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PREFACE

This manual is for integrators of systems based on the AMPRO Little Board/186
single board computer. It contains information on hardware requirements and
interconnection, and details of how to use the system. There are five
chapters, organized as follows:

Chapter 1 INTRODUCTION - General information pertaining to the Little
Board/186, its major features, and a brief functional
description.

Chapter 2 INTEGRATING A SYSTEM - Descriptions of the external components

necessary to construct systems based on the Little Board/186
with floppy and hard disk drives. Included are tables listing
the pinouts of each of the board's connectors, as well as
special considerations and specifications concerning peripheral
devices.

Chapter 3 OPERATION WITH PC-DOS - Discussion of PC and PC-DOS compati-
bility. Information on system customization options, including
use with various types of printers, modems, and floppy and hard
disk configurations. Also includes brief descriptions of the
AMPRO-specific DOS utilities and drivers.

Chapter 4 THEORY OF OPERATION - Detailed technical information on Little
Board/186 hardware.

Chapter 5 PROGRAMMERS' REFERENCE - Port addresses and other programming
considerations for custom programming of Little Board/186,
including information pertaining to use of the ROM-BIOS.

PLEASE NOTE

Specifications are subject to change without notice. The contents of this
document are believed to be accurate, If errors are found, please notify
AMPRO at the address shown on the title page of this document.

The following is a list of trademarks used within this document:
IBM: International Business Machines
MS-DOS: Microsoft Corp.

LOTUS 1-2-3: Lotus Development Corp.
LITTLE BOARD, LITTLE BOARD/186, SCSI/PLUS: AMPRO Camputers, Inc.

Copyright (C) 1985, 1986 AMPRO COMPUTERS INCORPORATED

No part of this document may be reproduced in any form, for commercial
purposes without the express written consent of AMPRO COMPUTERS, INCORPORATED.
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CHAPTER 1

INTRODUCT ION

1.1 GENERAL DESCRIPTION

The Little Board/186 is a compact, high performance 16-bit, PC-DOS based
single board computer capable of replacing an entire computer system in many
embedded microcomputer applications.

Included on the 5.75 X 7.75 inch SBC are an 8 mHz 80186 16-bit CPU, 512K bytes
of RAM memory, 16K to 128K bytes of EPROM memory, two RS232C serial ports, a
Centronics printer port, a floppy disk controller, and a multi-master SCSI I/0
expansion bus. The SCSI bus serves multiple functions, including interface to
hard disk controllers, inter-board networking, and I/0 port expansion.

Typical Little Board/186 applications include network file servers, robotics,
data logging, protocol conversion, data base processing, point-of-sale
terminals, telecommunications, and industrial process control. In such
applications, the board's 8 MHz 80186 16-bit microprocessor provides up to a
fm'u'-fold performance advantage over the 4.77 MHz 8088 CPU found in standard
PC's.

AMPRO's proprietary ROM-BIOS (included on the board) allows the Little
Board/186 to directly "boot" and run standard IBM DOS versions 2.x and DOS
3.x, using a standard ASCII terminal connected to one of the board's serial
ports as the console (keyboard and display) device. "MS-DOS generic" software
normally runs without modification in this environment. However, IBM PC video
compatibility (e.g. programs which write directly to "video RAM") is not
supported, except by means of the Video RAM Bmulator option (described below).
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1.2 FEATURES

Boots and runs IBM PC-DOS 2.x and 3.x

Data and file campatible with IBM PC
Runs "MS-DOS generic" programs

3X the camputing power of a PC

Mounts directly to a 5-1/4" disk drive

Uses less than 7 watts of power

Camplete 16-bit high performance Single-Board Camputer System:

8 MHz 80186 CPU with DMA and counter/timers

512K RAM (0 wait states) -- 16K-128K EPROM

Mini/Micro Floppy controller (4 drives, DSDD, 40/80 track)
2 RS232C Serial Ports -- 1 Centronics Printer Port

PC-DOS 2.x and 3.x campatible ROM-BIOS

SCSI (SASI) Multi-Master 1/0 Expansion BUS:

SASI Disk/Tape Controller Campatible
ANSC X3T9.2 (SCSI) Campatible
Multiple Little Board Networking

Expansion options include:

Video RAM Brulator

Multi-Function Expansion Adapter (RAM, 8087, clock, RS232/422)
Prototype Adapter

SCSI/IOP (data acquisition & control interface)

1-2



1.3 SCSI/PLUS (tm) Multi-Master Bus

A 50-pin "ribbon cable bus" interface which meets the specifications for the
popular Small Camputer System Interface (SCSI) -- formerly called "SASI" --
provides a general purpose multi-master 1/0 expansion bus. All SCSI Initiator
and Target functions are fully supported, including bus arbitration and
disconnect/reselect.

AMPRO is a leading proponent of the use of SCSI for more than mass storage.
To emphasize this wider use of SCSI, we have given it a name: "SCSI/PLUS".
An SCSI/PLUS Architecture Overview appears in Appendix A.

Applications for the board's SCSI/PLUS bus include both direct and shared use
of a wide variety of controllers and devices, as well as tightly coupled
Little Board networks. Devices soon to be available for connection via the
SCSI/PLUS Bus include:

Disk, tape, and optical mass storage subsystems

Special function mass storage (RAM disk, bubble memory, etc.)
Printer subsystems (serial, parallel, laser, etc.)
Camunication and LAN interfaces (Ethernet, X.25, etc.)

Real time clock

Co-processors

Data acquisition and control subsystems (Analog, Digital, etc.)
Graphics controllers and subsystems

Non-volatile RAM

etc...

Alternatively, the 17 bidirectional I/0 signals of the board's SCSI/PLUS
interface may also be used as general purpose software-controlled digital I/0
lines, without SCSI compatibility. In this case, the board's 8-bit SCSI bus
ID input register can serve as an additional 8-bit input port.

1.4 OTHER EXPANSION OPTIONS

Several expansion options are available for use with the Little Board/186,
including:

1.4.1 Video RAM Bmulator

The Video RAM Bmulator allows the use of software which writes directly to
"video RAM" instead of making PC-DOS or ROM-BIOS function calls. Such
software would otherwise require modification for use with the Little
Board/186.

The Video RAM BEmulator is a 5.75 X 7.75 inch daughter board which plugs into

the CPU header on the Little Board/186. It can not be used in conjunction
with any of the other daughter board options.
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1.4.2 Multi-Function Expansion Adapter

A Multi-Function Expansion Adapter (EXPANSION/186) is available for the Little
Board/186 which provides five key system options:

e 512K additional zero-wait-state DRAM.

e 8087 math coprocessor (400% the speed of an 80287)

e Two additional sync/async serial ports, with choice of RS232C, RS422,
or external drivers and receivers.

e Battery-Backed Real Time Clock

e Buffered I/0 bus (128 I/0 locations)

The Multi-Function Expansion Adapter is a daughter board, identical in
dimensions with the Little Board/186 (5.75 X 7.75), and plugs into the CPU
header on the main board. It cannot be used in conjunction with any other
daughter board options.

1.4.3 Prototype Adapter

Provides a user-determined general purpose I/0 and memory expansion interface
for the Little Board/186. Approximately 18 square inches of wire wrap space,
along with pre-decoding and conditioning of 80186 signals, facilitate custom
projects and product prototypes based on the Little Board/186. Especially
useful in such applications as data acquisition, process control, test
instrumentation, product demonstration, SCSI special function devices, etc.

The Prototype Adapter is a daughter board, identical in dimensions with the
Little Board/186 (5.75 X 7.75), and plugs into the CPU header on the main
board. It cannot be used in conjunction with any other daughter board
options.

1.4.4 SCsI/IOP

The AMPRO SCSI/IOP is an intelligent I/O processor (IOP) which allows the
addition of a wide variety of off-the-shelf STD Bus data acquisition and
control interfaces to a Little Board/186. It connects via a 50-conductor flat

ribbon cable plugged into the SCSI/PLUS bus connector on the Little Board/186,
and does not preclude the use of any of the optional daughter boards.

The SCSI/IOP can also be used as a non-volatile RAM storage device (up to 48K
bytes), as a system boot device (EPROM-Based), and as an SCSI Real Time Clock.



1.5 SPECIFICATIONS

CPU/IMA/CIC

8 MHz 80186

MEMORY
- 512K bytes zero wait state DRAM
- Two 28-pin sockets for 2764-27512 (16K to 128K)

SERIAL 1/0

- Two RS232C campatible ports
- Based on Signetics 2681 dual UART
- Software controlled baud rates, 50-38.4K baud
- Four signals per port: data in/out, status in/out

PARALLEL I/0
- Centronics compatible printer port
- 8-bit ID input port

FLOPPY DISK INTERFACE
- Mini and micro floppy campatible
- 1 to 4 drives, single/double density, 40/80 tracks, 1-2 sided
- 125 or 250 Kbits/second data rate '
- Highly reliable digital phase-locked loop
- Software enabled write precampensation
SCSI/PLUS INTERFACE
- SASI campatible
- Full ANSC X3T9.2 (SCSI) campatible (all modes)
- Based on NCR 5380 SCSI bus controller
- Usable as 17 bidirectional I/0 lines (48 mA sink)
- Max. SCSI throughput: 1 Mbyte/sec (read)
.75 Mbyte/sec (write)
PONER
- Same power connector and voltages as mini- and micro
floppy drives

- +5V at 1.25 A.(typ.), +9V to +15V at .05 A.(typ)
- On-board -12 VDC converter

ENVIRONMENT ;
- Operating temperature: 0-55 degrees Centigrade
- Relative Hunidity: 5-95% (non-condensing)
- Altitude: 0 to 10,000 feet

PHYSICAL
- 7.7 x 5.75 x 0,75 inches (5-1/4 disk drive form
factor)
SOFTWARE

- AMPRO ROM-BIOS (boots PC-DOS 2.x or 3.x) in two 2764s
- PC-DOS Support Software
- Optional debugger/monitor program in two 2764s
DOCUMENTAT ION
- Little Board/186 Technical Manual
- PC-DOS Support Software User's Manual
- Optional: 5380 Technical Manual
SCSI/PLUS Technical Specification






CHAPTER 2

INTEGRATING A SYSTEM

2.1 INTRODUCTION

This chapter describes what is required to build a floppy- or hard disk-based
camputer system using the Little Board/186. Details are provided concerning
external device requirements, the board's connector pinouts, and how to
prepare the board for use with periperals such as terminals, printers, and
modems,
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Figure 2-1. Little Board/186 Connector Locations.



2.2 BASIC REQUIREMENTS

The Little Board/186 is designed to use a standard RS232C ASCII terminal as a
console device, providing both keyboard and display. You may use nearly any
such terminal, providing its control codes are supported by your applications
software.

The ROM-BIOS included on Little Board/186 allows you to use standard IBM PC-
DOS versions 2x or 3x as the board's operating system. The utilities and
drivers supplied on the AMPRO Little Board/186 PC-DOS Support Software
diskette allow operation with 40-track, 80-track, single- or double-sided mini
and micro floppy disk drives =-- in various combinations -- and support a wide
variety of SCSI hard disk controllers and drives. PC-DOS version 3 is
required for hard disk systems; version 3.2 (or later) is required if full 80-
track support is desired.

Centronics type parallel printers, and most RS232-compatible serial printers
and modems may be directly connected to Little Board/186's 1/0 interface
connectors.

2.3 SYSTEM OONNECTIONS

Figure 2-1 shows the board's external I/0O connectors. The following
paragraphs describe each connector interface and indicate special requirements
for external devices. Mating connectors for the seven I/0 interface
connectors on the Little Board/186 are in Table A-4 of Appendix A.

2.3.1 DC Power Input

The power connector (J1) pinout is identical with that of power connectors on
nearly all 5-1/4 inch floppy disk drives. Note that pin 1 on J1 is reversed
from the other connectors on the Little Board/186. Refer to Table 2-1 for
power connections, and Figure 2-2 for typical connector wiring.

CAUTION
Be sure the power plug is correctly wired before applying power
to the board.
Table 2-1. Power Comnections (J1)

Pin Signal Name Function

1 +12VDC +6 to + 15VDC

2 Ground Ground return

3 Ground Ground return

4 +5VDC +5VDC +/- 5%
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Litle Board
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Gnd
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Figure 2-2. Power Comnector Wiring

2.3.2 RESET, Power LED

J5 provides connection for an external s.p.s.t normally open switch to pro-
vide a manual RESET signal. In addition, a 15 mA current source provides
power for an LED power-on indicator. Refer to Table 2-2 for the pinout of
connector J5.

Table 2-2. RESET, Power LED Connector (J5)

Pin Signal Name Function

1 Ground To LED Cathode

2 LED To LED Anode

3 Ground To one side of RESET switch
4 RESET To other side of RESET switch

2.3.3 Serial Ports

Table 2-3 gives the connector pinout and signal definitions for each of the
two RS232C serial ports. Serial Port A is board connector J3, and Serial Port
B is board connector J4. Appendix B gives typical cable wiring for connection
to terminals, serial printers, and modems.



Table 2-3. Serial Comnectors (J3/J4)

Pin | Signal Name Function in/out | DB-25 Pin
(DCE)
1 Ground Protective Ground - 1
2 Ground Signal Ground - 7
3 TxD Data Output out 3
4 HSO Hand Shake Out (RTS) out 5
5 RxD Data Input in 2
6 HSI Hand Shake In (CTS) in 20

The default ROM-BIOS "console" interface is Serial Port A. To this port you
may connect nearly any type of RS232C ASCII terminal to provide monitor and
keyboard functions. Asynchronous baud rates up to 38.4 Kbits per second may
be utilized.

Some terminals require hardware handshaking when used at baud rates in excess
of 9600. If hardware handshaking is needed, connect the terminal's CLEAR TO
SEND output to the board's HANDSHAKE IN signal. Each port's HANDSHAKE OUT
signal can optionally be used to stop external devices from transmitting data
to the board. (The AMPRO SETCON.SYS software driver is used to enable this
feature.)

Serial Port B can be used for connection of a printer, modem, or other serial
device. As with port A, the main interface consideration is that the device
be RS232C ASCII compatible. Printers and modems generally require handshaking
in one or both directions.

2.3.4 Parallel Printer Port

The parallel printer connector, J2, has a pinout that allows the use of flat
ribbon cable between the J2 header and the first 26 lines of a 36 pin male
Centronics type connector at the printer end. Note that the pin numbering for
the printer's interface connector differs fram that of the header connector on
the board. J2 is numbered as shown in Figure 2-1. Although some printers may
include unique signals not shown, the signals provided by J2 are adequate for
normal operation of most printers.

Refer to Table 2-4 for printer connector signal pinouts and definitions. Note
that the pin numbering convention for the board's header comnector differs
from that of Centronics connectors. To clarify this, each signal's corres-
ponding Centronics connector pin number has been included in Table 2-4.,



Table 2-4. Parallel Printer Connector (J2)

J2 Signal Name Function in/out Centronics
Pin Conn. pin
1 -DS Sample input data out 1

3 Data 1 LSB of printer data out 2

5 Data 2 : out 3

7 Data 3 3 out 4

9 Data 4 : out 5

11 Data 5 : out 6

13 Data 6 : out 7

15 Data 7 : out 8

17 Data 8 MSB of printer data out 9

19 -ACK Character accepted in 10

21 BUSY Cannot receive data in 11

23 PAPER END | Out of paper in 12

25 SELECT Ready to receive data in 13
2-22 GROUND Signal grounds - 19-29
24 --- (Not used) - 30

26 ~INIT Initialize controller out 31

The cable required is identical to that used with the Tandy (Radio Shack) TRS-
80 Model 100 portable computer. The Tandy cable part number is 26-1409.

