the output is low, it will not affect the duration of
the one-shot pulse until the succeeding trigger. The current count
can be read at any time without affecting the one-shot pulse.

The one-shot is retriggerable, hence the output will remain low for
the full count after any rising edge of the gate input.
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MODE 2: Rate Generator. Divide by N counter. The output will be
low for one period of the input clock. The period from one output
pulse to the next equals the number of input counts in the count
register. If the count register is reloaded between output pulses
the present period will not be affected, but the subsequent period

will reflect the new value.

The gate input, when low, will force the output high. When the gate
iInput goes high, the counter will start from the initial count. Thus,
the gate input can be used to synchronize the counter.

When this mode is set, the output will remain high until after the
count register is loaded. The output then can also be synchronized
by software.

MODE 3: Square Wave Rate Generator. Similar to MODE 2 except
that the output will remain high until one half the count has been
completed (for even numbers) and go low for the other half of the
count. This is accomplished by decrementing the counter by two
on the falling edge of each clock pulse. When the counter reaches
terminal count, the state of the output is changed and the counter
is reloaded with the full count and the whole process is repeated.

If the count is odd and the output is high, the first clock pulse (after
the count is loaded) decrements the count by 1. Subsequent clock
pulses decrement the clock by 2. After timeout, the output goes
low and the full count is reloaded. The first clock pulse (following
the reload) decrements the counter by 3. Subsequent clock pulses
decrement the count by 2 until timeout. Then the whole process is
repeated. In this way, if the count is odd, the output will be high for
(N-+ 1)/2 counts and low for (N-1)/2 counts.

MODE 4: Software Triggered Strobe. After the mode is set, the
output will be high. When the count is loaded, the counter will
begin counting. On terminal count, the output will go low for one
input clock period, then will go high again.

If the count register is reloaded during counting, the new count will
be loaded on the next CLK pulse. The count will be inhibited while
the GATE input is low.



MODE 5: Hardware Triggered Strobe. The counter will start

counting after the rising edge of the trigger input and will go low

for one clock period when the terminal count is reached. The (
counter is retriggerable. The output will not go low until the full

count after the rising edge of any trigger.

GATE PIN OPERATIONS SUMMARY

SIGNAL STATUS
MODES LOW RISING HIGH
0 Disables counting | = ------ Enables counting
1 | === Initiates counting; | @ ------
Resets output after next
clock.
2 Disables counting; | Reloads counter; Enables counting
Sets output Initiates
immediately high counting
3 Disables counting; | Initiates counting Enables counting
Sets output
immediately high
4 Disables counting | = ------ Enables counting
5 | e----- Initiates counting | @ ------
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WRITE OPERATIONS

The system’s software must program each counter of the 8253-5
with the mode and quantity desired. The programmer must write
out to the 8253-5 a MODE control word and the programmed
number of count register bytes (1 or 2) prior to actually using the
selected counter.

The actual order of the programming is quite flexible. Writing out
of the MODE control word can be in any sequence of counter
selection, e.g., counter #0 does not have to be first or counter #2
last. Each counter’'s MODE control word register has a separate
address so that its loading is completely sequence independent
(SCO, SC1).

The loading of the Count Register with the actual count value,
however, must be done in exactly the sequence programmed in
the MODE control word (RLO, RL1). This loading of the counter’s
count register is still sequence independent like the MODE control
word loading, but when a selected count register is to be loaded

it must be loaded with the number of bytes programmed in the
MODE control word (RLO, RL1). The one or two bytes to be loaded
in the count register do not have to follow the associated MODE
control word. They can be programmed at any time following

the MODE control word loading as long as the correct number of
bytes is loaded in order.

All counters are down counters. Thus, the value loaded into the
count register will actually be decremented. Loading all zeroes
into a count register will result in the maximum count (2 for
Binary or 10 for BCD). In MODE 0 the new count will not restart
until the load has been completed. It will accept one of two
bytes depending on how the MODE control words (RLO,RL1) are
programmed. Then proceed with the restart operation.

READ OPERATION

In most counter applications it becomes necessary to read the
value of the count in progress and make a computational decision
based on this quantity.




Event counters are probably the most common application that
uses this function. The 8253-5 contains logic that will allow

the programmer to easily read the contents of any of the three
counters without disturbing the actual count in progress.

There are two methods that the programmer can use to read the
value of the counters. The first method involves the use of simple
|/0 read operations of the selected counter. By controlling the
AO,A1 inputs to the 8253, the programmer can select the counter
to be read (remember that no read operation of the mode register
is allowed AO,A1 - 11). To ensure a stable count reading, however,
this method requires that the operation of the selected counter
be inhibited. Controlling the Gate input or using external logic to
inhibit the clock input are two methods of inhibiting the counter.
The contents of the counter selected will be available as follows:

first I/O Read contains the least significant byte (LSB)
second I/O Read contains the most significant byte (MSB)

Due to the internal logic of the 8253-95, it is absolutely necessary
to complete the entire reading procedure. If two bytes are
programmed to be read, then two bytes must be read before any
loading WR command can be sent to the same counter.

READING WHILE COUNTING

For the programmer to read the contents of any counter without
affecting or disturbing the counting operation, the 8253-5 has
special internal logic that can be accessed using simple WR
commands to the MODE register. Basically, when the programmer
wishes to read the contents of a selected counter “on the fly,” he
loads the MODE register with a special code which latches the
present count value into a storage register so that its contents
contain an accurate, stable quantity. The programmer then issues
a normal read command to the selected counter, and the contents
of the latched register are available.



