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Quick Installation 

Installing the Board 

Step 1: Insert the Installation Disk into drive A. 

Step 2: Change to drive A and enter SURVEY. 

Step 3: If SURVEY detects a conflict, see the user's guide for instructions. If it doesn't, remove the 
diskette, turn your PC off, and install the SDB20 in your computer. Be sure to discharge any 
static electricity before touching the SDB2Q-ground yourself by touching the PC's power 
supply (usually a large silver or black box in the rear of the computer case). 

Remove the PC cover 

Step 4: Connect the VGA passthrough cable to your VGA board. Connect your monitor cable to your 
SDB20 and turn on your PC. 

Connect the VGA passthrough cable 

VGA passthrouah 
caDle 

Step 5: Insert the Installation Disk into drive A. 
Step 6: Change to drive A and enter TIGASET. 

Connect the monitor cable 

VGA passthrouah 
caDJe 

VGA board 

Monitor cable 

Step 7: Select the Installation TIGA option and follow the instructions on the screen. 



Quick Installation 

Installing the Windows Driver 

If a TIGA Windows driver is supplied with your Microsoft Windows package, install it using the 
standard Windows set up. If the TIGA Windows driver is not supplied, install the driver that came with 
the board by following the steps below. 

Step 1: Make sure the TIGA communications are running by rebooting your PC (if you had tigaset, 
edit your autoexec.bat file) or by running TIGAAUTO. 

Step 2: Change directories to your Windows directory and enter SETUP. 

Step 3: At the System Information screen, choose Display. 

Step 4: You are presented with a list of drivers. Go to the bottom of the list and choose Other. 

Step 5: EnteryourTIGAdirectory path followed by \win30 (i.e., <'!rJ:GA DJ:REC'fORY>\WJ:N30). The 
TIGA Windows driver is presented in 3 variations. Choose the appropriate driver for your 
system. 
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IMPORTANT NOTICE 

Texas Instruments (Tl) reserves the right to make changes to or to discontinue any semiconduc
tor product or service identified in this publication without notice. Tl advises its customers to ob
tain the latest version of the relevant information to verify, before placing orders, that the informa
tion being relied upon is current. 

Tl warrants performance of its semiconductor products to current specifications in accordance 
with Tl's standard warranty. Testing and other quality control techniques are utilized to the extent 
Tl deems necessary to support this warranty. Unless mandated by government requirements, 
specific testing of all parameters of each device is not necessarily performed. 

Tl assumes no liability for Tl applications assistance, customer product design, software per
formance, or infringement of patents or services described herein. Nor does Tl warrant or repre
sent that license, either express or impliea, is granted under any patent right, copyright, mask 
work right, or other intellectual property right of Tl covering or relating to any combination, ma
chine, or process in which such semiconductor products or services might be or are used. 

Texas Instruments products are not intended for use in life-support appliances, devices, or sys
tems. Use of a Tl product in such applications without the written consent of the appropriate Tl 
officer is prohibited. 

Copyright © 1991, Texas Instruments Incorporated 



BYTE ANNUAL PRODUCT AWARDS 

1989 

E\JTE 
AWARD 

• 
EXCELLENCE 

1his BYTE Award of Excellence 

ecognizes this product 

as one that bridges to 

the future and truly advances 
the state of the art. 

Gs{a 
Frederic S. Longo, E<Jtt~hief 

Byte editors chose TIGA as one of 1989's ten most technologically advanced products. The 
magazine concluded that TIGA is well on its way to becoming the standard for high-resolution 
graphics applications development. 
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Preface 

Read This First 

How to Use This Manual 

This document contains the following chapters: 

Chapter 1 Introduction 
Provides an overview of the key features for the TMS34020 Software Develop
ment Board (SDB20). 

Chapter 2 Installing SDB20 Hardware and Software 
Identifies hardware and software system requirements; provides step-by-step 
installation procedures. 

Chapter 3 Theory of Operation 
Gives a functional description of the SDB20. 

Appendix A Physical Specifications 
Provides detailed technical information about the SDB20. 

Appendix B Troubleshooting 
Outlines troubleshooting procedures; gives customer support information. 

Appendix C Schematics 
Contains the schematics for the SDB20. 

Appendix D Glossary 
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Related Documentation 

vi 

The following TMS34020 documents are available from Texas Instruments. 
To obtain a copy of any of these Tl documents, please call the Texas Instru
ments Customer Response Center (CRC) at (800) 336-5236, or if you are out
side of the U.S. and Canada, call (214) 995-6611. When ordering, please iden
tify the book by its title and its literature number. 

Q The TMS340 Family Code-Generation Tools User's Guide, literature 
number SPVU020, describes the C compiler, assembler, linker, archiver, 
and auxiliary tools that are available for developing TMS3401 O or 
TMS34020 code. 

Q The TMS340 Family C Source Debugger User's Guide, literature num
ber SPVU021, tells how to use the TMS340 Family C Source Debugger 
with the TMS34010 TIGA Development Board (TDB1 O), the TMS34020 
Software Development Board (SDB20), and the TMS34020 Emulator. 

Q The TMS340 Family Graphics Library User's Guide, literature number 
SPVU027, describes the graphics operations library that is available for 
a TMS340-based graphics system. 

Q The TIGA Interface User's Guide, literature number SPVU015, de
scribes the Texas Instruments Graphics Architecture (TIGA), a software 
interface that standardizes communication between application software 
and TMS340-based hardware for IBM-compatible PCs. 

Q The TMS34020 User's Guide, literature number SPVU019, describes the 
TMS34020, which is the second-generation graphics processor in the 
TMS340 family of computer video products. 

Q The TMS34082 SRAM Module Technical Reference, literature number 
SCGU002, describes the TMS34082 SAAM module, which extends the 
capabilities of the SDB20 by providing a platform for developing custom, 
floating-point routines that use external instructions. 

Q The TMS34082 Designer's Handbook, literature number SCGU004, dis
cusses the hardware aspects of the TMS34082, such as pin functions, ar
chitecture, stack operation, and interface. It also contains the TMS34082 
internal and external instructions sets. 

Q Pixel Perspectives, literature number SPVN05x, is a newsletter pub
lished by the Computer Video Products Group of Texas Instruments Incor
porated. It describes new products, discusses support for existing prod
ucts, and identifies new documentation releases. 
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Style and Symbol Conventions 

This document uses the following conventions. 

Q Program listings, program examples, interactive displays, filenames, and 
symbol names are shown in a special font. Some examples use a 
bold version to identify code, commands, or portions of an example 
that you enter. 

Here is an example of a system prompt and a command that you might en
ter: 

A: tigaset 

Q CTRUV, "V, and llcrRLll~ are synonymous and mean to press the key
board CTRL (CNTL on some keyboards) and the V keys together. 

Q <CR>, <RETURN>, <ENTER>, llENTERll' and 9 are synonymous and 
mean to press the keyboard ENTER or RETURN keys. 

Q <SP> and llsPAcEll are synonymous and mean to press the keyboard space 
bar. 

Q <ESC> and l~I are synonymous and mean to press the keyboard ESC 
key. 

Information About Cautions and Warnings 

This book contains cautions and warnings. The information in a caution or a 
warning is provided for your protection. Please read each caution and warning 
carefully. 

This is what a caution looks like. 
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Anvil 1000 and Anvil 5000 are trademarks of Manufacturing Consulting Services, Inc. 
AutoCAD Release 10, AutoShade, AutoSketch are registered trademarks of Autodesk, Inc. 
Bt478 is a trademark of Brooktree Corp. 
CADKEY 3 V3.5, CADKEY Render, Data CAD, and Data CAD Velocity are trademarks of 

CADKEY, INC. 
DesignCAD 2D and DesignCAD 3D are trademarks of American Small Business Computing. 
DGIS and GSS*CGI are trademarks of Graphic Software Systems, Inc. 
Drawbase is a trademark of CADworks, Incorporated. 
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Digital Research, Inc. 
Generic GADD is a trademark of Generic Software. 
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Panacea is a trademark of Panacea, Inc. 
RoboCAD 2.2 is a trademark of Robo Systems International, Inc. 
SDB20 and T/GA are trademarks of Texas Instruments Incorporated. 
Ventura Publisher/GEM is a registered trademark of Ventura Software, Inc. 
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Chapter 1 

Introduction 

The TMS34020 Software Development Board (SDB20) is a high-performance 
ISA bus-compatible graphics card that features the TMS34020 graphics pro
cessor. 

This software development tool is designed for developing application soft
ware that is compatible with the TMS34020 graphics processor. This module 
demonstrates the simplicity of designing hardware by using the TMS34020 to 
develop a high-performance bit-mapped graphics display. 

The SDB20 package includes the board, this manual, a high-density floppy 
disk containing demonstration and utility software, and the TMS340 Family C 
Source Debugger. 

Instructions for installation of the board and the demonstration software are 
contained in Section 2.2, Installing the SDB20. 

Note: TMS34020 Assembly Language Model 

It is assumed that persons using the SDB20 have a knowledge of the 
TMS34020 graphics processor assembly language. The instruction set is ex
plained in the TMS340 Family Code Generation Tools package and in the 
TMS34020 User's Guide. 

Topics covered in this introductory chapter include: 

Section Page 
1.1 An Overview of the SDB20 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-2 
1.2 TIGA Software Interface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-4 
1.3 The TMS34020 Graphics Processor . . . . . . . . . . . . . . . . . . . . . . . 1-5 
1.4 The TMS34082 Floating-Point Coprocessor . . . . . . . . . . . . . . . . . 1-6 
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An Overview of the SDB20 

1.1 An Overview of the SDB20 

1-2 

The TMS34020 SOB consists of a 32-bit TMS34020 graphics processor with 
the following features: 

[J A powerful 32-MHz TMS34020 graphics processor 

[J TIGA 2.05 compatibility 

[J An optional TMS34082 floating-point coprocessor 

[J An optional TMS34082 SRAM module 

[J A 32-bit local data bus 

[J Configurable PC bus transfer width (8- or 16-bit) 

[J Variable display resolutions: 

• 1024 H x 768 V noninterlaced 

• 640 H x 480 V noninterlaced 

[J Selectable screen resolution as follows: 

• 1024 x 768 pixels, 256 colors/gray levels 

• 1024 x 768 pixels, 16 colors/gray levels 

• 640 x 480 pixels, 256 colors/gray levels 

• 640 x 480 pixels, 16 colors/gray levels 

[J VGA passthrough 

[J 1 MByte zero wait-state video RAM (VRAM) 

[J 1 MByte zero wait-state dynamic RAM (DRAM) 

[J Supports TMS34020 emulation 

[J Supports selectable PC bus interrupts 

[J Software-configurable base address, extended 16 MByte range 

Figure 1-1 is a simplified block diagram that outlines the principle blocks and 
data paths within the SDB20. These are discussed in detail in Chapter 3, 
Theory of Operation. 
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Figure 1-1. Software Development Board Block Diagram 

VGA 
passthrough 

cable 

1MByte VRAM 
frame buffer 

1MByte DRAM 
program memory 

pixel 

data 

4-biVpixel 
and 

8-biVpixel 
shift 

registers 

TMS34020 

Host 
interface 

logic 

PCbu13 

An Overview of the 80820 

Bt478 
pixel 

DB9 
pixel data 

TMS34082 

1-3 



The TIGA Software Interface 

1.2 The TIGA Software Interface 

The Texas Instruments Graphics Architecture (TIGA) is a software interface 
standard for the TMS340 family of graphics processors. Figure 1-2 shows the 
relationship between the TMS340 and host processors. 

Figure 1-2. Graphics Processing Shared Between TMS340 and Host Processors 
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Host System SDB20 

graphics manager 

The TIGA software interface provides: 

Q A standard communication protocol between the host processor and the 
TMS340 processor. 

Q The ability to divide tasks between the TMS340 processor and the 80x86 
host so that the graphics-intensive functions can run in parallel, thus 
improving system efficiency. 

[J The ability to customize TIGA to take advantage of any added feature 
available on the target TMS340-based board. 

Q The ability to develop portable applications and application drivers for the 
diverse range of TMS340-based systems. 
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1.3 The TMS34020 Graphics Processor 

The TMS34020 is the second generation of the TMS340 family of graphics pro
cessors. It combines the best features of a general-purpose processor and a 
graphics controller. 

The instruction set for the TMS34020 provides a full complement of general
purpose instructions (e.g., jumps and calls) and supports pixel drawing, win
dow, and Boolean operations. The TMS34020 architecture supports a variety 
of pixel sizes, frame buffer sizes, and screen sizes. 

On-chip functions have been carefully selected so that no function ties the 
TMS34020 to a particular display resolution. This enhances the portability of 
graphics standards, such as MIT's X, CGl/CGM, PHIGS, and Microsoft's Win
dows and Presentation Manager. 
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1.4 The TMS34082 Graphics Floating-Point Processor 
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The TMS34082 Graphics Floating-Point Processor is designed to interface di
rectly with the TMS34020. This allows the TMS34020 to perform computation
intensive functions many times faster than a software implementation. 

The TMS34082 performs single- and double-precision floating-point opera
tions, conforming to the IEEE 754 standard. It also performs complex 2- and 
3-dimensional operations such as 3x3 convolution, 4x4 matrix, and cubic 
spline operations. 
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Chapter 2 

Installing SDB20 
Hardware and Software 

This chapter illustrates the installation requirements and procedure for using 
the SDB20. The SDB20 is a full-size printed circuit board that can be placed 
in either an 8- or 16-bit slot of a standard ISA bus. The board is software select
able for either 8- or 16-bit memory transfers; it is limited to 8-bit 1/0 transfers. 

The SDB20 can be used effectively in a single monitor system because of the 
onboard VGA passthrough feature, which allows interactive switching be
tween the high-resolution graphics generated by the TMS34020 and those 
generated by VGA. 

The topics discussed in this chapter include: 

Section Page 
2.1 System Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-2 
2.2 Installing the SDB20 .................................... 2-3 
2.3 Installing and Running TIGA Utilities ......................... 2-12 
2.4 Setting Up a Dual Monitor System ........................ 2-23 
2.5 Customize Monitor Timing ............................... 2-24 
2.6 TIGA Software Drivers ...................................... 2-28 
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System Requirements 

2.1 System Requirements 

2.1.1 Hardware and Software Requirements 

In addition to the items that were shipped with the SDB20, you will need the 
items listed in Table 2-1. 

Table 2-1. Hardware Requirements 

2.1.2 Cabling 
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Requirement Description 

SDB20 requirements Approximately 2 amps@ +5 V (10 watts) 

Host PC An IBM PC/AT, IBM PC/XT, or 100% compatible PC EISA 
system with a hard-disk system and a floppy-disk drive. 

Display Color (RGB) 

Slot One 8-bit or 16-bit slot 

Graphics card A VGA-compatible graphics display card. This card is 
needed only if you are using the VGA passthrough feature. 

Miscellaneous materials A small Phillips or flat-blade screwdriver, depending upon 
the type of screws used in your PC. 

Operating system MS-DOS or PC-DOS (version 3.0 or higher). 

The TMS34020 SDB20 provides a 089 video output connector (P4). Its pinout 
is shown in Section A.2, Video Output Connector Pinouts. Some monitors may 
require a 9-pin to 15-pin connector adapter. If so, see your PC operator's man
ual for video connector pinouts and see Section A.2, Video Output Connector 
Pinouts of this manual. 
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Installing the 80820 

2.2 Installing the SDB20 

This section contains all the information for installing the SDB20. The only tool 
required for installation is a Phillips or small flat-blade screwdriver for removing 
the PC cover, removing the slot mounting bracket, and installing the SDB20. 

The installation process consists of the following steps: 

Step 1: Determining your system configuration (subsection 2.2.1 ). 

Step 2: Preparing the SDB20 for installation (subsection 2.2.2). 

Step 3: SDB20 installation (subsection 2.2.3). 

2.2.1 Determining Your System Configuration 

The SDB20 can be installed in an 8-bit or 16-bit slot. Your choice should be 
based on the following considerations: 

1) If you have a 16-bit VGA or EGA board installed, install the SDB20 into 
16-bit slot. 

2) If you have an 8-bit VGA or EGA board installed, install the SDB20 into ei
ther an 8-bit or 16-bit slot. 

3) If you have a CGA or MDA board installed, install the SDB20 into either 
an 8-bit or 16-bit slot. 

Accompanying the SDB20 is a diskette labeled SDB20 Installation Diskette. 
On this diskette are two utility programs that you need for installing the SDB20. 

Q The first utility is named survey, it checks for conflicts between the SDB20 
110 address and interrupt settings and the other boards that are installed 
in your PC. 

Q The second utility is named tigaset. This utility has many uses; for the pur
poses of this installation, it installs the TIGA software and sets up the TIGA 
environment. 

Some peripheral hardware installed in your PC may conflict with the SDB20 
bus assignments. To avoid potential problems, do the following to survey your 
PC environment: 

Step 1: Insert the Installation Diskette into your floppy drive A. 

Step 2: Execute the survey program by entering A: survey ~ENTERI] 
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After a short pause, the utility displays a message similar to this: 

The default location for the 1/0 address is Ox230; the default setting for the in
terrupt is IRQ15. 

If there is a potential conflict, the message will indicate the steps that you must 
take to resolve the problem. See subsection 2.2.2.1, How to Reconfigure Your 
SDB20, for details. 

2.2.2 Preparing the SDB20 for Installation 

Once the PC environment is determined, be sure that the SDB20's SW1 1/0 
register and SW2 interrupt switches are set correctly to identify the following 
information: 

[J Switch SW1 identifies the 1/0 address space that the SDB20 will use for 
communicating with the PC. 

[J Switch SW2 identifies the interrupt that the SDB20 will use for host inter
rupt requests. 

2.2.2. 1 How to Reconfigure Your SDB20 
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Your SDB20 communicates with the host computer by means of 16 consecu
tive, 8-bit wide 1/0 address locations and a hardware interrupt. Your SDB20 is 
factory preconfigured to respond at address 230h and hardware interrupt 15. 

If these locations are occupied by another add-in peripheral, such as a local 
area network (LAN) card, an address conflict occurs because two hardware 
components cannot occupy the same address location. The survey utility de
tects potential conflicts and warns you that relocation is necessary. To resolve 
the conflict, relocate either your SDB20 or the offending hardware to a new lo
cation. 

Note: 

If you are reconfiguring an existing TIGA environment, go to subsection 
2.2.3, Procedures for Installing the SDB20 Into Your PC, on page 2-6,for in
structions on installing the SDB20. After installing the board, go to Section 
2.3, Installing and Running TIGA Setup Utilities, for instructions on running 
tigaset. Choose the Modify Existing TIGA Settings option, then 
choose the Update TIGA option. 
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The 1/0 address and host interrupt can be changed from the factory preset by 
setting SW1 and SW2 to an alternative location. The following steps show how 
this is done: 

Do not touch the $0820 before discharging any static electricity 
from your body. You could possibly damage 50820 circuitry. 
Ground yourself by touching the PC's power supply (usually a 
large silver or black box in the rear of the computer case). 

With the SDB20 board removed from your PC, locate the switch that you wish 
to change. The right side of each switch is labeled with an arrow: the arrow indi
cates the ON position. A switch in the ON position programs a O for that address 
bit. 

