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BUSINESS-PRO Hardware Reference Preface

Preface

This document provides technical information about the standard
and optional hardware devices of the Texas Instruments (TI)

BUSINESS-PRO(TM) Computer, TI Part No. 2240803-0001. The
information in this document is intended to be used by system
designers, value added retailers (VARs), maintenance personnel,

and system users. This manual is divided into the following six
sections and seven appendixes:

Section

1 Introduction —— Provides general information about
the BUSINESS-PRO computer, a general system overview,
and system specifications.

2 Main Logic Board —— Provides detailed information
about the operation and the capabilities of the
BUSINESS-PRO main logic board. This section
includes information about the system central
processing unit, the system memory and memory
control logic, the direct—-memory access logic,
the input/output (I/0) control logic, and various
system interfaces.

3 Power Supply —-- Provides tabulated information
about the BUSINESS-PRO system power supply.

4 Keyboard —- Provides descriptive information about
BUSINESS-PRO keyboard, its interface to the system,
and the commands used for communication and data
transfer between the system and the keyboard.

5 Floppy Disk Drive Controller -—- Provides informa-
tion about the controller and the floppy disk drive
interface.

6 Hardware Options —-— Provides information about the

various optional hardware devices and subsystems
that are available for the BUSINESS—-PRO computer.

2241092-0001 xiii



Preface BUSINESS—PRO Hardware Reference

Appendixes

A Memory and I/0 Maps ——- Provides a list of the system
memory addresses and their allocations, and a general
list of the system I/0 address allocations.

B TI Mode I/0 Maps —— Provides categorized lists of
the TI mode I/0 address allocations.

C PC-AT Mode I/O Maps —— Provides categorized lists
of the PC—-AT mode I/0O address allocations.

D PAL(R) Programming Information —-— Provides tables of
the main logic board programmable array logic
(PAL) functions, based on the PAL programming
equations.

E Logic Diagrams —— Provides system logic diagrams.

F Option Board Outline —— Gives outline dimensions
for full- and half-size boards. '

G Switch and Jumper Settings —- Gives a summary of

the switch and jumper option settings.

PAL 1is a registered trademark of Monolithic Memories,
Incorporated.
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BUSINESS-PRO Hardware Reference Introduction

Section 1

Introduction

1.1 GENERAL

The Texas Instruments (TI) BUSINESS-PRO(TM) Computer, a member of
the TI Professional Computer 1line, can be configured for a
variety of computer applications. The BUSINESS-PRO offers most
of the features of the Texas Instruments Professional Computer
(TIPC) plus greater memory and mass storage capacity, greater
expandability, and greater speed.

The BUSINESS—-PRO can be configured to be compatible with most of
the software designed for the TIPC as well as that designed for

the IBM(R) Personal Computer AT(TM) (PC-AT). The computer
supports a wide variety of operating systems, including MS(R)-DOS
and XENIX(R). While using MS-DOS, the user can switch back and

forth between the TI mode and the PC-AT mode with the appropriate
hardware.

The BUSINESS—-PRO computer's unique turbo operating mode increases
the speed of the computer by deleting memory wait states. This
enhancement allows both 16-bit and 8-bit memory transfer
operations with minimum delay.

The BUSINESS—-PRO system consists of a high-resolution, bit-mapped
display (either color or monochrome), a combined TIPC and PC-AT
keyboard, and a system unit that includes a floor stand. The
computer and its floor stand fit easily under a desk top. A
variety of mass storage devices can be installed in the system
unit. The system can be used as a high—-performance, single-user
workstation; a local area network (LAN) server; an artificial
intelligence (AI) workstation; or as a clustered, multiuser
system running in the XENIX software environment.

BUSINESS-PRO is a trademark of Texas Instruments Incorporated.

IBM 1is a registered trademark and Personal Computer AT is a
trademark of International Business Machines Corporation.

MS and XENIX are registered trademarks of Microsoft Corporation.
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1.1.1 Workstation Applications

The single—-user capability is ideal for users who require a
faster computer for processing large quantities of data. Also,
it is appropriate for running memory intensive, AI-based software
that includes integrated window environments and large expert
systems. The BUSINESS-PRO 1is also well-suited for users who
require access to large databases with natural language
interfaces or for engineering applications.

1.1.2 Local Area Networks

The LAN server capability of the BUSINESS-PRO provides high-
performance and security capabilities to work groups who require
resource sharing and teamwork among different workstations. A
LAN allows users to share databases and peripheral devices, and
to distribute their processing needs.

1.1.3 Multiuser Environments
The multiuser cabability of the BUSINESS-PRO allows multiple

users to share a single processor. A typical multiuser
configuration consists of the BUSINESS-PRO system unit with TI
Model 931 or TI Model 924 Video Terminals connected to it. The

system unit can provide the mass storage and a printer.

1.2 BUSINESS-PRO Hardware

The BUSINESS-PRO computer hardware is characterized by its high-
performance capabilities and configuration flexibility. The
following paragraphs provide an overview of the BUSINESS-PRO
hardware.

1.2.1 System Unit

The system unit houses the main logic board, the system power
supply, the mass storage devices, and various controllers and
interface boards. The main logic board contains the central
processing unit (CPU), direct memory access (DMA) logic,
input/output (I/0) logic, and various supporting circuits.

1.2.1.1 Central Processing Unit. The CPU 1is based on the
Intel(R) 80286, 16-bit microprocessor. An optional 80287 numeric
coprocessor can be added to the CPU to provide enhanced
operations for those applications involving a large number of
floating point mathematic operations.

Intel is a registered trademark of Intel Corporation.
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1.2.1.2 System Memory. The main logic board contains 512K bytes
of 150-nanosecond RAM that can be expanded to 3.64 megabytes
without using any of the systems 14 expansion slots. The
expansion slots can be used to expand the main memory up to a
total of 14.64 megabytes.

1.2.1.3 Serial and Parallel Ports. The main logic board
provides a parallel port and a serial port. The parallel port
can support a printer or other options requiring parallel data.
The serial port 1is a programmable, PC-AT compatible port that
provides asynchronous communication between the system and
various options that require serial data transfers.

1.2.1.4 Mass Storage System. The system unit provides mounting
rails that can accommodate up to six half-height mass storage

devices. For maximum flexibility, the wuser can choose a
combination of half-height and full-height peripherals (with
appropriate controller required). The following mass storage

devices are available from Texas Instruments:

* Half-height, 2l1-megabyte Winchester disk drive
* Full-height, 40-megabyte Winchester disk drive
* Full-height, 72-megabyte Winchester disk drive
* Full-height, 120-megabyte Winchester disk drive
* Half-height, 1.2-megabyte floppy disk drive

* Half-height, 360-kilobyte floppy disk drive

* Half-height, tape backup drive

1.2.1.5 Expansion Slots. The BUSINESS-PRO system unit contains
8 full-size, and 6 half-size expansion slots. Three of these
slots are 8-bit slots +that allow the installation of PC-XT
compatible options. As an example of the degree of flexibility
the slots can provide, a system with a 3.64-megabyte main memory,
a floppy controller, a Winchester disk controller with one or
more Winchester disk drives, a video controller, and a tape
backup system still has 10 slots available for other options.

1.2.2 Keyboard

The BUSINESS—-PRO keyboard provides both TI and PC—-AT operations
with a standard typewriter 1layout, plus some special keys and
keypads. These include dedicated function keys, cursor control
keys, and a numeric keypad. The keyboard also features tactile
typing response and a variable tilt adjustment. The standard
configuration provides 100 keys, many of which can be relocated
using special software. Also, spaces are provided for additional
keys, which can increase the total key count to 144.
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1.2.3 Display Units

The BUSINESS-PRO provides optional dual-resolution display units
in either a color version or a monochrome version. Both versions
support software designed for the TIPC as well as software
designed for the IBM color/graphics monitor adapter. The display
units feature tilt/swivel bases that provide two identical
connectors to accommodate a keyboard and/or an optical mouse.
The use of identical connectors permits the keyboard and the
mouse to connect to either side of the monitor base. The units
also provide an internal speaker with volume control.

1.2.4 Optical Mouse

The optical mouse and its associated pad provide fast and easy
cursor control on the display screen. The mouse features three
buttons whose functions depend upon the software. The mouse is
especially useful for graphics applications.

1.2.5 Communications
The communications hardware options include the TI mode RS-—232
serial interface and the EtherLink(TM) hardware kit.

The RS-232 provides a serial port for communicating with external
devices such as modems, serial printers, and other computers.
Although the RS-232 1is provided for TI mode applications,
specially designed hardware allows its use in the PC-AT mode to
provide a third or fourth communications port.

The EtherLink hardware kit provides a means of connecting the
BUSINESS—-PRO to a local area network.

1.2.6 Graphics

The TI mode CRT controller provides high-resolution, bit-mapped,
three-plane graphics in eight colors with the color display unit
or in eight levels of intensity with the monochrome display. The
PC-AT mode CRT controller provides IBM CGA-compatible graphics
and IBM monochrome/printer adapter compatible text (excluding the
printer functions). Both controllers are specially-designed for
use with an 80286-based computer system. They can be 1installed
simultaneously to allow dual-mode operation.

EtherLink is a trademark of 3Com Corporation.
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1.3 BUSINESS—-PRO COMPUTER STANDARD CONFIGURATIONS

The BUSINESS-PRO computer system 1is available in two standard
hardware configurations: the single-drive floppy system and the
Winchester system. To allow the user maximum flexibility when

configuring the system, neither of these basic configurations
contains the video controllers or the display units.

1.3.1 Single-Drive Floppy System

The single-drive floppy system includes the following components:
* System unit with a main logic board
* Bus interface board that provides 14 expansion slots
* Keyboard
* 1.2-megabyte floppy disk drive and controller
* Keylock

1.3.2 Winchester System

The Winchester system includes the following components:
* System unit with a main logic board
* Bus interface board that provides 14 expansion slots
*  Keyboard
* 1.2-megabyte floppy disk drive and controller

* 2l-megabyte, half-height Winchester disk drive and
controller

* Keylock

1.3.3 System Unit Enclosure

The system unit enclosure is 19.8 centimeters (7.75 inches) wide
47.7 centimeters (18.8 inches) high, and 47.0 centimeters (18.5
inches) deep. The system enclosure houses the bus interface
board, +the main 1logic board, and a system power supply with an
integral ventilation fan. An optional RAM expansion board can be
attached to an edge connector on the main logic board to provide
up to 3 megabytes of additional RAM without using an expansion
slot. Appendix E contains the system interconnect diagram.
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1.3.3.1 Main Logic Board. The main 1logic board contains the
CPU, the memory-control 1logic, and I/0O control devices. The
board provides connectors for the 25-pin parallel printer port,
the 25-pin asynchronous serial port, and an 8-conductor keyboard
cable. It also provides a 100-pin interface connector to the bus
interface board.

1.3.3.2 Bus Interface Board. The bus interface board provides
the system bus connections between the main logic board and the
option boards. The board provides eight full-size and six half-

size option slots. Each option board contains a bulkhead
mounting plate to secure the board in the chassis and to provide
a mount for any required external-access connectors. The bus
interface board mounts above the main logic . board. A small

interface board connects the two boards together.

1.3.3.3 System Power Supply. The system power supply is self-
contained within a box, which mounts inside the system enclosure.
The power supply contains a dc fan that obtains its operating
voltage from the 12-volt secondary of the power transformer. The
power supply provides 225 watts ouput power to operate a fully
configured system.