System Motherboard

MODE Register For Latching Count
AO,A1 = 11

D7 D6 D5 D4 D3 D2 D1 DO

SCI SCO 0 0 X X X X
SC1, SCO - specify counter to be latched
D5, D41: - 00 designates counter latching operation.
X - don’t care

The same limitation applies to this mode of reading the counter
as the previous method. That is, it is mandatory to complete the
entire read operation as programmed. This command has no
effect on the counter’s mode.

CLOCK CIRCUITRY

The 8284A clock generator, as shown below, produces all of the
system’s major required clock pulses. The READY output signal

Is the synchronized RDY 1 input signal. This bus ready indicator is
used, as described under the DMA controller, by devices located
on the system bus to indicate when they have received data or
made data available. RDY 1 is validated by the -AEN1 signal. The
8284A is also used to generate the system’s power-on reset signal
(RESET).



XTAL

RDY1 = PCLK
CLK
AEN1 OSC
READY
RES RESET

8284 A Clock Generator and Driver Circuit

The 8088's 4.773 MHz clock rate is derived by dividing the
14.31818 MHz crystal oscillator frequency by three. This clock
signal (CLK) is also used by the optional 8087, the 8288 bus
controller, the 8237A-5 DMA controller, and any cards installed
in the 1/0 expansion backplane. The 8284A also produces the
OSC clock signal. The frequency of this output is equal to that of
the crystal oscillator, 14.31818 MHz. This signal is sent to the I/0
expansion backplane and is used on the optional color/graphics
controller board to create the required 3.58 MHz color-burst
signal. The 8284A’s PCLK signal (2.386 MHz) is divided by two to
generate the 1.193 Mhz clock rate which is used by the 8253-5 as
input to its three timer counter channel.

The relationship between the three clock signals generated by the
8284A is shown below:

|



(14.31818 MHz)
OSC

(4.77273 MH2z)
CLK

(2.38636 MHz)
PCLK
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MEMORY DEVICES

The motherboard supports both Read Only Memory (ROM) and
Read/Write memory (better known as Random Access Memory -

RAM).

ROM

32KB of ROM are located on the motherboard. The ROM contains
the diskette bootstrap loader, power-up self-test diagnostics, the
ROM monitor, and the basic input/output driver routines. ROM

is selected whenever a memory read access at address F8000H
or higher is latched on the system address bus. This address
activates the -ROMSEL signal and ultimately, the memory data
bus transceiver.

When the 8288 bus controller issues a memory read (-MRDC),
the requested ROM data becomes available on the data bus. The
following figure illustrates the ROM and its associated support

components.

(



System Motherboard
TO RAM

- RAM SEL

®

DO-D7 TO 8088

©
7
o
M
0
)
Y

MDO-MD7

-A0-A19 AO0-A13

—MRDC

ROM Circuitry



System Motherboard

RAM

The motherboard supports up to 256K x 9 of dynamic read/write
memory located at hexadecimal address 00000 through 3FFFF.
The extra (ninth) RAM chips are used for parity checking. The

64K x 1 chips have an access time of 200 ns and a cycle time of
410 ns. An additional 384KB of memory is available when the
optional combo board and two “baby” add-on memory boards are
installed in one of the motherboard’s expansion slots.

The dynamic RAM is refreshed every 15 microseconds via a
memory read cycle triggered by a dummy DMA transfer. The DMA
refresh signal -LCLDACKQO disables the RAM column address
strobe (CAS) circuitry. The DMA controller then drives -XMRDC
active, causing a RAS only read using -RAS3, -RAS2, -RAS1, and
-RASO, the RAM row address strobe (RAS). These signals and the
basic components in the RAM circuit are shown on the following

page.

With the column address strobe and RAM decoding circuitry
disabled, a normal read or write operation cannot occur during

a memory refresh operation. Once the DMA refresh signal -
LCLDACKDO goes inactive and an address lower than 20000 hex
(for 128K systems) is latched on the data bus, -RAMSEL goes
active and enables the data bus transceiver. A memory write
(-AMWC) or a memory read (-MRDC) can be initiated by the 8288
bus controller. Row and then column addresses are multiplexed
onto the 8-bit memory address bus (MAO-MA7). The direction of
the data flow is controlled by the -MRDC signal on pin 1 of the
memory data bus transceiver. A low signal causes the data to flow
from the memory data bus to the system data bus. A high signal
sends the data from the system data bus to the memory data bus.
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Parity checking is provided by the LS280 parity generator.
During a memory write cycle, the parity generator calculates
the correct parity bit and writes it into the ninth memory chip in
the appropriate bank of memory. During a memory read cycle
those stored parity bits are routed back to the parity generator.
If a parity error is detected, -PERR goes active and the error is
reported via the nonmaskable interrupt logic.

NONMASKABLE INTERRUPTS

The 8088’s nonmaskable interrupt input is used to identify
memory parity errors, interrupts output by the optional 8087
numeric data processor, and errors occurring on a card in one

of the 1/0 expansion slots (most errors from cards installed in
the expansion slots are from memory). These interrupts are
nonmaskable once they reach the 8088. But if so desired, any or
all of the memory error (-PERR), I/0 channel error (-I/0 CHERR),
and the 8087 (INT) interrupts can be masked via system software
before reaching the 8088. An NMI interrupt receives the highest
priority of all hardware interrupts.

PARALLEL PERIPHERAL INTERFACE

The 8255A-5 programmable peripheral interface, as shown in the
following figure, is a general purpose |/O chip used to interface
peripheral devices to the system bus.
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The 8255A-5 provides the interface to devices such as the
kKeyboard, the motherboard DIP switches, and the sound
generator. Control words, received from the processor via the
8255A-5’s bidirectional data bus, are used to configure each of
the 8255A-5’s three 8-bit ports. Port assignments are provided
below:

8255A-5 PORT ASSIGNMENTS

PORT BIT IN/OUT FUNCTION

Port A: Configured as an input port

IN

IN

IN

IN Used to read DIP switch 1 or the
8-bit keyboard data

>>2>2>> > > P
NO A WN 2O

“z & & Z

Port B: Configured as an output port

B 0 OUT Output to Timer 2 gate input for sound
generation.