2.3.5 Floppy Disk Interface

Table 2-5 lists the floppy disk drive interface connector (J6) pinout and
signals. A single 34-conductor PC edgecard connector is used at the Little
Board end, while there can be from 1 to 4 connectors for connecting the disk
drives.



Table 2-5. Floppy Disk Interface Connector (J6)

Pin Signal Name Function in/out
2 -LON SPEED Speed select (option) out
4 - (Not used) -
6 -DRIVE DEL 4 Drive Select 4 out
8 =INDEX Index pulse in

10 -DRIVE SEL Drive Select 1 out

12 -DRIVE SEL 2 Drive Select 2 out

14 -DRIVE SEL 3 Drive Select 3 out

16 -MOTOR ON Motor on control out

18 -DIR SEL Direction select out

20 -STEP Step out

22 -WRITE DATA Write data out

24 -WRITE GATE Write gate control out

26 -TRACK 00 Track 00 in

28 -WRITE PRT Write protect in

30 -READ DATA Read data in

32 -SIDE ONE Side select out

34 -READY Drive ready in

1-33 (all odd pins) Signal grounds --

Nearly any type of soft-sectored, single or double-sided, 40 or 80 track, mini
or micro floppy disk drive is usable with the Little Board/186. Naturally,
the higher the quality of the drives you use, the better your system's
reliability. Here are some considerations:

® The drives used must be compatible with the AMPRO floppy disk inter-
face (see Table 2-5), and must provide the Drive Ready signal.

e High quality, DC servo direct drive motor floppy disk drives are
recammended.

e More than one type of floppy disk drive, up to four, can be present in
the system, and in any mix.

e If you plan to "boot" a standard copy of PC-DOS, drive A must be a 48
tpi (40 track) 5-1/4 inch double-sided mini floppy drive. Drives B, C
and D can be any other system-compatible drive. PC-DOS version 3.2
(or later) allows the creation of a 96-tpi (80 track) boot diskette,
but a 48 tpi drive is required to initially load the system diskette
as it is supplied by IBM.

o Each disk drive must be jumpered for a specific Drive Select value, 1
through 4., Consult your drive documentation.

e Resistive terminations should be installed only on the drive connected
to the last interface cable connector (farthest from the camputer).

e When using drives with a Head Load option, jumper the drive for "head
load with motor on" rather than "head load with drive select."
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2.3.6 SCSI/Plus Interface

The SCSI/Plus interface (J8) uses a 50-pin male header connector to interface
with SCSI-campatible peripherals. Table 2-6 shows the signal names and pin
numbers. Refer to your disk controller documentation, or the ANSI SCSI
specification for information on the signal functions.

Table 2-6. SCSI Interface Connector (J8)

Pin Signal Function
1-49 (All odd pins) Signal grounds
2 -DB0 Data Bit 0 (LSB)
4 -DB1 " "o
6 _DB2 " n 2
8 -DB3 " "3
10 _m4 " " 4
12 -DB5 " "5
14 -DB6 " " 6
16 -DB7 " " 7 (MSB)
18 -DBP Data Parity
20,22,24 | Ground Signal Ground
25 ——- (Not used)
26 TERMPWR Temination +5VDC
28,30 Ground Signal Ground
32 -ATN Attention
34 Ground Signal Ground
36 -BSY Busy
38 -ACK Transfer Acknowledge
40 -RST Reset
42 -MSG Message
44 -SEL Select
46 -C/D Control/Data
48 REQ Transfer Request
50 -1/0 Data direction

This interface can serve a variety of purposes, including connection of hard
disk controllers, tape controllers, printer and communications servers, etc.
In addition, the interface signals may be used as direct input/output lines,
allowing the connection of TTL-level controlled devices and sensors, etc.
(The output signals are open collector drivers capable of sinking 48 mA, and
may be enabled and disabled under software control.) On-board removable
resistor networks provide bus termination.

NOTE
The on-board resistive termination networks (U17, U22) should be
present on two, and only two, SCSI bus devices. Be sure that the
board's SCSI bus is terminated in at least one place (generally
on the board); a non-terminated SCSI bus may "hang" the system up
due to indeterminate signal levels,



2.3.7 ID Input Port / Drive Quantity Jumpers

Eight pairs of jumper pins (J7) provide an ID Input Port, which are generally
used by SCSI-related software to determine the board's SCSI bus ID for bus
arbitration, and by the board's ROM-BIOS to determine the number of floppy
drives connected to the system (see next section). If not required for these
purposes, the ID Input Port can be used as a general purpose 8-bit input port
connector, with a flat ribbon cable plugged onto J7.

24 BOARD JUMPER OONFIGURATIONS

The board contains nine sets of jumpers, which may be used to customize the
board's operation. The jumper sets consist of either two or three pins, with
pin 1 a square pad, and are outlined with white boxes on the component side of
the board. The options available through these jumpers are described in the
following paragraphs.

NOTE
For normal operation, no jumper setup is required, other than
the possible use of J7 for SCSI address jumpering and floppy
drive quantity setup.

Most factory jumper settings are made by means of traces on the
bottam side of the board. One exception is JMP5 which is generally
shorted by means of a shorting plug on the component side of the
board. .

d7 = ID Input Port / Drive Quantity Jumpers

This 16-pin header is normally used to set the board's SCSI bus address, and
also to indicate the number of floppy disk drives to be used. The connector
pins are numbered from 1 to 16, with odd pins opposite even. The pairs are
designated: J7-1/2, J7-3/4, J7-5/6, J47-7/8, J7-9/10, J7-11/12, J7-13/14, J7-
15/16. Two pairs are used to indicate to the ROM-BIOS how many floppy drives
are connected to the system; three pairs designate the board's SCSI bus ID;
the remaining three pairs are currently unused. Refer to Table 2-7 for jumper
settings.



Table 2-7. ID Input Port (J7) Jumpering

Pairs 1/2 and 3/4: Used to initialize the AMPRO ROM-BIOS
floppy drive quantity value. Programmed as follows:

No. of Drives 1/2 3/4
1 in in
2 in out
3 out in
4 out out

Pairs 5/6, 7/8, 9/10: Reserved additional ID bits for
SCSI1/PLUS 6-bit ID, future use.

Pairs 11/12, 13/14, 15/16: Sets the board's SCSI ID,
as follows:

SCSI Bus ID 11/12 13/14 15/16
0 in in in
1 in in out
2 in out in
3 in out out
4 out in in
5 out in out
6 out out in
7 out out out

JMP1,2 - EPROM Type
These jumpers are used to program the board for various types of EPROM

devices. Both EPROM sockets must contain the same type of EPROM. These two
jumpers are set as shown in Table 2-8.

Table 2-8. EPRM Jumper Configurations

EPROM Type | JMP1 | JMP2: 1-2 | JMP2: 2-3
2764 open short open
27128 open short open
27256 short short open
27512 short open short

Factory open short open
Setting




JMP3 - DRQ1
This jumper, when shorted, holds the 80186 DRQlL input inactive.

FACTORY SETTING: shorted

JMP4 - 64K/256K RAM Select
This jumper, when shorted, selects 64K DRAM timing and control.

FACTORY SETTING: open

JMP5 - Clock

This jumper, when shorted, connects the system 16 mHz master clock bus to the
16 mHz hybrid oscillator (U6). It is intended for test purposes only.

FACTORY SETTING: shorted

JMP6 - SCSI-RDY

This jumper, when shorted, connects the READY output of the 5380 SCSI device
to the ARDY input of the 80186. This signal is not used by the AMPRO ROM-
BIOS.

FACTORY SETTING: shorted

JMP7 - SCSI Termmination Power

This jumper, when shorted, connects the board's +5VDC to pin 26 of the SCSI
bus connector. This is intended to provide a current source for external
termination, and is only required if a cable-mounted terminator is to be used.

FACTORY SETTING: open

NOTE
No on-board protection diode is provided. Consequently, this
jumper must NOT be installed on more than one bus device.

JMP8 - U45 Option
This jumper is shorted for 8 mHz-only operation of the 1772 FDC device.
NOTE
If this jumper is shorted, the clock multiplexor IC, U45 must NOT
be present; if U45 is present, this jumper must be open.

FACTORY SETTING: open (U45 present)
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JMP9 - NMI
This jumper, when shorted, holds the 80186 NMI input inactive,

FACTORY SETTING: shorted

JMP10 - TEST
This jumper, when shorted, holds the 80186 -TEST input low.

FACTORY SETTING: shorted

JMP11 - HOLD
This jumper, when shorted, holds the 80186 HOLD input inactive.

FACTORY SETTING: shorted

JMP12 - Diagnostic Jumper

Shorting this jumper grounds the 2681 serial controller's input port bit 6
(IP6). In addition, loopback from the 2681's output bit 6 (OP6) to IP6 is
functional (OP6 is open collector).

FACTORY SETTING: open
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2.5 BOOTING THE SYSTEM

Assuming that you intend to boot the system from a standard IBM PC-DOS version
2x or 3.x system diskette, you will only need to connect the board to one or
more double-sided 48 tpi mini floppy drives, a terminal, and a source of
power. A PC or other camputer can be used as the terminal, using a suitable
terminal emulation program (i.e., the AMPRO SuperDuo program).

The cable connections between the board's Serial Port A and an RS232C ASCII
terminal are given in Appendix B. For first time startup, set the terminal as
follows:

Baud Rate: 9600
Data Bits: 8
Parity: off
Stop Bits: 1
Handshaking: none

Set your terminal so that the Most Significant Bit (data bit #8) is trans-
mitted as a 0 ("low" or "space"). Some terminals do not have a switch to do
this, automatically sending a zero for data bit #8 when parity is off. The
AMPRO ROM-BIOS does not mask the MSB when 8 bit transmission is selected.

With a terminal connected and turned on, the system is ready to boot. When
power is applied, the ROM-BIOS will attempt to read the operating system from
disk. If no disk is in the drive, the system will wait until a disk is in
place, and the drive latch is closed. The system will then read the operating
system from the disk in drive A,

If the drive's LED lights, but nothing else happens, try inserting the flip-

side of the disk and pressing RESET. If this doesn't help, refer to the next
section for troubleshooting information.
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2.6 TROUBLESHOOTING

If the system did not work the first time, or fails sometime, you may have
to troubleshoot it. The following are same suggestions:

® Recheck all wiring, soldered connections.
e Check that power is available from the power supply.

e Be certain that the drives are working, and are jumpered correctly.

NOTE
IBM PC drives are not jumpered in a "standard"
manner; for use with Little Board/186, be sure
drive A is jumpered as Drive Select 1, B as 2, etc.
Also, the PC's drive cables have swapped drive
select wires, rather than straight through
connections as required by the Little Board/186.

e Verify that the drive you are using provides the required Drive Ready
signal.

e If more than one drive select LED indicator lights during power-up,
with drive handles closed (across slot), the board may be incorrectly
connected to the drive cables. Switch the computer OFF and reverse
the drive cable connector at the Little Board/186.

e Check the drive termination resistor pack(s) for proper location.
Normally, this will be located at the drive connected at the end of
the drive cable, and on only one drive.

e If you have the debugging Monitor EPROM option, you can verify same of
the system functions using the debugger and other tools in the
Monitor. Refer to the EPROM Monitor User's Manual.

If your system still does not boot after following these instructions, contact
AMPRO custamer service for assistance.
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CHAPTER 3

OPERATION WITH PC-DOS

3.1 INTRODUCTION

Assuming you have successfully booted PC-DOS as described in Chapter 2, you
will probably want to take advantage of the flexibility designed into the
Little Board/186 ROM-BIOS and support software to create a customized PC-DOS
based system.,

This chapter provides an overview of the system configuration options that
are available under the PC-DOS operating system, as well as a discussion of
the degree of compatibility that the Little Board/186 offers relative to
software written for operation on the IBM PC and campatibles.

A combination of standard IBM PC-DOS utilities, along with AMPRO-specific
drivers and utilities, allows you to create a highly customized system. The
required AMPRO-specific drivers and utilities are supplied on the Little
Board/186 PC-DOS Support Software diskette. Please refer to the user's manual
(P/N A74012) provided with that software, for full descriptions, operating
instructions, and installation infommation.

3.2 PC SOFTWARE OCOMPATIBILITY

This section is intended to help you understand the extent of compatibility
provided by the Little Board/186 with software written for the IBM PC and
canpatibles ("standard PC").

3.2.1 Hardware Considerations

The Little Board/186 is based on a 80186 integrated, high-per formance 16-bit
microprocessor, which provides a functional superset of the 8-bit 8088
microprocessor used in the "standard PC." Programs written for an 8088
microprocessor can run on an 80186 without modification, but with a
performance improvement of up to 300 percent.

Many of the hardware devices present on the Little Board/186, and their I/0
port addresses, differ from those of the "standard PC." This includes: the
2681 serial cammunications controller; the 1772 floppy disk controller; the
hard disk interface (SCSI); and the DMA, interrupt, and timing controllers
contained within the 80186 microprocessor. Furthermore, the Little Board/186
utilizes an RS232C ASCII terminal as a user console (keyboard and monitor)
rather than the keyboard and display controller used in a "standard PC."

As a result, programs which make direct access to board hardware, including
both 1/0 ports and display controller "video RAM," rather than using the
operating system or ROM-BIOS functions provided for the same purpose, can not
be used without I/0 driver modifications,
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3.2.2 Operating System
System Boot

The AMPRO ROM-BIOS normally supplied on the Little Board/186 allows the use of
IBM PC-DOS versions 2x or 3.x as the board's operating system. PC-DOS
version 3.x is required for hard disk usage, while version 3.2 is required for
systems with an 80-track (720K) drive A, ’

Files and Data

When operated under PC-DOS, the Little Board/186 provides full PC file and
data compatibility. Diskettes may be copied, formatted, verified, etc. on
either for the other. All of the PC-DOS 40-track mini floppy formats, and the
PC-DOS Version 3.2 80-track micro floppy formats, are supported, including
single- and double-sided, and eight and nine sectors per track.

Commands, Drivers, and Utilities

Most of the standard PC-DOS operating system internal commands, and many of
the disk-based utilities, function normally on the Little Board/186. Because
the Little Board/186 ROM-BIOS does not contain Basic, however, none of the
Basic programs included on the PC-DOS diskettes are usable. In addition, the
graphics related utilities can not be used. Several PC-DOS functions require
the use of the installable AMPRO drivers contained on the Little Board/186 PC-
DOS Support Software diskette, as discussed in the software user's manual.

3.2.3 ROM-BIOS Functions

In addition to supporting the standard PC-DOS functions, the Little Board/186
ROM-BIOS provides a software interrupt interface which is a highly campatible
subset of the "standard PC" ROM-BIOS software interrupt structure.

The console and keyboard ROM-BIOS interrupts are mapped to Serial Port A, so
that an RS232 ASCII terminal can be used for the required keyboard/monitor
functions. The board's Serial Port B is supported as the PC-DOS COM1 port;
the Centronics printer port is LPT1. The Time of Day clock and Disk 1/0
functions are also supported in the standard manner.

The video display interrupt (INT 10H) of the ROM-BIOS supports the Write TTY
function only. This results in full compatibility with "MS-DOS generic"
programs, provided the program includes a terminal installation utility.
Compatibility with the "standard PC' ROM-BIOS functions for cursor addressing,
clear screen, etc., requires use of the terminal driver included on the Little
Board/186 PC-DOS Support Software diskette.

