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PREFACE 

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

Chapter 1 

Chapter 2 

Chapter 3 

Chapter 4 

Chapter 5 

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

IN1'EX1RATING 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. 

OPERATION WITH PC-DOS - Discussion of PC and PC-DOS compati
bility. Infonnation on system customization options, including 
use wi th various types of printers, modems, and floppy and hard 
disk configurations. Also includes brief descriptions of the 
AMPRD-specific DOS utili ties and drivers. 

THEORY OF OPERATION - Detailed technical infonnation on Little 
Board/186 hardware. 

~ERS' REFERENCE - Port addresses and other programning 
considerations for custom programning of Little Board/186, 
including infonnation pertaining to use of the ~A-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 tradanarks used wi thin this docunent: 

IBM: International Business Machines 
MS-DOS: Microsoft Corp. 
IDlUS 1-2-3: Lotus Developrent Corp. 
LITTLE BOARD, LITTLE BOARD/186, SCSI/PLUS: AMPRO Ccnputers, Inc. 

Copyright (C) 1985, 1986 AIIPRO COMPUTERS INCORPORATED 

No part of this document may be reproduced in any form, for coomercial 
purposes without the express written consent of AMPRO CXlMPUI'ERS, INCXEPORATED. 
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CHAPTER 1 

INTRODUCTION 

The Little Board/186 is a compact, high perfonnance 16-bit, pc-ooS based 
single board canputer capable of replacing an entire canputer system in many 
embedded microcanputer applications. 

Included on the 5.75 X 7.75 inch SBC are an 8 mHz 80186 16-bi t 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/O 
expansion bus. The SCSI bus serves multiple functions, including interface to 
hard disk controllers, inter-board networking, and I/O port expansion~ 

Typical Little Board/186 applications include network file servers, robotics, 
data logging, protocol conversion, data base proceSSing, point-of-sale 
terminals, teleconrnunications, and industrial process control. In such 
applications, the board's 8 MHz 80186 16-bit microprocessor provides up to a 
four-fold perfonnance 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 rtm standard IBM OOS versions 2.x and OOS 
3.x, using a standard ASCII terminal connected to one of the board's serial 
ports as the console (keyboard and display) device. "MS-OOS generic" software 
normally runs wi thout modi fication in this envirorrnent. However, IBM pC video 
canpatibility (e.g. programs which wri te directly to "video RAM") is not 
supported, except by means of the Video RAM Elnulator option (described below). 
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1.2 FEA'l1JRES 

• Boots and runs IBM PC-OOS 2.x and 3.x 
• Data and file compatible with IBM PC 
• Runs "MS-OOS generic" prograns 

• 3X the computing power of a PC 

• /\bunts directly to a 5-1/4" disk drive 

• Uses less than 7 watts of power 

• COmplete 16-bit high perfonnance Single-Board COmputer System: 
• 8 MHz 80186 CPU with DMA and counter/tUners 
• 512K RAM (O 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 compatible ROM-BIOS 

• SCSI (SASI) Multi-Master I/O Expansion BUS: 
• SASI Disk/Tape Controller Compatible 
• ANSC X3T9.2 (SCSI) Compatible 
• Multiple Little Board Networking 

• Expansion options include: 
• Video RAM Emulator 
• Multi-Function Expansion Adapter (RAM, 8087, clock, RS232/422) 
• Prototype Adapter 
• SCSI/lOP (data acquisition & control interface) 
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1.3 9a)I/PWS (tm) Mllti;!las ter Bus 

A 50-pin "ribbon cable bus" interface which meets the specifications for the 
popular Small Canputer Systan Interface (SCSI) -- formerly called "SASJ" -
provides a general purpose multi-master I/O 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 anphasize this wider use of SCSI, we have given it a name: "SCSI/PLUS". 
An SCSI/PLUS Archi tecture 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 (~ disk, bubble memory, etc.) 
• Printer subsystems (serial, parallel, laser, etc.) 
• Communication 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/O signals of the board's SCSI/PLUS 
interface may also be used as general purpose software-controlled digital I/O 
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 <Jl1IDl EXPANSIOi OPTI<WS 

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

1.4.1 Video RNW Buulator 

The Video RAM Dnulator allows the use of software which wri tes 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 Dnulator 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: 

• 5l2K additional zero-wait-state DRAM. 
• 8087 math coprocessor (40~ the speed of an 80287) 
• Two additional sync/async serial ports, with choice of RS232C, RS422 , 

or external drivers and receivers. 
• Battery-Backed Real TUne Clock 
• Buffered I/O bus (128 I/O 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 opt ions. 

1.4.3 Prototype Adapter 

Provides a user-determined general purpose I/O 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 wi th the 
Li ttle 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/lOP 

The AMPRO SCSI/lOP is an intelligent I/O processor (lOP) 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/lOP 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. 
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1.5 SPBCIPI~IONS 

- 8 MHz 80186 
WIlIlY 

- 512K bytes zero wait state D~ 
- TWo 28-pin sockets for 2764-27512 (16K to 128K) 

SERIAL I/O 
- TWo RS232C compatible 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/O 
- Centronics compatible printer port 
- 8-bit ID input port 

nDPPJ'DISK INl'DIPACE 
- Mini and micro floppy compatible 
- 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 WTite precanpensation 

san/POlS INl'DIPME 
- BASI compatible 
- Full ANSC X3T9.2 (scsI) compatible (all rrodes) 
- Based on NCR 5380 SCSI bus controller 
- Usable as 17 bidirectional I/O lines (48 ~sink) 
- Max. SCSI throughput: 1 Mbyte/sec (read) 

.75 Mbyte/sec (WTite) 
POIlDt 

- Same power connector and vol tages as mini and micro 
floppy drives 

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

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

PlllSlCAL 
- 7.75 x 5.75 x 0.75 inches (5-1/4 disk drive form 

factor) 
SOFJ.WARE 

- AMPRO ROO-BIOS (boots PC-DOS 2.x or 3oX) in two 2764s 
- PC-DOS Support Software 
- Optional debugger/rrnni tor progrsn in t\\Q 2764s 

J)()(1JENTATICIt 
- Little Board/186 Technical Manual 
- PC-DOS Support Software User's Manual 
- Opt ional : 5380 Technical Manual 

SCSI/PLUS Technical Specification 
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CHAPTER 2 

INTEGRATING A SYSTEM 

2.1 IN'l'IIJ:XCfIOi 

This chapter describes what is required to build a floppy- or hard disk-based 
computer 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 wi th periperals such as tenninals, printers, and 
m:xiens. 

__ --PARALLEL PRINTER 

J1 

'-~--------POWER 

• 

.--+---------SERIAL A 

.-~I__----SERIAL B 

~;------RESET, POWER LED 

~~--------FLOPPY 

"-----------10 INPUT 

Figure 2-1. Little Board/I86 Qwmector Locations. 
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2.2 BASIC RBJJIREl'tIDITS 

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
OOS versions 2.x or 3.x as the board's operating system. The utilities and 
drivers supplied on the AMPRO Little Board/186 PC-OOS 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 I/O interface 
connectors. 

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

2.3.1 oc; Power Input 

The power connector (Jl) pinout is identical with that of power connectors on 
nearly all 5-1/4 inch floppy disk drives. Note that pin 1 on Jl 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. 

CAUTIOl 
Be sure the power plug is correctly wired before applying power 
to the board. 

Table 2-1. Power COnnections (dl) 

Pin Signal Nam Function 

1 +12VOC +6 to + 15VOC 
2 Ground Ground return 
3 Ground Ground return 
4 +5VOC +5VOC +/- 5% 
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lillie Board 
Power Connector 

+6 +12 

J1Q 
00 

Little Board 

o 
Figure 2-2. Power Connector Wiring 

2.3.2 RESET, Power LED 

+12v 

Gnd 
Gnd 
+5v 

J5 provides connection for an external s.p.s.t nonnally open swi tch to pro
vide a manual RESET signal. In addition, a 15 rnA 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 LID Connector (15) 

Pin Signal NEme Function 

1 Ground To LED Cathode 
2 LED To LED Anode 
3 Ground To one side of RESET swi tch 
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 tenninals, serial printers, and modems. 
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Table 2-3. Serial OJnnectors (J3/J4) 

Pin Signal Nane Function in/out 00-25 Pin 
(DCE) 

1 Growd Protective GroWld -- 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 defaul t RQ\II-BIOS "console" interface is Serial Port A. To this port you 
may connect nearly any type of RS232C ASCII tenninal to provide monitor and 
keyboard functions. Asynchronous baud rates up to 38.4 Kbi ts per second may 
be utilized. 

Scme terminals require hardware handshaking when used at baud rates in excess 
of 9600. If hardware handshaking is needed, connect the tenninal's CLEAR TO 
SEND output to the board's HANDSHAKE IN signal. Each port's HANDSHAKE (XJl' 

signal can optionally be used to stop external devices fran transmi tting data 
to the board. (The AMPRO S~.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 canpatible. Printers and modems generally require handshaking 
in one or both directions. 

2.3.4 Parallel Pr~ter 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 I ines of a 36 pin male 
Centronics type connector at the printer end. Note that the pin numbering for 
the printer's interface connector differs fran that of the header connector on 
the board. J2 is mmbered 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 connector differs 
fran that of Centronics connectors. Tb clarify this, each signal's corres
ponding Centronics connector pin nunber has been included in Table 2-4. 
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Table 2-4. Parallel Printer Qmnector ( .. 2) 

J2 Signal Name Function in/out Centronics 
Pin o>nn. pin 

1 -OS Sample input data out 1 
3 Data 1 LSD of printer data out 2 
5 Data 2 · out 3 · 7 Data 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 -ACJ{ Character accepted in 10 
21 BUSY Cannot receive data in 11 
23 PAPER END Out of paper in 12 
25 SELR:!' Ready to receive data in 13 
2-22 GROOND Signal grounds -- 19-29 
24 --- (Not used) -- 30 
26 -INIT Initialize controller out 31 

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

2.3.5 Flawy 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, whi Ie there can be from 1 to 4 connectors for connecting the disk 
drives. 
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Table 2-5. Floppy Disk Interface Omnector (J6) 

Pin Signal Nam Fwlction in/out 

2 -LClV 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 -MJI'OR (N 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 -TRAQ( 00 Track 00 in 
28 -WRITE PRT Write protect in 
30 -RFAD DATA Read data in 
32 -SIDE <l'IE Side select out 
34 -RFADY Drive ready in 

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

Nearly any type of soft-sectored, single or double-sided, 40 or 80 track, mlnl 
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 wi th the Al'APRO floppy disk inter
face (see Table 2-5), and must provide the Drive Ready signal. 

• High quality, DC servo direct drive motor floppy disk drives are 
recannended. 

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

• 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. 

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

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

• When using drives wi th a Head Load option, jumper the drive for "head 
load with motor on" rather than "head load wi th drive select." 
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2.3.& SCSI/Plus Interface 

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

Table 2-&. SCSI Interface Qxmector ("8) 

Pin Signal Function 

1 - 49 (All odd pins) Signal grounds 
2 -DBO Data Bit 0 (LSB) 
4 -DB1 " " 1 
6 -DB2 " " 2 
8 -DB3 " " 3 

10 -004 " " 4 
12 -DB5 " " 5 
14 -006 " " 6 
16 -007 " " 7 (MSB) 
18 -DBP Data Parity 

20,22,24 Ground Signal Ground 
25 --- (Not used) 
26 TERMPWR. Termination +5VDC 

28,30 Ground Signal Grourxl 
32 -A1N Attention 
34 Ground Signal Ground 
36 -BSY Busy 
38 -N:l{ Transfer Acknowledge 
40 -RST Reset 
42 -MSG ~ssage 

44 -SEL Select 
46 -C/D Control/Data 
48 REQ Transfer Request 
50 -I/O Data direction 

This interface can serve a variety of purposes, including connection of hard 
disk controllers, tape controllers, printer and conrnunications 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 ~, and 
may be enabled and disabled Wlder software control.) On-board removable 
resistor networks provide bus tennination. 

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

2-7 



2.3.7 ID Input Port I Drive Quantity Junpers 

Eight pairs of jumper pins (J7) provide an ID Input Port, which are generally 
used by SCSI-related software to detennine the board's SCSI bus ID for bus 
arbitration, and by the board's ROM-BIOS to detennine 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-bi t input port 
connector, with a flat ribbon cable plugged onto J7. 

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 out! ined with whi te boxes on the canponent side of 
the board. The options available through these jumpers are described in the 
following paragraIits. 

NJl'E 
For nonnal operation, no jumper setup is required, other than 
the possible use of J7 for SCSI address jumpering and floppy 
drive quanti ty setup. 

Most factory jumper settings are made by means of traces on the 
bottan side of the board. O1e exception is JMP5 which is generally 
shorted by means of a shorting plug on the ccinponent side of the 
board. 

J7 - ID Input Port I Drive Qpantity Jumpers 

This 16-pin header is nonnally 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 fran 1 to 16, with odd pins opposite even. The pairs are 
designated: J7-1/2, J7-3/4, J7-5/6, J7-7/S, 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. 
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Table 2-7. ID Input Port (J7) Jmp!ring 

Pairs 1/2 and 3/4: Used to initialize the AMPRO ROM-BIOS 
floppy drive quanti ty value. Programned 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 10 bits for 
SCSI/PLUS 6-bit 10, future use. 

Pairs 11/12, 13/14, 15/16: 
as follows: 

SCSI Bus 10 11/12 

0 in 
1 in 
2 in 
3 in 
4 out 
5 out 
6 out 
7 out 

JMPl,2 - EPROW Type 

Sets the board's SCSI 10, 

13/14 15/16 

in in 
in out 
out in 
out out 
in in 
in out 
out in 
out out 

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. EPROII JUJtler COnfigurations 

EPRCM 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 
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This junper, when shorted, holds the 80186 DRQ1 input inactive. 

FACf(JtY SE'ITING: shorted 

'-4 - 641[/2561( RMI Select 

This junper, when shorted, selects 64K DRAM timing and control. 

FACf(JtY SE'ITING: open 

MJ5 - Clock 

This junper, 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 SE'ITING: shorted 

Mt6 - fDJI-RDY 

This junper, when shorted, connects the RFADY output of the 5380 SCSI device 
to the ARDY input of the 80186. This signal is not used by the AMPRO Ra\t
BIOS. 

FAC'IOO.Y SE'ITING: shorted 

JlllP7 - fDJI Termination Power 

This junper, when shorted, connects the board's +5VOC: 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. 

FAC'IOO.Y SE'ITING: open 

HJl'E 
No on-board protection diode is provided. Consequently, this 
jurper RUst rur be installed on rmre than one bus device • 

.-a - 1145 ~tion 

This junper is shorted for 8 mHz-only operation of the 1772 FDC device. 

NJl'E 
If this junper is shorted, the clock mul tiplexor Ie, U45 must wr 
be present; if U45 is present, this junper must be open. 

FAC'IOO.Y SE'ITING: open (U45 present) 
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MJ9 - MIl 

This jumper, when shorted, holds the 80186 NMI input inactive. 

FACI'OO.Y SETfING: shorted 

'-10 - TEST 

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

FACTORY SE'ITING: shorted 

JMP11 - IUD 

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

FACTORY SE'ITING: shorted 

JMP12 - Diagnostic Jumper 

Shorting this jumper grounds the 2681 serial controller's input port bit 6 
(IP6). In addi tion, loopback fran the 2681's output bit 6 (OP6) to IP6 is not 
functional (OP6 is open collector). 

FACTORY SE'ITING: open 
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2.5 BOOfDG 'IRE S1S'I'BI 

Assuning that you intend to boot the system from a standard IBM PC-OOS version 
2.x 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 cOOlputer can be used as the terminal, using a sui table 
terminal emulation program (i.e., the AMPRD SuperDuo program). 

The cable connections between the board's Serial Port A and an RS232C ASCII 
terminal are given in Appendix So 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 Signi ficant 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 bi t transmission is selected. 

Wi th 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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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. 

• Check that power is available fran the power supply. 

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

t«Jl'E 
IBM PC drives are not jumpered in a "standard" 
manner; for use with Little Board/1S6, 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/1S6. 

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

• 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/1S6. 

• 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. 

• If you have the debugging Moni tor EPROM option, you can verify sane of 
the system functions using the debugger and other tools in the 
Moni tor. Refer to the EPROM Moni tor User's Manual. 

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

OPERATION WITH PC-DOS 

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/lS6 ROM-BIOS and support software to create a customized PC-DOS 
based systan. 

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/lS6 offers relative to 
software wri tten for operation on the IBM PC and canpatibles. 

A combination of standard IBM PC-DOS utilities, along with AMPRO-specific 
drivers and utilities, allows you to create a highly customized syst~ 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 A740l2) provided with that software, for full descrIptions, operating 
instructions, and installation infonnation. 

3.2 PC SCWTWARE <DIPATIBILITY 

This section is intended to help you understand the extent of canpatibility 
provided by the Little Board/lS6 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-perfonnance l6-bit 
microprocessor, Which provides a functional superset of the 8-bit 8088 
microprocessor used in the "standard pc." Programs wri tten for an 8088 
microprocessor can run on an 80186 without modification, but with a 
perfonnance improvement of up to 300 percent. 

Many of the hardware devices present on the Little Board/186, and their I/O 
port addresses, differ from those of the "standard PC." This includes: the 
2681 serial conrnunications 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 I/O 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/O driver modifications. 
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3.2.2 Operating System 

Systan Boot 

The AMPRO ROM-BIOS nonnally supplied on the Little Board/IS6 allows the use of 
IBM PC-DOS versions 2.x or 3.x as the board's operating systEm. PC-DOS 
version 3.x is required for hard disk usage, whi Ie version 3.2 is required for 
systems wi th an SO-track (72OK) drive A. 

Files and Data 

When operated under PC-DOS, the Little Board/IS6 provides full PC file and 
data compatibility. Diskettes may be copied, fonnatted, verified, etc. on 
either for the other. All of the PC-DOS 40-track mini floppy fonnats, and the 
PC-DOS Version 3.2 SO-track micro floppy fonnats, are supported, including 
single- and double-sided, and eight and nine sectors per track. 

0mIBnds, Drivers, and Utilities 

Most of the standard PC-OOS operating system internal carmands, and many of 
the disk-based utilities, function nonnally on the Little Board/lS6. Because 
the Li ttle Board/IS6 ROM-BIOS does not contain BaSic, however, none of the 
Basic programs included on the PC-DOS diskettes are usable. In addi tion, 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/IS6 PC
DOS Support Software diskette, as discussed in the software user's manual. 

3.2.3 ROW-BI<B Fwlct ions 

In addition to supporting the standard PC-DOS functions, the Little Board/IS6 
ROM-BIOS provides a software interrupt interface which is a highly compatible 
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/moni tor 
functions. The board's Serial Port B is supported as the PC-DOS CXl'd1 port; 
the Centronics printer port is LPn. The Time of Day clock and Disk I/O 
functions are also supported in the standard manner. 

The video display interrupt (INl' IOH) of the ROM-BIOS supports the Wri te TrY 
function only. This resul ts in full compatibil ity with "MS-DOS gener ic" 
programs, provided the program includes a tenninal installation utility. 
Ccmpatibility with the "standard Pd' ROM-BIOS functions for cursor addressing, 
clear screen, etc., requires use of the terminal driver included on the Little 
Board/IS6 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/IS6 ROM-BIOS software interrupts is 
given in Olapter 5. Infonnation on the installation and use of the AMPRO
specific drivers and uti Ii ties are provided in the Li ttle Board/lS6 PC-DOS 
Support Software User's Manual. 
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3.2.4 Appl ications Software 

E-IlOS Generic Prograns 

Progrmns and utilities WTitten for operation on any MS-DOS system are called 
''MS-DOS Generic." These prograns restrict their system access exclusively to 
fWlctions provided by the operating system. MS-DOS Generic programs are 
"hardware independent"; they can be used on a var iety of hardware 
nnpl ementat ions , including systems such as the Little Board/186 that use 
RS232C ASCII terminals as the system console. Such "well behaved prograns" 
nearly always rWl without modification on the Little Board/186. MS-DOS 
Generic prograns 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 appl ication programs lmown to be avai lable in MS-DOS 
Generic versions: Multiplan (Version 1), Words tar (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-fanily development tools. 

Prograns Nlich Mike lDI-BIm Calls 

Many popular progrmns WTitten for use on the "standard PC" violate the rules 
of operating system usage, making direct Rm1-BIOS calls, accessing system I/O 
ports and video RAM directly, etc. Of these, programs Which only make direct 
Rm1-BIOS calls can often be used on the Little Board/186, providing that the 
optional video and keyboard driver software fran the Li ttle Board/186 PC-DOS 
Support Software are in use. 

Prograns Nlich MIke Direct lIardNlre Access 

Programs that talk directly to hardware (floppy controller, serial ports, 
keyboard port, video RAM, etc.) generally do not rWl on the Little Board/186 
wi thout modi fication. Sane exanples include: 

• Copy protected programs: often use floppy controller, serial port, or 
printer port ha~e. 

• Omnunications programs: generally access serial port hardwire 

• Programs using graphics: generally access display controller ha~e 

• Prograns that wri te to Video RAM 

Included in this group are many "constmer programs," including: Lotus 1-2-3, 
S~phony, DBase III, Flight Simulator, etc. 

A ''Video RAM Emulator" daughter board is avai lable for the Li ttle Board/186, 
Which simulates a PC display controller. The Video RAM Emulator detects 
WTites 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 rlUl properly, with the 
exception of the use of bit-mapped graphics. 

Designing Sofhllre for OJrpltibility 

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 <XM"I<DIATI~ OPTI(H) 

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 

• M:ldens 
• 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 (PIN A74012). 

3.3.1 Tenninal 

Nearly any RS232C ASCII terminal can be used wi th your system. The initial 
terminal characteristics for first time booting must be set as described in 
Olapter 2 (9600 baud, 8 data bits, etc.). Once your system is initially 
booted, you can configure a custom system boot diskette for alternate console 
parameters. Baud rates up to 38.4K baud, as well as al ternative data word 
fonnats, 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 posi tioning, clear screen, etc.) and keyboard into 
the control codes required by your specific terminal. 

3.3.2 Printers 

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

The board's Serial Bort B, supported as the OOS "Ol\U" device in the IOl-BIOS, 
can be used as a serial printer port, and can be configured for a wide variety 
baud rates and data word fonnats. Hardware handshaking (e.g. RTS/crs) can 
also be .configured for use with printers that require it. 
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3.3.3 Ibkms 

Serial Port B can also be used as a modem interface, accessed as the DOS 
"CO\U" device. Serial Port B data characteristics are ini tialized 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 canrnunications programs perform direct serial port I/O, rather than using 
the DOS or R.(M-BIOS functions. Such programs must be custanized before use. 
(See Olapter 5.) 

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

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

• MEX-PC (NightOwl Software, Inc.) 
• MICROLINK I I (Wordcraft). 

3.3.4 UDique Floppy Obnfigurations 

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 junpers at posi tion J7 (see Olapter 2). You can 
configure a system for use with 80-track mini or micro floppy drives, 
including the abil i ty 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 junper the Li ttle Board/186 drive quanti ty junpers (J7) to "one," the 
operating system will autanatically 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 pranpt 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 
R.(M-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 detai Is. 

3.3.6 RAIl Disk 

PC-DOS Version 3 provides a useful virtual disk device driver, called 
VDIS~SYS, which allows you to configure one or more RAM disk drives based on 
rranoryon the Little Board/186. 
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CHAPTER 4 

THEORY OF OPERATION 

4.1 IN1BIJlCl'IOi 

This chapter is intended to provide a basic understanding of the functional 
operation of the Little Board/1S6 for prograrrmers, hardware engineers, systan 
integrators, and other technically oriented users. 

The functional behavior of many of the board's devices is highly dependent on 
prograrrming options. Therefore, to assist your understanding of the nonnal 
functions perfonned by these devices as used on the Little Board/1S6, sane 
reference is made to the AMPRO RQ'd-BIOS defaul t device configurations. 

8 MHz 80186 CPU 1----------, 
1 CPU DMA I 
I I , I 1 
1\ II 
I I I 
1 1 16K-128K 

I INTERRUPT TIMERS I BYTES 
EPROM I CTRLR I L.: ______ 
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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 
(FOe), and 5380 (SCSI) devices. You may also wish to obtain a copy of the 
following especially valuable publication, available from Intel Corporation: 

AP-186: Introduction to the 80186 Microprocessor 

A detailed tecimical manual on the 5380 is also available AMPRO for a nominal 
charge. 

4.2 'mE 80186 INDIJlATBD 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 prograrrrnable interrupt control
ler, and programnable memory and I/O 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 programnable -- including memory 
chip select addresses and timing -- the software has the responsibility to 
initialize these intnediatelyon powerup. The discussion in this chapter 
assunes the defaul t initialization performed by the AMPRO ROM-BIOS. Refer to 
Chapter 5 (Programner's Reference) for additional programning details. 

4.2.1 <hip Selects 

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

4.2.2 Interrupts 

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

INIRO: 2681 serial controller device interrupt. 

IN1R1: 5380 SCSI interface controller device interrupt. 

INTR2: 1772 floppy disk controller device interrupt. 

IN1R3: 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/TUners 

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

Olannel 0 

Olannel 1 

Channel 2 

4.2.4 OM 

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). Olannel 2 acts as a 
prescaler, providing a 16 microsecond input rate to this 
channel. 

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. 

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

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

Olannel 1 

Olannel 2 

4.3 MIlDlY 

This DMA channel fonns an important part of the DRAM refresh 
logic. (See next section.) It is programned to generate a 
linear 20-bi t address, timed by timer channel 2, wi th no 
tenninal count. 

This DMA channel is shared between the floppy and OC:SI inter
faces, as programned in the FIX:: Control. Register. 

Li ttle Board/186 supports EPROM address space of 16k to 128K bytes, for use 
wi th 2764 to 27512 starxlard JEDB:: parts. The 80186 Upper Maoory Chip Select 
(UMCS) is used for selection of the on-board EPR<M memory. This chip select 
is progr amned for 0 wai t s ta tes arxl ignor ing of ex ternal 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 maximun output disable time. 

A custan RAM Controller IC decodes DRAM timing directly fran the 80186 control 
arxl status signals, so that 0 wait sta.te operation with 150 nS DRAM is 
possible. RAM refresh addresses are provided by DMA channell wi th 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 wi th ei ther 
641{ or 256K bit DRAM devices. A low level on this pin prograns the board for 
641{ 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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fran the address lines. Direct address decoding will also be used to decode 
the upper 5121{ 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 \\hich the UMCS is progranrned, depending on 
the EPROM size. 

4.4 2681 SERIAL aM1D.LI!R 

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

4.4.1 Serial I/O Ports 

The 2861 provides tlW asynchronous serial I/O channels, featuring fully pro
granmable serial data characteristics, including word length, parity, 
start/stop bits, and baud rate. 

The device contains an internal baud rate generator, \\hich 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 OPO (RTSA) and OP1 (RTSB) outputs generate each channel's Hand 
Shake nIt signal, \\hile the IPO (CI'SA) and. IP1 (crsB) 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. cnly four of these signals (OPO, OP1, IPO, and IPl) are used in 
conjunction wi th the board's serial ports. The other eleven signals are 
assigned as follows: 

OP2 Drives the printer interface -~TA STROBE signal. 
OP3 Drives the 80186 COunter/TUner channell 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 Il1IVE RFADY 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 
jlll1per JMP12 can be sensed if OP6 is high. 

NJl'E 
The 2681's output pins (OPO-7) are the complhnent 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 (lPO-6), however, are not 
complimented. Therefore, the bits of the input register directly 
reflect the state of the corresponding input pins. 

4.5 PARALLEL PRINTDt POrf 

An octal D-Iatch with a 24nru\ 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 Oltput Normal 
-DATA sm 2681 output OP2 Output Normal 
-PRINTER INIT 2681 output OP7 Output Inverted 

BUSY 2681 input IP2 Input Normal 
-ACK 80186 interrupt INT3 Input Nonnal 

PAPER END 2681 input IP5 Input Inverted 
SELECT 2681 input IP4 Input Inverted 

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 
"nonnal" polarity, this means that the interface connector pin has the sane 
value as the prograrrrned Ie 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 FIDPPr DISK INTmFACE 

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 
precompensation, 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 ~ request output is one of two such signals selec
tively routed to the 80186 DR10 DMA request input, under control of the FOe 
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 ox; OJntrol 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 RFADY 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 O's on powerup or reset. 
Output bits 0-4 and 7 drive signals on the floppy disk drive interface 
connector. 

The 8-INCH SELECI' 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 
wi th caution. A software-controlled RESET signal has been provided to assure 
tha t the 1772 does not becane hung up when its master input clock is changed 
during operation. It is recannended that a FOOCED INTERRUPI' cannand be issued 
to the 1772 inrnediately 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 ini tialization sequence following systan powerup or reset. 

4-6 



4.7 SCSI/PUJ3 IN1'BBFNJE 

The SCSI interface is completely controlled by the NCR 5380 protocol control
ler device. The 5380 provides an interface which meets the ANSI speci fication 
for SCSI, including Initiator role, Target role, Arbitration, and the Discon
nect-Reselect fWlctiOn. It also supports the Initiator role of the AMPRO
proposed SCSI/PLUS enhancenent to SCSI. The 5380 SCSI controller allows full 
progranmable control of 17 bi-directional bus signals, and provides both 
buffered (low leakage) bus inputs and high current (48 rnA) 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 INTI 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. 

4.7.1 ID Input Register 

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

The AMPRO Ra\t-BIOS and AMPRO PC-DOS support drivers use these eight junpers to 
detennine various powerup defaults associated with the floppy and SCSI inter
faces. 

Thi s port can al so be used as a general purpose 8-bi t input port in 
applications not using the AMPRO RCM-BIOS. In this case, the (iiysical board 
layout of the eight pairs of junper pins penni ts a 16-pin flat ribbon cable 
connector to be plugged directly onto then. 
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CHAPTER 5 

PROGRAMMER'S REFERENCE 

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 wi th direct programming of the board's 
hardware -- that is the advantage of using a standard operating systen. Since 
the AMPRO ROM-BIOS provides a high degree of compatibility with the IBM PC 
ROM-BIOS, there should be little need for custom progranrning. 

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/O 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 UfILlZATI<»I AND INITIALlZATI<»I 

Since the 80186 microprocessor has many progranrnable hardware functions which 
assume defaul t 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/O port addresses, etc.) become your 
responsibil i ty. 

The 80186 contains a large number of internal read/write registers, called the 
"Peripheral Control Block," which is used for progranrning of the 80186's many 
internal functions, including the interrupt controller, ~ controller, and 
Counter/Timing Controller (CTC). The ROM-BIOS leaves the Peripheral Control 
Block at its power-up default I/O base address, FFOOH, so that the registers 
within the Peripheral Control Block occupy I/O addresses FF20H through FFFEfL 
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/O address is FFAOH; the DMA Channel 0 Transfer Count 
Register llas 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 Olip Select 
(UMCS) output from the 80186. The 80186 UMCS is progranrned 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 FCOOOH, to accannodate a pair of 2764 
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EPR(lId's, providing 16K of EPROM space. 

The 80186 LOW3r Memory Olip Select (LMCS) and Middle M:mory Olip Select (MMCS) 
lines are m.used, and m.progranned by the Ra\i-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 
programned wisely, if used. 

O1.-board 512K or 128K RAM memory chip selection is decoded directly from the 
80186 address lines, and is independent of the progranning 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 wi t automatically deselects when UMCS is active, so that 
EPROM access overrides that of RANL 

5.2.2 I/O Map 

The board's I/O device addresses are progranmed by the RO'VI-BIOS to occupy I/O 
addresses from 1000B through 137FH, as shown in Table 5-1. Chip selects for 
the various I/O devices on the board are derived from the 80186 Peripheral 
Chi p Sel ect s (PCS), which are uti Ii zed as shown in Tabl e 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 programned by 
the RO'VI-B lOS. 

Table 5-L Smmary of I/O Ports 

Address Input/Output Function 

1000B I/O 2681 Internal Registers 
-101EH (See Table 5-4) 

1080B I/o 5380 Internal Registers 
-108FH (See Table 5-8) 

1100B I/O 1772 Command/Status Register 
1102H I/O 1772 Track Register 
1104B I/O 1772 Sector Register 
110SH I/O 1772 Data Register 

1180B I/O 5380 IMA Acknowledge 

1200B 0 FDC Control Register 

1280B 0 Printer Data Register 

1300B I/O 80186 PeS6 (currently m.used) 

FF20H I/O 80186 Peripheral Control Block 
-FFDAH 
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Table 5-2. 80186 Peripheral Olip Select Usage. 

FCSX Read/Write Wiit Usage 
States 

FCSO R/W 1 2681 chip select 
FCS1 R/W 1 5380 chip select 
FCS2 R/W 1 1772 chip select 
FCS3 R/W 1 5380 DACK pin 
FCS4 W 0 FDC Control Reg. data strobe 
FCS5 W 0 Printer port data strobe 
FCS6 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 fran the timers and DMA 
channel s and external interrupt s from the four interrupt pins (INTRX). All of 
the external interrupts are edge sensitive, and are triggered on a low-to-high 
transi tion. 

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 0 OAH SCSI EOP 
n/a INA. 1 OBH Refresh INA. OOP 

External Interrupts 

1 IN'lR 0 om 2681 interrupt 
2 INI'R 1 ODH 5380 interrupt 
3 INIR 2 OFH 1772 interrupt 
7 IN'IR 3 OFH Printer interrupt 

5-3 



The ROM-BIOS uses each external hardware interrupt channel as follows: 

~terrupt Channel 0 - 2681 Serial Oontroller Interrupt 

Vector: OCH 
Priority: 1 

This vector corresponds to that of the CXl'Il1 IBM I(; device. The 2681 is 
used to implEment the console port, a spare counter-timer channel, and 
miscellaneous I/O. 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. 

~terrupt Channel 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 from a variety of bus events. 

~terrupt OJannel 2 - 1772 Floppy Disk Interface Oontroller 

Vector: OEH 
Priority: 3 

This vector is normally used to monitor the completion of a disk coomand 
when using DMA for floppy data transfers. It corresponds to that of the 
IBM 1(;. 

~terrupt Channel 3 - Printer Interface Interrupt 

Vector: OFH 
Priority: 7 

This interrupt is triggered when the Centronics interface PRINTER 
ACKNO\TLEDGE signal goes from inactive to active. It corresponds to the 
IBM I(; printer interrupt vector. 

5.2.4 11M 

The 80186 internal 2-channel DMA controller is normally used as follows: 

OM 0Janne1 0 - SCSI/FDC IMA Data Read/Wri te 

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 
prograrrrned I/O if an application calls for interleaved transfer of SCSI 
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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 Peri{ileral O1ip Select. Maximun transfer speed is 2 
megabytes per second • 

.. Qumnel 1 - Dynanic RAM Refresh Control 

This channel controls dynamic RAM refresh. It is programned for a 
mEmory-to-I/O transfer, with writes to nonexistant I/O space. A DMA 
cycle is requested by Timer Channel 2 every 16 microseconds. The DMA 
channel is programned to continuously roo through the entire megabyte of 
mEmOry address space, with autanatic rollover and no terminal cooot. It 
is set for word transfers (16-bit), so that the address incrEments by two 
each cycle (AIR1 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/TUners 

The 80186 internal 3-channel counter/timer controller (cmc) provides three 
interrupt sources. CTC Channel O's interrupt is normally used to provide a 
real time clock tick, and interrupts from cmc Olannels 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 
fooction is initialized. Channels 1 and 2 should not allowed to generate 
interupts, ooless 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 ~ channels as follows: 

CIC Qumnel 0 - Real Time Clock Tick 

This channel is used for the real time clock tick, and may be programned 
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 prescal er. 

This channel's interrupt vector, as used in the AMPRO ROVI-BIOS, overlaps 
the IBM PC timer interrupt. (The ROVI-BIOS calls INf 1CH.) The interrupt 
control register is progranrned for non-nested mode and priority of 1; 
this timer's interrupt mask bi t is cleared. 

CIC Qumnel 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 
wi th the 2681 coooter/timer output, and can be used in conjunction wi th 
the 2681 for generating very accurate time intervals. 
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C'ro 0Ianne1 2 - DRAM Refresh Rate 

This channel is used to request Il.\L\ cycles for OOAM refresh •. It is 
progranned for a 16 microsecond rate. The output of this charmel is 
internally routed to Channel 0, Which further divides the rate to obtain 
the real time clock tick. 

5.3 SDUAL aJft'IDJ.Dl 

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

The 2681 data I/O lines (DO-D7) connect to the lower byte (DO-D7) of the 
system internal data bus. The 2681's internal registers occupy a block of 32 
I/O addresses, beginning at the default base address of the 2681 progranrned by 
the ROM-BIOS, 1000F.L The AO-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 Il1ART's two 
serial charmels. As indicated in the 2681 data sheet, the device's two 
channels can be progranrned for data characteristics, baud rate, and optional 
RTS/CTS handshaking. 