B 1 OUT Data from this bit is ANDed with the clock
speaker output (timer 2) in the sound
generation circuit.

B 2 OUT Reserved for future use.

B 3 OUT Used to multiplex the data from the
8-position DIP switch S2 on to the 4-bit
switch data bus.




OouT

OuT

OuT
OouT

Used to enable the RAM parity check.
(0 = enable)

Used to enable the I/0 channel check.
(0 = enable)

Used to control the keyboard clock line.

Used to control the enable line of the
keyboard data register and DIP switch
S1. Also used to reset the keyboard data
register and IREQ 1 register.

Port C: Configured as an input port

C

O O O O O0O0

N O O A WO -

IN

IN
IN
IN

IN
IN
IN
IN

Bits 0-3 are used to read muliplexed data
from DIP switch S2.

Used to monitor the speaker output signal.
Used to monitor speaker output 2.
Bits 6 and 7 are used to detect the

source of nonmaskable interrupts.
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ASYNCHRONOUS COMMUNICATIONS
CONTROLLER

The system motherboard features an asynchronous
communications port, as shown in the following block diagram.

25 Pin D
Connector

IRQ4

RS-232
Receivers

SERIAL PORT
>
|

’

Asynchronous Communications Port Block Diagram

~
= %)
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Sy = 2
LF-
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This RS-232-C compatible serial I/0 port uses an INS 8250
programmable asynchronous communications interface. The

port is configured as a DTE (for host communication). However,

an external modem eliminator cable may be used to configure the
port as a DCE for interfacing to a serial peripheral device such as a
printer or terminal.

The following table lists the pin assignments for the 25-PIN D
asynchronous communication connector.

SERIAL CONNECTOR PIN ASSIGNMENTS

P19 SERIAL PRINTER PORT
(CONFIGURED AS A TERMINAL)

PIN FUNCTION

Ground

-Transmit Data
-Receive Data
Request to Send
Clear to Send

Data Set Ready
Signal Ground
Data Carrier Detect

ONOO O S WON =

9 Transmit Current Loop Data

10, 12-17, 19, 21-24 Not connected

11 -Transmit Current Loop Data

18 Receive Current Loop Data

20 Data Terminal Ready

22 Ring Indicator

25 -Receive Current Loop Data
Features

Easily interfaces to most popular microprocessors.

Adds or deletes standard asynchronous communication bits
(start, stop, and parity) to or from serial data stream.

Full double buffering eliminates need for precise synchronization.
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Independently controlled transmit, receive, line status, and data
set interrupts.

Programmable baud generator allows division of any input clock
by 1to (2'°-1) and generates the internal 16 x clock.

Independent receiver clock input.

MODEM control functions (CTS, RTS, DSR, DTR, RIl, and DCD).

Fully programmable serial-interface characteristics:

5-, 6-, 7-, or 8-bit characters
Even, odd, or no-parity bit generation and detection
1-, 1 1/2-, or 2-stop bit generation
Baud generation (DC to 56k baud)
False start bit detection

) 3-STATE TTL drive capabilities for bidirectional data bus and
: control bus

Complete status reporting capabilities

Line break generation and detection
Internal diagnostic capabilities:

Loopback controls for communications link fault isolation
Break, parity, overrun, framing error simulation

Full prioritized interrupt system controls

Functional Pin Description

The following describes the function of all INS8250 input/output

pins. Some of these descriptions reference internal circuits. Note
| that in the following descriptions, a low represents a logic O (OV
) nominal) and a high represents a logic 1 (+2.4V nominal).



INPUT SIGNALS

CHIP SELECT (CSO, CS1, -CS2), pins 12-14: When CSO and (
CS1 are high and -CS2 is low, the chip is selected. Chip selection

is complete when the decoded chip select signal is latched
with an active (low) Address Strobe (-ADS) input. This enables
communication between the INS8250 and the CPU.

DATA INPUT STROBE (DISTR, -DISTR), pins 22 and 21: When
DISTR is high or -DISTR is low while the chip is selected, allows the
CPU to read status information or data from a selected register

of the INS8250. Note, only an active DISTR or -DISTR is required
to transfer data from the INS8250 during a read operation.
Therefore, tie either the DISTR input permanently low or the
-DISTR input permanently high, if not used.

DATA OUTPUT STROBE (DOSTR, -DOSTR), pins 19 and 18: When

DOSTR is high or -DOSTR is low while the chip is selected, allows

the CPU to write data or control words into a selected register :

of the INS8250. Note, only an active DOSTR or -DOSTR input ‘
" isrequired to transfer data from the INS8250 during a write

operation. Therefore, tie either the DOSTR input permanently low

or the -DOSTR input permanently high, if not used.

ADDRESS STROBE (-ADS), pin 25: When low, provides latching
for the Register Select (A0, A1, A2) and Chip Select (CS0 - CS2)
signals. Note, an active -ADS input is required when the Register
Select (AOQ, A1, A2) signals are not stable for the duration of a read
or write operation. If not required, tie the -ADS input permanently
low.