Hard disk support (INT 13H) is also provided, using the board's SCSI port.
This includes the ability to configure a system to boot from a SCSI-based hard
disk drive.

A detailed discussion of the Little Board/186 ROM-BIOS software interrupts is
given in Chapter 5. Information on the installation and use of the AMPRO-
specific drivers and utilities are provided in the Little Board/186 PC-DOS
Support Software User's Manual.
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3.24 Applications Software
MS-DOS Generic Programs

Programs and utilities written for operation on any MS-DOS system are called
"MS-DOS Generic." These programs restrict their system access exclusively to
functions provided by the operating system. MS-DOS Generic programs are
"hardware independent"; they can be used on a variety of hardware
implementations, including systems such as the Little Board/186 that use
RS232C ASCII terminals as the system console. Such "well behaved programs"
nearly always run without modification on the Little Board/186. MS-DOS
Generic programs generally have a terminal installation utility which allows
you to specify the terminal to be used as the system console device, usually
fran a menu.

Here are a few popular application programs known to be available in MS-DOS
Generic versions: Multiplan (Version 1), Wordstar (Version 3), DBase II,
SuperCalc2, the T/Maker Integrated Software package. In addition, most
languages and software development tools have MS-DOS Generic versions,
including: Microsoft C (Version 3), Basic, and MASM; Turbo Pascal, Palasm,
Abel; the Intel 86-family development tools.

Programs Which Make ROM-BIOS Calls

Many popular programs written for use on the "standard PC' violate the rules

of operating system usage, making direct ROM-BIOS calls, accessing system 1/0
ports and video RAM directly, etc. Of these, programs which only make direct
ROM-BIOS calls can often be used on the Little Board/186, providing that the

optional video and keyboard driver software from the Little Board/186 PC-DOS

Support Software are in use.

Programs Which Make Direct Hardware Access
Programs that talk directly to hardware (floppy controller, serial ports,
keyboard port, video RAM, etc.) generally do not run on the Little Board/186

without modification. Some examples include:

e Copy protected programs: often use floppy controller, serial port, or
printer port hardware.

e Comunications programs: generally access serial port hardware
e Programs using graphics: generally access display controller hardware
e Programs that write to Video RAM

Included in this group are many "consumer programs,” including: Lotus 1-2-3,
Symphony, DBase IIl, Flight Simulator, etc.

A "Video RAM Bmulator" daughter board is available for the Little Board/186,
which simulates a PC display controller., The Video RAM Emulator detects
writes to "video RAM"; its associated software drivers forward the data to the
RS232C console device, using appropriate terminal control sequences. Using
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the Video RAM Bnulator, software which is intended for operation on a standard
monochrome video display controller will usually run properly, with the
exception of the use of bit-mapped graphics.

Designing Software for Compatibility

To provide full compatibility between the Little Board/186 and the standard
PC, the application software must simply confine itself to standard PC-DOS
and the supported ROM-BIOS functions, rather than performing direct hardware
accesses.

3.3 OONFIGURATION OPTIONS

Chapter 2 discussed the basic requirements for booting from a standard "out of
the box" IBM PC-DOS (versions 2 or 3) system diskette. Once your system has
booted successfully, you can tailor your software configuration to a custom
hardware configuration. Your options include:

Terminal baud rates other than 9600 baud (up to 38.4K)
Parallel or Serial Printers

Modems

Additional -- or different types of -- floppy drives
One or more hard disk drives

RAM disk

A brief discussion of each of these configuration options follows. Actual
configuration and installation details are provided in the Little Board/186
PC-DOS Support Software User's Manual (P/N A74012).

3.3.1 Terminal

Nearly any RS232C ASCII terminal can be used with your system. The initial
terminal characteristics for first time booting must be set as described in
Chapter 2 (9600 baud, 8 data bits, etc.). Once your system is initially
booted, you can configure a custam system boot diskette for alternate console
parameters. Baud rates up to 38.4K baud, as well as alternative data word
formats, are available,

Display and keyboard drivers, available on the Little Board/186 PC-DOS Support
Software diskette, provide mapping of the functions used to control a standard
PC video display (cursor positioning, clear screen, etc.) and keyboard into
the control codes required by your specific terminal.

3.3.2 Printers

The system can be used with both Centronics type parallel printers, and with
RS232C ASCII serial printers. The Centronics port is supported as the DOS
"LPT1" device. Most application software uses LPT1 as the default printer
port, so printing to the parallel printer interface is autamatic.

The board's Serial Bort B, supported as the DOS "COM1" device in the ROM-BIOS,
can be used as a serial printer port, and can be configured for a wide variety
baud rates and data word formats. Hardware handshaking (e.g. RTS/CIS) can
also be configured for use with printers that require it.
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3.3.3 Modems

Serial Port B can also be used as a modem interface, accessed as the DOS
"COM1" device. Serial Port B data characteristics are initialized in the same
manner as when the port is used as a serial printer interface, using the AMPRO
utilities fran the PC-DOS Support Software.

Most communications programs perform direct serial port I/0, rather than using
the DOS or ROM-BIOS functions. Such programs must be custamized before use.
(See Chapter 5.)

The AMPRO LBOOMM.EXE program, included on the AMPRO PC-DOS Support Software
diskette, is a full-featured conmunications program for the Little Board/186.
LBOOMM offers remote system access, terminal emulation, and both XMODEM and
ASCII file transfer functions.

Several other high quality coomunications programs are available specifically
configured for the Little Board/186. These include:

e MEX-PC (NightOwl Software, Inc.)
e MICROLINK II (Wordcraft).

3.3.4 Unique Floppy Configurations

When your system initially boots from a standard PC-DOS system diskette, the
floppy configuration is set for one to four 40-track (48 tpi) drives,
depending on the setting of jumpers at position J7 (see Chapter 2). You can
configure a system for use with 80-track mini or micro floppy drives,
including the ability to boot from an 80-track device (requires PC-DOS 3.2).

One handy feature of PC-DOS is its built-in support for single-drive systems.
If you jumper the Little Board/186 drive quantity jumpers (J7) to "one," the
operating system will automatically assign drive letters "A" and "B" to the
single floppy drive. With this configuration, you can copy files between two
diskettes as though your system has two drives; PC-DOS will prampt you to
change diskettes when needed.

3.3.5 Hard Disk Drives

Hard disk drives and controllers with SCSI (SASI) interfaces may be easily
added to your system. Support for the first hard disk device, fran which your
system can be configured to boot, is contained within the Little Board/186
ROM-BIOS. Additional drives can be added as well, using the AMPRO HARD.SYS
device driver. Consult the AMPRO PC-DOS Support Software user's manual for
further details.

3.3.6 RAM Disk
PC-DOS Version 3 provides a useful virtual disk device driver, called

VDISK.SYS, which allows you to configure one or more RAM disk drives based on
mamory on the Little Board/186.






CHAPTER 4

THEORY OF OPERATION

4.1 INTRODUCTION

This chapter is intended to provide a basic understanding of the functional
operation of the Little Board/186 for programmers, hardware engineers, system
integrators, and other technically oriented users.

The functional behavior of many of the board's devices is highly dependent on
programming options. Therefore, to assist your understanding of the normal
functions performed by these devices as used on the Little Board/186, some
reference is made to the AMPRO ROM-BIOS default device configurations.

8 MHz 80186 CPU
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CPU DMA
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: INTERRUPT : oy oR st2K
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Figure 4-1. Little Board/186 Block Diagram
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Data sheets are included in Appendix D for the 80186 (CPU), 2681 (UART), 1772
(FDC), and 5380 (SCSI) devices. You may also wish to obtain a copy of the
following especially valuable publication, available fram Intel Corporation:

AP-186: Introduction to the 80186 Microprocessor

A detailed technical manual on the 5380 is also available AMPRO for a naminal
charge.

4.2 THE 80186 INTEGRATED CPU

The architecture of Little Board/186 (see Figure 4-1) is based on the 80186
integrated microprocessor unit. The 80186 device includes a 16-bit CPU, a 2-
channel DMA controller, three 16-bit timers, a programmable interrupt control-
ler, and programmable memory and 1/0 chip-select logic. The 80186 is more
than a highly integrated version of the 8086 microprocessor; instruction
execution and pipeline efficiency of the 80186 represent substantial perfor-
mance improvements relative to the older 8086 device.

Since many of the 80186 characteristics are programmable -- including memory
chip select addresses and timing -- the software has the responsibility to
initialize these immediately on powerup. The discussion in this chapter

assumes the default initialization performed by the AMPRO ROM-BIOS. Refer to
Chapter 5 (Programmer's Reference) for additional programming details.

4.2.1 Chip Selects

The chip select outputs provided on the 80186 are used to control the I/0
peripheral chips and EPROMs. Both the access addresses and wait state timing
of these chip select outputs are programmable. Five of the six Peripheral
Chip Selects (PCS0-5), in combination with a custam I/0 Controller IC are used
to provide device selects for all of the board's on-board 1/0 functions. No
wait states are required.

4.2.2 Interrupts

The 80186 contains an internal four channel interrupt controller, utilized as
follows:

INTRO: 2681 serial controller device interrupt.

INTR1: 5380 SCSI interface controller device interrupt.
INTR2: 1772 floppy disk controller device interrupt.
INTR3: Centronics printer port interrupt.

All are edge triggered interrupts and are sensed by the 80186 as active high.
These interrupts are controlled using the 80186 internal interrupt controller.
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4.2.3 Counter/Timers

The 80186 provides three 16-bit internal timers. Two of these have off-chip
input and output terms, allowing their use as counters as well. The 2681
serial controller provides an additional general purpose timer channel, which
is discussed in the section on that device. The three channels of the 80186
are used as follows:

Channel 0 The AMPRO ROM-BIOS uses this counter/timer channel in
conjunction with Channel 2 to provide an accurate real time
clock function (18 ticks/second). Channel 2 acts as a
prescaler, providing a 16 microsecond input rate to this
channel .

Channel 1 This counter/timer channel has its external counter input
driven by the timer output of the 2681 serial controller. This
allows the timing of long intervals, etc.

Channel 2 This timer-only channel must be programmed to provide the
required 16 microsecond DRAM refresh rate.

4.2.4 DMA

The 80186 internal DMA controller provides two powerful DMA channels. These
are used as follows:

Channel 1 This DMA channel forms an important part of the DRAM refresh
logic. (See next section.) It is programmed to generate a
linear 20-bit address, timed by timer channel 2, with no
terminal count.

Channel 2 This DMA channel is shared between the floppy and SCSI inter-
faces, as programmed in the FDC Control Register.

4.3 MEMORY

Little Board/186 supports EPROM address space of 16k to 128K bytes, for use
with 2764 to 27512 standard JEDEC parts. The 80186 Upper Memory Chip Select
(UMCS) is used for selection of the on-board EPROM memory. This chip select
is programmed for 0 wait states and ignoring of external ready, for use with
250 nS access time EPROM's. The use of 250 nS EPROM's is required due to the
80186 data bus maximum output disable time.

A custom RAM Controller IC decodes DRAM timing directly from the 80186 control
and status signals, so that 0 wait state operation with 150 nS DRAM is
possible. RAM refresh addresses are provided by DMA channel 1 with control
timing provided by one of the 80186 internal timer channels (ch2). The RAM
Controller IC has an input pin which is used to select operation with either
64K or 256K bit DRAM devices. A low level on this pin programs the board for
64K bit DRAM operation.

The Lower Memory Chip Select (LMCS) and Middle Memory Chip Select (MMCS) lines
are unused. Instead, the RAM Controller decodes its address range directly
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fram the address lines. Direct address decoding will also be used to decode
the upper 512K of the 80186 megabyte address space on a plug-in memory expan-
sion module. When this is done, UMCS will be used to disable access to the
added memory in the high area for which the UMCS is programmed, depending on
the EPROM size.

4.4 2681 SERIAL CONTROLLER

A 2681 dual Universal Asynchronous Receiver/Transmitter (UART) provides two
channels of serial 1/0. The 2681 also provides a number of signals for the
parallel printer and floppy disk interfaces, and contains a programmable timer
whose output can drive the 80186 counter/timer channel 1 input.

4.4.1 Serial I/0 Ports

The 2861 provides two asynchronous serial I/0 channels, featuring fully pro-
grammable serial data characteristics, including word length, parity,
start/stop bits, and baud rate.

The device contains an internal baud rate generator, which operates from a
3.6864 mHz crystal source. Baud rates from 50 through 115.2K may be selected
for each channel's receive and transmit data (independently). Both channels
of the 2681 function in an identical manner.

RS232C signal levels are converted to and from TTL levels by a 75188/1488 line
driver, and a 75189/1489 line receiver. An on board -12 volt DC-to-DC
converter provides the -12VDC power for the line driver.

The 2681's OP0 (RTSA) and OP1 (RTSB) outputs generate each channel's Hand
Shake Out signal, while the IPO (CTSA) and IP1 (CTSB) inputs are used to
provide each channel's Hand Shake In signal.

4.4.2 Signals Used by Other Interfaces

The 2681 Serial Controller contains an eight bit output port and a seven bit
input port. Only four of these signals (OP0, OP1, IPO, and IP1) are used in
conjunction with the board's serial ports. The other eleven signals are
assigned as follows:

OP2 Drives the printer interface -DATA STROBE signal.

OP3 Drives the 80186 Counter/Timer channel 1 input signal.
OP4 Unused.

OP5 Drives the 1772 FDC controller -RESET input.

OP6 Looped to input pin IP6.

OP7 Drives the printer interface PRINTER INIT signal

IP2 Senses the printer interface BUSY signal.

IP3 Senses the floppy interface DRIVE READY signal.

IP4 Senses the printer interface -PRINTER SELECT signal.
IP5 Senses the printer interface -PAPER END signal.

IP6 Senses the state of output pin OP6 or JMP12.

The specific use of each of the above signals is covered in the floppy and
printer interface sections, below. Note that output OP6 is looped to input
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IP6, and also connected to JMP12 pin 1. Since OP6 is open drain, the state of
jumper JMP12 can be sensed if OP6 is high.

NOTE
The 2681's output pins (OP0-7) are the campliment of the contents
of the output port register. That is, setting a bit in the
output port register results in a low (0) logic level at the
corresponding output pin, and resetting a bit results in a high
(1) level. The input pins (IP0-6), however, are not
compl imented. Therefore, the bits of the input register directly
reflect the state of the corresponding input pins.

4.5 PARALLEL PRINTER PORT

An octal D-latch with a 24mA current sinking capacity is used as a Printer
Data Register, driving the eight parallel printer port data lines. The eight
data signals are written directly by the low order byte of the 80186 data bus
by means of an output instruction. Six other input/output signals associated
with this interface are also supported, as follows:

Signal Nare Connects To... In/out Polarity
DATA 1-8 Printer Data Register Output Nomal
-DATA STB 2681 output OP2 Output Nomal
=PRINTER INIT 2681 output OP7 Output Inverted
BUSY 2681 input IP2 Input Nomal
-ACK 80186 interrupt INT3 Input Nomal
PAPER END 2681 input IP5 Input Inverted
SELECT 2681 input IP4 Input Inver ted

Each signal is shown as either inverted or non-inverted, which is relative to
the actual external peripheral interface signal. When a signal is listed as
"normal" polarity, this means that the interface connector pin has the same
value as the programmed IC pin. For example, when 2681 input pin IP2 is high,
the printer BUSY signal (J2, pin 21) is in a high state. (Refer to the NOTE
in the section pertaining to the 2681 device, concerning output and input pin
polarities.)