Table 2-2. SW1 110 Space Settings 

[J To reconfigure the address range from 230h to another ad
dress, set SW1 to an alternate address listed in Table 2-2. 

Addreess SW1-1 SW1-2 SW1-3 SW1-4 

0200 

0210 

0220 

0230 

0240 

0250 

0260 

0270 

0280 

0290 

02AO 

0280 

02CO 

0200 

02EO 

02FO 

ON ON ON ON 

OFF ON ON ON 

ON OFF ON ON 

OFF OFF ON ON default settings 

ON ON OFF ON 

OFF ON OFF ON 

ON OFF OFF ON 

OFF OFF OFF ON 

ON ON ON OFF 

OFF ON ON OFF 

ON OFF ON OFF 

OFF OFF ON OFF 

ON ON OFF OFF 

OFF ON OFF OFF 

ON OFF OFF OFF 

OFF OFF OFF OFF 

[J To reconfigure the host interrupt from I RQ15 to another inter
rupt location, set SW2 to an alternate location listed in Table 2-3. 
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Table 2-3. SW2 Interrupt Settings 

Switches Interrupt Line 

SW2-1 IRQ3 

SW2-2 IRQ5 

SW2-3 IRQ9 

SW2-4 IRQ10 

SW2-5 IRQ11 

SW2-6 IRQ12 

SW2-7 IRQ14 

2.2.3 Procedures for Installing the SDB20 Into Your PC 

To install the SDB20, do the following: 

Use 

available 

available 

available 

available 

available 

available 

reserved 

Step 1: Remove the cover from your PC by following the instructions con
tained in your PC's operator manual. Typically, this entails removing 
the screws from the back of your PC and sliding the cover off as 
shown in Figure 2-1. 
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Figure 2-1. Removing the PC Cover 

Step 2: Remove the mounting bracket from an unused 8-bit or 16-bit slot 
(see Figure 2-2) and save the screw for reinstallation. 

Q If you are using only one display monitor with your system, find 
an open slot. You may want to relocate the VGA board to a differ
ent bus slot to accommodate this configuration. 

Q If you are using two monitors on your system, one for the SDB20 
and the other for a primary display, refer to Section 2.4, Setting 
Up a Dual Monitor System. 
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Figure 2-2. Removing the PC Mounting Bracket 
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Step 3: Touch the PC's power supply case (usually a large silver or black box 
in the rear of the computer case) to discharge any static electricity 
on your body. 

Step 4: Remove the 80820 from its protective bag. 

Step 5: Install the 80820 in the selected slot (see Figure 2-3); press firmly 
and evenly on the top edge of the card so that it seats all the way into 
the slot connectors. 
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Figure 2-3. Installing the SDB20 

Do not force the SDB20 into the slot. Avoid touching any board 
component while installing the board. 

Step 6: Tighten down the mounting bracket with the screw saved in Step 2. 

Step 7: Connect a VGA passthrough cable to your feature connector as 
shown in Figure 2-4. 
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Figure 2-4. Connecting the VGA Passthrough Cable 

- VGAboard 

Note: 

Some monitors may require a 9-pin to 15-pin connector adapter. See your 
monitor specifications for video connector pinouts and see Section A.2, Vid
eo Connector Pinouts. 

Step 8: Connect the monitor cable to the 9-pin connector on the side of the 
SDB20 as shown in Figure 2-5. 

Figure 2-5. Connecting the 9-Pin Monitor Cable 
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VGA passthrough 
cable 
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Step 9: Replace the PC cover. 

Step 10: Write down your monitor's manufacturer and model number in the 
box below. The SDB20 setup utility requires this information. 

Manufacturer Model Number 

Step 11: Turn on power to the PC. 
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Utilities 

2.3 Installing and Running TIGA Setup Utilities 

2.3.1 Before Running tigaset 

The tigaset utility requires 450 kilobytes o.f free memory and 1 MByte of fixed 
disk space to run. Make sure that you have this amount of memory available, 
or 

1) TIGA will be configured incorrectly. 

2) The system will lock up. 

The tigasetutility writes data back to the installation diskette during the installa
tion process. To maintain the integrity of the original installation diskette, copy 
the installation diskette onto a formatted diskette that is not write-protected, 
and use the copy for installation. 

The screen diagrams contained in this user's guide are representative of the 
screens that you will see when using the tigaset utility. The exact information 
on the screen may vary, depending on the board model that you are using and 
its memory population. 

The installation diskette contains a file called read.me. It provides the latest in
formation about TIGA installation and operation. 

2.3.2 Installing TIGA Software 
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The SDB20 setup utility, tigaset, configures the SDB20 hardware and sets up 
the TIGA environment. Follow the simple instructions displayed on your screen 
and go through the following steps: 

Step 1: Insert the Installation Diskette into your floppy drive A. 

Step 2: Enter A: and press IJEER!I . 

Step 3: Enter tigaset and press llENTERll. 

This invokes the tigaset utility. It displays a menu similar to that shown in 
Figure 2-6. 

Note: 

If this is a first-time installation, you will see a subset of the options shown 
in Figure 2-6. 
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Figure 2-6. The T/GA Setup Utility Screen - Main Menu 

TIGA Setup Utility Revision x.xx 

Main Menu 

Reinstall TIGA 

TIGA Board Diagnostics 

Modify Existing TIGA Settings 

Exit to DOS 

TIGA Setup Utilities 

Position the cursor using the arrow keys, then press <ENTER> 
to select the highlighted option. 

Note: 
Pressing l@SI aborts the screen that you are working in and returns the main 
menu. 

An explanation of the main menu options follows: 

Q (Re) Ins tall TIGA presents a series of instructions and options for in
stalling TIGA. For a first-time installation, the screen shows Install 
TIGA. 

• Selects the host 1/0 base address setting. 

• Selects the host memory segment base address. 

• Selects the data transfer size: 8 bits or 16 bits. 

• Copy TIGA files into the TIGA directory. 

• Select TIGA system settings. 

Q TIGA Board Diagnostics provides you with a set of diagnostic tools 
to help you locate a suspected hardware failure. 

Q Modify Existing TIGA Settings allows you to: 

• Change TIGA system settings. 

• Update TIGA. 

Q Exit to DOS exits tigaset and returns to DOS. 
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Step 4: Use the arrow keys to select (Re) Install TIGA. 

The screen shown in Figure 2-7 prompts for the host 1/0 base address set by 
the SDB20's SW1. The highlight and check mark identify the current 1/0 base 
address: the factory preconfigured default is Ox2 3 o. See subsection 2.2.2.1, 
How to Reconfigure Your 80820, on page 2-4, for details about reconfiguring 
SW1. 

Figure 2-7. TIGA Installation Screen - Host 110 Base Address 
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Step 5: Do one of the following: 

Note: 

1) If you agree with the current selection, press~ . 

2) If you want to select another option, use the ll] or [Ill keys to 
make your selection and press~ . 

The TIGA Board NOT AT THIS ADDRESS message will appear if you 
attempt to select an 1/0 base address different from that where the SDB20 
is installed. Choose another address or use the address selected by tigaset. 

The screen shown in Figure 2-8 prompts for an SDB20 host memory seg
ment base address where all memory-access cycles will be directed. The 
highlight and check mark identify the current host memory base address: 
the default is DO o o to D7 FF. 
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Figure 2-8. TIGA Installation Screen - Host Memory Segment Base Address 

TIGA Board Installation 

Here are the HOST SEGMENT BASE ADDRESSes for the TIGA Board. 
The one highlighted was either used on a previous installation 

or it is a HOST memory area the program feels can be used. 

Select a Host Segment Base Address 

C800 to CFFF 
DODO to D7FF 
D800 to DFFF 
EOOO to E7FF 
E800 to EFFF 

<ESC> Previous Scree~ <ENTER> Select 

Step 6: Do one of the following: 

1) If you agree with the current selection, press 9 . 
2) If you want to select another option, use them or [I] key to 

make your selection and press 9 . 

VGA BIOS Is typically located at COOO-C7FF, and some PCs 
load shadow RAM at EOOO-EFFF. To avoid address conflict, 
determine your system's available addresses prior to select
ing a different host memory segment address. 

The screen shown in Figure 2-9 prompts for a data transfer width: 8-bit or 
16-bit. The highlight and check mark identify the current data transfer size. 
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Figure 2-9. TIGA Installation Screen - Data Transfer Size 
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Step 7: Do one of the following: 

Note: 

Q If the SDB20 is installed in an 8-bit slot, press~ . This will allow 
8-bit transfers only. 

Q If the SDB20 is installed in a 16-bit slot, select either 8 or 16 and 
press ~ . This allows either an 8-bit or a 16-bit transfer, 
respectively. 

For proper operation, the transfer size selected for the SDB20 must be the 
same size as that of the system's EGA/VGA card, as well as any other 
memory-mapped device sharing the same 128K host memory page. 

The screen shown in Figure 2-1 O prompts for a directory where the TIGA soft
ware should be installed. 
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Figure 2-10. TIGA Installation Screen - Default Directory 

TIGA INSTALLATION 

TIGASET is ready to create the following directory 
in which to install TIGA 

C:\TIGA 

If you wish to install TIGA in a different location, 
use the <BACKSPACE> key to erase the name shown 
above and type in the complete path name of the 

drive and where want to store TIGA. 
When you have the information, 

press <ENTER>. 

<ESC> Previous Screen <ENTER> Select 

It you wish to install TIGA in a different location, follow the instructions on the 
screen to change the destination. 

Step 8: Press~ it you agree with the default location c: \ TIGA. 

The software now asks for permission to append your AUTOEXEC.BATtile. 
NO TAG shows your choices. 

Figure 2-11. TIGA Installation Screen-TIGA Environment 

TIGA INSTALLATION 

The following commands must be run to set up the TIGA environment. 

They are normally installed into the AUTOEXEC.BAT file. 

PATH C: \ TIGA; %P.ATH% 
SET TIGA=-mC:\TIGA -lC:\TIGA -i0x60 
TIGACD 

Where should this information be 

C:\TIGA\TIGAAUTO.BAT 

C: \AUTOEXEC. BAT 

placed? 

<ESC> Previous Screen <ENTER> Select 

These instructions execute a series of commands to your PC when you power 
up or reboot your system. 
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If you decide not to modify your AUTOEXEC.BATfile, tigasetwill place these 
commands into a file called tigaauto.bat, which is located in your TIGA 
directory. You must manually input these lines into your AUTOEXEC.BATtile 
after the installation is completed. 

Next, tigasetasks whether you are using a single monitor or dual monitor setup 
(Figure 2-12). 

Figure 2-12. TIGA Installation Screen - Monitor Configuration 
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TIGA ln.stallation 

Monitor Configuration Selection .. 

Install.as Single Monitor system 
.. Install as Qual Monitor system 

··t:::::===:::::::::::::::::=::=::::=:::::::::=======::;:::::=::::=::==~ 

<ESC> " 

If you have separate monitors attached to the VGA and the TIGA board and 
you do not want VGA passthrough images to show on your secondary monitor, 
select the dual monitor option. Otherwise, choose the single monitor option. 

Note: 

The VGA passthrough cable must be connected between your VGA and the 
TIGA board if you are using a single monitor. 

Step 9: Use the arrow keys and press~ to select one of the following op
tions: 

Q Install as Single Monitor system - if you do want 
VGA passthrough images to show on your Tl GA board's monitor. 

Q Install as Dual Monitor system - if you are using 
separate monitors attached to your VGA and the TIGA board, 
and you do not want VGA passthrough images to show on your 
TIGA board's monitor. 

You will be presented with a list of monitors (Figure 2-13). 
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Figure 2-13. 

Figure 2-14. 

and Running TIGA Setup Utilities 

T/GA Installation Screen - Defined Monitors 

TIGA Installation 

Defined Monitors 

Mitsubishi Diamond Scan HL6605 
SONY Multiscan CPD-1304 

NEC Multisync JC-1401 
NEC Multisync Plus JC-1501 

NEC Multisync 3D JC-1404 
NEC Multisync 4D JC-1601 
NEC Multisync SD JC-2002 

<ESC> Previous Screen <ENTER> Select 

Step 10: Select the model number of the monitor that you are using. If the 
monitor you are using is not on this list, press~ to accept the default 
selection. 

Note: 

See Section 2.5, Customizing Monitor Timing, for instructions on how to cus
tomize your monitor timing. 

T/GA Installation Screen - Determining the Monitor Color 

TIGAlnstallation 

The insta.lla.tion •program. i. s .. designed to displ<1 .. Y $evera····· I.· Colors 
when run on a .COLOR. MONITORNGAsystem. 

,,.- ' , 

If you are running on a COLOR monitor and can only see TWO colors 
(for example, BLACK and WHITE) 

select the response YES. 
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Figure 2-15. 

Utilities 

Some VGA boards require that the monitor be connected to the VGA board at 
boot-up. If the monitor is not connected, the system may boot the VGA in the 
monochrome mode. This problem may occur in single monitor systems. 
Step 11 and Step 12 help you to determine whether this condition exists and 
provide a suggested remedy. 

Step 11: Use the arrow keys and press 9 to select one of the following op
tions: 

CJ YES - if the screen in Figure 2-15 is monochrome and you are 
expecting the screen to be in color. 

[J NO- if you are working on a monochrome system or your screen 
is already in color. 

TIGA Installation Screen - Correcting the Monochrome Display Problem 

TIGA Installation 

Your monito.r .is displaying monochrome.when it shoulcj be displayin~ color. 

The program VGARESET within the TIGA directory may fix this. 

D.o you want this added to your AUTOEXEC.BAT? 

Edit AUTOEXEC.BAT and add call to VGARESET? 

YES 
NO 

NOTE: If NO is selected, the monitor will display MONOCH.ROME. 

<ESC> = Previous-Scteeti <BNTE~> Select 

Step 12: Select one of the following to remedy the monochrome display prob
lem: 

[J YES - adds the VGARESETline to your AUTOEXEC.BATfile. 

CJ NO - means that you will have to execute VGARESETto return 
your VGA to the color mode each time that you reboot your PC. 

The tigaset utility presents you with a review menu. 

[J If you need to change any setting, return to the main menu and make your 
change. 

CJ If not, select use Settings and proceed to the screen shown in 
Figure 2-16. 
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This screen displays the number of colors, display pages, and resolutions sup
ported by the TIGA board. A check mark identifies the current display mode. 
You can also access this screen from the DOS command line by entering ti
gamode at the prompt, and pressing 9 . 

Figure 2-16. Typical Change TIGA Display Mode Screen 

TIGA MODE UTILITY version x.x, Copyright (©)1990Texaslnstruments,lnc 

Available video modes: 15, Default Mode: 1024x768, 256 colors, 1 Page 

Resolution Colors Pages Pixel Size Type 

v 1024x768 256 1 8 Palette 
1024x768 16 1 4 Palette 
640 x480 256 1 8 Palette 
640 x480 16 1 4 Palette 
1024x768 16 2 4 Palette 
640 x480 256 2 8 Palette 
640 x480 16 2 4 Palette 

< t >, < .!- >"'Move Highlight < ESC =Quit Display < ENTER >= Select Mode 

Step 13: Do one of the following: 

[J Use the arrow keys to select the desired display mode; press 
9. 

[J If you are uncertain of the display mode, press 9 to accept the 
current selection identified by the check mark. 

The tigaset utility presents you with the SDB20 information screen 
(Figure 2-17). It lists configuration parameters: processor type, memory popu
lation, 1/0 address, and hardware interrupt. 
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Figure 2-17. TIGA Information Screen for the SDB20 
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Step 14: Press~, which returns the main menu. 

This completes TIGA installation for the SDB20. 

Step 15: Do one the following before exiting the system: 

1) If you directed tigasetto modify your AUTOEXEC.BATfile, re
move the SDB20 installation diskette and press II cTRLl!IWTil!loELmll 
simultaneously to reboot your system. 

2) If you chose to manually append your AUTOEXEC.BATfile, se
lect Exit to DOS. You will have to manually append the con
tents of TIGAAUTO.BATto your AUTOEXEC.BAT, then press 
ltcTRLl!IW!J!lloELmll simultaneously to reboot your system. 

This concludes TIGA installation for the SDB20. 
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~m 

2.4 Setting Up a Dual Monitor System 

You can use separate EGA or VGA monitors with the SDB20; a VGA monitor 
is preferred. In dual monitor systems, applications interact with DOS on the pri
mary monitor; high-resolution graphics applications run on the secondary 
monitor. 

Do the following to set up your system for dual monitor usage: 

Step 1: Remove the cover from your PC by following the instructions con
tained in your PC's operator manual. 

Step 2: Locate an unused 8-bit or 16-bit bus slot. 

Step 3: Install the SDB20 by executing Step 3 and Step 4 of subsection 
2.2.3, Procedures for Installing the SDB20 into Your PC. 

If you want VGA passthrough on the secondary monitor, install the VGA 
passthrough cable between the SDB20 and your VGA card. 

Step 4: Connect the 15-pin monitor cables as follows: 

[J Connect the primary monitor cable to your primary EGA or 
VGA graphics display card connector. 

[J Connect the secondary monitor cable to the SDB20. 

Step 5: Replace the PC cover. 

Step 6: Write down your monitor's manufacturer and model number in the 
box below. The SDB20 setup utility may require this information. 

Manufacturer Model Number 

Step 7: Turn on power to the PC. 

Step 8: Run the tigaset utility by following the instructions in Section 2.3, In
stalling and Running TIGA Setup Utilities. 

Note: 

Remember that when the setup utility asks for monitor information, it is refer
ring to the monitor connected to the SDB20 . 

The tigasetsoftware will ask if you are using a single or dual monitor system. 

[J Selecting DUAL MONITOR leaves the previous TIGA image on the sec
ondary monitor when you exit from TIGA applications. 

[J Selecting SINGLE MONITOR returns the VGA display to both your primary 
and secondary monitor. 
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2.5 Customizing Monitor Timing 

After initial installation, you may decide to use a different monitor than the one 
configured when you installed your SDB20, or you may decide to use a monitor 
that is not listed. Whatever the reason, if it should be necessary to reconfigure 
the monitor timing, use the tigasetutilities to customize the timing for your mon
itor. 

Typically, a monitor supports a set of horizontal and vertical timings for each 
standard resolution. The timing values are usually given as a frequency range 
rather than as a single frequency value. 

A video image consists of successive frames. Each frame contains a large 
number of lines. 

CJ The rate at which each line is presented to the screen is called horizontal 
frequencies. 

CJ The rate at which the frames are presented is called the vertical frequen
cy. 

[J Sync widths, and back porch timing allow the monitor to synchronize 
with the SDB20's video output. 

Figure 2-18 shows a typical video timing diagram. 

Figure 2-18. Typical Video Timing Diagram 
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Complete these steps to customize the timing for your monitor. 

Step 1: Check the timing specifications for your monitor in its operator manu
al, and record them in the blanks provided below. 

Required Information Value 

Horizontal frequency (in kHz) 

Horizontal sync width (in µs) 

Horizontal back porch (in µs) 

Vertical frequency (in Hz) 

Vertical sync width (in ms) 

Vertical back porch (in ms) 

Step 2: Insert the Installation Diskette into your floppy drive A. 

Step 3: Enter A: and press !IENTERll . 

Step 4: Enter tigaset and pressllENTERll. This invokes the tigasetutility and 
displays the menu. 