REGISTER SELECT (AOQ, A1, A2), pins 26-28: These three inputs
are used during a read or write operation to select an INS8250
register to read from or write into as indicated in the following
table. Note that the state of the Divisor Latch Access Bit (DLAB),
which is the most significant bit of the Line Control Register, -
affects the selection of certain INS8250 registers. The DLAB must (
be set high by the system software to access the Baud Generator
Divisor Latches.
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8250 Register Select

ADDRESS

(HEX) DLAB | A2 | A1 | AO | REGISTER

3F8 0 0 0| O Receiver Buffer (read), Transmitter Holding

Register (write)

3F9 0 0|0 1 Interrupt Enable

3FA X 0 1 0 Interrupt Identification (read only)
3FB X 0 1 1 Line Control

3FC X 1 0| O MODEM Control

3FD X 110 |1 Line Status

3FE X 1 1 0 MODEM Status

3FF X 1 1 1 None

3F8 1 0 | O] 0O Divisor Latch (least significant byte)
3F9 1 0 0 1 Divisor Latch (most significant byte)

MASTER RESET (MR), pin 35: When high, clears all the registers
(except the Receiver Buffer, Transmitter Holding, and Divisor
Latches), and the control logic of the INS8250. Also, the state of
various output signals (SOUT, INTRPT, -OUT1, -OUT2, -RTS, -
DTR) are affected by an active MR input (see the following table,
*“ASYNCHRONOUS COMMUNICATION RESET FUNCTIONS?).




ASYNCHRONOUS COMMUNICATIONS RESET FUNCTIONS

REGISTER/SIGNAL

RESET CONTROL

RESET STATE

Interrupt Enable Register
Interrupt Identification
Register

Line Control Register
MODEM Control Register

Line Status Register

MODEM Status Register

SOUT

INTRPT (RCVR Errs)
INTRPT (RCVR Data Ready
INTRPT (THRE)

INTRPT (MODEM

Status Changes)

-OUT 2

-RTS

-DTR

-OUT1

Master Reset

Master Reset

Master Reset

Master Reset

Master Reset

Master Reset

Master Reset

Read LSR/MR

Read RBR/MR

Read IIR/Write
TAR/MR

Read MSR/MR

Master Reset

Master Reset

Master Reset

Master Reset

All Bits Low (0-3 forced and
4-7 permanent)

Bit O is High, Bits 1 and 2 Low;
Bits 3-7 are Permanently Low

All Bits Low
All Bits Low

All Bits Low, Except Bits 5 and
6 are High

Bits 0-3 Low
Bits 4-7 - Input Signal

High
Low
Low

Low

Low

High
High
High

High
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RECEIVER CLOCK (RCLK), pin 9: This input is the 16x baud rate
clock for the receiver section of the chip.

SERIAL INPUT (SIN), pin 10: Serial data input from the
communications link (peripheral device, MODEM, or data
set).

CLEAR TO SEND (-CTS), pin 36: The -CTS signal isa MODEM
control function input whose conditions can be tested by the CPU
by reading bit 4 (CTS) of the MODEM Status Register. Bit 0 (DCTS)
of the MODEM Status Register indicates whether the -CTS input
has changed state since the previous reading of the MODEM
Status Register. -CTS has no effect on the Transmitter.

Note that whenever the CTS bit of the MODEM Status Register
changes state, an interrupt is generated if the MODEM Status
Interrupt is enabled.

DATA SET READY (-DSR), pin 37: When low, this indicates that
the MODEM or data set is ready to establish the communications
link and transfer data with the INS8250. The -DSR signal is a
MODEM-control function input whose condition can be tested by
the CPU by reading bit 5 (DSR) of the MODEM Status Register.
Bit 1 (DDSR) of the MODEM Status Register indicates whether the
-DSR input has changed state since the previous reading of the
MODEM Status Register.

Note that whenever the DSR bit of the MODEM Status Register
changes state, an interrupt is generated if the MODEM Status
interrupt is enabled.

RECEIVED LINE SIGNAL DETECT (-RLSD), pin 38: This signal
indicates that the data carrier has been detected by either the
MODEM or the data set. The -RLSD signal isa MODEM Control
Function input. The condition of this function can be tested by the
CPU by reading bit 7 (-RLSD) of the MODEM Status Register. Bit 3
(-RLSD) of the MODEM Status Register indicates whether the
-RLSD input has changed state since the previous reading of the
MODEM Status Register. -RLSD has no effect on the receiver.




Note that whenever the DCD bit of the MODEM Status Register
changes state, an interrupt is generated if the MODEM Status
Interrupt is enabled.

RING INDICATOR (-Rl), pin 39: When low, indicates that a
telephone ringing signal has been received by the MODEM or
data set. The -Rl signal is a MODEM-control function input whose
condition can be tested by the CPU by reading bit 6 (RI) of the
MODEM Status Register. Bit 2 (TERI) of the MODEM Status
Register indicates whether the -Rl input has changed from a low
to a high state since the previous reading of the MODEM Status

Register.

Note that whenever the Rl bit of the MODEM Status Register
changes from a high to a low state, an interrupt is generated if the
MODEM Status is enabled.

Vcc, Pin 40: +5V supply.
Vss, Pin 20: Ground (0V) reference.
OUTPUT SIGNALS

DATA TERMINAL READY (-DTR), pin 33: When low, informs
MODEM or data set that the INS8250 is ready to communicate.
The -DTR output signal can be set to an active low by
programming bit O (DTR) of the MODEM Control Register to

a high level. The -DTR signal is set high upon a Master Reset
operation. The -DTR signal is forced to its inactive state (high)
during loop mode operation.

REQUEST TO SEND (-RTS), pin 32: When low, informs the
MODEM or data set that the INS8250 is ready to transmit
data. The -RTS output signal can be set to an active low by
programming bit 1 (RTS) of the MODEM Control Register. The
-RTS signal is set high upon a Master Reset operation.