The power switch is located on the front panel of +the computer.
A cable connects the switch to the rear of the power supply. The
switch also controls power to a switched power—access connector
to which a display wunit can be connected. This arrangement
allows the user to control power to both the system unit and the
display unit with a single switch.

1.3.3.4 Mass Storage Device Mounting. The system enclosure
accepts mounting slides for the mass storage devices. The slides
allow the devices to be installed or removed from the front of
the system unit. A typical configuration includes one or two
1.2-megabyte floppy disk drives and one or two full-size
Winchester disk drives. A wiring harness from the system power
supply provides power for the devices.

A 34-pin ribbon cable connects between the floppy disk controller
and the floppy drive compartment; it handles data and control
signal transfers between the controller and the first two floppy
drives. The Winchester disk drives also use a 34-pin ribbon
cable for control of multiple drives, however, each drive
requires a separate data interface to the controller.

NOTE

The addresses in this manual are in
hexadecimal notation, as stated in column
headings and by a trailing H after the
hexadecimal number.
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1.4 BUSINESS-PRO SPECIFICATIONS

Table 1-1 1lists the environmental, electrical, and physical
specifications for the BUSINESS-PRO computer system.

Table 1-1 BUSINESS-PRO System Specifications

Environmental requirements:

Temperature:

Operating +10 to +35 degrees C (+50 to +95
degrees F) with a temperature
gradient of less than 10 degrees
C (50 degrees F) per hour

Nonoperating -40 to +65 degrees C (—-40 to +149

degrees F)

Relative humidity (noncondensing):

Operating 15 to 80 percent
Nonoperating 5 to 95 percent
Altitude —-300 to 12 000 meters (—984.24 to

39 369.50 feet)

Power Requirements:

Voltage:
Domestic 90 to 140 volts ac
International 180 to 264 volts ac
- Frequency:
Domestic 57 to 63 Hertz
International 47 to 53 Hertz
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Table 1-1 BUSINESS-PRO System Specifications (Continued)
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Physical dimensions:

System Unit:

width 19.8 cm (7.8 in)
Depth 47.0 cm (18.5 in)
Height 47.2 cm (18.6 1in)
Weight 26.1 kg (58.0 1lbs)

Color monitor:

wWidth '38.1 cm (15.0 in)
Depth 38.9 cm (15.3 in)
Height 41.9 cm (16.5 in)
Weight 11.7 kg (26.0 1bs)

Monochrome monitor:

Width 33.8 cm (13.3 in)
Depth 32.3 cm (12.7 in)
Height 36.6 cm (14.4 in)
Weight 6.8 kg (15.0 1lbs)
Keyboard:
width 54.1 cm (21.3 in)
Depth 19.3 cm (7.6 in)
Height 4.5 cm (1.8 in)
Weight 2.1 kg (4.8 1bs)
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Section 2

Main Logic Board

2.1 GENERAL

Figure 2-1 shows a block diagram of the BUSINESS-PRO computer's
main logic Dboard. This board contains the system's central
processing unit (CPU) and its supporting logic, the system memory
and memory control logic, direct-memory access (DMA) logic, and
various other devices and circuits that generate and control
system operations.

Appendix E contains the main logic board's logic diagrams and an
index to its various circuits.
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Figures 2-2 and 2-3 show the locations of the connectors,
jumpers, switches, and the coprocessor on the two versions of the
main logic board. The two boards, TI Part No. 2240843-0001 and
2535670-0001, can be distinguished by the presence or absence of
the coprocessor option jumpers. The original board, TI Part No.
2240843-0001 does not have these jumpers; the later version does.
The following 1is a list of the reference designators and their
functions:

* J2 —— Expansion bus connector.

* J3 —-— Expansion RAM interface connector.

* J4 and J5 —— Coprocessor option jumpers.

* J8 —— Serial port interface connector.

* J9 —— Parallel port connector.

* J10 —— Connector for the 6-volt battery.

* J1l1 —-— Keyboard/mouse interface connector.

* J12 and J13 -- Interface connectors for on—-board

expansion RAM board 1.

*  J14 and J15 —-— Interface connectors for on—-board
expansion RAM board 2.

* J16 and Jl17 —-— Interface connectors for on—board
expansion RAM board 3.

* J18 and J19 -—- Interface connectors for on-board
expansion RAM board 4.

* J20 —— Power connector for the main logic board.

* El1, E2, and E3 —-—- Speaker terminals for systems that do
not have a speaker in the monitor.

* SW1 —-- PFive—-section, dual-inline—-package (DIP) switch
that provides all required manual switching for the main
logic board. The following table shows the wuse and
setting for each section of the switch.

Section Use Setting

Switch 1 CRT switch Off=mono On=color
Switch 2 Parallel port Off=port 1 On=port 2
Switch 3 Serial port Off=port 1 On=port 2
Switch 4 128K-byte DRAM Off=disable On=enable
Switch 5 Base DRAM Off=512K bytes On=256K bytes
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The following paragraphs describe the circuits of the main logic
board.

2.2 SYSTEM CENTRAL PROCESSING UNIT

The system central processing unit (CPU) consists of an 80286
microprocessor unit and an optional 80287 numeric coprocessor.
The microprocessor unit (MPU) and the coprocessor operate in
parallel so that they appear to associated components as a single
chip. If both devices are installed, the term CPU refers to both
the 80286 and the 80287. The system CPU also includes the system
clocks, the CPU bus buffers and latches, and the CPU status
decoding and control 1line generation 1logic. The following
paragraphs describe the circuits.

2.2.1 Microprocessor Unit

The MPU can operate 1in either the real address mode or the
protected virtual address mode. A reset operation places the MPU
in the real address mode, which provides up to 1 megabyte of real
address space. The MPU can then be placed in the protected
virtual address mode, in which 1 gigabyte of virtual addresses
can be mapped into a l6—-megabyte real address space. This mode
also provides memory protection to isolate the operating system
and to ensure privacy for the programs and data of each task.
The only way to return to the real address mode from the
protected virtual address mode is to reset the MPU.

2.2.2 Optional Numeric Coprocessor

An additional socket is available for the installation of an
80287 IC optional numeric coprocessor. For additional
information, refer to the paragraphs entitled Numeric Coprocessor
in Section 6.

2.2.3 CPU Bus Buffering

A set of address and control latches and various bus buffers
(data, address, and control) are provided as part of the CPU.
The following paragraphs describe these circuits.

2.2.3.1 Address and Control Bus Buffering. The CPU controls the
address and control bus buffers, transceivers, and latches via
the address 1latch enable (ALE) and hold acknowledge (HOLDA)
signal, and a set of control lines labeled P/MD, D/PM, and PM/D,
where P, D, and M represent processor—-driven cycles, DMA-driven
cycles, and master—-driven cycles, respectively.
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These control lines assume the following levels for the indicated
type of cycle:

* P/DM —— High for a processor—-driven cycle and low for a
master— or DMA-driven cycle.

* D/PM -- High for a DMA-driven cycle and low for a
processor— or master—-driven cycle.

* PM/D —-— High for a processor—- or master—-driven cycle and
low for a DMA-driven cycle.

Table 2-1 lists the various devices and their states for the
various types of cycles.

Table 2-1 Address and Control Bus Buffering

fmm o fm—————— fmm— +
MPU Driven Cycles DMA
or
On-Board ‘ Master Refresh

Devices Memory Other Cycle Cycle
fm————— fom— fmm fmm fom +
| U3 and US | On | On | Ooff | off |
pmm fom Fmm Fm——————— fom +
| U4 | Latched | Fall Thru | Off | off |
Fm— fm—— fm— f— Fom—————— +
‘ U34, U35 1 Latched ‘ Latched ’ Fall Thru‘ Fall Thru ‘

and U36 A —> B A —> B B —> A B —> A
o Fom pm— e fom +
| U37 | A-->B | A -—> B | B-—>aA | B-->a |
Fo— Fom fm— fmm Fmm +
’U38,U39 IA—-—)B |A——>B ‘A——)B ‘B—-—)A ‘

and U40
Fm—————— fmm— Fm— fmm o +
| u41 | off | off | off | on |
e fm——————— fm——————— et pmm +
| U42 | on | On | off | off |
Fom o fmm fom Fmm +

2.2.3.2 Data Bus Buffering. The data bus buffers, transceivers,
and latches are, for the most part, under PAL(R) control. To
provide for correct data transfer during 8-bit operations, the
active byte of data is written or read on the low byte of the

system data bus during byte wide cycles. Data bus transceiver
U21 creates this byte switch. Table 2-2 shows the different
buffer states for various operations. Refer to the device

programming tables in Appendix D for more information.
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Table 2-2 Buffer States of the Data Bus
CPU Driven
Cycles Ul9 U20 U21 U222 U93
tm——————— e ——— F———————— F————————— ——————— t————— +
R/W Ooff Off Off a—->b Ooff
80287 *]1
e —————— s et +——————
R/W
on—board a—->b a—->b Off a—->b Ooff
memory
e ———— B e e et
8—-bit b->a R Off Ooff b->a R b->a R
device a-—>b W a-—>b W a-—>b W
low-byte *2 *2
transfer
o e s sttt L e e ——
8-bit Ooff b->a R a->b R b->a R b->a R
device a->b W b->a W a->b W a->b W
high-byte *2 *2
transfer
e ——————— et e e
8 bit lo-byte 1lst
device latch b R Ooff
word a->b W b->a R b->a R b->a R
transfer +——-—m————- a—->bw |- a->b W a->b w
hi-byte 2nd
stored->a R a—->b R *2 *2
Off W b->a W
tm———————— e e —
l6-bit b->a R b->a R b->a R b->a R
device a->b W a->b W Off a->b W a->b W
transfer *] *3 *2 *2
o ————— B e Tt e —
MASTER a->b R a->b R b->a R b->a R
CYCLE b->a W b->a W Off a->b W a—>b W
*1,*%4 *3, %4 *1 * D *2
tm————————— e e
DMA a->b R a->b R
CYCLE b->a W b->a W Of f Off Off
*] *3 *]1
e ——————— e S ———— e +
| REFRESH | Off | off off | Off Off
o —————— m———————— t—————— t———————— e ————— F—————— +
*1 — Condition true for word or low-byte transfers.

bus.

Logic Board

If not,

U93 is off,

BUSINESS-PRO Hardware Reference

Condition true if the device accessed is on the specified
and U22 is driven a->b.

Condition true for word or high-byte transfers.
Condition true for transfers involving on-board memory.
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2.2.4 CPU Clock Generation and Bus Control

The CPU clock generator consists of a 24-megahertz can
oscillator, a divide-by-two flip—-flop, and a divide-by-four flip-
flop. These flip-flops provide the l2-megahertz and 6-megahertz
system clocks, each of which has a duty cycle of 50 percent.
These clocks are buffered by an inverting buffer.

A programmable array logic (PAL) device contains synchronizing
logic for the ARDY-, JRDY-, and OWS- lines from the wait-state
control logic and the RES- 1line from the power—-good circuit.
Refer to the device programming tables in Appendix D for more
information.

2.2.5 Reset Circuit
The main logic board provides the following reset conditions:

* System reset —— Power—-up and dropout conditions initiate
this reset.

* MPU software reset —— A software instruction initiates
this reset to return the MPU to the real address mode
from the protected virtual address mode.

* Coprocessor software reset —-—- A software instruction
initiates this reset +to return the coprocessor to the
real address mode from the protected virtual address
mode.

*  Shutdown reset -— A shutdown cycle initiates this reset.
The following paragraphs describe the reset conditions.