Step 5: Select Modify Existing TIGA Settings. 

Step 6: Select Change Monitor. 

The Change Monitor screen (see Figure 2-12 on page 2-18) displays and 
asks whether you are using a single monitor or dual monitor setup: choose ei
ther the single monitor or dual monitor system installation. 

You are now presented with a list of monitors (see Figure 2-13 on page 2-19). 

Step 7: Using the arrow keys, move the highlight and select user 
Defined, which is at the end of the list. 

The screen shown in Figure 2-19 appears, supplying the default values for 
each entry that tigaset expects. The current resolution appears at the top of 
the screen. 
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Figure 2-19. Typical Change Monitor Option Window 
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A description of each key function follows: 

[J [§]allows you to check monitor alignment by toggling between your TIGA 
display and the VGA display. The TIGA display is a full-page border with 
a cross hair at the center. By using[§] , you can check your entries and see 
their effect on the alignment. 

l:J [fil toggles between the 640 x 480 and 1024 x 768 resolutions. Use [fil 
to move to the next resolution after adjusting the timings for the current res
olution. 

[J [ru resets the present resolution to default values. 

[J ~ saves the customized monitor timings and proceeds to the Change 

TIGA Display Mode screen. 

[J !IEscll aborts monitor customization and returns to the main menu. 

[J m increments the value highlighted. 

[J ~ decrements the value highlighted. 

[J W moves the highlight up. 

[J W moves the highlight down. 
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You can modify these values and customize them to meet your monitor's char
acteristics by doing the following: 

Step 8: Use the arrow keys to position the highlight at the entry that you want 
to modify; enter the new value. 

Note: 

If your monitor operator's manual does not list all the required information, 
use the default values given on the screen. However, the more information 
that you provide, the better the result that tigasetwill produce. 

tigaset assumes that all 1024 x 768 displays with a horizontal fre
quency above 40 kHz are noninterlaced monitors. 

CJ Some monitors support both interlaced and noninterlaced 
timings - in these cases, enter the values for noninterlaced 
timing. 

CJ Some monitors can support only one set of video timing. For ex
ample, if your monitor does not support 640 x 480 displays, 
change all values under 640 x 480 to zero. 

As you move from one display resolution to another, a different set 
of timing values appear. 

Step 9: Repeat Step 8 for all resolutions. 

Step 10: When you are satisfied with your selection, press~ to save your 
customized values. 

Step 11: Perform Step 11 through Step 15 beginning on page 2-20. 

Note: 

To modify an existing set of monitor timings, the executable function 
MTV.EXE can be run from the TIGA directory as <TIGA directory> \MTU 
[monitor filename]. The screen shown in Figure 2-19 on page 2-26 
appears. Run MTV.EXE, by performing Step 7 through Step 10, beginning 
on page 2-25. 

Step 12: Rerun tigaset and select the altered monitor file. 

Step 13: Allow tigasetto update itself; then reload TIGACD. 
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2.6 TIGA Software Drivers 

The SDB20 uses TIGA software to provide compatibility with many applica
tions. A TIGA Windows driver is supplied with the SDB20.This driver allows 
Windows users to realize the benefits of the TMS34020 graphics processor. 

2.6.1 TIGA Video Drivers 

Table 2-4 lists the applications that work through TIGA and subsequently run 
on the SDB20. It also provides instructions for obtaining the drivers. 

Table 2-4. TIGA Video Drivers 

Application Where to Obtain Your TIGA Driver 

Anvil 1000/5000 Ships with the application 

AutoCAD Call Panacea at (603) 437-5022 

AutoShade/ AutoSketch Call Panacea at (603) 437-5022 

CADKEYV3.5 Ships with the application 

CADKEY Render Ships with the application 

DataCAD Ships with the application 

DataCAD Velocity Ships with the application 

DesignCAD 2D & 3D Call (918) 825-4844 

Drawbase Ships with the application 

GEM Artline Call (800) 443-4200 

GEM Presentation Team Call (800) 443-4200 

Digital Research Draw Plus Call (800) 443-4200 

Generic GADD Contact your Generic GADD dealer 

GSPOT I, II, Ill (TIGA debugger) Ships with the application 

HALOV3.0 Ships with the application 

HOOPS Ships with the application 

MasterCAM Contact your MasterCAM dealer 

Microstation V3.3 Ships with the application 

Microsoft Windows Ships with the SDB20 

OrCAD/SDT Ill, PCB II, VST Ships with the application 

Personal Designer 4.1 Ships with the application 

Point Line GADD Ships with the application 

RoboCAD2.0 Ships with the application 

Ventura Publisher/GEM Works with the GEM TIGA driver 

X-Windows Server Ships with the application 

Xoftware TIGA Ships with the application 
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2.6.2 Installing the TIGA Windows Driver 

Whether you are installing Windows for the first time or upgrading your VGA 
to the SDB20, install the TIGA Windows driver as outlined in the following para
graphs. However, if a TIGA Windows driver is provided with your Microsoft 
Windows software, install the driver by using the typical Windows installation 
procedure. In this case, do not install the TIGA Windows driver provided with 
your TIGA board. 

Before proceeding further, make sure that TIGA communications have begun. 
When the tigaset installation utility was running, you chose between having 
tigasetalter your AUTOEXEC.BATfile or having it create a file called TIGAAU
TO.BAT. 

Q If you chose to have your AUTOEXEC.BATfile edited and you rebooted 
your PC after installation was complete, the communications are working. 

Q If you chose to create the TIGAAUTO.BATfile, execute the file from your 
TIGA directory by entering TIGAAUTO and pressing 9 . 

Step 1: At the prompt, change directories to your \windows directory. 

You cannot install the TIGA Windows driver from within Windows. 
Exit Windows and use the DOS command line to execute the Win
dows setup utility. 

Step 2: Enter SETUP and press E] to execute the Windows setup. You are 
eventually presented with the Windows Setup screen shown in 
Figure 2-20. 
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Figure 2-20. Windows Setup Screen 
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Step 3: Position the highlight on Display: and press~ . You are pres
ented with a list of drivers as shown in Figure 2-21. 
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Figure 2-21. Windows Setup Screen - Display 

Windows Setup 

You have asked to change the type of Display to be installed. 
Select a Display from the following list: 

8514/a 
CGA 
Compaq Portable Plasma 
EGA 
Hercules Monochrome 
Olivetti/AT&T Monochrome or PVC Display 

(To see more of the list, press the <J.> arrow key) 

Press the UP or DOWN ARROW to move the highlight to 
the item you want to select. Then press ENTER. 

If you want to return to the System Information screen 
without changing your Display type, press .ESC. 

ENTER =Continue F1 = Help F3 =Exit ESC =Cancel 

Step 4: At the end of the screen, position the highlight on the OTHER option 
and press~. 

Windows will prompt you for a directory where the new TIGA Windows driver 
is located (see Figure 2-22). 
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Figure 2-22. Windows Setup Screen-Display Driver 
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Windows. Setup 

provide.d by driver 
files on disk can be fo.und 

to the files ·in the 

A:\ 

ENTER = Continue F1 = Help F3 = Exit ESC = Cancel 

Step 5: Use lisAcKsPAcEll to erase the A:\ prompt. 

Step 6: Enter <TIGA directory>\WIN30 and press 9 . 
<tiga directory> is the pathname where TIGA was installed in 
Step 8 on page 2-17. 

The TIGA Windows driver presents three variations. 

Step 7: Choose the appropriate driver for your current TIGA display mode 
and press 9 . Follow the instructions until Windows returns to the 
SYSTEM INFORMATION screen. 

Note: 

You may see only one option of the TIGA Windows driver, depending upon 
future revisions of the TIGA Windows driver. 

Step 8: Press 9 to exit SETUP. 

This completes the TIGA Window driver installation. 
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Chapter 3 

This chapter provides a detailed description of the SDB20's hardware design. 
It should be used as a technical reference by hardware developers who design 
TMS34020-based video adapters. Also, the programmable logic array ABEL 
source file equations shown in this chapter are revision level B. 

Topics discussed include: 

Section Page 
3.1 Host Interface .............................................. 3-2 
3.2 The Frame Buffer/Program Memory Interface . . . . . . . . . . . . . . . . 3-45 
3.3 The TMS34082 Floating-Point Coprocessor . . . . . . . . . . . . . . . . . 3-53 
3.4 Backend Section . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-58 
3.5 The TMS34020-to-XDS500 Interface . . . . . . . . . . . . . . . . . . . . . . . . 3-62 
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3.1 Host Interface 

This section describes the hardware interface between the host ISA standard 
PC bus and the SDB20. Figure 3-1 shows the layout of the SDB20. 

The SDB20 installs in either an 8-bit or 16-bit slot. It is software selectable for 
either 8-bit or 16-bit memory transfers; it is limited to 8-bit 1/0 memory trans
fers. 

3.1.1 Host 1/0 Decoding 

3-2 

Host 1/0 mapping of the SDB20 is done through the SDB20's switchbank SIP 
(SW1 ). The available range for the SDB20 is 200h-2FOh. For more 
information, see subsection 2.2.2.1, How to Reconfigure Your SDB20. 

Once an address has been selected, the SN74F85 4-bit 1/0 address 
comparator (U12) compares the host-supplied 1/0 local address LOCADD[ 4:7] 
to the SW1 switch settings. Upon receipt of a valid 1/0 address, its IOSEL 
output is brought high. 

Note: 

IOSEL is actually an active-high signal. 

The SELECT PAL (U40) uses IOSEL and 1/0 local address bits LOCADD[8:9], 
along with a host-initiated 1/0 read (IOR) or 1/0 write (IOW), to decode a valid 
SDB20 1/0 address. The LOCADD[8:9] bits must be 0 and 1, respectively, 
forcing the SDB20 into the 2xxh 1/0 address range. 

The SELECT PAL (U40) outputs the IOENB signal when a valid SDB20 1/0 ad
dress has been asserted. This signal is used to enable several other 1/0-re
lated SDB20 functions, such as the MAPEN (U27), GSPHST (U26), and HBS 
(U28) PALs. 
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3.1.2 SDB20 Host Communication Registers 

The host PC communicates with the TMS34020 device by means of seven 
8-bit 1/0 registers that reside within .the host PC 1/0 space and one 8-bit register 
that resides within the TMS34020 memory space. The registers are: 

1::1 The BASEP base pointer register (see subsection 3.1.2.1 ), 

1::1 The HINTF host interface control register (see subsection 3.1.2.2), 

1::1 The MAPAL mapping register A (LSByte) (see subsection 3.1.2.3), 

1::1 The MAPAM mapping register A (MSByte) (see subsection 3.1.2.3), 

1::1 The MAPBL mapping register B (LSByte) (see subsection 3.1.2.3), 

1::1 The MAPBM mapping register B (MSByte) (see subsection 3.1.2.3), 

1::1 The SDBST SDB status register (see subsection 3.1.2.4), and 

1::1 The HSREG hardware space control register resides in the local-memory 
space of the TMS34020 (see subsection 3.1.2.5). 

Table 3-1 shows the communication registers of the SDB20 and theirfunction
ality. Table 3-2 shows the memory mapping for each. 

Table 3-1. The SDB20 Communication Registers 

Register I Function Register I Function 

SDB20 VO Space Registers 

BASEP Base pointer MAP BL Mapping register B (LSB) 

HINTF Host interface control MAPBM Mapping register B (MSB) 

MA PAL Mapping register A (LSB) SDBST SOB status 

MA PAM Mapping register A (MSB) 

TMS34020 Memory Space Register 

HSREG I Hardware space control 
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Table 3-2. SDB20 Communication Register Memory Map 

PC Bus 110 Space 

Address Description Access 

02PO Mapping register A, LSB (MAPAL) R/W: 8 

02P1 Mapping register A, MSB (MAPAM) R/W:8 

02P2 Mapping register B, LSB (MAPBL) R/W: 8 

02P3 Mapping register B, MSB (MAPBM) R/W: 8 

02P4 Reserved 

02P5 SDB status (SDBST) R:8 

02P6 Base page pointer (BASEP) R/W: 8 

02P7 Host interface control register (HINTF) R/W: 8 

02P8 Reserved 

02P9 

02PA 

02PB 

02PC 

02PD 

02PE 

02PF 

TMS34020 Local Memory Space 

EOOOOOOO I Hardware space control register (HSREG) W : 8 

3. 1.2. 1 The Base Pointer Register (BASEP), U6 

The base pointer register is an SN? 4ALS996 device that maps the SDB20 into 
a software selectable 64K-byte memory segment of the PC as follows: 

[J When placed into a 16-bit slot, BASEP selects a 64K-byte memory seg
ment of the PC's 16-MByte memory map. 

[J When placed into an 8-bit slot, BASEP selects a 64K-byte memory seg-
ment of the PC's 1-MByte memory map. 

When the SDB20 is installed in an 8-bit slot, the upper four bits of the PC's ad
dress bus (PCADD[20:23]) are not present. In their absence, the SDB20 pulls 
these bits high. 

Note: 

The PC address bus PCADD[0:23] is buffered by the host address latch 
(U54, U64, and U59), which generates the local address bus LOCADD[0:23]. 
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This allows the SN? 4ALS521 base address comparator ( U39) to correctly se
lect the SDB20 when bits 0-3 of the programmed BASEP register compare to 
the received values of the PC's host address, PCADD[16: 19]. This means that 
the MSBs of the BASEP register must be programmed with logical 1 s. 

3. 1.2.2 The Host interface Control Register (HINTF), U7 

The HINTF register is an SN74ALS996 device that describes how the SDB20 
responds to PC bus cycles. Bits 1-3 are reserved for future use and should be 
written with zeros to maintain compatibility with future versions of the SDB20. 
Figure 3-2 shows bit assignments. 

Figure 3-2. The HINTF Register 
7 6 5 4 3 0 
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SDBENB 16BITEN SHADIS HRST BASE32K 

An explanation of the HINTF register's bit assignments follow: 

Q BASE32K (bit 0) is considered to be an extension of the BASEP register. 

• If BASE32K = 0 (the default on power up and reset), it selects the low
er 32Kbyte block of the selected 64K-byte segment. 

• If BASE32K = 1, it selects the upper 32K-byte block of the selected 
64K-byte segment. 

The SELECT PAL (U40) uses this signal to compare the value of 
BASE32K to the PC host address bit ( PCADD[15]). 

Q Reserved (bits 1-3). 

Q HRST (bit 4) is the host reset bit. 

• When HRST = 0 (the default on power-up and reset), the host reset is 
disabled. 

• When HRST = 1, the TMS34020 and the optional TMS34082 (when 
installed) are reset. Also, the HS REG and HINTF registers are reset to 
their default values. 

The HRST signal is also known as the HRS signal. The RESET PAL (U15) 
uses the HRST signal to generate the LRESET signal, which is the 
SDB20's local reset signal. For more information, see subsection 3.1.10, 
Resetting the SDB20. 

Q SHADIS (bit 5) is the shadow palette access disable bit. 

• When SHADIS=O (the default on power-up and reset), the SDB20 du
plicates writes to the VGA palette and copies these to the SDB20 pal
ette. 

• When SHADIS=1, the SDB20's host control logic disables SHADOW 
palette accesses. 
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The SHADIS bit relates to the SHADENB signal on the SDB20 schematic 
set (see Appendix C). This signal is used by the MISC PAL (U8), along with 
the SHADOW signal generated by the SHADOW PAL (U25), to generate 
the shadow active flag SHADOK signal. The SELECT device (U40) uses 
SHADOK to generate the PALDIR palette direct access enable signal. 

[J 16BITEN (bit 6) is the 16-bit transfer enable for host's tranfers to the 
TMS34020's local memory. 

• When 16BITEN=O (The default on power-up and reset), the SDB20 
permits only 8-bit host accesses to the TMS34020's local memory. 

• When 16BITEN=1, the SDB20 permits either 8-bit or 16-bit host ac
cesses to TMS34020 local memory. 

The GSPHST PAL (U26) uses the 16BITEN signal and the 16BSEL signal 
from the 16-bit transfer comparator (U30) to generate the active-low 
16BTTR signal. This signal is buffered as M 16 and is sent to the PC's 16-bit 
memory chip-select (MEMCS16) to indicate to the host that the SDB20 is 
capable of supporting 16-bit transfers. 

The HBS PAL (U28) also uses 16BTTR as part of the decode for the host 
byte strobes HBS[0:3] and the byte selects (BYTSEL[0:3]) for the 
SN74ALS652 external data transceivers (U41,U42,U69,U70) host write 
and read cycles, respectively. 

[J SDBENB (bit 7) is the SDB20 enable bit. 

• When SDBENB=O (the default on power-up and reset), the SDB20 
cannot respond to any host memory accesses. 

• When SDBENB=1, the SDB20 can respond to host memory ac
cesses. 

The SELECT PAL (U40) uses the SDBENB bit, as well as a valid 
SHADOW VGA cycle or memory cycle, to generate the HCS host chip 
select signal. The HCS signal is used: 

• To select the TMS34020. 

• By the GSPHST PAL (U26) to generate the host read (HREAD) and 
host write (HWRITE) signals to initiate host read/write cycles. 

• By the HBS PAL (U28) to enable the byte selects (BYTSEL[0:3]). 

The SDBENB signal is inverted by the HAND PAL (U14) to generate the 
16XF signal. This signal enables the SN7 4ALS521 16-bit transfer compa
rator (U30). 
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3.1.2.3 The MAPAL, MAPAM, MAPBL, and MAPBM Mapping Registers, U2-U4 

The SDB20 has two sets of 15-bit 1/0 address mapping registers: 

Q An 8-bit MAPAM (U4) or MAPBM (U2) mapping register, and 

Q A 7-bit MAPAL (U5) MAPBL (U3) mapping register. 

The MAP A and MAP B register sets are SN? 4ALS996 read-back latches that 
are used as pointers to 16K-byte sections of TMS34020 memory space. The 
memory locations pointed to by these registers can be contiguous, noncontigu
ous, or overlapping. 

The GSPHST PAL (U26) decodes PCADD[14] of the PC's address bus and 
determines which set of mapping registers (MAP A or MAP B) will be selected. 
This implies that 

Q When PCADD[14] is cleared, the lower 16K-byte of the 32K-byte block of 
host memory is selected, which corresponds to the MAP A register set. 

Q When PCADD[14] is set, the upper 16K-bytes of the 32K-byte block of host 
memory is selected, which corresponds to the MAP B register set. 

For more information, refer to subsection 3.1.3, Address Conversion Princi
ples. 

Table 3-3 shows how the mapping registers are constructed. 

Table 3-3. The MAPA and MAPB Mapping Registers 
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Bits 7 6 5 4 3 2 1 0 

MA PAL add6 add5 add4 add3 add2 add1 addO x 
MAPAM add14 add13 add12 add11 add10 add9 ad dB add7 

MAP BL add6 add5 add4 add3 add2 add1 addO x 
MAP BM add14 add13 add12 add11 add10 add9 addB add? 

Notes: These registers are undefined at power-up. 

The GSPHST PAL (U 26) generates the OE MAPA and the OEMAPB mapping 
register output enable signals. The OEMAPA signal is asserted when 
PCADD[14] is cleared. Similarly, the OEMAPB signal is asserted when 
PCADD[14] is set. These signals are used by the MAP A and MAP B mapping 
register sets. 