4.6 FLOPPY DISK INTERFACE

Most of the logic required for the floppy disk interface is provided by the
WD1772 Floppy Disk Controller (FDC) device. The 1772 is a highly integrated
device, and contains internal digital phased locked loop, digital write
precampensation, CRC generation and checking, and motor control timing.

The 1772's interrupt request output connects to the INT2 interrupt input of
the 80186. The 1772's DMA request output is one of two such signals selec-
tively routed to the 80186 DR10 DMA request input, under control of the FDC
Control Register,

The 1772's master reset pin is driven by the 2681 serial controller's OP5

output signal, such that the 1772 is held in a reset state when OP5 is low.
This allows the 1772 to be reset under software control.
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4.6.1 FDC Control Register

Additional control output signals, such as the four drive selects, are gene-
rated by the FDC control register. The FDC Control Register is written to
directly by the low order byte of the 80186 data bus, using an output instruc-
tion. The FDC control register's output signals are utilized as follows:

The floppy disk interface READY input is inverted, and then connects to the
2681 serial controller's IP3 input signal. Not all floppy disk drives provide
this signal. ’

The output signals of this register are all forced to 0's on powerup or reset.
Output bits 0-4 and 7 drive signals on the floppy disk drive interface
connector,

The 8-INCH SELECT signal allows the 1772 FDC device to send and receive data
at 8-inch drive data rates, by doubling the device's master clock input
frequency. However, the 1772 is currently not guaranteed to fuction properly
at this doubled clock rate, and should therefore only be used in this manner
with caution. A software-controlled RESET signal has been provided to assure
that the 1772 does not became hung up when its master input clock is changed
during operation. It is recommended that a FORCED INTERRUPT caommand be issued
to the 1772 immediately following a change in its clock rate, and that the
software-controlled RESET only be used when an error is detected, and as part
of the 1772 initialization sequence following system powerup or reset.



4.7 SCSI/PLUS INTERFACE

The SCSI interface is completely controlled by the NCR 5380 protocol control-
ler device. The 5380 provides an interface which meets the ANSI specification
for SCSI, including Initiator role, Target role, Arbitration, and the Discon-
nect-Reselect function. It also supports the Initiator role of the AMPRO-
proposed SCSI/PLUS enhancement to SCSI. The 5380 SCSI controller allows full
programmable control of 17 bi-directional bus signals, and provides both
buffered (low leakage) bus inputs and high current (48 mA) bus output drive
capacity. The 5380 is described thoroughly in its data sheet, which appears
in Appendix D.

The interrupt output of the 5380 connects to the 80186's INT1 interrupt input.
The 5380's DMA request output signal is selectively connected, under control
of the FDC Control Register, to the 80186 DMA request 0 input.

4.71 1ID Input Register

An ID Input Register is used to read the state of eight sets of board jumpers.
The eight bits are read in the lower half of the 80186 data bus, and represent
the jumper settings as follows: when a jumper is installed, the bit will be
read as a 0 (low), and when a jumper is not installed, the bit will be read as
a 1 (high).

The AMPRO ROM-BIOS and AMPRO PC-DOS support drivers use these eight jumpers to
determine various powerup defaults associated with the floppy and SCSI inter-
faces.

This port can also be used as a general purpose 8-bit input port in
applications not using the AMPRO ROM-BIOS. In this case, the physical board
layout of the eight pairs of jumper pins permits a 16-pin flat ribbon cable
connector to be plugged directly onto them.






CHAPTER 5

PROGRAMMER'S REFERENCE

5.1 INTRODUCTION

This chapter contains information useful to programmers who intend to program
Little Board/186 hardware directly. Normally PC-DOS handles the hardware for
you, so that you need not be concerned with direct programming of the board's
hardware -- that is the advantage of using a standard operating system. Since
the AMPRO ROM-BIOS provides a high degree of compatibility with the IBM PC
ROM-BIOS, there should be little need for custam programming.

The hardware theory of operation and interconnection is covered extensively in
Chapter 4, whereas this chapter concentrates on details which directly relate
to programming of the board's devices and I/0 ports. Please read Chapter 4
before attempting to utilize the information provided in this chapter. For
additional information about the board's LSI devices (80186, 2681, 1772, and
5380), refer to the data sheets in Appendix D, and to additional documentation
available from the device manufacturers.

5.2 80186 UTILIZATION AND INITIALIZATION

Since the 80186 microprocessor has many programmable hardware functions which
assume default values under control of the Little Board/186 ROM-BIOS, much of
the information in this chapter is based on these defaults. Should you choose
not to use the ROM-BIOS, these defaults (I/0 port addresses, etc.) became your
responsibility.

The 80186 contains a large number of internal read/write registers, called the
"Peripheral Control Block," which is used for programming of the 80186's many
internal functions, including the interrupt controller, DMA controller, and
Counter/Timing Controller (CTC). The ROM-BIOS leaves the Peripheral Control
Block at its power-up default I/0 base address, FFOOH, so that the registers
within the Peripheral Control Block occupy I/0 addresses FF20H through FFFEH.
You can determine each individual register's address by adding the specific
register's address offset, shown in the 80186 data sheet, to the Peripheral
Control Block's base address, FFOOH. For example: the UMCS Register has
offset AOH, so its I/0 address is FFAQH; the DMA Channel 0 Transfer Count
Register has offset C8H, so its I/O address is FFC8H; etc.

5.2.1 Memory Map

The two byte-wide EPROM sockets are selected by the Upper Memory Chip Select
(UMCS) output fram the 80186. The 80186 UMCS is programmed on cold reset
before jumping to the main task. There is enough code space at FFFFOH (the
reset jump address) to program the EPROM size before jumping. The jump must
be a long intersegment jump to initialize the code segment register. If a
larger EPROM is to be used, the code at FFFFOH must be modified appropriately,
to initialize UMCS for the required address space.

The ROM-BIOS programs UMCS for zero wait states, and ignoring of external
ready. The base address of the EPROM is FCO00H, to accammodate a pair of 2764
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EPROM's, providing 16K of EPROM space.

The 80186 Lower Memory Chip Select (LMCS) and Middle Memory Chip Select (MMCS)
lines are unused, and unprogrammed by the ROM-BIOS. This allows the lower and
middle memory chip selects to be used for RAM wait state generation -- if
needed -- though wait states should never be required with 150 nS, or faster,
RAM. Due to the block size that these chip selects can span, they must be
programmed wisely, if used.

On-board 512K or 128K RAM memory chip selection is decoded directly from the
80186 address lines, and is independent of the programming of the MMCS and
LMCS lines. The 512K RAM expansion unit available from AMPRO also decodes its
address space directly fran the 80186 rather than using MMCS or LMCS. The
512K RAM expansion unit automatically deselects when UMCS is active, so that
EPROM access overrides that of RAM.

5.2.2 1/0 Map

The board's I/0 device addresses are programmed by the ROM-BIOS to occupy I1/0
addresses from 1000H through 137FH, as shown in Table 5-1. Chip selects for
the various I/0 devices on the board are derived from the 80186 Peripheral
Chip Selects (PCS), which are utilized as shown in Table 5-2. PCS6 is re-
served for future use, such as selection of I/O devices on a plug-in daughter
board. Wait state values shown in Table 5-2 are the defaults programmed by
the ROM-BIOS.

Table 5-1. Summary of 1/0 Ports

Address | Input/Output Function

1000H 1/0 2681 Internal Registers
-101EH (See Table 5-4)

1080H 1/0 5380 Internal Registers
-108FH (See Table 5-8)

1100H 1/0 1772 Camnand/Status Register
1102H 1/0 1772 Track Register

1104H 1/0 1772 Sector Register

1106H 1/0 1772 Data Register

1180H 1/0 5380 DMA Acknowledge

1200H 0 FDC Control Register

1280H [0} Printer Data Register

1300H 1/0 80186 PCS6 (currently unused)
FF20H 1/0 80186 Peripheral Control Block
-FFDAH




Table 5-2. 80186 Peripheral Chip Select Usage.

PCSX | Read/Write Wait Usage
States
PCS0 R/W 1 2681 chip select
PCS1 R/W 1 5380 chip select
PCS2 R/W 1 1772 chip select
PCS3 R/W 1 5380 DACK pin
PCS54 W 0 FDC Control Reg. data strobe
PCS5 w 0 Printer port data strobe
PCS6 R/W 0 Reserved for future use

5.2.3 Interrupts

The 80186 internal and external hardware interrupts are used as shown in Table
5-3. The table shows both internal interrupts fram the timers and DMA
channels and external interrupts from the four interrupt pins (INTRX). All of
the external interrupts are edge sensitive, and are triggered on a low-to-high
transition,

Table 5-3. 80186 Interrupt Usage

Priority 80186 Vector Usage
(if used) | Function | "Type"

Internal Interrupts

0 Timer 08H Real time clock (18.2/sec)
n/a Timer 1 12H Not used

n/a Timer 2 13H Refresh timer (16 usec/tick)
n/a IMA O 0AH SCSI EOP

n/a DMA 1 OBH Refresh DMA EOP

External Interrupts

1 INTR 0 0CH 2681 interrupt
2 INTR 1 ODH 5380 interrupt
3 INTR 2 OEH 1772 interrupt
7 INIR 3 OFH Printer interrupt
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The ROM-BIOS uses each external hardware interrupt channel as follows:
Interrupt Channel 0 - 2681 Serial Controller Interrupt

Vector: 0CH
Priority: 1

This vector corresponds to that of the COM1 IBM PC device. The 2681 is
used to implement the console port, a spare counter-timer channel, and
miscellaneous I/0. Receive and transmit interrupts, break detect,
counter timeout, and port bit input change interrupts are all possible.
An interrupt vector table is provided by the ROM-BIOS to sort out the
specific interrupt condition.

Interrupt Chammel 1 - 5380 SCSI Controller Interrupt

Vector: ODH
Priority: 2

This vector indicates an interrupt condition from the 5380 SCSI control-
ler device. The 5380 interrupt occurs fram a variety of bus events.

Interrupt Channel 2 - 1772 Floppy Disk Interface Controller

Vector: OEH
Priority: 3

This vector is normally used to monitor the completion of a disk command
when using DMA for floppy data transfers. It corresponds to that of the
IBM PC.,

Interrupt Channel 3 - Printer Interface Interrupt

Vector: OFH
Priority: 7

This interrupt is triggered when the Centronics interface PRINTER
ACKNOWLEDGE signal goes from inactive to active. It corresponds to the
IBM PC printer interrupt vector.

5.2.4 IMA
The 80186 internal 2-channel DMA controller is normally used as follows:
DMA Channel 0 - SCSI/FDC DMA Data Read/Write

This channel is shared by the 1772 floppy disk controller and the 5380
SCSI interface controller. The contents of the FDC Control Register bit
6 determines which interface drives the 80186 DMA channel 0 transfer
request input. Sharing of this DMA function between the floppy and SCSI
interfaces has minimal impact since most software only performs one mass
storage transfer operation at a time, Since SCSI data transfers are
asynchronous, regulated by REQ/ACK handshaking, they could be done under
programmed I/0 if an application calls for interleaved transfer of SCSI

5-4



and FDC data.

The 1772 DMA acknowledge is a read or write of the 1772 data register,
while the 5380 has a dedicated DMA acknowledge pin which is controlled by
a dedicated 80186 Peripheral Chip Select. Maximum transfer speed is 2
megabytes per second.

IMA Chamnel 1 - Dynamic RAM Refresh Control

This channel controls dynamic RAM refresh. It is programmed for a
memory-to-1/0 transfer, with writes to nonexistant I/O space. A DMA
cycle is requested by Timer Channel 2 every 16 microseconds. The DMA
channel is programmed to continuously run through the entire megabyte of
memory address space, with autamatic rollover and no terminal count. It
is set for word transfers (16-bit), so that the address increments by two
each cycle (ADR1 is the LSB address input to the DRAM'S). This method of
RAM refresh uses approximately 6 percent of the 80186 processing band-
width, Since there is no terminal count interrupt service requirement,
DRAM refresh continues uninterrupted even during 80186 halt states. This
DMA channel should always be given the highest priority.

5.2.5 Counter/Timers

The 80186 internal 3-channel counter/timer controller (CIC) provides three
interrupt sources. CTC Channel 0's interrupt is normally used to provide a
real time clock tick, and interrupts from CIC Channels 1 and 2 are normally
disabled. Channel 2 is used for regulating the time period of the DMA-
controlled RAM refresh, and no software maintenance is required once that
function is initialized. Channels 1 and 2 should not allowed to generate
interupts, unless they can distinguish between a software call and hardware
interrupt service request. (The 80186 interrupt request pending register can
be read, to determine this.)

The ROM-BIOS uses the three CIC channels as follows:
CIC Channel 0 - Real Time Clock Tick

This channel is used for the real time clock tick, and may be programmed
to simulate the IBM PC interrupt service routine, The required real time
clock interrupt rate for compatibility with the IBM PC is 18.2 interrupts
per second. In order to achieve this rate, CTC Channel 2 must be used as
a prescaler,

This channel's interrupt vector, as used in the AMPRO ROM-BIOS, overlaps
the IBM PC timer interrupt. (The ROM-BIOS calls INT 1CH.) The interrupt
control register is programmed for non-nested mode and priority of 1;
this timer's interrupt mask bit is cleared.

CIC Channel 1 - Not used

This channel is not used by the ROM-BIOS, and can be used to generate
timing required by software functions. This channel is also cascaded
with the 2681 counter/timer output, and can be used in conjunction with
the 2681 for generating very accurate time intervals.
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CIC Channel 2 - DRAM Refresh Rate

This channel is used to request DMA cycles for DRAM refresh. It is
programmed for a 16 microsecond rate. The output of this channel is
internally routed to Channel 0, which further divides the rate to obtain
the real time clock tick.

5.3 SERIAL CONTROLLER

A 2681 Dual Asynchrounous Receiver/Transmitter (DUART) device provides two
serial ports, a counter/timer, 7 signal input pins, and 8 signal output pins.
There is one common interrupt to the 80186 for all functions, Multiple inter-
rupts require a dispatch routine. This section defines the usage of the
various portions of the 2681 device.

The 2681 data I/0 lines (D0-D7) connect to the lower byte (D0-D7) of the
system internal data bus. The 268l's internal registers occupy a block of 32
I1/0 addresses, beginning at the default base address of the 2681 programmed by
the ROM-BIOS, 1000H. The A0-A3 address inputs to the 2681 connect to system
address lines Al-A4., The 2681's internal register addresses are shown in
Table 5-4.

5.3.1 Serial Port Interface

The board's two serial ports are implemented directly by the DUART's two
serial channels. As indicated in the 2681 data sheet, the device's two
channels can be programmed for data characteristics, baud rate, and optional
RTS/CTS handshaking.

Transmit and receive baud rates for each channel are independently program-
mable, from 50 to 38.4K baud. Each channel's receiver has a four byte FIFO,
with status flags for FIFO full and ready. Each channel can be programmed to
wait until the FIFO is full before interrupting. This reduces CPU overhead
when handling high baud rates. Each channel's transmitter has a holding
register and a shift register, and provides both empty and ready status flags.