OUTPUT 1 (-OUT1), pin 34: User-designated output that can be
set to an active low by programming bit 2 (OUT 1) of the MODEM
Control register to a high level. The -OUT 1 signal is set high upon
a Master Reset Operation.
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OUTPUT 2 (-0OUT?2), pin 31: User-designated output that can be
set to an active low by programming bit 3 (OUT2) of the MODEM
Control Register to a high level. The -OUT2 signal is set high upon
a Master Reset Operation.

CHIP SELECT OUT (CSOUT), pin 24: When high, indictes that the
chip has been selected by active, CS0, CS1, and -CS2 inputs. No
data transfer can be initiated until the SCOUT signal is a logic 1.

DRIVER DISABLE (DDIS), pin 23: Goes low whenever the CPU is
reading data from the INS8250. A high-level DDIS output can be
used to disable an external transceiver (if used between the CPU
and INS8250 on the D7-D0 Data Bus) at all times, except when the
CPU is reading data.

BAUD OUT (-BAUDOQOUT), pin 15: 16x clock signal for the
transmitter section of the INS8250. The clock rate is equal to
the main reference oscillator frequency divided by the specified
divisor in the Baud Generator Divisor Latches. The -BAUDOUT
may also be used for the receiver section by tying this output to
the RCLK input of the chip.

INTERRUPT (INTRPT), pin 30: Goes high whenever any one of

the following interrupt types has an active high condition and is
enabled via the IER: Receiver Error Flag; Received Data Available;
Transmitter Holding Register Empty; and MODEM Status. The
INTRPT signal is reset low upon the appropriate interrupt service
or a Master Reset operation.

SERIAL OUTPUT (SOUT), pin 11: Composite serial data output to
the communications link (peripheral, MODEM or data set). The
SOUT signal is set to the Marking (logic 1) state upon a Master
Reset operation.

INPUT/OUTPUT SIGNALS

DATA (D7-D0) BUS, pins 1-8: This bus comprises eight TRI-STATE
input/output lines. The bus provides bidirectional communications
between the INS8250 and the CPU. Data, control words, and
status information are transferred via the D7-D0 Data Bus.




EXTERNAL CLOCK INPUT/OUTPUT (XTAL1, XTAL2), pins 16
and 17: These two pins connect the main timing reference (crystal

or signal clock) to the INS8250. ( |

Accessible Registers

The system programmer may access or control any of the INS8250
registers via the CPU. These registers are used to control INS8250
operations and to transmit and receive data.

LINE CONTROL REGISTER

The system programmer specifies the format of the asynchronous
data communications exchange via the Line Control Register. In
addition to controlling the format, the programmer may retrieve
the contents of the Line Control Register for inspection. This
feature simplifies system programming and eliminates the need
for separate storage in system memory of the line characteristics.
The contents of the Line Control Register are described below.

Bits 0 and 1: These two bits specify the number of bits in each (
transmitted or received serial character. The encoding of bits O '

and 1is as follows:

Bit1 BitO Word Length

1 0 o Bits
0 1 6 Bits
1 0 7 Bits
1 1 8 Bits

Bit 2: This bit specifies the number of Stop bits in each

transmitted or received serial character. If bit 2 is a logic 0,

1 Stop bit is generated or checked in the transmit or receive

data, respectively. If bit 2 is a logic 1 when a 5-bit word length

IS selected via bits 0 and 1, 1 1/2 Stop bits are generated or

checked. If bit 2 is a logic 1 when either a 6-, 7-, or 8-bit word

length is selected, 2 Stop bits are generated or checked. (
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Bit 3: This bit is the Parity Enable bit. When bit 3 is a logic 1, a
Parity bit is generated (transmit data) or checked (receive data)
between the last data word bit and Stop bit of the serial data. (The
Parity bit is used to produce an even or odd number of 1s when
the data word bits and the Parity bit are summed.)

Bit 4: This bit is the Even Parity Select bit. When bit 3 is a logic 1
and bit 4 is a logic 0, an odd number of logic 1sis transmitted or
checked in the data word bits and Parity bit. When bit 3 is a logic 1
and bit 4 is a logic 1, an even number of logic 1s is transmitted or
checked.

Bit 5: This bit is the Stick Parity bit. When bit 3 is a logic 1 and bit
5is alogic 1, the Parity bit is transmitted and then detected by
the receiver asalogic O if bit4 isalogic 1orasalogic 1if bit4is
a logic 0.

Bit 6: This bit is the Set Break Control bit. When bit 6 is a logic 1,
the serial output (SOUT) is forced to the Spacing (logic 0) state
and remains there regardless of other transmitter activity. The set
break is disabled by setting bit 6 to a logic 0. This feature enables
the CPU to alert a terminal in a computer communications system.

Bit 7: This bit is the Divisor Latch Access Bit (DLAB). It must be set
high (logic 1) to access the Divisor Latches of the Baud Generator
during a Read or Write operation. It must be set low (logic 0) to
access the Receiver Buffer, the Transmitter Holding Register, or
the Interrupt Enable Register.

Programmable Baud Generator

The INS8250 contains a programmable Baud Generator that is
capable of taking the 1.8432 MHz clock input and dividing it by
any divisor from 1 to (2'°-1). The output frequency of the Baud
Generator is 16x the Baud [divisor # = (frequency input) /(baud
rate x 16)]. Two 8-bit latches store the divisor in a 16-bit binary
format. These Divisor Latches must be loaded during initialization
in order to ensure desired operation of the Baud Generator. Upon
loading either of the Divisor Latches, a 16-bit Baud counter is
immediately loaded. This prevents long counts on initial load.