During a host access cycle, the value programmed in the selected mapping 
register set (MAP A or MAP B) is placed onto the host address bus HA[17:31] 
of the TMS34020. The MSB of the mapping register set is connected to HA[31] 
and the LSB to HA[17]. 
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3. 1.2.4 The Status Register (SDBST), U29 

The SDBST register is enabled by the HSRBK signal, which is generated by 
the MAPEN PAL (U27). The MAPEN PAL decodes the four LSBs of the PC's 
1/0 address. 

The SDB20 status register is a SN? 4ALS240 device that provides a read-back 
of: 

Q The contents of the HSREG register's four LSBs, and 

Q The current state of the TMS34020's HINT host interrupt pin. The status 
of the host interrupt pin is used to improve the performance of polled-inter
rupt systems. When HINT =1, the TMS34020 has asserted its host inter
rupt pin. 

The SDBST register is a read-only register; do not write to it. 

Figure 3-3 shows the SDBST register's bit assignments, and Table 3-4 de
scribes its bit fields. 

Figure 3-3. The SDB20 Status Register 

7 6 5 4 3 2 0 

HINT 0 0 0 VGA RATE 4BIT 8BIT 

Table 3-4. SDBST Bit Field Descriptions 

Bit Field Description Defaults 

HINT A logic 1 denotes that the TMS34020 has asserted its host 0 
interrupt pin. 

VGA A logic 1 denotes that the VGA mode is active. 1 

RATE A logic 1 denotes the 640 x 480 resolution mode. 1 
A logic 0 denotes the 1024 x 768 resolution mode. 

4BIT A logic 1 denotes the 4-bit/pixel mode. 0 

8BIT A logic 1 denotes the 8-bit/pixel mode. 0 
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3.1.2.5 The Hardware Space Control Register (HSREG) 

The HSREG is actually the HARD PAL (U13), which is a TIBPAL 16L8 device 
that acts as a 32-bit addressable 8-bit register. It is located at OEOOOOOOOh in 
the local-memory space of the TMS34020. The HSREG sets the video mode 
and resolution of the SDB20. Upon power-up or reset, the SDB20 defaults to 
the VGA mode with a 640 x 480 screen resolution. 

Figure 3-4 shows the construction of the HSREG. 

Figure 3-4. Hardware Space Control Register (HSREG) 

31 4 3 2 0 
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VGA RATE 4BIT 8BIT 

An explanation of the HSREG bit fields follows: 

Q 8BIT (bit O) is the 8-bits/pixel screen resolution mode select. The related 
signal is PIX8BIT. The default is 0. 

• When 8BIT =0, the 8-bit/pixel output buffer (U57) is disabled. 

• When 8BIT =1, it sets the 8-bit mode by enabling the 8-bit/pixel output 
buffer to pass 8-bit/pixel data from the 8-bit/pixel shift registers 
(U44,U50,U52, U53), to the 8-bit output buffer (U57) pixel data 
PIXEL[0:7], palette dot clock (PALDOT) and palette blanking 
(PBLANK) signals. 

Q 4BIT (bit 1) is the 4-bits/pixel screen resolution mode select. The related 
signal is PIX4BIT. The default is 0. 

• When 4BIT=0, the 4-bit/pixel output buffer (U60) is disabled. 

• When 4BIT =1, it sets the 4-bit/pixel mode by enabling the 4-bit/pixel 
output buffer to pass 4-bit/pixel data from the 4-bit/pixel shift registers 
(U46-U49). The 4-bit output buffer (U60) buffers the pixel data PIX
EL[0:7], dot clock PALDOT, and blanking PBLANK signals. 

Q RATE (bit 2) is the dot clock rate selector that is used by the clock genera
tion control logic. The default is 1 . 

• When RATE=1, the SDB20 provides the backend logic a 25-MHz dot 
clock frequency to support a 640 x 480 screen resolution. 

• When RATE=O, the SDB20 provides the backend logic a 60-MHz dot 
clock frequency to support a 1024 x 768 screen resolution. 

The related signal is PIXRATE. The SN74AS153 4-to-1 dot clock multi
plexer (U66) uses PIX RATE to set the dot clock frequency that will be used 
by the Bt478 color palette. 

Theory of Operation 
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[J VGA (bit 3) is the VGA passthrough enable signal. The related signal is 
called VGAENB. The default is 1. 

• When VGA=1, the SDB20 enables the VGA passthrough mode and 
clears the 4BIT and 8BIT LSBs of HSREG. 

• When VGA=O, the SDB20 disables the VGA passthrough capability. 

The VGA passthrough enable signal enables the VGA SN74F861 passth
rough buffers (U55), which passes the VGA-generated sync pulses, dot 
clock, blanking signal, and pixel data to the Bt478 color palette. 

The HARD PAL (U 13) prevents improper register programming by clearing the 
HSREG. An example of improper proramming would be setting simultaneous
ly the 4BIT or 8BIT fields to a logical 1. 

The HSREG should be accessed only in a byte-aligned fashion and a single
byte-only transfer from the host. 

Do not perform a word transfer to HSREG if you are in the 16·t>it 
transfer mode. A word transfer using two-byte transfers will result 
in an undefined value in the HSREG. 

When changing the SDB20's resolution, clear the HSREG register and write 
a new value to it. The HSREG is organized as an 8-bit write-only register that 
responds to 32-bit accesses. 

The host memory cycle generates the local address bus DAT[28:31] of the 
TMS34020. The RASDCD PAL (U1) decodes them and generates the 
HWSPACE hardware space enable signal. This signal is used to enable writes 
to the HSREG. 

When a host memory write cycle occurs, the TMS34020-generated WE signal 
is logically ANDED with the HWSPACE signal to assert the PAL internal 
WRITE_CYCLE signal, which enables the HSREG. 

Note: 

The local reset (LRESET) signal generated by the RESET PAL (U 15) resets 
the HARD PAL (U 13) to its default state. 

Figure 3-5 shows the ABEL source file for programming the HARD PAL. 
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Figure 3-5. ABEL Source File for the HARD PAL, U13 

3.1.3 Address Conversion Principles 
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The TMS34020 has a 32-bit local address bus LAD[0:31], which relates to 
DAT[0:31], that can access four gigabits (512 MBytes) of memory. The 
TMS34020's host address bus (HA[5:31]) consists of 27 bits. 

The address conversion from the host address bus to the TMS34020's address 
bus is not a one-to-one conversion because 

Q The PC's host processor is byte-addressable, which means that the small
est addressable unit of memory is a byte. 

Q The TMS34020 is bit-addressable, which means that the smallest addres
sable unit of memory is a bit. 

. Theory of Operation 
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The address used by the host processor to access a given TMS34020 local 
memory location depends on several factors: 

Q The contents of the BASEP base pointer register, 

Q The state of the BASE32K bit {bit 0) of the HINTF register, 

Q The contents of the mapping register sets (MAP A or MAP B), 

Q The mapping register set selected by the host PC address PCADD[14], 
and 

Q The address provided on the PCADD[2:13] host PC bus. 

3.1.3.1 Host-to-TMS34020 Address Conversion 

The value programmed into the BASEP register depends upon the PC slot in 
which the SDB20 is installed: an 8-bit or 16-bit PC slot. 

Q When the SDB20 is installed in an 8-bit slot, the upper four address bits 
(PCADD[20:23]) of the PC bus are not present. Consequently, the floating
address bits are pulled up to all 1s on the SDB20. Thus, bits 4-7 (the 
MSBs) of the BASEP register must be programmed to all 1s. If you use a 
host segment base address of ODOOOh, the BASEP would be programmed 
with OFDh. 

Q When the SDB20 is installed in a 16-bit slot, the BASEP would be pro-
grammed with ODh. 

For the purposes of this discussion, assume that the SDB20 is installed in a 
16-bit slot. 

Figure 3-6 shows how the PC-generated host address OD8034h is converted 
to access the TMS34020 local address OC00001AOh, which corresponds to 
one of the TMS34020 1/0 registers. Host address OD8034h denotes that ~he 
upper 16K bytes of the upper 32K-byte block of the 64K-byte segment 
ODOOOOh is selected. 

Note: 

The LSB of the MAPAL register is not used. Consequently, it is considered 
to be OOh rather than 01 h. 

During a PC bus cycle, the SDB20 logic compares PCADD[16:23] of the PC 
bus address to the contents of the BASEP register. The SDB20 then compares 
PCADD[15] to the BASE32K bit {bit 0) in the HINTF register (U7). If both com
parisons are true, the SDB20 is selected. 

Host addresses PCADD[O] and PCADD[1] determine the host byte selects, 
which determine byte/word alignment. Because the SDB20 is installed in a 
16-bit slot, and PCADD[O, 1) are set to logic level 0 in this example, the host 
will access the least significant word (LSW)-in this case, the CON FIG register 
of the TMS34020. 
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Once selected, the SDB20 uses PCADD[14] to enable one of the two sets of 
mapping registers- MAPA or MAPB. Each mapping register is 15 bits wide. 

[J If PCADD[14] = 0, the MAP A register set is selected. 

[J If PCADD[14] = 1, the MAP B register set is selected. 

Figure 3-6. Converting a PC Host Address to a TMS34020 Local Address 
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For purposes of this discussion, the MAPA mapping register has been selected 
because PCADD[14] is a logical 0. It is composed of the MAPAM (MAP A, 
MS Byte) and MAPAL (MAP A, LS Byte less one bit) registers. The output of the 
mapping register is tied to the PC host address HA[17:31] pins. 

Theory of Operation 
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The address presented to the TMS34020 is a combination of the outputs from: 

Q The MAPAM and MAPAL mapping register set, which are connected di
rectly to the HA[17:31] pins. 

Q The PCADD[2: 13] address pins, which are connected directly to the host 
address pins HA[5:16]. 

Q The TMS34020's host address bus HA[5:31] maps directly to its local ad
dress bus LAD[5:31 ]. 

The SDB20 select logic has now mapped a 16K-byte memory segment of PC 
bus memory space: 

Q The BASEP register selecting a 64K-byte segment, 

Q The BASE32K (bit 6) of the HINTF register selecting the upper 32K-byte 
block of the 64K-byte segment, and 

Q PCADD[14] selecting the upper half of the 32K-byte block. 

3.1.3.2 TMS34020-to-Host Address Conversion 

For the purposes of this discussion, assume that the SDB20 is installed in an 
8-bit slot. When the SDB20 is installed in an 8-bit slot, the upper 4 bits (bits 7-4) 
of the BASEP register are pulled up to all 1 s. 

Figure 3-7 shows how TMS34020 local memory address OEOOOOOOOh, which 
corresponds to the SDB20's HSREG register, is derived from the following: 

Q The PC host address OD4000h, which corresponds to BASEP set to OFDh, 

Q The BASE32K (bit 6) of the HINTF register is set to 0, 

Q PCADD[14] set to select the lower half of the 32K-byte block. 

Q The MAPBM is set to OEOh, and 

Q The MAPBL is set to OOh. 
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Figure 3-7. Converting a TMS34020 Local Address to a Host PC Address 
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During a PC bus cycle, the SDB20 logic compares the upper eight bits of the 
PC address bus (PCADD[16:31]) to the contents of the BASEP register. 

Because the SDB20 is installed in an 8-bit slot, the BASEP register is pro
grammed with the value OFDh, the MSNibble of the BASEP register must be 
set to logical 1 sin order to be compatible with the pull-ups on the SDB20's up
per PC address nibble. The SDB20 then compares PCADD[15] to the 
BASE32K bit (bit 0) of the HINTF register. The BASE32K bit is be set to 0 in 
order to select the lower 32K-byte block of the 64K-byte page memory seg
ment. The SDB20 is selected when both of these comparisons are true. 

Once selected, the SDB20 uses PCADD14 = 1 to enable the MAPBM and 
MAPBL mapping register set. They correspond to the upper 16K-bytes of the 
lower 32K-byte block, OD4000h, of the 64K-byte page memory segment, 
ODOOOOh. 
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The programmed value of the MAPBL and MAPBM mapping registers corre
sponds to TMS34020 local address bits LAD[17:31 ]. This means that MAPBM 
must be set to OEOh and MAPBL must be set to OOh or 01 h because the LSB 
of MAPBL is not used. 

Host addresses PCADD[O, 1] determine the host byte selects, which determine 
byte/word alignment. Because the SDB20 is installed in a 8-bit slot, the host 
accesses the LS Byte of the HSREG by setting PCADD[O, 1] to logical Os. 

Note: 

Always access the LSByte of the HSREG, which is a 32-bit addressable 
8-bit-wide memory location. 

The address presented to the TMS34020 is a combination of the outputs from: 

CJ The MAPAM and MAPAL mapping register set, which are connected di
rectly to the PC host HA[17:31] address pins. 

CJ The PCADD[2:13] address pins, which are connected directly to the PC 
host HA[5: 16] address pins. 

CJ The TMS34020's host address bus HA[5:31] maps directly to its local ad-
dress bus LAD[5:31 ]. 

The SDB20 select logic has now mapped a 16K-byte memory segment of PC 
bus memory space: 

CJ The BASEP register selecting a 64K-byte block, 

CJ The BASE32K of the HINTF register selecting the lower 32K-byte block 
of the 64K-byte segment, and 

CJ The PCADD[14] selecting the lower half of the 32K-byte block. 

This results in a PC host address of OFD4000h. The host segment base ad
dress is ODOOOh. 
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3.1.4 Host Interface Control PALs 

The SDB20 contains five PALs that are used to control the interface between 
the SDB20 and the host PC. They are: 
Q The GSPHST TMS34020 host interface logic (U26) (see page 3-18), 
Q The HBS host byte-select decode logic (U28) (see page 3-20), 
Q The MAPEN map register control logic (U27) (see page 3-25), and 
Q The SELECT board select logic (U40) (see page 3-23). 

3.1.4.1 The GSPHST PAL, U26 
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The TMS34020-to-host interface PAL (U26) is a TIBPAL22V10 device that 
provides synchronous communication between the PC host and the 
TMS34020 host. 

On memory access cycles, the GSPHST controls the ISA input signal 
BUSRDY, which is defined as NOTREADY in the GSPHST PAL equation in 
Figure 3-8. Driving this signal low inserts wait states into the ISA memory 
cycle. Note that the SDB20 holds the BUSRDY line high for all I SA 1/0 Cycles. 

The GSPHST PAL also generates the host read HREAD and host write 
HWRITE strobes for the TMS34020's host interface. When the HCS host chip 
select is asserted, one of these signals is asserted. 

The READ signal that is generated by the SELECT PAL (U40) determines 
which strobe is selected. 
Q If READ is low, a host read cycle is initiated. 
Q If READ is high, a host write cycle is initiated. 

The TMS34020 responds to the initiated cycle by asserting the HRDY signal. 
The GSPHST PAL asserts the LSTATE signal, which deasserts the 
NOTREADY signal and ends the ISA wait-state insertion. LSTATE stays 
asserted until HCS is deasserted. 

During an ISA memory write cycle, the GSPHST device generates the 
HSTWCLK signal to clock data into the four SN7 4ALS652 external data trans
ceivers (U69, U41, U70, U42). 

The GSPHST PAL also generates a 16-bit transfer flag (16BTTR) when: 

Q The ISA bus asserts the SBHE signal, 

Q The 16BITENB bit of the HINTF register is set to a logic 1, and 

Q The SN7 4ALS521 (U30) 16-bit transfer comparator's output 16BSEL sig-
nal goes active low. 

The 16SEL signal is asserted when the programmed base address of the 
BASEP register (U6) compares to the upper address lines EXPADD[0:2] and 
PCADD[20:23] of the ISA bus. These host address lines are buffered by a 
SN74ALS244 octal buffer (U43) as 16BADD[0:6]. The SDBENB signal of the 
HINTF register is buffered by the HAND PAL (U14) as 16XF, which is tied to 
the 16-bit transfer comparator's (U30) output enable. 

Theory of Operation 
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On a host 1/0 cycle, the GS PH ST generates the output enables for each of the 
SDB20's mapping register sets. There are two SN74ALS996 read-back 
latches for each set. The state of the buffered host address bit (LOCADD[14]) 
is used to assert either OEMAPA or OEMAPB when the host 1/0 cycle flag 
(IOENB), generated by the SELECT PAL (U40), is asserted. 

[J When LOCADD[14] = 0, the output enable (OE MAPA) for the MAP A map
ping register set is asserted. 

[J When LOCADD[14] = 1, the output enable (OEMAPB) for the MAP B map
ping register set is asserted. 

Figure 3-8 shows the ABEL source file for programming the GSPHST PAL. 

Figure 3-8. ABEL Source File for the GSPHST PAL, U26 

GSPHST device 'P22V10'; 

"Inputs 

bclk 
1ocadd14 
!hes 
!read 
hrdy 
!hoe 
! ioenb 
!sbhe 
_16bitenb 
!_16bsel 
!memsel 
hdst 
paldir 

•outputs 

!hwrite 
!hread 
!oemapa 
!oemapb 
!hstwclk 
!_16bttr 
!notready 
lstate 

hwrite 
JireG[d 
notready 
Mtwclk 

EQUATIONS 

hwrite 
hread 

pin 1 
pin 13 
pin 2 
pin 3 
pin 4 
pin 5 
pin 6 
pin 7 
pin 8 
pin 9 
pin 10 
pin 11 
pin 14 

pin 23 
pin 22 
pin 21 
pin 20 
pin 19 
pin 17 
pin 16 
pin 15 

ISTYPE 'neg,reg_::_d,feed_reg'; 
ISTYPE 'neg, reg_::_d, f eed_reg' ; 
IS'J;'YPE 1 neg, reg;,.:;d;Ieed_reg 1 ; 

ISTYPE 'neg, com; feed_::_pin'; 

hes & !read 
hes & read 

! 1ocadd14 & 
locadd14 & 
(hes & 

(! lstate & 
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3.1.4.2 The HBS PAL, U28 

3-20 

The HBS host byte-select decode PAL (U28) is a Tl BPAL22V1 O that generates 
the host-byte strobe decoding for the TMS34020 on all ISA memory write 
cycles and the host data-latch byte-select decoding for all ISA memory read 
cycles. 

The host-byte strobes HBS[0:3] are generated by the following: 

Q The two LSBs of the latched host address bus (LOCADD[O, 1 ]), 

Q The 16BTTR signal from the GSPHST PAL (U26), and 

Q The host PC ISA system bus high enable SBHE signal. 

These signals allow the TMS34020 to determine where to write a byte or word 
to its local memory. These strobes are latched along with the converted host 
address when HCS is asserted. 

When the SELECT PAL (U40) asserts the HCS and READ signals, the 
TMS34020 LOCADD[O, 1] address bits decode the byte-select signals 
(BYTSEL[0:3]). They control which byte or word of the TMS34020 32-bit 
memory, latched in the external transceiver, is placed onto the host's data bus. 

Q 50[0:7] compose the host data path for byte transfers. 

Q 50[0:15] compose the host data path for wordtransfers. 

The ALIGN signal is generated when the LOCADD[O] address line is high (cor
responding to an odd address) and the ISA bus SBHE signal is deasserted to 
enable odd-byte alignment when doing 8-bit transfers. The ALIGN signal en
ables the SN74F245 8-bit transfer odd-byte alignment buffer (U51). 