Transmi t and receive baud rates for each channel are independently progran
mable, fran 50 to 38.4K baud. Each channel's receiver has a four byte FIFO, 
wi th status flags for FIFO full and ready. Each channel can be progranned to 
wai t until the FIFO is full before interrupting. This reduces CPU overhead 
When handling high baud rates. Each channel's transmi tter has a holding 
register and a shift register, and provides both empty and ready status flags. 
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TrIble 5-4. 2681 Internal Registers 

Address Input/Output Ftmction 

1000H Input Mxle Register A (MRlA, MR2A) 
1002H Input Status Register A (SRA) 
1004H Input (Reserved) 
1006H Input RX Holding Register A (RHRA) 
1008H Input Input Port Olange Reg. (IPCR) 
10 OAR Input Interrupt Status Register (ISR) 
100CH Input Coun ter /Timer Upper (cru) 
100EH Input Coun ter /Timer Lower (Cl'L) 
1010H Input Mxle Register B (MRlB, MR2B) 
1012H Input Status Register B (SRB) 
1014H Input (Reserved) 
1016H Input RX Holding Register B (RHRA) 
1018H Input (Reserved) 
10lAR Input Input Port 
101CH Input Start Counter Carrnand 
101EH Input Stop Counter Cannand 

1000H Output Mode Register A (MR1A, MR2A) 
.1002H OJtput Clock Select Register A (CSRA) 
lOO4H Output Connand Register A (MRA) 
1006H OJtput 'IX Holding Register A (THRA) 
1008H Output Aux. Control Register (ACR) 
100AR OJtput Interrupt Mask Register (IMR) 
10001 Output CIT Upper Register (CfUR) 
100Ell OJtput CIT Lo\\er Register (Cl'LR) 
lO10H Output Mode Register B (MR1B, l\R2B) 
1012H OJtput Clock Select Register B (CSRB) 
1014H Output Cannand Register B (CRB) 
1016H OJtput 'IX Holding Register B (THRA) 
lOl8H Output (Reserved) 
101AR OJtput OJtput Port Configuration Reg (OPCR) 
10101 Output Set Output Port Bits Command 
101Ell OJtput Reset OJtput Port Bits Carrnand 

5.3.2 Aux:il iary Signals 

The 7 input and 8 output general purpose I/O 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 OJtput Control Register is used to program the 
mode of these 15 I/O 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 prograrrrnable output pins of the 2681 are set or reset according to values 
prograrrrned in the 2681 Output Port Register. Bits of the Output Port Register 
can be individually set and reset. A bit is set by perfonning a write opera
tion to one I/O port address, and reset by perfonning a write operation to a 
second I/O address. NJI'E: The actual OPO-oP6 output pin values are the 
canplenents of the Output Port Register contents. Refer to the 2681 canponent 
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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 o 

LOOP PAPER SEL -RDY BSY HSIB HSIA 

Bi t Signal/Function 

IP6 lOOP - Looped fran 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 our 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 O. 

IP4 -SI?I.El'm - Indicates the state of the SELOCTED signal 
input fran the printer interface (J2 pin 25). Inverted 
relative to the level on the connector pin. When the 
printer is on-line (S~) this bit is a O. 

IP3 DlIB ROY - 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 J.lRINI'Dl BUSY - Indicates the state of the BUSY signal 
input fran the printer interface (J2 pin 21). Directly 
reflects the level on the connector pin. When the 
printer is busy, this bit is a 1. 

IPI BSIB - Indicates the state of Serial Port B Handshake 
In (HSI) signal (J4 pin 6). When Hand Shake' In is 
active from the RS232 interface, this bi t is a 1. 
Nonnall y used as Channel B crs. 

IPO BS~ - Indicates the state of Serial Port A Handshake 
In (HSI) signal (J3 pin 6). When Hand Shake In is 
active from the RS232 interface, this bit is a 1. 
Nonnall y used as Oumnel A crs. 
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Table 5-6. 2681 General Purpose OItput Signals. 

Bit 7 6 5 4 3 2 1 o 

IN IT LOOP -FORST TIMER -S'IB HSOO HSOA 

Bi t Signal/Function 

OP7 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 
junper JMP12 is shorted. 

OP5 -ftIIST - Hardware reset signal to the 1772 FIX:. When 
this bit is a 0, the 1772 is held reset. (NOTE: The 
1772 requires a minimun 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 Channell. 

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

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

OPO ~ - 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. 

NJl'E 
The 2681's output pins (OPO-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 (IPO-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 Baodshake 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. lbwever, in most modem applications Data Carrier Detect (DCD) is 
the important input status signal. In this case, the HANDSHAKE IN signal can 
be connected to the modem's IXD signal instead of crs; the software must 
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interpret the signal as nco rather CTS. 

If desired, the board's ROM-BIOS functions (INT14) can be used to transfer 
data and read the state of the nco status signal. Again, "IXD" is not 
directly supported, but must be sensed through the "GrS" 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 WTitten to the data register. 

The -ACK signal fran 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 transi tion 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 I/O 
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 
sunrnary 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 S11UJBE - 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. 

-our 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. 

-SE~ - Sensed by 2681 input IP4. ~Vhen 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 
Oontroller (FDC) device. In addition, the FDC Oontrol Register controls a 
number of signals associated with floppy disk interface functions. 
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Due to the canplexi ty of programning of the floppy disk interface, we recan
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 programned as indicated in its canponent data sheet. For a 
variety of reasons beyond the scope of this docunent, the ROM-BIOS perfonns 
several functions in software which the 1772 data sheet claims the 1772 can do 
autanatically. These are: motor on delay, head load delay, seek verifica
tion. 

The 1772's data I/O lines (DO-D7) connect to the lower byte (DO-D7) of the 
system internal data bus. The 1772's internal registers occupy a block of 8 
I/O addresses, beginning at the default base address of the 1772 programned by 
the ROM-BIOS, 1100H. The AO and A1 address inputs to the 1772 connect to 
system address lines A1 and A2, respectively. The 1772's internal register 
I/O port addresses are shown in Table 5-1. 

The 1772 master reset pin is driven by one of the general purpose output bi ts 
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 O. 

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 IJUVE 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 roo Olntrol Register 

The Foc: Control Register provides a nunber 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. ax; Oxltrol Register Prograrming. 

Bit 7 6 5 4 3 2 1 o 

FOCLK IlVJASEL -DDEN SIDE1 DS4 DS3 DS2 DS1 

Bi t Signal/Fwlction 

Bi t 7 FDC Clock - Selects either 8 mHz (when 0) or 16 mHz 
(when 1) as the clock input frequency to the 1772 FOC 
device. NUI'E: (]:)serve the precautions indicated in 
Olapter 5. 

Bi t 6 mIA Select - Switches theDMA 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. 

Bit 5 DDEN - Double densi ty enable. When 0, places the 1772 
FDC in double densi ty mode. When 1, enables single 
density. 

Bi t 4 SIDE! - Side one select. When 1, selects floppy disk 
drive side one. When 0, selects side zero. 

Bits 0-3 DS1-DS4 - Floppy disk drive selects. When the bit is 
1, selects the corresponding floppy disk drive. Only 
one of these bi ts should active (1) at a time. 

Here is a brief description of the FOe 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 FIX: device. Please observe the fol
lowing precautions in progranming 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 wi th 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 recannended that a FORCED INTElUUJPT cannand be issued to the 
1772 inxnediately 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 recmmended that the state 
of this bit never be changed while any drive selects are active 
(i~.: deselect all drives, change clock rate, reselect desired 
drive, delay appropriate head load delay). 
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:mtA Select - Swi tches the DMA request input to 80186 DMA channel 0 
between the 1772 FOC (when 0) and the 5380 SCSI controller (when 1). 
Please observe the following precaution in programming this bit: 

WARNIJ«; 
Never change the state of this bit while DMA channel 
o is enabled. 

DDEN - Double densi ty enable. When 0, places the 1772 FIX: in double 
densi ty mode. When 1, enables single density. 

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

DSI-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 INPUl" lUlT 

This port can either be used for oc.:SI bus 10, for general purpose junper 
settings, or as an 8-bit general purpose data input port. 

The ID input port is read by an 80186 I/O input instruction. The junpering 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 junper is inserted, the corresponding data 
is low (0); when out, the data bit is high (1). 

Junper assignment is as follows: 
pins 3 and 4 are data bi t 1; ••• , 

J7 pins 1 and 2 corresponds to data bit 0; 
pins 15 and 16 are data bi t 7. 

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

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/O input and output instructions. 

The 5380's data I/O lines (DO-D7) connect to the lower byte (DO-D7) of the 
system internal data bus. The 5380's internal registers and functions occupy 
a block of 16 I/O addresses, beginning at the default base address of the 5380 
progranrned by the ROM-BIOS, 1080lL The AO-A2 address inputs to the 5380 
connect to system address lines Al-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 Cltrrent SCSI Data 
1082H Input Initiator Command Register 
1084H Input rd:>de Register 
1086H Input Target Camnand Register 
1088H Input Cltrrent SCSI Bus Status 
10SAH Input Bus & Status Register 
108CH Input Input Data Register 
108EH Input Reset Parity/Interrupt Camnand 

1080H Output Output Data Register 
1082H Oltput Initiator Cannand Register 
1084H Output Mode Register 
1086H Oltput Target Cannand Register 
1088H Output Select Enable Register 
108AH Oltput Start DMA Send Cbmmand 
10801 Output Start DMA Target Receive Command 
108EH Oltput 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/lOP for data acquisition and control 
• Use as a bidirectional I/O port 
• Use as a mul ti -master netw:>rk bus 

The AMPRO PC-DOS Support Software diskette provides SCSI support for "generic 
SCSI" hard disk controllers and drives. If you plan to use SCSI (SASO 
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 K:R 5380 SCSI Interface Olip 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 
Onlputer and Business Equipnent 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 (SASH Progranming 

When using the SCSI/PLUS interface with SCSI (SASI) disk controllers, special 
progranming is not generally required; the AMPRO RCl\{-BIOS, and PC-DOS Support 
Software drivers and util i ties accannodate 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 (SASO appl ications, 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 I/O 

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/O 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
granming of simple I/O applications, and is recannended for simple bidirec
tional I/O. 

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

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 lUI-BIOS INTDUWP'l'S 

This section provides information on the software interrupts provided by the 
Li ttle Board/186 RCl\{-BIOS. Canpatibili ty with the IBM PC and PC-AT RCM-BIOS 
software interrupt calling conventions has been maintained wherever possible. 

INr 108 - 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 
Li ttle Board/186 supports only the "write tty" function. All other INT 
10H function calls do nothing. This allows maximun RS232 AOC:II terminal 
flexibili ty. 

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

Usage protocal: 

All = OEH, wri te character in 'AL' to screen 
AL = character 

All registers preserved 

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

INf lIB - Irquipnent <heck 

This BIOS call returns the value in the equipment flag stored in RAM at 
same location as that used by the IBM Ra\{-BIOS. This is a ROM constant; 
and always indicates: 1 RS232 device, 0 printers, 64K planar ram, boot
able, 80 x 25 monochrane display, and the nunber of floppies detennined 
by the junpering of J7 pin pairs 1/2 and 3/4 (see Table 2-9). 

Usage protocol: 

Inputs: none 

n.ttput: AX contains the equipment flag, as described above. 

INf 1211 - Detennine IIanory Size 

This BIOS call returns the total RAM size that is determined by the ru:m
BIOS on powerup or reset. The result is stored in the sane location used 
by the IBM Ra\1-B lOS. 

Usage protocol: 

Input s: none 

n.ttput: AX = nunbar of contiguous 1K blocks of memory 
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INf 1311 - liard Disk I/O 

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 
wri te sector(s) ah, = 3 
verify sector ah, = 4 
fonnat track ah = , 5, note 
flag bad traclc ah, = 6, note 
fonnat drive at track ah, = 7, note 
return drive parmneters ah, = 8 
set drive parmneters ah, = 9, note 
read wi th/ ecc ah, = A, note 
wri te with/ecc ah, = B, note 
seek ah, = C 
reset disk controller ah, = D, note 
read controller buffer ah, = E, note 
write controller buffer ah, = F, note 
test drive ready ah, = 10 
recalibrate ah, = 11 
controller rmn diagnostics ah, = 12, note 
disk drive diagnostics ah, = 13, note 
disk controller diagnostics ah, = 14, note 
read dasd ah, = 15 

Parameters passed in the following registers: 

dl, = drive number, 0 to 7 
dh, = head, 0 or 7 
ch, = track number, 0 to max track 

3 
2 
2 

1 
1 
1 

1 
2 
2 

2 
2 
1 

cl, = sector number, 0 to 17, bits 6,7 = ~b of track 
aI, = number of sectors to be transfered 
es:bx = pointer, segment in es:, offset in bx: 

Returns: 

good status ah, = 0, sucessful read 
aI, = number of sectors read 
cf, = 0, sucessful read 

bad status ah, = status 

Notes: 

cf, = 1, unsucessful read 

(1) Returns good status 
(2) Returns bad status 
(3) Does not format track, HFCRMAT is used to fonnat. 
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IN!' 1411 - RS232 I/O 

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 
R(M-BIOS. 

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

The send and receive functions are identical to those of the IBM R(l'd

BIO& Line status (returned in AH) is identical to that returned by the 
corresponding IBM ROM-BIOS functions, as the sa.'lle status infonnation is 
available fran the 2681. The status call, however, differs in AL. Only 
status bi ts DSR and ers are implemented, wi th DSR always a 1 and crs 
reflecting the signal input to the 2681 fran 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 O. This is 
because the 2681 does not offer support for these signal s. The crs 
signal can be used for a Data Carrier Detect (lXD) sensing by modem 
software, provided that the cable between the board and the modem has 
appropriate wiring. 

Usage protocol: 

DX = port nunber (must be O) 
AH = 0 initialize serial port 
AL = init value, as follows: 

bi ts 7,6,5 - baud rate: 

B, return status in ah 

110, 150, 300, 600, 1200, 2400, 
4800, or 9600 

bi ts 4,3 - pari ty: none, odd, even 
bit 2 - stop bits: 1 or 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 

IN1' 15H - Olssette I/O 

This is a null function and returns a timeout. 
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INl" 1611 - KeJboard I/O 

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 
capaci ty 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 

AH = 1 

AlI = 2 

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

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

ZF = 1 
ZF = 0 

Key not available 
Key "down" 

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

Returns keyboard shift status in AI.. , as caps active (40H). 

INl" I'nI - Printer I/O 

The printer I/O BIOS vector supports the DOS LPTl 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/O error bit, which has no cable input connection. If DX is 
non-zero on input, a timeout error resul ts. 

Usage protocol: 

AH = 0 
AH = 1 
AH = 2 

Where: 

Sends character in AI.. to printer port, returns status in AlI 
Initializes printer, returns status in AH 
Returns printer status in AH 

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

Outputs: Same status returned as in IBM ROM-BIOS, except I/O error 
bi t. All registers except All are preserved. 
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INr 1SH - Resident BASIC 

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

INr 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. 

INr 1AII - Get/Set Time of Day 

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

function 

get tod 

returns 

set tod 

INr lBI - Keyboard Break 

register 

ah, = 0 

current t irre of day 
cx, = high count 
dx, = low COWlt 

aI, = rollover count value 

ah, = 01 
cx, = high count 
dx, = low count 

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

INr 1m - 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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INr 108 - Video Initialization 

Not used. 

INr 1m - Diskette Paraneters 

The diskette I/O does not use the disk parameter table pointer. Also, 
the RAM storage location for motor turnoff delay (~ __ WAIT) is not 
used, as the 1772 handles this automatically. 

INr IP11 - Video Graphics ClJaracters 

Not used. 
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INT 40B - Floppy I/O 

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/O is interrupt 13H. 

Usage protocol: 

function 

disk reset 
disk status 
read 
wri te 
verify 
fonnat track 

register 

ah, = 0 
ah, = 1, return last disk status 
ah, = 2 
ah, = 3 
ah, = 4, no data transfered 
ah, = 5 

For functions 2 thru 4 the foll~ng registers are used: 

dl, = drive number, 0 to 3 
dh, = head, 0 or 1 
ch, = track number, 0 to 79 
cl, = sector number, 0 to 8, or 0 to 9 
aI, = number of sectors to be transfered 
es:bx = pointer, segment in es:, offset in bx: 

For function 5, fonnat 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 aI, = 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 INTERPACE CABLES 

This Appendix contains wiring infonnation for connection of the two Little 
Board/IS6 serial ports to typical tenninals, modems, and serial printers. In 
the tables, signal directions are relative to the Little Board/lS6. 

Table A-l lists the pin connections generally used to connect to a tenninal. 
Tb reduce EMI radiation, the cable should be shielded, with the shield connec
ted to the connector shell. The tenninal connector can be ei ther male or 
female, depending upon the specific tenninal. 

Table A-i. Typical Temlinal Cable Wiring 

Board Signal Nane Ftmc ti on Tenninal 
Connector Connector 

(J3) (DB-25) 

1 GroWld 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 lIS I Handshake Signal In 20 
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SERIAL PRlN'l'Dt CABLE 

Table A-2 lists the pin connections generally used to connect Serial Port B to 
a serial printer. To reduce EMI radiation, the cable must be shielded, and 
the shield must be connected to the connector shell. The printer connector 
can be either male or female, depending upon the specific printer. 

Table A-2. Typical Serial Printer Cable Wiring 

Board Signal Nare Function Printer 
Connector Connector 

(J4) (OB-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)* 

NJl'E 
"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. 

Table A-3 lists the pin connections generally used to connect to a moden. To 
reduce EMI radiation, the cable must be shielded, and the shield connected to 
the connector shell. The connector for the canputer end must be a male 00-25, 
While the modEm connector can be ei ther male or female (usually male), 
depending upon the specific modEm. 

Table A-3. Typical MxIan Cable Wiring 

Board Signal Nare Function Mx:len 
Connector Connector 

(J4) (DB-25) 

1 Ground Protective Ground 1 
5 RxD Data Input 3 
3 TxD Data CAttput 2 
4 HSO Hand Shake Out 20 
2 Ground Signal Ground. 7 
6 HSI Hand Shake In 5 
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Table A-4 lists mating connectors used with the Little Board/186. 

Table A-4. Mating Olnnector Part NlIIbers 

Board Function Part Nurber 
Connector 

J1 P~r Connector Housing: MIfP 1-480424-0 
Contacts: AMP 60619-1 

(4 req.) 

J2 Parallel Printer, 3M: 3399-6000 
Board end T&B: 609-260lM 

M:>lex: 15-29-8262 

Parallel Printer, AMP: 57F-30360 
Printer end 3M: 3366-1001 

T&B: 609-36M 

J3,4 Serial Ports A,B Housing: Mblex 22-01-2067 
Contacts: Mblex 08-50-0114 

(6 req.) 

J5 RESET, P~r LID Housing: Mblex 22-01-2047 
Contacts: Mblex 08-50-0114 

(4 req.) 

J6 Floppy Disk Interface 3M: 3463-0001 
(Card edge connectors) T&B: 609-3415M 

M:>lex: 15-29-0341 

J8 SCSI/PLUS Interface T&B: 609-5000M 
M:>lex: 15-29-8502 
Berg: 66902-150 
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APPENDIX B 

BOARD DIAGRAM, PARTS LIST, AND SCHEMATIC 
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ASSEMBLV. A68161.8CU - LitU. Board 186 REV. A DATE. 86/14/SS 

--------------------------------------------------------------------------------------
REF QTV DESCRIPTION VENDOR PIN AMPRO PIN 

Cl-4,7, 32 CAP CER AXIAL .1UF MRA RPA2I-Z5U-114Z50 ~14 __ 1 
11-13, +81" -21" SIV CRN CACI2ZSUl14ZISIA 98514 .... 1 
16-38 UNI CGCl14ZDZ 9fr.514-811 

CS,6,9 3 CAP ELC RADIAL llUF UCK LL2SVBII-M 9IS22-881 
• III-DC 21" 2SV ALB LBRIE1I1S-M 9fr.522 .... 1 

C8 1 CAP TANT 33UF leV SPR 199D336XllleDBI 91522-013 
C14 1 CAP CER IIPF AXIAL CORNING CACI2X74111KI11A 9851.4-eee 
CIS (1) CAP CER SPF AXIAL (OPTION) _ ..... 
J7 1 CONN HDR 16POS • 111-0C STR SAE THD6916WIS 91ge7-117 
J2 1 CONN HDR 26POS • IM-OC STR SAE THD6926WIS 91917-812 
Jl 1 CONN HDR 4POS SIl RT/AG MlX 8981-4R-l 91987 .... 1 
J5 1 CONN HDR 4POS SIl RT/AG MlX 22-IS-3141 90917-814 
J8 1 CONN HDR SIPOS • III-DC STR SAE THD6950WIS 91917-889 
J3,4 2 CONN HDR 6POS SIl RT/AG MLX 22-IS-3e61 91917-813 

JIIIP1,5,73 CONN HDR 2POS • III-DC MlX 22-11-2121 90905 .... 1 
AMP 64112-2 91915 .... 1 

J"P2 1 CONN HDR 3POS .111-0C 91915-803 

J"PS 1 CONN SHUNT 2POS • lei-DC MlX lS-38-1124 91905-882 
(.41" MAX HEIGHT REQUIRED) 91905-882 

VI 1 CRVSTAL 3.6864 MHZ US CRYSTALS ISIG36864 90824-882 

CRI 1 DIODE IN4148 983.-811 

VCl 1 HYBRID I>C/DC CONV -12V ElPAC/TDK CB3811 98712 __ 1 

U12 1 HVBRID DElAV leeNS I>ATRONIC lTD IDL63e7 98691-811 
BEll FUSE 11447-01"-82 98691-881 

lJ6 1 HVBRID oac 16MHZ SRX NCTe7IC16MHZ 91824-811 
NDK TDI14A-16.II0MHZ 90824-881 

Ull 1 IC RAM CONTROllER AMPRO A7S589 
U13 1 IC I/O CONTROLLER AMPRO A7SS16 
U33 1 IC 1778 FlOPPV CTRlR 9867 ... 1 
U1S 1 IC 2681 SERIAL CTRLR SIBNETICS/MOTOROlA 98671-887 
U9 1 IC 2764 2seNS 2BQgBet!!~g INTEl/AMD/MITS/FUJ/Tl/SEEQ A7s:5e3 
Ull 1 IC 2764 2S8NS 2gB8l'-!~g INTEl/AMD/MITS/FUJ/TI/SEEQSU A75584 
U24-31 , 16 IC 412S6 RAM lseNS .. * FUJITSU ONLV *** 9I68e-013 
37-44 98681-883 

U16 1 IC S38I SCSI CTRLR 9867e-88:5 
U47 1 IC 7486 98628-883 
U46 1 IC 7438 98628-818 
U4S 1 IC 74Fee 98628 819 
U18,21 2 IC 74lS1S7 98628-81. 
U32 1 IC 74lS24e 98628-817 
U34,36 3 IC 74lS244 98628-813 
U4 1 IC 74LS24S 98628-823 
U35 1 IC 74HCT273 9I6S8-M4 
Ul, 2, 3 3 IC 74HCT373 986~-ees 
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REF aTY 

1I23 1 
ua 1 
U7 1 
Lr.5 1 
U17,22 2 

1 
1 

R2 1 
R4 1 
RS 1 
R3 1 
R6 1 
R7 1 
Rl 1 

RP7 1 
RP3,4,6 3 
RP1,:5,a, :5 
9,18 

U17,22 2 
U7, a, 32, (6) 

4:5,46,47 
U24-31 , 16 
37-44 

U18,21 (2) 
Ul, 2, 3, (11) 
4,11,13, 
23,34,3:5,36 

U9,11,33 3 
Ul:5,16 2 

us 1 

us 1 

REV. A DATE I 06/14/SS 

DESCRIPTION VENDOR PIN AIIIPRO PIN 

IC 74LS374 90628-81:5 
IC 7:5188/1488 <JI660-881 
IC 7:5189/1489A 91668-082 
IC 80186 &MHZ *C-STEP ONLY* INTEL/AIIID 90678-816 
RES PK 14 DIP 12-221/331 91814-814 

PCB FAB BRD MODEL 2A A1Je«5 
SERIAL LABEL, MODEL 2A A60873 

RES CF 11 :5" 1/4W 9081:5-e8S 
RES CF 11K :5" 1/4W 9181:5-887 
RES CF 33 :5" 1/4W 9011:5-814 
RES CF 338 :5" 1/4W 9081:5-e86 
RES CF 4.7K :5" 1/4W 9011:5-813 
RES CF 47 :5" 1/4W 9181:5-889 
RES CF :51K :5" 1/4W 9181:5-818 

RES PK 8SIP 7-338 98114-881 
RES PK 8SIP 4-33 (INDIV) AlB 1118B331 91814-e8S 
RES PK 8SIP 7-4708 91814-813 

90814-e13 

SOCKET IC 14POS D/W JNE J23-:5114 91880-813 
SOCKET IC 14POS D/W (OPT) JNE J23-:5I14 90880-183 

90880-013 
SOCKET 1C 16POS D/W JNE J23-:5016 918.-886 

918.-886 
SOCKET IC 16POS D/W (OPT) JNE J23-:5116 90800-886 
SOCKET IC 20PeS D/W (OPT) JNE J23-:5I28 91800-887 

90880-887 
908.-887 

SOCKET IC 28POS D/W JNE J23-:5I28 90800-884 
SOCKET IC 41POS D/W JNE J23-:5I41 90880·882 

AMP 2-641379-3 91800-882 
SOCKET IC 68POS TEXTOOI../lM 1 268-:5411-10-1112 90800-08:5 

AMP .. 1111111 90800-08:5 
SOCKET HDR 68POS SAMTEC 1 MPAS-68-SBT-11 908. eea 

MUPAC 1 3894068-12 90880-818 
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IAPX 186 

HIGH INTEGRATION 16·BIT MICROPROCESSOR 
• Integrated Featur. Set 

- Enhanced 8066-2 CPU 
- Clock Generator 
- 2 Independent, High-Speed DMA 

Channels 
- Programmable Interrupt Controller 
- 3 Programmable 16-blt Tlmerl 
- Programmable Memory and 

Peripheral Chip-Select Logic 
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IAPX 1. 

The IntellAXP 186 (80186 part number) is a highly integrated 16-bit microprocessor. The iAPX 186 effectively 
combines 15-20 ot the moat common iAPX 86 system components onto one. The 80186 provides two times 
greater throughput than the standard 5 MHz iAPX 86 The IAPX 186 is upward compatible with iAPX 86 and 86 
software and adds 10 new InalNCtion types to the existing set. 
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TUie 1.10186 Pin DHcrtptlon 

Symbol Pin No. Type Name and Function 

Vee. Vee 9,43 I Syatem Power: + 5 volt power supply. 

Vss.Vss 26,60 I System Ground. 

RESET 57 0 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 integ~ESumber of clock periods 
corresponding to the length of the signal. 

X1. X2 59,58 I Crystal Inputs. X1 and X2. provide an external connection for a 
fundamental mode parallel resonant crystal for the internal crystal 
oscillator. X1 can interlace to an external clock instead of a crystal. 
In this case. minimize the capacitance on X2 or drive X2 with 
complemented X 1. The input or oscillator frequency is internally 
divided by two tOjlenerate the clock signal (CLKOUT). 

CLKOUT 56 0 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. 

m 24 I 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 m 
is returned HIGH. ~ 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 uJ:!. This input is provided with a Schmitt· 
trigger to facilitate power-on m generation via an RC network. 
When FiES occurs, the 80186 will drive the status lines to an 
inactive level for one clock. and then tri-state them. 

m'f 47 I mT is examined by the WAIT instruction. If the mT input is 
HIGH when "WAIT" execution begins. instruction execution will 
suspend. ~ will be resampled until it goes LOW. at which time 
execution will resume. If interrupts are enabled while the 80186 is 
waiting for 1m, interrupts will be serviced. This input is 
synchronized internally. 

TMR IND. 20 I Timer Inputs are used either as clock or control signals, depending 
TMR IN 1 21 I upon the programmed timer mode. These inputs are active HIGH 

(or LOW-to-HIGH transitions are counted) and internally 
synchronized. 

TMROUTO, 22 0 Timer outputs are used to provide single pulse or continous 
TMROUT 1 23 0 waveform generation, depending upon the timer mode selected. 

DROO 18 I DMA Request is driven HIGH by an external device when it desires 
DR01 19 I that a DMA channel (Channel 0 or 1) perlorm a transfer. These 

signals are active HIGH, level-triggered, and internally 
synchronized. 

NMI 46 I Non-Maskable Interrupt is an edge-triggered input which causes a 
type 2 interrupt. NMI is not maskable internally. A transition from a 
LOW to HIGH initiates the interrupt at the next instruction boundary 
NMI is latched internally. An NMI duration of one clock or more will 
guarantee service. This input is internally synchronized. 

INTO. INn 45,44 I Maskable Interrupt Requests can be requested by strobing one of 
INT2/mAO 42 I/O these pins. When configured as inputs. these pins are active HIGH 
INT3/iNTAi 41 110 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 
recognilton, all interrupt requests must remain actIve untIl the 
interrupt IS acknowledged. When iRMX mode IS selected, the 
function of these pins changes (see Interrupt Controller seclton 01 
thIS data sheet). 
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Table 1.101" Pin DMcrtptlon (Continued) 

Symbol Pin No. Type Name and Function 

A19/56. 65 0 Address Bus Outputs (16-19) and Bus CYcle Status (3-6) reflect the 
At6/S5. 66 0 four most significant address bits during T,. These signals are active 
A17/54, 67 0 HIGH. During T 2. T 3. T w. and T 4. status information is available on 
A16/S3 66 0 these lines as encoded below: 

Low High 

56 Processor Cycle oMACycle 

S3. 54. and S5 are defined as LOW during T 2-T 4. 

A015-AOO 10-17. I/O Address/Data Bus (0-15) signals constitute the time multiplexed 
1-8 memory or I/O address (T,) and data ~2': 3. T w. and T 4) bus. The 

bus is active HIGH. Ao is analogous to H for the lower byte of the 
data bus. pins 07 through DO. It is LOW during T 1 when a byte is to 
be transferred onto the lower portion of the bus in memory or I/O 
operations. 

SHE/S7 64 0 During T 1 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 0,s-0e. SHE is LOW during T, 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 2. T 3. 
and T". S7 is logically equivalent to eRE. The signal is active LOW. 
and is tristated OFF during bus HOLD. 

A and AO Encoding. 

BValue AO Value Function 

0 0 Word Transfer 
0 1 Byte Transfer on upper half 01 

data bus (015-08) 
1 0 Byte Transfer on lower half of 

data bus (07-00) 
1 1 Reserved 

ALE/QSO 61 0 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 T, 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 T 1 as in the 
8086. Note that ALE is never floated. 

WA/QS1 63 0 Write Strobe/Queue Status 1 indicates that the data on the bus is to 
be written into a memory or an I/O device. WA is active for T 2. T 3. 
and T w 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/QSO and 
WA/QS1 pins provide information about processor/instruction 
queue interaction. 

091 QSO Queue Operation 

0 0 No queue operation 
0 1 First opcode byte fetched from 

the queue 
1 1 Subsequent byte fetched from 

the queue 
1 0 Empty the que 

RAproductcl wi,h perm_on from In'. Oorpordion 
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TIIbIe 1.10111 PIn DMcrtptlon (Continued) 

Symbol PIn No. Type Name and Function 

m:i/~ 62 0 Read Strobe indicates that the 80186 is performing a memory or 110 
read cycle. m:i is active LOW for T 2. T 3. and T w of any read cycle. It 
is guaranteed not to go LOW in T 2 until after the Address Bus is 
floated. m:i is active LOW. and floats during "HOLD". m:i is driven 
HIGH for one clock during Reset. and then the ou,; 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 sam;d 
to determine whether the 80186 should ~vide ALE. \VA and • or 
if the Queue-Status should be provided. should be connected to 
GND to provide Queue-Status data. 

ARDY 55 I Asynchronous Ready informs the 80186 that the addressed memory 
space or I/O 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 Vee. no WAIT states are inserted. Asynchronous ready 
(AROYl or synchronous ready (SRDy) must be active to terminate a 
bus cycle. If unused. this line should be tied LOW. 

SRDY 49 I 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 Vee. 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. 

i:OCR 48 0 i:OCR output indicates that other t;6stem bus masters are not to gain 
control of the system bus while L K is active LOW. The i:OCR 
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 i:OCR 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. i:OCR is active LOW. is driven HIGH for one clock during 
RESET. and then floated. 

SO.S1.S2 52-54 0 Bus cycle status SO-S2 are encoded to provide bus-transac.tion 
information: 

10186 Bus Cycle Status Information 

12 11 10 Bus Cycle Initiated 

0 0 0 Interrupt Acknowledge 
0 0 1 Read 110 
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 float during "HOLD." 
S2 may be used as a logical MilO indicator. and S1 as a DT I~ 
indicator. 
The status lines are driven HIGH for one clock during Reset. and 
then floated until a bus cycle begins. 

5 
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Teble 1.10111 Pin DHcrtptlon (Continued) 

Symbol Pin No. Type Neme end Function 

HOLD (input) 50 I HOLD indicates that another bus master is requesting the local bus. 
HLDA (output) S1 0 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 T .. 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. 

m 34 0 Upper Memory Chip Select is an active LOW output whenever a 
memory reference is made to the defined upper portion (1 K - 256K 
block) of memory. This line is not floated during bus HOLD. The 
address range activating m is software programmable. 

~ 33 0 Lower Memory Chip Select is active LOW whenever a memory 
reference is made to the defined lower portion (1 K-256K) of 
memory. This line is not floated during bus HOLD. The address 
range activatin9~ is software programmable. 

~-3 38,37,36,35 0 . 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 ~-3 are software 
programmable. 

~ 2S 0 Peripheral Chip Select signals 0-4 are active LOW when a 

~-4 
reference is made to the defined peripheral area (64K byte 110 

27,28,29,30 0 space). These lines are not floated during bus HOLD. The address 
ranges activating ~-4 are software programmable. 

~/A1 31 0 Peripheral Chip Select 5 or Latched. A 1 may be programmed to 
provide a sixth peripheral chip select, or to provide an internally 
latched A 1 signal. The address range activating ~ is software 
programmable. When programmed to provide latched. A 1, rather 
than ~, this pin will retain the previously latched value of A 1 
during a bus HOLD. A 1 is active HIGH. 

~/A2 32 0 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 ~ is software 
programmable. When programmed to provide latched A2, rather 
than ~, this pin will retain the previously latched value of A2 
during a bus HOLD. A2 is active HIGH. 

OTlR 40 0 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. 

l5EN 39 0 Data Enable is OENided as an 8286/8287 data bus transceiver 
output enable. is active LOW during each memory and I/O 
access. l5EN is HIGH whenever DT IA changes state. 
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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 Aeglatera 

Eight 16·bit general purpose registers may be used 
to contain arithmetic and logical operands. Four of 
these (AX. ex. CX, and OX) can be used as 16·bit 
registers or split into pairs of separate 8·bit registers. 
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Four 16-bit special purpose registers select. at any 
given time, the segments of memory that are imme· 
diately addressable for code. atack, and data. (For 
usage. refer to Memory Organization.) 

.... and Inde. Aeglatera 

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· 
iaters for operand and address calculations. 

Statua and Control Aeglatera 

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 result of logical and arithmetic instructions (bits 
O. 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 ahown in 
Table 2. 
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~IIITIL"."" 210451-4 

Figure 3b. StatuI Word FOf"m8t 

Tabla 2. StatUI Word Bit Functions Instruction Set 
Bit 

Name POlltlon 

0 CF 

2 PF 

4 AF 

e ZF 

7 SF 

8 TF 

9 IF 

10 OF 

11 OF 

Function 

Carry Flag-Set on high-order 
bit carry or borrow; cleared 
otherwise 

Parity Flag-Set if low-order 8 
bits of result contain an even 
number of 1-bits; cleared 
otherwise 

Set on carry from or borrow to 
the low order four bits of AL; 
cleared otherwise 

Zero Flag-Set if result is zero; 
cleared otherwise 

Sign Flag-Set equal to high-
order bit of result (0 if positive, 
1 if negative) 

Single Step Flag-Once set, a 
single step interrupt occurs 
after the next instruction 
executes. TF is cleared by the 
single step interrupt. 

Interrupt-enable Flag-When 
set, maskable interrupts will 
cause the CPU to transfer 
control to an interrupt vector 
specified location. 

Direction Flag-Causes string 
instructions to auto decrement 
the appropriate index register 
when set. Clearing OF causes 
auto increment. 

Overflow Fla!l-Set if the 
signed result cannot be 
expressed within the number 
of bits in the destination 
operand; cleared otherwise 

8 

The instruction set is divided into seven categories: 
data transfer, arithmetic, shift/rotate/logical, string 
manipulation, control transfer, high-level instruc
tions, and processor control. These categories are 
summarized in Figure 4. 

An 80186 instruction can reference anywhere from 
zero to several operands. An operand can reside in 
a register, in the instruction itself, or in memory. Spe
cific operand addressing modes are discussed later 
in thiS data sheet. 

Memory Organization 

Memory is organized in sets of segments. Each seg
ment is a linear contiguous sequence of up to 64K 
(2'6) S-bit bytes. Memory is addressed using a two
component address (a pointer) that consists of a 16-
bit base segm8l'lt and a 16-bit offset. The 16-bit 
base values are contained in one of four intemal 
segment register (code, data, stack, extra). The 
phySical address is calculated by shifting the base 
value LEFT by four bits and adding the 16-bit offset 
value to yield a 2O-bit physical address (see Figure 
5). This allows for a 1 MByle physical address size. 

All instructions that address operands in memory 
must specify the base segment and the 16-bit offset 
value. For speed and compact instruction encoding; 
the segment register used for physical address gen
eration Is implied by the addressing mode used (see 
Table 3). These rules follow the way programs are 
written (see Figure 6) as independent modules that 
require areas for code and data, a stack, and access 
to external data areas. 