2.2.5.1 Software Reset and Shutdown Cycles. A programmer can
reset the MPU by writing the appropriate command to the keyboard
microprocessor. Writing to I/O address 64H with the pulse output
port bit 0 command (FEH) on the data bus causes the keyboard
microprocessor to pulse the software reset (SFTRST-) signal 1low
for approximately 6 microseconds, thus initiating a software
reset to the MPU. The paragraph in Section 6 entitled Numeric
Coprocessor describes the method of initiating a coprocessor
software reset.

Multiple protection exceptions, while attempting to execute a
single instruction, initiate a shutdown cycle. When this occurs,
the CPU performs a wunique bus operation to indicate to the
hardware that a shutdown cycle is in progress and that an MPU
reset should be initiated.

When either a software reset or a shutdown cycle is executing, a
flip-flop and counter hold the MPU software reset (SOFRES) signal
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true for at least 16 processor clock cycles to ensure that reset
occurs. SOFRES affects only the MPU and not the coprocessor or
the rest of the system.

2.2.5.2 System Reset. The power—-good or reset detection circuit
detects insufficient power conditions if the power on the main
logic board is not sufficient to provide reliable operation. A
TL7705A supply voltage supervisor monitors +the +5-volt supply.
This configuration provides automatic restart in the event of a
voltage decrease large enough to affect the power supply but not
enough to completely shut it down. A timing capacitor ensures
that any power—up or dropout activates the reset (RES-) line for

at least 5 milliseconds. This reset condition affects the entire
system.

2.2.6 Control Signals
The 80288 bus controller receives status information from the MPU
and converts it to the following control signals:

* Memory-read control —-— BCMRDC-
* Memory-write control —— BCMWTC-—
* 1I/0-read control —— BCIORC-

* I/0-write control —— BCIOWC-

* Interrupt acknowledge —— INTA-

These signals, except INTA-, are further qualified before being
passed to the expansion bus. This qualifying eliminates the
possibility of contention on the data bus. BCMRDC- and BCMWTC-
are transferred to the expansion bus only when the expansion
memory 1is enabled (I/O port 68, bit 3). BCIOWC- and BCIORC- are
transferred to the bus when the ongoing I/0 transfer operation is
not an access to the 2-kilobyte nonvolatile RAM.

2.3 WAIT-STATE CONTROL LOGIC

Figure 2-4 shows a processor—-driven cycle with two wait states
(Twl and Tw2). A PAL device controls the bus controller outputs
and the number of wait states that are inserted 1into an MPU
cycle. This 1logic supplies five basic MPU cycles whose lengths
can be varied by the expansion bus option boards via the WAIT-
signal and the zero-wait-state (OWS—-) signal. The following
paragraphs describe these wait—-state cycles.
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Figure 2-4 Required Input Timing for a Processor-Driven Cycle

2.3.1 Zero-Wait-State Memory Cycles

These cycles are performed whenever the CPU attempts to access
the on-board system memory or the memory expansion board with an
active TURBO (high) signal (I/O port address 68H, bit 0). An
active TURBO signal turns on a light-emitting diode (LED) on the
front panel of the system unit. No wait states are inserted for
these memory cycles. Therefore, the cycle time is 335
nanoseconds. The bus controller outputs are not delayed. These
cycles allow both 16-bit and 8-bit memory transfer operations.

\V]
|
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2.3.2 One-Wait-State Memory Cycles
MPU-driven memory cycles for standard, 16-bit memory peripherals

have one wait state as shown in Figure 2-5. These cycles last
500 nanoseconds from start to completion, and the bus controller
outputs are not delayed. The following types of transfer

operations use this type of memory cycle:

* An access to the on-board memory or the 3 megabyte
memory expansion board with the TURBO signal inactive.

* An access to the system ROMs.
* An access to the TI compatible video board.

* A memory cycle with an active (low) expansion bus signal
(MEM16-) .

One-wait—-state memory cycles allow both 16-bit and 8-bit memory
transfer operations.
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10.4 ns > Ts Te | Tw l

+BME____g___%H—7%ﬂ : 7/ R :
+ Ao-az 7 ////Al READ ADDRESS VALID LTI T/ WRITE ADDRESS VALID ___1//////////L NEXT CYCLE ADDRESS
+ MALMA23 ///////////ZI READ ADDRESS VALD __ T/7777777/771/771771117 77777 //}1 WRITE ADDRESS VALID ___/////////INEXT CYCLE ADDHESS:

. xxf{;{ﬁ}g PREVIOUS C‘YCLE ACORV/A READ ADDRESS VALID Y///1 WRITE ADDRESS VALID
"+ BAI78A2S W Rend Aboress VAo Y7777, /////////////////f//l WarTe AbORESS VAL /777777 NET cvmooae%s
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MOTHERBOARD ) l ] | |

SIGNAL |
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Figure 2-5 One-Wait-State MPU-Driven Memory Cycles
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2.3.3 One-Wait-State I/O Cycles

Figure 2-6 shows an MPU-driven I/O read cycle and an MPU-driven
I/0 write cycle; each of which has one wait state. These cycles
are performed for MPU-controlled I/0 operations with an active

(low) I/0 expansion bus signal (I016-). The bus controller
outputs are delayed by 83 nanoseconds so that they do not become
active until the middle of the Tc state. However, they still

become inactive at the normal (end-of-cycle) time. These cycles
require 500 nanoseconds for completion, and they support both 16-
bit and 8-bit I/O transfer operations.

WBE—*'—L o e b T ! T, A T 1
ewe [ LT LT LT L Lo L rlrerere e re.
onie 10/ | 77 | 7z
A lohe PREVIOUS CYCLE V7771 _READ CYCLE ADDRESS l V//[/]_wRiTE cyCLe ADDRESS ’ I///
XAO PRE\/IOU:S CYCLE_ V7771 READ CYCLE XAG : V/////1 WRITE CYCLE XAO : 1///,

cuoLy N /117111 I /////// 10/ 1)) |

o w77 V77
owe| ooy o e T
xmwmJ%%%A@U7AUYAVJ%VJ%AVA7A/W{ID%VA%Y/A%dWWWNMmews : R/
1016- 1 1 | ) . —

| | '

|

2287409

Figure 2-6 One-Wait-State MPU-Driven I/O Cycles

2.3.4 Four-Wait-State Cycles

Figure 2-7 shows an MPU-driven cycle with four wait states. MPU-
controlled transfer operations are given four wait states if all
of the following conditions are true:

* Both MEM16- and I0l16- are inactive (high) for an 8-bit
data transfer operation.

* The cycle is not an access to on—-board memory or the 3
megabyte memory expansion board.

* The cycle is not an access to the system ROMs.
* The cycle 1is not a memory access to the TI compatible

video board.
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For four-wait-state cycles, the bus controller outputs are
delayed by 83 nanoseconds so that they do not become active until
the middle of the Tc state. However, they still become inactive
at the normal (end-of-cycle) time. These cycles support only 8-
bit transfer operations to either memory or the I/0 space, and
they require 1 microsecond for completion.

12 MHz

Hpn
! 7 ; ez
' Z

EZ

7
XBHE- L
xa1-xatg |__PREVIOUS CYCLE P/ READ OR WRITE ADDRESS VALID
T
]

8A17-8A23 (/7077 ADDRESS VALID V77 77] NEXT CYCLE ADDRESS
;

. ]
xa0[__PREVIOUS cYClE W ADDRESS VALID

CcMmDLY ': A vz E
I0RC-,I0WC é 77 El ZZ.
LMRDC-, LMWTC i 227 ==
INTA- i “eza P
rexo onrs P 0 P
WRITE DATA u: Lo —-----A 1ZZ

2287210

Figure 2-7 Four-Wait-State MPU-Driven Memory or I/0 Cycle

2.3.5 Ten—-Wait-State Cycles

Figure 2-8 shows an MPU-driven cycle with ten wait states. MPU-
controlled access operations are issued ten wait states if all of
the following conditions are true:

* Both MEM16- and I0l6- are inactive for a 16-bit data
transfer operation.

* The cycle is not an access to on-board memory or the 3
megabyte memory expansion board.

* The cycle is not an access to the system ROMs.

* The cycle 1is not a memory access to the TI compatible
video board.
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The ten-wait-state transfer mode allows the 16-bit MPU to handle
word communications with 8-bit peripheral devices. The operation
begins as a normal four-wait-state transfer operation, in which
the 80288 outputs are delayed by 83 nanoseconds and the low data
byte is transferred as normal.

At the end of the fourth wait state, the bus controller outputs
are forced to their inactive states. This signals any device
that 1is being written to that the current transfer operation is
complete. If the MPU is attempting to read data, the data 1latch
is clocked at this time. This causes the low-order data byte to
be saved so that it can be read by the MPU at «c¢ycle completion.
During the fifth wait state, the MPU forces address line ALTAOQO
high and latches it, thus causing the high-order data byte to be
transferred.

During the sixth wait state, the bus controller reactivates its
output signals, and the cycle ends after the tenth wait state.
The total cycle time for this type of cycle is two microseconds.

To an option board on the expansion bus, the ten-wait-state cycle
appears to be two consecutive four-wait—-state transfer operations
except that the expansion bus signal (BALE) is not activated
during the second (high-byte) transfer.
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20.8ns | —»] Ts 1 Te i Tw1 1 Twz | TW3 1 Tw4 | Tw 1 Tw Tw Tw Tw Tw |
JEAY/Gc p ppy py  p p  p p  p  y  p  p O
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CONALE i ZIR E
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Figure 2-8 Ten-Wait-State MPU-Driven Memory or I/O Cycle
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2.4 SYSTEM MEMORY

The BUSINESS-PRO system memory consists of the system ROMs, the
on—board dynamic random-access memory (DRAM), and optional
expansion DRAM. The following paragraphs describe the system
memory.

2.4.1 Main Memory

The main 1logic board memory consists of 256 kilobytes of DRAM
(bank 0) when SW1l position 5 (between pins 5 and 6) is in the ON
position. When SW1l position 5 1is in the OFF position, 512
kilobytes of main logic board memory are available. The address
range for this memory space is 000000H through O7FFFFH. If the
switch has four sections, the main 1logic board memory is
automatically 512 kilobytes. When SW1l position 4 (between pins
4-7) is in the ON position and the 128-kilobyte RAM option boards
are installed (bank 1), the main logic board memory consists of
640 kilobytes. The address range is 080000H through O9FFFFH.
for bank 1.

The 3 megabyte memory expansion board can accomodate up to 12
memory expansion modules, each pair with a capacity of 512
kilobytes. Thus, the on-board memory can be expanded by a total
of 3 megabytes for a total memory size of 3.64 megabytes. The
address range for this 3-megabyte expansion memory space is
100000H through 3FFFFFH.

The expansion RAM interface connector (header J3) on the main
logic board provides power, address, data, and control lines for
the 3 megabyte memory expansion board. Table 2-3 lists the
header pin assignments.

NOTE

Switch 1 1is a five—-section, dual-inline-
package (DIP) switch that provides all
required manual switching for the main logic
board. All references to the closed switch
position in this section relate to the
schematic representation of the switch. The
closed position is equivalent to the position
marked ON.
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Table 2-3 RAM Expansion Signal Pin Assignments

Pin Signal Pin Signal
Number Name Number Name
01 +5V 02 +5V
03 +5V 04 +5V
05 +5V 06 GND
07 GND 08 GND
09 GND 10 WE—
11 LBHE- 12 LAO
13 GND 14 LAl9
15 LA20 16 LA21
17 MDH- 18 MDL-
19 RAS 20 GND
21 XRAO 22 XRA1
23 XRA2 24 XRA3
25 XRA4 26 XRAS
27 XRAG6 28 XRA7
29 XRAS8 30 CAS-
31 MDIR 32 POH
33 POL 34 SPE1-
35 SPE2- 36 DO
37 D1 38 D2
39 D3 40 D4
41 D5 42 D6
43 D7 44 D8
45 D9 46 D10
47 D11 48 D12
49 D13 50 D14
51 D15 52 +5V
53 +5V 54 +5V
55 +5V 56 GND
57 GND 58 GND
59 GND 60 GND

2.4.2 System ROMs

The system ROMs are two TMS47128 16-kilobit by 8-bit memory chips
with a 250-nanosecond access time. The system memory can also
accommodate 32-kilobit ROMs.