The DBUFF signal is generated when the LOCADD[O] address line is low (cor
responding to an even address) or the SBHE signal of the ISA bus is asserted 
to enable even-byte alignment when doing 8-bit transfers in a 16-bit slot or 
16-bittransfers. When DBUFF is asserted, it enables the SN74F245 high-byte 
blocking buffer (SP2). 

Table 3-5 shows the LOCADD[O: 1] byte selects for both 8-bit and 16-bit trans
fers. 
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Table 3-5. Host and Data Latch Byte Select 

For 8-Bit Transfer (16BTTR Is High) 

LOCADDO 0 1 0 1 

LOCADD1 0 0 1 1 

HBSO 1 0 0 0 

HBS1 0 1 0 0 

HBS2 0 0 1 0 

HBS3 0 0 0 1 

BYTSELO 1 0 0 0 

BYTSEL1 0 1 0 0 

BYTSEL2 0 0 1 0 

BYTSEL3 0 0 0 1 

For 16-Bit Transfer (16BTTR Is Low) 

LOCADDO 0 1 0 1 

LOCADD1 0 0 1 1 

SBHE 0 0 0 0 

HBSO 1 0 0 0 

HBS1 1 1 0 0 

HBS2 0 0 1 0 

HBS3 0 0 1 1 

BYTSELO 1 0 0 0 

BYTSEL1 1 1 0 0 

BYTSEL2 0 0 1 0 

BYTSEL3 0 0 1 1 

Host byte strobes HBS[0:3] are loaded with 1,0,0,0, respectively, when the 
SHADOK signal is asserted to signify a VGA direct palette access. For more 
information about direct palette access, see subsection 3.1.8, VGA Passth
rough. 

Figure 3-9 shows the ABEL source file for programming the HBS PAL. 
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Figure 3-9. ABEL Source File for the HBS PAL, U28 
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3. 1.4.3 The SELECT PAL, U40 

The SELECT board select PAL (U40) is a TIBPAL22V10 device that provides 
access to the SDB20 from the decoded ISA 1/0 and memory cycles. 

The SELECT PAL generates the following signals: 

Q The TMS34020's host chip select (HCS), 

Q The SDB20 1/0 register enable flag (IOENB), 

Q The host access flag (READ), and 

Q The direct palette access flag (PALDIR). 

The TMS34020 is selected when its HCS host chip-select input is asserted dur
ing a ISA memory access cycle. The HCS signal is asserted when: 

1) The base address comparator's (U39) MEMSEL output is asserted, 

2) The programmed BASE32K bit (bitO) of the HINTF register compares to 
LOCADD[15] of the ISA's memory address, 

3) The SDBENB bit (bit 7) of the HINTF register is set high, and 

4) An SMEMR, SMEMW, MEMR, or MEMW signal is asserted, which initi-
ates an ISA memory cycle. 

An SDB20 1/0 register is selected when its 1/0 register enable (IOENB) signal 
is asserted. The IOENB signal is asserted when the following conditions are 
present: 

Q The 1/0 address comparator's (U12) IOSEL output is asserted, 

Q An ISA bus IOR or IOW signal is asserted, 

Q The latched host address bits LOCADD[8:9] are set to 0 and 1, respective
ly, which result in the decode of host 1/0 address x2xxh, 

Q A host-initiated refresh cycle (REFRESH) is not present, and 

Q The SHADOW flag (SHADOK) is deasserted, which means that the cycle 
is not a VGA write cycle. 

The IOENB signal is asserted when the 1/0 address comparator (U12) asserts 
the IOSEL output. 

The IOSEL signal is asserted when the latched host address bits 
LOCADD[4:7] compare to the 1/0 address space SW1 settings. 

The READ signal designates whether the ISA bus cycle is a read cycle or a 
write cycle. 

Q When a SMEMR, MEMR, or IOR ISA signal is detected without a current 
!SA-initiated refresh cycle, READ is asserted, denoting a read cycle. 

Q Else, READ is held high. 
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Note: 

Decoding the MEMx and SMEMx signals simultaneously in the host interface 
logic allows the SDB20 to function in an IBM PC/AT or IBM PC/XT. 

The PALDIR signal is the direct palette access flag used for VGA passthrough. 
It is asserted when the following occurs: 
[J An ISA 1/0 write cycle is asserted (e.g., IOW) to address 03C6h, 03C7h, 

03C8h, or 03C9h. These addresses correspond to VGA read mask, read
mode and write-mode registers, and the Bt478 color palette RAM. 

[J The VGAENB bit (bit 3) of the HSREG is cleared. 

Figure 3-10 shows the shows the ABEL source file for programming the 
SELECT PAL. 

Theory of Operation 
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Figure 3-10. ABEL Source File for the SELECT PAL, U40 

SELECT device 'P22V10'; 

"Inputs 

!bclk pin 1 
!smemr pin 2 
!memr pin 3 
! smemw pin 4 
!memw pin 5 
! iow pin 6 
!ior pin 7 
!memsel pin 8 
iosel pin 9 
shadok pin 10 
!refresh pin 11 
!lreset pin 13 
sdbenb pin 14 
aen pin 21 
base32k pin 22 
locadd8 pin 20 
locadd9 pin 19 
locadd15 pin 23 

"Outputs 

!read pin 15 
pin 16 
pin 18 

!ioenb pin 17 

"Declarations and Intermediate Variable Definitions 

x = .x.; 
,com, '; hes ISTYPE ' 

_32kbit & # !base32k & !locaddlS; 

EQUATIONS 

hes 
!hes 

ioenb 

smemr # smemw # memr # memw; 
= shadok & iow; 

((shadow_write # memsel & sdbenb & 32kbit & 

#hes & (shadow_write # memcycle)) 
& !refresh & !lreset & !aen; 
iosel & ! refresh & ! aen 

& ((iow # ior) & !locadd8 & locadd9) & ! (shadok & 
iow); 
read 

END _SELECT 

3.1.4.4 The MAPEN PAL, U27 

0 
1 

# memr # ior) & !refresh ; 
& iow & !aen; 

The MAP EN map register control PAL (U27) is a Tl BPAL22V10 device that pro
vides the select logic to assert the corresponding SDB20 1/0 registers read
back latch enable. This is accomplished by decoding the LOCADD[0:3] latched 
host address bits to determine which register is being accessed. The corre
sponding enable is asserted when the SELECT PAL (U40) asserts its IOENB 
signal. 
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The IOCLK signal, which is related to the MAPCLK signal, is generated when 
any one of the seven 1/0 register enables is asserted. The IOCLK signal is used 
to clock data into the selected MAPA or MAPB mapping registers. When 
MAPCLK is deasserted, the selected register enable is deasserted. 

The STAIT signal latches IOCLK until IOENB deasserts. When an 1/0 write 
(IOW) occurs, the MAP EN PAL generates the MAPREAD signal to enable the 
PC host for reading the selected mapping register. 

Figure 3-11 shows the ABEL source file for programming the MAPEN PAL. 

Figure 3-11. ABEL Source File for the MAPEN PAL, U27 
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Figure 3-11. ABEL Source File for the MAPEN PAL, U27 (Concluded) 

"Declarations and Intermediate variable Definitions 

x .x.; 
L O; 
H 1; 
p .p.; 
c .c.; 
ioclk ISTYPE 'neg,reg_d,feed_reg'; 
mapenO ISTYPE 'neg,com,feed_pin'; 
mapenl ISTYPE 'com,feed_pin'; 
mapen2 ISTYPE 'com, feed_pin' ; 
mapen3 ISTYPE 'com, feed_pin' ; 
baseenb ISTYPE 'com, feed_pin'; 
cntlenb ISTYPE 'com, feed_pin' ; 
hsrbk ISTYPE 'com, feed_pin'; 
stait ISTYPE 'com, feed_pin'; "unusal spelling used because of 

"ABEL reserved word STATE 

EQUATIONS 

ioclk 

!stait; 
mapread 
mapenO 

mapenl 

mapen2 

mapen3 

baseenb 

cntlenb 

hsrbk 
stait 

END _MAPEN" 

ioenb & !read & (mapenO # mapenl # mapen2 # mapen3 
# baseenb # cntlenb ) & 

ioenb & read; 
!locaddO & !locaddl & !locadd2 

& .! locadd3 & ioenb # mapenO 
locaddO & ! locaddl &. ! locadd2 

& !locadd3 & ioenb # mapenl 
!locaddO & loca:ddl & !locadd2 

& .!locadd3 & ioenb #.ma:pen2 
locaddO & locaddl & !locadd2 

& !locadd3 & ioenb # mapen3 
!locaddO & locaddl & locadd2 

& !locadd3 & ioenb # baseenb 
locaddO & locaddl & locadd2 

& !locadd3 & ioenb # cntlenb 
locaddO & !locaddl & locadd2 & 
ioclk # (stait & ioenb); 

& 

& 

& 

& 

ioclk; 

ioclk: 

ioclk; 

ioclk; 

& ioclk; 

& ioclk; 
!locadd3 & 
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3.1.5 Host 8-Bit 110 Write Cycle 

The host-generated 1/0 write cycle shown in Figure 3-12 loads the SDB20's 
BASEP 1/0 register with the 8-bit data placed on the ISA data bus SD[0:7]. 

Figure 3-12. Host-to-SDB20 110 Write Cycle 
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Note: The NOWS, REFRESH, and BUSRDY signals are not shown in this figure. 
However, they are all held high during the write cycle. For all 1/0 cycles, 
BUSRDY is held high to prevent wait-states from being inserted into the cycle. 

The SDB20's 1/0 address comparator (U12) uses the latched host-address 
bits LOCADD[0:3] to generate the IOSEL signal. It is generated when 
LOCADD[0:3] compares to the SDB20's SW1 1/0 address switch settings. 

The SELECT PAL (U40) generates the 1/0 enable (IOENB) signal when the 
SDB20 detects a valid host-generated 1/0 write (IOW) or read cycle (IOR). The 
IOENB and IOSEL signals are asserted simultaneously with the latched host 
address bits LOCADD[8:9] set to logic levels 1 and 0, respectively. These rep
resent the 1/0 address space x2xxh. 
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The IOENB signal enables the SDB20's bidirectional SN74ALS245 1/0 data 
transceiver (U45). The READ signal from the SELECT PAL (U40) determines 
the direction of the data path. 

CJ It is set for all host-initiated write cycles. 

CJ It is cleared for all host-initiated read cycles. 

The MAPEN PAL (U27) decodes the latched host address bits HA[0:3] and 
designates the 1/0 register to be accessed. For this example cycle, 
LOCADD[0:3] are set to 0, 1, 1,0, respectively. These are decoded by the 
MAPEN PAL, which generates the BASEENB signal to enable the BASEP 
register read-back latch. 

The MAPEN PAL also generates the MAPCLK signal to clock data into the 
BASEP register read-back latch. This signal is asserted when the base enable 
BAS EE NB signal is asserted during the host 1/0 write cycle. The rising edge 
of MAPCLK clocks the data into the latch. The STAIT signal's assertion, 
resulting from MAPCLK going low, deasserts MAPCLK, providing the rising 
edge. 

The STAIT signal is deasserted when the IOENB signal of the SELECT PAL 
(U40) is deasserted. This prevents MAPCLK from being reasserted during the 
host 1/0 write cycle. The host 1/0 write cycle ends when IOW deasserts. 
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3.1.6 Host 8-Bit Memory Read Cycle 

Figure 3-13 shows the timing relationships for a host-generated 8-bit memory 
read cycle. 

Figure 3-13. Host-to-80820 8-Bit Memory Read Cycle 
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Note: The NOWS, SDBENB, and BASE32K signals are not shown in this figure. 
However, they are held high during the read cycle. 
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For the purposes of this discussion, assume the following: 

[J The SDB20 is located in an 8-bit slot and is reading 8-bit data with odd-byte 
alignment (LOCADD[O] is set). 

[J The SDBENB (bit 7) of the HINTF register is set. 

The SN74ALS521 base address comparator (U39) compares the latched 
host-address bits LOCADD[16:23] to the contents of the latched BASEP regis
ter (U6). When they are equal, the MEMSEL signal is asserted. 

The latched host-address bit LOCADD[15] is compared to the programmed 
BASE32K bit (bit 0) of the HINTF register (U7). When they are equal, the 
32KBIT signal is asserted. 

The SELECT PAL (U40) generates the host chip-select HCS signal when the 
MEMSEL, 32KBIT, SDBENB, and MEMR signals are asserted. The HCS sig
nal allows external access to the local memory or 1/0 space of the TMS34020. 

The SELECT PAL (U40) also generates the READ signal. It is asserted when 
the MEMR read enable signal goes low. When the READ and HCS signals are 
asserted and the LSTATE signal of the GSPHST PAL (U26) is inactive (logic 
level 0), the GSPHST PAL asserts the HREAD signal. The HREAD signal noti
fies the TMS34020 that the host PC is requesting read access to its local 
memory or 1/0 space. 

When the HCS signal is asserted and the LSTATE signal is low, the GSPHST 
PAL (U26) asserts the NOTREADY signal, which is also known as BUSRDY. 
This inserts a wait state into the ISA memory cycle. 

During the last machine state of the TMS34020's memory access, the 
TMS34020 HRDY output signal is asserted, indicating that the TMS34020 is 
ready to complete the host-initiated read cycle. Once HRDY is asserted, the 
signal LSTATE becomes active and deasserts the HREAD and NOTREADY 
signals. 

The byte-select signals BYTSEL[0:3] are generated from the decoded latched 
host-address bits LOCADD[O: 1] when the HCS signal is asserted. These byte 
selects determine which byte of the 32-bit word (accessed from the 
TMS34020's memory and loaded into the SDB20's external data transceivers 
(U41, U42, U69, and U70) will be placed on the host PC's data bus. 

Because LOCADD[O] is set, BYTSEL[1] or BYTSEL[3] will be asserted, de
pending upon the the state of LOCADD[1 ]. 

After the TMS34020 has loaded the external transceivers with data, it asserts 
the HOST signal to transfer the byte-selected transceivers data to the host PC 
data bus (SD[0:7]). 
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3.1. 7 Host 16-Bit Memory Write Cycle 

Figure 3-14 shows the timing relationships for a host-generated 16-bit 
memory write cycle. 

Figure 3-14. Host-to-SDB20 16-Bit Memory Write Cycle 
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Note: Although they are not shown in this figure, the NOWS, SDBENB, READ, 
16BITEN, and 16XF signals are held high; the BASE32K signal is held low. 
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For the purposes of this discussion, assume the following: 

[J The SDB20 is located in a 16-bit slot and is writing 16-bit data. 

[J The SDBENB (bit 7) of the HINTF register is set. 

The SN74ALS521 base address comparator (U39) compares the latched 
host-address bits LOCADD[16:23] to the contents of the latched BASEP base 
address register (U6). When they are equal, the MEMSEL signal is asserted. 

The latched host-address bit LOCADD[15] is compared to the programmed 
BASE32K bit of the HINTF register (U7). When they are equal, the 32KBIT sig
nal is asserted. 

The GSPHST PAL (U26) generates the HCS host chip-select signal. It is 
asserted when MEMS EL, 32KBIT, SDENB, and the ISA MEMW write enable 
signals are asserted. The HCS signal allows external access to the local 
memory or 1/0 space of the TMS34020. 

The SELECT PAL (U40) generates the READ signal, which is deasserted 
when the MEMW read enable signal goes low. When READ is high and HCS 
is asserted, and the LSTATE signal of the GSPHST PAL (U26) is inactive (logic 
level 0), the GSPHST PAL (U26) asserts the HWRITE signal. The HWRITE 
signal notifies the TMS34020 that the host PC is requesting write access to its 
local memory or 1/0 space. The rising edge of the HWRITE indicates that data 
in the external tranceivers can be accessed. 

When the HCS signal is asserted and the LSTATE signal is low, the GSPHST 
PAL (U26) asserts the NOTREADY signal, which is also known as BUSRDY. 
This inserts a wait-state into the ISA memory cycle. 

During the last machine state of the TMS34020's memory access, the 
TMS34020 HRDY output signal is asserted, indicating that the TMS34020 is 
ready to complete the host-initiated write cycle. Once HRDY is asserted, the 
signal LSTATE becomes active and deasserts the HWRITE and NOTREADY 
signals. 
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The HBS[0:3] host byte selects are generated from the decoded latched host
address bits LOCADD[0:1 ], the SBHE ISA bus signal, and the 16BTTR signal 
from the GSPHST PAL (U26). 

For purposes of this discussion, it is understood that the latched host address 
LOCADD[O] line is cleared and the HBS[O, 1] or HBS[2,3] host byte selects are 
asserted according to the state of LOCADD[1] signal. 

When HCS is asserted, the HBS[0:3] host byte selects are latched to the 
TMS34020's host interface, the latched host address LOCADD[2:13] lines, 
and the value of the selected mapping register set (MAP A or MAP 8). 

The HBS[0:3] host byte selects determine which word of the accessed 32-bit
long word will be written to by the host PC's data bus, SD[0:15]. For more infor
mation, see Section 7.4, Basic Communication: How a Host Processor Reads 
from and Writes to TMS34020 Local Memory, of the TMS34020 User's Guide. 

Because SBHE is asserted, the GSPHST PAL (U26) asserts the DBUFF sig
nal, which enables the high-byte blocking buffer (SP2) of the SDB20 to allow 
16-bit transfers. 

Host PC data is clocked into the external tranceivers when the HSTWCLK sig
nal of the GSPHST PAL (U26) is asserted as a result of the HWRITE signal 
going active. When the TMS34020 is ready to receive data, the TMS34020 as
serts its host output enable HOE signal, which enables the external data trans
ceiver's output enables (U41, U42, U69, and U70). This signal transfers the 
host data to the TMS34020 data bus ( DAT[0:31]). 

3.1.8 VGA Passthrough 
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The VGA passthrough feature of the SDB20 provides a single monitor system 
the capability of switching between high-resolution graphics and standard 
VGA video display. 

The SDB20 works in conjunction with an 8-bit or 16-bit VGA adapter card by 
simply connecting the VGA board's feature connector to the SDB20's 26-pin 
edge connector by means of the VGA passthrough cable (see Figure 3-15). 
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Figure 3-15. VGA Passthrough Cable Connection 
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The SDB20 supports VGA passthrough for greater than or equivalent bus ad
dressing. This means that the SDB20 must be installed in a 16-bit slot when 
the VGA adapter resides in a 16-bit slot, and in an 8-bit or 16-bit slot when used 
with an 8-bit VGA adapter. 

The VGA passthrough mode is enabled by setting the VGA bit (bit 3) of the 
HSREG register (U13) and clearing the SHAD IS (bit 5) of the HINTF register 
(U7). When the SHADIS bit is set to logic O and the SHADENB signal is 
asserted, the SDB20 allows shadow palette access. Shadow palette access 
duplicates VGA 1/0 write cycles, which write directly to the Bt4 78 color palette's 
internal read mask register, read mode address register, write mode address 
register, or pixel port. When the SDB20 is in the VGA mode, the pixel data, sync 
pulses, dot clock and blanking signals are passed through the VGA 
passthrough buffers (U55,U56) to the Bt478 color palette (U65) for display. 