Special segment override instruction prefixes allow 
the implicit segment register selection rules to be 
overridden tor special cases. The stack, data, and 
extra segments may coincide for simple programs. 
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GENERAL ""'POSE MOVS Move byte 01 word Ilring 
MOV Move byte 01 word INS input byt .. 01 word Ilring 

PUSH Push word onto ltaCk OUTS Output byt .. 01 wordltring 
POP Pop word offltaCk CMPS Compare byte 01 wordllring 
PUSHA Push III registera on atack 

seAS Scan byte 01 word Ilring 
POPA Pop all registeralrom ltack 

LODS L.o.d byte 01 word I~ 
XCHG Exchange byte 01 word 

STOS Store byte 01 word IIri~ 
XLAT Tranalate byte 

INPUT 10UTPUT REP Repeat 

IN Input byte or word REPE/REPZ Repeat while equal/zero 

OUT Output byte 01 word REPNE/REPNZ Repeat while not equal/not zero 

ADDRESS OBJECT LOQICALS 

LEA Load effective addre .. NOT "Not" byte 01 word 
AND "And" byte or word 

LOS Load pointer using OS 
OR "lnclUIive 01" byte 01 WOld 

LES Load pointer using ES 
XOR "Exclusive or" byte or WOld 

FLAO TRANSFER TEST "Tnt" byte 01 word 
LAHF Load AH register from flags SHIFTS 
SAHF StOle AH regilter in flags SHL/SAL Shifllogical/ arithmetic left byte 01 word 
PUSHF PUlh flags onto stack SHR Shift logical right byte or word 
POPF Pop flags off slack SAR Shift arithmetic right byte or word 

ADDITION ROTATES 

ADD Add byte or word ROL Rotate left byte 01 word 

ADC Add byte or WOld with carry ROR Rotate right byte or word 
RCL Rolate through carry left byte 01 word INC Increment byte 01 word by 1 
RCR Rotate through carry right byte or word 

AM ASCII adju"t lor addition 
FLAO OPERATIONS 

OM Decimal adjust lor addition 
STC Set carry flag 

SUBTRACTION 
ClC Clear carry flag 

SUB Subtract byte or word 
CMC Complement carry flag 

SBB Subtract byte or word with borrow 
STD Set direction llag 

DEC Decrement byte 01 word by 1 
CLD Clear direction flag 

NEG Negate byte or word 
STI Set interrupt enable flag 

CMP Compare byte or word 
CLI Clear interrupt enabl9 flag 

MS ASCII adjust lOt subtraction 
EXTERNAL SYNCHRONIZATION 

DAS Decimal adjust 101 subtraction 
HLT Hall until interrupt 01 reset 

MULTIPLICATION 
WAIT Wait '01 TEST pin active 

MUL Multiply byte 01 word unligned 
ESC Eacape to extension processor 

IMUl In~ multiply byte 01 WOld 
LOCK Lock but during next instruction 

MM ASCII adjult 101 rnullip1.1. 
NO OPERATION 

DIVISION 
NOP No operation 

DIV Divide byte 01 WOld unligned 
HIGH LEVEL INSTRUCTIONS 

IOIV Integer divide byte 01 word 
ENTER Format ltaCk '01 procecIure entry 

MD ASCII adjuat'OI division 
LEAVE R .. tOle atack '01 procedure e.,t 

CBW Convert byte to word 
BOUND Delectl valun out .. prncnbed r~ 

CWO Convert word 10 doubIeword 

t Figure 4.IAPX 1M lnetructlon .. 
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CONornONALTRANSfERS JO Jump If 0Y«fI0w 
JAlJNBE Jump If aboYe/not below nor equat JP/JPE Jump If petiIy / petiIy even 
JAE/JNB Jump II aboYe Of equal/not below JS Jumplfllgn 
JB/JNAE Jump II below/notlbove nor equal UNCONDITIONAL TRANSFERS 
JBE/JNA Jump il below Of equal! notlbove CALL call procedure 
JC Jump il carry RET Retum trom procedure 
JE/JZ Jump il equel/ zero JMP Jump 
JG/JNLE Jump il greater/notl"s nor equal ITEAA110N CONTROLS 
JGE/JNL Jump II greater Of equal! not less LOOP Loop 
JLlJNGE Jump illesa/not greater nor equal LooPE/LOOPZ Loop If equal/zero 
JLE/JNG Jump illess Of equal/ not greater LooPNE/LooPNZ Loop il not equal/not zero 
JNC Jump if not carry JCXZ Jump if register CX - 0 
JNE/JNZ Jump if not equal! not zero INTERRUPTS 
JNO Jump If not overflow INT Intenupt 
JNP/JPO Jump if not parity I parity odd INTO Interrupt If overflow 
JNS Jump if not sign IRET Interrupt retum 

Figure 4. IAPX 186 Inatructlon 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. 

I, J • • It I ,..'ItCAL .ODal1i 
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'0 .... 0.' 210451-5 

Figure 5. Two Component Addre .. 

Table 3 Segment Reglater Selection Rul .. 

Memory Segment Implicit Segment Reference Reglater Selection Rule N .. ded UMd 
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 01 register as an 

index. 
Local Data Data (OS) All other data reference •. 
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Addr.aalng Modes 

The 80 186 provides eight categories of addressing 
modes to specify operands. Two addressing modes 
are provided for instructions that operate on register 
or immediate operands: 

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

• Immediste Opersnd Mode: The operand is in
cluded 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: 

• the displscement (an 8- or 16-bit immediate value 
contained in the instruction); 

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

• the index (contents of either the SI or 01 index 
registers). 

Any carry out from the 16-bit addition is ignored. 
Eight-bit displacements are sign ex1ended 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, 01, BX, or BP. 

• Bssed 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). 

• Indexed Mode: The operand's offset is the sum 
of an 8- or 16-bit displacement and the contents 
of an index register (SI or 01). 

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

• Bssed indexed Mode with Oisplscemsnt: 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: 

• Integer: 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 54-bit integers are supported us
ing the iAPX 186/20 Numeric Data Processor. 

• Ordinsl: 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. 

• String: A contiguous sequence of bytes or words. 
A string may contain from 1 to 54K bytes; 

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

• SCD: A byte (unpacked) representation of the 
decimal digits 0-9. 

• Pscked BCD: A byte (packed) representation of 
two decimal digits (0-9). One digit is stored in 
each nibble (4-bits) of the byte. 

• Flosting Point: A signed 32-, 54-, or 8O-bit real 
number representation. (Floating point operands 
are supported using the iAPX 186/20 Numeric 
Data Processor configuration.) 

In general, individual data elements must fit within 
defined segment limits. Figure 7 graphically repre
sents the data types supported by the iAPX 186. 

110 Space 

The 1/0 space consists of 54K 8-bit or 32K 16-bit 
ports. Separate instructions address the 1/0 space 
with either an 8-bit port address, specified in the in
struction, or a 16-bit port address in the OX register. 
8-bit port addresses are zero ex1ended such that 
A1S-Ae are LOW. 1/0 port addresses OOF8(H) 
through OOFF(H) are reserved. 

Interrupts 

An interrupt transfers execution to a new program 
location. The old program address (CS:IP) and ma
chine state (Status Word) are seved on the stack to 
allow resumption of the interrupted program. ,Inter
rupts fall into three classes: hardware initiated, INT 
Instructions, and instruction exceptions. Hardware 
Initiated interrupts occur in response to an external 
input and are classified as non-maskable or maska· 
ble. 

Reproduced with pennillion from Intel Oorpo~tion 
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Figur. 7.IAPX 186 Supported Datil Types 

Programs may cause an interrupt with an INT in· 
struction. Instruction exceptions occur when an un· 
usual condition, which prevents further instruction 
processing, is detected while attempting to elCecute 
an instruction. If the exception was caused by exe
cuting an ESC instruction with the ESC trap bit set in 
the relocation register, the return instruction will 
point to the ESC instruction, or to the segment over· 
ride prefix immediately preceding the ESC instruc· 
tion if thi! prefix was present. In all other cases, the 
return address from an exception will point at the 
instruction immediately following the instruction 
caUSing the exception. 

12 

A table containing up to 256 pointers defines the 
proper Interrupt service routine fOl' each interrupt. In
terrupts 0-31, some of which are used fOl' instruc
tion exceptions, are reserved. Table 4 shows the 
80186 predefined types and default priority levels. 
For each interrupt, an 8-bit vectOl' must be supplied 
to the 80186 which identifies the appropriate table 
entry. Exceptions supply the interrupt vector inter· 
nally. In addition, internal peripherals and noncas· 
caded external interrupts will generate their own 
vectors through the internal interrupt controller. INT 
instructions contain or imply the vectOl' and allow 
access to all 256 interrupts. Maskable hardware ini
tiated interrupts supply the 8-bit vector to the CPU 
during an interrupt acknowledge bus sequence . 
Non·maskable hardware interrupts use a predefined 
Internally supplied vectOl' . 

Interrupt Sources 

The 80186 can service interrupts generated by soft
ware or hardware. The software interrupts are gen
erated by specific instructions (INT, ESC, unused 
OP, etc.) or the results of conditions specified by 
instructions (array bounds check, INTO, OIV, 10lV, 
etc.). All interrupt sources are serviced by an indirect 
call through an element of a vector table. This vector 
table is indexed by using the interrupt vector type 
(Table 4), multiplied by four. All hardware-generated 
interrupts are sampled at the end of each instruc
tion. Thus, the software interrupts will begin service 
first. Once the service routine is entered and inter
rupts are enabled, any hardware source of sufficient 
priority can interrupt the service routine in progress. 

The software generated 80186 interrupts are de
scribed below. 

DIVIDE ER!lOR EXCEPTION (TYPE 0) 

Generated when a OIV or 10lV instruction quotient 
cannot be expressed in the number of bits in the 
destination. 

SINGLE-STEP INTERRUPT (TYPE 1) 

Generated after most instructions if the TF flag is 
set. Interrupts will not be generated after prefix in
structions (e.g .• REP), instructions which modify seg
ment registers (e.g., POP OS), or the WAIT instruc· 
tion. 

NON-MASKABLE INTERRUPT ~MI (TYPE 2) 

An external interrupt source which cannot be 
masked. 

Reproduced with permillion from Int.l Oorpomion 
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Tlb .. 4. 101H Interrupt vectors 
Interrupt Vector Deflult Relllted 

Nlme Type Priority lnetructlons 

Divide Error 0 ·1 DIV.IDIV 
Exception 

Single Step 1 12··2 All 
Interrupt 

NMI 2 1 All 
Breakpoint 3 ·1 INT 

Interrupt 
INTO Detected 4 ·1 INTO 

Overflow 
Exception 

Array Bounds 5 ·1 BOUND 
Exception 

Unused-Opcode 6 ·1 Undefined 
Exception Opcodes 

ESCOpcode 7 ·1··· ESCOpcodes 
Exception 

Timer 0 Interrupt 8 2A •••• 
Timer 1 Interrupt 18 2B···· 
Timer 2 Interrupt 19 2C···· 
Reserved 9 3 
DMA 0 Interrupt 10 4 
DMA 1 Interrupt 11 5 
INTO Interrupt 12 6 
INTl Interrupt 13 7 
INT2 Interrupt 14 8 
INT3 Interrupt 15 9 

NOTES: 
.,. These are generated as the result of an instruction exe
cution. 
··2. This is handled as in the 8086. 
····3.Allthree timers constitute one source of request to 
the interrupt controller. The Timer interrupts all have the 
.. me default priority level with respect to all other interrupt 
IOUI'ces. However, they have a defined priority ordering 
amongst themselves. (Priority 2A is higher priority than 2B.) 
Each Timer interrupt has a separate vector type number. 
4. Default priorities for the Interrupt sources are used only if 
the user does not program each source into a unique prior
ity level 
"·5. An escape opcode will cause a trap only if the proper 
bit il set in the peripheral control block relocation regilter. 

BREAKPOINT INTERRUPT (TYPE 3) 

A one-byte version of the INT instruction. It uses 12 
IS an index into the aervice routine Iddress table 
(because it is a type 3 interrupt). 

INTO DETECTED OVERFLOW EXCEPTION 
(TYPE4) 

Generated during an INTO In.truction If the OF bit i. 
.. I. 
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ARRAY BOUNDS EXCEPTION (TYPE I) 

Generated during a BOUND in.truction if the array 
index is outside the array bounds. The array bounds 
are located in memory at a location indiCated by one 
ot the instruction operands. The other operand indi
cates the value of the index to be checked. 

UNUSED OPCODE EXCEPTION (TYPE I) 

Generated if execution is attempted on undefined 
opcodes. 

ESCAPE OPCODE EXCEPTION (TYPE 7) 

Generated if execution is attempted of ESC opcodes 
(D8H-DFH). This exception will only be generated if 
a bit in the relocation register is set. The retum ad
dress of this exception will point to the ESC instruc
tion causing the exception. If a segment override 
prefix preceded the ESC instruction. the return ad
dress will point to the segment override prefix. 

Hardware-generated interrupts are divided into two 
groups: maskable interrupts and non-maskable in
terrupts. The 80186 provides maskable hardware in
terrupt request pins INTO-INT3. In addition. maska
ble interrupts may be generated by the 80186 inte
grated DMA controller and the integrated timer unit. 
The vector types for these interrupts is shown in Ta
ble 4. Software enables these inputs by setting the 
interrupt flag bit (IF) in the Status Word. The inter
rupt controller is diSCUSsed in the peripheral section 
of this data sheet. 

Further maskable interrupts are disebled while serv
icing an interrupt because lhe IF bit is reset as part 
of the response to an interrupt or exception. The 
saved Status Word will reflect the enable status of 
the processor prior to the interrupt. The interrupt flag 
will remain zero unless specifically set. The interrupt 
retum instruction restores the Status Word. thereby 
restoring the original status of IF bit. If the interrupt 
retum re-enables interrupts. and another interrupt is 
pending, the 80186 will immediately service the 
highest-priority interrupt pending. i.e .• no instructions 
of the main line program will be executed. 

Non-Maskable Interrupt Request (NMI) 

A non-rnaskable interrupt (NMI) is liso provided. 
This interrupt is serviced regardless ot the state ot 
the IF bit. A typical use of NMI WOUld be to activate a 
power failure routine. The activation of this input 
causes an interrupt with an internally supplied vector 
value of 2. No external interrupt Icknowledge se
quence is performed. The IF bit is cleared It the 
beginning of In NMI interrupt to prevent rnaskable 
Interrupts trom being serviced. 

Jtqroclueed with plfIIl_on from In,.l OoJ'POl"-'ion 
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Slngl .. Step Interrupt 

The 80186 has an internal interrupt that allows pro
grams to elCecute one instruction at a time. II is 
called the single-step interrupt and is contrOlled by 
the single-step Ilag bit (TF) in the Status Word Once 
this bit is set, an internal single-step interrupt will 
occur alter the nelC1 instruction has been eICecuted. 
The interrupt clears the TF bit and uses an internally 
supplied vector of 1. The IRET instruction is used to 
set the TF bit and transfer control to the nelC1 instruc
tion to be single-stepped. 

Initialization and Processor Reset 

Processor initialization or startup is accomplished by 
driving the m input pin LOW. m forces the 
80186 to terminate all elCecution and local bus activi
ty. No inst~ction or bus activity will ~cur as long as 
m IS actIVe. Alter m becomes Inactive and an 
internal processing interval elapses, the 80186 be
gins elCecution with the instruction at physical loca
tion FFFFO(H). m also sets some registers to pre
defined values as shown in Table 5. 

Table 5. 80186 Initial Regllterr State atter RESET 

Status Word F002(H) 
Instruction Pointer OOOO(H) 
Code Segment FFFF(H) 
Data Segment OOOO(H) 
ElC1ra Segment OOOO(H) 
Stack Segment OOOO(H) 
Relocation Register 20FF(H) 
UMCS FFFB(H) 

IAPX 186 CLOCK GENERATOR 

The iAPX 186 provides an on-Chip clock generator 
for both internal and elC1ernal clock generation. The 
clock generator features a crystal oscillator. a divide
by-two counter, synchronous and asynchronous 
ready inputs, and reset circuitry. 

Oscillator 

The oscillator circuit of the iAPX 186 is designed to 
be used with a parallel resonant fundamental mode 
crystal. This is used as the time base for the iAPX 
186. The crystal frequency selected will be double 
the CPU clock frequency. Use of an LC or RC circuit 
is not recommended with this oscillator. If an elC1er
nal oscillator is used, it can be connected directly to 
input pin X1 in lieu of a crystal. The output of the 
oscillator is not directly available outside the iAPX 
186. The recommended crystal configuration ia 
lhown in Figure 8. 

14 

,,~-----~ 

., r------I 

21~5'-8 

Figure 8. Recommended IAPX 186 
Cryltal Configuration 

The following parameters may be used for choosing 
a crystal: 

Temperature Range: 0 to 7f1'C 
ESR (Equivalent Series ReSistance): 30 max 
Co (Shunt CapaCitance of Crystal): 7.0 pf m8IC 
C, (Load CapaCitance): 20 pf ± 2 pf 
Dirve Level: 1 mw max 

Clock Generator 
The iAPX 186 clock generator provides the 50% 
duty cycle processor clock for the iAPX 186. It does 
this by dividing the oscillator output by 2 forming the 
symmetrical clock. If an elC1ernal oscillator is used, 
the state of the clock generator will change on the 
falling edge of the oscillator signal. The CLKOUT pin 
provides the processor clock signal for use outside 
the iAPX 186. This may be used to drive other sys
tem components. All timings are referenced to the 
output clock. 

READY Synchronization 
The iAPX 186 provides both synchronous and asyn
chronous ready inputs. Asynchronous ready syn
chronization is accomplished by circuitry which sem
pies ARDY in the middle of T 2, T 3 and again in the 
middle of each T w until ARDY is sampled HIGH. 
One-half CLKOUT cycle of resolution time is used. 
Full synchronization is performed .only on the rising 
edge of ARDY, i.e., the falling edge of ARDY must 
be synchronized to the CLKOUT signal if it will occur 
during T 2, T 3. or T w. High-tO-LOW transitions of 
ARDY must be performed synchronously to the CPU 
clock. 

A second ready input (SRDY) is provided to inter
face with elC1ernally synchronized ready signals. This 
input is sampled at the end of T 2. T 3 and again at 
the end of each Tw until it is sampled HIGH. By 
using thiS input rather than the asynchronous ready 
input, the half·clock cycle resolution time penalty is 
eliminated. 
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This input must satisfy set-up and hold times to guar
antee proper operation of the circuit. 

In addition, the iAPX 186, as part of the integrated 
chip-select logic, has the capability to program WAIT 
ltates for memory and peripheral blocks. This is dis
cussed in the Chip Select/Ready Logic description. 

RESET Logic 

The iAPX 186 provides both a FirS input pin and a 
synchronized RES~~tn for use with other system 
components. The input pin on the iAPX 186 is 
provided with hysteresiS in order to facilitate power
on Reset generation via an RC network. RESET is 
guaranteed to remain active for at least five clocks 
given a FirS input of at least six clocks. RESET may 
be delayed up to two and one-half clocks behind 
FirS. 

Multiple iAPX 186 processors may be synchronized 
through the ~ input pin, since this input resets 
both the processor and divide-by-two internal coun
ter in the clock generator. In order to insure that the 
divide-by-two counters all begin counting at the 
same time, the active going edge of FirS must satis
fy a 2S ns setup time before the falling edge of the 
80186 clock input. In addition, in order to insure that 
all CPUs begin executing in the same clock cycle, 
the reset must satiSfy a 25 ns setup time before the 
rising edge of the CLKOUT Signal of all the proces
sors. 

LOCAL BUS CONTROLLER 

The iAPX 186 provides a local bus controller to gen
erate the local bus control signals. In addition, it em
ploys a HOLD/HLDA protocol for relinquishing the 
local bus to other bus masters. It also provides con
trol lines that can be used to enable external buffers 
and to direct the flow of data on and off the local 
bus. 

Memory IPerlpheral Control 

The iAPX 186 provides ALE, m5, and ~ bus con
trol signals. The m5 and ~ signals are used to 
Itrobe data from memory to the iAPX 186 or to 
strobe data from the iAPX 186 to memory. The ALE 
line provides a strobe to address latches for the mUl
tiplexed address/data bus. The iAPX 186 local bus 
controller does not provide a memory/m5 si.9!!al. If 
this is required, the user will have to use the S2 sig
nal (which will require external latching), make the 
memory and I/O Ipaces nonover1apping, Of use only 
the integrated chip-select circuitry. 
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Tr.nacelver Control 

The iAPX 186 generates two control signals to be 
connected to 8286/8287 transceiver chips. This ca
pability allows the addition of transceivers for extra 
buffering without addi!!9...external logic. These con
trol lines, DT /R and DEN, are generated to control 
the flow of data through the transceivers The opera
tion of these signals is shown in Table 6. 

Table 6_ Transceiver Control Slgnall Delcrlptlon 

Pin Name Function 

DEN (Data Enable) Enables the output 
drivers of the 
transceivers. It is active 
LOW during memory, 
I/O, or INT A cycles. 

DT/R (Data Transmit! Determines the direction 
Receive) of travel through the 

transceivers. A HIGH 
level directs data away 
from the processor 
during write operations, 
while a LOW level directs 
data toward the 
processor during a read 
operation. 

Local Bus Arbitration 

The iAPX 186 uses a HOLD/HLDA system of local 
bus exchange. This provides an asynchrOrlOus bus 
exchange mechanism. This means multiple masters 
utilizing the same bus can operate at separate clock 
frequencies. The iAPX 186 provides a single HOLD/ 
HLDA pair through which all other bus masters may 
gain control of the local bus. This requires external 
Circuitry to arbitrate which external device will gain 
control of the bus from the iAPX 186 when there is 
more than one alternate local bus master. When the 
iAPX 186 re~uishes control of the local bus, it 
floats DEN, RD, ~, SO-S2, ~, ADO-AD1S, 
A16-A19, H. and DTiR to allow another master 
to drive these lines directly. 

The iAPX 186 HOLD latency time. i.e .. the time be
tween HOLD request and HOLD acknowledge. is a 
function of the activity occurring in the processor 
when the HOLD request is received. A HOLD re
quest is the highest-pnority activity request whIch 
the processor may receive: higher than instructIon 
fetching or internal DMA cycles. However, if a DMA 
cycle is in progress, the iAPX 186 will complete the 
tranlfer before relinquishing the bus. ThIS Implies 
that if a HOLD request is received just as a DMA 
transfer begins. the HOLD latency time can be as 
great as 4 bus cycles. This will occur If a DMA word 
transfer operation IS taking place from an Odd ad· 

Reproduced with perm_ion from Int.1 Oorporation 
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dress to an odd address. This is a total of 16 clocks 
Of mOfe. if WAIT states are required. In addition. if 
locked transfers are performed. the HOLD latency 
time will be increased by the length of the locked 
transfer. 

Local Bu. Controller and Re.et 

Upon receipt of a RESET pulse from the ~ input, 
the local bus controller will perform the following ac
tion: 

• Drive om, 1!rn. and WR HIGH for one clock cy
cle. then floal 

NOTE: 
1!rn is also provided with an internal pull-up device 
to prevent the processor from inadvertently enter
ing Queue Status mode during reset. 

• Drive stI-S2 to the passive state (all HIGH) and 
then float. 

• Drive [o:cK HIGH and then float. 

• TRISTATE ADO-15, A16-19, miE, DT/~. 
• Drive ALE LOW (ALE is never floated). 

• Drive HLDA LOW. 

INTERNAL PERIPHERAL INTERFACE 

All the iAPX 186 integrated peripherals are con
trolled via 16-bit registers contained within an inter
nal 256-byte control block. This control block may 
be mapped into either memory or 110 space. Internal 
logic will recognize the address and respond to the 
bus cycle. During bus cycles to internal registers, the 
bus controller will signal the operation externally 
(i.e., the AD. WR. status. address, data, etc., lines 
will be driven as in a normal bus cycle). but 015-0, 
SROY, and ARDY will be ignored. The base address 
of the control block must be on an even 256-byte 
boundary (i.e., the lower 8 bits of the base address 
are all zeros). All of the defined registers within this 
control block may be read or written by the 80186 
CPU at any time. The location of any register con
tained within the 256-byte control block is deter
mined by the current base address of the control 
block. 

The control block base address is programmed via a 
16-bit relocation register contained within the control 
block at offset FEH from the base address of the 
control block (see Figure 9). It provides the upper 12 
bits of the base address of the control block. The 
control block is effectively an internal chip select 
range and must abide by all the rules concerning 
chip selects (the chip select circuitry is discussed 
later in this data sheet). Any access to the 256 bytes 
of the control block activates an internal chip select. 

16 

Other chip selects may overlap the control block 
only if they are programmed to zero wait states and 
ignore external ready. In addition, bit 12 of this regis· 
ter determines whether the control block will be 
mapped into 110 Of memory space. If this bit is " the 
control block will be located in memory space, 
whereas if the bit is 0, the control block will be locat
ed in 110 space. If the control register block is 
mapped into 110 space, the upper 4 bits of the base 
address must be programmed as 0 (since I/O ad
dresses are only t 6 bits wide). 

In addition to providing relocation information for the 
control block, the relocation register contains bits 
which place the interrupt controller into iRMX mode, 
and cause the CPU to interrupt upon encountering 
ESC instructions. At RESET, the relocation register 
is set to 20FFH. This causes the control block to 
start at FFOOH in 110 space. An offset map of the 
256-byte control register block is shown in Figure 
10. 

The integrated iAPX 1866 peripherals operate semi
autonomously from the CPU. Access to them fOf the 
most part is via software read/write of the control 
block. Most of these registers can be both read and 
written. A few dedicated lines, such as interrupts and 
DMA request provide real-time communication be
tween the CPU and peripherals as in a more con
ventional system utilizing discrete peripheral blocks. 
The overall interaction and function of the peripheral 
blocks has not substantially changed. 

CHIP·SELECT IREADY GENERATION 
LOGIC 

The iAPX 186 contains logic which provides pro
grammable chip-select generation for· both memo
ries and peripherals. In addition, it can be pro
grammed to provide READY (or WAIT state) genera
tion. It can also povide latched address bits A 1 and 
A2. The chip-select lines are active for all memory 
and 110 cycles in their programmed areas, whether 
they be generated by the CPU or by the integrated 
DMA unit. 

Memory Chip Select. 

The iAPX 186 provides 6 memory chip select out
puts fOf 3 address areas; upper memory, lower 
memory, and midrange memory. One each is provid
ed fOf upper memory and lower memory, while four 
81e provided fOf midrange memory. 

The range fOf each chip select is user-programma
ble and can be set to 2K, 4K, 8K, 16K, 32K, 64K, 
128K (plus 1 K and 256K fOf upper and lower chip 
selects). In addition. the beginning Of base address 
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15 I. 13 12 11 10 " • 7 • 5 .. 3 2 0 
OFFSET FEH I ET IRMxl X IM/iol ReIocebOn4cldr ... SrtIRI8-R8 

ET - ESC Tr.p I No ESC Tr.p (1/0) 
MIlO • R~ler bIoct< IOceled on Memoty I 1/0 Sp.ce (1/0) 
FlMX - Maller Interrupl ContrOller mode IIRMX CC1mP11ibIe Interrup1 ConIroller(O/I) 

InWrTup1 ConIrOlIer mode (011) 

Figure t. Relocation Register 

Relocation Reglal. 

DMA ONcrip1ors Channel 1 

DMA Descnp10rs Channel 0 

Chip-SeIeC1 ContrOl Regislers 

Time 2 ConIrOl Registers 

Time 1 Control Registers 

Tome 0 ConIroi Regillers 

In1erTupt ConIrOlIer Registers 

OFFSET 

FEH 

DAH 

DOH 

CAH 

COH 

ASH 

AOH 

66H 

80H 
5EH 

58H 
56H 

SOH 

3EH 

20H 

Figure 10. Internel Register Map 

of the midrange memory chip select may also be 
selected. Only one chip select may be programmed 
to be active for any memory location at a time. All 
Chip select sizes are in bytes, whereas iAPX 186 
memory is arranged in words. This means that if, for 
example, 16 64K x 1 memories are used, the memo· 
ry block size will be 128K, not 64K. 

Upper Memory CS 
The iAPX 186 provides a chip select, called ~, for 
the top of memory. The top of memory is usually 
used as the system memory because after reset the 
iAPX 186 begins executing at memory /ocallon 
FFFFOH. 
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The upper limit of memory defined by this chip select 
is always FFFFFH, while the lower limit is program
mable. By programming the lower limit, the size of 
the select block is also defined. Table 7 shows the 
relationship between the base address selected and 
the size of the memory block obtained. 

Table 7. UMCS Programming Values 

Starting 
Memory UMCSValue 

Address 
(B.se 

Block (Assuming 

Address) 
Size RO = R1 = R2 = 0) 

FFCOO 1K FFF8H 
FF800 2K FFB8H 
FFOOO 4K FF38H 
FEOOO 8K FE38H 
FCOOO 16K FC38H 
F8000 32K F838H 
FOOOO 64K F038H 
EOOOO 128K E038H 
COOOO 256K C038H 

The lower limit of this memory block is defined in the 
UMCS register (see Figure 11). This register is at 
offset AOH in the internal control block. The legal 
values for bits 6-13 and the resulting starting ad
dress and memory block sizes are given in Table 7. 
Any combination of bits 6-13 not shown in Table 7 
will result in undefined operation. After reset, the 
UMCS register is programmed for a 1 K area. It must 
be reprogrammed if a larger upper memory area IS 

desired. 

Any internally generated 20-bit address whose up
per 16 bits are greater than or equal to UMCS (with 
bits 0-5 "0") will cause UCS to be activated. UMCS 
bits R2-RO are used to specify READY mode for the 
area of memory defined by thiS chip-select register, 
.S explained below. 

Lower Memory CS 
The iAPX 186 provides a chip select for low memory 
called ~. The bottom of memory contains the in
terrupt vector table, starting atlocalton OOOOOH 
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The lower limit 01 memory delined by this chip select 
is always OH, while the upper limit is programmable. 
By programming the upper limit, the size 01 the 
mel1'1OfY block IS also delmed. Table B shows the 
relationship between the upper address selected 
and the size 01 the mel1'1OfY block obtained. 

Table. LMCS Programming Value. 

Upper 
Memory LMCSValue 

"ddre .. 
Block (" .. umlng 
SIze AO= AI = A2= 0) 

003FFH lK 0038H 
007FFH 2K 0078H 
OOFFFH 4K OOF8H 
01FFFH 8K 01F8H 
03FFFH 16K 03F8H 
07FFFH 32K 07F8H 
OFFFFH 64K OFF8H 
lFFFFH 128K lFF8H 
3FFFFH 256K 3FF8H 

The upper limit 01 this memory block is defined in the 
LMCS register (see Figure 12). This register is at 
offset A2H in the internal control block. The legal 
values for bits 6-15 and the resulting upper address 
and memory block sizes are given in Table 8. Any 
combination 01 bits 6-15 not shown in Table B will 
result in undelined operation. Alter reset, the LMCS 
register value is undefined. However, the ~ chip
select line will not become active until the LMCS 
register is accessed. 

Any internally generated 20-bit address whose up
per 16 bits are less than or equal to LMCS (with bits 
0-5 "I") will cause ~ to be active. LMCS register 
bits R2-RO are used to specify the READY mode for 
the area of memory defined by this chip-select regis
ter. 

Mid-Range Memory CS 

The iAPX 186 provides four ~ lines which are 
active within a user-locatable memory block. This 
block can be located anywhere within the iAPX 186 
1 M byte memory address s~e exclusive 01 the ar
eas defined by ~ and LCS. Both the base ad-

15 14 13 12 11 10 
OFFSET AOHl 1 I 1 I u I u I u u I 

All 

9 
u I 

dress and size of this m8I1'1OfY blOCk are programma
ble. 

The size of the memory block defined by the mid
range select lines, as shown in Table 9, is deter
mined by bits 8-14 01 the MPCS register (see Figure 
13). This register is at location A8H in the internal 
control block. One and only one of bits 8-14 must 
be set al a time. Unpredictable operation of the ~ 
lines will otherwise occur. Each of the four chip-se
lect lines is active for one of the lour equal contigu
ous divisions Of the mid-range block. Thus, il the to
tal block size is 32K. each chip select is active for BK 
of mMCS~ with ~ being active for the first range 
and being active for the last range. 

The EX and MS in MPCS relate to peripheral lunc
tionally as described in a later section. 

Table 9. MPCS Programming Valuea 

Total Block Individual MPCSBlta 
Size Select Size 14-8 

8K 2K 00000018 
16K 4K oooo010B 
32K 8K 00001008 
64K 16K 0001000B 
128K 32K 00100008 
256K 64K 01000008 
512K 128K l000000B 

The base address of the mid-range memory block is 
defined by bits 15-9 of the MMCS register (see Fig
ure 14). This register is at offset A6H in the internal 
control block. These bits correspond to bits 
A 19-A 13 of the 20-bit memory address. Bits 
AI2-AO of the base address are always O. The base 
address may be set at any integer multiple of the 
size of the total memory block selected. For exam
ple, if the mid-range block size is 32K (or the size of 
the block lor which each ~ line is active is 8K). 
the block could be located at l0000H or 18000H, 
but not at 14000H, since the first few integer multi
ples 01 a 32K memory block are OH, 8oooH, 
looo0H, 18000H, etc. Alter reset, the contents 01 
both of these registers is undefined. However. none 
of the ~ lines will be active until both the MMCS 
and MPCS registers are accessed. 

8 7 8 5 • 3 2 1 0 

u I u u I 1 I 1 I 1 I R2 I Rl I RO I 
All 

Figure 11. UMCS Aeglater 

15 ,. 13 12 11 10 II • • 5 • 3 2 1 0 

OFFSET A2H! 0 I 0 u I u I u I u I u I u I u I u I 1 I 1 I 1 I R2 I RI I RO I 
AlII All 

Figure 12. LMCS Aeglater 
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15 14 13 12 I I 10 8 II 7 II 5 4 3 2 I 0 
OFFSET ASH I I I M6 I M5 I M4 I M3 I Mil I Ml I MO I EX I MS I I I I I I I RIl I Rl I RO I 

Figur. 13. MPCS Reglat.r 

15 8 3 0 
OFFSET AIIH I u I u I u I u I u I u I u I I I I I I I 1 I 1 I 1 I RIl I R I I RO I 

A18 A13 

Figur. 14. MMCS Reglater 

MMCS bits R2-RO specify READY mode of opera
tion for all mid-range chip selects. All devices in mid
range memory must use the same number of WAIT 
states. 

The 512K block size for the mid-range memory chip 
selects is a special case. When using 512K, the 
base address would have to be at either locations 
OOOOOH or 80000H. If it were to be programmed at 
OOOOOH when the ~ line was programmed, there 
would be an internal conflict between the ~ ready 
generation logic and the ~ ready generation log
ic. Likewise, if the base address were programmed 
at 80000H, there would be a conflict with the ~ 
ready generation logic. Since the ~ chip-select 
line does not become active until programmed, while 
the UCS line is active at reset, the memory base can 
be set only at OOOOOH. If this base address is select
ed, however, the ~ range must not be pro
grammed. 

Peripheral Chip Selects 

The iAPX 186 can generate chip selects for up to 
seven periphe(al devices. These chip selects are ac
tive for seven contiguous blocks of 128 bytes above 
a programmable base address. This base address 
may be located in either memory or 1/0 space. 

Seven ~ lines called ~-6 are generated by the 
iAPX 186. The base address is user-programmable; 

however it can only be a multiple of 1 K bytes, i.e., 
the least significant 10 bits of the starting address 
are always O. 

~ and ~ can also be programmed to provide 
latched address bits A " A2. If so programmed, they 
cannot be used as peripheral selects. These outputs 
can be connected directly to the AO, A 1 pins used 
for selecting internal registers of 8-bit peripheral 
chips. This scheme simplifies the hardware interface 
because the 8-bit registers of peripherals are simply 
treated as 16-bit registers located on even bounda
ries in 1/0 space or memory space where only the 
lower 8-bits of the register are significant: the upper 
8·bits are "don't cares." 

The starting address of the peripheral chip-select 
block is defined by the PACS register (see Figure 
15). This register is located at offset A4H in the inter
nal control block. Bits 15-6 of this register corre
spond to bits 19-10 of the 20-bit Programmable 
Base Address (PBA) of the peripheral Chip-select 
block. Bits 9-0 of the PBA of the peripheral chip-se
lect block are all zeros. If the chip-select block is 
located in 1/0 space, bits 12-15 must be pro
grammed zero, since the 1/0 address is only 16 bits 
wide. Table 10 shows the address range of aach 
peripheral chip select with respect to the PBA con
tained in PACS register. 

15 6 5 3 0 
OFFSET MH I u I u I u I u I u I u I u I u I u I u I I I I I I I R2 I Rl I RO I 

"'8 "'0 
Figur. 15. PACS Reglat.r 
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The user should program bits 15-6 to correspond to 
the desired peripheral base location. PACS bits 0-2 
are used to specify READY mode for ~-~. 

Table 10. PCS Addr ... Aange. 

PCSUne Active betw"n Location. 

PCSO PBA -PBA+ 127 
PCS1 PBA + 128-PBA + 255 
PCS2 PBA + 256-PBA + 383 
PCS3 PBA + 384-PBA + 511 
PCS4 PBA + 51 2-PBA + 639 
PCS5 PBA + 64O-PBA + 767 
PCS6 PBA + 768-PBA + 895 

The mode of operation of the peripheral chip selects 
is defined by the MPCS register (which is also used 
to set the size of the mid-range memory chip-select 
block, see Figure 16). This register is located at off
set A8H in the internal control block. Bit 7 is used to 
select the function of JS'eS5 and ~, while bit 6 is 
used to solect whether the peripheral chip selects 
are mapped into memory or I/O space. Table 11 
describes the programming of these bits. After reset, 
the contents of both the MPCS and the PACS regis
ters are undefined, however none of the PCS lines 
will be active until both of the MPCS and PACS reg
isters are accessed. 

Table 11. MS, EX Programming Valu •• 

Bit Description 

MS 1 = Peripherals mapped into memory space. 
o = Peripherals mapped into I/O space. 

EX o = 5 J5CS lines. A 1, A2 provided. 
1 = 7 J5CS lines. A " A2 are not provided. 

MPCS bits 0-2 are used to specify READY mode for 
~-~ as outlined below. 

READY Generation Logic 

The iAPX 186 can generate a "READY" signal inter
nally for each of the memory or peripher&1 CS lines. 
The number of WAIT states to be inserted for each 
peripheral or memory is programmable to provide 
0-3 wait states for all accesses to the area for 
which the chip select is active. In addition, the iAPX 
186 may be programmed to either ignore external 
READY for each chip-select range individually or to 
factor external FlEADY with the integrated ready 
generator. 

READY control consists of 3 bits for each CS line or 
group of lines generated by the iAPX 186. The inter
pretation of the ready bits is shown in Table 12. 
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Table 12. AEADY &H. Programming 

A2 Al AO Number of WAIT Stat •• Generated 

0 0 0 o wait states, external ROY 
also used. 

0 0 1 1 wait state inserted, external ROY 
also used. 

0 1 0 2 wait states inserted, external ROY 
also used. 

0 1 1 3 wait states inserted, external ROY 
also used. 

1 0 0 o wait states, external ROY 
ignored. 

1 0 1 1 wait state inserted, external ROY 
ignored. 

1 1 0 2 wait states inserted, external ROY 
ignored. 