The system ROMs contain the system device service routines
(DSRs), which are discussed in the BUSINESS—PRO Software
Technical Reference Manual. The ROMs are accessed simultaneously
at addresses OF000OH through OFFFFFH and FFO000H through FFFFFFH,
where the eight most-significant bits are used to create the ROM
chip select (ROMCS-) signal. Each of the ROMs holds one byte of
a 16-bit word.
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The ROM data buffers are controlled by the MPU via the memory
read (BCMRDC—-) command. Therefore, only the CPU can read the
system ROMs, and they cannot be read by any bus masters or DMA
devices.

2.5 MEMORY CONTROL LOGIC

The memory control logic provides the memory strobes and control
signals, as well as address multiplexing for the on-board and
expansion memory. The following paragraphs describe the
subsystems of the memory control logic.

2.5.1 DMA Controller and Memory Page Register

The system uses two 8237A DMA controller chips and an LS612
memory mapper chip (memory page register) to provide a DMA
interface that 1is compatible with the IBM Personal Computer AT
(PC-AT). These three chips implement four 8-bit channels and
three 16-bit channels, all of which can access up to 16 megabytes

of the system memory. These channels can operate as full bus
masters, or they can use a fly-by transfer cycle +to operate in
the slave mode. In either case, a peripheral device generates

the DMA request.

In the slave mode, +the DMA controller generates the device
acknowledge, the 1I/0 strobe, and a system memory address in
response to the DMA request. The 8237A chips generate the lower
16 address bits and the LS612 chip generates the upper 8 bits.
The only function of the LS612 chip is to hold the current upper
address bits; it cannot increment these bits across the 16-bit
address boundaries. Therefore, all slave—mode transfer
operations are limited to 64 kilobytes or 64 kilowords, depending
on which transfer mode (byte or word) is selected.

During slave—-mode operations, system memory access is limited to
word boundaries (even addresses) for the 16-bit channels, whereas
the 8-bit channels can access memory on either byte or word
boundaries. The channel arbitration can be changed by
reprogramming the 8237A chips, but the system is configured with
the 16-bit channels on top of the 8-bit channels. Once an access
is granted to a particular channel, that channel has control of
the bus until it is ready to relinquish it to another channel.

In the master mode, the DMA controller provides only the device
acknowledge signal 1in response to a DMA request, and the
peripheral device then gains control of the bus by activating the
MASTER- bus line to the DMA controller and generating the system
address and the I/0 or memory strobe. 1In this mode, the master
device can use the refresh signal to perform its own memory
refresh operations.
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Memory refresh cycles can occur at 1l5-microsecond intervals (see
paragraph 2.5.1.1 entitled DMA/Refresh Arbiter and Refresh
Controller). Therefore, to prevent possible 1loss of memory
refresh, data transfer operations (either slave or master) are
limited to durations of 15 microseconds.

2.5.1.1 DMA/Refresh Arbiter and Refresh Controller. During
normal system operations, the MPU has control of the system bus.
However, on receiving a request from either the DMA controller or
the refresh controller, +the DMA/refresh arbiter removes bus
control from the MPU and grants it to the requesting controller.

When either the DMA controller or the refresh sequence controller
generates a request (DMARQ or LRFQ-, respectively), the refresh
arbiter responds by generating the HOLD signal to the MPU and an
acknowledge (DAK or RAK-) signal to the requesting controller
after the MPU has activated HOLDA. This places the MPU in a hold
condition and grants control of the system bus to the requesting
controller. After completing 1its system bus cycles, the
requesting controller relinquishes bus control by releasing the
request. This signals the arbiter to release the MPU from its
hold state.

To eliminate conflicts between simultaneous DMA and refresh
requests, the refresh arbiter samples DMARQ and LRFQ- on
alternate rising edges of the 24-megahertz system clock. Thus,
the next rising clock edge following activation of the requests
determines which of the requests is granted. Following power-—-up
or after each bus—-grant cycle, the first rising edge of the 24-
megahertz system clock samples the LRFQ-.

During execution of certain instructions, which must not be
interrupted by pending hold requests, the MPU chip can prevent
the DMA controller or the refresh controller from gaining control
of the bus by activating LOCK- to the refresh sequence
controller. When active, this signal prevents the refresh
arbiter from generating HOLD or either of the acknowledge
signals.

The dual mode refresh generator generates special bus cycles to
refresh the system dynamic random-access memory (DRAM). 1In
response to an active RAK- from the refresh arbiter, the
generator activates the REFRESH- control line and generates a
memory read cycle. The active REFRESH- line enables an 8-bit
refresh address onto the lower part of the system bus and enables
the refresh portion of the LS612 page register. On completion of
the memory cycle, the refresh address is incremented and saved
for the next refresh cycle while the page register value remains
constant.

Refresh cycles can occur at l1l5-microsecond intervals or as 8-
cycle bursts at 120-microsecond intervals. The system software
selects this optional burst-refresh operation by writing a 1 to
ID1 at I/O port address 68H.
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2.5.1.2 Memory Decode Logic. The memory decode logic generates
control signals for the memory banks and some other miscellaneous
control signals.

The memory bank decode logic generates eight sets of memory
control signals from a decode of address bits MA1l9 through MA21.
These signals include the column address strobe (CAS-), the high
and low write enable (WEH- and WEL-) signals, and the high and
low data buffer enable (MDH- and MDL-) signals. The decodes for
memory banks zero and one reside on the main logic board, while
those for memory banks two through seven are located on the 3-
megabyte memory expansion board.

The miscellaneous decodes are as follows:
* GlA- -- This line indicates that the current cycle is an
access to the TI memory space and that the memory

controller should generate a row/column address cycle.

* TIVID- —— TI compatible video. This line enables 16-bit
cycles for the alphagraphics video (AGV) board.

* PCVDET- —- PC-AT video detect. This 1line detects
accesses to the AGV memory space.

* YL -— This line indicates that address 1lines MAl7 and
MA18 should be inverted to interchange the PC—-AT and TI
video memory spaces.

*  64KSEL—- —— 64K select. This 1line switches the DRAM
address multiplexer to the 8-bit addressing mode for the
64K DRAMs in bank 1.

* 1MB- and 1MB+ -- These lines become active for memory
accesses below the l-megabyte address range.

2.5.1.3 Memory Cycle Generation Logic. The memory cycle
generation logic provides the undecoded DRAM control strobes, the
DRAM bank address, and the DRAM row/column address. The logic
contains the following circuits:

* Input signal chopper

* Shift register pulse combiner

* Row address strobe (RAS) forming gate

* Bank address latch

* DRAM address multiplexer
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The first three circuits function as a synchronous delay line and
pulse forming network that generates the following signals:

* Row address strobe (RAS)

* Column address strobe (CAS-)

* Multiplexer select (MUX)

* Data buffer enable (MDH- and MDL-)
* Write enable (WE-)

* Address latch enable (373EN)

The input signal chopper uses the 12-megahertz system clock
(12MHZ) to convert the MPU bus cycle status signals (SO and S1)
to short pulses during the beginning of a memory cycle. The
resulting signals (RDOUT1-, RDOUT2-, WROUT1l-, and WROUT2-) are
then directed to the RAS forming gate, which wuses them to
generate RAS. RDOUT1- and WROUT1l- are also directed to a PAL
shift register, which uses them to generate other strobes.

The other circuits latch the DRAM bank address and bus buffer
direction signals and handle the DRAM row and column address
multiplexing. During refresh cycles, the DRAM address
multiplexer shifts the 8-bit refresh address to allow refreshing
of the 3-megabyte expansion memory board.

2.5.1.4 Parity Error Logic. This logic processes parity errors
during CPU and DMA accesses to the 3-megabyte expansion memory
board. During memory write operations, the 1logic generates a
parity syndrome bit, and for memory read operations, it detects
odd parity errors. This parity-error detection 1is disabled
during DRAM refresh operations and can be triggered artificially
by the diagnostic software.

High-byte and low-byte parity generation and error-detection
functions are independent of each other. Parity-error detection
causes the bank address and the high/low bank enable bits to be
clocked into a register for subsequent reading by error-recovery
software. The parity—-error generator then produces a nonmaskable
interrupt (NMI) to the MPU. The system software can subsequently
clear the NMI.

2.6 I/0 SUBSYSTEM

The I/O subsystem decodes ten I/0 address 1lines for +the 1I/0
devices on the main logic board. To ensure correct transfer of
data to 8-bit I/O devices during byte-wide 1/0 transfer
operations, the CPU data buffers place the active data byte on
the low byte of the system data bus. The I/O subsystem also
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includes various output latches and the input buffer bit
assignments and their uses.

2.6.1 I/0 Decode Logic

The I/0 decode logic consists of an ALS138 decode/multiplexer,
three 1I/0 decode PALs, and the serial/parallel port decode PAL.
Refer to Appendix D for the PAL device programming tables.

2.6.2 Real-Time Clock (RTC) and Nonvolatile RAM

The nonvolatile RAM and the RTC store the system configuration
information described in the BUSINESS—-PRO Software Technical
Reference Manual. In addition, the RTC provides normal RTC
services for the system. A 6-volt battery pack supplies backup
voltage to these chips to ensure that they remain operational in
the absence of system power. The following paragraphs describe
these circuits.

2.6.2.1 Battery Circuit. The 6-volt battery pack (between
terminals 1 and 4 of the battery connector) is connected in
parallel with the +5 volt supply. The series diodes (CR3 and
CR5) drop the Dbattery voltage to +4.8 volts for application to
the nonvolatile RAM and the RTC.

Under normal operating conditions, the nonvolatile RAM, the RTC,
and the CD4069 inverter receive their Vcc from the +5 volt power
supply line via transistor Q3. Under these conditions, the
inverter holds the nonvolatile RAM and RTC enable (NVENAB-)
signal active (low).

In the event of a power 1loss or power shutdown, the 6-volt
battery pack assumes the role of Vcc supply for the nonvolatile
RAM and the RTC. During this transition period, RES- becomes
active, and the inverter drives NVENAB- high to disable the
nonvolatile RAM and the RTC outputs. Once the shutdown is
complete, RES- deactivates, and the battery pack holds NVENAB-
inactive via pullup resistor R45.

A second function of inverter U51 is to act as a buffer during
the power—-loss transition period to prevent glitches on the RES-
line from momentarily activating NVENAB-.