The VGA passthrough feature-connectors' output signals are : 

Q VGASOURCE (bits 0-7) is the 8-bit VGA pixel data path. When the SDB20 
is in the VGA mode, these bits are buffered and sent to the Bt4 78 color pal
ette (U65). Only 6 bits of the available eight bits of the pixel data supplied 
to the Bt478 are used; the two MSBs are not used. 

Q VGACLK is the VGA dot clock. When the SDB20 is in the VGA mode, it 
is buffered and sent to the Bt478 color palette (U65). 

Q VGABL is the video blank signal. When the SDB20 is in the VGA mode, 
it is buffered and sent to the Bt478 color palette (U65). 
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Q VGAHS is the video horizontal sync signal. When the SDB20 is in the VGA 
mode, it is buffered and sent directly to the DB9 video connector (P4). 

Q VGAVS is the video vertical sync signal. When the SDB20 is in the VGA 
mode, it is buffered and sent directly to the DB9 video connector (P4). 

3. 1.8. 1 VGA Passthrough Control PALs 
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Several SDB20 PAL devices allow the VGA feature to be executed. They are: 

Q The GSPHST PAL (U26) (see page 3-18). 

Q The HBS PAL (U28) (see page 3-20). 

Q The MISC PAL (U8) (see page 3-37). 

Q The SELECT PAL (U40) (see page 3-23). 

Q The SHADOW PAL (U25). 

The SHADOW PAL. U25 

The SHADOW PAL (U25) is a TIBPAL 16L8 device that is part of the 
board-select logic. It decodes ISA 1/0 write cycles to addresses 
Ox03C6h-Ox03C9h, which correspond to VGA 1/0 writes to the VGA color 
palette's internal read mask register, read mode address register, write mode 
address register, and pixel port. When any of these addresses are detected 
during an ISA 1/0 write cycle (IOW is brought low), the SHADOW signal is 
asserted. 

When the SHADIS bit (bit 5) of the HINTF register (U7) is cleared and the 
SHADOW signal is asserted, the MISC PAL (U8) asserts the shadow flag 
(SHADOK). The SHADOK signal enables the SDB20 to shadow or duplicate 
the VGA write cycle. 

Figure 3-16 shows the ABEL source file for programming the SHADOW PAL. 
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Figure 3-16. ABEL Source File for the SHADOW Device, U25 

module _shadow; 

"Inputs 

!iow 
locaddO 
locaddl 
locadd2 
locadd3 
locadd4 
locadd5 
locadd6 
locadd7 
locadd8 
locadd9 

"Outputs 

!sh 

pin 1; 
pin 2; 
pin 3; 
pin 4; 
pin 5; 
pin 6; 
pin 
pin 
pin 
pin 
pin 

7. 
' 8; 

9; 
11; 
14; 

pin 19; "active low direct VGA write enable 

"Declarations and Intermediate Variable Definitions 

x ~ .x.; 

EQUATIONS 

sh ~ iow & locadd9 & locadd8 & locadd7 & locadd6 & !locadd5 

END _shadow 

& !locadd4 & ((locadd3 & !locadd2 & !locaddl) 
# ( ! locadd3 & locadd2 & loc.addl) ) ; 

The MISC Miscellaneous PAL. U8 

The MISC PAL is a TIBPAL22V10. It generates the Bt478 color palette control 
signals. These include: 

[J The palette register address lines REGADD[0:2], 

[J The palette read (PALETRD) and write (PALETWR) lines. 

The MISC PAL also checks to see if SHADIS (bit 5) of the HINTF register is 
set to enable or disable the shadow feature of the SDB20. When SHADIS is 
enabled and an ISA 1/0 VGA write cycle is decoded by the SHADOW PAL 
(U25), the SHADOK signal is asserted. The SHADOK signal asserts the HCS 
signal, which starts a TMS34020 host-memory write-cycle. 

The SELECT PAL (U40) uses the SHADOK signal to assert the palette direct
access flag (PALDIR) signal. The PALDIR flag, the TMS34020 host-generated 
UWE signal, and the TMS34020 address-latch (ALTCH) signal generate the 
color palette register address lines and the PALETWR signal for shadow 
writes. 
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When the palette is accessed by a non-VGA ISA memory cycle, the 
palette-enable PEN signal from the RASDCD device (U1) and the cleared 
PALDI R flag generate the REGADD[0:2] palette register address lines and the 
PALETWR or PALETRD signals. The PALETWR and PALETRD signals 
depend on whether an ISA memory write or read cycle has been initiated. 

When the SDB20 is in the non-VGA mode, the CSYNC composite sync signal 
of the TMS34020 is output on the CH SYNC line to control the system monitor's 
video timing. 

Figure 3-17 shows the ABEL source file for programming the MISC PAL. 
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Figure 3-17. ABEL Source File for the MISC PAL, UB 

MISC device 'P22V10'; 

"Inputs 

dat5 pin 1; " LSB's of LAD bus 
dat6 pin 2; 
dat7 pin 3; 
!altch pin 4; " address latch 
!paleten pin 5; . enable palette 
!we pin 6; " write enable 
locaddl pin 8; " support for read mask palette register 
!shadow pin 9; 
!shadenb pin 10; 
!csync pin 11; " composite sync for non VGA modes 
!vgaenb pin 13; " 
!trqe pin 14; " 
paldir pin 16; " palette direct access 
locaddO pin 23; " PC bus address LSB 

"Outputs 

regaddO pin 22; " Hardware space register add's 
regaddl pin 21; " 
regadd2 pin 20; " 
!paletrd pin 19; " palette read enable 
!paletwr pin 18; . palette write enable 
shadok pin 17; 
!chsync pin 15; " palette composite sync 

"Declarations and Intermediate Variable Definitions 

c 
x 
z 
p 
h 
1 

EQUATIONS 

regaddO 

regaddl 

regadd2 
shadok 
paletwr 
pal et rd 
chsync 
chsync.oe 

END _MISC 

-c ~ i 
.X-i 
. z. i 
.p.; 

1; 
O; 

(((dat5 & !paldir) # vgaenb & P<tldir & locaddO) 
& !altch) # regaddO & altch; 

(((dat6 & !paldir) # vgaenb & paldir & locaddl) 
& !altch) # regaddl & altch; 

(dat7 & !altch & !paldir) # regadd2 & altch; 
shadenb & shadow; 
we & (paleten # paldir) & altch; 

!we & paleten & !paldir & altch & trqe; 
csync & !vgaenb; 
Jvgaenb; 
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3.1.9 VGA Passthrough Cycle 

Figure 3-18 shows the VGA passthrough cycle for an ISA VGA 1/0 write cycle 
to the Bt478's internal palette read mask register (x03C6h}. 

Figure 3-18. VGA Passthrough Cycle 
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Note: Although they are not shown in this figure, the NOWS and READ signals are 
held high; the SHADENB and VGAENB signals are held low. 
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For the purposes of this discussion, assume the following: 

[J The VGA mode bit (bit 3) of the HSREG register (U 13) is set to a logic 1. 

[J The SHADIS shadow disable bit (bit 5) (SHADENB) of the HINTF register 
is cleared. 

When the latched host address LOCADD[0:9] lines are decoded as 03C6h and 
the ISA 1/0 write enable IOW signal is asserted, the SHADOW signal of the 
SHADOW PAL (U25) is asserted. When the SHADOW signal goes low and the 
SHADIS bit (bit 5) of the HINTF register is cleared, the SHADOK shadow flag 
signal of the MISC PAL (U8) is asserted. 

Asserting the shadow flag SHADOK causes several things to happen: 

1) The HBS[0:3] host byte selects are set to 1,0,0,0, which place the ISA bus 
DAT[0:7] data into the least significant byte of the TMS34020's data bus. 

2) The PALDIR palette direct access flag is set, which is used by the MISC 
PAL (U8) to generate the palette control lines. It also drives the ISA 
NOTREADY signal low, which inserts a wait state. 

3) The HCS signal low is driven low, which initiates a TMS34020 host 
memory access- the duplicated VGA cycle. 

When the HCS host chip-select signal of the TMS34020 is asserted and the 
initial state of the GSPHST PAL (U26) internal LSTATE signal is low, the host 
write strobe(HWRITE) is asserted. This notifies the TMS34020 that a host 
write is pending. 

PC host data is clocked into the external transceivers when the HSTWCLK sig
nal of the GSPHST PAL (U26) is asserted. This occurs when HWRITE goes 
active. 

The rising edge of the HWRITE signal is used to indicate that the data provided 
by the SDB20's external transceivers (U41, U42, U69, and U70) can be ac
cessed. During the last machine state of the TMS34020's memory access, the 
TMS34020's HRDY output signal is asserted to indicate that the TMS34020 
is ready to complete the host-initiated write cycle. When HRDYis asserted, the 
LSTATE signal activates and deasserts the HWRITE and NOTREADY signals. 

When HCS is asserted, the DBUFF high-byte blocking buffer enable signal of 
the HBS PAL (U28) is asserted. This buffer allows only even byte-alignment 
data-transfers between the PC host and the TMS34020. 

The TMS34020 asserts the HOE signal when the TMS34020 is ready to re
ceive data from the external transceivers (U41, U42, U69, and U70). The HOE 
signal is the output enable from the external transceivers that enables the 
transfer of DAT[0:31] data to the TMS34020's data bus. 

The MISC PAL (U8) generates the REGADD[0:2] and PALETWR palette 
control signals. The palette register address lines are driven active when the 
PALDI Rand VGAENB signals are asserted. Their state is determined by their 
corresponding latched host address lines. 
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The REGADD[0,2] palette register address lines are cleared because the 
latched host address LOCADD[O] line is cleared. Similarly, REGADD[1] is set 
because the latched host address LOCADD[1] line is set. 

Palette register address 02h is the read mask register of the Bt478 color 
palette. The data to be written to the palette mask register is available on the 
TMS34020's data bus (DAT[0:7]) and is strobed into the Bt478 when the 
PALETWR signal is asserted. The PALETWR signal occurs when the following 
are asserted: 

[J The PALDIR flag. 

[J The write enable strobe (UWE) of the TMS34020. 

[J The address latch enable signal (ALTCH) signal from the TMS34020. 

3.1.1 O Resetting the SDB20 
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When you turn on your PC, the system reset RESDRV signal is asserted on 
the ISA bus. The time that it is active depends upon your PC's reset service 
routine (RSR) configuration. See your PC operator's manual for more informa
tion about RSRs. 

The RESET PAL (U 15) uses the RESDRV signal to generate the SDB20 local 
reset LOCRS signal, which resets the on-board TMS34020 and TMS34082 
devices and the HSREG and HINTF registers to their default conditions. See 
subsections 3.1.2.2, The Host Interface Control Register (HINTF), U7, and 
3.1.2.5, The Hardware Space Control Register (HSREG), for more information 
about their default conditions. 

The RESET PAL (U 15) is used to filter noise that is typically present on the ISA 
bus' RESDRV line. This ensures that the reset to the TMS34020 device is as
serted for its required forty local clock LCLK periods at start up. For more infor
mation about resetting the TMS34020, see Section 6.12, Reset, on page 6-22 
of the TMS34020 User's Guide. 

The RESET PAL also resets the SDB20 when the host reset HAST signal is 
received from the HINTF (bit 4) register. 

You can reset the TMS34020 by setting the TMS34020's HSTCTLH 1/0 regis
ter's RST bit (bit 7). This signal resets the TMS34020 only; it does not affect 
the TMS34082, HSREG, or HINTF. When RST is set, the TMS34020's RESET 
line is not pulled low. 

Theory of Operation 



Host Interface 

3.1.11 SDB20 lnterruptControl 

There are three types of interrupt controls: 

1) Host-to-TMS34020 interrupt requests. 

2) TMS34020-to-host interrupt requests. 

3) TMS34082-to-TMS34020 interrupt requests. 

3.1.11.1 How the Host Interrupts the TMS34020 

The host processor interrupts the TMS34020 by writing a logic 1 to the INTIN 
bit (bit 3) of its HSTCTLL register. The host cannot clear INTIN; only the 
TMS34020 CPU can clear the INTIN bit to deactivate the interrupt request. 
Similarly, The TMS34020 CPU cannot set INTIN. 

The message in MSGIN bits (bits 0-2) of the HSTCTLL register provide a 
mechanism for specifying the action to be taken by the TMS34020. The 
MSGIN bits provide up to eight different handling procedures. 

Note: 

Only the host can write to the MSGIN bits. They can be written to when the 
INTIN bit is set. 

Before returning from the interrupt, the TMS34020 CPU must clear the INTIN 
bit by writing a logic 0. For more information about host interrupts, see Section 
6.8, Internal Interrupts, on page 6-16 of the TMS34020 User's Guide. 

Table 2-3 on page 2-6 shows the available IRQ levels for SW2. Consult your 
PC operator's manual for details on the applicability of various IRQ levels to 
your system. 

3. 1. 11.2 How the TMS34020 Interrupts the Host 

The TMS34020 CPU interrupts the host processor by asserting its host inter
rupt HINT pin, which is tied to the selected host IRQ line (IRQ3, IRQ5, or 
IRQ9-15). This occurs when the TMS34020 CPU writes a logic 1 to its INTOUT 
bit (bit 7) of the HSTCTLL register. The SDB20's SDBST register uses the level 
of the HINT signal for polled-interrupt operation. 

For more information interrupting a host, see Section 6.10, Interrupting a Host 
Processor, on page 6-21 of the TMS34020 User's Guide. 

3. 1. 11.3 How the TMS34020 Interrupts the TMS34082 

The TMS34082 uses its hardware interrupt COINT pin to assert the 
TMS34020's local hardware LINT1 pin. The COINT signal is asserted when 
the exception detect-enable ED flag of the TMS34082's STATUS register is set 
and an exception has been detected. For more information about TMS34082 
valid exception detections, see subsection 4.5.3, Configuration Register 
(CONFIG), on page 4-13 of the TMS34082 Designer's Handbook. 
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When TMS34082 asserts its COINT signal, the TMS34082 aborts the current 
instruction and goes into an idle state. 

The TMS34020 responds to the TMS34082's interrupt by branching to its inter
rupt service routine (ISR) vector when the LINT1 enable flag is asserted. The 
COINT signal and the ED flag are reset when the TMS34020's ISR reads the 
TMS34082's STATUS register. 

The TMS34082 SRAM module also uses the COINT signal to generate a soft
ware interrupt from the TMS34082's external SRAM program memory. 

For more information about interrupt handling, see Section 5. 7, Interrupt Han
dling, on page 5-15 of the TMS34082 Designers Handbook. 
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3.2 The Frame Buffer/Program Memory Interface 

The SDB20 is composed of 1 MByte of DRAM program memory (U17-U24) 
and 1 MByte of VRAM frame buffer memory (U31-U38). 

CJ The DRAM memories are TMS44C256SD (256K x 4-bit) 100-ns devices 
that are memory-mapped from 00800000h-OOFFFFEOh. 

CJ The VRAM memories are TMS44C251 SD (256K x 4-bit) 100-ns devices 
that are memory-mapped from OOOOOOOOh-007FFFEOh, which allows a 
maximum supported resolution of 1024 x 768 x 8-bits/pixel. 

3.2.1 TMS34020 Memory Mapping 

Table 3-6 shows the TMS34020 local memory allocations. 

Table 3-6. The TMS34020 Local Memory Map 

Local Address Resource Access 
(in Hex) 

00000000-007FFFEO VRAM space R/W:32 

00800000-00FFFFEO DRAM space R/W:32 

01000000-BFFFFFEO Aliased VRAM/DRAM addresses R/W:32 

COOOOOOO-CFFFFFEO TMS34020 110 registers RAS disabled 

DOOOOOOO Palette address register R/W:32 
(RAM write mode) 

00000020 Color palette RAM R/W:32 

00000040 Pixel read-mask register R/W:32 

00000060 Palette address (read-only) R/W:32 

00000080 Palette address (write-only) The SDB20 does not use the 
overlay functions. Access to 
these registers has no effect on 
operation. 

DOOOOOAO Overlay registers 

DOOOOOCO Reserved for future use 

DOOOOOEO Palette address for register R/W:32 
overlay read 

00000100-DFFFFFEO Aliased palette register addresses R/W:32 

EOOOOOOO HSREG hardware space register W:Byte:8 

EFFFFFEO-EFFFFFEO Aliased HSREG addresses W:Byte:8 

FOOOOOOO-FFFFFFEO lnterrupVtrap vectors R/W:32 
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3.2.2 The TMS34020-to-Memory Interface 
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The TMS34020 read/write local memory cycles are 32-bit memory accesses. 
The TMS34020 has an on-board instruction-cache and memory controller. 
The CPU runs independently of the memory controller, except when a 
TMS34082 coprocessor-inserted wait state is generated. For more informa
tion, see Section 3.3, The TMS34082 Floating-Point Coprocessor. The local
memory cycle consists of an address/status subcycle and a data cycle. 

During the address/status subcycle, which is also known as row-address time, 
the local memory address DAT[5:31], status bits DAT[0:4], and local memory 
row/column address ROWCOL[0:8] are generated. 

The RASDCD PAL (U1) decodes the local-memory address to select either 
BANKO (VRAM) or BANK1 (DRAM). These signals assert the corresponding 
row-address strobe RAS as follows: 

Q When the VRAM row address strobe RASO is asserted, BANKO is se
lected. 

Q When the DRAM row address strobe RAS1 is asserted, BANK1 is se
lected. 

Q When either row-address strobe is asserted, the row-address lines are 
latched by the selected strobe. 

The status code contained in status bits DAT[0:4] are also decoded by the 
RASDCD PAL (U1) to determine if the local memory cycle is a refresh, a 
video-generated VRAM serial register transfer, or a CPU-generated VRAM 
serial register transfer cycle as discussed in Section 8.5, Local Memory Status 
Codes, on page 8-10 of the TMS34020 User's Guide. 

When the data subcycle is asserted active-low, which is also known as column
address time, it provides the local memory column address to the row/column 
address, and selects VRAM (BANKO). The ROWCOL[0:8] lines transfer data 
out of the TMS34020 by means of the multiplexed address/data bus, 
DAT[0:31]. When the HBS PAL (U28) asserts its host byte strobes (HBS[0:3]), 
the corresponding the column address strobes (CAS[0:3]) are asserted. The 
column address is latched by the local memory. 

The data subcycle ends when the HAND PAL (U 14) generates the LRDY signal 
to the TMS34020 and the RASDCD PAL's BUSFLT signal is deasserted. The 
LRDY signal is derived from the TMS34082's coprocessor- ready CORDY sig
nal. In the absence of an on-board TMS34082, CORDY is pulled high. It is 
deasserted only when a coprocessor instruction is executing. This prevents 
any TMS34020 local memory cycles from being executed before the 
TMS34020-initiated coprocessor instruction has been completed. These sig
nals provide zero wait-state local memory cycles on the SDB20. 
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When the data subcycle ends, the PGMD and SIZE16 signals of the 
TMS34020 are sampled. 

Q The PGMD signal is tied low so that the SDB20 will use page mode when
ever possible. The TMS34020's page-mode addressing scheme is de
scribed in Section 8.7, on page 8-15 of the TMS34020 User's Guide) 

Q The SIZE16 signal is held high, which defines the local memory bus size 
to be 32 bits wide. 