1 1 1 3 wait states inserted, external ROY 
ignored. 

The internal ready generator operates in parallel 
with external READY, not in series if the external 
READY is used (R2 - 0). This means, for example, 
if the internal generator is set to insert two wait 
states, but activity on the external READY lines will' 
insert four wait states, the processor will only insert 
four wait states, not six. This is because the two wait 
states generated by the internal generator over
lapped the first two wait states generated by the ex
ternal ready signal. Note that the external ARDY and 
SRDY lines are always ignored during cycles ac
cessing internal peripherals. 

R2-RO of each control word specifies the READY 
mode for the corresponding block, with the excep
tion of WC&eriPheral chip selects: R2-RO of PACS 
set the 0-3 READY mode, R2-RO of MPCS set 
the ~-6 READY mode. 

Chip Select/Ready Logic and Re.et 

Upon reset, the Chip-Select/Ready Logic will per
form the following actions: 

• All chip-select outputs will be driven HIGH. 

• Upon leaving RESET, the UCS line will be pro
grammed to provide chip selects to a ,I K block 
with the accompanying READY control bits set at 
011 to allow the maximum number of internal wait 
states in conjunction with external Ready consid
eration (i.e., UMCS resets to FFFBH). 

• No other Chip select or READY control registers 
have any predefined values after RESET. They 
will not become active until the CPU accesses 
their control registers. Both the PACS and MPCS 
registers must be accessed before the ~ lines 
will become active. 
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15 ,. 13 '2 " 10 8 8 7 8 5 3 2 , 0 
OFFSET ASH I , I M6 I 1.15 I "'. I "'3 I "'2 I "" I "'0 I EX I "'s I , I , I , I R2 I R' I RO I 

Figure 16. MPCS Regllter 

DMA CHANNELS 

The 80186 OMA controller provides two indepen
dent high-speed OMA channels. Data transfers can 
occur between memory and 1/0 spaces (e.g., Mem
ory to 1/0) or within the same space (e.g., Memory 
to Memory or 1/0 to 1/0). Data can be transferred 
either in bytes (8 bits) or in words (16 bits) to or from 
even or odd addresses. Each OMA channel main
tains both a 20-bit source and destination pointer 
which can be optionally incremented or decrement
ed after each data transfer (by one or two depending 
on byte or word transfers). Each data transfer con
sumes 2 bus cycles (a minimum of 8 clocks), one 
cycle to fetch data and the other to store data. This 
provides a maximum data transfer rate of one 
Mword/sec or 2 MBytes/sec. 

DMA Operation 

Each channel has six registers in the control block 
which define each channel's specific operation. The 
control registers consist of a 20-bit Source pOinter (2 

words), a 20-bit destination pointer (2 words), a 16-
bit Transfer Counter, and a 16-bit Control Word. The 
format of the OMA Control Blocks is shown in Table 
13. The Transfer Count Register (TC) specifies the 
number of OMA transfers to be performed. Up to 
64K byte or word transfers can be performed with 
automatic termination. The Control Word defines the 
channel's operation (see Figure 18). All registers 
may be modified or altered during any OMA activity. 
Any changes made to these registers will be reflect
ed immediately in OMA operation. 

Table 13. DMA Control Block Format 

Regl,ter Name 
Regl,ter Addre" 

Ch.O Ch.l 

Control Word CAH OAH 
Transfer Count C8H 08H 
Destination POinter (upper 4 CSH 06H 

bits) 
Destination Pointer C4H 04H 
Source Pointer (upper 4 bits) C2H 02H 
Source Pointer COH DOH 

TIMEA AEQUEST 

Figure 17. DMA Unit Block Diagram 
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15 I. 13 12 II 10 

Mi DESTINATION 1.11 SOURCE 
R:! DEC INC R:! DEC INC 
It • DON'T CARE 

Figure 11. DMA Control Register 

DMA Channel Control Word Register 

Each DMA Channel Control Word determines the 
mode of operation for the particular 81086 DMA 
channel. This register specifies: . 

• the mode of synchronization; 

• whether bytes or words will be transferred; 

• whether interrupts will be generated after the last 
transfer; 

• whether DMA activity will cease after a pro· 
grammed number of DMA cycles; 

• the relative priority of the DMA channel with re
spect to the other DMA channel; 

• whether the source pointer will be incremented, 
decremented, or maintained constant after each 
transfer; 

• whether the source pointer addresses memory or 
I/O space; 

• whether the destination pointer will be increment
ed, decremented, or maintained constant after 
each transfer; and 

• whether the destination pointer will address 
memory or 1/0 space. 

The DMA channel control registers may be changed 
while the channel is operating. However, any chang
es made during operation will affect the current DMA 
transfer. 

DMA Control Word Bit Descriptions 
B/w: Byte/Word (0/1) Transfers. 

ST 1ST0J5: Startlstop (110) Channel. 

CHG/~: 

INT: 

Cha~c;r not change (1/0) 
ST I bit. If this bit is set when 
writi~ the control word, the 
ST/STOP bit will be programmed 
by the write to the control word. If 
this bit is cleared when writing the 
control word, the ST 1ST0J5 bit will 
not be altered. This bit is not 
stored; it will always be a 0 on 
read. 

Enable Interrupts to CPU on 
Transfer Count termination. 
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TC: 

SVN 

(2 bits) 

If set, DMA will terminate when the 
contents of the Transfer Count regiS
ler reach zero. The ST 1ST0J5 bit will 
also be reset at this point if TC is set. 
If this bit is cleared, the DMA unit will 
decrement the transfer count register 
for each DMA cycle, but the DMA 
transfer will not stop when the con-
lents of the TC register reach zero. 

00 No synchronizatiOn. 

NOTE: The ST bit will be cleared 
automatically when the contenis 
of the TC register reach %.0 re
gardless of the state of the TC bit. 

01 Source synchronization. 

10 Destination synchronization. 

11 Unused. 

SOURCE:INC Increment source pointer by 1 or 2 
(depends on B/W) after each trans
fer. 

M/iO Source pointer is in MilO space (1/0). 

DEC Decrement source pointer by 1 or 2 
(depends on B/W) after each trans
fer. 

DEST: INC Increment destination pointer by 1 or 
2 (B/W) after each transfer. 

M/R5 Destination pointer is in MilO space 
(1/0). 

DEC Decrement destination pointer by 1 
or 2 (depending on B/W) after each 
transfer. 

P Channel priority-f'elative to other 
channel. 

TORO 

o low priority. 

1 high priority. 

Channels will alternate cycles if both 
set at same priority level. 

0: Oisable DMA requests from 
timer 2. 

1: Enable DMA requests from 
timer 2. 

Bit 3 Bit 3 is not used. 

If both INC and DEC are specified for the same 
pointer, the pointer will remain constant after each 
cycle. 
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DMA Destination and Source Pointer 
Registers 

Each DMA channel maintains a 20-bit source and a 
2O-bit destination pointer. Each of these pointers 
takes up two full 16-bit registers in the peripheral 
control block. The lower four bits of the upper regis
ter contain the upper four bits of the 20-bit physical 
address (see Figure 18a). These pointers may be 
Individually incremented or decremented after each 
transfer. If word transfers are performed the pointer 
is incremented or decremented by two. Each pointer 
may point into either memory or I/O space. Since 
the DMA channels can perform transfers to or from 
odd addresses, there is no restriction on values for 
the pointer registers. Higher transfer rates can be 
obtained if all word transfers are performed to even 
addresses, since this will allow data to be accessed 
in a single memory access. 

DMA Transfer Count Register 

Each DMA channel maintains a 16-bit transfer count 
register (Te). This register is decremented after ev
ery DMA cycle, regardless of the state of the TC bit 
in the DMA ContrOl Register. If the TC bit in the DMA 
control word is set or unsynchronized transfers are 
programmed, however, DMA activity will terminate 
when the transfer count register reaches zero. 

DMA Requests 

Data transfers may be either source or destination 
synchronized, that is either the source of the data or 

HIGHER 
REGISTER 
ADDRESS 

LOWER 
REGISTER 
ADDRESS 

xxx 

A15-A12 
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the destination of the data may request the data 
transfer. In addition, OMA transfers may be unsyn
chronized; that is, the transfer will take place contin
ually until the correct number of transfers has oc
curred. When source or unsynchronized transfers 
are performed, the OMA channel may begin another 
transfer immediately after the end of a previous 
OMA transfer. This allows a complete transfer to 
take place every 2 bus cycles or eight clock cycles 
(assuming no wait states). No prefetching occurs 
when destination synchronization is performed, how
ever. Data will not be fetched from the source ad
dress until the destination device signals that it is 
ready to receive it. When destination synchronized 
transfers are requested, the DMA controller will re
linquish control of the bus after every transfer. If no 
other bus activity is initiated, another DMA cycle will 
begin after two processor clocks. This is done to 
allow the destination device time to remove its re
quest if another transfer is not desired. Since the 
OMA controller will relinquish the bus, the CPU can 
initiate a bus cycle. As a result, a complete bus cycle 
will often be inserted between destination synchro
nized transfers. These lead to the maximum DMA 
transfer rates shown in Table 14. 

Table 14. Maximum DMA Tran.fer Aate. 

Type of 
SynchronlZlltlon CPU Aunnlng CPU HIIlted 

Selected 

Unsynchronized 2MBytes/sec 2MBytes/sec 
Source Synch 2MBytes/sec 2MBytes/sec 
Destination Synch 1.3MBytes/sec 1.SMByte/sec 

XXX XXX A111-A16 

All-AS A7-A4 A3-AO 

o 

XXX • DON'T CARE 

Figure 1 ... DMA Memory Pointer Aegl.ter Format 
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OMA Acknowledge 

No explicit DMA acknowledge pulse is provided. 
Since both source and desllnation pointers are 
maintained, a read from a requesting source, or a 
write to a requesting destination, should be used as 
the DMA acknowledge signal. Since the chip-select 
lines can be programmed to be active for a given 
block of memory or I/O space, and the DMA point
ers can be programmed to point to the same given 
block, a chip-select line could be used to indicate a 
DMA acknowledge. 

OMA Priority 

The DMA channels may be programmed such that 
one channel is always given priority over the other, 
or they may be programmed such as to alternate 
cycles when both have DMA requests pending. DMA 
cycles always have priority over internal CPU cycles 
except between locked memory accesses or word 
accesses the odd memory locations; however, an 
external bus hold takes priority over an internal DMA 
cycle. Because an interrupt request cannot suspend 
a DMA operation and the CPU cannot access mem
ory during a DMA cycle, interrupt latency time will 
sufler during sequences of continuous DMA cycles. 
An NMI request, however, will cause all internal 
DMA activity to halt. This allows the CPU to quickly 
respond to the NMI request. 

OMA Programming 

DMA cycles will occur whenever the ST/STOP bit of 
the Control Register is set. If synchronized transfers 

~II' 

are programmed, a ORO must also have been gen
erated. Therefore the source and desllnation Itans
fer pointers, and the transfer count register (if used) 
must be programmed before this bit is set. 

Each DMA register may be modified while the chan
nel is operating. If the CHG/NOCHG bit is cleared 
when the control register is written, the ST /STOP bit 
of the control register will not be modified by the 
write. If multiple channel registers are modified, it is 
recommended that a LOCKED string transfer be 
used to prevent a DMA transfer from occurring be
tween updates to the channel registers. 

OMA Channels and Reset 

Upon RESET, the DMA channels will perform the 
following actions: 

• The Start/Stop bit for each channel will be reset 
to STOP. 

• Any transfer in progress is aborted. 

TIMERS 

The 801 8e provides three internal 16-bit program
mable timers (see Figure 19). Two of these are high
ly flexible and are connected to four external pins (2 
per timer). They can be used to count external 
events, time external events, generate nonrepelitive 
waveforms, etc. The third timer is not connected to 
any external pins, and is useful for real-time coding 
and time delay applications. In addition, this third 
timer can be used as a presealer to the other two, or 
as a DMA request source. 

lIMA 
NO. 
12 
INT. 
NO. 

MAlI COUNT _ 

..... ~."...::.."..._~ CI.OCII ~~,.,.:A::.",.,.".,.,.~ 
MAlI COUNT YAWl 

• MAlI COUNT IMWI 

IIODCICONTNlL 
WOIIO 

.. TIIINAL .-_DATA_ 

AU. II., NOIITIlII 
21~51-IO 

Figure 11. Timer Block Diagram 
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nmer Operation 

The timers are controlled by 11 16-bit registers in 
the internal peripheral control block. The configura
tion of these registers is shown in Table 15. The 
count register contains the current value of the tim
er. It can be read or written at any time independent 
of whether the timer is running or not. The value of 
this register will be incremented for each timer 
event. Each of the timers is equipped with a MAX 
COUNT register, which defines the maximum count 
the timer will reach. After reaching the MAX COUNT 
register value, the timer count value will reset to zero 
during that same clock, Le., the maximum count val
ue is never stored in the count register itself. Timers 
o and 1 are, in addition, equipped with a second 
MAX COUNT register, which enables the timers to 
alternate their count between two different MAX 
COUNT values programmed by the user. If a single 
MAX COUNT register is used, the timer output pin 
will switch LOW for a single clock, 1 clock after the 
maximum count value has been reached. In the dual 
MAX COUNT register mode, the output pin will indi
cate which MAX COUNT register is currently in use, 
thus allowing nearly complete freedom in selecting 
waveform duty cycles. For the timers with two MAX 
COUNT registers, the RIU bit in the control register 
determines which is used for the comparison. 

Each timer gets serviced every fourth CPU-clock cy
cle, and thus can operate at speeds up to one-quar· 
ter the internal clock frequency (one-eighth the crys· 
tal rate). External clocking of the timers may be done 
at up to a rate of one-quarter of the internal CPU· 
clock rate (2 MHz for an 8 MHz CPU clock). Due to 
internal synchronization and pipelining of the timer 
circuitry, a timer output may take up to 6 clocks to 
respond to any individual clock or gate input. 

15 14 13 12 11 
EN INT RIU o 

Since the count registers and the maximum count 
registers are all 16 bits Wide, 16 bits of resolution are 
provided. Any Read or Write access to the timers will 
add one wait state to the minimum four-clock bus 
cycle, however. This is needed to synchronize and 
coordinate the internal data flows between the inter· 
nal timers and the internal bus. 

The timers have several programmable options. 

• All three timers can be set to halt or continue on 
a terminal count. 

• Timers 0 and 1 can select between internal and 
external clocks, alternate between MAX COUNT 
registers and be set to retrigger on external 
events. 

• The timers may be programmed to cause an in
terrupt on terminal count. 

These options are selectable via the timer model 
control word. 

Timer Mode/Control Register 

The mode/control register (see Figure 20) allows 
the user to program the specific mode of operation 
or check the current programmed status for any of 
the three integrated timers. 

Table 15. Timer Control Block Format 

Aeglster Name 
Aeglster Offset 

Tmr.O Tmr.1 Tmr.2 

Mode/Control Word 56H 5EH 66H 
Max Count B 54H 5CH not present 
Max Count A 52H 5AH 62H 
Count Register SOH 58H 60H 

I 4 2 o 
Me RTG p EXT ALT I CONT I 

Figure 20. Timer Mode/Control Aeglster 
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ALT: 

The AL T bit determines which of two MAX COUNT 
registers is used fOf' count comparison. If AL T - 0, 
register A fOf' that timer is always used, while if AL T 
- " the compariton will alternate between register 
A and register B when each maximum count is 
reached. This alternation allows the user to change 
one MAX COUNT register while the other is being 
used, and thus provides a method of generating 
non-repetitive waveforms. Square waves and pulse 
outputs of any duty cycle are a subset of available 
signals obtained by not changing the final count reg
isters. The AL T bit also determines the function of 
the timer output pin. If AL T is zero, the output pin will 
go LOW for one clock, the clock after the maximum 
count is reached. If AL T is one, the output pin will 
reflect the current MAX COUNT register being used 
(011 for 81 A). 

CONT: 

Setting the CONT bit causes the associated timer to 
run cortinuously, while resetting it causes the timer 
to halt upon maximum count. If COUNT = 0 and 
AL T = I, the timer will count to the MAX COUNT 
register A value, reset, count to the register 8 value, 
reset, and halt. 

EXT: 

The external bit selects between internal and exter
nal clocking for the timer. The external signal may 
be asynchronous with respect to the 80186 clock. 
If this bit is set, the timer will count LOW-to-HIGH 
transitions on the input pin. If cleared, it will count an 
internal clock while using the input pin for control. In 
this mode, the function of the external pin is defined 
by the RTG bit. The maximum input to output tran
sition latency time may be as much as 6 clocks. 
However, clock inputs may be pipelined as closely 
together as every 4 clocks without losing clock puls
es. 

P: 

The prescaler bit is ignored unless internal clocking 
has been selected (EXT = 0). If the P bit is a zero, 
the timer will count at one-fourth the internal CPU 
clock rate. If the P bit is a one, the output of timer 2 
will be used as a clock fOf' the timer. Note that the 
user must initialize and start timer 2 to obtain the 
presealed clock. 

RTG: 

Retrigger bit is only active fOf' internal clocking (EXT 
= 0). In thiS case it determines the control function 
prOVided by the input pin. 
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If RTG • 0, the input level gat .. the internal clock 
on and off. If the input pin is HIGH, the timer will 
count; if the input pin is LOW, the timer will hold its 
value. As indicated previously, the input signal may 
be asynchronous with respect to the 80186 clock. 

When RTG - I, the input pin detects LOW-ta-HIGH 
transitions. The first such transition starts the timer 
running, clearing the timer value to zero on the first 
clock, and then incrementing thereafter. Further 
transitions on the input pin will again reset the timer 
to zero, from which it will start counting up again. If 
CONT .. 0, when the timer has reached maximum 
count, the EN bit will be cleared, inhibiting further 
timer activity. 

EN: 

The enable bit provides programmer control over 
the timer's RUN/HALT status. When set, the timer is 
enabled to increment subject to the input pin con
straints in the internal clock mode (diseussed previ
ously). When cleared, the timer will be inhibited from 
counting. All input pin transistions during the time EN 
is zero will be ignored. If CONT is zero. the EN bit is 
automatically cleared upon maximum count. 

INH: 

The inhibit bit allows for selective updating of the 
enable (EN) bit. If INH is a one during Ihe wrile 10 Ihe 
mode/control word. Ihen the stale of the EN bil will 
be modified by Ihe wrile. If INH is a zero duringlhe 
write, the EN bit will be unaffected by Ihe 
operation.This bit is not Slored; it will always be a 0 
on a read. 

INT: 

When sel. the INT bit enables interrupls from the 
timer, which will be generaled on every terminal 
count. If the timer is configured in dual MAX COUNT 
register mode, an interrupt will be generaled each 
time the value in MAX COUNT register A is reached. 
and each lime the value in MAX COUNT regisler 8 is 
reached. If this enable bit is cleared after Ihe inter
rupt request has been generated. but before a pend
ing interrupt is serviced. the interrupt requesl will Slill 
be in force. (The request is lalched in the Interrupt 
Controller). 

MC: 

The Maximum Count bit is set whenever the timer 
reaches its final maximum count value. If the limer is 
configured in dual MAX COUNT regisler mode. this 
bil will be sel each time the value in MAX COUNT 
register A is reached. and each time the value in 
MAX COUNT reglsler B is reached. This bit is set 
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regardless of the timer's interrupt-enable bit. The 
MC bit gives the user the ability to monitor timer 
ltatus through software instead of through inter
rupts. 

Programmer intervention il required to clear this bit. 

AIU: 

The Register In Use bit indicates which MAX 
COUNT register is currently being used for compari
son to the timer count value. A zero value indicates 
register A. The RIU bit cannot be written, i.e., its 
value is not affected when the control register is writ
ten. It is always cleared when the AL T bit is zero. 

Not all mode bits are provided for timer 2. Certain 
bits are hardwired as indicated below: 

ALT cO. EXT - 0, P - 0, ATG = 0, AIU = 0 

Count Registers 

Each of the three timers has a 16-bit count register. 
The current contents of this register may be read or 
written by the processor at any time. If the register is 
written into while the timer is counting,the new value 
will take effect in the current count cycle. 

Max Count Registers 

Timers 0 and 1 have two MAX COUNT registers, 
while timer 2 has a single MAX COUNT register. 
These contain the number of events the timer will 
count. In timers 0 and 1, the MAX COUNT register? 
used can alternate between the two max count val
ues whenever the current maximum count is 
reached. The condition which causes a timer to re
set is equivalent between the current count value 
and the max count being used. This means that if 
the count is changed to be above the max count 
value, or if the max count value is changed to be 
below the current value, the timer will not reset to 
zero, but rather will count to its maximum value, 
"wrap around" to zero, then count until the max 
count is reached. 

Timers and Reset 

Upon RESET, the Timers will perform the following 
actions; 

• All EN (Enable) bits are reset preventing timer 
counting 

• All SEL (Select) bits are reset to zero. This se
lects MAX COUNT register A, resulllng in the 
Timer Out pins going HIGH upon RESET. 

27 

INTERRUPT CONTROLLER 

The 80186 can receive interrupts from a number of 
sources, both internal and external. The internal in
terrupt controller serves to merge these requests on 
a priority basis, for individual service by the CPU. 

Internal interrupt sources (Timers and DMA chan
nels) can be disabled by their own control registers 
or by mask bits within the interrupt controller. The 
80186 interrupt controller has its own control regis
ter that set the mode of operation for the controller. 

The interrupt controller will resolve priority among 
requests that are pending simultaneously. Nesting is 
provided so interrupt service routines for lower priori
ty interrupts may themselves be interrupted by high
er priority interrupts. A block diagram of the interrupt 
controller is shown in Figure 21. 

The interrupt controller has a special iRMX 86 com
patibility mode that allows the use of the 80186 with
in the iRMX 86 operating system interrupt structure. 
The conroller is set in this mode by setting bit 14 in 
the peripheral control block relocation register (see 
iRMX 86 Compatibility Mode section). In this mode, 
the internal 80186 interrupt controller functions as a 
"slave" controller to an external "master" controller 
Special initialization software must be included to 
properly set up the 80186 interrupt controller in 
iRMX 86 mode. 

MASTER MODE OPERATION 

Interrupt Controller External Interface 

For external interrupt sources, five dedi<.aled pins 
are provided. One of these pins is dedicated to NMI, 
non-mask able interrupt. This is typically used for 
power-fail interrupts, etc. The other four pins may 
function either as four interrupt input lines with inter
nally generated interrupt vectors, as an interrupt line 
and an interrupt acknowledge line (called the "cas
cade mode") along with two other input lines with 
internally generated interrupt vectors, or as two in
terrupt input lines and two dedicated interrupt ac
knowledge output lines. When the interrupt lines are 
configured in cascade mode, the 80186 interrupt 
controller will not generate internal interrupt vectors. 

ExternallOurces in the cascade mode use external
ly generated interrumTActors. When an interrupt IS 
acknowledged, two cycles are initiated and the 
vector is read into the 80186 on the second cycle. 
The capability to interface to external 8259A pro
grammable interrupt controllers IS thus provided 
when the Inputs are configured In cascade mode 

Reproduced with perm_ion from Int.IOorport.tion 



IAPX 111 

Interrupt Controller Mode. of 
Operation 

The basic modes of operation of the interrupt con· 
troller in master mode are .similar to the 8259A. The 
interrupt controller responds indentically to internal 
interrupts in all three modes: the difference is only in 
the interpretation of function of the four external in· 
terrupt pins. The interrupt controller is set into one of 
these three modes by programming the correct bits 
in the INTO and INT1 control registers. The modes of 
interrupt control/er operation are as follows: 

Fully Ne.ted Mode 

When in the fully nested mode four pins are used as 
direct interrupt requests. The vectors for these four 
inputs are generated internally. An in· service bit is 
provided for every interrupt source. If a lower-priority 
device requests an interrupt while the in service bit 
(IS) is set. no interrupt will be generated by the inter
rupt controller. In addition, if another interrupt reo 
quest occurs from the same interrupt source while 
the in-service bit is set, no interrupt will be generated 
by the interrupt controller. This allows interrupt serv
ice routines to operate with interrupts enabled with· 
out being themselves interrupted by lower-priority in
terrupts. SincE' interrupts are enabled, higher-priority 
interrupts will be serviced. 

When a service routine is completed, the proper IS 
bit must be reset by writing the proper pattern to the 
EOI register. This is required to allow subsequent 
interrupts from this interrupt source and to allow 
servicing of lower-priority interrupts. An EOI com
mand is issued at the end of the service routine just 
before the issuance of the return from interrupt in-

DMAO 
CONTNl\.IIIO. 

lIMA 1 
CONTIIOL 1110. 
Ul. IN,," 0 

CONTlIOlIIEO. 
IXT.INNT 1 

CONTlIOlIlEO. 

DMA 
t 

.tructlon. If the fully nested structure has been up
held. the next highest-priority source with its IS bit 
.. t is then aerviced. 

The 80186 has four interrupt pins and two of them 
have dual functions. In the fully nested mode the 
four pins are used as direct interrupt inputs and the 
corresponding vectors are generated internally. In 
the cascade mode, the four pins are configured into 
interrupt input-dedicated acknowledge signal pairs. 
The interconnection is shown in Figure 22. INTO IS 
an inteT:£t input interfaced to an 8259A, while 
INT211N 0 serves as the dedicated interrupt ac
knowledge signal to th~ipheral. The same is 
true for INT1 and INT3/fNTAT. Each pair can selec
tively be placed in the cascade or non-cascade 
mode by programming the proper value into INTO 
and INT1 control registers. The use of the dedicated 
acknowledge signals eliminates the need for the use 
of external logic to generate iNTA and device select 
signals. 

The primary cascade mode allows the capability to 
serve up to 128 external interrupt sources through 
the use of external master and slave 8259As. Three 
levels of priority are created, requiring priority resolu
tion in the 80186 interrupt controller, the master 
8259As, and the slave 8259As. If an external inter
rupt is serviced, one IS bit is set at each of these 
levels. When the interrupt service routine is complet
ed, up to three end-of-interrupt commands must be 
issued by the programmer. 

210.51-11 

Figure 21. Interrupt Controlle, Block o..gram 
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Specla' Fully N.ated Mod. 

This mode is entered by setting the SFNM bit In 
INTO or INT1 control register. It enables complete 
nestability with external 8259A masters. Normally, 
an interrupt request from an interrupt source will not 
be recognized unless the in·service bit for that 
source is reset. If more than one interrupt source is 
connected to an external interrupt controller, all of 
the interrupts will be funneled through the same 
80186 interrupt request pin. As a result, if the exter· 
nal interrupt controller receives a higher·priority in· 
terrupt, its interrupt will not be recognized by the 
80186 controller until the 80186 in· service bit is re
set. In special fully nested mode, the 80186 interrupt 
controller will allow interrupts from an external pin 
regardless of the state of the in-service bit for an 
interrupt source in order to allow multiple interrupts 
from a single pin. An in·service bit will continue to be 
set, however, to inhibit interrupts from other lower· 
priority 80186 interrupt sources. 

Special procedures should be followed when reset· 
ting IS bits at the end of interrupt service routines. 
Software polling of the external master's IS register 
is required to determine if there is more than one bit 
set. If so, the IS bit in the 80186 remains active and 
the next interrupt service routine is entered. 

Operation In a Polled Environment 

The controller may be used in a polled mode if inter
rupts are undesirable. When polling, the processor 
disables interrupts and then polls the interrupt con
troller whenever it is convenient. Polling the interrupt 
controller is accomplished by reading the Poll Word 
(Figure 31). Bit 15 in the poll word indicates to the 
processor that an interrupt of high enough priority is 
requesting service. Bits 0-4 indicate to the proces· 
sor the type vector of the highest-priority source re
questing service. Reading the Poll Word causes the 
In-Service bit of the highest priority source to be set. 

It is desirable to be able to read the Poll Word infor
mation without guaranteeing service of any pending 
interrupt, i.e., not set the indicated in-service bit. The 
80186 provides a Poll Status Word in addition to the 
conventional Poll Word to allow this to be done. Poll 
Word information is duplicated in the Poll Status 
Word, but reading the Poll Status Word does not set 
the aSSociated in-service bit. These words are locat
ed in two adjacent memory locations in the register 
file 
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Master Mode Features 

Programmable Priority 

The user can program the interrupt sources into any 
of eight different priority levels. The programming is 
done by placing a 3-bit priority level (0-7) in the con
trol register of each interrupt source. (A source with 
a priority level of 4 has higher priority over all priority 
levels from 5 to 7. Priority registers containing values 
lower than 4 have greater priority). All interrupt 
sources have preprogrammed default priority levels 
(see Table 4). 

If two requests with the same programmed priority 
level are pending at once, the priority ordering 
scheme shown in Table 4 is used. If the serviced 
interrupt routine reenables interrupts, it allows other 
requests to be serviced. 

End-of-Interrupt Command 

The end-of-interrupt (EOI) command is used by the 
programmer to reset the In-Service (IS) bit when an 
interrupt service routine is completed. The EOI com
mand is issued by writing the proper pattern to the 
EOI register. There are two types of EOI commands, 
specific and nonspecific. The nonspecific command 
does not specify which IS bit is reset. When issued. 
the interrupt controller automatically resets the IS bit 
of the highest priority source with an active service 
routine. A specific EOI command requires that the 
programmer send the interrupt vector type to the in
terrupt controller indicating which source's IS bit is 
to be reset. This command is used when the fully 
nested structure has been disturbed or the highest 
priority IS bit that was set does not belong to the 
service routine in progress. 

Trigger Mode 

The four external interrupt pins can be programmed 
in either edge- or level-trigger mode. The control 
register for each external source has a level-trigger 
mode (L TM) bit. All interrupt inputs are active HIGH. 
In the edge sense mode or thA level-trigger mode. 
the interrupt request must remain active (HIGH) until 
the interrupt request is acknowledged by the 80186 
CPU. In the edge-sense mode, if the level remains 
high after the interrupt is acknowledged, the input is 
disabled and no further requests will be generated. 
The input level must go LOW for at least one clock 
cycle to r&enable the input. In the level-trigger mode. 
no such provision is made holding the interrupt input 
HIGH will cause continuous interrupt requests 
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Interrupt Vectoring 

The 801861n1errupt Controller will generate interrupt 
vectors for the integrated OMA channels and the in
tegrated Timers. In addition, the Interrupt Controller 
will generate interrupt veclors for the external inter
rupt lines if they are not configured in Cascade or 
Special Fully Nested Mode. The interrupt vectors 
generated are fixed and cannot be changed (see Ta
ble 4). 

Interrupt Controller Registers 

The Interrupt Controller register model is shown in 
Figure 23. It contains 15 registers. All registers can 
both be read or written unless specified otherwise. 

In-Service Reglate, 

This register can be read from or written into. The 
format is shown in Figure 24. It contains the In-Serv
ice bit for each of the interrupt sources. The In-Serv
ice bit is set to indicate that a source's service rou
tine is in progress. When an In-Service bit is set, the 
interrupt controller will not generate interrupts to the 
CPU when it receives interrupt requests from devic
es with a lower programmed priority level. The TMR 
bit is the In-Service bit for all three timers; the 00 
and 01 bits are the In-Service bits for the two OMA 
channels; the 10-13 are the In-Service bits for the 
external interrupt pins. The IS bit is set when the 
processor acknowledges an interrupt request either 
by an interrupt acknowledge or bv reading the poll 
register. The IS bit is reset at the end of the interrupt 
service routine by an end-of-interrupt command is
sued by the CPU. 

., .. 
11m 

IRTM 

Interrupt Requeat Reglater 

The intemal interrupt sources have interrupt request 
bits inside the interrupt controller. The format of this 
register is shown in Figure 24. A read from this regis
ter yields the status of these bits. The TMR bit is the 
logical OR of all timer interrupt requests. DO and 01 
are the interrupt request bits for the OMA channels. 

The state of the external interrupt input pins is also 
indicated. The· state of the external interrupt pins is 
not a stored condition inside the interrupt controller, 
therefore the external interrupt bits cannot be wnt
ten. The external interrupt request bits show exactly 
when an interrupt request is given to the interrupt 
controller, so if edge-triggered mode is selected, the 
bit in the register will be HIGH only after an inactive
to-active transition. For internal interrupt sources, 
the register bits are set when a request arrives and 
are reset when the processor acknowledges the re
quests. 

Maek Reglater 

This is a 16-bit register that contains a mask bit for 
each interrupt source. The format for this register is 
shown in Figure 24. A one in a bit pOsition corre
sponding to a particular source serves to mask the 
source from generating interrupts. These mask bits 
are the exact same bits which are used in the indi
vidual control registers; programming a mask bit us
ing the mask register will also change this bit in the 
individual control registers, and vice versa. 

tNT 

111M 
PIC 

IRTl 

210451-12 

Figure 22. Caacade Mode Interrupt Connection 
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INT3 CONTROL REGISTER 

INTI CONTROL REGISTER 

INTI CONTROL REGISTER 

INTO CONTROL REGISTER 

OMA 1 CONTROL REGISTER 

OMA 0 CONTROL REGISTER 

TIMER CONTROL REGISTER 

INTERRUPT STATUS REGISTER 

INTERRUPT REQUEST REGISTER 

IN·SERVICE REGISTER 

PRIORITY MASK REGISTER 

MASK REGISTER 

POLL STATUS REGISTER 

POLL REGISTER 

EOI REGISTER 

0PnET 
3EH 

3IH 

38H 

34H 

32H 

30H 

2EH 

2CH 

2AH 

28H 

28H 

24H 

22H 

Figure 23. Interrupt Controller Reglaters 

(Non-IRMXTII 86 Mode) 
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PrIority Maslc Reglater 

This register is used to mask all interrupts below per· 
ticular interrupt priority levels. The lormat 01 this reg· 
Ister is shown in Figure 25. The code in the lower 
three bits 01 this register inhibits interrupts of priority 
lower (a higher priority number) than the code speci· 
fleet For example. 100 written into this register 
masks interrupts of level five (101). six (110). and 
seven (111). The register is reset to seven (111) 
upon RESET so all interrupts are unmasked. 

Interrupt Statu. Regl.ter 

This register contains general interrupt controller 
status information. The format of this register is 
shown in Figure 26. The bits in the status register 
have the following functions: 

DHL T: DMA Halt Transfer; setting this bit halts all 
DMA transfers. It is automatically set when· 
ever a non·maskable interrupt occurs. and it 
is reset when an IRET instruction is execut· 
ed. The purpose of this bit is to allow prompt 
service 01 all non-maskable interrupts. This 
bit may also be set by the CPU. 

IRTx: These three bits represent the individual tim
er interrupt request bits. These bits are used 
to differentiate the timer interrupts. since the 
timer IR bit in the interrupt request register is 
the "OR" function of all timer interrupt reo 
quest. Note that setting anyone 01 these 
three bits initiates an interrupt reques.t to the 
interrupt controller. 

7 
• I 

4 :I 2 1 0 
o o I • • • I 0 o I 0 I 13 12 I 11 10 I 01 DO 

Flgur. 24. In-Servlce, Interrupt Reque.t, and Maak Regl.ter Format. 

I. 14 :I 2 1 0 
0 0 I • • • • • • • • I I 0 I PRM21 PRM!I PRMOI 

Figure 25. Priority Ma.k Regl.ter Format 

" 14 7 • • 4 :I I 1 0 
IOHLTI 0 I • • • • • 0 0 I 0 I 0 I 0 IIRT2 IIRT! I'RTO I 

figure 21. Interrupt Stat",. Regl.ter Format 
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Timer, DMA 0,1; Control Regl.ter 

These registers are the control words for all the in
ternal Interrupt sources. The format for these regis
ters is shown in Figure 27. The three bit positions 
PRO, PR t, and PR2 represent the programmable pri
ority level of the interrupt source. The MSK bit inhib
its interrupt requests from the interrupt source. The 
MSK bits in the individual control registers are the 
exact same bits as are in the Mask Register; modify
ing them in the individual control registers will also 
modify them in the Mask Register, and vice versa. 

INTo-INT3 Control Regl.ter. 

These registers are the control words for the four 
external input pins. Figure 28 shows the format of 
the INTO and INn Control registers; Figure 29 
shows the format of the INT2 and INT3 Control reg
isters. In cascade mode or special fully nested 
mode, the control words for INT2 and INT3 are not 
used. 

The bits in the various control registers are encoded 
as follows: 

PRO-2: Priority programming information. Highest 
Priority = 000, Lowest Priority =' 111 

L TM: Level-trigger mode bit. 1 = level-triggered; 
o = edge-triggered. Interrupt Input levels 
are active high. In level-triggered mode, an 
interrupt is generated whenever the exter
nal line is high. In edge-triggered mode, an 
interrupt will be generated only when this 

15 14 

I 0 0 I · • 

MSK: 

C: 

level is proceded by an inactive-to-active 
transition on the line. In both cases, the 
level must remain active until the Interrupt 
is acknowledged. 

Mask bit, 1 - mask; 0 - non-mask. 

Cascade mode bit, 1 .. cascade; 0 - di-
rec1 

SFNM: Special fully nested mode bit, 1 '"' SFNM 

EOI Reglater 

The end of the interrupt register is a command regis
ter which can only be written into. The format of this 
register is shown in Figure 30. It initiates an EOI 
command when written to by the 80186 CPU. 

The bits in the EOI register are encoded as follows: 

5,.: Encoded information that specifies an in
terrupt source vector type as shown in T a
ble 4. For example, to reset the In-Service 
bit for DMA channel 0, these bits should be 
set to 01010, since the vector type for DMA 
channel 0 is 10. Note that to reset the sin
gle In-Service bit for any of the three tim
ers, the vector type for timer 0 (8) should 
be written in this register. 

4 3 J 1 0 

• 0 I !.15K I PR2 I PRI I PRO I 

Figure 27. Tlmer/DMA Control Reglate,.. Formata 

,. 14 7 • 5 4 3 2 1 0 
I 0 0 I • 0 ISFN!.II c I LT!.I I !.15K I PR2 I PRI I PRO I 

Figure 28. INTOIINT1 Control Reglater Format. 

,. 14 • • 3 2 , 0 
0 0 I • • • • 0 IlT!.I I !.15K I PR21 PRI I PRO I 

Figure 29. INT211NT3 Control Reglater Format. 
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NSPEC/: A bit that determines the type of EOI com-
SPEC mand. Nonspecific = 1, Specific - O. 