Table 5-4. 2681 Internal Registers

Address | Input/Output Function

1000H Input Mode Register A (MR1A, MR2A)
1002H Input Status Register A (SRA)

1004H Input (Reserved)

1006H Input RX Holding Register A (RHRA)
1008H Input Input Port Change Reg. (IPCR)
100AH Input Interrupt Status Register (ISR)
100CH Input Counter/Timer Upper (CIU)
100EH Input Counter/Timer Lower (CTL)
1010H Input Mode Register B (MR1B, MR2B)
1012H Input Status Register B (SRB)

1014H Input (Reserved)

1016H Input RX Holding Register B (RHRA)
1018H Input (Reserved)

101AH Input Input Port

101CH Input Start Counter Cammand

101EH Input Stop Counter Cammand

1000H Output Mode Register A (MR1A, MR2A)
1002H Output Clock Select Register A (CSRA)
1004H Output Camand Register A (MRA)

1006H Output TX Holding Register A (THRA)
1008H Output Aux. Control Register (ACR)
100AH Output Interrupt Mask Register (IMR)
100CH Output C/T Upper Register (CTUR)
100EH Output C/T Lower Register (CTLR)
1010H Output Mode Register B (MR1B, MR2B)
1012H Output Clock Select Register B (CSRB)
1014H Output Cammand Register B (CRB)
1016H Output TX Holding Register B (THRA)
1018H Output (Reserved)

101AH Output Output Port Configuration Reg (OPCR)
101cH Output Set Output Port Bits Cammand
101EH Output Reset Output Port Bits Cammand

5.3.2 Amxiliary Signals

The 7 input and 8 output general purpose I/0 bits provided by the 2681 are
used to provide control and status signals for a variety of Little Board/186
hardware functions. The 2681's Output Control Register is used to program the
mode of these 15 I/0 pins; the Output Port Register is used to the set the
state of the output pins; the Input Port is used to read the state of the
input pins.

The programmable output pins of the 2681 are set or reset according to values
programmed in the 2681 Output Port Register. Bits of the Output Port Register
can be individually set and reset. A bit is set by performing a write opera-
tion to one I/0 port address, and reset by performing a write operation to a
second I/0 address. NOTE: The actual OP0-OP6 output pin values are the
camplements of the Output Port Register contents. Refer to the 2681 camponent
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data sheet for further details.
The seven 2681 general purpose inputs are utilized as shown in Table 5-5;

signal outputs provided by the 2681's general purpose outputs are shown in
Table 5-6.

Table 5-5. 2681 General Purpose Input Signals

Bit 6 5 4 3 2 1 0

LOOP PAPER SEL -RDY BSY HSIB HSIA

Bit Signal/Function

IP6 LOOP - Looped from output signal OP6; also reads the
status of the diagnostic jumper, JMP12. If JMP12 is
shorted, IP6 will be a 0 regardless of state of OP6.

IP5 -PAPER - Indicates the state of the OUT OF PAPER signal
input from the printer interface (J2 pin 23). Inverted
relative to the level on the connector pin. When the
printer is out of paper this bit is a 0.

I1P4 -SELECTED - Indicates the state of the SELECTED signal
input from the printer interface (J2 pin 25). Inverted
relative to the level on the connector pin. When the
printer is on-line (SELECTED) this bit is a 0.

IP3 DRIVE RDY - Indicates the state of the floppy disk
interface -READY signal (J6 pin 34). The signal is
inverted relative to the connector pin. When this bit
is a 1, the floppy media is up to speed.

IP2 PRINTER BUSY - Indicates the state of the BUSY signal
input from the printer interface (J2 pin 21). Directly
reflects the level on the connector pin. When the
printer is busy, this bit is a 1.

IP1 HSIB - Indicates the state of Serial Port B Handshake
In (HSI) signal (J4 pin 6). When Hand Shake In is
active fram the RS232 interface, this bit is a 1.
Normally used as Channel B CIS.

IPO BSIA - Indicates the state of Serial Port A Handshake
In (HSI) signal (J3 pin 6). When Hand Shake In is
active fran the RS232 interface, this bit is a 1.
Normally used as Channel A CITS.




Table 5-6. 2681 General Purpose Output Signals.

Bit 7 6 5 4 3 2 1 0
INIT LOOP |-FDRST TIMER | -STB HSOB HSOA

Bit Signal/Function

OoP7 INITIALIZE - Initializes the printer, when 1. The
printer interface -INIT signal (J2 pin 26) is inverted
relative to this pin of the 2681.

OP6 LOOP - Looped to input signal IP6. Has no effect when
jumper JMP12 is shorted.

oP5 ~FDRST - Hardware reset signal to the 1772 FDC. When
this bit is a 0, the 1772 is held reset. (NOTE: The
1772 requires a minimunm reset pulse width of 50
microseconds.)

OP4 Not used.

OP3 TIMER - Connected to 80186 Timer Input 1, for use as a
prescaler input to 80186 CTC Channel 1.

OP2 =STROBE - Controls the printer interface -DATA STROBE
signal (J2 pin 1). When this bit is a 0, -DATA STROBE
is in its active low state.

OP1 HSOB - Sets the state of Serial Port B Handshake Out
(HSO) output signal (J4 pin 4). When this bit is a 1,
HSOB is active. Normally used as Channel B RTS.

OP0 HSOA - Sets the state of Serial Port A Handshake Out
(HSO) output signal (J3 pin 4). When this bit is a 1,
HSOA is active. Normally used as Channel A RTS.

NOTE

The 2681's output pins (OP0-7) are the complement of the contents
of the Output Port Register. That is, setting a bit in the
output port register results in a low (0) logic level at the
corresponding output pin, and resetting a bit results in a high

(1) level.

The input pins (IP0-6), however, are not

canplemented. Therefore, the bits of the Input Port directly
reflect the state of the corresponding pins.

5.3.3 Use of the Handshake In Signal

As indicated in Table 5-5, each serial channel has ony a single HANDSHAKE IN

signal, connected to the respective channel's CTS pin on the 2681 serial

controller.

the important input status signal.

However, in most modem applications Data Carrier Detect (DCD) is
In this case, the HANDSHAKE IN signal can

be connected to the modem's DCD signal instead of CTS; the software must

5-9




interpret the signal as DCD rather CTS.

If desired, the board's ROM-BIOS functions (INT14) can be used to transfer
data and read the state of the DCD status signal. Again, "DCD" is not

directly supported, but must be sensed through the "CIS" status bit supplied
by the INT14 status function, since that bit reflects the state of HANDSHAKE

IN status line.

5.4 Parallel Printer Interface

The Centronics printer interface consists of eight output data lines, two
output control signals, and four input status signals. The data output lines
are generated by the Printer Data Register. The output bits of the Printer
Data Register drive the printer interface connector pins directly. The con-
nector signals directly reflect the bit values written to the data register.

The -ACK signal fram the printer interface connector (J2 pin 19) is used to
provide an interrupt input to the 80186. The sense of interrupt sensing is
such that an interrupt occurs when the -ACK signal makes a transition from 0
to 1, or active to inactive.

In addition, two output and three input signals associated with the printer
interface are supported by the 2681 serial controller's general purpose 1/0
pins, as shown in Tables 5-5 and 5-6. Three of these signals are inverted
relative to the printer interface connector (J2), as shown in the following
summary of the five printer control and status signals:

INIT - Generated by 2681 output OP7. When this pin of the 2681 is a 1,
the printer's internal logic is initialized. This output of the 2681
drives J2 pin 26 through an inverting buffer.

=DATA STROBE - Generated by 2681 output OP2. When active, signals the
printer to accept (and print) data. This output of the 2681 drives J2
pin 1 through a non-inverting buffer.

-OUT OF PAPER - Sensed by 2681 input IP5. When 0, indicates that the
printer is out of paper. The signal at 2681 input IP5 is inverted
relative to the signal level at J2 pin 23.

-SELECTED - Sensed by 2681 input IP4. When 0, indicates that the printer
is selected. The signal at 2681 input IP4 is inverted relative to the
signal level at J2 pin 25.

BUSY - Sensed by 2681 input IP2. When 1, indicates that the printer is
busy. The signal at 2681 input IP2 corresponds directly to the signal
level at J2 pin 21,

5.5 Floppy Disk Interface

Most of the floppy disk interface support is provided by the 1772 Floppy Disk

Controller (FDC) device. In addition, the FDC Control Register controls a
number of signals associated with floppy disk interface functions.
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Due to the camplexity of programming of the floppy disk interface, we recom-
mend that you utilize the standard functions available through PC-DOS function
calls and ROM-BIOS interrupts rather than attempting to program this interface
yourself,

The 1772 device is programmed as indicated in its component data sheet. For a
variety of reasons beyond the scope of this document, the ROM-BIOS performs
several functions in software which the 1772 data sheet claims the 1772 can do
automatically. These are: motor on delay, head load delay, seek verifica-
tion.

The 1772's data 1/0 lines (D0-D7) connect to the lower byte (D0-D7) of the
system internal data bus. The 1772's internal registers occupy a block of 8
1/0 addresses, beginning at the default base address of the 1772 programmed by
the ROM-BIOS, 1100H. The A0 and Al address inputs to the 1772 connect to
system address lines Al and A2, respectively. The 1772's internal register
1/0 port addresses are shown in Table 5-1.

The 1772 master reset pin is driven by one of the general purpose output bits
of the 2681 serial controller, OP5. This allows the 1772 to be reset under
software control. OP5 connects directly to the 1772's -RESET pin (pin 13), so
that the 1772 is held in a reset state when 2681 output OP5 is a 0.

Pin 34 of the floppy disk drive interface (J6) connects to the 2681 serial
controller's general purpose input IP3 through an inverting buffer. This
signal is often used as DRIVE READY status signal, but varies among different
drive manufacturers. The ROM-BIOS does not use this signal; software time
delays (for head load and motor on) are used instead.

5.5.1 FDC Control Register

The FDC Control Register provides a number of important functions. The output
bits of the FDC Control Register directly reflect the contents of the byte of
data written to the register by the 80186 CPU. The functions of the eight
output bits of this register are shown in Table 5-7.
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Table 5-7. FDC Control Register Programming.

Bit 7 6 5 4 3 2 1 0

FDCLK | DVASEL] -DDEN | SIDEl Ds4 DS3 DS2 Ds1

Bit

Signal/Function

Bit 7

Bit 6

Bit 5

Bit 4

Bits 0-3 | DS1-DS4 - Floppy disk drive selects. When the bit is

FDC Clock - Selects either 8 mHz (when 0) or 16 mHz
(when 1) as the clock input frequency to the 1772 FDC
device. NOTE: Observe the precautions indicated in
Chapter 5.

DMA Select - Switches the DMA request input to 80186
DMA channel 0 between the 1772 FDC (when 0) and the
5380 SCSI controller (when 1). Please observe the
precaution indicated in Chapter 5.

DDEN - Double density enable. When 0, places the 1772
FDC in double density mode. When 1, enables single
density.

SIDE1l - Side one select. When 1, selects floppy disk

drive side one. When 0, selects side zero.

1, selects the corresponding floppy disk drive. Only
one of these bits should active (1) at a time.

Here is a brief description of the FDC Control Register bit functions:

FDC Clock - Selects either 8 mHz (when low) or 16 mHz (when high) as the
clock input frequency to the 1772 FDC device. Please observe the fol-
lowing precautions in programming this bit:

The 8-INCH SELECT signal allows the 1772 FDC device to send and
receive data at 8-inch drive data rates, by doubling the device's
master clock input frequency. However, the 1772 is currently not
guaranteed to function properly at this doubled clock rate, and
should therefore only be used in this manner with caution. A soft-
ware~-controlled RESET signal has been provided in case the 1772
hangs up when its master input clock is changed during operation.

It is recammended that a FORCED INTERRUPT command be issued to the
1772 immediately following a change in its clock rate, that the
1772's internal registers be re-written following clock changes, and
that the software-controlled RESET only be used when an error is
detected, and as part of the 1772 initialization sequence following
system powerup or reset. It is further recammended that the state
of this bit never be changed while any drive selects are active
(i.e.: deselect all drives, change clock rate, reselect desired
drive, delay appropriate head load delay).
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DMA Select - Switches the DMA request input to 80186 DMA channel 0
between the 1772 FDC (when 0) and the 5380 SCSI controller (when 1).
Please observe the following precaution in programming this bit:

WARNING
Never change the state of this bit while DMA channel
0 is enabled.

DDEN - Double density enable. When 0, places the 1772 FDC in double
density mode. When 1, enables single density.

SIDE1 - Side one select. When 1, selects floppy disk drive side one.

DS1-DS4 - Floppy disk drive selects. When the bit is 1, selects the
corresponding floppy disk drive. Only one of these bits should be active
at a time.

5.6 ID INPUT PORT

This port can either be used for SCSI bus ID, for general purpose jumper
settings, or as an 8-bit general purpose data input port.

The ID input port is read by an 80186 1/0 input instruction. The jumpering of
the eight pairs of pins at location J7 on the board determines the data byte
obtained. The input buffer is non-inverting: the data read directly reflects
the level on the input pin. When a jumper is inserted, the corresponding data
is low (0); when out, the data bit is high (1).

Junper assignment is as follows: J7 pins 1 and 2 corresponds to data bit 0;
pins 3 and 4 are data bit 1; ..; pins 15 and 16 are data bit 7.

The ROM-BIOS default uses for these jumpers is discussed in Chapter 2, Board
Jumper Configurations.

5.7 SCSI/PLUS INTERFACE

The SCSI/PLUS interface is controlled by means of an NCR 5380 SCSI Protocol
Controller device. The 5380 contains 8 readable and 8 writable registers.
These are accessed by 80186 I/0 input and output instructions.

The 5380's data I/0 lines (D0-D7) connect to the lower byte (D0-D7) of the
system internal data bus. The 5380's internal registers and functions occupy
a block of 16 1/0 addresses, beginning at the default base address of the 5380
programmed by the ROM-BIOS, 1080H. The A0-A2 address inputs to the 5380
connect to system address lines Al1-A3. The 5380's internal registers are
shown in Table 5-8.
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Table 5-8. 5380 Internal Registers.

Address | Input/Output Function

1080H Input Current SCSI Data

1082H Input Initiator Camand Register
1084H Input Mode Register

1086H Input Target Command Register

1088H Input Current SCSI Bus Status

108AH Input Bus & Status Register

108CH Input Input Data Register

108EH Input Reset Parity/Interrupt Cammand
1080H Output Output Data Register

1082H Output Initiator Cammand Register
1084H Output Mode Register

1086H Output Target Carmand Register

1088H Output Select Enable Register

108AH Output Start IMA Send Carmmand

108CH Output Start DMA Target Receive Camand
108EH Output Start DMA Initiator Receive

The SCSI/PLUS interface has a wide variety of applications, including:

Use with SCSI (SASI) disk controllers and devices

Use with the AMPRO SCSI/IOP for data acquisition and control
Use as a bidirectional 1/0 port

Use as a multi-master network bus

o0 00

The AMPRO PC-DOS Support Software diskette provides SCSI support for "generic
SCSI" hard disk controllers and drives. If you plan to use SCSI (SASI)
devices not supported by the standard AMPRO drivers and utilities, you can
either create a custom SCSI driver, modify the AMPRO drivers and utilities, or
provide SCSI interface control within your program.

If you plan to program the 5380 yourself, you will probably require a copy
of the NCR 5380 SCSI Interface Chip Design Manual, available through AMPRO for
a nominal charge.

Copies of the ANSI X3T9.2 SCSI specification may be obtained by sending $20
and a self-addressed mailing label (for each copy desired) to:

The X3 Secretariat

Computer and Business Equipment Manufacturers Association
311 First Street, N.W. - Suite 500

Washington, DC 20001

The SCSI/PLUS Preliminary Technical Specification, which details AMPRO's

proposed enhancement to SCSI to allow 64 (rather than 8) bus devices, is
available through AMPRO for a nominal charge.
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5.7.1 SCSI (SASI) Programming

When using the SCSI/PLUS interface with SCSI (SASI) disk controllers, special
programming is not generally required; the AMPRO ROM-BIOS, and PC-DOS Support
Software drivers and utilities accommodate many types of disk controllers and
disk drives. Installation of the hard disk software is all that is generally
required, providing you are using controller and drive types supported.
(Refer to the AMPRO PC-DOS Support Software User's Manual.)