The following table illustrates the use of the Baud Generator with
a frequency of 1.8342 MHz. For baud rates of 9600 and below, the

error obtained is minimal. In no case should the data rate exceed (

9600 Baud.

Baud Rates Using 1.8432 MHz Frequency

Percent
Error
Divisor Used Difference
Desired to Generate Between
Baud 16X Clock Desired and
Rate (decimal) Actual
50 2304 -
75 1536 -
110 1047 0.026
134.5 857 0.058 |
150 768 . (
300 384 - :
600 192 -
1200 96 -
1800 64 -
2000 58 0.69
2400 48 -
3600 32 -
4800 24 -
7200 16 -
9600 12 -

Line Status Register

This 8-bit register provides status information to the CPU
concerning the data transfer. The contents of the Line Status
Register are described below: (
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Bit 0: This bit is the receiver Data Ready (DR) indicator. Bit 0 is set
to a logic 1 whenever a complete incoming character has been
received and transferred into the Receiver Buffer Register. Bit

0 may be reset to a logic 0 either by the CPU reading the data in
the Receiver Buffer Register or by writing a logic O into it from the
CPU.

Bit 1: This bit is the Overrun Error (OE) indicator. Bit 1 indicates
that data in the Receiver Buffer Register was not read by the

CPU before the next character was transferred into the Receiver
Buffer register, thereby destroying the previous character. The OE
indicator is reset whenever the CPU reads the contents of the Line
Status Register.

Bit 2: This bit is the Parity Error (PE) indicator. Bit 2 indicates that
the received data character does not have the correct even or odd
parity, as selected by the even-parity-select bit. The PE bit is set
to alogic 1 upon detection of a parity error and is reset to a logic O
whenever the CPU reads the contents of the Line Status Register.

Bit 3: This bit is the Framing Error (FE) indicator. Bit 3 indicates
that the received character did not have a valid Stop bit. Bit 3 is
set to a logic 1 whenever the Stop bit following the last data bit or
parity bit is detected as a zero bit (Spacing level). The FE indicator
is reset whenever the CPU reads the contents of the Line Status
indicator.

Bit 4: This bit is the Break Interrupt (Bl) indicator. Bit 4 is set to a
logic 1 whenever the received data input is held in the Spacing
(logic 0) state for longer than a full word transmission time (that

is, the total time of Start bit + data bits + Parity + Stop bits).
The Bl indicator is reset whenever the CPU reads the contents of
the Line Status indicator. Note that bits 1 through 4 are the error
conditions that produce a Receiver Line Status interrupt whenever
any of the corresponding conditions are detected.




Bit 5: This bit is the Transmitter Holding Register Empty (THRE)
indicator. Bit 5 indicates that the INS8250 is ready to accept a
new character for transmission. In addition, this bit causes the
INS8250 to issue an interrupt to the CPU when the Transmit
Holding Register Empty Interrupt enable is set high. The THRE
bit is set to a logic 1 when a character is transferred from the
Transmitter Holding Register into the Transmitter Shift Register.
The bit is reset to logic 0 concurrently with the loading of the
Transmitter Holding Register by the CPU.

Bit 6: This bit is the Transmitter Shift Register Empty (TSRE)
indicator. Bit 6 is set to a logic 1 whenever the Transmitter Shift
Register is idle. It is reset to logic 0 upon a data transfer from the
Transmitter Holding Register to the Transmitter Shift Register. Bit
6 is a read-only bit.

Bit 7: This bit is permanently set to logic 0.

Interrupt Identification Register

The INS8250 has an on-chip interrupt capability that allows

for complete flexibility in interfacing to all the popular
microprocessors presently available. In order to provide
minimum software overhead during data character transfers, the
INS8250 prioritizes interrupts into four levels. The four levels of
interrupt conditions are as follows: Receiver Line Status (priority
1); Received Data Ready (priority 2); Transmitter Holding Register
Empty (priority 3); and MODEM Status (priority 4).

Information indicating that a prioritized interrupt is pending and
the type of that interrupt are stored in the Interrupt Identification
Register (lIR). When addressed during chip-select time, the

lIR freezes the highest priority interrupt pending and no other
interrupts are acknowledged until the particular interrupt is
serviced by the CPU. The contents of the lIR are described below:
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Bit O: This bit can be used in either a hardwired prioritized or
polled environment to indicate whether an interrupt is pending.
When bit 0 is a logic 0, and interrupt is pending and the IIR
contents may be used as a pointer to the appropriate interrupt
service routine. When bit 0 is a logic 1, no interrupt is pending and
polling (if used) continues.

Bits 1 and 2: These two bits of the IIR are used to identify the
highest priority interrupt pending as indicated in the table that

follows.

Bits 3 through 7: These five bits of the IIR are always logic 0.

8250 INTERRUPT CONTROL FUNCTIONS

Interrupt Identification Interrupt Set and Reset Functions
Register
Priority Interrupt Interrupt Interrupt
Bit2 Bit1 Bit0O| Level Source Source Reset Control
0 0 1 --- None None - - -
1 1 0 Highest | Receiver Line | Overrun Error, Reading the
Status parity error, Line Status
framing error, Register
or break interrupt
1 0 0 | Second| Received Data| Receiver Data Reading the
Available Available Receiver
Buffer
Register
0 1 0 | Third Transmitter Transmitter Reading the
Holding Holding Register | IR register (if
Register Empty source of
Empty interrupt) or
Writing into
the
Transmitter
Holding
register
0 0 0 | Fourth | MODEM Clear to Send or | Reading the
status Data Set Ready Modem
or Ring Indicator | Status
or Data Carrier Register
Detect




Interrupt Enable Register

This 8-bit register enables the four types of interrupts of the
INS8250 to separately activate the chip interrupt (INTRPT)
output signal. It is possible to totally disable the interrupt system
by resetting bits 0 through 3 of the Interrupt Enable Register.
Similarly, by setting the appropriate bits of this register to a logic
1, selected interrupts can be enabled. Disabling the interrupt
system inhibits the Interrupt Identification Register and the active
(high) INTRPT output from the chip. All other system functions
operate in their normal manner, including the setting of the Line
Status and MODEM Status registers. The contents of the Interrupt
Enable Register are described below:

Bit O: This bit enables the Received Data Available Interrupt when
set to logic 1.