Poll .net Poll Statua Rev'atera 

These registers contain polling information. The for
mat of these registers is shown in Figure 31. They 
can only be read. Reading the Poll register consti
tutes a software poll. This will set the IS bit of the 
highest priority pending interrupt. Reading the poll 
status register will not set the IS bit of the highest 
priority pending interrupt; only the status of pending 
interrupts will be provided. 

Encoding of the Poll and Poll Status register bits are 
as follows: 

Sx: Encoded information that indicates the 
vector type of the highest priority inter
rupting source. Valid only when INTREO 
"" 1. 

INTREO: !hiS bit determines if an interrupt request 
IS present. Interrupt Request = 1; no In
terrupt Request = O. 

IRMXTM 86 COMPATIBILITY MODE 

!hiS mode allows iRMX 86-80186 compatibility. The 
Interrupt model of iRMX 86 requires one master and 
multiple slave 8259As in cascaded fashion. When 
iRMX mode is used, the internal 80186 interrupt con
troller will be used as a slave controller to an eX1er
nal master interrupt controller. The internal 80186 
resources will be monitored through the internal in
terrupt controller, while the eX1ernal controller func
tions as the system master interrupt controller. 

Upon reset, the 80186 interrupt controller will be in 
the non-iRMX 86 mode of operation. To set the con
troller in the iRMX 86 mode, bit 14 of the Relocation 
Register should be set. 

tl " 13 

I~~bl 0 0 • • • • 

~ecause of pin limitations caused by the need to 
~nterface to an eX1ernal 8259A master, the internal 
Interrupt controller WIll no longer accept eX1ernal In
puts. There are however, enough 80186 interrupt 
controller inputs (internally) to dedicate one to each 
timer. In this mode, each timer interrupt source has 
its own mask bit, IS bit, and control word. 

The iRMX 86 operating system requires peripherals 
to be assigned fixed priority levels. This is incompati
ble with the normal operation of the 80186 interrupt 
controller. Therefore, the initialization software must 
program the proper priority levels for each source. 
The required priority levels for the internal interrupt 
sources in iRMX mode are shown in Table 16. 

T.ble 16_lntern.1 Source Priority Leyel 

Priority Leyel Interrupt Source 

0 Timer 0 
1 (reserved) 
2 OMAO 
3 OMAI 
4 Timer 1 
5 Timer 2 

These level assignments must remain fixed in the 
iRMX 86 mode of operation. 

IRMXTM 86 Mode External Interface 

The configuration of the 80186 with respect to an 
eX1ernal 8259A master is shown in FIgure 32. The 
INTO input is used as the 80186 CPU interrupt input. 
INT3 functions as an output to send the 80186 
slave-interrupt-request to one of the 8 master-PIC
inputs. 

1 4 3 I 0 

• • 0 I 54 53 52 Sl so 

figure 30. EOI Revlater FOl'INt 

tl t4 tI I 4 3 I 0 

I~ral 0 0 • • • • • • • 0 I 54 53 52 Sl so 

Figure 31. Poll Rev'ater FOl'INt 
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1 
CAICADI 

ADOIIUI DlCOOIII 

< 
-

-IIIOUIIT'_ _cmIIIIll.,.. 

IN'" 
IDtIOIlM INTEIIIIUI'T OUTPUT 

21~5'-13 

Figure 32. IRMXTII 86 Interrupt Controller Interconnection 

Correct master·slave interface requires decoding of 
the slave addresses (CASO·2). Slave B259As do this 
internally. Because of pin limitations. the 80186 
slave address will have to be decoded externally. 
iNif is used as a slave·select input. Note that the 
slave vector address is transferred internally. but the 
READY input must be supplied externally. 

fNT2 is used as an acknowledge output. suitable to 
drive the JNTA input of an B259A. 

Interrupt Nesting 

iRMX 86 mode operation allows nesting of interrupt 
requests. When an interrupt is acknowledged. the 
priority logic masks off all priority levels except those 
with equal or higher priority. 

Vector Generation In the IRMXTM 86 
Mode 

Vector generation in iRMX mode is exactly like that 
of an 8259A slave. The interrupt controller gener· 
ates an 8·bit vector which the CPU multiplies by four 
and uses as an address into a vector table. The sig. 
nificant five bits of the vector are user-programma· 
ble while the lower three bits are generated by the 
priority logic. These bits represent the encoding of 
the priority level requesting service. The significant 
five bits of the vector are programmed by writing to 
the Interrupt Vector register at offset 20H. 

Specific End-of-Interrupt 

In iRMX mode the specific EOI command operates 
to reset an in-service bit of a specific priority. The 
user supplies a 3-bit priority-level value that points to 
an in-service bit to be reset. The command is exe
cuted by writing the correct value in the Specific EOI 
register at offset 22H. 

Interrupt Controller Registers 
In the IRMXTM 86 Mode 

All control and command registers are located inside 
the internal peripheral control block. Figure 33 
shows the offsets of these registers. 

Enc:f.of-Interrupt Reglater 

The end-of-interrupt register is a command register 
which can only be written. The format of this register 
is shown in Figure 34. It initiates an EOI command 
when written by the 80186 CPU. 

The bits in the EOI register are encoded as follows: 

Lx: Encoded value indicating the priority of the IS 
bit to be reset. 
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In-Service Register 

This register can be read from or written into. It con
tains the in-service bit for each of the internal inter
rupt sources. The format for this register is shown in 
Figure 35. Bit positions 2 and 3 correspond to the 
DMA channels; positions 0, 4, and 5 correspond to 
the integral timers. The source's IS bit is set when 
the processor acknowledges its interrupt request. 

Interrupt Request Register 

This register indicates which internal peripherals 
have interrupt requests pending. The format of this 
register is shown in Figure 35. The interrupt request 
bits are set when a request arrives from an internal 
source, and are reset when the processor acknowl
edges the request. 

Mask Register 

The register contains a mask bit for each interrupt 
source. The format for this register is shown in Fig
ure 35. If the bit in this register corresponding to a 
particular interrupt source is set, any interrupts from 
that source will be masked. These mask bits are ex
actly the same bits which are used in the individual 
control registers, i.e., changing the state of a mask 
bit in this register will also change the state of the 
mask bit in the individual interrupt control register 
corresponding to the bit. 

Control Registers 

These registers are the control words for all the in
ternal interrupt sources. The format of these regis
ters is shown in Figure 36. Each of the timers and 
both of the DMA channels have their own Control 
Register. 

The bits of the Control Registers are encoded as 
follows: 

11 14 13 • 
0 0 0 I • • • I 0 I 

prx: 3-bit encoded field indicating a priOrity level 
for the source; note that each source must be 
programmed at specified levels. 

msk: mask bit for the priority level indicated by prx 
bits. 

7 
0 I 

LEVEL 5 CONTROL REGISTER 
(TIMER 2) 

LEVEL. CONTROL RE':iISTER 
(TIMER 1) 

LEVEL 3 CONTROL REGISTER 
(OMA 1) 

LEVEL 2 CONTROL REGISTER 
(OMAO) 

LEVEL 0 CONTROL REGISTER 
(TIMER 0) 

INTERRUPT STATUS REGISTER 

INTERRUPT ·REOUEST REGISTER 

IN-SERVICE REGISTER 

PRIORITY-LEVEL MASK REGISTER 

MASK REGISTER 

SPECIFIC EOI REGISTER 

INTERRUPT VECTOR REGISTER 

OFFSET 

3AH 

38H 

304H 

32H 

30H 

2EH 

2CH 

2AH 

28H 

22H 

Figure 33. Interrupt Controller Registers 
(IRMXTM 86 Mode) 

• 1 4 , 2 0 
0 I 0 I 0 I 0 I L2 Ll LO 

Figure 34. Specific EOI Register Format 

,. 14 11 • 7 • • 4 3 I 1 0 
0 0 0 I • • • I 0 I 0 I 0 ITMR21TMRli 01 00 0 ITMROI 

figure 35. In-Service, Interrupt Request, and Mask Register FOlTnllt 
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Interrupt Vector Reglater 

This register prOVIdes the upper fIVe bits of the inter· 
rupt vector address. The format of this register is 
shown in Figure 37. The interrupt controller itself 
provides the lower three bits of the interrupt vector 
as determined by the priority level of the interrupt 
request. 

The format of the bits in this register is: 

t.: 5·bit field indicating the upper five bits of the 
vector address. 

Priority-Level Maak Reglater 

This register indicates the lowest priority·level inter
rupt which will be serviced. 

The encoding of the bits in this register is: 

m.: 3-bit encoded field indication priority·level val
ue. All levels of lower priority will be masked. 

Interrupt Status Register 

This register is defined exactly as in Non-iRMX 
Mode. (See Fig. 26.) 

Interrupt Controller and Re.et 

Upon RESET, the interrupt controller will perform 
the following actions: 

• All SFNM bitt reset to 0, implying Fully Nested 
Mode. 

• All PR bits in the various control registers set to 1. 
This places all sources at lowest priority (level 
111 ). 

• All L TM bits reset to 0, resulting in edge-sense 
mode. 

• All Interrupt Service bits reset to O. 

• All Interrupt Request bits reset to O. 

• All MSK (Interrupt Mask) bits set to 1 (mask). 

• All C (Cascade) bits reset to 0 (non-cascade). 

• All PRM (Priority Mask) bits set to 1, implying no 
levels masked. 

• Initialized to non·iRMX 86 mode. 

15 1. 13 
• 7 • 5 • 3 2 1 0 

o 0 0 I • • I 0 I 0 o o I 0 I MSK I PR2 I PRI I PRO I 

Figure 36. Control Word Format 

15 1. 13 • 7 • 5 4 3 2 1 0 
0 0 I 0 I • • I 0 I 14 I 13 t2 I \I 10 I 0 I 0 0 I 

Figure 37. Interrupt Vector Reglater Format 

15 1. 13 • 7 • I 4 3 2 0 
0 0 0 I • • · I 0 I 0 I 0 I 0 I 0 I 0 m2 I ml mOl 

Figure 38. Priority Level Maek Reglater 
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DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER (DUART) SCN2681 SERIES 

'D""""·gt 
DESCRIPTION 
The Signetics SCN2681 Du.1 Unl.ers.1 
Asynchronoul Recel.er/Tr.nlmllter 
(DUART) ia • lingle Chip MOS'LSI com· 
munlc.tions de. Ice th.t pro.ldes two In· 
dependent 'ull·duplex aaynchronous 
recelver/tr.nsmlUer channels In a ,Ingle 
package. It inter' aces directly with micro· 
processors and may be used in a polled or 
Inllrrupt driven system. 

The operating mode and data 'ormal 0' 
I.ch channll c.n be programmed Ind. 
pendently. Addition.lly. IIch recliver and 
trlnsmilllr can aeleCI ilS operating aplld .1 one 0' eighteen 'ixed blud r.tes •• 16x 
clock derived 'rom a programm.ble 
counllr/limer. or .n Ixternal 1 x or 16x 
clock. The blud rite generator and 
counllr/limer can operate directly 'rom a 
cry,"1 or 'rom exllrn.1 clock inpull. The 
ability to independently program the 
operating apeed 0' the recei.er .nd trana· 
miller make the DUART p.rticularly attrac· 
tive 'or du.l·aplld channel applic.tions 
luch as clustered termin.1 aystems. 

Each receiver il quadruply buffered to 
minimize the polenti.1 0' receiver overrun 
or to reduce intlrrupt o.erhead in Inter· 
rupt dri.en systems. In addition. a flow 
contrOl capability il provided to disable a 
rlmote DUART tr.nsmitter when thl bul· 
Ilr 01 the receiving device is lull. 

Also provided on the SCN2681 are a multi· 
purpose 7·bit input port and a multipur· 
pose 8'blt output porI. These can be used 
.s general purpose 110 ports or can be 
"'igned specifiC lunctions (auch as clock 
inputs or .tatualinterrupt outputa) under 
program control. 

The SCN2681 is avail.ble in three package 
.ersions to Sltlsly .arious system require· 
ments: 4().pin and 28·pin. both 0.6" wide 
DIPs .• nd • compact 24·pin. 0.4" wide. 
DIP. 

ORDERING CODE 

FEATURES 
o Dual full·duple. lIynchronou. NOIINrl 

trenlmltlr 
o Quadruple buffered nIOII_ data fIIIll' 

tarl 
o 'rotrammable dati formlt 
-I to • dati bltl plul pertty 
-0cIct. _. no perlty or force pertty 
-1,1.1 or 2 Itop bltl programmable In 

111. bit Incremlnll 
o 'rotrammable blud ral. for IIch r. 

OlIver and lranlmlter .. !ectlble from: 
-1. fbled ralll: 10 10 38.4K baud 
-Ona ullr dallned rltl derived from 

programm.bll llmar/counllr 
-Exllrnal 11 or 11. clock 

o P.rtty, framl"" .nd OMffUn Irror detec· 
tlon of., .. It.rt bit delecllon 

o Line break delecllon .nd genaratlon 
o Protr.mmable channal modI 

-Normal (full duplllt) 
-Automallc echo 
-Localloopback 
-Remollioopback 

o "ultl·funcllon programmable , .. blt 
countlrllimer 

• "ultl·funcllon 7·blt Input port 
-C.n IIrve .. clock or controllnpull 
-Cha",1 of 11.11 dllecllon on four 

InpulI 
• "ultl·functlon .. bll oulpul port 

-lndlvldull bit lllIralll cepeblllty 
-Oulpull cen ba progr.mmed 10 ba 

.t.tuallntlrrupt lIonlll 
• V_till Interrupl 1,,"lm 

-SInOIe Inllrrupl OUlput with light 
mIIklbll Inllrruptl", condltlonl 

-Oulput port cen ba configured 10 pro
WIele • tOlal of up 10 II • ..,.rlll wlra
OR'Ible Inllrrupl OUlputl 

• .... Imum dlillranifer: IX - lMI/IIC, 
11X - 121KIIIIC 

• Automatic wak.up modi for multidrop 
eppI!catlonl 

• Start'lnd break Interrupllitatul 
• Detectl bfllk which orIglnat .. In Ihi 

middle of I character 
• Qn.chlp cryl .. 1 oecllletor 
• TTL_pellble 
o lingle + IV power luppl" 

PACKAGES 
Vcc-IV :t 5'1(,. TA - O·C 10 70·C 

24 Pin' • Pin' 40 Pin' 
Ceremle DIP Noll •• lllbll SCN268 I AC 1128 SCN2681AC1I40 
PIII"e DIP SCN2681AC lN24 SCN268tACIN28 SCN2681ACIN40 

,_"'01 .... OIP 

la'fft ...... OIP 

PIN CONFIGURATION 

'" 

11101 , 

TlOI " 
lIP' , 

IIP7 , 

III' 

GNO 

AI 

,AI 

WIIN" 

"lIN , 
l1li111 
TIDe , 

0' 

III 

DO' 

GNO' 

, 
, 
, 

, 

TO' VIEWS 

·CC 

". 
". 
'PI 

CEN 

IIIIIT 

II/CLK 

, IIIOA 

TlOA 

01'0 

OP2 

OPt 

01'1 

AO 

CE .. 

, IIUET 

Xl/CLk 

IUIO& 

TlDA 

DO 

DI 
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DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER (DUART) 
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DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER (OUART) SCN2681 SERIES 

PIN DESIGNATION 

MNEMONIC 
APPLICAILE 

TYPE NAME AND FUNCTION 
40 21 24 

00-07 X X X I/O Det. lua: Bidiraction.1 3-at.t. d.t. bu. uMd to tr.nsfar comm.nds, date .nd Itatus between 
the OUART and the CPU. 00 Is tha I •• st Ilgniflc.nt bit. 

CEN X X X I Chip Enable: Actlv. low Input Ilgnal. When low, dati trln,far. between the CPU Ind the 
OUART Ire .n.bl.d on 00-07 a. controlled by the WRN, RON and AO-A3 inpull. Wh.n high, 
pl.c.s the 00-07 lin •• in tha 3-alll. condition. 

WRN X X X I Wrlta Strobe: Wh.n low and CEN ia alaO low, the cont.nll of tha data bu. ia loaded Into the 
Iddr .... d r.giat.r. Th. transf.r occurs on the riling edge of the signli. 

RON X X X I "ead Strobe: Wh.n low and CEN Is also low, caua.s the cont.nts of the addr.ss.d reoist.r to 
be pr.aanted on the dill bu •. Tha raid cycla begins on the failong edge of RON. 

AO-A3 X X X I Add .... Input.: Sal.ct the OUART internal reglst.,. and ports for read/writ. operahons 

RESET X X X I R.aat: A high f.v.1 cl.ars int.rn.1 registers (SRA, SRB, IMR, ISR, OPR, OPCR), puts OPO-OP7 
In the high .tat., Slop. the count.rltimer, and puts ch.nnels A and B in .the inact .. e state. 
with the TxOA and TxOB outputs in the mark (high) state. 

INTRN X X X 0 Int.rrupt Requ •• t: Active low, open drain, output which signais the CPU that on. or more of 
the .ight maskable interrupting condition. ara true. 

X'/CLK X X X I Cry.tll': Crystal or external clock input. A crystal or clock of the specified Iomits must be 
supplied at ali times. When a crystal is used, a capacilor must be conn.cted from thiS pin to 
ground (see figure 5). 

X2 X X 0 Cryltll 2: Connection for other side of the crystal. Should be connected to ground if a 
crystal is not us.d. When a crystal is used, a capacitor muat be connected trom thiS pin to 
ground (aee figure 5). 

RxOA X X X I Channal A RIC .... r SerIal Data Input: The leaat ligniflcant bit il received forll. 'Mark' IS high, 
'Ipace' il low. 

RxDB X X X I Chann.11 RIC.I"., Serial Dltllnput: The leaat significant bit is rec.ived for.t 'Mark' la high. 
'space' ia low. 

TxOA X X X 0 Chann.1 A Tranlmltt.r Serial Data Output: Th. I.ast Significant bit ia transmitted torst ThiS 
output is h.ld in the 'mark' condition when the transmltt.r is disabled, idle, or when operat· 
ing in localloopback mod •. 'Mark' ia high, 'space' is low. 

TxOB X X X 0 Chann.11 Tran.mltt.r SerIal D.ta Output: Th. I •• st .ignlfocant bit IS transmitted torst Thla 
output is h.ld in the 'mark' condition wh.n the transmittar ia disabl.d, Idl., or when operat· 
ing in localloopbeck mod •. 'Mark' is high, 'Ipace' IS low. 

OPO X X 0 Output 0: Gen.ral purpose output, or channel A raqu.at to s.nd (RTSAN, activ. low). Can be 
d.activated on rec.iv. or transmit. 

OPI X X 0 Output 1: G.n.ral purpose output, or chann.1 B raqu." to •• nd (RTSBN, activ. tow) Can be 
d.activated on rec.iv. or transmit. 

OP2 X 0 Output 2: G.n.ral purpoae output, or chlnn.1 A transmitt.r I X or 16X Clock output, or chan· 
n,' A rec.iv.r 'X clock output. 

OP3 X 0 OutpulS: G.n.rai purpose output, or open drain, achve iOW count.rltimer output. or channel 
8 transmitt.r IX clock output, or channel B r.ceiv.r IX clock output. 

OP4 X 0 Output 4: General purpose output, or chann.' A open drain, active law, RxROV A/FFUllA out· 
put. 

OP5 X 0 Output 5: G.neral purpo .. output, or chann.' B open drain, active low. RxROVB/FFUll8 out· 
put. 

0P6 X 0 Output I: G.n.ral purpo.e output, or channel A open drain, activ. low, TxROVA output 

OP7 X 0 Output 7: G.n.ral purpoM output, or chann.1 B open drain, aCliv. low, TxROVB output 

IPO X I Inpul 0: G.n.ral purpoM input, or chann.' A clear to .. nd aCllv, low Input (CTSAN) 

IP, X 1 Inpul 1: G.neral purpoae Input, or Chann.' 8 clear to .. nd Ictlve low Input (CTSBN) 

IP2 X X 1 Inpul 2: Ganeral purpo.a Input. or counlarltlmar •• tarnal clock Input 

IP3 X I Inpul 3: G.naral purpo.a Input. or channal A lran.mlttar •• tarnal clOCk Input (TxCA) When 
Iha .. ,a",al ClOCk" uled by the ,ranlmlttar. 11\1 tranlmilled dll' " ClOCked on tha 1.lIlng 
.dge at the Clock 

1-70 Sigletics 
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DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER (DUART)SCN2681 SERIES 

$""ii".iij 
PIN DESIGNATION (Continued) 

A"LICAILE 
.... E .. ONIC TYPE NAME AND FUNCTION 

«I 21 24 
IPC X I Illpul 4: G.n.r.' purpose Input, or ch.nn.' A r.C.iv.r .... rn., clock input (R.CA). Wh.n th. 

•• I.rn.' clock ia us.d by th. rec.iv.r, th.r.c.iv.d d.ta il .. mpl.d on th. riling .dg. 01 th. 
clOCk. 

IPS X I IlIpul 5: G.n.r.1 purpose Inpul, or ch.nn.' B tr.nlmitt.r •• I.rnal clock inpul (T.CB). When 
Ih •• xl.rn.' clock is us.d by Ih.tr.nsmiller, th. tranlmitt.d d.t. i, clocked on Ihe 1.,lIng 
edge of the clock. 

1P6 X I Illput I: G.n.r.1 purpose Input or chann.1 B rec.'v.r •• tern.1 cloCk inpul (RxCB). When the 
.xt.rnal clock II uled by the receiver, the received data il sampled on the rising edge 01 the 
clock. 

Vee X X X I Pow.r Supply: + !IV supply input 

OND X X X I Groulld 

BLOCK DIAGRAM 
Tile 268t OUART con".a's of the fOllowing 
.'ght major .. ctlont:. data bUI buff.r, 
operation contrOl, Int.rruptcontrol, tim· 
lng, communic.tions chann.'s A and B, In· 
put port ana output port. R.f.r 10 the 
block diagram. 

Data Bu. Buffer 
The d.ta bUI buff.r provid.s the int.rf.c. 
betw .. n the .xt.rnal .nd internal d.t. 
bUI.les. It II controll.d by the oper.tion 
control block to .1I0w r •• d .nd writ. 
oper.tiona !ot.ke pl.ce betw .. n the con· 
trolling CPU .nd the OUART, 

Operation .Control 
Th. op.ration control logic r.celv.s 
operation .comm.nda from the CPU .nd 
oan.r.t •• approprl.t. s'gn.'. to Int.rnal 
sections to Control d.vlc. op.ratlon. It 
contain. addr ... decodlng .nd read and 
writ. Circuit. to p.rmlt communlc.tlons 
with the microproc ... or vi. the data bUI 
buff.r. 

Interrupt Control 
A lingle active low Int.rrupt output 
(INTRN) II provided which II actlvlted 
upon the occur.nCI of any of .'ght In'.r· 
nal ev.nta. AllOCilted with thl Intlrrupt 
Iy".m are the Interrupt maak. regllt.r 
(IMR) and thl Int.rrupt ".tul regllt.r 
(ISR). The IMR may be prOGrammed to 
"'.ct only c.rt.'n condltlona to ClUI. 
INTRN to be .... ned. The ISR can be read 
by the CPU to d.t.rmlnl all currlnlly ec· 
tlve in'."upling condltlonl. 

Outpull OPl-OP7 can be prOGr.mmed to 
provld •. dllerlll Inllrrupt outpull for thl 
tranlmllte,., recllve,., and counllr/tlmar. 

Timing Circuit. 
Th. timing block consist. of • crystal 
olcill.tor, • baud rate generator, a pro· 
grammable 16-bit count.rltimer, and fOur 
clOck selectors. The crystal oscillator 
operates directly from a 3.6864MHz crys· 
tal connected across the Xl/ClK and X2 
Inputs. If an e.ternal clock of the appropri· 
at. fr.quency is available, it may be con· 
nected to XlIClK. The clock serves as the 
basic timing ref.rence for th. baud rate 
generator (BRG), the counterltimer, and 
other Internal Circuits. A clock signal 
within the limits specified in the specifica· 
tlons ,eclion of this dala sheet must 
always be supplied to the DUART. 

Theb.ud rate generator oper.t •• from the 
oacill.tor or external clock Input and i' 
cap.ble of g.neratlng 18 commonly u .. d 
d.t. communic.tlon, baud rat •• r.nging 
from !SO to 38.4K baud. The clock outputs 
from the BRG .re .t lex the .Ctu.1 baud 
rate. Thl counter/tlm.r c.n be u .. d ea • 
timer to produc •• lex clock for .ny oth.r 
baud rat. by counting down the cryst., 
Clock or an Ixternal clock. The four clOck 
.. llcto,. .1I0w the Ind.p.nd.nl all.ction, 
for .ach recllv.r and tranSmllter, of any of 
thell baud ralls or an .... rn.' timing .Ig. 
nal. 

Thl counterltlmer (CIT) c.n be prOGram· 
med to UII one of IIveral timing lourc., 
II It I Input. The output of thl CfT i, avail· 
Ibll to thl clock .. llctora Ind can alao be 
prOGram mid to be oulput It OPl. In thl 
counllr mod., thl conllnl. of thi CIT c.n 
be read by the CPU and II can be ,IopPed 
and Itarted under prOGr.m control. In thl 
IImlr mode,' thl CIT aCII I. I prOGrlm· 
mabll dlvidlr. 

Sigletics 

Communications Channel. 
A and B 
Eech communications chann.' of Ih. 2681 
comprises. lull duple •• synchronoul re· 
cliverltrensmilter (UARl). Thl operating 
frequency for lach rlceivlr and tr.nlmll· 
ter can be ,elect.d Indlpendenlly Irom 
thl baud ra .. g.nlrltor, thl counl.' IImer, 
or from .n .xt.rnal input. 

Th. tranlmilter accepts parallel data Irom 
the CPU, converts it 10 ••• ri., bll stre.m. 
inaerts the .pprop,.ate start, 1I0p .• nd op· 
tional parity bits .nd outputs. composl" 
I.rial stream of data on the T.O oulpul 
pin. Thl receiv.r ICC.Pts 1.,.., dillon 
the RxD pin, convirts IhlS .. ri., inpul 10 
par.llel form.I, ch.cks for lI.rt bit, IIOP 
bit, parity bil (if any), or br •• k condItion 
and sends an assemblld character 10 the 
CPU. 

Input Port 
The inputs to this unlatchld 7·bo\ port can 
be read by the CPU by perlormlng a rlad 
operation at addr.ss 0'6 A high Inpul r.· 
aults in a logiC I whill I lOW Input reSults 
In 8 logic 0 0 7 Will "ways be read IS • 
logiC 1. Th. pins 01 this port can "so serve 
.s .u.lliary inpuls 10 certain porllons 01 
the OUART lOgiC. 

Four change·of·ltlt. d.tectors are pro
vided which are associatld With Inputs 
IP3,IP2, IPI, and IPO A hlgh·to·IOW or low· 
to· high I,.n,ltlon 01 Ih.,. Inpull IISIlng 
long.r Ihan 2!1-!so~s will .. I Ihl CO".' 
.pondlng bit In thl Input port Will ch.ng. 
reglst.r Th. bits Ir. cllar.d whin th, 
rlglster II rl,d by thl CPU Any change 01 
I'.tl C.n also b, progrlmm.d 10 g.n •• a .. 
• n Int.rrupt 10 thl CPU .• 
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'HA""p"·itj 
Output Port 
Til. 8·bll mulll·purpose outpul port can b. 
Uled as I gln.ral purpose outpul port, in 
wlllcll case til. oulputs Ire til. compll' 
mInIS 01 till outpul port r.gl,lIr (OPR). 
OPRln]_ I results In Optn]_ low Ind yiCI' 
Ylr,a. Bits 01 Ille OPR can be individually 
III and res.t. A bil IS set by plrlorming a 
write operallon It Iddress E'6 witllihe IC' 
companying data specifying Ihe bits to be 
s" (1 .. sel. 0 = no change). Likewise, a bil 
is reslt by a writl at address F 16 witll till 
Iccompanying data specllying the bits to 
be reset (I .. reset, 0" no change). 

Outputs can be also individually assigned 
specific lunctions by appropriate pro· 
gramming 01 tile channel A mode registers 
(MR1A, MR2A), Ihe channel B mode regis· 
ters (MRI B, MR2B), and Ihe output port 
conflgurallon rlgister (OPCR). 

OPERATION 

Tr.nsmltter 
Th. 2681 is conditionld to transmit data 
whln thl transmitter is Inabled through 
till command register. Tile 2681 indicates 
to the CPU til at it is ready to accept a 
cllaracler by setting the TxRoY bit In tile 
Itatus register. This condition can be pro· 
grammed to generate an Interrupt rlQuest 
at OPe or OP7 and INTRN. When a charac· 
IIr is loaded into till transmitllolding rIg· 
iller (THR), till aboye conditions are 
negated. Data is transllrred from the IIOld· 
ing register to tile transmit IIl1ift register 
wllln It is idl. or lias compllted transmis
lion of the preYlous character. The TxROY 
conditions Ire tllen asaerlld Igain whicll 
means one full cllaracter time of buffering 
il provided. Cllarlcters cannot be 10Ided 
into tile THR while tile transmitter is dis
ablld. 

Til. transmitter conv.rt. till parallel dlla 
from the CPU 10 a serial bit Itream on til. 
Txo output Pin. It automatiCally IInds a 
lIart bit lollowed by 1111 programmed 
number of data bill, an opllonal Plrily bll, 
and tile programmed number 01 atop bits. 
Till least Ilgnlllcant bll ,. IInl. firsl Fol
lowing tile Iranam,",on of till alop bill, il 
a n.w cllaracter il nOI IVllllble In IIIe 
THR, Ihe T.o oulput remllnl high Ind till 
TxEMT bll In IIIe IIlIuI rlgilter (SR) will 
be lit 10 1. Trlnlmlilion rllUme. Ind 1111 
hEMT blill clearlld wilen Ihl CPU 10ldii 
nlw CharlCllr ,nlo thl THR. If Ihe Irana· 
mllllr II d, .. bl'd, il contlnu .. operallng 
unl,' Ihe Charlcter cu"ently being I'anl 
mlllild II completely .. nt oul Th. "In.· 
mlll.r can be 10'ClO 10 lind a conlinuoul 
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low condilion by Iliulng a lind break 
command. 

Till trlnlmltllr can be r .. et Ihrough I 
IOflware commlnd. 111111 reset, operation 
cu .. s Immedlltely and till tranlmltter 
mUlt be .nlbl.d tllrough III. commlnd 
rlgilter before rellumlng operation. 11 CTS 
oplrltlon III .n.bl.d, till CTSN input mult 
be low In ordlr for thl cherlcter to be 
tr.nllmitted. If it gOls IIlgh In till middle of 
I tranllmlsslon, till character In till llIift 
rlgiallr Is transmlttld Ind TxOA tllln re
m.'ns in till m.rklng stltl until CTSN 
goes low. Tile transmitter c.n .Iso control 
til. deactivalion of till RTSN output. If 
programm.d, till RTSN output will be r.
lit on. bit tim. aller til. cller.cllr In til. 
transmit shill register Ind transmit 1I01d
ing register (if .ny) are completely trans
mitted, if th. transmitter II .. been di'
.bled. 

Receiver 
Till 2681 is conditioned to recllYe dll. 
wllln Inabled through the command rIg
liter. The recliver looks for I IIlgh to low 
(mark to apace) transition of the lIart bit 
on the RxO input pin. If a Iranaillon Is de
Ilcled, the slate of tile RxO pin i, lampled 
lacll 16X clock lor 7-1/2 clocks (leX clock 
modI) or allhe nlxt riling edge of Ihe bit 
time clock (IX clock mod.). If RxO is 
sampled higll, Ihe start bil is Inyalid and 
th. aearch lor a vllid start bit begins 
again. 11 RxO is Itililow, a yalid start bit ia 
.ssumed .nd Ihe receiver continues 10 
sample thl Input .1 onl bil time interv.ls 
at the tlleorellc.' c.nter of til. bit, until 
Ihe proplr. numblr of data bits Ind tile 
parity bil (If .ny) h.ve been asslmbled, 
.nd on. lIop bit lias been detecled. The 
leaal ,Igilic.nt bil II recllved lirsl. Tile 
data is tllen Ir.nsle"ed 10 Ihl reclive 
holding rlglater (RHR) .nd Ille RxROY bit 
In Ih. SR ill S8l10. 1. Thl, condition c.n 
be programmld to glneral •• n Inlerruptll 
OP~ or OPS .nd INTRN. If til. cllar.cter 
Ilngth ia II .. III.n IlglIl bits, tile most 
aignilic.nl unuaed bits in till RHR are III 
10 Zlro. 

Alter til. Ilop bll il delected, tile recllver 
will Immediatlly look for thl n.xlll.rt bit 
HOWIYlr, if • non-zero cllar.cter w.s r. 
cllved wltllout I 1I0P bit (Iramlng error) 
• nd RxO remlina low for onl 11111 01 tile bll 
period .fllr till atop bit w .. sampled, 
Illen till rec.lye, operat ... 1 II • new lIart 
bll lran"t'on lI.d beln dlleclild II tllll 
poinl (on.II./I bit tlml .h.r IIIe IIOP bll 
WII aampilld) 

Till parity e"o" framing ."or, OYI"Un .,. 
ror .nd ,ecllvlld break lIall (It any) are 

S6gletics 

",obed inlO Ihe SR at tile 'eceivlld cha'lc· 
ler bound.ry, belore 1111 RxROY alllus bll 
II ael. II • bre.k condilion II dlllctild 
(Rxo i' low lor Ihe Intire cll .. lcllr In
cluding the IIOP bil), • char.cler con· 
liSling 01 .11 zeros will be lo.ded InlO the 
RHR .nd Ih. rlc.ived break bll In Ille SR 
la III to t. Til. Rxo inpul must relurn 10 I 
high condilion lor atll .. t one-half bit time 
belore .... ,cll lor 1111 nexl atart bit 
beginll. 
Th. RHR consists of • firal-in·firll-Oul 
(FIFO) stack with a c.paclty 01 Ihree cha,· 
.cters. Oall is lo.d.d from 1111 rec.ive 
IIhlft register into Ille lopmosl empty POSI' 
tlon of Ihe FIFO. Tile RxRDY bit in Ihe 
status regisler ill S81 whln.yer onl or 
more characlers .. e .vailable 10 be read. 
.nd a FFULL stalus bit is set If .11 Illree 
al.ck pOSitions .,e fill.d willi data Eilher 
of Ihese bilS c.n be Sliected 10 c.use an 
Inllrrupt. A read of thl RHR oulputs the 
data at Ihe lop 01 till FIFO Afte' Ihl read 
cycll, the data FfFO .nd its .ssocialed 
stalus bill (see below) .re 'popped' thus 
Implying. FIFO position for new data 

In .ddition to tile data word. three stilus 
bits (parity ."or, framing error, .nd r. 
ceiv.d break) arl Iiso .ppended to each 
data character in till FIFO (ove"un IS not) 
Slatus can be provided in two w.ys. IS 
programmed by 1111 Irror mode conlrol bll 
in the modI reglSllr In III. 'cllaracler' 
mode, IIllus is prOVided on a characler· 
by-ch.racle' basis: the status appl.es only 
10 Ihe character Illhe lOp of Ihe FIFO In 
tile 'block' modI. Ihl IIt.lus prOVided In 
tile SR for these Ihree bits 'S til. log.cal 
OR 01 thl Slit uS lor all ch ... cters coming 
to thl lOP of Ihl FIFO since the las I "esel 
error' command was issued In Illher 
mode reading the SR d08$ nOI .lIect Ihe 
FIFO. Tile FIFO,s 'popped' only wilen the 
RHR is read. Tller810re till slat uS rlglSter 
ahould be re.d pllor to ,eadlng the FIFO 

If 1111 FIFO is full wilen. new ch.racter IS 
received, that cll.racter is held ,n Ihe 'e
ceive allift rlgister until. FIFO poaltlon IS 
,v"lable. II .n addltionll clliracter " '. 
celYIld wllill Ihis lIat. ,xllS, 1111 contents 
of 1111 FIFO .re not .ttlclild the cllar.cter 
previoully In Ihl ahlft rlglSllr IS lost .nd 
thl over,un 1"0' lIatus bit (SRI4j) Will be 
lit upon rec.ipt of IIIe ,I.rt bit 01 thl nlw 
(overruning) cll .. acllr . 

Tile recllYer can control till deaclty.lton 
ot RTS. II progr.mmlld to operlll In !l1I1 
mOdi, Ih. RTSN output Will be nlgalild 
when I v.lld IlIrt bit w., ,ecllvlld InO thl 
FIFO " full Whln • FIFO poallton be 
com .. Iy"I.bll. thl RTSN outpul 101.11 be 
r ..... rlild .ulom.ItCally. Thill 1 .. lur. 
c.n be uilld 10 pr.v.nt .n ov.rrun. In 1111 

Reproduced wilh perm_ion from S'lIT'etica 



MICROPQOCESSOR DIVISION JANUARY 1983 

DUAL ASYNCHRONOUS RECEIVER lTRANSMITTER (DUART) SCN2681 SERIES 

receiver, by connecting the RTSN output 
to the CTSN Input 01 the transmitting 
device. 

II lhe recelYer Is disebled, the FIFO Char· 
ecters can be read. However, no addilional 
characters can be raceived until Ihe r. 
ceiver is enabled again. If the receiver is 
reset, the FIFO and all 01 Ihe raceiver 
lIetus, and the corresponding oulput 
ports end interrupt ere reset. No eddi· 
tlonal cheraeters can be received unlil the 
receiver is enabled again. 

Multidrop Mode 
The OUART is equipped with a wake up 
mode used lor multidrop applications. 
This mode is selected by programming 
bits MRIA[4:3] or MRIB[4:3) 10 'II' lor 
channels A and B respectively. In this 
mode 01 operation, a 'masler' slation 
trensmits an address characler lollowed 
by data characters lor Ihe addressed 
"live' Slation. The slave stations, with 
receivers Ihal are normally disabled, ex
Imine the raceived data stream and 'wake
UP' the CPU (by setting RxROY) only upon 
raceipt 01 an address character. The CPU 
compares the received address to its sla
tion address and enables the receiver il 1\ 
wishes to receive the subsequent data 
characters. Upon raceipt 01 another ad
dress character, the CPU may disable the 
receiver to initiate the process again. 