2.6.2.2 Nonvolatile RAM. The HM6116-LP supplies 2 kilobytes of
nonvolatile memory for storing system configuration information.
The MPU uses 2048 I/O port addresses to access this nonvolatile
RAM, which cannot be accessed by any other device, including a
bus master. The 2048 I/0O port addresses do not appear on the
expansion bus. That is, the I/0 strobes are inhibited when this
memory space is recognized. Therefore, devices that ignore the
upper I/0 port addresses are not activated. The 2 kilobytes of
CMOS RAM may also be disabled by software (I/O port 68H, bit 2).
The BUSINESS-PRO Software Technical Reference Manual defines the
nonvolatile RAM I/O port addresses.
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2.6.2.3 Real-Time Clock. The MC146818 chip contains the RTC and
64 bytes of CMOS RAM. The RTC uses 14 bytes of this RAM for its
internal operations, while the remaining 50 bytes are reserved
for system configuration information. The RTC uses the same port
for both addresses and data. Therefore, an access to the
internal RAM requires that two steps be performed in the
following order:

1. The RAM address to be accessed is placed on the data
bus (JD bus) and an OUT instruction is sent to port
70H.

2. For a write access, the data is placed on the JD bus,
and a second OUT instruction is sent to port 71H. For
a read access, an IN instruction is sent to port 71H.
This returns the data from the selected RAM address to
the arithmetic-logic (AL) register of the MPU.

Table 2-4 lists the RTC's internal RAM addresses and the data
stored at each address. Addresses O00H through 09H contain ten
bytes of date and time information. The remaining bytes contain
diagnostic status and system configuration information.

Table 2—-4 Real-Time Clock's Internal RAM Addresses

o e e e e e e i St . S . s S . e S, . . o . S o S . e S i S S e, S S S S e S S . S e B o i o S e . i S . o i e i e e e e

Address Description
OOH Byte 0 —- Seconds.
O01H Byte 1 —-- Seconds alarm.
02H Byte 2 —- Minutes.
03H Byte 3 ——- Minutes alarm.
04H Byte 4 —— Hours.
05H Byte 5 ——- Hours alarm.
06H Byte 6 —— Day of week.
07H Byte 7 —— Date of month.
08H Byte 8 —- Month.
09H Byte 9 —- Year.
0AH Byte 10 ——- Status register A:

Bits 0 through 3:

Rate selection bits (RSO through RS3). These
bits select a divider output frequency. The

system initializes these bits to 0110, which
selects a 1.024-kilohertz square-wave output
frequency and a 976.562-microsecond periodic
interrupt rate.
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Table 2-4. Real-Time Clock's Internal RAM Addresses (Continued)

0AH Bits 4 through 6:

The 22-stage divider bits (DVO through DV2).
These bits identify which time-base frequency
is being used. The system initializes the
divider to a 32.768-kilohertz time base.

Bit 7:

Update in progress bit (UIP).When high, this
bit indicates that the time update cycle is in
progress. When low, it indicates that the
current date and time are available to be read.

OBH Byte 11 -- Status register B:
Bit O:

Daylight savings enabled bit (DSE). When high,
this bit enables daylight savings time. When
low, it enables standard time. The system
initializes this bit to 0.

Bit 1:

The 24-hour/12-hour bit. When high, this bit
indicates that the hours byte (byte 4) is in
the 24-hour mode. When low, it indicates that
the hours byte is in the 12-hour mode. The
system initializes this bit to 1.

Bit 2:

Date mode bit (DM). When high, this bit
indicates the binary format for the time and
date calendar. When low, it indicates the
binary coded decimal (BCD) format. The system
initializes this bit to 0.

Bit 3:
Square—-wave enabled bit (SQWE). When high,
this bit sets the square-wave frequency as set
by the rate-selection bits in register A. When

low, it disables the square wave. The system
initializes this bit to 0.
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Table 2-4. Real-Time Clock's Internal RAM Addresses (Continued)

OBH Bit 4:

Update—-ended interrupt enabled bit (UIE). When
high, this bit enables the update-ended
interrupt. When low, it disables the

interrupt. The system initializes this bit
to 0.

Bit 5:

Alarm interrupt enable bit (AIE). When high,
this bit enables the alarm interrupt. When
low, it disables the interrupt. The system
initializes this bit to 0.

Bit 6:

Periodic interrupt enable bit (PIE). When
high, this bit enables the periodic interrupt.
When low, it disables the interrupt. The rate
bits and divider bits of register A specify
the rate at which these interrupts occur. The
system initializes this bit to 0.

Bit 7:

Set bit. When high, this bit sets the time
update cycle to advance the counts at a rate
of one per second. When low, it aborts any
update cycle in progress, and the program can
initialize the 14 time bytes without any
further updates occurring until a 0 is written

to this bit.
OCH Byte 12 —-— Status register C:
Bits 0 through 3:
Reserved bits.
Bits 4 through 7:
Flag bits (IRQF, PF, AF, and UF). These are
read-only bits that are affected when the AIE,

PIE, and UIE interrupts are enabled in
register B.
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Table 2-4. Real-Time Clock's Internal RAM Addresses (Continued)
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ODH Byte 13 —-- Status register D:
Bits 0 through 6:
Reserved bits.
Bit 7:

Valid RAM bit (VRB). This is a read-only bit
that indicates the condition of the RTC's
contents through the power sense pin. A low
state of the power—-sense pin indicates that
the RTC has lost its power (dead battery).
When high, the VRB indicates power on the RTC.
When low, it indicates loss of RTC power.

OEH | Byte 14 -- Diagnostic status byte:
Bits 0 and 1:
Reserved bits.
Bit 2:

Time status indicator. When low, this bit
indicates that the time is wvalid. When high,
it indicates that the time is invalid.

Bit 3:

Fixed disk formatter/drive C initialization
status bit. When low, this bit indicates that
the formatter and disk drive are functioning
properly and that the system can attempt an
initial program load (IPL) operation. When
high, it indicates that the formatter and/or
drive C has failed initialization, thus
preventing the system from attempting an IPL.

Bit 4:

Memory size miscompare bit. When low, this bit
indicates that a power-up check has determined
that the memory size is the same as that
listed in the configuration register. When
high, it indicates that the memory size is
different.
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Table 2-4. Real-Time Clock's Internal RAM Addresses (Continued)

OEH Bit 5:

Incorrect configuration information bit. When
low, this bit indicates that the equipment
byte (byte 20) contains valid configuration
information. When high, it indicates that the
information is invalid.

Bit 6:
Configuration record checksum status indicator
bit. When low, this bit indicates that the
configuration record checksum is valid. When
high, it indicates that the checksum is
invalid.

Bit 7:
RTC power bit. When low, this bit indicates
that the RTC has sufficient power. When high,
it indicates that the RTC has lost its power.

OFH Byte 15 —— Shutdown status byte:

The power—-up diagnostics define the individual
bits of this byte.

10H Byte 16 ——- Floppy disk drive type byte:
Bits 0 through 3:

Second disk drive type. These bits form a
4-bit binary code that defines the type of
floppy disk drive that is installed as a
second disk. The code definitions are as
follows:

0000 —— No disk drive present.

0001 —-- Double-sided floppy disk.

0010 —— High—-capacity floppy disk.

0011 through 1111 —-- Reserved.
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Table 2-4. Real-Time Clock's Internal RAM Addresses (Continued)
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10H Bits 4 through 7:
First disk drive type. These bits form a 4-bit
binary code that defines the type of floppy
disk drive installed as the first disk. The
code definitions are as follows:
0000 -- No disk drive present.
0001 —-- Double-sided floppy disk.
0010 ——- High—-capacity floppy disk.
0011 through 1111 —- Reserved.
11H Byte 17 —-- Reserved byte.
12H Byte 18 -- Fixed disk drive type byte:
Bits 0 through 3:

Second disk drive type. These bits form a
4-bit binary code that defines the type of
fixed disk drive installed as a second
disk. The code definitions are as

follows:

0000 —- No disk drive present.

0001 -- 306 cylinders, 4 heads, landing zone
cylinder 305, write precompensation
start cylinder 128.

0010 -—- 615 cylinders, 4 heads, landing zone
cylinder 615, write precompensation
start cylinder 300.

0011 -- 615 cylinders, 6 heads, landing zone
cylinder 615, write precompensation
start cylinder 300.

0100 —-- 940 cylinders, 8 heads, landing zone
cylinder 940, write precompensation
start cylinder 512.

0101 —-- 940 cylinders, 6 heads, landing zone

cylinder 940, write precompensation
start cylinder 512.
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Table 2-4. Real-Time Clock's Internal RAM Addresses (Continued)

Address Description
12H 0110 -- 615 cylinders, 4 heads, landing zone
- cylinder 615, no write
precompensation.

0111 —- 462 cylinders, 8 heads, landing zone
cylinder 511, write precompensation
start cylinder 256.

1000 ——- 733 cylinders, 5 heads, landing zone
cylinder 733, no write
precompensation.

1001 -- 900 cylinders, 15 heads, landing
zone cylinder 901, no write
precompensation.

1010 —- 820 cylinders, 3 heads, landing
zone cylinder 820, no write
precompensation.

1011 -- 855 cylinders, 5 heads,
landing zone cylinder 855,
no write precompensation.

1100 —-- 855 cylinders, 7 heads, landing
zone cylinder 855, no write
precompensation.

1101 -- 306 cylinders, 8 heads, landing
zone cylinder 319, write
precompensation start cylinder 128.

1110 —- 733 cylinders, 7 heads, landing
zone cylinder 733, no write
precompensation.

1111 —— Reserved.

Bits 4 through 7:

First disk drive type. These bits form a 4-bit
binary code that defines the type of fixed
disk drive installed as a first disk. The code
definitions are the same as those for the
second disk drive (bits O through 3 above).

13H Byte 19 —— Reserved byte.
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Table 2-4. Real-Time Clock's Internal RAM Addresses (Continued)

14H Byte 20 —- Equipment byte:
Bit O:

Floppy disk status bit. When high, this bit
indicates that a floppy disk drive is
installed. When low, it indicates that no
floppy disk drives are present.

Bit 1:

Math coprocessor presence bit. When high, this
bit indicates that a coprocessor is installed
in the CPU. When low, it indicates that no
coprocessor is present.

Bits 2 and 3:
Unused bits.

Bits 4 and 5:

Primary display bits. This 2-bit binary code
indicates the type of display unit installed

as a primary display. The code definitions are
as follows:

00 —— Reserved.

01 —— The primary display is connected to
the color graphics monitor interface
in the 40-column mode.

10 —— The primary display is connected to
the color graphics monitor interface
in the 80-column mode.

11 —— The primary display is connected to
the monochrome display and the printer -
interface.
Bits 6 and 7:

Floppy disk drive quantity bit. This 2-bit
binary code indicates the number of floppy

disk drives installed in the system. The code
definitions are as follows:

00 —— One floppy disk drive installed.
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15H-16H

17H-18H

19H-2DH

2EH-2FH

30H-31H

2241092-0001

Real-Time Clock's Internal RAM Addresses (Continued)

Description
01 —— Two floppy disk drives installed.
10 and 11 —-- Reserved.
Bytes 21 and 22 —-- Low and high base memory bytes.

These two bytes indicate the total memory
installed and available to the system. Valid
sizes are as follows:

0100H —-- 256 kilobytes of on-board RAM.
0200H-—- 512 kilobytes of on-board RAM.
0280H —-— 640 kilobytes total system memory
consisting of 512 kilobytes of
on-board RAM and 128 kilobytes of
expansion board RAM.
Bytes 23 and 24 -- Low and high memory expansion
bytes. These bytes indicate the total expansion
memory installed and available to the system.
Valid sizes are as follows:
0200H —-- 512 kilobytes.
0400H —— 1024 kilobytes.

0600H —— 1536 kilobytes.

Bytes 25 through 45 —- Reserved bytes.

Bytes 46 and 47 —-- High and low checksum address
bytes.

Bytes 48 and 49 —-- Low and high memory expansion

bytes. These bytes indicate the total expansion
memory installed and available to the system.
Valid sizes are as follows:

0200H —— 512 kilobytes.