When using the 5380 in SCSI (SASI) applications, care must be taken to meet
the specified timing constraints. For detailed timing information, consult
your peripheral controller's technical manual, or the SCSI specification
referenced above.

5.7.2 Simple Bidirectional 1/0

If you plan to program the 5380 yourself, you will need a copy of the NCR 5380
design manual mentioned above. The 5380 has 17 bidirectional I/0 lines, which
may be used as inputs or outputs under software control.

The 5380 has two operating modes: Initiator and Target modes. In Initiator
mode, several conditions are required before data output to the I/O bus can be
active, If the device is used in the Target mode, however, these special
conditions are not applicable. This results in more straight forward pro-
gramming of simple 1/0 applications, and is recommended for simple bidirec-
tional 1/0.

The 5380 is placed in Target mode by writing 40h to the Mode Register. Once
in Target mode, all 17 I/0 signals except ACK and ATN may be used as both
inputs and outputs. In Target mode, ACK and AIN are inputs only. The data
lines (DB0-7,P) are outputs when bit 0 ("Assert Data Bus") of the Initiator
Command Register is a 1, and inputs when bit 0 of that register is a 0.

Eight additional inputs are available via the ID Input Port, discussed above.
Also, the parallel printer port can also provide an additional set of eight
outputs and five handshake signals, if it not required as a printer interface.

5.8 ROM-BIOS INTERRUPTS

This section provides information on the software interrupts provided by the
Little Board/186 ROM-BIOS. Campatibility with the IBM PC and PC-AT ROM-BIOS
software interrupt calling conventions has been maintained wherever possible.

INT 10H - Video Display

The video display BIOS call is used to send characters to the system
console device connected to the 2681 serial controller's channel A, The
Little Board/186 supports only the "write tty" function. All other INT
10H function calls do nothing. This allows maximum RS232 ASCII terminal
flexibility.

Support of the remaining functions is left to a terminal device driver,
which allows various terminals to be controlled using BIOS calls. The
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required device driver installs itself over the INT 10 vector and fields
the BIOS calls. (See AMPRO PC-DOS Support Software User's Manual.)

If the 2681 automatic hardware handshaking has been enabled, and the 2681
cannot accept an output character, then the driver will hang up until the
character has been sent.

Usage protocal:

OEH, write character in 'AL' to screen
character

AH
AL

All registers preserved

Other INT 10H functions return to caller with no action taken.

INT 11H - Equipment Check
This BIOS call returns the value in the equipment flag stored in RAM at
same location as that used by the IBM ROM-BIOS. This is a ROM constant,
and always indicates: 1 RS232 device, 0 printers, 64K planar ram, boot-

able, 80 x 25 monochrome display, and the number of floppies determined
by the jumpering of J7 pin pairs 1/2 and 3/4 (see Table 2-9).

Usage protocol:

Inputs: none

Output: AX contains the equipment flag, as described above.

INT 12H - Determine Memory Size

This BIOS call returns the total RAM size that is determined by the ROM-
BIOS on powerup or reset. The result is stored in the same location used

by the IBM ROM-BIOS.
Usage protocol:
Inputs: none

Output: AX = number of contiguous 1K blocks of memory
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INT 13H - Hard Disk 1/0

If a 5380 SCSI controller is present on the board, the hard disk support
is installed at interrupt 13H location by the ROM BIOS, first relocating
the floppy interrupt to INT 40H, and then replacing the address at INT
13H.

Usage protocol:

function register
disk reset ah, = 0
return disk status ah, = 1
read sector(s) ah, = 2
write sector(s) ah, = 3
verify sector ah, = 4
format track ah, = 5, note 3
flag bad track ah, = 6, note 2
fomat drive at track ah, = 7, note 2
return drive parameters ah, = 8
set drive parameters ah, = 9, note 1
read with/ecc ah, = A, note 1
write with/ecc ah, = B, note 1
seek ah, = C
reset disk controller ah, = D, note 1
read controller buffer ah, = E, note 2
write controller buffer ah, = F, note 2
test drive ready ah, = 10
recal ibrate ah, = 11
controller ram diagnostics ah, = 12, note 2
disk drive diagnostics ah, = 13, note 2
disk controller diagnostics ah, = 14, note 1
read dasd ah, = 15

Parameters passed in the following registers:

dl, = drive nurber, 0 to 7

dh, = head, 0 or 7

ch, = track nurber, 0 to max track

cl, = sector nunber, 0 to 17, bits 6,7 = msb of track
al, = nurber of sectors to be transfered

es:bx = pointer, segment in es:, offset in bx:

Returns:
good status ah, = 0, sucessful read
al, = nurber of sectors read
cf, = 0, sucessful read
bad status ah, = status
cf, = 1, unsucessful read

Notes: (1) Returns good status
(2) Returns bad status
(3) Does not format track, HFORMAT is used to format.
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INT 14H - RS232 I/0

This BIOS call controls serial channel B of the 2681 and expects to have
a non-zero port address in the RAM data area at 40:0, just as in the IBM
ROM-BIOS.

The serial port address at 40:0 is not used. The port number received in
DX must be 0; if DX has a number greater than zero the call returns a
time out. The initialization function sets the same baud rates, parity
and nunber of bits as does the IBM ROM-BIOS.

The send and receive functions are identical to those of the IBM ROM-
BIOS. Line status (returned in AH) is identical to that returned by the
corresponding IBM ROM-BIOS functions, as the same status information is
available fram the 2681. The status call, however, differs in AL. Only
status bits DSR and CTS are implemented, with DSR always a 1 and CTS
reflecting the signal input to the 2681 from the hand shake in signal on
serial port B, The ring indicator, receive line signal detect, and the
Delta signals are not supported and are always returned as 0. This is
because the 268l does not offer support for these signals. The CTS
signal can be used for a Data Carrier Detect (DCD) sensing by modem
software, provided that the cable between the board and the modem has
appropriate wiring.

Usage protocol:

DX = port number (must be 0)
AH = 0 initialize serial port B, return status in ah
AL = init value, as follows:
bits 7,6,5 - baud rate: 110, 150, 300, 600, 1200, 2400,
4800, or 9600
bits 4,3 - parity: none, odd, even
bit 2 - stop bits: 1or 2
bits 1,0 - bits/char: 7 or 8
AH =1 sends the character in AL, returns status in AH
AH = 2 returns receive character in AL, returns status in AH
AH = 3 returns status in AX

INT 15H - Cassette I/0

This is a null function and returns a timeout.
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INT 16H - Keyboard 1/0

Interrupt 16 returns data input from the 2681 serial controller's
channel A.

This ROM-BIOS call is identical to that of the IBM ROM-BIOS, with the
following two exceptions:

(1) Characters are buffered in the same ring buffer space but no scan
codes are stored. Consequently, there is twice the key buffering
capacity for keystrokes.

(2) A scan code of zero is returned in AH, always. Keyboard shift
status is always returned as caps active (40H), and it is stored at
the same RAM location as in the IBM ROM-BIOS.

Usage protocol:

AH = 0 Returns the next character input from the console.
Result in AL, scan code (always 0) in AH.

AH =1 Sets Z flag to indicate if character available, as follows:

ZF = 1 Key not available
ZF =0 Key "down"

When ZF = 0, the next character in the buffer to be read
is in AX, and entry remains in the buffer.

AH = 2 Returns keyboard shift status in AL, as caps active (40H).

INT 17H - Printer 1/0

The printer I/0 BIOS vector supports the DOS LPT1 device (DX = 0) only,
mapping it to the the board's Centronics printer port. The protocol is
has a few minor differences from that of the IBM ROM-BIOS. The print
character timeout is a fixed constant and not in RAM as the IBM XT and
later use. The printer status returned supports all bits except the
hardware I/0 error bit, which has no cable input comnection. If DX is
non-zero on input, a timeout error results.

Usage protocol:

AH =0 Sends character in AL to printer port, returns status in AH
AH =1 Initializes printer, returns status in AH

AH = 2 Returns printer status in AH

Where: DX = port value. Must be zero or a timeout results.

Outputs: Same status returned as in IBM ROM-BIOS, except I/0 error
bit. All registers except AH are preserved.
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INT 18H - Resident BASIC

The ROM basic interrupt points to the cold boot, as there is no ROM BASIC.

INT 19H - Boot Strap Loader

INT 19H, the boot strap loader interrupt, tries 3 times to read the boot
sector from floppy drive 0 (A). After the 3 floppy tries INT 19H will
attempt to read the boot sector from the hard disk system. During this
sequence if any read is sucessful, the sector read will be tested for
validity. If valid, a jump to the boot sector code is made.

NOTE: If no NCR 5380 is installed the hard disk interrupt is
not installed during system initialization.
INT 1AH - Get/Set Time of Day

Interrupt 1AH is used to get or set the BIOS real time clock. The
following parameters are passed.

function register

get tod ah, =0

returns current time of day
cx, = high count

dx, = low count

al, rollover count value
set tod ah, = 01

cx, = high count

dx, = low count

INT 1BH - Keyboard Break

The Keyboard break interrupt vector is neither called nor supported in
the ROM-BIOS. This is left to the terminal drivers.

INT 1CH - Timer Tick Interrupt

This interrupt is not used by the ROM BIOS and points to an IRET. It is
called during each tick of the timer. (Tick INT 8H, 18 per/sec)

Application programs that need servicing at regular intervals patch this
interrupt for their own status entry routines.
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INT 1DH - Video Initialization

Not wused.

INT 1EH - Diskette Parameters
The diskette I/O does not use the disk parameter table pointer. Also,
the RAM storage location for motor turnoff delay (MOTOR WAIT) is not
used, as the 1772 handles this automatically.

INT 1FH - Video Graphics Characters

Not used.
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INT 40H - Floppy 1/0

The floppy interrupt is installed at INT 40H if the NCR 5380
SCSI interface is installed. If the 5380 is not installed
the floppy I/0 is interrupt 13H.

Usage protocol:

function register

disk reset ah, = 0

disk status ah, = 1, return last disk status
read ah, = 2

write ah, = 3

verify ah, = 4, no data transfered
format track ah, = 5

For functions 2 thru 4 the following registers are used:

dl, = drive numnber, 0 to 3

dh, = head, 0 or 1

ch, = track number, 0 to 79

cl, = sector numnber, 0 to 8, or 0 to 9
al, = nurber of sectors to be transfered

es:bx = pointer, segment in es:, offset in bx:

For function 5, format track, ES:BX points to a table of sector headers
(1 header per sector) with the following format:

1. track number

2. head number (side)
3. sector number

4. bytes per sector

00 = 128 bytes
01 = 256 bytes
02 = 512
03 = 1028
Returns:
good status al, = number of sectors read
ah, = 0, sucessful read
cf, = 0, sucessful read
bad status ah, = status
cf, = 1, unsucessful read

INT 41H - Hard Disk Parameters

Interrupt 41H points to the hard disk parameter table.
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APPENDIX A
TYPICAL INTERFACE CABLES
This Appendix contains wiring information for connection of the two Little
Board/186 serial ports to typical terminals, modems, and serial printers. In
the tables, signal directions are relative to the Little Board/186.
TERMINAL CABLE
Table A-1 lists the pin connections generally used to connect to a terminal.

To reduce EMI radiation, the cable should be shielded, with the shield connec-
ted to the connector shell. The terminal connector can be either male or

female, depending upon the specific terminal.

Table A-1. Typical Temminal Cable Wiring

Board Signal Name Function Terminal
Connector Connector
(J3) (DB-25)

1 Ground Protective Ground 1
5 RxD Data Input 2
3 TxD Data Output 3
4 HSO Handshake Signal Out 5
2 Ground Signal Ground 7
6 HSI Handshake Signal In 20




SERIAL PRINTER CABLE

Table A-2 lists the pin connections generally used to connect Serial Port B to
. To reduce EMI radiation, the cable must be shielded, and

a serial printer

the shield must be connected to the connector shell.
can be either male or female, depending upon the specific printer.

The printer connector

Table A-2. Typical Serial Printer Cable Wiring
Board Signal Name Function Printer
Connector Connector
(J4) (DB-25)
1 Ground Protective Ground 1
5 RxD Data Input 2
3 TxD Data Output 3
4 HSO Hand Shake Out 5
2 Ground Signal Ground 7
6 HSI Hand Shake In (11)*

NOTE
"Handshake Signal In" must connect to the printer's "Busy"
output, i.e., the signal which tells the computer to start/stop
sending data to the printer. The specific printer connector pin
required for "Handshake Signal In" may vary between printers, so
be sure to consult your printer's instruction manual.

MODEM CABLE

Table A-3 lists the pin conmnections generally used to connect to a modem. To
reduce EMI radiation, the cable must be shielded, and the shield connected to
the connector shell. The connector for the computer end must be a male DB-25,
while the modem connector can be either male or female (usually male),

depending upon t

he specific modem,

Table A-3. Typical Modem Cable Wiring
Board Signal Name Function Modem
Connector Connector

(J4) (DB-25)

1 Ground Protective Ground 1

5 RxD Data Input 3

3 TxD Data Output 2

4 HSO Hand Shake Out 20

2 Ground Signal Ground 7

6 HSI Hand Shake In 5




OONNECTORS

Table A-4 lists mating connectors used with the Little Board/186.