A transmitted character consists 01 a start 
bit, the programmed number 01 data bits, 
an address/data (AID) bit, and the pro
grammed number 01 stop bitS. The polarity 
Of the transmitted AID bit is selected by 
the CPU by programming bit MRIA[2V 
MR1B[2). MRIA[2YMRI B[2J = 0 transmits a 
zero In the AID bit position, which iden· 
lifl.es the corresponding data bits as data, 
while MR1A[2]1MR1B[2)= 1 transmits a 
one in Ihe AID bit pOSition, which identi· 
fies the corresponding data bits as an ad· 
dress The CPU should program the mode 
register proor to loading the corresponding 
data bits into the THR. 

In thiS mode, the receiver conhnuously 
looks It the received dlta stream, whether 
It IS enabled or dls.bled If disabled, It 
MIS the R.ROY status bit and loads the 
Character ,nto the RHR FIFO II the reo 
calved AlO bit " a one (Iddrlas tag). but 
discards the received chlracte' II the 
received AlO bit " I zero (dill tag) If 
enebled. III received chlrlcters If- tr.ns· 
'erred to Ihe CPU VI. Ihe RHR In lither 
ca.e. the dlla bits .re loeded Into the d.ta 
FIFO while the AID bll IS 10lded Into th.e 
IIl1ua FIFO pOllllon norm,"y uled lor 
perlty I"or (SRA[!>] or SRBI!>]) Fremlng 
I"or. o.errun error. and brelk detect oper 

ate normally whether or not the receiver is 
enlbled. 

PROGRAMMING 
The operation 01 Ihe OUART is program· 
med by writing control words into the ap· 
propriale regislers. Operational feedback 
ie provided via status registers which can 
be read by the CPU. The addressing 01 the 
register, is described in tlble 1. 

The contents 01 certain control registers 
er. initialized to zero on RESET. Care 
should be exercised if Ihe contents 01 I 
register are changed during operation, 
Since certain changes may cause opera· 
tional problems. For example, changing 
the number of bits per character whiie the 
tflnsmiller is active may cause the trans· 
mission 01 an incorrecl character. In gen· 
eral, the contents 01 the MR, the CSR, and 
the OPCR should only be changed while 
the receiver(s) and transmiller(S) are not 
enabled, and certain Changes 10 Ihe ACR 
should only be made while the CfT is 
stopped. 

Mode registers 1 and 2 of each channel are 
Iccessed via independent auxiliary poinl· 
ers, The pOinter is sel to MRlx by RESET 
or by Issuing a 'reset pointer' command 
via the corresponding command regiSler. 
Any read or write 01 the mode register 
while the pOinter is at MRlx switches Ihe 
pOinter 10 MR2x. The pointer Ihen remains 
at MR2., so thaI subsequent accesses are 
always to MR2x unless the pointer is reset 
10 MRlx as described above. 

Mode, command, clock select, .nd status 
regislers are duplicated lor each channel 
10 provide total independenl operation 
and control. Reier 10 table 2 lor register bil 
descriptions. 

MR1A - Channel A Mode 
Register 1 
MRIA IS accessed when the ch.nnel A MR 
pointer points to MR 1. The pointer is set 
to MRI by RESET or by a 'set pOinte" com· 
mand applied via CRA. After reading or 
writing MR1A, Ihe pointer will point to 
MR2A. 

MR1A(7) - Chlnnel A Receiver Reque.l· 
Io-Send Conlrol - This bit controls the 
deactivation 01 the RTSAN output (OPO) by 
Ihe receiver. This oulpul is normally 
asserted by selling OPR[O) and negated by 
resetting OPR(O). MR1A(7] = I cluses 
RTSAN to be negated upon receipt 01 a 
valid start bit if the channel A FIFO IS lull. 
However, OPR(O) is not reset and RTSAN 
will be lS,erted .gain when an empty 
FIFO posilion IS available. ThiS leature 
c.n be used for flow control 10 prevent 
overrun in the receiver by uSing the 
RTSAN output Signal to control the CTSN 
input 01 the transmitting deVice 

MA1AJII) - Chlnnll A Aecalver Inlerrupl 
Selecl - This bit lIelecls either the chin· 
nel A receiver ready StiluS (RXROY) or the 
channel A FIFO full stalus (FFULL) 10 be 
used lor CPU interrupts. 111110 causes the 
selected bit to be Oulpul on OP4 " It IS 

programmed IS an Interrupt outpul via the 
OPCR. 

MR1AJ5) - Chlnnel A Error Mode Uec:1 
- ThIS bit selects the operlting mode 01 
Ihe three FIFOed slit us bits (FE, PE. re
ceived bre.k) lor channel A. In the 'chlrac· 
ter' mode, stltus is provided on I cherac· 
ter·by·charlcter basis: the status Ippltes 
only to the ch.flcler It the top 01 Ihe 
FIFO. In the 'block' mode, the StiluS pro· 
vided in Ihe SR lor thel' bits IS Ihe Ie· 

Table 1 2681 REGISTER ADDRESSING 

1.3 A2 AI 1.0 READ (RON. 0) WAITE (WAN. 0) 

0 0 0 0 Mode Register A (MRIA, MR2A) Mode Register A (MRIA. MR2A) 
0 0 0 , Stilus Register A (SRA) Clock Select Reg A (CSRA) 
0 0 , 0 ° Reserved' Commlnd Reglsler A (CRA) 
0 0 , I RX Holding Register A (RHRA) TX Holding Register A (THRA) 
0 1 0 0 Input Pori Change Reg (lPCR) Aux. Conlrol Register (ACR) 
0 I 0 I Interrupt Slllus Reg. (ISR) Inlerrupt MlSk Reg. (IMRI 
0 1 I 0 CounlerfTimer Upper (CTU) CfT Upper Register (CTUR) 
0 1 , I CounlerfTimer Lower (CTL) err Lower Register (CTLR) 
1 0 0 0 MOde Regl"er B (MR 1 B, MR2B) MOde Regl"er B (MRIB, MR2BI 
I 0 0 I StatuI Register B (SRB) Clock Selecl Reg. B (CSRB) , 0 , 0 ° Reserved ° Commlnd Reglsler B (CRBI , 0 , t RX Holding Reglstlr B (RHRB) TX Holding Regl.te, B (THRB) 
I , 0 0 °Rllerved' °Ra.erved· , I 0 , Input Port Output Port Coni Reg· (OPeR) 
1 1 I 0 Starr Counter Command Set Output Pori Blu Command , 1 1 1 SlOP Counter Com mind Reael Oulput Port 8111 Command 
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MAlA 
MAti 

MA2A 
MA2B 

CSRA 
CSRB 

CRA 
CAB 

SRA 
IA8 

OPCR 

ACA 

IPCA 

Table 2 REGISTER BIT FORMATS 
IIT7 IllI IITS IIT4 IIT3 IIT2 lIT, liTO 

AX ATS AXINT EAAOA 
PAAITY MODE 

PAAITY IITS PEA CHAA. 
CONTAOL SELECT MODE TYPE 

O. no O. RXAOY O. char 00. with panty O. e.en 00., 5 
'.yts ,. FFULL ,. block 0, • force parity ,. odd 01.6 

10. no parity 10.7 
11 = multi·drop mode 11.8 

1IT7 IIl1 IITS IIT4 IIT3 IIT2 IITI liTO 

CHANNEL MODE Tx ATS CTS STOP 81T LENGTH' 
CONTAOL ENABLE Tx 

00= Normal 0 .. no O.no 0 .. 0.563 4.0.813 8.1.563 C .. '.8'3 
01 .. Auto echo 1. yes 1 .. yes 1.0.625 5 .. 0.875 g .. 1.625 0 .. 1.875 
10 .. Local loop 2= 0.688 6= 0.938 A.'.688 E .. l.938 
11 • Remote loop 3.0.750 7.1.000 B=I.75O F.2.000 

• AdO 0 S to ."Iu" anow", for 0- 7 If c!\annll .1 proorammed 'or ~ bll"'char 

81T7 liTe IITS 81T4 8113 81T2 8111 liTO 

AECEIVER CLOCK SELECT TRANSMITTER CLOCK SELECT 

See text See texl 

81T7 81Te BITS 81T4 81T3 81T2 81Tl liTO 

MISCELLANEOUS COMMANDS DISABLE Tx ENABLE Tx DISABLE Ax ENABLE RI 
not used-
must be 0 See text 0= no 0 .. no 0 .. no 0= no 

1 ",yes 1. yes I. yes 1. yes 

81T7 liTe 81TS 81T4 8113 81T2 81Tl 81T0 

RECEIVED FRAMING PARITY OVERRUN TxEMT TxRDY FFULL RxRDY 
8REAK ERROR ERROR ERROR 

0 .. no 0= no O.no O.no 0 .. no 0 .. no 0" no 0., no 
1 .. yes 1. yes 1. yes , .. yes l.yes 1 .. yes 1 .. yes 1. yes . . 

·TM ... "1, ... 1 bl" tt. appended 10 Ih. corr •• pondlng dill characte' In the '.e .... '. FIFO A read of , .... 111'1011 r~I'I.r pro'flIHI 'he" 01" \7 ~I from the lOP of 1M FIFO 
togethl' *llh bl1l ._0 The .. bltl'" '''''10 by. ', ... , .rror .ta'u,' command In eN",c'.' mode thly.,. dllcarded _twtn Ih, con.'POncJ1ng d.ta cf\eractl' II ,..0 
from ,,,. FIFO 

81T7 81Te 81T5 81T4 81T3 81T2 81Tl 81TO 

OP7 0P6 OPS OP4 OP3 OP2 

0.OPR(7) 0 .. OPRI6) 0 .. OPR[S) 0 .. OPR(4) 00 .. OPA(3) 00",OPR(2) 
1. TxROYB 1 .. TxAOYA 1 .. RxROYI 1. RxROYI 01 .. CfT OUTPUT 01 • TxCA (16X) 

FFULLB FFULLA 10 .. TxCB (IX) 10", TICA (IX) 
11- RxCe (IX) 11. RxCA (IX) 

81T7 1111 IITS IIT4 81T3 IIT2 8ITI 81T0 

IRG SET COUNTERfTIMER DELTA DELTA DELTA DELTA 
IELECT MODE AND SOURCE 1P31NT 1P21NT IPI INT IPO INT 

0 ... 11 See lable 4 0.011 0 .. 011 0. off O. ott 
1 ... 12 1. on 1. on 1. on ,. on 

1IT7 IllI IITS IIT4 8113 1112 8111 liTO 

DELTA DELTA DELTA DELTA 
1P3 1P2 !PI IPO 1P3 1P2 IPI IN 

O. no O. no o. no O. no O.low O.low O.low O.low 
1. y •• 1.ylS 1.ylS 1.ylS 1. hlOh 1. hlOh 1. h'Oh 1. n,O" 
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Tlble 2 
IIT7 

REGISTER BIT FORMATS (Continued) 
liTe 

ISR 

INPUT 
DELTA PORT 

CHANGE IREAK I 

O.no O.no 
1. yes 1·yes 

IIT7 liTe 

IN, PORT DELTA 
CHANGE IREAK I 

IMR INT INT 

o. off o. off 
1 = on I =on 

CTUR 

1IT7 liTe 

ClT(IJ 

CTLR 

cumulation (logical OR) 01 the stalus for 
all characters coming to the top of the 
FIFO since the last 'reset error' command 
'or channel A was issued. 

MR1A(4:3) - Channel A Parity Moda 
Selact - " 'with parity' ur 'force parity' is 
Hlected, a parily bit Is added to Ihe trans· 
milled character and the receiver per· 
form. a parity check on incoming dala. 
MR1A(':31= 11 Hlecls channel A to oper· 
ate In the .plocial multidrop mode de· 
scribed in the Operation section, 

MR1A(2J;'" Cha~1 A Parlt, Type Selact 
- This bit a,leclS the parity type (odd or 
even) if the 'with parity' mode ia program· 
med by MR1A(4:3I, and the polarity of the 
forced parity bit .iI the 'force parity' mode 
is programmed. It has no a"act if the 'no 
parity' mode .. programmed. In tha Special 
mUltIdrop mode II Hlacll Iha polarity 0' 
tha AID bit. 

MR1",':01 - Channal A IIta par Characla, 
Selacl - Thlshe'd aalaclS th' number o. 
dala bIll par character 10 be Iransmill'd 
and receIved The Character I,nglh doel 
ftOI Includa Iha lIarl, pa"ly. and atop bIll 

IITS IIT4 llTa 

RaRDYI COUNTER TaRDYI FFULLI READY 

O.no O.no O.no 
,. yes 1.yes ,. yes 

IITS IIT4 1113 

RaRDYI TaRDYI COUNTER 
FFULLI 

INT READY 
INT INT 

O .. ofl 0.011 o. oil 
, .. on ,. on ,. on 

BITS IIT4 1113 

C1T15J CIT(4) ClTI31 

MR2A - Channel A Mode 
Reglater 2 
MR2A is accessed when the channel A MR 
pointer points to MR2, which occurs alter 
any access to MR1A. Accesaes to MR2A 
do not Change the pointer. 

MR2A(7:I) - Channal A Moda Select -
Each channel of the OUART can operate in 
one of four modes. MR2A(7:6) .. 00 is the 
normal mode, with the transmitler and reo 
caiver operating independently. MR2A(7:6) 
.01. places the channel in the automatic 
echo mode, which automatically retrans· 
mite the raceived data. The fOllowing con· 
ditione are true whila in automatiC echo 
mode: 

1. Raceived data ia ,aclocked and ratrana, 
mllted on tha TxDA output. 

2. The recaiva clock ia UHd for the trana· 
mltter. 

3, The recalvlr mUlt be anablad, but thl 
tranamiller need nOI be Inlblld. 

4. The chlnnal A TaRDY and TaEMT 
atatua bite era Inactivi 

5. The recllved parHy II chacked, bul II 
not raglnlrated 'or tranlml",on, I I , 
tranlmilled pallty bit II .. recalvld 

Sigletics 

IIT2 IITt liTO 

DELTA RaRDYI TaRDYA IREAK A FFULLA 

O. no O.no O.no 
1. ye. 1. ye. 1. ye. 

1112 IITI liTO 

DELTA RxRDYI TaRDYA IREAK A FFULLA INT INT INT 

O. oil O. Oil 0 .. 0" 
1.0n 1.on 1. on 

IIT2 IIT1 liTO 

ClTI21 C1T11) CITIOJ 

6. Character framIng " chlcked, but the 
atop bits are ritransmllled as recll'ld 

7. A recelvld break IS echoed as recel.ed 
unllithe nexl valid slart bll IS detected 

8. CPU to recllver communlca"on conlIn· 
UI. normally, but thl CPU to lransmlt· 
tar link ia disabled. 

Two diagnostic modes can alao be con"g· 
ured. MR2A[7:6). 10 lallclI lOCI I lOOp· 
beck mode. In Ihis mode: 

" . The lransmitter Oulpul ia inlerna"y 
connlcled 10 thl receiver inpul 

2. Tha Iransmit clock ia used tor thl rl· 
cI.iver. 

3. Thl T.OA oUlput ia hald hIgh. 
4. The RxOA inpul is ignored. 
5. Tha lranamitter mull be Inablld, bul 

Iha recliver nled nOI be anabled 
I. CPU 10 Iran.mitter and recel.lr com· 

munication, continul normally 

The aecond dIagnostiC modi lalheramOle 
loopback modi, ,elacled by MR2A(7.6J .. 
", In Ihia modi' 
1. Recel.ed dala II relocked and retrans 

mitled on Ihe T.O", oulpul 

2. Thl racei.1 clOCk II used 'or Ihe Irans· 
miller 
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.atal" "I"!. 't' 
3. Received dlle ia nOI IInl 10 Ihe local 

CPU, and Ihe error t"lu. condl\ton. 
Ire inective. 

4. The receIved PlrllV la not checked .nd 
i. nOI reganerlted lor tr.nsmillion, 
i.e., Ir.namilled parily bit ia II re· 
ceived. 

5. The receIver muSI be en.bled. 

6. Characler Ir.ming la not checked, and 
Ihe Slop bill are rllranamilled .S re· 
celved. 

7. A received break IS echoed as received 
untillhe next valId stan bit is detected. 

The u.er must exercise c.re wilen switCh· 
ing into .nd oul 01 the various modes. The 
selected mode will be .clivll.d imm.di· 
lIely upon mod. sel.clion, ev.n illhis oc· 
curs in Ih. mlddl. 01 • recelv.d or Irans· 
milled Character Lik.wise, il a mode is de· 
IIlected, Ih. d.vic. will swilch out ollhe 
mode Imm.diat.ly. An exceplion 10 Ihis is 
,wltching out 01 aulo.cho or remole loop· 
back modes: il the d.seleclion occurs 
just liter Ih. receiver has sampled the 
Slop bil (indiclled in auto.cho by ISser· 
tion 01 RxROY), and th. tr.nsmiller is 
• nabled, Ihe transmitter will remain In 
autoecho mode until Ihe entire Slop bit 
has be.n relransmitted. 

MR2A/S) - Chenne' A Trlnlmiller R. 
quelt·to·Send Control - This bit controls 
Ihe deactivation 01 the RTSAN output 
(OPO) by the transmitter. This output is 
normally assert.d by setting OPR(OJ and 
negated by resetting OPR(O). MR2A(5J= I 
ClUSes OPR(OJ to be reset aU10matically 
one bit time alter the ch.racters in Ihe 
chlnnel A tranamit lhill register and in 
Ih. THR, il any, are completely transmit· 
ted, inCluding the programmed number of 
1I0p bIts, If the Iransmitt.r ia not .nabl.d. 
Thia leature can be ulld to .ulomaticaily 
termInate the transmillion of a mellag' 
I.'ollows: 

,. Program aulo-rllet mode: MR2A(5J .. I. 

2. Enable "Insmitter. 

3. A ... rt RTSAN OPR(OJ" , 

4. Send meillg. 

5. OlilblB trln.mlller liter Ih. last ch.r· 
ICte, i. lo.ded InlO the ch.nnel A THR. 

8. The I.st cher.cle, will be lran.milled 
• nd OPR(O] WIll be "aet one bIt tome 
elter Ihe 1111 atop bIt, ceullng RTSAN 
10 be neglted 

MR2A/41 - Chen",1 A C"lr·to-Send Con· 
trol - IIlhll bll 110, CTSAN has no I"ICI 
on thl lran,mllte' If IhlS bll II I " Ihl 
tranlmltter chlcke Ihl .. III of CTSAN 
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(tPO) each tim. il Is , .. dy to .. nd. ch.r.c· 
ter. If IPO I ..... n.d (low), Ihl ch.racter il 
trlnlmitted. If It II neglled (high), the 
TxOA output remlins In th. m.rklng .t.t. 
Ind thl t"namillion I. del.yed until 
CTSAN goes low. Changes In CTSAN 
while a char.cter la being transmitted do 
not allect the transml.aion of thll charac· 
ter. 

MR2A/3:0) - Chennel A Stop lit Length 
Select - This field programa the length 01 
the atop bit appended to the transmitted 
char.cter. Stop bit lengtha 01 9116 to lInd 
1·9/16 to 2 bits, in increm.nll of 1/'6 bit, 
can be programmed lor Character I.ngths 
016,7, and 8 bits. For a character length 01 
5 tlits, 1·1/16 to 2 stop bits can be pro
grammed in increments 011/16 bit. The reo 
ceiver only checks lor a 'mark' condition 
at the center of the lirst stop bit position 
(one bit time alter the last data bit, or alter 
the parity bit II parity is enabled) in all 
cases. 

" In external 'X clock is used lor the 
transmitter, MR2A[3J = 0 "Iects one stop 
bit and MR2A[3J= 1 select a two stop bits 
to be transmitted . 

MR1 B - Channel B Mode 
Register 1 
MRIB is accessed wilen the channel B MR 
pointer points 10 MR,. The pointer is set 
to MRI by RESET or by a 'set pointer' com· 
mand epplied via CRB. Alter reading or 
writing MR,B, the pointer will point to 
MR2B. 

The bit delinitions lor this register are 
Identical to the bil definitions lor MRIA, 
except thlt all control actions apply to the 
channel B receiver and Iransmitter and the 
corresponding inputs and outpull. 

MR2B - Channel B Mode 
Register 2 
MR2B ie accessed wilen the channel B MR 
polnllr paints to MR2, which occurs alter 
any access to MRIB. Accesses to MR2B 
do nOI Change the poinler. 

The bit definitions lor this register are 
Identical 10 Ihe bit definitions lor MR2A, 
excepl Ihll all contrOl actions apply 10 Ihe 
ch.nnel B ric liver .nd tr.namitter .nd Ihe 
correspondIng Inpull Ind outputs . 

CSRA - Channel A Clock '-Iect 
Aeglster 
CaRA(7:4l - Chen",1 A Receiver Clock 
Select - This "eld .. IICII the baud rete 
clock for "" channei A recll.,r '1 fol· 
Iowa 

Sig)etics 

Ilud Alte 
CLOCK. Ull4MHz 

CaRA(7:4) ACR(7).O ACR(7).' 

0 0 0 0 50 75 
0 0 0 1 110 110 
0 0 I 0 134.5 134.5 
0 0 1 1 200 150 
0 0 0 300 300 
0 0 1 600 600 
0 1 0 1,200 1.200 
0 1 1 1 1,050 2,000 
1 0 0 0 2,400 2,<400 

0 0 1 4,800 4.800 
0 1 0 7.200 1.800 
0 1 1 11,800 11.600 
1 0 0 38.<4K 111.2K 
1 0 1 Timer Timer 
1 0 IP4-16X IP<4-,6X 
1 1 IP4-1X IP4-'X 

Tile receiver clock is alw.ya • 16X Clock 
except lor CSRA(7:4)- ",,. 

CSAAl3:0) - Chennel A Trenlmltter Clock 
Selecl - This field selects the baud rate 
clock lor the ch.nn.1 A lransmltter The 
field definition ia as par CSRA(7:<4) except 
as 'ollows: 

leudAele 
CSAAl3:0) ACR(7) • 0 ACR(7) • 1 

, , I 0 
1 I 1 1 

IP3-'6X 
IP3-1X 

IP3-'6X 
IP3-'X 

The tranamitter clock is alwlys a 16X 
clock except lor CSRAl3:0) .. ,," 

CSRB - Channal B Clock '-'eet 
Register 

CSR8[7:4) - Chen",1 I Recelftr Clock 
Selecl - Thil field aelects the baud rate 
clock lor the channel B receiver The Ileid 
definition ia II par CSRAl7:<4) except as 
follows: 

laud Rile 
CSAI,7:4) ACR(7). 0 ACR(7). 1 

I 1 I 0 
, 1 1 I 

1P6-16X 
1P6-'X 

1P6-'6X 
1P6-'X 

Tile receIver clock IS always e 16X clOCk 
exc.pt lor CSRB[7.4) .. 1111. 

CaRI,3:0J - Chen",1 I Tranamltter Clock 
Seleel - This field .. Iect. the baud rate 
clock lor the Channel B transmltt,r The 
lield definition la as per CSRA(7 4J except 
1II0liows 

laud Rete 
CaRI,3:0) ACR(7). 0 ACR(7). , 

, , 0 

I 1 I I 
1P5-'6X 
1P5-1X 

1P5-16X 
1P5-1X 

The transmItter ClOCk IS al .. ays a 16X 
Clock e,clpt tor CSRBI3 OJ .. t I I I 

Reproduced with perm.ion from Sipetica 
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'G",,11"·'tl 
CRA - Channel A Command 
Reglate, 
CRA I. I register uled 10 lupply com· 
mand. 10 chlnnel A. Multiple commlnds 
cari!;le .pecllied In I lingle write 10 CRA 
u long es Ihe commlnds Ire non·conflicl· 
Ing. e.g.. Ihe 'enlble Irlnsmiller' .nd 
'relll Irlnsmille,' comm.nds Clnnol be 
lpecifled in • lingle commlnd word. 

CRAlI:4) - Channel A Miscallaneou. 
Commandl - The encoded vllue 01 Ihi' 
field m.y be u.ed 10 specify I lingle com· 
mand IS lollows: 

CRA(I:41 COMMAND 

000 No command. 
o 0 1 R .. et MR poinler. Caulls the 

ch.nnel A MR pointer to point to 
MR1. 

o 1 0 R .. et receiver. R .. e" Ihe chin· 
nel A receiver a. If I herdware 
r .. et had been .pplied, The r. 
celver Is disabled Ind the FIFO 
Is flushed, 

o 1 1 R ... t tran.mltt.r. R .. ets Ihe 
channel A trln.mltter as If I 
l'Iardw.re re.et had bUn ap' 
plied. 

1 0 0 Res.t error stalus, Clears Ihe 
channel A Rec.ived Bi.ak. Par· 

'ily Error. Framing Error. Ind 
Overrun Error bits in Ihe slat US 
r.gister (5RA[7:4)). Vs~ in char· 
,cler, "lod" 10 cle.rOE status 
(1IthoughR8. PE •• nd FE bits 
will.lso be cleared) and in block 
mode 10 clear all erro,r slatus 
.fter I block of data ..... been 
received, 

1 0 1 R ... I chlnn.1 A break Change 
Int.rrupt, ClUII' tl'l. cl'llnnel A 
break det.ct ching. billn Ihe In· 
terrupl statUI regi.ter (15R[2)) 10 
be Cleared 10 zero. 

1 1 0 SliM br .. k, Forces 11'1. TXOA 
OUlpul low (Ip.cing), If 11'1. 
trlnamiller la.mply Ih. stlrt of 
I .... br .. k condition will be de· 
layed up to Iwo bit times, If 11'1. 
tranlmill.r II Ichy. 11'1. br.lk 
begina w .... nJren.mi .. ion of 11'1' 
c .... r.cter II complated, If I chlr· 
IClir is In , .... THR. thl lIart 01 
t .... break will be d.layed until 
that cl'laracllr. or any 011'1." 
loaded lubMqu.ntly are tran., 
mil ted T .... trlnsm .. llr mull be 
enlbled lor this command 10 be 
ICc.pied, 

, " SlOp Break T .... TXOA fin. wlli 
00 high (marklngl wilhln Iwo btl 

tim.l, TXOA will ram.in high lor 
on. bit tim. belor. th, n.xl 
cl'larlcl.r. if .ny. il trln.milled, 

CRA(3) - Dlubl. Chann.1 A Trlnsmltt.r 
- Thll commlnd lermin.' .. lransmiller 
operltion .nd rellls Ihe TxROY Ind 
TxEMT .t.lu. bitl. However. If I chlracter 
I. being lransmill.d or If I cl'laracl.r il in 
tl'l. THR when 11'1. lranlmitter II dl.abled. 
the tran.mi .. lon 01 Ihe chlracler(.) i. 
complated belore .. suming Ihe Inlcltve 
,"te, 

CRAP) - Enable C .... nn .. A Tranlmlttar 
- Enlbles op.ration of 11'1. chann.1 A 
tran.miller. Th. TxROY .. atus bil will be 
.. •• rted, 

CRAIl) - Dlubl. C .... nn.1 A Receiver -
TI'III commlnd terminates operlhon 01 
the rec.lver immediltely - I chlract.r 
being r.celved will be lost, The command 
has no eflect on Ihe rec.lver statUI bllS or 
any other conlrol registers, If Ihe Ipecial 
multidrop mode Is programm.d. the r. 
c.lver operates even if it is disabled, See 
Operation section, 

CRA(O) - Enable C .... nnal A Rec.lver -
Enables oper .. ion of the channel A reo 
c.lver, II not in 11'1 •• pecial wakeup mode. 
Ihis also lorces the rec.iver inlo the 
... rch lor .. arl·bit .. ate, 

CRB - Channel B Command 
Register 
CRB is a register used to supply com· 
mands 10 channel B, Multiple commands 
can be .pecified in a single write to CRB 
.. long .. Ihe commandl are non·confllct· 
ing. ',g.. Ihe 'enabte transmitter' and 
·ra.et 'Iranlmitter' commands cannot be 
lpecified in a .ingl. command word, 

T .... bll definitions lor Ihil register are 
Id.ntlcal to 11'1. bit definitions for CRA. ex· 
capl tl'la' a" conlrol .ctionl apply to the 
cl'I.nn.1 B recaivar and lransmlller and the 
correapondlng inputs .nd outputs, 

SRA - Channel A StatuI 
Reglate, 
lRA(7J - Channel A Rec"wecI 'reak 
Tl'lia bit Indlc., .. that an III zero character 
01 Ii'll programm.d I.nglh tia. bUn r. 
C.ived wlthoul a Itop bit, Only I 'Ingla 
FIFO pOSItion II occupiad when I break I' 
recalvedlurthar anlrt .. 10 tha FIFO ara In· 
I'Ilblted unitl the RIOA Itne return. to Iha 
markIng ... te lor at I.... on.·hl" •. blt 
tlma (two allcc ... iya .dg .. Of Ilia Internal 
or •• I.rnll 'x ClOck) 

Sigletics 

When thll bit I ••• 1.1 .... ch.nnat A 'changa 
In braak' bit In thalSR (15RI2]) i, HI.I$RI2) 
I. allo •• t whan 11'1. and 01 Iha bre.k con· 
dltlon. ea d.fined .bov •. 'a d ... cted, 

Tha break detect Circuitry ~n d.tect 
breaks thlt originate In tlla mlddla 01 • 
received char.cter, Howavar. If a break 
begin. in tha middla ola ch.rlcter. II must 
perlist until at least Iha and 01 tha na.t 
Ch'!lcter tima in order lor it 10 be da, 
IIcted, 

1'1/411) - Channa' A Framing Error - ThIS 
bit. wh.n Sll. Ind,c.tes that a stop b,t was 
not detected wh.n the corresponding data 
character In tha FIFO w.s rece,ved The 
ItOP bIt check IS made In tile m,ddle olthe 
lirst stop bit pos't,on, 

1'1/4151 - Channal A 'arlly Error - TillS 
bit il HI whan Iha 'wlth pa"ty' or ·Iorc. 
parity' moda is prog!lmmed and the corre· 
.ponding ch.racter tn Iha FIFO WIS ,. 

ceived WIth Incorreci partly. 

In Ihe 'peclal multIdrop mod. the partty 
.rror bil stores the rec,lved AID bIt 

1'1"141 - C .... nn.1 A O".rrun Error - Th,s 
bit. whan '". indlcat .. that ona or more 
char.cters In the racelved dati stream 
have been 10SI, It IS set upon rece,pt 01 a 
naw clleracter when tile FIFO IS lull Ind a 
cllaracter is .Iready In tha rece,v. Sh"t 
register wllt,ng lor an ampty FIFO pos, 
lion, When this occurs. tha Character ,n 
tha rac.,ve .IIIIt rag 1st., (and liS break 
detact. p.rtty .rror and Iramtng arror 
, .. tus. if any) IS lost, 

Thl, bit is claared by • ·r ..... rror ""uS' 
command, 

SR/4I31 - Channa' A Tranlm'tter Emply 
(TaEMTA) - This bit will be let wl'lan tile 
cll.nnal A transmi"ar underruns, I,e,. both 
Ihe transmIt holding register (THR) .nd 
III. transmll Ihllt regIster are ampty It IS 
lit after tranlmisslon of Iha last stop bIt 
01. Char.cter II no ch.racter IS In the TMR 
.walilng transm,ssion It II reset when the 
THR IS loaded by Ihe CPU or wh.n the 
lransmllier IS dlllbled, 

1'1/412) - Cllannel A Trlnlmltter Reidy 
(TaRDYA) - Thll bIt. whan lit. IndIcates 
Ihat tha THR I' ampty and raady to be 
loaded wllh • CII.'raeter Till' b,t I' Cla.red 
whan tlla THR 's loaded by Ihe CPU .nd ,s 
lit whan tlla char.cter I' tr.nslarred to 
Iha t!lnlmlt .hllt reg,ster T.ROY I' r .. .. 
w .... n th. trlnam,lIar " d'sablad .nd , .. .. 
wh.n III. ".nam,lIar II III" enabled v,: 
c .... !lc .. ,. loaded ,nto till THR wll,la Ih' 
'ran.mllla' II d'Hblad WItt not be "Ins 
m',It.d 
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W"II,j,'·'t' 
SRAlt) - ClI,nn,l A FIFO Full (FFULLA) 
- Tills bit I. s.t when, ch,r,cter IS Hans· 
I.rr.d Irom the r.celve shill reg Iller to the 
rec"ve FIFO and the transler causes the 
FIFO to become lull, I.e., all thr.e FIFO 
POSitions are occupied. It IS resll when 
the CPU reads the RHR. II a character is 
waiting In the receive sh,lI reg,ster be· 
cause the FIFO 's full, FFULL will not be 
reset when the CPU reads the RHR. 

SRAlO) - Ch.nn.1 A Rec.lv.r Reedy 
(RxRD'(A) - Th,s biI,nd,cates that a char· 
acter has been rec .. ved and IS wailing in 
the FIFO to be read by the CPU. It is set 
when the Character is Hanslerred from the 
rece,ve Shift register to the FIFO and reset 
when the CPU reads the RHR, 'f after thiS 
read there are no more characters slill in 
the FIFO. 

SRB - Channel B Status Reg)ster 
The b,t defln,lions lor this register are 
idenllcal to the bit definitions for SRA, ex
cept that all status applies to the channel 
B receiver and transmitter and the corre
sponding ,nputs and outputs. 

OPCR - Output Port Conflgur. 
atlon Register 
OPCR[7J - OP7 Oulput 5.'otCI - ThiS bit 
programs the OP7 output to provide one of 
the fOllOWing: 

- The complement 01 OPR(7) 

- The channel B transmitter interrupt 
output, which is the complement of 
TxRDY8. When in this mode OP7 acts 
as an open collector output. Note that 
thiS output is not masked by the con
tents 01 the IMR. 

OPCRI6) - OP6 Output S".ct - This bit 
programs the 0P6 output to prOVide one 01 
the fOllowng 

- The complement 01 OPR(6) 

- The ch,nnel A transm,tter interrupt 
output, which is the complement 01 
TxRDYA When In this mode 0P6 .cts 
as an open coll.ctor output. Note that 
thiS output ,s not m'lked by the con· 
tents Of th, IMR. 

OPCRlS) - OPS Output Select - Thill bit 
progr.ms the OP5 output to prov,de one of 
til. fOllOWing' 

- Tile complement of OPR(5) 
- Tile ch,nnel B r.c.,v.r ,nterrupt out· 

pul, which II th. compl.m.nt 01 ISR(5) 
When In th •• mod. OP5 tets lI.n open 
colltetor Output. Note thll th., output 
•• not m .. k.d by Ih. con ten" 01 Ih. 
IMR 
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OPCRI41 - OP4 Oulput Selecl - Thll bit 
proor.ms Ihe OP4 output to prov,de on. of 
the lollowing: 

- Th. compl.ment 01 OPR(4) 

- The ch'!'ftel A receiver interrupt out· 
put, which is the complem.nt 01 ISR(I). 
When in this mode OP4 ,cts as an open 
collector output. Note that this output 
is not masked by the contents of the 
IMR, 

OPCRl3:2) - OP3 Output Select - This 
field programs the OP3 outpul to provide 
one of Ihe lollowing: 

- The complemenl 01 OPR!3) 

- The counlerllimer oulpul, In which 
ceae OP3 acls as an open colleclor oul
put. In the timer mode, this output Is a 
aquare wave II the programmed fr.
quency, In Ihe counter mode, the out
put remains high until terminal count Is 
reached, at which time it goes low. The 
output returns to the high state when 
the counter is stopped by a stop 
counter command. Note Ihat this out· 
put ia nol meaked by the contents of 
the IMR. 

- The tX clock for the channel 8 trans
mitter, which ia the clock that sh.lls the 
transmitted data. II dela is not being 
transmitted, a free running tX clock '8 

outpul. 
- The tX clock for Ihe channel B receiver, 

which is Ihe clock that samples the 
receiv.d data. II data is not being r. 
ceived, a free running IX ClOCk is out
put. 

OPCRI1:01 - OP2 Output Selecl - Thl' 
fi.ld proor.ma Ihe OP2 oulpul 10 prOVide 
on. 01 the following: 

- The complem.nt of OPR(21 

- The 16X clock lor the ch.nnel A tr.ns· 
mitter. This II the clock .. Ieclld by 
C5RAI3:0), .nd will be • IX clock if 
CSRA(3:0)", 1111. 

- Th. IX clock for the ch.nnel A trans· 
mltter, which il the clock th.t shifts the 
tr.namitted d .... II d ... is not being 
tr.nsmltted, • free running IX clock IS 
output. 

- The 1 X clock for the ch.nnel A receiver, 
which is the clock th.t .,mples Ihe 
received d,'a. II d,t, is nol being r. 
c.lv.d, , free running IX clock is oul
put. 

ACR - Auxiliary Control Register 

ACR(7) - 'eud R.t. Q_r.tor Set Selecl 
- This bil .. I.CII one of two sets of baud 
r.t .. to ba generlled by the BRG 

Sell: 50,110.134.5,200,300,600. 100K. 
1.2K, 2.4K, 4.8K, 7.2K, 9 6K. .nd 
38.4K baud 

Set 2: 75, 110, 134.5, 150, 300, 600. 12K. 
1.8K, 2.0K, 2.4K. 4.8K, 96K, .nd 
19.2K baud 

The .. Iected set 01 retes is .v.llable lor 
use by the chann.1 A .nd B receivers and 
tr.nsmllters ea desCribed .n CSRA .nd 
CSRB. Baud rate generator ch.r.ct,rlst.cs 
Ire given in table 3 

Table 3 BAUD RATE GENERATOR CHARACTERISTICS 
CRYSTAL OR CLOCK = 3.8864MHz 

NOMINAL AATE(BAUD) ACTUAL lex CLOCK (KHzl ERROR (PERCENT) 

50 08 0 
75 1.2 0 
110 1.759 -0069 

134.5 2153 0059 
150 2.4 0 
200 3.2 0 
300 4.8 0 
600 96 0 
1050 16756 -0260 
1200 192 0 
1800 288 0 
2000 32056 0175 
2400 384 0 
4600 768 0 
7200 t 152 0 
9600 153 6 0 
192K 3072 0 
38 4K 614 4 0 

"OT! 
0..,1, (,lie 0' ". (IOC' '. ~ •• , ,'-
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.""lIel.ln 
ACRII:4)-CQuntlrfTlmer Mode Ind Clock Table 4 ACR 18:4) FIELD DEFINITION 
Iouree Stiect -. Thi. filld all.cts the 
operating mod. of thl countlrltimlr Ind 
Itl clock BOurc. IS shown in IIbl. 4. 