0400H -— 1024 kilobytes.

0600H —— 1536 kilobytes.
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Table 2—-4. Real-Time Clock's Internal RAM Addresses (Continued)

32H Byte 50 —-- Date century byte. This byte contains
the BCD value for the current century.

33H Byte 51 —- Information flag byte:
Bits 0 through 5:
Reserved bits.
Bit 6:

First user message. The setup utility uses
this bit to generate a first user message
following initial system setup.

Bit 7:

Memory expansion option bit. When high, this
bit indicates that a memory expansion board
is installed.

34H-3FH Bytes 52 through 63 —— Reserved for RTC operations.

2.6.3 Keyboard Interface

The keyboard interface receives serial data from the keyboard and
converts it to parallel data for the system. It then generates
an interrupt to signal the system that it has a data byte ready
for transfer. The keyboard interface also allows a limited
number of commands to be sent to the keyboard for diagnostic
purposes.

The keyboard controller is an Intel 8042 microprocessor that
performs all necessary scan code conversions and data
serialization. A switch (SWl, pins 1 to 10) in the keyboard
interface logic indicates to the keyboard controller whether the
system monitor is monochrome or color. Placing this switch in
its closed (ON) position activates the COLOR- signal to the
keyboard controller. This signals the controller that a color
monitor is installed.
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The keyboard connector (J1ll1) provides the following interface
signals:

* Pin 1 —— Keyboard clock (KBD CLK) to the keyboard

* Pin 2 —- Serial data (KBD DATA) to and from the keyboard
* Pin 3 —-- Not used

* Pin 4 —— Signal ground

* Pin 5 —— Fused +5 volts

* Pin 6 —— MOUSEDATA input from the mouse

* Pin 7 —-- Audio output (MONAUD) to the monitor

* Pin 8 —— Signal ground

TI monitors provide convenience connectors that allow the
keyboard to be connected to the system via the monitor base.
Other monitor manufacturers may not provide this convenience
connector, in which case the keyboard must be connected directly
to J11 on the main logic board.

2.6.3.1 Receiving Data From the Keyboard. The keyboard sends
11-bit serial frames and a synchronizing clock to the keyboard
interface. These frames contain the following bits:

* A start bit

* Eight data bits (one byte)
* An odd parity bit

* A stop bit

On receiving the stop bit, the keyboard controller disables the
interface until the system accepts the data byte. If the parity
bit 1is set, the controller automatically sends a RESEND command
to the keyboard. If the controller is unable to receive the data
correctly, it sets its output buffer contents to FFH and sets its
status register parity bit to indicate a receive parity error.

If a keyboard frame transfer takes more than 2 milliseconds, the
controller sets its output buffer contents to FFH and sets its
status register receive time-out bit to indicate a time-out
error. No retries are attempted for this type of error.

2.6.3.2 Sending Data to the Keyboard. The keyboard uses the

same 1l1-bit serial frame format to send data to the keyboard as
that used to receive keyboard data.
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When a send data byte is available in the keyboard controller,
the keyboard must begin clocking the frame within 15
milliseconds, and it must complete its clocking within 2
milliseconds. If the keyboard fails to meet the requirements,
the controller sets its output buffer contents to FEH and sets
its status register transmit time-out bit to indicate a time—out
error.

If a keyboard response to a data transmission contains a parity
error, the controller sets its output buffer contents to FEH and
activates both the transmit time-out bit and the parity error bit
in its status register. No retries are attempted for any
transmission error.

2.6.3.3 Keyboard Commands. The keyboard controller responds as
indicated to the following valid commands at I/0O port 64H:

* Command code 20H —-- Read Keyboard Controller Command
Byte. The controller places the current command byte in
its output buffer.

* Command code 60H —— Write Keyboard Controller Command
Byte. The controller places the next data byte to be
written to I/0 port address 60H in its command byte.
The command byte contains the following bits:

- Bit O: Enable output-buffer-full interrupt.
Setting this bit high causes the controller to
generate an interrupt when placing data into its
output buffer.

— Bit 1l: Reserved bit (set to 0).

- Bit 2: System flag. The controller places the
value written to this bit in its status register
system flag bit.

- Bit 3: 1Inhibit override. Setting this bit high
disables the inhibit function of the keyboard.

- Bit 4: Disable keyboard. Setting this bit high
drives the keyboard clock low. This disables the
keyboard interface and prevents data from being
sent or received.

- Bit 5: PC-AT mode. Setting this bit high
programs the keyboard to support the PC-AT
interface.

— Bit 6: PC-AT mode.

- Bit 7: Reserved bit (set to 0).
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* Command code AAH —— Self-Test. This command causes the
controller to perform its internal diagnostic tests. If
no errors are detected, the controller sets its output
buffer contents to 55H.

* Command code ABH —— Interface Test. This command causes
the controller to test its keyboard clock and keyboard
data 1lines. The controller then places one of the

following test-result codes in its output buffer:

— OOH: No error detected.

01H: Keyboard clock line stuck low.

02H: Keyboard clock line stuck high.
— O03H: Keyboard data line stuck low.

— 04H: Keyboard data line stuck high.

* Command code ACH -- Diagnostic Dump. This command
causes the controller to send the following to the
system:

— 16 bytes of controller RAM

— Current state of input port
— Current state of output port
— Controller status word

* Command code ADH —-— Disable Keyboard Interface. This
command activates bit 4 of the controller's command
byte. Activating this bit drives the clock line low so
that data cannot be sent or received.

* Command code AEH -- Enable Keyboard Interface. This
command clears bit 4 of the controller's command byte to
re—enable sending and receiving.

* Command code COH -- Read Input Port. This command
causes the controller to place the data at its input
port in its output buffer. This command should be used
only when the controller output buffer is empty.

* Command code DOH -- Read Output Port. This command
causes the controller to place the data at its output
port in its output buffer. This command should be used
only when the controller output buffer is empty.
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CAUTION

Bit 0 of the controller output port is
connected to the system reset line. Writing
a 0 to this bit can cause an accidental
system reset when executing either the Write
Output Port command or the Pulse Output Port
command. Therefore, do not write a 0 to this
bit.

* Command code DIH -- Write Output Port. This command
causes the controller to place in its output port the
next byte of data written to I/O port 60.

* Command code EOH —-—- Read Test Inputs. This command
causes the controller to read the keyboard clock and the
keyboard data inputs and to place the data in bits 0 and
1, respectively, of the controller output buffer.

* Command codes FOH through FFH —-- Pulse Output Port.
This command causes the controller to pulse 1 or more of
bits 0 through 3 of its output ports 1low for
approximately 6 microseconds. Setting any one of
command bits 0 through 3 1low, indicates that its
corresponding output port bit should be pulsed.

2.6.3.4 Keyboard Interface I/O Ports. The keyboard controller
contains an 8-bit input port (P10 through P17), an 8-bit output
port (P20 through P27), and a 2-bit test input port (TESTO and
TEST1). The port bit definitions are as follows:

* TInputs P10 through P15 —-- Not used.

* Input P16 —-— COLOR-. When high, this bit indicates that
the primary display 1is connected to a monochrome
interface. When low, it indicates that the primary
display is attached to a color graphics interface.

* Input P17 -- Keyboard inhibit. When 1low, this bit
indicates that keyboard operations are inhibited. When
high, it indicates that keyboard operations are not
inhibited.

*  QOutput P20 -- System reset. When 1low, this bit

initiates a system software reset.
*  Qutput P21 —— Gate A20.

* Outputs P22 and P23 -- Not used.
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*  Qutput P24 -—- Keyboard interrupt. When high, this bit
indicates that the controller output buffer has a data
byte ready for transfer.

*  Qutput P25 —— Not used.

* Qutput P26 —— Keyboard clock output.

*  Qutput P27 —— OUTDATA. Data output to the keyboard.
* Test input TESTO —-- Keyboard clock input.

* Test input TEST1 —-- Keyboard data input.

2.6.4 Parallel Printer Port

The printer port (J9) connects 8-bit, parallel data to the
printer and control signals between the printer and +the printer
interface logic.

The STROBE- signal strobes the parallel data bytes (DATAO through
DATA7) into the printer. The printer then activates the BUSY
signal to indicate to the CPU that it is busy and cannot accept
another character. Upon completion of the current printing
operation (printing the received character), the printer
deactivates BUSY and momentarily activates the acknowledge (ACK-)
signal. The rising edge of ACK- generates an interrupt to the
CPU if the interrupt enable (INTREN) line is active.

When operating in the PC-AT mode (TI/IBM set low), switch 2 (SW1,
pins 2 to 9) sets the parallel port as either port 1 (SW1l open)
or port 2 (SW1l closed). In TI mode this parallel port is at I/O
address 01lH, O02H, and O3H.

To allow normal data flow to the printer after reset, the printer
data latch at address 02H for the TI mode or address 378H (or
278H if configured as port 2) for the PC-AT mode is enabled. PAL
device U85 decodes these addresses +to generate PARDAT-. I/0
write signal YIOW- and I/O read signal BIOR- enable PARDAT-
through two sections of OR gate U9l to generate PDATW- and
PDATR-, respectively. PDATW- strobes data from the ID bus onto
the DATA bus during a write operation, and PDATR- enables data
from the DATA bus onto the ID bus during a read operation. This
loopback arrangement allows the software to read the last byte of
data sent to the printer.

Unique data can be read from the printer by disabling the output
of data latch U86 while it is reading from the DATA bus. This is
done by setting bit 7 of I/0 port 68 high, thus deactivating
printer data enable signal PTRDATEN-. The source of any data
read during this time is the option device connected to the
parallel port.
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Some control and status signals for the TI mode and the PC-AT
mode are of different polarities and/or bit assignments.

Appendixes B and C contain the I/0 maps for the TI and PC-AT
modes, respectively.

Table 2-5 lists and describes the printer port input and output
signals and shows the pin assignments for the 25-pin main logic
connector (J9) and the 36-pin connector at the other end of the

printer cable. The table also describes the functions of each
signal.
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Table 2-5 Parallel Printer Port Pin Assignments

Port Printer
Signal Connector Connector
Name Function Source Pin Number Pin Number
STROBE- Strobes data into System 1 1
the printer on its
falling edge.
DATAO Data bit System 2 2
through through through
DATA7 9 9
ACK- Indicates that Printer 10 10
another character
can be accepted
BUSY Indicates that Printer 11 11
another data byte
cannot be accepted
PAPOUT Indicates that the Printer 12 12
printer is out of
paper
SLOT Indicates that the Printer 13 13
printer is on line
AUTOFD- Indicates that the System 14 14
printer is to line
feed on carriage
return
ERROR- Indicates a printer Printer 15 32
error
INIT- Resets printer System 16 31
~SLCTIN- Always low System 17 36
Return 18 33
Return 19 21
Return 20 20
Return 21 23
Return 22 25
Return 23 27
Return 24 29
Return 25 30
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2.6.5 Serial Port

The serial interface is a fully programmable, PC-AT compatible
port that provides asynchronous communications between the system
and various serial devices such as serial printers, dumb
terminals, and mouses. The port can be programmed to add or
remove either a start bit, a stop bit, or a parity bit. A
programmable baud-rate generator provides operations in the range
of 50 through 56 000 bauds (Table 2-6).

The principal elements of the port are an NS16450 communications
controller and some line buffers and receivers. Switch 3 (SW1,
pins 3 to 8) configures the port as either port 1 (switch 3 open)
or port 2 (switch 3 closed). The CPU handles all communications
with the serial port options by addressing the appropriate port
and setting bits in the modem control register of the controller
or reading bits of the modem status register.