Bit 1: This bit enables the Transmitter Holding Register Empty
Interrupt when set to logic 1.

Bit 2: This bit enables the Receiver Line Status Interrupt when set
to logic 1.

Bit 3: This bit enables the MODEM Status Interrupt when set to
logic 1.

Bits 4 through 7: These four bits are always logic O.

Modem Control Register

This 8-bit register controls the interface with the MODEM or data
set (or a peripheral device emulating a MODEM). The contents of
the MODEM Control Register are indicated below:

Bit O: This bit controls the Data terminal Ready (-DTR) output.
When bit 0 is set to a logic 1, the -DTR output is forced to a logic
0. When bit O is reset to a logic O, the -DTR output is forced to a
logic 1. Note, the INS8250 -DTR output may be applied to an EIA
inverting line driver (i.e., DS1488) to obtain the proper polarity
input at the succeeding MODEM or data set.
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Bit 1: This bit controls the Request to Send (-RTS) output. Bit 1
affects the -RTS output in a manner identical to that described
above for bit 0.

Bit 2: This bit controls the Output 1 (-OUT 1) signal, which is an
auxiliary user-designated output. Bit 2 affects the -OUT 1 output
in @ manner identical to that described above for bit 0.

Bit 3: This bit controls the OQutput2 (-OUT2) signal, which is an
auxiliary user-designated output. Bit 3 affects the -OUT2 output
in @ manner identical to that described above for bit 0.

Bit 4: This bit provides a local loopback feature for diagnostic
testing of the INS8250. When bit 4 is set to logic 1, the following
occur: the transmitter Serial Output (SOUT) is set to the Marking
(logic 1) state; the receiver Serial Input (SIN) is disconnected,;
the output of the Transmitter Shift Register is “looped back™

into the Receiver Shift Register input; the four MODEM Control
inputs (-CTS, -DSR, -DCD, and -Rl) are disconnected; and the
four MODEM Control outputs (-DTR, -RTS, -OUT1, and -OUT2)
are internally connected to the four MODEM Control inputs,

and the MODEM Control output pins are forced to their inactive
state (high). In the diagnostic mode, data that is transmitted is
immediately received. This feature allows the processor to verity
the transmit-and receive-data paths of the INS8250.

In the diagnostic mode, the receiver and transmitter interrupts
are fully operational. The MODEM Control Interrupts are also
operational, but the interrupt’s sources are now the lower four
bits of the MODEM Control Register instead of the four MODEM
Control inputs. The interrupts are still controlled by the Interrupt
Enable Register.



The INS8250 interrupt system can be tested by writing into the
lower six bits of the Line Status Register. Setting any of these bits
to a logic 1 generates the appropriate interrupt (if enabled). The
resetting of these interrupts is the same as in normal INS8250
operation. To return to normal operation, the registers must be
reprogrammed for normal operation and then bit 4 of the MODEM
Control Register must be reset to logic O.

Bits 5 through 7: These bits are permanently set to logic O.

Modem Status Register

This 8-bit register provides the current state of the control lines
from the MODEM (or peripheral device) to the CPU. In addition
to this current-state information, four bits of the MODEM Status
Register provide change information. These bits are set to a logic
1 whenever a control input from the MODEM changes state. They
are reset to logic 0 whenever the CPU reads the MODEM Status
Register.

The contents of the MODEM Status Register are described below.

Bit O: This bit is the Delta Clear to Send (DCTS) indicator. Bit O
indicates that the -CTS input to the chip has changed state since
the last time it was read by the CPU.

Bit 1: This bit is the Delta Data Set Ready (DDSR) indicator. Bit 1
indicates that the -DSR input to the chip has changed state since
the last time it was read by the CPU.

Bit 2: This bit is the Trailing Edge of ring Indicator (TERI) detector.
Bit 2 indicates that the -Rl input to the chip has changed from an
On (logic 1) to an Off (logic 0) condition.
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Bit 3: This bit is the Delta Data Carrier Detect (DDCD) indicator.
Bit 3 indicates that the -DCD input to the chip as changed state.
Note, whenever bit 0, 1, 2 or 3 is set to logic 1, a MODEM Status
interrupt will be generated if in diagnostic mode.

Bit 4: This bit is the complement of the Clear to Send (-CTS) input.
If bit 4 (loop) of the MCR is set to a 1, this bit is equivalent to RTS
in the MCR.

Bit 5: This bit is the complement of the Data Set Ready (-DSR)
input. If bit 4 of the MCR is set to a 1, this bit is equivalent to DTR

in the MCR.

Bit 6: This bit is the complement of the Ring Indicator (-Rl) input. If
bit 4 of the MCR is set to a 1, this bit is equivalent to OUT1 in the
MCR.

Bit 7: This bit is the complement of the Received Line Signal
Detect (-RLSD) input. If bit 4 of the MCR is set to a 1, this bit is
equivalent to OUT2 of the MCR.

Scratchpad Register

This 8-bit Read/Write Register does not control the INS8250 in
any way. It is intended as a scratch pad register to be used by the
programmer to hold data temporarily.