ACRP:O)- 1P3. "2, "1, "0 Chlnge 01 
11I.llntenvp' Enabll - Thlsll.ld Sll.cls 
which bits 01 the Input Port Chlnge regia· 
tlr (IPeR) cluse the input chlnge bit in 
thl interrupt StltuS regist.r (ISR(7D to be 
Ht. " I bit I. in th. 'on' Slat •• the setting 
01 the corresponding bit in the IPeR will 
"10 rlsult In thl "tting of ISR(7). which 
result, in the generltion of In Int.rrupt 
output if IMR{7!= 1. " I bit I. In the 'off' 
Itlte, thl setting Of that bit In the IPCR 
h .. no Iffect on ISR(7). 

IPCR - Input Port Change 
Regllter 
IPCR(7:4) .., 1P3, 1P2, 1P1, IPO Chlngl 01 
"It I - These bits are set when a change 
of lIate, IS defin.d in the Input Port sec· 
tion of thiS data sheet, occurs It the reo 
.pectiveinput pins. Th.y are cleared when 
the IPeR is read by the CPU. A read of the 
IPeR II so clears ISR(7), the Input chlnge 
bit in the interrupt statuI register. 

The setting of th.se bits can be program· 
med to generate an interrupt to the CPU. 

IPCRl3:0)- IP3; 1P2. 1P1, IPOCu"."t Stltl 
- Thlse bits provide th, c~rrent stale of 
the respective inputs. The information is 
unlatched and reflects tna state of the in· 
putpins at the. time lhe IPeR. is ,ead. 

ISR - Interrupt StatuI Regllter 
rhls regist.r provid.s the status 01 III 
potential interrupt sources. The contents 
01 this register are masked by the interrupt 
mask register (IMR). If I bit in the ISR is a 
'1' Ind the corresponding bit in the IMR is 
also a ',', the INTRN output will be IS· 
Hrted II the corresponding bit in the IMR 
II a zero, the state of the bit in the ISR has 
no .ffect on the INTRN output. Not. that 
the IMR do" not mlsk the reading 01 th. 
ISR - the true stitUS will be provid.d 
regardles. of the contents of the IMR. Th. 
contents of thil register are Initializ.d to 
00'6 wh.n thl DUART II reset 

IIIl(7) - Input POft Chante Sillul - Thll 
bit il I '" when.a change of .. ate has 
occurred at the IPO, IP" IP2, or IP3 Inpula 
Ind thet IVlnt hi. beln IIIICted to CIUH 
In intlrrupt by thl progrlmmlng of 
ACAl30! The bit II cleared when the CPU 
reeda thl IPCR 

ACRlI:4) MODE CLOCK SOURCE 

000 Counter Externll (lP2) 
00 1 Counter TXCA - IX clock of chlnnll A trlnsmltter 
o I 0 Counter .TXCB - IX clock of chlnnel B trlnlmitter 
o 1 , Counter Crystal or external clock (X 1IClK) divided by '8 , 00 Timer External (IP2) 
1 0 1 Timer External (lP2) divided by 16 , 1 0 Timer Cryllal or external clock (X 1IClK) 
1 , 1 Timer Crystal or external clock (XI/ClK) divided by 16 

ISRlI) - Chlnnel I Chlngl In lresk -
This bit. when set, indicates that the chan· 
nil B rec.lver hiS detected the beginning 
or the end of a received break. It Is reset 
when the CPU issues a channel B 'reset 
break change interrupt' command. 

ISRIS) - Chlnnll I RacllYlr R .. dy or 
FIFO Full - The function of this bit is pro· 
grammed by MRI8[6). II programmed as 
receiver ready, it indicates that a character 
hiS been received in channel B and is 
wliting in the FIFO to be r.ad by th. CPU. 
1\ Is set when the charact.r is transferred 
Irom the receive shift register to the FI FO 
and reset when the CPU reads the RHR. " 
Ifter this r.ad there are more characters 
still in the FIFO the bii will be set again 
aft.r the FIFO is 'popped'. " programm.d 
as FIFO lull. it is set when a character is 
transferred from the receive hOlding regis· 
ter to the receive FIFO and the transfer 
causes the channel B FIFO to become full, 
i. ... allthr" FIFO positions are occupied. 
I! is reset wh.n the CPU reads the RHR. If 
I character is wliting in the receive shift 
register beCluse the FIFO is lull, the bit 
will be lit Igain wtlen the waiting charac· 
ter is loaded into the FIFO. 

IIR(4) - Chlnnll I Tran,mltter R .. dy -
This bit i' I duplicate of TxRDYB (SRB(2)). 

ISR(3) - Counter R .. dy - In thl counter 
mod., thil bit Is Ht whan the counler 
ralches Itrminll count Ind I. reset wh.n 
th. counter il ,topped by I stop counter 
command. 

In thatlmer mode, thie bit •• Ht onc. each 
CyCI. of tha g.nerlled IQuara Wivi (.v.ry 
othe, 11m. that thl counter/I1mer relches 
zero count) Th. b .... "Iet by I SlOP 
countlr com mind The commlnd. how· 
ever. doel nOillOp thl counler/llmer 

ISRI2I - Channel A Chlngl In lresk -
This bit. wh.n set, indicates that the chan· 
n.1 A receiver has d.tected the b.ginning 
Or the .nd of a receiyed break. I! is reset 
when the CPU issues a chann.1 A 'reset 
break change int.rrupt' command. 

ISRll) - Chlnnal A RacilYer R .. dy or 
FIFO Full - Th. function 01 this bit is p,o· 
grammed by MR1A{6). If programmed as 
receiver readY,1! Indicates that a character 
hiS bHn received in channel A Ind IS 
weiting in th. FIFO to be reid by the CPU 
I! is set when the character .s Irlnslerr.d 
from the rec.iv. lhilt register to th. FIFO 
Ind reset when the CPU relds the RHR. " 
after this read th.re are more characters 
still in the FIFO th. bit Will be set ag"n 
.fter the FIFO IS 'poPPed'. If programm.d 
IS FIFO full, it is se. when a character ., 
transferred from the recelv. hOlding ,egis· 
Itr to the receive FIFO Ind the tren,'" 
causes the chlnn.1 A FIFO to become lull. 
i.e., all thrH FIFO pos.tions are occupied 
I! is reset when the CPU reads the RHR. II 
I character is waiting in the rec"v. Sh"t 
register because the FIFO IS lull, Ihe till 
will be set Iglin whan th. Wilting ch.'lc· 
ter is loaded into the FIFO. 

IIRIO) - Chlnnel A Tranlmltter R .. dy -
This bit is I duplicat. of TxRDYA (SRA[211 

IMR - Interrupt Malk Regllter 
The programming of this register "11Cts 
which bits in the ISR ClUse In .ntei'upt 
output If I bit in the ISR is I ." Ind thl 
corrltPOndlng bit in thl IMR il also a .,.. 
Ih. INTRN output will be I .. e,ted If Ihe 
corresponding bit In Ihl IMR .. I zero, the 
lilt. of the bit .n the ISR hiS no ellect on 
Ihl INTRN output. NOIe Ihat thl IMR does 
nOI mlsk the prog'lmmlbl"nterruPI out· 
pull OP3-0P7 or thl rald.ng of th, ISR 

Reproduced wilh permlIIton from SlPMiCi 
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CTUR end CTLR - CounterfTlmer 
Rlgllterl 

The CTUR and CTlR hold Ihe elghl MSSI 
and algi'll lSSI relpecllvely of Ihe value 10 
be Uled by the counterltlmer In either the 
counler or IImer mod .. of operallon. The 
minimum velue which may be loaded Into 
the ClURlCllR reg latera II 0002, •. No .. 
Ihlt thl" regllter. Ire wrlt.only Ind Cln· 
not be rlld by the CPU. 

In the IImer (proorammibie divider) mode, 
thl CIT generltes I squire wive with I 
period of Iwice the vllue (in clock periods) 
of the ClUR and CllR. If the vllue in 
ClUR or CTlR is chlnged, the current 
hllf·period will not be I"ected, but ,ub.e· 
quent hllf periods will be. In this mode the 
CIT runs continuously. Receipt of I start 
counter commlnd (read with A3-AO. 
1110) ClUSes the counter to terminate the 

ABSOLUTE MAXIMUM RATINGS' 

PARAMETER 

Operating Imb"nl temperature2 

Storlge temperature 
All yoltlges with respect 10 ground] 

NOTES 

currenl timing cycle Ind to begin I new 
cycle uling "" Vilul' ,n CTUR Ind CllR. 

The coun"r reldy "Ilul bit (ISR[31> II ... 
once IIch cycle of Ihe IqUiri wave. The 
bit II r.... by I atop coun .. r com mind 
(read with A3-AO. 1111). lhe commlnd, 
however, does not atop the CIT. lhe gen· 
.rated ,quire w.ye II oulpul on OP3 if it i. 
proorlmmed 10 be the CIT oulput. 

In Ihe counter mode, the CIT coun" down 
Ihe number of pul .. , 10lded into ClUR 
Ind CllR by Ihe CPU. Counting begins 
upon receipt of I ,tart counter com mind 
Upon reaching terminll counl (0000'6)' Ihe 
counter reldy interrupl bit (ISR[3» la lit. 
The coun"r continues counllng past the 
"rmin,' count unlii stopped by the CPU. If 
OP3 ia progrlmmed to be the oulput of the 
CIT, Ihe output remlin, high untillerminll 
counl i, reached, at which lime il goes 
low. The output returns 10 Ihe high Itlte 

RATING UNIT 

010 + 70 ·C 
-85 10 + 150 ·C 
-0.510 +8.0 V 

, • ., ...... 00 •• thONlllled unGer AOao1ul' "' ••• mum "allngt may ,au" permanet\1 oamao.,O l~oewIC' Tft'l I' 
I I"'" 'I"ng onl., ."'" I",nChona' oper"lon 01 tn, ct .... 'c. I' th, .. Of IIlny 01"" condition abOve If'lON InOte"IC 
1ft 'h, Goer,hon NChon of Hu. '"(",Cllion 'I 1'101 Imph~ 
For operiling It ......... G limper"",,., Ihl 0."''':1 mull be "rl'la r...aed on + '~·C Mea_mum ,,,,nchon 

'-"'"'.'u" 
T"". ptOClyCllnC1uoe. ''''Yllty .peCI'.ClIIY dtllgneo 101 I~ plOllchon 01 Ita Inllmll 0. ... ",. flom dlrrt.aGlnQ It 
tee,a Of '.UII ...... tlhC Chlrg. NOI\lI"'IIII' It I •• uggllted ,"', COftwenhOftiI ~uttOf'l. M ,,,,,,, to lYON:I ap. 

plyino Iny .01'.' 'IrQI' '''11'1 I'" Iliia mllllmi 

DC ELECTRICAL CHARACTERISTICS TA • O·C 10 + WC, Vet; .. 5.0V a 5%u, 

PARAMETER TEST CONDITIONS 
IIln 

V'L Input low yoltlge 

V," Inpul h,gh .oltlge (excepl Xl/ClK) 2.0 

V," Inpul h'gh yoltlge (Xl/ClK) '.0 
VO\. OUlpul low yoltlge IOL-2.'mA 
VOH Outpul h'gh yoltlge (eltcept o.c. outpull) 10H. - .oo~A 2.' 

Ind ISAl3111 cillred when Ihe counter 'I 
1I0PPed by I 1I0p counle, commlnd lhe 
CPU mlY chlnge the vllu .. of CTUR Ind 
CTlR II Iny time, bul Ihe new counl be· 
comes effecliye only on Ihe nexl IIlrl 
counler com mind. II new vllue. h •• e nOI 
been loaded, the preyiOUI counl Yllues 
Ire pre.lrved Ind uaad for Ihe nexl counl 
cycle. 

In the coun .. r mode. Ihe currenl Yllue of 
Ihe upper Ind lower 8 bits of Ihe counier 
(CTU, CTl) mly be read by the CPU It 'I 
recommended Ihlt the counler be stop· 
ped when rlldlng to preyenl potenloal pro· 
blem, which mlY occur iI • Clrry from Ihe 
lower 8·bltll0 Ihe upper 8-bils occura bel· 
ween Ihe times 11'111 bolh hal.es of Ihe 
counler Ire read Howe •• r. note 11'111 I 
tubseQuenl Illrl counler comm.nd w,lI 
CIUII Ihe count.r 10 begin a new couni 
cycle ullng Ihe .alu .. In ClUR and CllR 

LIMITS 
UNIT 

Typ II", 

0.8 V 
V 
V 

O. V 
V 

I'L Inpul lelklge currenl V'N-OtOVet; - 10 10 "A 
ILL Dati bUI 3-lIlte lelklge currenl Vo·OtoVet; -10 10 "A 
loe Open cOlieClor outpul lelklge currenl Vo·O 10 Vet; -10 10 "A 
let; Power tupply currenl 150 mA 

NOTEI 
• ........... ,..,. .... ., ..., .... .., "mpetl'"'' "'" 
• All ....... ,.....u~tI.,. "",.MllCIto O'OU"CI tONDI '01 t.I"ft8. IIII"OWI ........... "'gM •• ..,. O.V IIftCII'V .It'" t..-'tOf'I'.-e 0' IOn ...... """"" A~ 1."'1 "'IIM\I" 
~II .,1 ,.t.,.""Ced I' "'Dw' ... " .... of 0 IV ancf 2 0'1 aftd Ck#lpul ......... of 0 IV aNI IOV AI "".'1" 

• ',.-cal ....... ".,. It •• -C .,p.c" luPO'y .. 011 .... IftCI "ltcat P ..... "' • ..,."..,.,. 
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AC ELECTRICAL CHARACTERISTICS TA-O·CIO + 70·C, vcc - 5.0V ~ 5%<·"7 

TENTATIVE LIMITS 
PARAMETER UNIT 

Min Typ Ma-

Rea,1 'tIming (figure 1) 
tllU R£SET pulse width 1.0 ", 
Bus Timing (figure 2)' 
tAS 1.0-1.3 setup time to RON, WRN low 10 n. 

tAH 1.0-1.3 hOld time from RON, WRN high 0 ns 

lea CEN setup time to RON, WRN low 0 ns 

ICM CEN hold time from RON, WRN high 0 ns 
IRW WRN, RON pulse width 225 na 

too Data valid after RON low 175 ns 
tOF Data bus floating after RON high 100 ns 

.tos Data setup time before WRN high 100 ns 

tOH Data hOld time after WRN high 20 ns 
tllWO High time between READs and/or WRITEs9'o 200 ns 

Port Timing (figure 3)B 
tps Port input setup time before RON low 0 ns 
tpH Port input hold time after RON high 0 ns 
tpo Port output valid after WRN high "00 na 

Interrupt Timing (figure 4) 
till INTRN (or OP3-0P7 when used as interrupts) high from: 

Read RHR (RXROY/FFULL interrupt) 300 ns 
Write THR (TXROY Interrupt) 300 ns 
Reset command (delta break interrupt) 300 ns 
Stop CfT command (counter interrupt) 300 ns 
Read IPCR (Input port change interrupt) 300 ns 
Write IMR (clear of Interrupt mask bit) 300 ns 

Clock Timing (figure 5) 

teLK X1/ClK high or low time 100 ns 

feLK X1/ClK frequency 2.0 3.6864 4.0 MHz 

teTc CTClK (IP2) high or low time 100 ns 
fCTC CTCLK (IP2j f,equency 0 •. 0 MHz 

tAX RxC high .or low time 220 ns 
fRX RxC frequency (,6X) 0 2.0 MHz 

('X) 0 '.0 MHz 
ITX TxC high or low time 220 ns 
fTX TxC frequency (16X) 0 2.0 MHz 

('X) 0 1.0 MHz 

Transmiller Timing (figure 6) 
ITXO TxO output delay from TxC low 350 ns 
ITCS TxC output akew from TxO oulput data 0 'SO ns 

Receiver Timing (figure 7) 
IAXS RxO data .etup time to RXC high 240 ns 
tllXH RxO data hold time from RXC high 200 ns 

NOTES 
P,tlme'lr, .t. yilid Ov., tpeCtl,IClllrftpe'.lu" 'Ing. 
All YOIII. m"'Uf,men',.re ""'Inc.o 10 V'DUnei (GNO) For ' •• tlng .• lIlnD",'I.;",al, IWlnO bl'*"" O.V .na 2''1/ W.'''' I'f,nlilion 11m. 0120"1 m •• ,m~", A" I,"", m •• " ... ,. 
""'''''I .t, "'".ncect ,I Input VOU.gel 01 0 IV and 2 OV and OViput .,Oll.g.' 01 0 Iv Ind 20V ••• PP'OP"." 

• T,PIC,I '1,1,,'1 Ir. I' • 25-C. Iyp.cal,upp', '1011', .. ,na I'PICII O,oc .... nO Plr.met.,. 
1 , .. , COnd,I,O" lor 0",1,,1,.1" CL ., ,SOp' •• c,pt .nl,nupt oulpu" 111' cond,lIon lor ,nt,rrupt outputs CL. ~pF -L" 2 7K Ohm to Vee 

• ',m,no '1IIIulf'.IId .nd "',r,netd to ",.WRN ~nd AD~ Inputl '~d'Y'C' m.y a'io be ope, ... d .. ,I" CEN., Ih. ItfOb'''G .npul In 'h" '"' I" 1I",.no .~c.t.c."O"' ."','_ 
f.I,r,,,,(..d 10 'h. f,lI.ng .nd "I.no 'dO" of CE~ 

• If elk " wHO., '''' ,,,otunD .netu! " .. , p.,~t., ct,,,",, I'"~ "",n,mum h.O'" """ b.lw.," 0'" CEN .no '''' n,_1 
tC Con .. ,u"'" w','1 QPlrllrc"nt ICt Ihl' ,."" command "0'1'" "Qulf, ,t 1'1" I"'.' lesg" 01 U" )C 1 cloetl btl •• ,n .,.It, 

Sigletics ,·a, 
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NCR 5380 SCSI INTERFACE 
PRODUCT BRIEF 

8CSIlNTERFACE MPUINTERFACE 
• Aaynchronoua data tran.fer to 1.5 MapS • Memory or 110 mapped Interface 
• Support. both Initiator and target roilS • DMA or programmed 110 
• Parity generation w'optlonal checking • Normal or block mode OMA 
• Support. arbitration • Optional MPU Interrupt. 
• Direct control of an bu. algnal. 
• High current output. drive SCSI bu. directly 

The NCR S380 is designed to accommodate the Small Computer Systems Interface (SCSI) as defined 
by the ANSI X3T9.2 committee. The 5380 operates In both the Initiator and Target roles and can there
fore be used in host adapter and control unit designs. This device supports arbitration. including 
reselection. and is Intended to be used in systems that require either open collector or differential 
pair transceivers.· It has special high current outputs for driving the SCSI bus directly in the open 
collector mode. 

The NCR S380 communicates with the system microprocessor as a peripheral device. The chip is 
controlled by reading and writing several Internal registers which may be addressed as standard or 
memory mapped 110. Minimal processor Intervention Is required for OMA transfers because the 5380 
controls the necessary handshake signals. The NCR 5380 interru,pts the MPU when It detects a bus 
condition that requires attention. Normal and block mode OMA Is provided to match many popular 
DMA controllers. 

• Differential pair operation Is supported in the NCR 5381 (48 PIN). 

FUNCTIONAL PIN GROUPING PINOUT 

SCSI DATA BUS DO 01 

[~ bBO ... 7. ESP 1m 02 
OMA READY ~ 03 

CONTROL ~ m 95 eM 
In 1m os 

.. GISrEA [ 

QT m D6 m 07 m SCSI !m1 A2 

NCR m CONTROLS 1510 NCR A1 
ADDRESSING NJ 5380 wm DP 5380 Voo 

A1 Uti GNO AO 

ems In I'O'W 
IS\' Run 

DATA BUS 00 ... 07 
17C) ~K (Or> 

n-N DAC ... 
mrr Jm'f READY 
IRQ DO""" ~ 
GNO VDO em IRO 

1m» ORO 
Rm CS , 



m[3[l1 
PIN DESCRIPTIONS 
MICROPROCESSOR INTERFACE SIGNALS 
PI" Name PIn Number DHcrlptIon 

AO ... 1.2 30, 32, 33 INPUTS 
Thll addra .. II uMd with a, iOR 
or row to addr... an l"t.rn.1 
,.glst.rl. 

21 

26 

ORO 22 

INPUT 
OIlp Select enables a r.ad or write 
of the Int.rnal r!tOister leleCled 
by AO , , , 1.2. ~ II a low active 
algnal. 

INPUT 
OMA Acknowledge r •• ets ORO 
and .. Iects the dala r!tOlster for 
'"pul or output. ~ Is a low 
active aignal. 

OUTPUT 
DMA Request Indicates that the 
data register is ready to be read 
or written. ORO occurs only If 
OMA MODE Is true In the com· 
mand register. It la cleared by 
l5ACK. 

DO ... 07 3oi .. , 40,1 al·DIRECTIONAL, TRI-STATE 
Microprocessor data bua Active 
high 

fOP 27 INPUT 
The End of Process aignal ia true 
during the last byte of a DMA 
transfer. This alops .ddltional 
translers but .1I0ws the current 
transler to finish. EOP is • low 
active signal. 

iOR 24 INPUT 
110 Re.d Is uaed to read an In· 
ternal regisler .. Iected by ~ and 
AO ... 1.2. It also .. Iecls the data 
~ster when uaed with tsACK. 
lOA ... low active lignal. 

lOW 29 INPUT 
110 Wrlle 'I uaed to write an in· 
ternal register lelected by es and 
AO. , , 1.2. It allo .. Iecls Ihe dala 
!!alster when uled wilh ~. 
lOW II • low active Ilgnal. 

IRO 23 OUTPUT 
Interrupl Request alertl the micro
proc ... or of an error condition or 
an evenl compl.llon 

READY 25 OUTPUT 
.... dy can be u .. d to control the 
Ipeed of block mode DMA 
t,anlferl 

RESET 28 INPUT 

2 

..... 1 clearl all registers It does 
nol force the SCSI II.gnal ~ST 10 
the active alale ~SET II a low 
actlv. ligna I 

'OWER SIGNALS 
PIn Name PIn Number Description 

VDD 

GND 

31 

11 

+5VOLTS 

GROUND 

ICSIINTERFACE SIGNALS 
PI" Name PIn Number Description 

14 al,DIRECTIONAL, OPEN COL 
INITIATOR ROLE: The chip asse", 
thil ligna I in r.lponse 10 Rm 
for a byte Iranller on the SCSI bus. 

TARGET ROLE: m is receiyed 
a. a reapon .. to the Rl"O lignal. 

XCK II an acllve low ligna I. 

15 al·DIRECTIONAL, OPEN COL. 
INITIATOR ROLE: The chip asse"s 
thll aignal when the mlcroproces· 
sor requesls tha attenllon con· 
dillon. 

TARGET ROLE: m is a received 
ligna I. 

m Is an acllye low signal. 

13 al·DIRECTIONAL, OPEN COL. 
The SCSI Ry signal can be driven 
and received concurrently. 

m il an actlye low Signal 

Cir> 18 al·DIRECTIONAL, OPEN COL 
Command/Dala is an Inpul lor an 
Inilialor, an outpul lor a large\ It 
Indicates a command when 
asserled 

ii(5 17 

liSt 19 

QT 18 

no 2 .. 10 
1&",S9~ 

m 12 

Cir> il an active low signal 

al·DIRECTIONAL, OPEN COL 
InputlOulpul IS an Inpul fOl an 
Initiator, an output lor a target It 
Indicates an input 10 Ihe Inilialor 
when assarled. 

iiO is an active low Signal 

al·DIRECTIONAL. OPEN COL 
Message IS an Input for an Intll' 
alor, an oulpul for a large: It Indl' 
cales a message when asserled 

fiB"G is.n aCllve low ligna I 

al·DIRECTIONAL. OPEN COL 
The largel assens ~EO 10 requesl 
a byle transfer from Ihe Inillalor 
The Iransfer may be In .llher 
dlreclion. 

~ II an acllve low Ilgnal 

al·DIRECTIONAL. OPEN COL 
SCSI BUS r.lel ligna I 

,,~ II an acllY. low Signal 

al·DIRECTIONAl OPEN COL 
SCSI DATA BUS and PARITY 

Tha,. lignal. are low aCllve 

al·DIRECTIONAL. OPEN COL 
Sel.ct '1 u •• d for 18lec(,on and 
r."lecloperallons 

ItL II an active low 'Ignal 

Reproduced w"h permlllloft from NOR Nlcroeltdronlca Dlvllion 



NCR 5380 BLOCK DIAGRAM NCR 5380 

r--- -- - -- -- -~-----, 
IRQ r, 
MAOv ORO D GICrt ... AJ DO. D1 
I CPU . I 
I INTERFACE I l _____ .J 

~------------------------------------------------~ 

HIGH CURRENT O.C. 
OUTPUT DRIVERS 

REGISTER SUMMARY 

A2 A1 AO AIW REGISTER NAME 

0 0 0 R Current SCSI Data 
0 0 0 W Output Data Register 
0 0 1 RIW Initiator Command Reg. 
0 1 0 RIW Mode Register 
0 1 1 RIW Target Command Reg. 
1 0 0 R SCSI Bus Status 
1 0 0 W Select Enable Register 
1 0 1 R Bus & Status Register 
1 0 1 W Start DMA Send 
1 1 0 R Input Data Reg. 
1 1 0 W Start Target Rec. DMA 
1 1 1 R Reset Parltyllnterrupts 
1 1 1 W Start In It. Rec. DMA 

3 
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REGISTER DESCRIPTION 

READ 
CURRENT SCSI DATA (00) 
76~.32'0 

I I , I I I I I I 
DIO ... "0"&7 

INITIATOR COMMAND REGISTER (01) 
7 6 5 • 3 2 1 0 

AsstrLData Bus 

Ass r ~
ss r1ATN 

Asser! 

I Assert 
Lost Arbitration 

Arbitration In Progress 
Assert RST 

Arbitration 

I, DMA Mode 
Monitorm 

Enable rn-P Interrupt 
Enable Parity Interrupt 

Enable Parity Checking 
Target Mode 

Block Mode DMA 

TARGET COMMAND REGISTER (03) 
7 6 ~ • 3 2 1 0 

101010101 i I I I _ 
I I • Assml/O 

AsslliCID 
AssI!LMS"G 

Assert REO 

CURRENT SCSI BUS STATUS (04) 
7 6 5 • 3 2 1 0 

LJ IIII ~~~Ap 
~ Ala 

~ 

XTN 
Busy Error 

Phase Match 
Interrupt Request 

Par.ty Error 
DMA Requel1 

End 01 DMA 
INPUT DATA REGISTER (06) 
76~.3210 

o:rl I I I n 
Dao ,D87 

RESET PARITYIINTERRUPT (07) 
7 6 ~ • 3 2 1 0 

CiI"X'FTl X I )( : X i)( I 

NCR 5380 

WRITE 
OUTPUT DATA REGISTER (00) 

7 6 ~ • 3 2 1 0 
I I I I I I I I I 

Deo." DB7 

Asslli.Pata Bus 
Asst!! ATN 

Asstrt SEL 
Asst!!.JiSY 

Assert ACK 
Differential Enable (NCR 5381) 

Test Mode 
Assert RST 

Arbitration 
DMA.MQde 

Monl.!.2!..SSY 
Enable EOP Interrupt 

Enable Parity Interrupt 
Enable Parity Checking 

Target Mode 
Block Mode DMA 

TARGET COMMAND REGISTER (03) 
7 65. 3 2 1 0 

I X I X I X I X I I I I I 
I I i Assert riO 

AsstI! CiO 
Ass!!!. MSG 

Assert REO 

SELECT ENABLE REGISTER (04) 
7 6 5 • 3 2 1 0 

I I I I I I I I I 
l)BO .. ,~7 

ST ART DMA SEND (05) 
7 6 ~ • 321 0 

Ixlxlxlxlxlxlxlxl 
START DMA TARGET RECEIVE (061 
765.3210 

Ixlxlxlxlxlxlxlxl 
START DMA INITIATOR RECEIVE (07) 

7 6 ~ • 3 2 1 0 
,xlxlxlxlxlxlxlx I 

NOTE X • DON'T CARE 
4 



ELECTRICAL CHARACTERISTICS 
OPERATING CONDITIONS 

PARAMETER SYMBOL MIN MAX UNITS 

Supply Voltage VOO 4.75 5.25 Volts 
Supply Current 100 145 mAo 
Ambient Temperature TA 0 70 ·C 

INPUT SIGNAL REQUIREMENTS 

PARAMETER CONDITIONS MIN MAX UNITS 

High·level, Input VIH 2.0 5.25 Volts 
Low·level, Input VIL -0.3 0.8 Volts 

SCSI BUS pin. 2 ••• 20 
High·level Input Current, IIH VIH = 5.25 V 50 ua. 
Low·level Input Current, IlL Vll= 0 Volts -50 Jla. 

All other pins 
High·level Input Current, IIH VIH= 5.25 V 10 ~a. 

Low·level Input Current, III . Vil = 0 Volts -10 JJa. 

OUTPUT SIGNAL REQUIREMENTS 

PARAMETER CONDITIONS MIN MAX UNITS 

SCSI BUS pin. 2 ••• 20 
Low·level Output VOL VOO = 4.75 V 

IOl = 48.0mA. 

All other pin. 
Hlgh·level Output VOH VOO = 4.75 V 

IOH = -3.0mA. 
Low·level Output VOL VOO = 4.75 V 

IOl c 7.0mA. 

PRELIMINARY 
Nolle.: Thll II not a final lpeelllCIUon 
lome parametric IImltl art tubJeci to Chang. 

0.5 Volts 

2.4 Volts 

0.5 Volts 

NCR 5380 

5 



TYPICAL CONFIGURATION 

DMA 
CONTROL LOGIC 

....----4 ... EOP 
______ ---I g~gK NCR 5380 
....---tREAOY 

SCSI BUS 

NCR MICROELECTRONICS DIVISION 
1135 .Iroplau Drivi 

Colorado Sprtng •• Colorado 10818 
Phon.:~52>22S2 

Telex: 46 2457 NCR MICRO CSP 

NCR 5380 

While the Informetlon heraln pra .. nted ha. bMn cheeked for both accuracy and raliabillty, NCR luum.s no 
retponllbllity for althar Itl u .. or for lhe Infrlngament of any patanll or othar right I of third part I." WhiCh 
would rHull from Itl u ... The publication and dllaemlnaUon oltha ancloNd Informalion conl.r. no IIcanse. 
by Implication or otherwl", under any patanl or patant right I owned by NCR 6 
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WESTERN DIGITAL 
c o R P 0 R A , I o N 

WD177011772 5114" Floppy Disk ControlieriFormatter 

FEATURES 

• 28 PIN DIP 
• SINGLE 5V SUPPLY 

• BUILT·IN DATA SEPARATOR 

• BUILT·IN WRITE PRECOMPENSATION 

• 5V4· SINGLE AND DOUBLE DENSITY 

• MOTOR CONTROL 

• '28,256,512 OR 1024 SECTOR LENGTHS 

• TTL COMPATIBLE 

• 8 BIT BIDIRECTIONAL DATA BUS 

• lWO VERSIONS AVAILABLE 
WD1no = STANDARD 179X STEP RATES 
WD1n2 = FASTER STEP RATES 

DESCRIPTION 

The WD1 no is a MOSILSI device which performs the 
functions of a 51f4· Floppy Disk Controller/Formatter. 
It Is similar to its predecessor, the WD179X, but also 
contains a digital data separator and write precom
pensation circuitry. The drive side of the interface 
needs no additional logic except for buffersl 
receivers. DeSigned for 51f4 • single or double density 
operation, the device contains a programmable 
Motor On signal. 

The WD1nO is implemented in NMOS silicon gate 
technology and is available in a 28 pin dual-in-line. 

The WD1no Is a low cost version of the FD179X 
Floppy Disk Controller/Formatter. It Is compatible 
with the 179)(, but has a bullt·ln digital data separator 
and write precompensatlon circuits. A single read 
line (RD, PIn 19) is the only Input required to recover 

a INTRa 
ww OAO 

NJ i)OOi 

A' WIIRT 
OALa iJS 
OALI fiiici 
DAL2 wo 
DAU WG 
DAU MO 

DAL5 AD 
DALe CLK 
DAL7 DIRe 

Wi STEP 

OND vee 

PIN DESIGNATION 

serial FM or MFM data from the disk drive. The 
device has been specifically designed for control of 
511.· floppy disk drives with data rates of 125 
KBitslSec (single density) and 250 KBitslSec (double 
denSity). In addition, write precompensation of 125 
Nsec from nominal can be enabled at any point 
through simple software commands. Another pn> 
grammable feature, Motor On, has been incorporated 
to enable the spindle motor automatically prior to 
operating a selected drive. 

Two versions of the WD1nO are available. The stan
dard version Is compatible with the 179X stepping 
rates, while the WD1n2 offers stepping rates of 2, 3, 
5and6msec. 

The processor interface consists of an ~bit bidlrec· 
tlonal bus for. transfer of status, data, and commands. 
All host communication with the drive occurs 
through these data lines. They are capable of driving 
one standard TTL load or three "LS" loads. 

June. 1983 
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PIN 
NUMBER 

2 

3,4 

5-12 

13 

14 

15 
16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

PIN NAME 
CHIP SELECT 

REAOt'WRiTr 

ADDRESS 0,1 

DATA ACCESS LINES 
o THROUGH 7 

MASTER RESET 

GROUND 

POWER SUPPLY 

STEP 

DIRECTION 

CLOCK 

READ DATA 

MOTOR ON 

WRITE GATE 

WRITE DATA 

TAACKOO 

INDEX PULSE 

WRITE PROTECT 

DOUBLE DENSITY 
ENABLE 

SYMBOL 

NJ,A1 

DALO-DAL7 

GND 

vee 
STEP 

DiRe 

CLK 

RD 

MO 

WG 

WD 

TROO 

2 

FUNCTION 
A logic low on this input selects the chip and 
enabie Host communication with the device. 

A logic high on this 1r:!QU! controls the 
placement of data on the 00.07 lines from a 
selected register, while a logic low causes a 
write operation to a selected register: 

These two inputs select a register to AeadIWrIte 
data: 
CI A1 NJ 
o 
o 
o 
o 

o 
o 
1 
1 

o StatusReg 
1 Track Reg 
o SectorReg 
1 DataReg 

RIll. 0 
Command Reg 
Track Reg 
Sector Reg 
Data Reg 

Eight bit bidirectional bus used for transfer of 
data, control, or status. This bus is enabled by 
CS and PJW. Each line will drive one TTL load. 
A logic low pulse on this line resets the device 
and initializes the status register (internal pull· up).· 

Ground. 

+ 5V ± 5% power suppiy input. 

The Step output contains a pulse for each step 
of the drive's PJW head. The WD1nO and 
WD1 n2 oHer different step rates. 

The Direction output is high when stepping in 
towards the center of the diskette, and low 
when stepping out. 

This input requires a free-running 50% duty 
cycle clock (for internal timing) at 8 MHZ ± 1 %. 

This active low input is the raw data line 
containing both clock and data pulses from the 
drive. 

Active high output used to enable the spindle 
motor prior to read, write or stepping 0pera
tions. 

This output is made valid prior to writing on the 
diskette. 

FM or MFM clock and data pulses are placed on 
this line to be written on the diskette. 

This active low input informs the WD1no that 
the drive's A/W heads are positioned over Track 
zero (internal pull·up). 

This active low input informs the WD1no when 
the phySical index hole has been encountered 
on the diskette (internal pull· up). 

This input is sampled whenever a Write 
Command is received. A logic low on this 
line will prevent any Write Command from 
executing (intemai pull·up). 

This input pin selects eitheDD~Ngle (FM) or 
double (MFM) density. When = 0, double 
denSIty .s selected (Internal pull· up). 

"-P<""UCoId .,1" PII'"'- I,om 
__ I.,n Dog"., Co'poteltOft 



PIN 
NUMBER PIN NAME SYMBOL 

27 DATA REQUEST ORO 

28 INTERRUPT REQUEST INTRQ 

ClK WG 

to wo 5\41" 
H 00.07 1m 
0 

I" AtJ • 
F 

S l 
T 

1<1 
0 
P 

I ~ 
WD1770 ur P 

N Y 
T FIlW Tmij 
E 1m WJSI!T D 
R R 
F MO I 
I< 

DIRC 
V 

C DRQ E 
E INTRQ STEP 

+5 GNOVCC 

1 L. 5V 

WD1770 SYSTEM BLOCK DIAGRAM 

ARCHITECTUAE 

The Floppy Disk Formatter block diagram Is Il
lustrated on page 4. The primary sections include 
the parallel processor Interface .nd the Floppy Disk 
Interface. 

a.ta ShIft AegI • .., - this 8-blt reQi!ter assembles 
aerial data from the Read Data Input (RD) during Read 
operations and transfers serial data to the Write Data 
output during Write operations. 

a.ta Aegla.., - This 8-bit register is ulecl as a 
holding register during Disk Read and Write opera
tions. In Disk Read operations, the assembled data 
byte is transferred In parallel to the Data Register 
from the Data Shift Register. In Disk Write operations, 
Information Is transferred In perallel from the Data 
Register to the Dati Shift Register. 

When executing the Seek commend, the Dat. Regi. 
ter holds the Iddress of the desired Track poaition. 

3 

FUNC110N 

this active high output Indicates that the Data 
Register la full (on • ReId) or empty (on • Write 
operation). 