CAUTION

Since the mouse (which is plugged into the
system monitor) also uses this port, do not
plug any other device into the serial port
connector when the mouse is present.

The serial port interface uses a 25-pin, male, D-type connector
(J8) located on the BUSINESS-PRO main circuit board. Table 2-6
lists and defines the individual pins of the serial port

connector. Pins 9 through 19, 21, and 23 through 25 are not
connected.
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Table 2-6 RS—-232 Serial Interface Divisors Using 1.8432 MHZ Crystal

Desired Divisor Used to Error Percentage
Baud Rate Generate 16X Clock Between Desired & Actual

56 000 (NOTE 1) 2 2.86
38 400 (NOTE 1) 3 -
19 200 (NOTE 1) 6 -

9 600 12 —-=
7 200 16 —=
4 800 24 -
3 600 32 —=
2 400 48 ——
2 000 58 0.69
1 800 64 —=
1 200 96 —=
600 192 —-=
300 384 -
150 768 -
134.5 857 0.058
110 1047 0.026
75 1536 ——
50 2304 -
NOTE:

1. Not supported by ROM.
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Table 2-7 Serial Port Pin Assignments

B

Pin Source Definition
1 System Chassis ground
2 System Transmit data (TXDAT)V
3 Option Receive data (RXDAT)
4 System Request-to-send (RTS)
5 Option Clear—to-send (CLTSD)
6 Option Data—-set ready (DSRD)
7 System Logic ground
8 Option Data carrier detect (CARDT)
20 System Data terminal ready (DTR)
22 Option Ring indicator (RI)

The following paragraphs describe the various @ serial port
controller input and output signals.

2.6.5.1 Clear-to-Send Signal. The clear-to-send (CLTSD) signal
is an input signal that indicates that the option connected to
the serial port is ready to accept data from the system. The CPU
can test the condition of this signal by reading bit 4 of the
modem status register. Bit 0 of this register indicates whether
the condition of CLTSD has changed since the last reading.

2.6.5.2 Data-Set Ready Signal. The data-set ready (DSRD) signal
is an input signal indicates that +the option 1is ready to
establish a communication link for the purpose of exchanging data
with the system. The CPU can test the condition of this signal
by reading bit 5 of the modem status register. Bit 1 of this
register indicates whether the condition of DSRD has changed
since the last reading.

2.6.5.3 Data Carrier Detect Signal. The data carrier detect
(CARDT) signal is an input signal that indicates that the option
has detected a data carrier. The CPU can test the condition of
this signal by reading bit 7 of the modem status register. Bit 3
of this register indicates whether the condition of CARDT has
changed since the last reading.
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2.6.5.4 Ring Indicator Signal. The ring indicator (RI) signal
is an input signal that indicates that the option has detected a
telephone ringing signal. The CPU can test the condition of this
signal by reading bit 6 of the modem status register. Bit 2 of
this register indicates whether RI has changed from its active
state to its inactive state since the last reading.

2.6.5.5 Data Terminal Ready Signal. The data terminal ready
(DTR) signal is an output signal that indicates to the option
that the system is ready to communicate. The CPU activate DTR by
programming bit 0 of the modem control register to its active
condition. A system reset operation sets this bit to its
inactive state.

2.6.5.6 Request—-to—-Send Signal. The request—to—-send (RTS)
signal is an output signal that informs the option that the
system 1is ready to send data. The CPU can activate RTS by
programming bit 1 of the modem control register to 1its active
condition. A system reset operation sets this bit to its
inactive state.

2.6.6 Timing Services

The BUSINESS-PRO main logic board provides separate timers for TI
and PC-AT operations. These timers are identical except that the
PC-AT compatible timer has a readable status register and 1is
accessible in both modes, whereas the TI compatible timer can
only be accessed in the TI mode. The following paragraphs
describe these timers.

2.6.6.1 TI Compatible Timer. This timer uses an Intel 8253-5
counter/timer to provide a programmable speaker oscillator and
two programmable interval timers (A and B). The speaker
oscillator output and the interrupts generated by timers A and B
are masked out for PC-AT operations. Therefore, these signals
are valid only for TI operations.

The speaker oscillator clock input is a 1.19-megahertz square
wave signal (1.19MHZ). Internal division of this high-frequency
input clock provides a range of audio outputs (SPKOUT) to the
speaker that can be as 1low as 18 Hertz. This arrangement
(division of the high-frequency input ) enhances the quality of
the musical tones provided by the oscillator. Another feature of
the oscillator 1is its ability to allow interruption of output
tones without the need for reprogramming. This 1is done by
internally gating the input clock with the speaker enable (SPKEN)
signal (I/0 port address OOH bit 0).

The second timer (timer A) is designed for system applications.
Timer A uses a 600-kilohertz clock input to generate the output
signal «called 530UT1. The rising edge of 530UT1 generates an
interrupt (INTT1l) if in TI mode and the timer A enable (TIMAEN)
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signal (I/O port address OOH bit 1) is high. Toggling TIMAEN low
resets the interrupt and holding it low completely disables the
interrupt. INTT1 generates a level-3 (IR03) interrupt to
interrupt controller U31l. The expansion bus can also generate
this level-3 interrupt via expansion bus interrupt signal XIR3.

The +third timer (timer B) 1is for special purpose timing
applications. Timer B uses the 600-kilohertz clock input to
generate the output signal called 530UT2. The rising edge of
530UT2 generates an interrupt (INTT2) if in TI mode and the timer
B enable (TIMBEN) signal (I/0 port address OOH bit 2) is high.
Toggling TIMBEN low resets the interrupt, and holding it low
completely disables the interrupt. INTT2 generates a level-2
(IR02) interrupt to interrupt controller U31l. The expansion bus
can also generate this 1level-3 interrupt via expansion bus
interrupt signal XIR9.

2.6.6.2 PC-AT Compatible Timer. The PC-AT compatible timer uses
an Intel 8254-2 counter/timer, which is functionally identical to
the 8253-5 device except for its extra read-only status register.
All three timing units are clocked by the 1.19-megahertz square
wave and their outputs are as follows:

* First timer —— Interrupt IR00. This interrupt is wvalid
for PC-AT operation but is masked out for the TI mode.

* Second timer —— 540UT1. This output provides timing
service for the refresh circuitry.

* Third timer --— 540UT2. This output provides an audio
input to the speaker amplifier for the PC-AT mode.
Interruption of output tones may be accomplished without
reprogramming the timer. This is done by writing to I/0
port address 61H bit 0 (low disabled) GATESPIC signal.
This signal (540UT2) is also masked out for TI
operations.

2.6.6.3 Speaker Amplifier. The speaker amplifer is an LM386
operational amplifier that provides an audio output (MONAUD) to
the 8-ohm monitor speaker. The amplifier also allows mixing of
audio signals from external devices (option expansion boards).
These external audio signals are available at expansion bus
connector J6 and are applied to the amplifier's summing input.
An attenuator network (resistors R40 and R41) ensure that the
audio inputs (SKDTB and SPEAKER) do not overdrive the amplifier
whose normal gain is 20.

TI monitors provide an internal speaker and some volume-control
circuits. If a TI monitor is used, a jumper between terminals El
and E2 provides a path from the amplifier output to the monitor
speaker via keyboard connector J1ll1 and a connector on the monitor
base. If a TI monitor is not used, an external speaker cable can
be connected between terminals El1 and E3 to provide a path for
the amplifier output. 1In this case, the speaker may be located
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within the system unit, and some additional circuitry may be
required to obtain the desired volume.

2.6.7 Interrupt System

The BUSINESS-PRO interrupt 1logic can encode 15 separate
interrupts to activate any one of the CPU's 15 interrupt
routines. A nonmaskable interrupt (NMI) is also available to

provide very high-priority interrupts. Table 2-8 1lists the
interrupt levels and defines their uses in the TI and/or the PC-
AT mode. The paragraphs that follow Table 2-8 describe the

interrupt system.

Table 2-8 BUSINESS-PRO Interrupt Levels

PC—-AT Mode TI Mode
Interrupt Bus Bus
Level Pin Use Pin Use
NMI A0l Parity error A0l Parity error or
vertical retrace
IR0O N/A Timer O D03 Comm port 1
IRO1 N/A Keyboard D04 Comm port 2
IRO2 N/A Cascade for IROS8 BO4 XIRQ9 or timer 2
through IR15
IRO8 N/A RTC N/A Not used
IROO B0O4 Reserved See Not used
IR02
IR10 D03 Communication See Not used
port 1 IROO
IR11 D04 Communication See Not used
port 2 IRO1
IR12 D05 Reserved N/A Not used
IR13 N/A Math coprocessor See Not used
IRO7
IR14 D07 Winchester drive See Not used
IR06
IR15 D06 Reserved N/A Not used

2241092-0001 2-47



Main Logic Board BUSINESS-PRO Hardware Reference

Table 2-8 BUSINESS-PRO Interrupt Levels (Continued)

o e o i i o S o o S o S o e A S o o — kS — s e i o S S o S o e St S et S S o S S S o e S

PC-AT Mode TI Mode
Interrupt Bus Bus
Level Pin Use Pin Use
IRO3 B25 Serial port 2 or B25 Serial port 2,
tape drive tape drive, or
timer 1
IR04 B24 Serial port 1 B23 Parallel port 2
or Ethernet
IRO5 B23 Ethernet or B24 Serial port 1 or
parallel port 2 parallel printer
IR06 B22 Floppy disk B22 Floppy disk

D07 Winchester drive

IRO07 B21 Parallel port 1 B21 Parallel port 1,
keyboard, or
math coprocessor

NOTE:

The interrupt levels in this table are listed in their order
of priority. That is, the NMI has the highest priority and
IR07 has the lowest priority.

e o s . i S . S e e e e T o e o o S o i S i S i e S o i i S S e o e . s e S i o e o S ek S St S S S S e, .

2.6.7.1 Interrupt Levels 0O Through 15. The principal elements
of the interrupt 1logic are two 8259A programmable interrupt
controllers, which are cascaded in IBM PC-AT compatible mode and
are programmed for edge-sensitive interrupt detection. These
devices prioritize the incoming interrupts, provide interrupt
masking, and generate an interrupt vector to the CPU during an
interrupt acknowledge cycle (INTA- active). A set of OR gates
allow some of the interrupt 1levels to be shared. A set of

multiplexers allow switching between TI and PC-AT compatible
interrupts.

During the interrupt acknowledge cycle, the interrupt
controller's internal decoding logic array enables the contents
of the 1I/0 data bus onto the system data bus. This data (which
is expected to be the vector from the programmable interrupt

controller) cannot be disabled. Therefore, the system can have
no other interrupt controllers.

All expansion interrupt signals are terminated by either a
pulldown resistor pack to ground or a pullup resistor pack to +5
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volts. Generally, the expansion interrupts shared by other
interrupts in the TI mode are pulled down, while all others are
pulled up.

2.6.7.2 Nonmaskable Interrupt. The main function of the NMI is
to detect parity errors in the memory system, but the TI
compatible video option board can also use it to indicate the
vertical synchronization function if it has been enabled by
software. During a nonmaskable interrupt condition, the NMI
input to the MPU must remain active (high) for a minimum of 350
nanoseconds to be recognized by the MPU. Also, to ensure proper
recognition, the NMI line must remain inactive for a minimum of
350 nanoseconds between consecutive NMIs. In the case of
simultaneously occurring NMIs, it is possible that only one will
be recognized.