For more information on local memory cycles and general timing information, 
see Section 8.8, Local-Memory Read and Write Cycles, on page 8-18 of the 
TMS34020 User's Guide. 

The RASDCD PAL (U1) decodes a TMS34020-generated refresh cycle from 
its local address bus DAT[0:3], which comprises the TMS34020's status bits 
on a local memory cycle. The SDB20 uses CAS before RAS refresh for its 
memory arrays. When a refresh cycle is asserted, the RASDCD PAL (U 1) dis
ables the palette and the HSREG from being accessed. 

The TMS34020's row/column address RCA[1 :9] bus provides the memory ad
dressing for VRAM and DRAM. The TMS34020's local addresses LAD[5:22] 
are tied to the row/column address bus RCA[5:22] as shown in Table 3-7. 

Note: 

This multiplexing scheme applies to all local memory cycles. 

Table 3-7. Local Memory Addresses-to-RCA Bus Connections 

RCM Array Address Row/Column Address Bus Pins 

1 0 Size Time CAMD 12 11 10 9 8 7 6 5 4 3 2 1 0 

0 1 256K x 32 row - n/a n/a n/a 22 21 20 19 18 17 16 15 14 n/a 

0 1 column 0 n/a n/a n/a 13 12 11 10 9 8 7 6 5 n/a 

Note: n/a means not applicable. 

The CAMD column address mode pin of the TMS34020 is tied low. The RCA 
bus configuration mode (RCM) bits of the CON FIG register control which local 
address lines are tied to the RCA bus. The SDB20 requires RCM[O, 1] to be set 
to 1 and 0, respectively. 

The RCM bits are loaded from bits 1 and 2 of the TMS34020's reset vector, ad
dress FFFF FFEOh. The setting of the RCM is discussed in subsection 6.12.4, 
System Configuration Following Reset, on page 6-26 of the TMS34020 User's 
Guide. 
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3.2.3 The RASDCD PAL, U1 

The RASDCD PAL (U1) is a TIBPAL 16L8 that decodes the memory 
row-address strobes (RAS). It also provides the palette enable PEN and the 
hardware space register-enable HWSPACE signals. 

The RASDCD PAL differentiates between frame-buffer VRAM (BANKO) and 
program-memory DRAM (BANK1) with the local-address bits, DAT[23,30,31 ]. 
Table 3-8 shows the bit levels for selecting the two memory banks. 

Table 3-8. DRAM and VRAM Bank Selection 

State of the DAT bits They select 

DAT31 DAT30 DAT23 

0 0 0 DRAM (BANK1) 

0 0 VRAM (BANKO) 

The RASDCD also decodes the local-address DAT[28:31] bits to assert the fol
lowing internal signals: 

Q IOREGS when accessing the TMS34020's 1/0 registers. 

Q PALET when accessing the Bt478 color-palette registers. 

Q HREGS when accessing the HSREG hardware space register of the 
SDB20. 

Q INTVECT when accessing the INT/TRAP vectors of the TMS34020. 

Table 3-9 shows the bit levels for selecting the RASDCD PAL output signals. 

Table 3-9. RASDCD PAL Signal Selection 
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State of the DAT bits Selected 

DAT31 DAT30 DAT29 DAT28 Signals 

1 1 0 0 IOREGS 

1 1 0 1 PAL ET 

1 1 1 0 HSREG 

1 1 1 1 INVECT 

The IOREGS signal asserts RASO to duplicate the 1/0 register locations of the 
TMS34020 into VRAM. This can used as a debugging feature. 

The PALET signal enables the PEN signal, which enables the MISC PAL (U8) 
to access the Bt478 color palette. For more information, see the description 
of the MISC PAL on page 3-37. 
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The PEN signal is asserted only when the PALET signal is asserted and there 
are no current CPU- or VRAM-initiated serial-register transfers or TMS34020-
initiated refresh cycles taking place. 

The H REGS signal enables the HWSPACE signal, which enables writes to the 
HSREG register. 

The HWSPACE signal is asserted as long as there are no current CPU- or 
VRAM-initiated serial register transfers or TMS34020-initiated refresh cycles 
taking place, and as long as the direct palette access flag PALDIR, which is 
generated by the SELECT device (U40), is deasserted. 

The MSBs of the local-address DAT[28:31] bus are used to divide the memory 
range into 16 sections. All 16 sections of memory are reserved for compatibility 
of future revisions of the SDB20; do not overwrite them. The amount of alias
ing is due to the lack of exhaustive decoding because the system was designed 
this way to reduce chip count and conserve board population. 

Figure 3-19 shows the ABEL source file for programming the RASDCD PAL. 
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Figure 3-19. The ABEL Source File for the RASDCD PAL, U1 
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3.2.4 TMS34020-to-VRAM Interface 

The SDB20's frame buffer consists of eight TMS44C251 SD devices 
(U31-U38) containing 1 MbiL of VRAM. These provide a maximum supported 
screen resolution of 1024 x 768 x 8 bits/pixel. 

During update cycles, the VRAM transfers a row of memory to the TMS34020 
on-chip 256-bit shift register or the contents of the shift register to the row of 
VRAM memory, depending on the state of the read/write line. 

The RASDCD PAL (U1) decodes the status bits of the local-address bus 
LOCADD[0:3] on local-memory cycles to determine when one of the following 
is taking place: 

CJ A video-generated VRAM serial-register transfer. 

CJ A CPU-generated VRAM serial-register transfer. 

CJ A TMS34020-initiated memory refresh cycle. 

When any of these occur, the PALET and HWSPACE enables are deasserted. 

The VRAM is controlled by the following TMS34020- and SDB20-generated 
signals: 

CJ The MAD[0:8] series-terminated address bus. 

CJ The RASO series-terminated row/column address strobe enable. 

CJ The WE series-terminated write enable. 

CJ The SF special function. 

CJ The TR/OE transfer output enable. 

CJ The SCLK serial clock. 

The multiple functions of the VRAM are selected by the states of the 
TMS34020's control signals TR/OE, WE, SF and CAS[0:3] afterthe fall of RAS. 
Table 3-10 shows a functional truth table for the TMS44C251 VRAM. 
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Table 3-10. TMS44C251 Functional Truth Table 

CAS 
RASO Fall Fall Address DQ[0:3] Function 

- --
CAS3- TROE WE SF SF RAS CAS RAS CAS -
CASO orW 

1 0 0 x x ROW TAP x x Register-memory trans-
POINT fer (transfer write) 

1 0 0 1 x ROW TAP x x Alternate transfer write 
POINT independent of SE 

1 0 1 0 x ROW TAP x x Memory-to-register 
POINT transfer (transfer read) 

1 0 1 1 x ROW TAP x x Split register transfer 
POINT (must reload tap) 

1 1 0 0 0 ROW COL WRITE VALID Load and use write 
MASK DATA mask; write data to 

DRAM 

1 1 0 0 1 ROW COL WRITE ADDR Load and use write 
A2-A8 MASK MASK mask; block write to 

DRAM 

1 1 0 1 0 ROW COL x VALID Persistent writes per-bit 
DATA writes data to DRAM 

1 1 0 1 1 ROW COL x ADDRS Persistent writes per-bit 
A2-A8 MASK blocks data to DRAM 

1 1 1 0 0 ROW COL x VALID Normal DRAM read/ 
DATA write (nonmasked) 

1 1 1 0 1 ROW COL x ADDR Block write to DRAM 
A2-A8 MASK (non masked) 

1 1 1 1 0 REFRESH x x WRITE Load write mask 
MASK 

1 1 1 1 1 REFRESH x x COLOR Load color register 
DATA 

Notes: 1) DQ0-3 are latched on the falling edge or later of W or CAS3-CASO. 
2) X = don't care. 

3) ADDR MASK = 1 means write to the address location that is enabled. 
WRITE MASK = 1 means write to the 1/0 enabled. 

3.2.5 TMS34020-to-DRAM Memory Interface 
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The SDB20's eight TMS44C256SD 256K x 4-bit 100-ns DRAM program me
mories are configured and accessed in the same manner as the VRAM frame
buffer memory. The only difference between accessing DRAM and accessing 
VRAM is the address space in which the DRAM resides and the decoding of 
BANK1 by the RASDCD PAL. The RASDCD PAL's signal RAS1 asserts 
BANK1. For specific timing information, see the TMS44C256SD data sheet. 
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3.3 The TMS34082 Floating-Point Coprocessor 
The SDB20 is designed to use the optional TMS34082 graphics floating-point 
coprocessor; it installs in socket U 10. The SDB20 is not shipped with this de
vice. However, it can be purchased and installed separately. 

The TMS34082 is a high-speed, IEEE Standard 754-compatible floating-point 
processor. It is composed of the following: 

Q A 16-bit sequencer for executing internal or programmed instructions. 

Q A 3-operand (source A, source B, and destination), 64-bit floating-point 
unit (FPU) with twenty-two 64-bit data registers. The data registers are or
ganized into two files of 10 registers each with two registers used for inter
nal feedback. 

Q An instruction register for controlling FPU execution. 

Q A status register for retaining the FPU's most recent status. 

Q 8 control registers. 

For more information, see the TMS34082 Designer's Guide. 

3.3.1 How the TMS34082 Communicates With the TMS34020 

The TMS34020 communicates with the TMS34082 directly over the local ad
dress DAT[0:31] bus. The TMS34020 supplies the local-clock signals LCLK1 
and LCLK2 to provide synchronous communication between it and the 
TMS34082. The address-latch ALTCH signal is used for latching the instruc
tion and status from the local address DAT[0:31] bus. When the TMS34082 de
codes all zeroes from the local address DAT[0:3] bus, the TMS34082 executes 
the TMS34020-initiated access cycle. 

When the column address CAS[0:3] strobes fall, the TMS34020's local ad
dress/data bus is accessed ifthe local bus data-ready LRDY signal is high. The 
level of the special function SF input signal determines the status of the 
DAT[0:31] input to the coprocessor. 

Q When SF is set, the DAT[0:31] is provided with an instruction or a data op
erand from the TMS34020's registers. 

Q When SF is cleared, the DAT[0:31] is a data operand from the TMS34020's 
memory. 

The level of the write enable WE signal determines the TMS34020-initiated 
read or write cycle. The row address RAS strobe is held high for any TMS34082 
accesses. 

The TMS34082 handshakes with the TMS34020 by means of its coprocessor
ready CORDY and coprocessor-interrupt COINT signals. When the coproces
sor executes a TMS34020-initiated instruction, CORDY is brought low until the 
instruction is completed. CORDY is then sent to the HAND PAL {U14). The 
HAND PAL generates the LRDY signal to the TMS34020. Wait states are in
serted into the cycle when LRDY is asserted on a local-memory access. 
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For further information about communicating with the TMS34082 device, see 
Section 5.6, Polling the Coprocessor, on page 5-13 of the TMS34082 Design
ers Handbook. 

3.3.2 The HAND PAL, U14 

The HAND local bus handshake PAL is a TIBPAL20R4A that has very little 
functionality for the current revision level of the SDB20. However, it does sup
ply the direct-connect logic of the TMS34082's CORDY signal to the 
TMS34020's LRDY signal. , 

The HAND PAL also inverts the SDBENB input signal to the 16XF output en
able signal, which is used to enable the SN74ALS521 16-bit transfer address 
comparator (U30). 

Figure 3-20 shows the ABEL source file for programming the HAND PAL. 

Figure 3-20. ABEL Source File for the HAND PAL, U14 

3.3.3 Installing the TMS34082 
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You can install the TMS34082 by inserting a 145-pin PGA (pin-grid array) pack
age into socket U 10 on the SDB20. U 10 is located below and to the left of the 
TMS34020 device that is located at U11 (see Figure 3-1 on page 3-3). 
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3.3.4 The TMS34082 SRAM Module 

The TMS34082 SRAM module is a business-card-sized daughter board that 
is used with the TMS34020 software development board (SDB20). The SRAM 
module's powerful TMS34082 graphics floating-point coprocessor easily adds 
floating-point capability to your SDB20. Figure 3-21 shows the module's lay
out and how it installs on the SDB20. 

Figure 3-21. TMS34082 SRAM Module Installation 

3.3.4.1 Key Features 

0 
TMS34020 

~ 
[§] 
~ 

us ~ 
~ TMS34020 Software Development Board 

D SAAM Module 

TMS34082 

The TMS34082 SRAM module has the following features: 

Q A TMS34082A-32 graphics floating-point coprocessor. 

Q 128K bytes of fast 20-ns static RAM (SRAM). 

This memory can be used for both external instructions and data (no 
program/data segment decoding). 

Q The ability to plug directly into the SDB20's TMS34082 socket. 

Q A low profile. 

This allows the SDB20 to remain a single-slot board. 
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3.3.5 The TMS34082 Bus Architecture 

Figure 3-22. 

Figure 3-22 shows the standard TMS34082 bus architecture for the SDB20 
with the optional TMS34082 device installed. 

The TMS34082 Bus Architecture in Standard SDB20 

Data and Instructions From the LAD Port 

data 
TMS34020 TMS34082 

internal instructions 
!('.:~::•:~I LAD MSD 

This configuration allows the TMS34082 to execute internal instructions, one 
at a time, as directed by the TMS34020, using data that the TMS34020 has 
placed into the TMS34082's internal registers. 

3.3.6 The TMS34082 Bus Architecture With the SRAM Module Installed 

3-56 

Adding the TMS34082 SRAM module extends the architecture, which allows 
the TMS34082 to execute custom, multi-instruction subroutines that are stored 
in external memory. Data for these external instructions can also be loaded or 
stored in the SRAM module memory. 

Figure 3-23 shows the TMS34082 bus architecture with the SRAM module 
(that contains the TMS34082 and the SRAM) installed. 
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The TMS34082 Floating-Point Coprocessor 

The TMS34082 Bus Architecture Using the SRAM Module 
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3.3. 7 For Additional Information ... 

For more information about the TMS34020 graphics processor and the 
TMS34082 graphics floating-point coprocessor, refer to the following: 

Q The TMS34020 User's Guide for more information about the TMS34020 
graphics processor. 

Q The TMS34082 Designer's Handbook tor more information about the 
TMS34082 floating-point processor. 
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3.4 Backend Section 

This section describes the following: 

[J The SDB20's frame buffer-to-color palette interface, 

[J The SDB20's control logic and timing, 

[J The on-board Brooktree color palette's (Bt478) functionality and asso
ciated logic, and 

[J The configurations of the video output connector (P4). 

3.4.1 The Frame Buffer-to-Color Palette Interface 
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The frame buffer consists of eight TMS44C251 SD VRAM devices (U31-U38). 
The SN? 4FCT53 inverting synchronizer (U61) supplies the SCLK serial-clock, 
VCLK video-clock, BLANK, SRLOAD4, and SRLOAD8 signals. On its falling 
edge, the SCLK signal clocks data out of the VRAM 256-bit serial registers. On 
its rising edge, SCLK latches the data into the Bt478. 

The SCLK signal is 1/4 of the system dot clock for 8 bits/pixel resolution and 
1/8 of the system dot clock for 4 bits/pixel resolution. The HSREG register 
(U13) selects the clock rate (PIXRATE), which is controlled by the SDB20 
clock-generation control logic (see the Video Clock Generation schematic 
sheet of Appendix C). 

The VCLK signal synchronizes and clocks the TMS34020 video control regis
ters, which control the VRAM memory-to-register transfer rate to the VRAMs 
internal shift registers. For more information about these controls, see Chapter 
9, Video Timing and Screen Refresh, of the TMS34020 User's Guide. 

The RATE signal of the HSREG register is also known as PIXRATE. This signal 
selects the 25-MHz (U72) or 60-MHz (U71) crystal oscillators that drive the vi
deo-clock VCLK, serial-clock SCLK, and palette dot-clock PALDOT signals. 

[J When RATE=1, the SN74AS153 dual 4-to-1 dot-clock multiplexer (U66) 
selects the 60-Mhz crystal oscillator (U71) for clocking both outputs of the 
system clock. This dot clock frequency provides the connected monitor 
with 1024 x 768 screen resolution. 

[J When RATE=O, the dot clock multiplexer selects the 25-MHz crystal oscil
lator (U72) for the system dot clock. This dot-clock frequency provides the 
connected monitor with 640 x 480screen resolution. 
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The SN7 4F199 4-bits/pixel (U46-49) and 8-bits/pixel shift registers 
(U44,U50,U52 and U53) use the SRLOAD4 and SRLOAD8 signals, respec
tively, to shift 32-bit data words from the VRAM's serial port into the 4-bit/pixel 
and 8-bit/pixel shift registers. 

0 The 4BIT parameter (bit 1) of the HSREG register enables the 4-bit shift 
registers with the PIX4BIT signal as shown in the SDB20 schematic set 
(see Appendix C). When enabled, 32 bits of data are parallel-loaded into 
the 4-bit shift registers. These registers can be loaded every eight cycles 
of DOTCLOCKB. Each cycle of DOTCLOCKB loads the Bt478 color 
palette with four bits of pixel data. 

O The 8BIT parameter (bit 0) of the HSREG register enables the 8-bit shift 
registers with the PIX8BIT signal as shown in the SDB20 schematic set 
(see Appendix C). When enabled, 32 bits of data are parallel-loaded into 
the 8-bit shift registers. These registers can be loaded every four cycles 
of DOTCLOCKA. Each cycle of DOTCLOCKA loads the Bt478 color pal
ette with eight bits of pixel data. 

The color palette translates each received pixel into an analog red, green, and 
blue signal. These signals are RS-343A compatible and are passed through 
the video output connector (P4) to the system's monitor. 

3.4.2 The MISC PAL, ua 

As previously discussed in subsection 3.1.8.1, VGA Passthrough Control 
PALs, the MISC PAL (US) provides read/write palette control for the Bt478 col
or palette's pixel-address and data registers. 

When the VGA bit (bit 3) of the HSREG is a logic 0, VGA passthrough is dis
abled. The TMS34020-generated composite video CSYNC signal is provided 
to the MISC PAL, which buffers the composite/horizontal sync CHSYNC sig
nal. CHSYNC is provided to the video output connector (P4). 

When the VGAENB signal is asserted, which means thatthe VGA passthrough 
is enabled, and the direct-palette access flag PALDIR is asserted by the 
SELECT PAL (U40), the register-address REGADD[0:2] signals address the 
Bt478 color palette registers. REGADD[0:2] signals are generated, depending 
on the state of the two LSBs of the latched host-address lines. 

When the shadow mode is disabled by the SHADIS bit (bit 5) of the HINTF reg
ister being set, the Bt478 registers are addressed according to the value of the 
local address DAT[5:7] bus lines. 
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The color palette read-enable PALETRD signal is generated when the 
RASDCD PAL (U 1) asserts the color palette enable PEN signal. The PEN sig
nal occurs when the following conditions are present: 

Q The MSBs of the local address DAT[28:31] bus are decoded as palette reg
ister addresses, 

Q The direct-palette access flag PALDIR is deasserted, 

Q The TMS34020's address latch ALTCH and transfer output enable TR/QE 
are active, and 

Q The local cycle is not a write cycle, e.g, WE is deasserted. 

The Bt4 78 color palette can be read only when the SDB20 is in the nonshadow 
mode. The color palette write-enable PALETWR signal is asserted when either 
PEN is asserted or the PALDIR is set. The TMS34020's ALTCH and WE sig
nals must also be asserted. 