Thla active high output la .. t It the completion 
of eny command or MMt • reed of the Stltua 
Reglater. 

this register Is loaded from the DAL end geted onto 
the DAL under procesaor control. 

'belt RegIa_ - this 8-blt register holds the track 
number of the cunent RealWVrite head poaltlon. It la 
Incremented by one flY8ry time the head Is atepped in 
end decremented by one when the head Is stepped 
out (towards track (0). The contents of the register 
ere compared with the recorded track number in the 
10 field during disk Read, Write, and Verify opera
tions. The Track Register can be loaded from or 
transferred to the DAL this Register should not be 
loaded when the device Is busy. 

Sector AegI.ter (SA) - This 8-blt register holds the 
Iddress of the desired sector position. The contents 
of the register are compared with the recorded sector 
number in the 10 field during disk Read or WrIte 
operations. The Sector Register contents can be 
loaded from or transferred to the DAL This register 
should not be loaded when the device is busy. 

Commlnd Register (CR) - This 8-bit register holds 
the command presently being executed. This register 
should not be ioaded when the device Is busy unless 
the new command is a force Interrupt. The command 
register can be loaded from the DAl, but not read 
ontotheDAL 

Status Regiater (STA) - This 8-blt register holds 
device Status information. The meaning of the Status 
bits Is a function of the type of commend previously 
executed. this register can be read onto the DAl, but 
not loaded from the DAL 

CRC LogIc - this logic Is ulecl to check or to 
generate the 16-blt Cyclic Redundancy Check (CRC). 
The polynomial is: 
G(x) = x16 + x12 + x5 + 1. 
The CRC Includes all Information starting with the 
Iddress mark .nd up to the CRC characters. The 
CRC register Is preset to ones prior to data being 
Ihifted through the circuit. 

ArlthmetlclLoglc Unit (ALU) - The ALU is a serial 
comparator, Incrementer, and decrementer .nd Is 
ulecl for register modification and comparisons with 
the disk recorded 10 field. 

AIcwocIuced .,'" PI',.,nl •• "" IrOT 
Wlelern Doe,"1 Corpor.,."" 



IDAl) 

ORO WG 

INTRO 
WPfH 

QI\ 

~ nr 
RIW nm 

COMPUTER CONTROL PLA DISK CONTROL 
INTERFAce CONTROL .. • INTERFACE 

AD CONTROL (240 X 19) CONTROL STEP 

AI DIRC 

MOT0f10N 

ClKI8 M~ll 

onm 

WD1no BLOCK DIAGRAM 

nmlng and Con~ - All computer and Floppy Disk 
interface controls are generated through this logic. 
The intemal device timing Is generated from an exter· 
nal crystal clock. The FD1no has two different 
modes ..QLQQeratlon according to the state of Dt5EN. 
When oorn = 0, double density (MFM) is enabled. 
When DDEN = 1, single density is enabled. 

AM De_lot" - The address mark detector detects 
10, data and index address marks during read and 
write operations. 

Data s-p.rator - A digital data separator consisting 
of a ring shift register and data window detection 
logic provides read data and a recovery clock to the 
AM detector. 

PROCESSOR INTERFACE 
The Interface to the processor Is accomplished 
through the eight Data Access lines (DAl.) and 
associated control signals. The DAL are used to 
transfer Data, Status, and Control woros out of. or In
to the WD1no. The DAL are three state buffers that 
are enabled as output drivers when Chip Select (CS) 
and fW.I = 1 are active or act as input receivers when 
CS and R/IN = 0 are active. 
When transfer of data with the Floppy Disk Controller 
Is required by the host processot; the device address 
Is decoded and CS is made low. The address bits A 1 
and AO, combined with the signal fW.I during a Read 
operation orWrite operation are interpreted as select· 
ing the following registers: 

Rep'OCIute<l .. ",. ,..,m._ from 
'NN'.," OIg.,., Co,po,a._ 



.1 . AI) 

o 0 
o 1 
1 0 
1 1 

READ .1 
Status Register 
Track Register 
Sector Register 
Data Register 

During Direct Memory Access (OMA) types 01 data 
transfers between the Data Register 01 the W01no 
and the processor, the Data Request (ORO) output 
Is used In Data Transfer control. This signal also 
~ as status bit 1 during Read and Write 
operations. 

On Disk Read operations the Data Request Is acti
vated (set high) when an assembled serial Input byte 
Is transferred In parallel to the Data Register. This bit 
is cleared when the Data Register Is read by the pro
cessor. If the Data Register Is read after one or more 
characters are lost, by having new data transferred in
to the register prior to processor readout, the lost 
Data bit Is set in the Status Register. The Read opera
tions continues until the end of sector is reached. 
On Disk Write operations the Data Request is ac
tivated when the Data Register transfers Its contents 
to the Data Shift Register, and requires a new data 
byte. It Is reset when the Data Register is loaded with 
new data by the processor. If new data is not loaded 
at the time the next serial byte Is required by the 
Floppy Disk, a byte of zeroes is written on the 
diskette and the Lost Data Is set in the Status 
Register. 

At the completion of every command an INTRa Is 
generated. INTRa Is reset by either reading the 
status register or by loading the command register 
with a new command. In addition, INTRa is gen
erated If a Force Interrupt command condition Is met. 

The WD1nO has two modes of ~ration according 
to the state OOEN (Pin 26). When DEN = 1, single 
density is selected. In either case, the ClK input (Pin 
18) lsat 8 MHZ. 

GENERAL DISK READ OPERAOONS 
Sector lengths of 128, 256, 512 or 1024 are obtainable 
In either FM or MFM formats. For FM, I5l5EN should 
be placed to logical "1:' For MFM formats, t5J5Eii1 
should be placed to a logical "0:' Sector lengths are 
determined at fonnat time by the fourth byte in the 
"10" field. 

seCTOR LENGTH TABLE 
seCTOR LENGTH NUMBER OF BYTES 

FIELD (HEX) IN SECTOR (DECIMAL} 
00 128 
01 256 
02 512 
03 1024 

The number of sectors per tract as far as the W01nO 
Is concerned can be from 1 to 255 sectors. The 

5 

number 01 tracks as lar as the WD1nO Ie concerned 
It from 0 to 255 tracks. 

GENERAL DISK WRITE OPERAOON 
When writing Is to take place on the dlakette the 
Write Gate (WG) output Is activated, allowing current 
to flow Into the ReadlWrlte head. As a precaution to 
erroneous writing the first data byte must be loaded 
Into the Data Register In response to a Data Request 
from the device before the Write Gate signal can be 
activated. 

Writing Is Inhibited when the WI'Ite PrOtect Input Is • 
logic low, In which case any Write command Is I~ 
mediately terminated, an Interrupt Is generated and 
the Write Protect status bit Is set 

For Write operations, the WD1770 provides Write 
Gate (Pin 21) to enable a Write condition, and Write 
Data (Pin 22) which consists of a series of active high 
pulses. These pulses contain both Clock and Data in
fonnation In FM and MFM. Write Data provides the 
unique missing clock pattems for recording Address 
Marks. 

The Precomp Enable bit In Write commands allow 
automatic Write precompensation to take place. The 
outgOing Write Data stream Is delayed or advanced 
from nominal by 125 nanoseconds according to the 
following table: 

PATTERN MFM FM 
X 1 1 0 Eariy Nil. 
X 0 1 1 Late NlA 
0 0 0 1 Eariy NlA 
1 0 0 0 Late NlA 

I L Next Bit to be sent 
Current Bit sending I vi . n Pre ous BIts se t 

Precompensation Is typically enabled on the Inner
most tracks where bit shifts usually occur and bit 
density Is at Its rnaxlmun. 

COMMAND DESCRIPOON 
The W01nO will accept eleven commands. C0m
mand words should only be loaded In the Command 
Register when the Busy status bit Is off (Status bit 0). 
The one exception Is the Force Interrupt command. 
Whenever a command Is being executed, the Busy 
status bit Is set. When a command Is completed, an 
Interrupt Is generated and the Busy status bit is 
reset. The Status Register Indicates whether the 
completed command encountered an error or was 
fault free. For ease of discussion, commands are 
divided Into four types. Commands and types are 
summarized In Table 1. 

..... ocI~ wUh perm, .. "", I.om 
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COMMAND SUMMARY TYPE rv COMMANDS 

BITS 
TYPE COMMAND 7 I 5 4 

I Restore 0 0 0 0 
I Seek 0 0 0 1 
I Step 0 0 1 u 
I Step.in 0 1 0 u 
I Step.out 0 1 1 u 

II Read Sector 1 0 0 m 
II Write Sector 1 0 1 m 

III Read 
Address 1 1 0 0 

III Read Track 1 1 1 0 
III Write Track 1 1 1 1 
IV Force 

Interrupt 1 1 0 1 

FLAG SUMMARY 

TYPE I COMMANDS 

h .. Motor On Flag (Bit 3) 
h = 0, Enable Spin-Up Sequence 
h = 1, Disable Spin-Up Sequence 

V = Verify Flag (Bit 2) 
V = 0, No Verify 
V = " Verify on Destination Track 

r,. ro = Stepping Rate (Bits 1. 0) 

'1, It) WD1nO 

0 0 8ms 
0 1 12ms 
1 0 20ms 
1 1 30ms 

u .. Update Flag (Bit 4) 

u = O. No Update 
u = 1, Update Track Register 

TYPE II • III COMMANDS 

m .. Multiple Sector Flag (Bit 4) 
m = 0, Single Sector 
m = 1. Multiple Sector 

110 := Data Addre .. Marti (Bit 0) 

ao = 0, Write Normal Data Maf1( 
ao = 1. Write Deleted Data Maf1( 

E ... 30ms SeHilng Delay (Bit 2) 

E :: 0, No Delay 
E = " Add 30ms Delay 

3 2 1 
h V r, 
h V .., 
h V r, 
h V r, 
h V r, 
h E 0 
h E P 

h E 0 
h E 0 
h E P 

13 12 11 

WD1m 

2ms 
3ms 
5ms 
8ms 

0 

ro 
ro 
ro 

ro 
ro 
0 
ao 
0 
0 
0 

I() 

I() = " Don't care 
1, = 1, Don't Care 
12 = " Intenupt on Index Pulse 

13 = 1, Immediate Interrupt 

13-1() = 0, Terminate without Interrupt 

TYPE I COMMANDS 

The Type I Commands include the Restore, Seek. 
Step, Step.ln. and Step.Out commands. Each of the 
Type I Commands contains a rate field (ro.r,), which 
determines the stepping motor rate. 

A 4,..s (MFM) or 8 "s (FM) pulse is provided as an out
put to the drive. For every step pulse issued, the drive 
moves one track location in a direction determined 
by the direction output. The chip will step the drive in 
the same direction it last stepped unless the ~ 
mand changes the direction. 

The Direction signal is active high when stepping In 
and low when stepping out. The Direction signal is 
valid 24,..s before the first stepping pulse is 
generated. 

After the last directional step an additional 30 
milliseconds of head settling time takes place if the 
Verify flag is set in Type I commands. There is also a 
30 ms head settling time if the E flag is set in any 
Type II or III command. 

When a Seek, Step or Restore command is executed, 
an optional verification of ReadlWrlte head position 
can be performed by setting bit 2 (V = 1) in the com
mand word to a logic 1. The verification operation 
begins at the end of the 30 millisecond settling time 
after the head is loaded against the media The track 
number from the first encountered 10 Field is com
pared against the contents of the Track Register If 
the track numbers compare and the 10 Field Cyclic 
Redundancy Check (CRq Is correct. the verify opera
tion is complete and an INTRa is generated with no 
errors. If there is a match but not a valid CAC, the 
CRe error status bit Is set (Status Bit 3), and the next 
encountered 10 field is read from the disk for the 
verification operation. 

The WD1nO must find an 10 field with correct track 
number and correct CRe within 5 revolutions of the 
media, otherwise the seek error Is set and an INTRa 
is generated. If V = O. no verification is performed. 

~-= WriteJ'~~nuUon (!!!.:.L1) ___ _ 

All commands, except the Force Interrupt command, 
may be programmed via the h Flag to delay for spin
dle motor start up time. If the h Flag is set and the 
Motor On line (Pin 20) is low when a command Is 
received, the WDlno will force Motor On to a logic 1 
and wait 6 revolutions before executlno the c0m
mand. At 300 RPM, this guarantees a one second 
spindle start up time. If after finishing the command, 
the device remains Idle for 10 revolutions, the Motor 

I ~= 0, Enable Write Precomp 
~ = 1, Disable Write Precomp 

8 
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On line will go beck to • logic O. If • command II 
issued while Motor On is high, the command will ex· 
ecute Immediately, defeating the 6 revolution ltart 
up. This feature allows conaecutlYe Read or Write 
commands without waiting for motor start up each 
time; the W01 no assumes the spindle motor la up to 
1P88d. 

TYPE I COMMAND FLOW 

7 

RESTORE {SEEK TRACK ot 
Upon receipt 01 thla command, the Track 00 (T'Fm) Irl
put la sampled. If TJm la Ktive low Indicating the 
AeaQlWrite head la poeltioned over track 0, the Track 
Register Is ~ with zeroes and an interrupt Is 
generated. If TJUj Is not active I~ atepplng pulses 
(pIn 16) 8t 8 rate apeclfled by the rvo field are lsaued 
until the TFiXi Input is activated. 

&£T DIRECTION 

-HOTR 

OTOTR 

TYPE I COMMAND FLOW 
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At this time, the 'rrack RegiShr Is loaded with zeroes 
and an interTl.lpt is generated. If the T1ii5 input does 
not go active low after 255 stepping pulses, the 
W01770 terminates operation, Int8rTl.lpts, and sets 
the Seek efTOf status bit, providing the V flag Is set. A 
verification operation also takes place if the V flag Is 
set. The h bit allows the Motor On option at the stalt 
of command. 

SEEK 
This command assumes that the Track Register cen
lains the track number ot the current position of the 
Re&dWrite head and the Oata Register contains the 
desired track number. The W01 no will update the 
Track Register and issue stepping pulses in the ap
propriate direction until the contents of the Track 
Register are equal to the contents of the Oata 
Register (the desired track location). A verification 

VERIFY 
SEQUENCE 

SET 
CAe 

ERROR 

INTRO 
RESET BUSY 

TYPE I COMMAND FLOW 
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operation takes place If the V flag Is on. The h bit 
allOWlthe MotOl' On option at the start of the com
mand.An int8rTl.lpt II generated at the completion of 
the commanc:t Note: When using multiple driws, the 
track register must be updated fOl' the drive selected 
before seeks are Issued. 

STEP 
Upon receipt of this command, the W01770 issues 
one stepping pulse to the dlsf( drive. The stepping 
motOl' direction is the same as in the previous step 
command. After a delay determined by the r',1l) field, 
a verification takes place if the V flag Is on. If the U 
flag is on, the Track Register is updated. The h bit 
allows the MotOl' On option at the start of the com
mand. An interTl.lpt is generated at the completion of 
the command. 

STEp·IN 
Upon receipt of this command,. the W01nO issues 
one stepping pulse in the direction towards track 78. 
If the U flag is on, the Track Register Is Incremented 
by one. After a delay determined by the r',1l) field, a 
verification takes place if the V flag is on. The h bit 
allows the Motor On option at the start of the com
mand. An interTl.lpt is generated at the completion of 
the command. 

STEP'()UT 
Upon receipt of this command, the W01770 issues 
01l4! stepping pulse in the direction towards track O. If 
the U flag Is on, the Track Register is decremented by 
one. After delay determined by the r',1l) field, a 
verification takes place if the V flag is on. The h bit 
allows the Motor On option at the start of the com
mand. An interTl.lpt is generated at the completion of 
the command. 

TYPE II COMMANDS 
The Type II Commands are the Read SectOl' and Write 
SectOl' commands. PrlOI' to loading the Type II C0m
mand into the Command Register, the computer 
must load the Sector Register with the desired sectOl' 
number. Upon receipt of the Type II command, the 
busy status bit Is set. If the E flag = 1 the command 
will execute after a 30 msec delay. 

When an 10 field Is located on the disk, the W01770 
compares the Track Number on the 10 field with the 
Track Register. If there is not a match, the next en
countered 10 field is read and a comparison Is again 
made. If there was a match, the SectOl' Number of the 
10 field is compared with the Sector Register. If there 
Is not a SectOl' match, the next encountered 10 field 
Is read off the disk and comparisons again made. If 
the 10 field CRC is correct, the data field is then 
located and will be either written into. 01' read from 
depending upon the command. The W01770 must 
find an 10 field with a Track numbe~ SectOl' num~ 
and CRC within (aur revolutions of the disk, other-

_roduCect'.'tllperm...- flOlft 
...... C)Ig,tIII Corpotat_ ' 



INTRa. RESET BUSY 
lET WRITE PROTECT 

SETMO 
WAIT 

I INDEX PULSES 

TYPE I COMMAND 

wise, the RecorcI not found status bit is set (Status 
Bit 4) and the command Is terminated with an Inter· 
Npt (INTRa). 

&ch of the Type 1\ Commands contains an (m) flag 
which determines If multiple records (sectors) are 10 
be read or written, depending upon the command. If 
m = 0, a single sector is read or written and an Inler· 
Npt Is generated at the completion of the command. 
If m = 1, multiple racords are read or wrttten with 

8 

the sector register Intemally updated so thaI an ad
dntSs verification can occur on the next record. The 
WD1770 will continue to read or write multiple 
records and update the sector reglsler In numerical 
ascending sequence until the sector register ex· 
ceeds the number of sectors on the track or until the 
Force InlelTUpt command Is loaded Into the C0m
mand Register, which terminates the command and 
generates an intelTUpl 

For example: If theWD1770 Is Instructed to read sec
tor 27 and there are only 26 on the track, the sector 
Alglster exceeds the number available. The W01nO 
will search for 5 disk revolutions, Int8fTUpt out, reset 
busy, and set the record not found status bit. 

READSECTOA 
Upon receipt of the Read Sector command, the Busy 
status bit Is set, and when a 10 field Is encountered 
that has the correct track number, correct sector 
number, and correct CRC, the data field Is presented 
to the computer. The Data Address Mark of the data 
field must be found within 30 bytes in single densily 
and 43 bytes In double density of the last 10 field 
CRC byte; If not, the 10 field is searched for and 
verified again followed by the Data Address Mark 
search. If after 5 revolutions the DAM cannot be 
found, the Record Not Found status bit is set and the 
operation is terminated. When the first character or 
byte of the data field has been shifted through the 
DSR, It Is transferred to the DR, and ORO is 
generated. When the next byte Is accumulated in the 
DSR, It Is transferred to the DR and another ORO is 
generated. If the computer has not read the previous 
contents of the DR before a new character Is tran
sferred that character is losl and the Lost Data Status 
bit is set. This sequence continues until the com
plete data field has been inputted to the computer. If 
there Is a CRC error at the end of the data field, the 
CRC error status bit Is sel, and the command is 
terminated (even if It is a multiple record command). 

At the end of the Read operation, the type of Data Ad
dress Mark encountered In the data field is recorded 
In the Slatus Register (Bit 5) as shown: 

STATUS BIT 5 
1 Deleted Data Mark 
o OataMark 

WRITE SECTOR 
Upon receipt of the Write Sector command, the Busy 
.tatus bit Is set. When an 10 field is encountered that 
has the correcl track number, correct sector number, 
and correct CRe, a ORO is generated. The W01770 
counts 0" 11 bytes in single density and 22 bytes In 
double density from lhe CRe field and the Write Gate 
(WG) output is made active if the ORO Is "Nieed 
(i.e., the DR has been loaded by the compute" If ORO 
has not been .. rviced, the command is terminated 



NO 

NO 

NO 

INTRQ, RESET BUSY 
SET RECORD· HOT FOUND 

BRING IN SECTOR LENGTH FIELD 
STORE LENGTH IN INTERNAL 

REGISTER 

SETCRC 
STATUS ERROR 

TYPE II COMMAND 

and the Lost Data status bit Is set. If the ORO has 
been serviced, the WGis made active and six bytes 
of zeroes In single density and 12 by1es in double 
density are then written on the disk. At this time, the 
Data Address Mark is then written on the disk as 
detennlf'8<i by the ao field of the command IS shown 
belOW: 

10 

I() DATA ADDRESS MARK (lIT at 
1 Deleted Data Milk 
o DataMatk 

The WOl no then writes the data field and generat .. 
ORO's to the computet If the ORa is not MMced In 
time fO( continuous writing the Loet o.ta StatuI BIt 

Re9toduceo •• 111 ..,.",_ froM 
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NO 

INTRa. "ESET BUSY 
lET CFIC E ""011 

READ SECTOR 
SeQUENCE 

SET DATA 
LOST 

NO 

INTAO "ESET BUSY 

TYPE II COMMAND 
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NO 

3EOUENCE 

TYPE II COMMAND 
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SET DATA LOST 
WRITE BYTE 
OF ZEROES 



Is sat and a byte of zeroes Is written on the disk. The 
command Is not terminated. After the last data byte 
has been written on the disk, the twc>byte CRC Is 
computed Intemally and written on the disk followed 
by one byte 01 logic ones In FM or In MFM. The WG 
output Is then deactivated INTRa will set 2~sec 
(MFM) alter the last CRC byte is written. For partial 
sector writing, the proper method is to write data and 
fill the balance with zeroes. 

TYPE III COMMANDS 

RudAddress 
Upon receipt of the Read Address command, the 
Busy Status Bit is set. The next encountered 10 field 
is then read in from the disk, and six data bytes of the 
10 field are assembled and transferred to the DR, and 
a ORO is generated for each byte. The six bytes of the 
10 field are shown below: 

TRACK SIDE SECTOR SECTOR CRC CRC 
ADDR NUMBER ADDRESS lENGTH 1 2 

1 2 3 4 5 6 

Although the CRC characters are transferred to the 
computer, the WD1nO checks for validity and the 
CRC error status bit is set if there is a CRC error. The 
Track Address of the 10 field Is written into the sector 
register so that a comparison can be made by the 
user. At the end of the operation an interrupt is 
generated and the Busy Status is reset. 

RudTl'IICk 
Upon receipt of the READ track command, the head 
is loaded and the Busy Status bit is set. Reading 
starts with the leading edge of the first encountered 
Index pulse and continues until the next index pulse. 
All Gap, Header, and data bytes are assembled and 
transferred to the data register and ORO's are 
generated for each byte. The accumulation of bytes 
Is synchronized to each address mark encountered. 
An interrupt is generated at the completion of the 
command. 

DATA PATTERN 
IN DR (HEX) IN FM (DDEN I: 1) 

OOthru F4 Write 00 thru F4 with ClK = FF 
F5 Not Allowed 
F6 Not Allowed 
F7 Generate 2 CRe bytes 

ThiS command has saveral characteristics which 
make It suitable for diagnostic purposes. They are: no 
CRe checking Is performed; gap information Is I~ 
cluded In the data stream; and the address rnar1I 
detector Is on for the duration of the command. 
Because the AM detector is always on, write splices 
or noise may cause the chip to look for an AM. 

The 10 AM, 10 field, 10 CRC bytes, DAM, Data, and 
Data CRC Bytes for each sector will be COITect. The 
Gap Bytes may be read Incorrectly during write-splice 
time because of synchronization. 

WRITE TRACK FORMAmNG THE DISK 

(Refer to section on Type III commands for flow 
diagrams.) 

Fonnatting the disk 15 a relatively simple task when 
operating programmed I/O or when operating under 
DMA with a large amount of memory. Data and gap 
Information must be provided at the computer inter· 
face. Fonnatting the disk Is accomplished by posi· 
tloning the PJW head over the desired track number 
and issuing the Write Track command. 

Upon receipt of the Write Track command, the Busy 
Status bit Is set. Writing starts with the leading edge 
of the first encountered index pulse and continues 
until the next index pulse, at which time the interrupt 
Is activated. The Data Request Is activated im
mediately upon receiving the command, but writing 
will not start until after the first byte has been loaded 
Into the Data Register. If the DR has not been loaded 
within 3 byte times, the ~ration Is terminated 
making the device Not Busy, the lost Data Status Bit 
is set, and the interrupt is activated. If a byte is not 
present in the DR when needed, a byte of zeroes is 
substituted. 

This sequence continues from one index mark to the 
next index mark. Normally, whatever data pattem ap. 
pears in the data register is written on the disk with a 
normal clock pattern. However, if the WD1 no detects 
a data pattem of F5 through FE in the data register, 
this Is interpreted as data address marks with 
missing clocks or CRC generation. 

IN MFM (DDEN = 0) 
Write 00 thru F4, in MFM 
Write A'· in MFM, PresentCRC 
Write C2·· In MFM 
Generate 2 CRC bytes 

F8thruFB Write F8 thru FB, ClK = C7. Preset CRC Write Fe thru FB, to MFM 
FC Write FC with ClK = 07 
FO Write FO with CLK = FF 
FE Write FE, ClK = C7. Preset CRC 
FF Write FF with ClK = FF 

• Missing clock transition between bits 4 and 5. 
··Mlsslng clock transition between bits 3 and". 
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Write FC in MFM 
Write FO in MFM 
Write FE in MFM 
Write FF in MFM 



seT INTRll 
LOST DAlAI 

RESE T BUSY 

tES 

S[ T "'0 
DELAY 6 

INDEX PULSES 

TYPE III COMMAND WRITE TRACK 

14 

Repr()(JUc,4(J .,1" .,..,m ... .an 'rom 
We.'.to OIQ.r.1 r"orp..y."on 



WRITE 2CAC 
CHARS ClK .. FF 

WRITE FC 
ClK" D7 

WRITE FO. FE OR 
Fa-Fe. ClK = C7 
INITIALIZE CRC 

WRITE 
BYTE OF ZEROES 
SET DATA lOST 

WRITE A 1 IN MFM 
WITH MISSING 

CLOCK INITIALIZE 
CRC 

WRITE C2 IN MFM 
WITH MISSING 

CLOCK 

WAITE 2CRC 
CHARS 

TYPE III COMMAND WRITE TRACK 
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The CRC generator IS Inttlallzed when any data byte 
from F8 to FE IS about to be transferred from the DR 
to the DSR In FM or by receipt 01 F5 In MFM. An F7 
pattern will generate two CRC characters in FM or 
MFM As a consequence, the patterns F5 through FE 
must not appear In the gaps, data fields, or 10 fields. 
Also, CRC's must be generated by an F7 pattem, 

Disks may be formatted In IBM 3740 or System 34 for· 
mals with sector lengths of 128, 256, 512, or 1024 
bytes. 

TYPE IV COMMANDS 

The Forced Interrupt command is generally used to 
terminate a multiple sector read or wnte command or 
to insure Type I status In the status register. This 
command can be loaded into the command register 
CIt any time. It there is a current command under ex
ecution (busy status bit set) the command will be ter· 
minated and the busy status bit reset. 

The lower four bits of the command determine the 
conditional Interrupt as follows: 

10 = Don't Care 
'1 = Don't Care 
12 = Every Index Pulse 
'3 = Immediate Interrupt 

The conditional interrupt is enabled when the cor
responding bit positions of the command (13.10) are 
set to a 1. Then, when the condition for interrupt is 
met. the INTRa line will go high signifying that the 
condition specified has occurred. If 13.10 are all set to 
zero (HEX 00), no interrupt will occur but any com
mand presently under execution will be immediately 
terminated. When using the immediate interrupt con
dition (13 = 1) an interrupt will be immediately 
generated and the current command terminated. 
Reading the status or writing to the command 
register will not automatically clear the interrupt. The 
HEX 00 is the only command that will enable the im
mediate interrupt (HEX OS) to clear on a subsequent 
load command register or read status register opera
tion. Follow a HEX OS With 00 command. 

Wait 16 micro sec (double denSity) or 32 micro sec 
(single denSity) before issuing a new command after 
issuing a forced interrupt. Loading a new command 
sooner than this Will nullify the forced interrupt. 

Forced interrupt stops any command at the end of an 
internal micro-instruction and generates INTRa 
when the specified condition is met Forced interrupt 
will wait until ALU operations in progress are com
plete (CRC calculations, compares, etc.). 

StatuI Register 
Upon receipt of any command, except the Force In
terrupt command, the Busy Status bit is set and the 
rest of the status bits are updated or cleared for the 
new command. If the Force Interrupt Command is 
received when there IS a current command under ex
ecution, the Busy status bit IS reset and the rest of 
the status bits are unchanged. If the Force Interrupt 
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command is received when there is not a current 
command under execullon, the Busy Status bit is 
reset and the rest of the status bits are updated 
or cleared. In thiS case, Status reliects the Type I 
commands. 

The user has the option of reading the status register 
through program control or using the ORO line with 
DMA or interrupt methods. When the Data register is 
read the ORO bit in the status register and the ORa 
line are automatically reset. A write to the Data 
register also causes both ORO's to reset. 

The busy bit in the status may be monitored with a 
user program to determine when a command is com
plete, in lieu of using the INTRa line. When using the 
INTRa, a busy status check is not recommended 
because a read of the status register to determine the 
condition of busy will reset the INTRa line. 

The format of the Status Register is shown below: 

(BITS) 
718151413121110 

S7 1 S6 1 S5 1 54 1 S3 1 S2 1 S1 1 SO 

RECOMMENDED - 128 BYTESISECTOR 

Shown below is the recommended single-density for
mat with 128 bytes/sector. In order to format a disk
ette, the user must issue the Write Track command, 
and load the data register with the following values. 
For every byte to be written. there is one Data 
Request. 

NUMBER 
OF BYTES 

~ 6 
1 
1 
1 
1 
1 
1 

11 
6 
1 

128 
1 

10 
369"" 

HEX VALUE OF BYTE WRmEN 
FF (or 00) 
00 
FE (10 Address Mark) 
Track Number 
Side Number(oo or 01) 
Sector Number(1 thru lA) 
00 (Sector Length) 
F7 (2 CRC's written) 
FF(oroo) 
00 
FB (Data Address Mark) 
Data (IBM uses E5) 
F7 (2 CRG's written) 
FF(orOO) 
FF (or 00) 

"Write bracketed field 16 times. 
··Continue writing until WD1nO interrupts out. 

Approx. 369 bytes. 

256 BYTESISECTOR 

Shown below is the recommended dual·density for· 
mat with 256 bytes/sector. In order to format a 
diskette the user must issue the Wnte Track com
mand and load the data register With the following 
values For every byte to be wntten, there is one data 
request. 

ReprOduc.ed ,-If" permlu.on hom 
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= ___ .. n"-________ _ 
REPEATED 

--
FOR EACH SECTOR ~ 

1- «J !lYlES SBYlES 10 TRACK SIDE SECTOR LENGTH CRe CRe 11 BYlES SBYlES DATA USER DATA CAe CAe 10!lYTU I 'FF" '00' 'FE' , • , • , 2 'FF' '00' AOR '28 BYlES , 2 'FF" 
MARK 

..... --------IOFIELO----------' '-------OATA FIELD----.... 

WRITE GATE---~ 

SINGLE DENSITY FORMAT 

IMOEX PULSE ___ _ '---------- REPEATED 

1-- FOR EACH SECTOR -, 
I &GBYlES 12 BYlES 3 BYlES 10 TRACK SIDE SECTOR LENGTH CRC CRe 22 BYlES '2 BYlES 3 BYlES 10 USER DATA CRe CRe 2' BYlES I "E' '00' 'A" 'FE' , • , • , 2 "E' '00' 'A" 'FB' 25eBYlES 1 2 "E' 

I 10 FIELD 1 I OATAFIEL 

WRtTEGATE----.... 

DOUBLE DENSITY FORMAT 



~M8ER 
OF 8YTES 

60 
12 
3 
1 
1 
1 
1 
1 
1 

22 
12 
3 
1 

256 
1 

24 
668" 

HEX VALUE OF 8YTE WRITTEN 
4E 
00 
F5 (Writes A 1) 
FE (ID Address M~ 
Track Number (0 thru 4C) 
Side Numbef(O or 1) 
Sector Number (1 thru 1A) 
01 (Sector Length) 
F7 (2 CRC's written) 
4E 
00 
F5 (Writes A 1) 
FB (Data Address Mali<) 
DATA 
F7 (2 CRC's written) 
4E 
4E 

• Write bracketed field 16 times. 
•• Continue writing until WD1nO intelT\lpts out. 

Approx. 668 bytes. 

1. Non-Standard Formals 

Variations in the recommended formats are possible 
to a limited extent if the following requirements are 
met 

STATUS REGISTER DESCRIPTION 
81T NAME MEANING 

1) Sector size must be 128,258,512 of 1024 bytes. 

2) Gap 2 cannot be varied fJOlTl the recommended 
format. 

3) 3 bytes of A 1 must be used In MFM. 

In addition, the Index Address Matte II not required 
for operation by the WD1770 Gap 1,3, and 4 lengths 
can be as short as 2 bytes for W01770 operatIOn, 
however PLL Ic)ct( up time, motor speed variatIOn, 
wrtt.splice .,., etc. will add mont bytes to each gap 
to achieve proper operation. It Is recommended that 
the recommended format be used for highest system 
reliability. 

FM MFM 
Gap I 16bytesFF 32bytes4E 

Gap II 11 bytesFF 22bytes4E . 6 bytes 00 12 bytes 00 . 3 bytesA1 

Gap III·· 10 bytes FF' 24bytes4E 
4 bytes 00 8 bytes 00 

3 bytes AI 

Gap IV 16bytesFF 16bytes4E 
• Byte counts must be exact. 

• • Byte counts are minimum, except exactly 3 bytes 
of A 1 must be written. 

S7 MOTOR ON This bit reflects the status of the Motor On output. 

56 WRITE PROTECT On Read Record: Not Used. On Read Track: Not Used. On any Write: It indicates a 
Write Protect. This bit is reset when updated. 

S5RECORD When set, this bit indicates that the Motor Spin-Up sequence has completed (6 
TYPElSPtN·UP revolutions) on Type I commands. Type 2 & 3 commands, this bit indicates recOfd 

Type. 0 = Data Mari(. 1 = Deleted Data Mari(. 

54 RECORD NOT When set, it indicates that the desired track, sector, or side were not found. This bit 
FOUND (RNF) is reset when updated. 

S3CRCERROR If 54 is set, an elTO( is found in one or more ID fields; otherwise it Indicates 8ITO( in 
data field. This bit is reset when updated. 

S2 LOST DATAl When set, it indicates the computer did not respond to DRO in one byte time. This 
TRACK 00 bit is reset to zero when update. On Type I commands, this bit reflects the status of 

the TRACK 00 Pin. 

S1 DATA REQUESTI This bit is a copy of the DRO output. When set, it indicates the DR is full on a Read 
INDEX Operation or the OR is empty on a Write operation. This bit is reset to zero when 

updated. On Type I commands, this bit indicates the status of the Index Pin. 

so BUSY When set, command Is under execution. When reset, no command Is under 
execution. 

DC ELECTRICAL CHARACTERISTICS 

MAXIMUM RATINGS 

Storage Temperature ......... - SS·C to + 125·C Maximum Voltage to Any Input 
Operating Temperature ...... O·C to 70·C Ambient with Respect to Vss ............. (- 15 to - O.3V) 

'8 

fllptOClUUICI .. ttl perm,_ ,_ 
w. ..... DIe'''' Corpor .. _ 



DC OPERATING CHARACTERISTICS 

TA = O·C to 70°C. Vss = OV. Vee = + 5V % .25V 

SYMBOL CHARACTERISTIC MIN. MAX. UNITS CONDfTIONS 

IlL Input Leakage 10 IIA VIN = Vee 

IOL Output Leakage 10 IIA VOUT = Vee 
VIH Input High Voltage 2.0 V 

VIL Input Low Voltage 0.8 V 

VOH Output High Voltage 2.4 V 10= -10011A 
VOL Output Low Voltage 0.40 V 10 = 1.6 rnA 

Po Power Dissipation .75 W 
Rpu Intemal Pull-Up 100 1700 IIA VIN = OV 

ICC Supply Current 75 (Typ) 150 rnA 

AC TIMING CHARACTERISTICS 

TA = O·C to 70'C, Vss = OV. Vee = + 5V % .25V 

READ ENABLE TIMING - RE such that: RJIN = 1. CS = o. 
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS 

TRE RE Pulse Width of CS 150 osee CL = 50pf 
TORR ORO Reset from RE 25 100 nsec 
TlRR INTRa Reset from RE 8000 nsec 
TOV Data Valid from RE 100 200 nsec CL = 50pf 
TOOH Data Hold from RE 50 150 nsec CL = 50pf 

Note: D~nd INTRO reset are from rising edge (lagging) of RE. whereas resets are from falling edge (leading) 
Of WE. 

WRITE ENABLE TIMING - WE such that: RJIN = 0, cs = O. 

SYMBOL CHARACTERISTIC 
TAS Setup ADDR to CS 
15ET Setup RJIN to CS 
TAH Hold ADDR from CS 
THLD Hold RJIN from ~ 
lWE WE Pulse Width 
TOAW ORO Reset from WE 
TlAW INTRa Reset from WE 
TDS Data Setup to WE 
TOH Data Hold from WE 

MIN. TYP. MAX. 
50 
0 
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LATE TWP 

WRITE DATA TIMING 

WRITE DATA TIMING: 

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS 
Twg Write Gate to Write Data 4 "sec FM 

2 "sec MFM 
Tbc Write Data Cycle Time 4,6,8 "sec 
Twf Write Gate off from WD 4 "sec FM 

2 "sec MFM 
Twp Write Data Pulse Width 820 nsec EarlyMFM 

690 nsec NomlnalMFM 
570 nsec L.ateMFM 

1380 nsec FM 

INPUT DATA TIMING: 

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS 
TPW Raw Read Pulse Width 200 Nee 

TBC Aiw Read Cycle Time 3000 Nee 

MISCEL1.ANEOUS TIMING: 

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS 

TCD1 Clock Duty (low) 50 87 nsec 
TCD2 Clock Duty (high) 50 87 nsec 
TSTP Step Pulse Output 4 

f'I8C 
MFM 

8 FM 
lOIR Olr Setup to Step 24 

f'I8C 
MFM 

48 FM 
TMR Master Reset Pulse Width 50 f'I8C 
TIP Index Pulse Width 20 "eec 

21 
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