Table A-4. Mating Connector Part Numbers
Board Function Part Nurber
Connector
J1 Power Connector Housing: AMP 1-480424-0
Contacts: AMP 60619-1
(4 req.)
J2 Parallel Printer, 3M: 3399-6000
Board end T&B: 609-2601M
Molex: 15-29-8262
Parallel Printer, AVIP: 57F-30360
Printer end 3M: 3366-1001
T&B: 609-36M
J3,4 Serial Ports A,B Housing: Molex 22-01-2067
Contacts: Molex 08-50-0114
(6 req.)
Jd5 RESET, Power LED Housing: Molex 22-01-2047
Contacts: Molex 08-50-0114
(4 req.)
J6 Floppy Disk Interface | 3M: 3463-0001
(Card edge connectors)| T&B: 609-3415M
Molex: 15-29-0341
J8 SCSI/PLUS Interface T&B: 609-5000M
Molex: 15-29-8502
Berg: 66902-150







APPENDIX B

BOARD DIAGRAM, PARTS LIST, AND SCHEMATIC
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-OMPRO_COMPUTERS_INCORPORATED -_PARTS_LIST

ASSEMBLY: AGO061.001 - Little Board 186 REV: A DATE: 06/14/85
REF aTy DESCRIPTION VENDOR P/N AMPRO P/N
C1-4,7, 3 CAP CER AXIAL .1UF MRA RPA2O-ZSU-104150 90514-001
10-13, +80% -20% 5oV CRN CACO2Z5U104Z050A 90514-001
16-38 UNI CGC104ZDZ 90514-001
€s,6,9 3 CAP ELC RADIAL 1@UF UCK LL25VB1@-M 90522-001
.100-0C 20% 25V ALB LBRIE1GOS-M 90522-001
ce 1 CAP TANT 33UF 10V SPR 199D336X0@10DB1 90522-003
c14 1 CAP CER 1@PF AXIAL CORNING CACO2X74100K100A 90514-002
c15 (1 CAP CER SPF AXIAL  (OPTION) 00000-000
J7 1 CONN HDR 16POS .100-0C STR SRE THDEIIEWIS 90907-007
J2 1 CONN HDR 26POS .10@-0C STR SAE THDEI2EWIS 90907-002
J1 1 CONN HDR 4POS SIL RT/AB MLX 8981-4R-1 90907-001
JS 1 CONN HDR 4POS SIL RT/AB MLX 22-05-3041 90907-004
J8 1 CONN HDR S@POS .10@-0C STR SRE THDEISOWIS 90907-009
J3, 4 2 CONN HDR 6P0S SIL RT/AG MLX 22-05-3061 90907-003
JnP1,5,7 3 CONN HDR 2P0S . 100-0C MLX 22-18-2021 90905-001
AMP 64112-2 90905-001
Jmp2 1 CONN HDR 3POS .100-0C 90905-003
JMPS 1 CONN SHUNT 2P0S . 100-0C MLX 15-38-1024 90905-002
(.4@" MAX HEIGHT REGUIRED) 90905-802
Y1 1 CRYSTAL 3.6864 MHZ US CRYSTALS #51636864 90824 -002
CR1 1 DIODE 1N4148 90300-001
Vel 1 HYBRID DC/DC CONV -12V ELPAC/TDK CB3811 90702-001
u12 1 HYBRID DELAY 1@ONS DATRONIC LTD #DL6307 90690-081
BELL FUSE #0447-0100-02 90690-001
T3 1 HYBRID OSC 16MHZ 8RX NCT@70C16MHZ 90824-0801
NDK TD114R-16. 00OMHZ 90824-001
U1t 1 IC RAM CONTROLLER AMPRO A75509
u13 1 IC 1/0 CONTROLLER AMPRO A75506
u33 1 IC 1770 FLOPPY CTRLR 90670-001
u1s 1 IC 2681 BERIAL CTRLR SI1GNETICS/MOTOROLA 90670-007
ue 1 IC 2764 25ONS PROGRAMMED  INTEL/AMD/MITS/FUJ/TI/SEEQ A75503
u1e 1 IC 2764 25ONS PROGRAMMED  INTEL/AMD/MITS/FUJ/TI/SEEGSU  A75504
U24-31, 16 IC 41256 RAM 15ONS ase FUJITSU ONLY w#&# 90680-003
37-44 90680-003
U6 1 IC 5380 SCSI CTRLR 90670-005
Ua?7 1 IC 7406 90620-003
U46 1 IC 7438 90620-018
U4S 1 IC 74F00 90620-019
uts,21 2 IC 74L8157 90620-010
us2 1 IC 74L8240 90620-007
U34,36 3 IC 74L8244 90620-013
U4 1 IC 74L8245 90620-023
uss 1 IC 74HCT273 90650-004
v, 2,3 3 IC 74HCT373 90650005



AMBRO_COQMPUTERS INCORPQRATED - _PARTS LIST

ASSEMBLY: R60061.001 - Little Board 186 REVs A DATE: 06/14/8%
REF ary DESCRIPTION VENDOR P/N AMPRO P/N
u23 1 IC 74L8374 90628-015
ua 1 IC 75188/1488 90662-001
u7 1 IC 75189/1489A 90660082
us 1 IC 80186 8MHZ #C-STEP ONLY# INTEL/AMD 98670006
uiz,e2 2 RES PK 14 DIP 12-220/330 90014-004
- 1 PCB FAB BRD MODEL 2R A1 3005
- 1 SERIAL LABEL, MODEL 2R AE0O73
R2 1 RES CF 10 5% 1/4W 92015003
R4 1 RES CF 10K 3% 1/4W 90015-007
RS 1 RES CF 33 SX% 1/4W 90015-004
R3 1 RES CF 330 5% 1/4W 90015-006
R6 1 RES CF 4.7K 5% 1/44 90015-083
R7 1 RES CF 47 5% 1/44 90015-009
R1 1 RES CF S1K 5% 1/4W 90015008
RP7 1 RES PK 8SIP 7-330 90014-001
RP3,4,6 3 RES PK 8SIP 4-33 (INDIV) A/B #108B330 90014-005
RP1,5,8, S RES PK 8SIP 7-4700@ 90014-003
9,10 90014-003
ut7,22 @2 SOCKET IC 14P0S D/W JNE J23-5014 90800-003
uz,8, 32, (6) SOCKET IC 14P0S D/W (OPT)  JINE J23-5014 90800-0083
45, 46,47 90800-083
u24-31, 16 SOCKET iC 16P0S D/W JNE J23-5016 90800-006
37-44 90890-006
uis, 21 (@) SOCKET IC 16P0S D/W (OPT)  JNE J23-35016 90800-006
uL,2,3, (18) SOCKET IC 28P0S D/W (OPT) JNE J23-35020 90800-007
4,11,13, 90800007
23, 34, 35, 36 90800-007
us, 10,33 3 SOCKET IC 28P0S D/W JNE J23-5028 90800-004
uis,16 2 SOCKET IC 4@P0S D/W JNE J23-5040 90800-082
AMP 2-640379-3 90800-002
us 1 SOCKET IC 68P0S TEXTOOL/3M # 268-5400-00-1102 9J0800-0035
AMP # 22722777 90800-005
us 1 SOCKET HDR 68P0S SAMTEC # MPARS-68-88T-11 90800008
MUPAC # 3894068-02 90800-008
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intel IAPX 186

The Intel IAXP 186 (80186 part number) is a highly integrated 16-bit microprocessor. The iAPX 186 eHectively
combines 15-20 of the most common iAPX 86 system components onto one. The 80186 provides two times
greater throughput than the standard 5 MHz iIAPX 86. The 1APX 186 is upward compatible with iAPX 86 and 88
software and adds 10 new instruction types to the existing set.
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Figure 2. 80186 Pinout Diagram
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IAPX 186

Tabie 1. 80186 Pin Description

Symbol

Pin No.

Type

Name and Function

Vee. Voo

9,43

System Power: + 5 voit power supply.

26, 60

System Ground.

RESET

57

|
|
o

Reset Output indicates that the 80186 CPU is being reset, and can
be used as a system reset. It is active HIGH, synchronized with the
processor clock, and lasts an integer number of clock periods
corresponding to the length of the signal.

X1, X2

59, 58

Crystal Inputs, X1 and X2, provide an external connection for a
fundamental mode parallel resonant crystal for the internal crystal
oscillator. X1 can interface to an external clock instead of a crystal.
In this case, minimize the capacitance on X2 or drive X2 with
complemented X1. The input or oscillator frequency is internally
divided by two to generate the clock signal (CLKOUT).

CLKOUT

56

Clock Output provides the system with a 50% duty cycle waveform.
All device pin timings are specified relative to CLKOUT. CLKOUT
has sufficient MOS drive capabilities for the 8087 Numeric
Processor Extension.

24

System Reset causes the 80186 to immediately terminate its
present activity, clear the internal logic, and enter a dormant state.
This signal may be asynchronous to the 80186 clock. The 80186
begins fetching instructions approximately 7 clock cycles after RES
is returned HIGH. RES is iequired to be LOW for greater than 4
clock cycles and is internally synchronized. For proper initialization,
the LOW-to-HIGH transition of must occur no sooner than 50
microseconds after power up. This input is provided with a Schmitt-
trigger to facilitate power-on generation via an RC network.
When RES occurs, the 80186 will drive the status lines to an
inactive level for one clock, and then tri-state them.

47

TEST is examined by the WAIT instruction. If the TEST input is
HIGH when "“WAIT" execution begins, instruction execution will
suspend. TEST will be resampled until it goes LOW, at which time
execution will resume. If interrupts are enabled while the 80186 is
waiting for TEST, interrupts will be serviced. This input is
synchronized internally.

TMR IN O,
TMRIN 1

Timer Inputs are used either as clock or control signals, depending
upon the programmed timer mode. These inputs are active HIGH
(or LOW-1t0-HIGH transitions are counted) and internally
synchronized.

TMR OUT 0,
TMR OUT 1

22
23

Timer outputs are used to provide single pulse or continous
waveform generation, depending upon the timer mode selected.

DRQO
DRQ1

18
19

--|00

DMA Request is driven HIGH by an external device when it desires
that a DMA channel (Channel 0 or 1) perform a transfer. These
signals are active HIGH, level-triggered, and internally
synchronized.

NMI

46

Non-Maskable Interrupt is an edge-triggered input which causes a
type 2 interrupt. NM! is not maskable internally. A transition from a
LOW to HIGH initiates the interrupt at the next instruction boundary.
NM! is latched internally. An NMI duration of one clock or more will
guarantee service. This input is internally synchronized.

INTO, INT1
INT2/INTAD
INT3/INTAY

45,44
42
41

1710
170

Maskable Interrupt Requests can be requested by strobing one of
these pins. When configured as inputs, these pins are active HIGH.
Interrupt Requests are synchronized internally. INT2 and INT3 may
be configured via software to provide active-LOW interrupt-
acknowledge output signals. All interrupt inputs may be configured
via software to be either edge- or level-triggered. To ensure
recognition, all interrupt requests must remain active until the
interrupt is acknowledged. When iRMX mode 1s selected, the
function of these pins changes (see Interrupt Controller section of
this data sheet).

3
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IAPX 186

Tabie 1. 80188 Pin Description (Continued)

Symbol

Pin No. Type

Name and Function

A19/86,
A18/S5,
A17/54,
A16/S3

65
67

&
0000

Address Bus Outputs (16-19) and Bus Cycle Status (3-6) reflect the
four most significant address bits during T4. These signals are active
HIGH. During T2, T3, Tw, and T, status information is available on
these lines as encoded below:

Low High

S8 Processor Cycle DMA Cycle

S3, S4, and S5 are defined as LOW during To-T,.

AD15-ADO

10-17, 110
1-8

Address/Data Bus (0~ 15) signals constitute the time multiplexed
memory or |/0 address (T1) and data (T, T3, Tw. and T4) bus. The
bus is active HIGH. Ay is analogous to B%E for the lower byte of the
data bus, pins D7 through Dy. It is LOW during T4 when a byte is to
be transferred onto the lower portion of the bus in memory or I/0
operations.

BHE/S7

During T4 the Bus High Enable signal should be used to determine if
data is to be enabled onto the most significant half of the data bus;
pins D15-Dg. BHE is LOW during T4 for read, write, and interrupt
acknowledge cycles when a byte is to be transferred on the higher
half of the bus. The S7 status information is available during T, T3,
and T4. Sy is logically equivalent to BHE. The signal is active LOW,
and is tristated OFF during bus HOLD.

BHE and A0 Encodings

BHE value A0 Value Function

0 0 Word Transfer

0 1 Byte Transfer on upper half of
data bus (D15-D8)

1 0 Byte Transfer on lower half of
data bus (D7-Dg)

1 1 Reserved

ALE/QSO

61 o

Address Latch Enable/Queue Status 0 is provided by the 80186 to
latch the address into the 8282/8283 address latches. ALE is active
HIGH. Addresses are guaranteed to be valid on the trailing edge of
ALE. The ALE rising edge is generated off the rising edge of the
CLKOUT immediately preceding T4 of the associated bus cycle,
effectively one-half clock cycle earlier than in the standard 8086. The
trailing edge is generated off the CLKOUT rising edge in Ty as in the
8086. Note that ALE is never floated.

WR/Qs1

63 o

Write Strobe/Queue Status 1 indicates that the data on the bus is to
be written into a memory or an |1/0 device. WR is active for T, T3,
and Ty of any write cycle. It is active LOW, and floats during
"“HOLD." It is driven HIGH for one clock during Reset, and then
floated. When the 80186 is in queue status mode, the ALE/QS0 and
WR/QS1 pins provide information about processor/instruction
queue interaction.

Qs Qso Queue Operation

0 0 No queue operation

0 1 First opcode byte fetched from
the queue

1 1 Subsequent byte fetched trom
the queue

1 0 Empty the que

Reproduced with permission from Intel Corporation




IAPX 186

Table 1. 80188 Pin Description (Continued)

Symbol

Pin No.

Type

Name and Function

RD/O8MD

62

(o)

Read Strobe indicates that the 80186 is performing a memory or 170
read cycle. RD is active LOW for T, T3, and Ty of any read cycle. It
is guaranteed not to go LOW in T until after the Address Bus is
fioated. RD is active LOW, and floats during *HOLD". RD is driven
HIGH for one clock during Reset, and then the output driver is
floated. A weak internal pull-up mechanism of the line holds it
HIGH when the line is not driven. During RESET the pin is sampled
to determine whether the 80186 should provide ALE, WR and RD, or
if the Queue-Status should be provided. should be connected to
GND to provide Queue-Status data.

ARDY

55

Asynchronous Ready informs the 80186 that the addressed memory
space or I/0 device will complete a data transfer. The ARDY input
pin will accept an asynchronous input, and is active HIGH. Only the
rising edge is internally synchronized by the 80186. This means that
the falling edge of ARDY must be synchronized to the 80186 clock. If
connected to Vcc, no WAIT states are inserted. Asynchronous ready
(ARDY) or synchronous ready (SRDY) must be active to terminate a
bus cycle. If unused, this line should be tied LOW.

SRDY

49

Synchronous Ready must be synchronized externally to the 80186.
The use of SRDY provides a relaxed system-timing specification on
the Ready input. This is accomplished by eliminating the one-half
clock cycle which is required for internally resolving the signal level
when using the ARDY input. This line is active HIGH. If this line is
connected to Vgc, no WAIT states are inserted. Asynchronous ready
(ARDY) or synchronous ready (SRDY) must be active before a bus
cycle is terminated. If unused, this line should be tied LOW.

LOCK

48

LOCK output indicates that other system bus masters are not to gain
control of the system bus while LC%K is active LOW. The LOCK
signal is requested by the LOCK prefix instruction and is activated at
the beginning of the first data cycle associated with the instruction
following the LOCK prefix. It remains active until the completion of
the instruction following the LOCK prefix. No prefetches will occur
while COCK is asserted. When executing more than one LOCK
instruction, always make sure there are 6 bytes of code between the
end of the first LOCK instruction and the start of the second LOCK
instruction. LOCK is active LOW, is driven HIGH for one clock during
RESET, and then floated.

52-54

Bus cycle status 50-32 are encoded to provide bus-transaction
information:

80186 Bus Cycle Status information

52 _§i 5 Bus Cycle Initiated
0 0 0 Interrupt Acknowledge

0 0 1 Read I/0

0 1 0 Write 110

0 1 1 Halt

1 0 0 Instruction Fetch

1 0 1 Read Data from Memory
1 1 0 Write Data to Memory

1 1 1 Passive (no bus cycle)

The status pins fioat during "HOLD."

52 may be used as a logical M/ID indicator, and 57 as a DT/R
indicator.

The status lines are driven HIGH for one clock during Reset, and
then floated until a bus cycle begins.

Reproduced with permission from Intel Oomoﬁtion
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IAPX 186

Table 1. 80188 Pin Description (Continued)

Symbol

Pin No.

Type

Name and Function

HOLD (input)
HLDA (output)

51

|
(0]

HOLD indicates that another bus master is requesting the iocal bus.
The HOLD input is active HIGH. HOLD may be asynchronous with
respect to the 80186 clock. The 80186 will issue a HLDA (HIGH) in
response to a HOLD request at the end of T4 or T,. Simultaneous
with the issuance of HLDA, the 80186 will float the local bus and
control lines. After HOLD is detected as being LOW, the 80186 will
lower HLDA. When the 80186 needs to run another bus cycle, it will
again drive the local bus and control lines.