Transmit and Receive Data Formats

The asynchronous communication controller can transmit and
receive EIA RS-232-C compatible serial data, encoded as
specified by ASCII standard No. X3.4-1968 of the American
National Standards Institute. Receive and transmit signal voltages
are nominally +/-12 Vdc. Each ASCII code includes seven bits of
binary data. When an ASCII code is transmitted, three (sometimes
four) more bits of binary information must be added for a total of
ten (sometimes eleven) bits of binary data. These additional bits
of information identify the beginning and end of each code and
provide error recognition capability.




An EIA RS-232-C data line will be in a Mark state (-12 Vdc
nominally) between code transmissions. Transmission of a code
is begun by the transmitting device raising the data line to a space
state (+ 12 Vdc nominally). The data line is left in the space state
for the time period of one bit. This bit time varies depending upon
the baud rate selected (e.g., 110 baud equals 9 ms per bit, 1200
baud equals 833 usec per bit). This first bit period is called the
start bit and identifies the beginning of a code transmission.

The next seven bits of data are the seven ASCII code bits,
least significant bit first. An ASCII code bit that is a logic “1”
corresponds to an EIA RS-232-C data line mark state (-12 Vdc
nominally).

The next bit (the eighth bit, not counting the start bit) is called the
parity bit. Its voltage level during the transmission of any given
character depends on the data in the seven ASCII code bits. The
8250 can be programmed for odd, even, or no parity.

The last bit of data transmitted is the stop bit(s). The data line
must be brought low to the mark state for a minimum of one
bit period (minimum of two stop bit periods for 110 baud or
lower operation. Transmission of the next character can begin
immediately following the stop bit(s), or the data line can be left
idle in the Mark state.

(

p—
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Transmit and receive data formats are shown in the following
illustration:

T BIT ASCIH CODE
START [ __1 STOP

BT] v f2fa]als el r]r|or
+12 VDC ——
(SPACE)

g 1 1 0 0 1 1 0 1 0 1
0 VDC I
-12 VDC |
(MARK)

Earliest point
at which next
character may
start

Transmit and Receive Data Format

PARALLEL PORT

The motherboard provides a parallel port via a 25 “D” female
connector for interfacing to a parallel printer or other parallel
peripheral devices. A simplified block diagram of the parallel
interface is shown below:
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Write 1/0
378H

XDO0-XD7

Data Out

) Address

ABN Decodes
AQ-A9 — J o)
(=
-I/OW -
1/0 R g
_J Read 25 - Plrl C‘T,
D o

/O 378H
Connector
|
—

Control Qut

Write
|/O 37AH

Control
Status In

Read
/O 37AH

Status In

Read
/O 379H

Motherboard Parallel Interface
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Software Instructions

Software instructions can be used in conjunction with the
motherboard’s parallel interface. These instructions are used to
read from or write to the parallel interface latches. A description of
each of the five commands follows:

READ 3BC HEX

Bit 0 Bit 1 Bit 2 Bit 3 Bit 4 Bit 5 Bit 6 Bit 7
DO D1 D2 D3 D4 D5 D6 D7

WRITE 3BC HEX

Bit 0 Bit 1 Bit 2 Bit 3 Bit 4 Bit 5 Bit 6 Bit 7
DO D1 D2 D3 D4 D5 D6 D7
READ 3BD HEX

Bit 0 Bit 1 Bit 2 Bit 3 Bit 4 Bit 5 Bit 6 Bit 7
UNUSED UNUSED UNUSED -ERROR SLCT PE -ACKNLG -BUSY

READ 3BE HEX

Bit O Bit 1 Bit 2 Bit 3 Bit 4 Bit 5 Bit 6 Bit 7
STROBE AUTOFDXT -INIT SLCTIN UNUSED UNUSED UNUSED UNUSED

WRITE 3BE HEX

Bit 0 Bit 1 Bit 2 Bit 3 Bit 4 Bit 5 Bit 6 Bit 7
-STROBE -AUTO FD  -INIT SLCTIN ONIRQ UNUSED UNUSED UNUSED



PARALLEL INTERFACE CONNECTOR PIN ASSIGNMENTS

PIN NUMBER

© 0 ~N OO O & WO M

ik
o

11

12

13

14

15

16

17

18-25

SIGNAL

-STROBE

DATA O
DATA 1
DATA 2
DATA 3
DATA 4
DATA 5
DATA 6
DATA 7
-ACKNOWLEDGE

BUSY

OUT OF PAPER

SELECT

-AUTO FEED

-ERROR

-INITIALIZE
PRINTER

-SELECT INPUT

DESCRIPTION

Output to printer. A strobe pulse latches data
into the printer. Pulse width: from 1.0 to 500
microseconds. May be either active high or
low, switch selectable. Strobe must be sent 1.0
microsecond (min.) after valid data.

Input data to printer.

Data 8 = LSB (Least Significant Bit)
Data 1 = MSB (Most Significant Bit)
ASCI| codes normally use Data 1-7

Data 8 not used. Logic 1 high (2.4 - 5.0 Vdc)
Logic O low (0 to 0.4 Vdc)

Input from printer. A low pulse (5
microseconds) indicates the printer has
accepted the input data.

“»

Input from printer. Printer sets this line high to
indicate printer is busy; low indicates printer is
not busy and can accept data. A BUSY is sent
from the printer after each character is
received.

Input from printer. High indicates that the
printer is out of paper.

Input from printer. High indicates printer is
selected and ready to receive data.

Output to printer. A low indicates that the
printer should feed one line of paper.

Output to printer. A low indicates that the
printer needs attention (ribbon out, cover off,
etc.)

Output to printer. A low pulse (1.0
microsecond minimum) initializes the printer.
Clears printer input buffer and sets the printer
to default parameters. Performs a Restore
function.

Output to printer. This signal must be low
before the printer will accept data.

Signal Grounds
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