NMIs can be masked out to allow testing of the memory system
without possible interruption by parity errors. This can be done
by performing an I/0O write operation to port address 61H with
either bit 2 high (on—-board NMIs) or bit 3 high (expansion board
NMIs). An I/O write operation to port address 70H with bit 7
high masks out all NMIs.

2.7 EXPANSION BUS INTERFACE

The expansion bus interface board contains the I/0O expansion bus
interface 1logic, including all necessary bus connectors and
passive termination. The board mounts above the main logic board
in the system enclosure and connects to the main 1logic via a
small board called the vertical board. A common wiring harness

connects voltages from the power supply to both the bus interface
board and the main logic board.

The expansion bus interface provides the capability of adding
memory-mapped and I/0-mapped devices +to the systemn. The
interface provides seven DMA channels and an interrupt system for
devices that require interrupts for efficient operation. It
provides 14 slots with fourteen 62-pin connectors and eleven 38-
pin connectors. These slots can accommodate any or all of the
following option boards:

* Six full-length, PC-AT compatible boards with 16-bit DMA
channels.

* Two full-length, PC-AT compatible boards with 8-bit DMA
channels.

* PFive half-size boards with 16-bit DMA channels.

* One half-size board with an 8-bit DMA channel.
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Logic sheet 26 (see Appendix E) shows the expansion bus
connectors. Table 2-9 lists the connector pin numbers and their
corresponding signals. These signals are defined as follows:

* 6BUS —-- Expansion bus clock. This 6-megahertz, 50
percent duty cycle clock provides synchronization for
the expansion bus option boards.

* XDO through XD15 -- Expansion data bus. These
bidirectional data lines carry data between the
expansion interface and the CPU, the system memory, and
the I/0 interface.

* WAIT- -—-— Devices on the expansion bus generate this
signal to indicate to the MPU or the DMA controller that
the current memory cycle or I/0O cycle needs to be
extended.

* AEN ——- Address enable. The DMA controller activates
this line to indicate that it has acquired control of
the address bus, the data bus, and the read/write
control signals from the MPU.

* XAO0 through XAl9 —-- Expansion address bus. These 1lines
are driven by either the CPU, the DMA controller, or a
bus master to address memory and I/0 devices within the
system. These lines are latched by the falling edge of
BALE during CPU driven cycles.

* DRST ——- Device reset. A system power—-up operation
generates this signal +to initialize the logic on the
expansion bus option boards.

* SPEAKER ——- This line carries audio from the expansion
bus option boards to the system speaker amplifier. This
signal does not appear on the edge connectors but may be
jumpered to via connector J6 on the expansion bus
interface board.

*  OWS— —-- Zero wait states. An option board generates
this signal to indicate to the system that it needs no
additional wait states to complete the cycle. The

minimum default for any device on the I/0 bus is one
wait state.

* MWTC— and LMWTC- -— Memory write control and lower
memory write control. When active (low), these lines
indicate that a memory write operation is in progress.
MWTC- 1is active for all memory write cycles, while
LMWTC— is active only for write cycles to the lower 1-
megabyte memory space. These signals can be masked by
software.
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* MRDC- and LMRDC- —— Memory read control and lower memory
read control. When active (low), these 1lines indicate
that a memory read operation is in progress. MRDC- is
active for all memory read cycles, while LMRDC- is
active only for read cycles to the lower l-megabyte
memory space. These signals can be masked by software.

* IOWC- —-- I/0 write control. When active, this 1line
indicates that an I/O write operation is in progress.

* JIORC- -- 1I/O0 read control. When active, this line
indicates that an I/0O read operation is in progress.

* 14.3MHZ -— This 14.318-megahertz (70-nanosecond period,
50 percent duty cycle) clock is provided to accommodate
any PC-AT compatible option boards that may require it.

* BAl7 through BA23 —-- Upper address lines. These 1lines
extend the addressing capability of the expansion
address bus to 16 megabytes. These 1lines are not
latched during MPU cycles, and the active (high) state
of BALE can be used to guarantee their wvalidity. I/0
options latch these lines on the falling edge of either
BALE or address enable (AEN) during DMA cycles.

* BALE —— The CPU uses this line to indicate that it is
placing a wvalid address on the address bus. When used
in conjunction with AEN, this signal indicates that the
address 1is wvalid. BALE is forced high during DMA and
refresh cycles.

*  NMI- —- Nonmaskable interrupt. The nonmaskable
interrupt signal 1logic uses this signal to generate an
NMI input to the MPU. This signal normally indicates a
system parity error condition.

* IRQ3 through IRQ7 and IRQ9 through IRQ15 -- An I/O
device uses these lines to indicate to the CPU that the
device requires attention. In the event that more than

one device requires service at the same time, IRQ9
through IRQ15 are cascaded from a slave interrupt
controller at level 2. Thus, these devices have a

higher priority than the direct input devices at
interrupt levels IRQ3 through IRQ7.

*  DRQO through DRQ3 and DRQ5 through DRQ7 —-—- DMA redquest.
When active (high), these 1lines indicate to the DMA
controller that a peripheral device requires attention.
BEach of these 1lines 1s associated with 1 of 7 DMA
channels. Channels 0 through 3 provide 8-bit data
transfers; channels 5 through 7 provide 16-bit data
transfers.
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*  DACKO- through DACK3- and DACK5- through DACK7- -- DMA
acknowledge. The DMA controller wuses these lines to
acknowledge requests from peripheral devices. Each of
these 1lines 1is associated with one of the 7 DMA
channels.

* T/C —— Terminal count. The DMA controller activates

this 1line during a DMA data transfer operation to
indicate that the last data byte has been sent.

* REFRESH- —— The DMA controller or bus master activates
this 1line to indicate that a memory refresh cycle has
been requested or is in progress.

* XBHE—- —-- Expansion bus high enable. The falling edge of
BALE latches this signal to indicate that an upper data
bus (XD8 through XD15) transfer operation is in
progress.

* MASTER- —-— An external bus master that desires to gain
control of the system, activates this 1line after
activating its associated DRQ 1line and receiving the
appropriate DACK-. If the bus master requires more than
15 microseconds to complete its operation, it must also
gain control of the system memory refresh to prevent
possible corruption of system memory. The presence of a
coprocessor in the CPU limits DMA (master) cycles to 500
microseconds.

* MEM16- -- An option board generates this signal to
indicate to the system that it is capable of performing
16-bit memory data transfer operations.

* TI016— -- An option board generates this signal to

indicate to the system that it is capable of performing
16-bit I/0O data transfer operations.
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Table 2-9 Expansion Bus Pin Assignments

Pin Signal Pin Signal Pin Signal Pin Signal
Number Name Number Name Number Name Number Name

A0l NMI- BO1 GND Col1 XBHE—- DO1 MEM16-

A02 XD7 B0O2 DRST c02 BA23 D02 I016—

AO03 XD6 BO3 +5V Co3 BA22 DO3 IRQ10

AOQ4 XD5 B0O4 IRQO9 C04 BA21 D04 IRQ11

AOQ5 XD4 BOS5 -5V C05 BA20 D05 IRQ12

A06 XD3 BO6 DRQ?2 Cco6 BAl9 D06 IRQ15

AQ7 XD2 BO7 -12v co7 BA18 DO7 IRQ14

A08 XD1 BOS8 OWS-— Ccos8 BAl7 D08 DACKO-

A09 XDO BO9 +12V Cco09 MRDC- D09 DRQO

Al0 WAIT- B1O GND Cl0 MWTC- D10 DACK5-

All AEN Bll LMWTC- Cll XD8 D11 DRQ5

Al2 XAl9 B1l2 LMRDC- Cl2 XD9 D12 DACK6-

Al3 XAl8 B13 IOWC—- C1l3 ©~ XD1O D13 DRQ6

Al4 XAl7 Bl4 IORC- Cl4 XD1l1 D14 DACK7-

Al5 XAl6 B15 DACK3- C15 XD12 D15 DRQ7

Alé6 XAl5 Bl6 DRQ3 Cle6 XD13 D16 +5Vv

Al7 XAl4 B17 DACK1- Cl1l7 XD14 D17 MASTER-

AlS8 XAl3 B1l8 DRQ1 Ccls8 XD15 D18 GND

Al9 XAl2 B19 REFRESH-

A20 XAll B20 6BUS

A21 XAl10 B21 IRQ7

A22 XA9 B22 IRQ6

A23 XA8 B23 IRQ5

A24 XA7 B24 IRQ4

A25 XA6 B25 IRQ3

A26 XA5 B26 DACK2-

A27 XA4 B27 T/C

A28 XA3 B28 BALE

A29 XA2 B29 +5V

A30 XAl B30 14 .3MHZ

A3l XAO0 B31 GND
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Section 3

Power Supply

3.1 POWER SUPPLY OUTPUT VOLTAGES

This section contains tabulated information about the BUSINESS-
PRO computer's power supply output voltages. The nominal output
voltages of the power supply are listed in Table 3-1.

{

3.2 BUSINESS-PRO POWER CONSUMPTION
Table 3-2 is a list of the basic electrical components that make

up the BUSINESS-PRO, along with the amount of power consumed by
each item.

Average Maximum
Nominal Qutput| Maximum Surge Tolerance | Peak-to-Peak
Voltage Current Current (Percent) Ripple
+5.1 Vdc (Reg) 25.0 Amperes +3, =2 50 millivolts
+12.0 Vdc (Reg) 7.5 Amperes | 10.8 Amperes +/-5 100 millivolts
-12.0 Vdc 0.8 Amperes +/- 8 100 millivolts

Table 3-1 Power Supply Nominal Output Voltages
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Table 3-2 Power Configuration Table

Power Consumed —-- Amperes (Typical)
Device : 5-volt 12-volt =-12-volt Power Slot
Main Logic Board 5.50 0.05 0.05 18.7
Fan 0.30 3.6
3 Megabyte RAM 1.50 7.5
Mouse 0.25 2.0
Keyboard 0.40 2.0
PC-AT CRT Controller 1.50 7.5 F1
TI CRT Controller 1.50 7.5 F2
Speech 1.50 0.20 0.10 11.1 F3
LAN 1.70 8.5 F4
Tape Controller 1.50 7.5 F6
Winchester Controller 1.00 5.0 H1
Floppy Controller 0.75 3.8 H2
TI Communication 0.31 0.05 0.05 2.8 H4
TI Communication 0.31 0.05 0.05 2.8 H5
Winchester Drive 1.00 1.50 23.0 P1/P2
Winchester Drive 1.00 1.50 23.0 P3/P4
Cartridge Tape 1.00 2.00 29.0 P5
Floppy Disk 0.50 1.00 14.5 P6
Totals 21.37 6.65 0.25 179.8

o e e e e o e e e e . . o e . e o . i e e e o e . S e e e e i e e b e S e . e, e, . . e S i B S, i, i e S e e . .
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Figure 3-1 Main Logic Board Power Connector

Table 3-3 Main Logic Board Power Connector Pinouts

Pin Wire
Number| Output | Color
1 +5 Vdc Red
2 +5 Vdc Red
3 +5 Vdc Red
5 +12 Vde | vellow
6 Ground Black
7 +5 Vdc Red
8 Ground | Black
9 Ground Black
10 Ground | Black
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Table 3-4
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Expansion Bus Board Power Connector

Expansion Bus Board Power Connector Pinouts

Pin Wire
Number| Output | Color
1 +12 Vdc | Yellow

3 +5 Vdc Red

4 Ground Black

S -12 Vdc | Green

6 +5 Vdc Red

7 Ground Black

3-4
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