34

Upper Memory Chip Select is an active LOW output whenever a
memory reference is made to the defined upper portion (1K-256K
block) of memory. This line is not floated during bus HOLD. The
address range activating UCS is software programmable.

33

Lower Memory Chip Select is active LOW whenever a memory
reference is made to the defined lower portion (1K -256K) of
memory. This line is not floated during bus HOLD. The address
range activating LCS is software programmable.

MCS0-3

38, 37, 36, 35

‘Mid-Range Memory Chip Select signals are active LOW when a

memory reference is made to the defined mid-range portion of
memory (8K-512K). These lines are not floated during bus HOLD.
The address ranges activating MCS0-3 are software
programmable.

PCS14

25
27,28, 29, 30

Peripheral Chip Select signals 0-4 are active LOW when a
reference is made to the defined peripheral area (64K byte 1/0
space). These lines are not floated during bus HOLD. The address
ranges activating PCS0-4 are software programmable.

PC35/A1

K}

Peripheral Chip Select 5 or Latched. A1 may be programmed to
provide a sixth peripheral chip select, or to provide an internally
latched A1 signal. The address range activating PCS5 is software
programmable. When programmed to provide latched. A1, rather
than PCSB5, this pin will retain the previously latched value of A1
during a bus HOLD. A1 is active HIGH.

PC36/A2

32

Peripheral Chip Select 6 or Latched A2 may be programmed to
provide a seventh peripheral chip select, or to provide an internally
latched A2 signal. The address range activating PCS6 is software
programmable. When programmed to provide latched A2, rather
than PCSE, this pin will retain the previously latched value of A2
during a bus HOLD. A2 is active HIGH.

DT/R

40

Data Transmit/Receive controls the direction of data flow through
the external 8286/8287 data bus transceiver. When LOW, data is
transferred to the 80186. When HIGH the 80186 places write data
on the data bus.

39

Data Enable is provided as an 8286/8287 data bus transceiver
output enable. is active LOW during each memory and I/0
access. DEN is HIGH whenever DT/R changes state.
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IAPX 186

FUNCTIONAL DESCRIPTION

introduction

The following Functional Description describes the
base architecture of the iAPX 186. This architecture
is common to the iAPX 86, 88, and 286 microproces-
sor families as well. The iAPX 186 is a very high
integration 16-bit microprocessor. It combines
15-20 of the most common microprocessor system
components onto one chip while providing twice the
performance of the standard iAPX 86. The 80186 is
object code compatible with the iAPX 86, 88 micro-
processors and adds 10 new instruction types to the
existing iAPX 86, 88 instruction set.

IAPX 186 BASE ARCHITECTURE

The iAPX 86, 88, 186, and 286 family all contain the
same basic set of registers, instructions, and ad-
dressing modes. The 80186 processor is upward
compatible with the 8086, 8088, and 80286 CPUs.

Register Set

The 80186 base architecture has fourteen registers
as shown in Figures 3a and 3b. These registers are
grouped into the following categories.

General Registers

Eight 16-bit general purpose registers may be used
to contain arithmetic and logical operands. Four of
these (AX, BX, CX, and DX) can be used as 16-bit
registers or split into pairs of separate 8-bit registers.

Segment Registers

Four 16-bit special purpose registers select, at any
given time, the segments of memory that are imme-
diately addressable for code, stack, and data. (For
usage, refer to Memory Organization.)

Base and Index Registers

Four of the general purpose registers may also be
used to determine offset addresses of operands in
memory. These registers may contain base address-
es or indexes to particular locations within a seg-
ment. The addressing mode selects the specific reg-
isters for operand and address calculations.

Status and Control Registers

Two 16-bit special purpose registers record or alter
certain aspects of the 80186 processor state. These
are the Instruction Pointer Register, which contains
the offset address of the next sequential instruction
to be executed, and the Status Word Register, which
contains status and control flag bits (see Figures 3a
and 3b).

Status Word Description

The Status Word records specific characteristics of
the resuit of logical and arithmetic instructions (bits
0, 2, 4, 6, 7, and 11) and controls the operation of
the 80186 within a given operating mode (bits 8, 9,
and 10). The Status Word Register is 16-bits wide.
The function of the Status Word bits is shown in
Table 2.

1081 sPECiAL
REGISTER REGISTER
NAME FUNCTIONS
’ 07 0
ovTe o oam A
MULTIPLY /DIVIDE
ADORESSABLE 1/0 INSTRUCTIONS
e ox| om o
REGISTER
NAME S
SHOWN) cx =) =Y } LOOP/SMIFT/REPEAT /COUNT
x| .
BASE REGISTERS
»
.
WOEX
o
» } sracxromen
" )
QENERAC
AEQNTERS

18 °
cs CODE SEGMENT SELECTOR
o8 DATA SEGMENT SELECTOR
8 STACK SEGMENT SELECTOR
[£] EXTRA SEGMENT SELECTOR
SEGMENT REGISTERS
18 [}
(4 STATUR WORD
» INETRUCTION POINTER
STATUS AND CONTROL
REQISTERS

Figure 3a. 80188 General Purpose Register Set
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IAPX 186

SYATUS FLAGS
CannY
oty
AVARARY CARRY
nno
onwiow —
1" " 13 AL 1" W . [] ? [] L] L 3 3 A (]
$7a7U8 WoRD: \W\WEAEZEREA I\ E3\\ EA\\ K3
CONTROL PLAGS
TRAP FLAG
tasLe
OMECTION FLAG
WNTEL PESEAVED 210451-4
Figure 3b. Status Word Format
Table 2. Status Word Bit Functions instruction Set
Bit Name Function The instruction set is divided into seven categories:
Position data transfer, arithmetic, shift/rotate/logical, string

0 CF | Carry Flag—Set on high-order manipulation, control transfer, high-level instruc-
bit carry or borrow; cleared tions, and processor control. These categories are
otherwise summarized in Figure 4.

2 PF | Parity Flag—Set if low-order 8 An 80186 instruction can reference anywhere from
bits of result contain an even zero to several operands. An operand can reside in
number of 1-bits; cleared a register, in the instruction itself, or in memory. Spe-
otherwise cific operand addressing modes are discussed later

4 AF | Set on carry from or borrow to in this data sheet.
the low order four bits of AL;
cleared otherwise Memory Organization

6 ZF | Zero Flag—Set if result is zero; ryorg
cleared otherwise Memory is organized in sets of segments. Each seg-

- ] ment is a linear contiguous sequence of up to 64K

7 SF g:g:gf‘f;i:hﬁ‘}g’iz to high- (216) 8-bit bytes. Memory is addressed using a two-
1if negative) po ' component address (a pointer) that consists of a 16-

eg bit base segment and a 16-bit offset. The 16-bit

8 TF | Single Step Flag—Once set, a base values are contained in one of four internal
single step interrupt occurs segment register (code, data, stack, extra). The
after the next instruction physical address is calculated by shifting the base
executes. TF is cleared by the value LEFT by four bits and adding the 16-bit offset
single step interrupt. value to yield a 20-bit physical address (see Figure

P IF_| Interrupt-enable Flag—When 5). This allows for a 1 MByte physical address size.
set, maskable interrupts will Al instructions that address operands in memory
cause the CPU to transfer must specify the base segment and the 16-bit offset
control to an interrupt vector value. For speed and compact instruction encoding,
specified location. the segment register used for physical address gen-

10 DF | Direction Flag—Causes string eration is implied by the addressing mode used (see
instructions to auto decrement Table 3). These rules follow the way programs are
the appropriate index register written (see Figure 6) as independent modules that
when set. Clearing DF causes require areas for code and data, a stack, and access
auto increment. to external data areas.

" OF | Overflow Flag—Set if the Special segment override instruction prefixes allow
signed result cannot be the implicit segment register selection rules to be
expressed within the number overridden for special cases. The stack, data, and
of bits in the destination extra segments may coincide for simple programs.
operand; cleared otherwise
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IAPX 186
GENERAL PURPOSE MOVS Move byte or word string
MoV Move byte or word INS Input bytes or word string
PUSH Push word onto stack OUTS Output bytes or word string
poP Pop word off stack CMPS Compare byte or word string
PUSHA Push all registers on stack SCAS Scan byte or word string
POPA Pop all registers from stack LODS byte of word stnng
XCHG Exchange byte or word :
XLAT Translate byte STOS Store byte or word string
INPUT/OUTPUT REP Repeat
IN input byte or word REPE/REPZ Repeat while equal/zero
our Output byte or word REPNE/REPNZ Repeat while not equal/not zero
ADDRESS OBJECT LOGICALS
LEA Load effective address :z; :::;”M' or won;
LDS Load pointer using DS - Fme o: o
LES Load oot ng ES OR Inclusive or" byte or word
0ac pointer using XOR *Exclusive or" byte or word
FLAG TRANSFER TEST “Test" byte or word
LAHF Load AH register from flags SHIFTS
SAHF Store AH register in flags SHL/SAL Shift logical/arithmetic left byte or word
PUSHF Push flags onto stack SHR Shift logical right byte or word
POPF Pop flags off stack SAR Shift arithmetic right byte or word
ADDITION ROTATES
ADD Add byte or word ROL Rotate left byte or word
ADC Add byte or word with carry ROR Rotate nght byte or word
INC Increment byte or word by 1 RCL Rotate through carry left byte or word
AAA ASCII adjust for addition RCR R::;;';'::&:g::gm byte or word
DAA Decimal adjust for addition STC et "
carry flag
SUBTRACTION
suB Subtract byte of word g::; Clear cary ""“ -
SBB Subtract byte or word with borrow P o d-l' ’Tn :‘W 29
DEC Decrement byte or word by 1 oLD Cl:a :cozn aﬂg
r direction flag
NEG Negate byte or word
CMP c parey:»yte o word STI - Set interrupt enable flag
AAS ASCII adjust for subtraction cu exrz::::‘;?:;::::::?non
DAS Decimal adjust for subtraction
MULTIPL) C'ATI ON HLT Halt until interrupt or reset
- - WAIT Wait for TEST pin active
MUL Multiply byte or word unsigned ESC E 1o ox1onsion Processor
UL intager Multply byte of word LOCK Lock bus during next ‘i’nstruction
AAM ASCII adjust for multiply - OPE::TION
DIVISION
DIV Diide byte or word unsigned NOP__ | Nooperation
oV "t divide byte of :: ” HIGH LEVEL INSTRUCTIONS
AAD As?: adiost for divie ENTER Format stack for procedure entry
CBW Convert L Ve 1o word LEAVE Restore stack for procedure exit
WD C word 10 " BOUND Detects values outside prescribed range

Figure 4. IAPX 186 Instruction Set
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CONDITIONAL TRANSFERS JO Jump if overfiow

JA/INBE Jump if above/not below nor equal JP/JPE Jumg il parity/parity even
JAE/JINB Jump if above or equal/not below Js Jump ff sign
JB/JNAE Jump f below/not above nor equal UNCONDITIONAL TRANSFERS
JBE/JINA Jump if below or equal/not above CALL Call procedure
JC Jump if carry RET Return from procedure
JE/JZ Jump if equal/zero JMP Jump
JG/JNLE Jump if greater/not less nor equal ITERATION CONTROLS
JGE/JINL Jump if greater or equal/not less LOOP Loop
JL/IUNGE Jump if less/not greater nor equal LOOPE/LOOP2Z Loop if equal/zero
JLE/ING Jump if less or equal/not greater LOOPNE/LOOPNZ Loop if not equal/not zero
JNC Jump if not carry JCXZ Jump if register CX = 0
JNE/INZ Jump if not equal/not zero INTERRUPTS
JNO Jump if not overflow INT Interrupt
JNP/JPO Jump if not parity/parity odd INTO Interrupt if overfiow
JNS Jump if not sign IRET Interrupt returm

Figure 4. IAPX 186 Instruction Set (Continued)

To access operands that do not reside in one of the

four immediately available segments, a full 32-bit

pointer can be used to reload both the base (seg-
ment) and offset values.

U ARVIATI NI SEGMENT
aase
LoGICAL
¢ e 22 OFFSEY

r=- [0
[

" 0
R
" °

10 EmORY 210451-5

Figure 5. Two Component Address

Table 3. Segment Register Selection Rules

Memory | Segment
Reference | Register "g::':;:'so:gaﬁ"
Needed Used

Instructions | Code (CS) | Instruction prefetch and
immediate data.

Stack Stack (SS) | All stack pushes and
pops; any memory
references which use BP
Register as a base
register.

External Extra (ES) | All string instruction

Data references which use

(Global) the DI register as an
index.

Local Data | Data (DS) | All other data references.

r---1
] !
cooe
MOOULE A
DATA
| [
] [
cooe ey
MOOULE 8
DATA cooe
] ] 1 OATA
| [}
sTACK
PROCESS
STACK EXTRA
SEQMENT
REGISTERS
| '
' ]
PROCESS
DATA
LOCK 1|
| ]
I '
OATA
8LocK 2
| ]
[ QR |
asonY
210451-6
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Figure 8. Segmented Memory Helps
Structure Software
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IAPX 186

Addressing Modes

The 80186 provides eight categories of addressing
modes to specify operands. Two addressing modes
are provided for instructions that operate on register
or immediate operands:

® Register Operand Mode: The operand is located
in one of the 8- or 16-bit general registers.

® /mmediate Operand Mode: The operand is in-
ciuded in the instruction.

Six modes are provided to specify the location of an
operand in a memory segment. A memory operand
address consists of two 16-bit components: a seg-
ment base and an offset. The segment base is sup-
plied by a 16-bit segment register either implicitly
chosen by the addressing mode or explicitly chosen
by a segment override prefix. The offset, also called
the effective address, is calculated by summing any
combination of the following three address ele-
ments:

o the displacement (an 8- or 16-bit immediate value
contained in the instruction);

o the base (contents of either the BX or BP base
registers); and

o the index (contents of either the S| or DI index
registers).

Any carry out from the 16-bit addition is ignored.
Eight-bit displacements are sign extended to 16-bit
values. '

Combinations of these three address elements de-
fine the six memory addressing modes, described
below.

® Direct Mode: The operand's offset is contained in
the instruction as an 8- or 16-bit displacement el-
ement.

® Register Indirect Mode: The operand’s offset is in
one of the registers Si, DI, BX, or BP.

o Based Mode: The operand's offset is the sum of
an 8- or 16-bit displacement and the contents of
a base register (BX or BP).

e /ndexed Mode: The operand'’s offset is the sum
of an 8- or 16-bit displacement and the contents
of an index register (S or DI).

o Based Indexed Mode: The operand's offset is the
sum of the contents of a base register and an
Index register.

® Based indexed Mode with Displacement: The op-
erand’s offset is the sum of a base register's con-
tents, an index register's contents, and an 8- or
16-bit displacement.

1"

Data Types

The 80186 directly supports the following data

types:

® /nteger: A signed binary numeric value contained
in an 8-bit byte or a 16-bit word. All operations
assume a 2's complement representation.
Signed 32- and 64-bit integers are supported us-
ing the iAPX 186/20 Numeric Data Processor.

® Ordinal: An unsigned binary numeric value con-
tained in an 8-bit byte or a 16-bit word.

® Pointer: A 16- or 32-bit quantity, composed of a
16-bit offset component or a 16-bit segment base
component in addition to a 16-bit offset compo-
nent.

e String: A contiguous sequence of bytes or words.
A string may contain from 1 to 64K bytes:

e ASCII: A byte representation of alphanumeric and
control characters using the ASCIl standard of
character representation.

® RCD: A byte (unpacked) representation of the
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