The Bt478 color palette can be written to in shadow or nonshadow modes. 

Q The shadow mode is enabled, which means that VGA writes can update 
the palette, or 

[J The nonshadow mode is enabled, which means that writes from the 
SDB20 can update the palette. 

The MISC PAL also verifies shadow-mode activity by generating the SHADOK 
flag. The SHADOK signal is asserted when a VGA 1/0 write cycle occurs and 
SHADOW is asserted. 

When the SHADENB bit of the HINTF register is set, the shadow mode is en
abled. This signal sets the PALDIR in the SELECT PAL (U40). 

3.4.3 The Bt478 Color Palette 
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The Brooktree (RAMDAC) Bt478 color palette is a 66-MHz, 256-bit color pal
ette, which provides RS-343A compatible analog IOR (red), IOG (green), and 
IOB (blue) video signals to the P4 video output connector of the SDB20. These 
signals are terminated with 75-Q resistors. The palette's overlay capability is 
not available on the SDB20. The overlay OL[0:3] lines are grounded. For a 
functional description of the device, seethe Bt478 data sheet contained in the 
Brooktree 1990 data book. 

Theory of Operation 
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3.4.4 The SDB20 Video Output Connector, P4 

The video output connector (P4) of the SDB20 is a DB9, 9-pin connector. When 
you are in the VGA passthrough mode, P4 provides a means for externally ac
cessing the VGA-generated horizontal sync VGAHS and the vertical sync 
VGAVS signals. These signals are buffered by an SN74F244 8-bit octal trans
ceiver (U56) as the CHSYNC and VSYNC signals. 

When the VGA bit (bit 3) of the HSREG is a logic 0, the following occur: 

1) The VGA passthrough buffers (U56} are disabled, leaving the VGA-gener
ated sync VSYNC and CHSYNC signals in a high-impedance state. 

2) The TMS34020-generated composite video CSYNC signal is provided to 
the MISC PAL, which provides the buffered composite/horizontal sync 
CHSYNC signal. 

3) The CHSYNC signal is provided to the video output connector (P4). 

For more information on the TMS34020's composite-sync signal, see Section 
9.6, Composite Video Timing, on page 9-15 of the TMS34020 User's Guide. 

Note: 

Some monitors may require a 9-pin to 15-pin connector adapter. See your 
monitor specifications for video connector pinouts and Section A.2, Video 
Connector Pinouts. 
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The TMS34020-to-XDS500 Interface 

3.5 The TMS34020-to-XDS500 Interface 
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You can interface the SDB20 TMS34020 device to an XDS500 in-circuit emula
tor by means of the SDB20's 12-pin emulator 1/0 connector (JP2). JP2 pro
vides a path for connecting the TMS34020 emulator EMU[0:3] and local-clock 
LCLK signals to the XDS500. The EMU[0:3] signals are buffered by the 
SDB20's SN74F244 8-bit octal transceiver (U56). 

The LCLKO local-clock signal is not buffered. Consequently, it is not suited for 
simultaneous operation with a TMS34082 and XDS500/SDB20. For more in
formation about the XDS500 emulator and its functionality, see the XDSSOO 
User's Guide. 

Theory of Operation 
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SDB20 Specifications 
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This appendix contains technical information about the SDB20's physical char
acteristics, its operating environment, video output pinouts, hardware interrupt 
and 1/0 address settings. 

These topics are discussed: 

Section Page 
A.1 SDB20 System Specifications .......................... A-2 
A.2 Video Output Pinouts ................................. A-3 
A.3 Video Timing ......................................... A-4 
A.4 SDB20 Input/Output Registers ......................... A-5 
A.5 Hardware Interrupt Settings ............................ A-6 

For additional information about the SDB20, its specifications, and TIGA appli
cations, contact the Texas Instruments Graphics Hotline at (713) 274-2340. 
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A.1 SDB20 Hardware Specifications 

Table A-1. 80820 Hardware Specifications 

Graphics processor TMS34020 Speed: 32 MHz 

Memory Base: 1 MByte of DRAM 
1 MByte of VRAM 

Bus interface 8-bit or 16-bit ISA interface AT and EISA compatible 

Display modes 640 H x 480 V, 16 colors 
640 H x 480 V, 256 colors 

1024 H x 768 V, 16 colors 
1024 H x 768 V, 256 colors t 

Color palette Brooktree 478 Speed: 66MHz 
Size: 256 24-bit entries 

Monitor interface RS-343A compatible RGB levels into 
75-Q TTL-level horizontal and vertical 
sync 

Default display timings 640H x 480V (noninterlaced) Pixel rate: 25 MHz 
Vertical frequency: 60 Hz 

1024H x 768V (non interlaced) Pixel rate: 60 MHz 
Horizontal frequency: 47.9 kHz 
Vertical frequency: 59.8 Hz 

Dimension Standard XT form factor with 16-bit slot 
capability 

Operating environment Temperature 0° C to 55° C 

Relative humidity 10% to 95% (noncondensing) 

Power supply 5 V ± 5%, up to 1 OOmV peak-to-peak 
noise margin 

Power consumption 10-W maximum Approximately 2 amps @ +5 VDC 
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Video Output Connector Pinouts 

A.2 Video Output Connector Pinouts 

The video output connector (P4) is a shielded, double-row, 9-position 
subminiature D female adapter. It is compatible with the IBM VGA standard. 
Table A-2 defines its pinouts. 

Table A-2. Video Output Connector Pinouts 

Pin Signal 

6 1 Red video 

2 2 Green video 
7 

3 3 Blue video 
8 

4 
4 Composite/horizontal sync 

9 5 Vertical sync 

6-9 Ground 
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Video 

A.3 Video Timing 

The SDB20 supports 1024 x 768 noninterlaced video and 640 x 480 noninter
laced video displays. Table A-3 and Table A-4 show the default video timings 
for all three display resolutions. By using the step-by-step procedures listed in 
Section 2.4, Setting Up a Dual Monitor System, you can customize these tim
ings for your monitors. 

Table A-3. 1024 x 768 Non interlaced Video Timing 

Pixel rate: 63.960 MHz ~.01 % 

Horizontal scan rate: 48.19 kHz 

Horizontal sync width: 1.00 µs 

Horizontal front porch: 1.00 µs 

Horizontal back porch: 2.75 µs 

Vertical frame rate: 60.0 Hz 

Vertical sync width: 0.083 ms 

Vertical front porch: 0.02 ms 

Vertical back porch: 0.585 ms 

Table A-4. 640 x 480 Noninterlaced Video Timing 

Pixel rate: 25.175 MHz ±.01 % 

Horizontal scan rate: 31.47 kHz 

Horizontal sync width: 3.81 µs 

Horizontal front porch: 1.11 µs 

Horizontal back porch: 1.91 µs 

Vertical frame rate: 59.9 Hz 

Vertical sync width: 0.06 ms 

Vertical front porch: 0.763 ms 

Vertical back porch: 1.08 ms 
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A.4 SDB20 lnput/Ouptut Registers 

Table A-5 shows the host 1/0 address locations of the SDB20 that are confi
gured by switch SW1. The SDB20 is factory preconfigured to respond at ad
dresses Ox230. Subsection 2.2.2.1, How to Reconfigure Your SDB20, explains 
how to make optional address selections. 

Table A-5. /SA 110 Address Locations 

Addreess SW1-1 SW1-2 SW1-3 SW1-4 

0200 ON ON ON ON 

0210 OFF ON ON ON 

0220 ON OFF ON ON 

0230 OFF OFF ON ON default settings 

0240 ON ON OFF ON 

0250 OFF ON OFF ON 

0260 ON OFF OFF ON 

0270 OFF OFF OFF ON 

0280 ON ON ON OFF 

0290 OFF ON ON OFF 

02AO ON OFF ON OFF 

0280 OFF OFF ON OFF 

02CO ON ON OFF OFF 

0200 OFF ON OFF OFF 

02EO ON OFF OFF OFF 

02FO OFF OFF OFF OFF 
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A.5 SDB20 Hardware Interrupt Settings 

Table A-6 shows the hardware interrupt locations that are configured by switch 
SW2. The 80820 is factory preconfigured to respond at IRQ15. Subsection 
2.2.2.1, How to Reconfigure Your SDB20, explains how to make optional inter
rupt selections. 

Table A-6. SDB20 Hardware Interrupt Settings 

Switches Interrupt Line Use 

SW2-1 IRQ3 available 

SW2-2 IRQ5 available 

SW2-3 IRQ9 available 

SW2-4 IRQ10 available 

SW2-5 IRQ11 available 

SW2-6 IRQ12 available 

SW2-7 IRQ14 reserved 

SVV2'-'8. ·.•.··I··· . .. ····.···1RQl5 
.... I< .... 

available. 
. > 
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Appendix B 

Troubleshootin Guide 

This appendix contains additional technical information about TIGA. It pro
vides suggested solutions for problems that you may encounter in using TIGA 
with the SDB20. 

These topics are discussed: 

Section Page 
B.1 TIGA Error Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B-2 
B.2 Customer Support . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B-6 
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TIGA Error Me:ssa!ges 

8.1 TIGA Error Messages 

If TIGA encounters a system problem, an error message appears. The exact 
error message depends upon the application that is running. 

The three most common errors result from an improper or incomplete configu
ration of your TIGA environment. These errors occur because of the following: 

1) The TIGA communications driver is not installed, or 

2) The TIGA environment is incorrectly set, or 

3) The TIGA path is incorrect. 

The arrows left of Figure B-1 show these three lines. 

Figure 8-1. SDB20 Installation Option Window 

B-2 

---

SDB20 INSTALLATION 

Where should this information be placed? 

C:\TIGA\TIGAAQTO. 

C: \AUTOEXEC. BAT 

<ENTER> "'· Selec.t 

The following is a list of TIGA messages, their causes, and possible remedies. 
If these problems occur when running a TIGA application, they are more likely 
to be caused by a bug in that program than by a hardware malfunction. 

Error Message: Abort (no response from the display board) 

Cause: The SDB20 failed to initialize. The following are possible causes: 

4) The SDB20 is not installed or it is defective. 

5) The SDB20 is set up incorrectly. 

6) You are using the wrong TIGACD. 

7) You are using the wrong TIGA configuration file (e.g., tiga.cfg) 

Troubleshooting Guide 



TIGA Error Me:ssaaes 

Remedy: Do the following to correct the problem: 

Turn off power to your PC, monitor(s), peripherals, and the tar- ·• 
get system (if applicable) before removing or replacing any 
cards or cables. Leave PC and peripheral power cords plugged 
into their respective outlets. This protects your PC from static 
electricity that may be generated during the installation pro
cess. 

1) Make sure that the SDB20 is installed correctly by checking the following: 

a) Is the board installed in the correct slot? If not, remove it and install it 
in the slot selected during the software installation. 

b) Is the board fully seated into its PC slot? Remove and reinstall the 
board, making sure that it is fully seated into the PC slot. 

c) Make sure all socketed components (i.e., the oscillators) are fully 
seated into their respective sockets. 

2) Rerun the tigaset utility to make sure that all 1/0 and memory addresses 
that were required for setup correspond to your board's configuration. Try 
different combinations to see if any of the setup options correct the prob
lem. 

3) Make sure that the TIGACD that you are using is intended for your display 
board. If in doubt, see the software installation manual for your board. 

4) Make sure that the tiga.cfgfile that you are using is intended for your dis
play board. If in doubt, see the software installation manual for your board. 

Error Message: Attempt to unload TIGA driver failed! 

Cause: Using tigacd -u from the DOS line, an attempt was made to unload the 
TIGA CD from memory but failed because the interrupt vector that was pres
ent at the current interrupt level did not belong to TIGA. 

Remedy: Do the following to correct the problem: 

1) Do not modify the TIGA interrupt level with the - i option of the TIGA envi
ronment variable after loading the TIGA CD. 

2) Make sure that no other driver is using the same interrupt as TIGA. 
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8-4 

Error Message: Non TIGA Driver installed in software interrupt level Ox?? 

Cause: An attempt was made to load the TIGA CD at an interrupt level that is being 
used by some other driver. 

Remedy: Do the following to correct the problem: 

1) Load the TIGA CD at another interrupt level. 

2) Change the software interrupt level by using the - i option of the TIGA en
vironment variable. For more information, see Section 2.5, The TIGA Envi
ronment Variable, of the TIGA Interface User's Guide. 

Error Message: Not enough memory to store parameters 

Cause: An alternate _a entry point was called, but there is not enough TMS340 
memory available to allocate a temporary command buffer. 

Remedy: Reduce the amount of data being sent to the function. 

Error Message: Required file tiga.cfg not found 

Cause: The tiga.cfg file could not be found in the directory that was specified by the 
-m option of the TIGA environment variable. 

Remedy: Do the following to correct the problem: 

1) Make sure that the -m option is set to the TIGA main directory. For more 
information, see Section 2.5, The TJGA Environment Variable, of the TIGA 
Interface User's Guide. 

2) Make sure that the tiga.cfgfile exists in the directory that was specified by 
the -m option. 

3) Make sure that the tiga.cfg"hidden" or "read-only" file attributes are not set. 

4) Make sure thatthe tiga.cfgfile is not damaged. If in doubt, see the software 
installation manual for your board. 

Error Message: TIGA Driver already installed in software interrupt level Ox?? 

Cause: An attempt was made to load the TIGACD at the current TIGA interrupt level 
when it is already loaded. 

Remedy: Do not reload the TIGACD if it is already loaded-it remains memory-resident 
until: 

1) The PC is rebooted or the power is turned off. 

2) The TIGACD is uninstalled when using the t igacd -u command from the 
DOS line. 
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Error Message: TIGA Driver is not installed! 

Cause: The TIGACD communications driver was not loaded. An attempt was made us
ing t igacd -u from the DOS line to unload the TIGACD from memory. It failed 
because no interrupt vector was present at the current TIGA interrupt level. 

Remedy: Do the following to correct the problem: 

1) Reboot your PC to set up the TIGA environment or run TIGAAUTO. 

2) Do not attempt to unload the TIGACD when it is not loaded. 

3) After loading the TIGA CD, do not modify the TIGA interrupt level by 
changing the -i option of the TIGA environment variable. 

Error Message: Timeout waiting for current TIGA command 

Cause: The TIGA graphics manager has been corrupted. A called TIGA extended 
function did not execute to completion. 

Remedy: Do the following to correct the problem: 

1) Check the Tl GA-function source for problems. 

2) Check the host entry-point invocation to ensure that the arguments are 
correctly passed. 
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B.2 Customer Support 

8-6 

If these suggested solutions do not solve your problem, do one the following: 

1) Contact your local TIGA board dealer. 

2) Contact the Texas Instruments Computer Video Products HOTLINE as fol
lows: 

a) Call (713) 274-2340. 

b) Send a FAX to 713-274-2558. 

c) Use EMAIL and send a messge to 4599744@mcimail.com. 

3) Refer to the customer support guide that was shipped with this manual for 
information about product warranties and remedies. 

Troubleshooting Guide 



Appendix C 

SDB20 Schematics 

This appendix contains the schematics (revision C) for the TMS34020 Soft
ware Development Board (SDB20), revision D. 
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Appendix D 

address: A location in an array of bits, bytes, or words of information. 

address/status subcycle: First part of a local-memory cycle, sometimes 
referred to as row-address time. 

ALTCH: Address latch signal. You can use the high-to-low tranisition of 
ALTCH to capture the address and status present on the LAD bus. 

back porch: Portion of horizontal or vertical blanking that follows the trailing 
edge of the horizontal-sync or vertical-sync pulse. 

bank: A group of memory devices that form a continuous selection of 
memory. On the SDB20, each memory bank consists of eight parts. 

BASEP: The SDB20's base pointer register (U6). 

bit: A binary digit; usually 1 or 0. 

BUSFLT: Bus fault signal. External logic asserts BUSFLT to indicate that a 
fault occurred on the current bus cycle. 

BUSRDY: See NOTREADY 

byte: An 8-bit sequence of adjacent binary digits operated as a unit. 

CAMD: The column address mode of the TMS34020 device. It shifts the col
umn address on the RCA bus (RCA[O: 12]) to allow mixing of DRAM and 
VRAM address matrices. 

CAS: Column-address strobes (CASO-CAS3). Drives the GAS inputs of the 
DRAMs and VRAMs. 

D-1 
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character: A letter, digit, or symbol that is used as part of the organization, 
control, or representation of data. 

CHSYNC: Composite/horizontal video synchronization. 

CSYNC: Composite video synchronization. This signal is generated by the 
TMS34020. 

CMOS: Complementary MOS technology. 

COINT: Coprocessor hardware interrupt. The TMS34082 uses COi NT to as
sert the TMS34020's local hardware LINT1 pin. 

color depth: The number of colors that are simultaneously displayable. 

CONFIG: The TMS34020's configuration register (16-bit 1/0 register, ad
dress COOO 01AOh). Contains fields that selectively enable/disable vari
ous aspects of system configuration. 

configured memory: Memory that is allocated. 

coprocessor: An additional processor in the system; extends the functional
ity of the main processor. For example, the TMS34082 is a coprocessor 
for the TMS34020; in a TMS34020 system, the TMS34082 adds floating
point capabilities to the TMS34020's functions. 

CORDY: Coprocessor ready. In the coprocessor mode, if the TMS34020 
sends an instruction before the TMS34082 has completed a previous in
struction, CORDY goes low to indicate that the TMS34020 should wait. 

DAT[0:31]: The TMS34020's local address bus. 

data: 1. General term for numbers, letters, symbols, and analog quantities 
that serve as input for computer processing. 2. Any representations of 
characters or analog quantities to which meaning, if not information, may 
be assigned. 

diagnostics: Software that exercises hardware with the objective of uncov
ering faults. 

display: A visual representation of data. 

DRAM: Dynamic RAM. On the SDB20, DRAM stores program, fonts, and 
other data. 

driver: A special piece of software that allows other software to exercise a 
specific piece of hardware. 

dual scan: A monitor that supports two different display resolutions. 
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ED: Exception detect status signal. ED is bit 18 of the TMS34082's STATUS 
register. It is set when an exception has been detected. 

EPROM: Erasable programmable read-only memory. A read-only memory 
in which stored data can be erased by ultraviolet light or other means and 
reprogrammed bit by bit with appropriate voltage pulses. 

EISA: Extended Industry Standard Architecture. A new standard bus archi
tecture for personal computers that is backward compatible with ISA (In
dustry Standard Architecture). 

EMU[0:3]: Emulator data bus. These signals connect the TMS34020 emula
tor to the XDS500 in-circuit emulator. 

fatal error: An error that prevents the SDB20 from performing its normal 
useful functions. 

feature connector: A card-edge connector that allows VGA pixel and timing 
information to be available to the SDB20. 

flag: A binary status indicator whose state indicates whether a particular 
condition has occurred or is in effect. 

gray levels: Levels of single-color display intensity. 

HA: Host address input bus (HA[5:31 ]). A host processor requests an ad
dress over these lines. 

HBS: Host byte-select bus (HBS[0:3]). Identifies the bytes to be selected 
within a specific word. 

HCS: Host chip-select signal. A host drives HCS low to latch the current ad
dress and byte-select requests. 

HINT: Host interrupt signal. 

HINTF: Host interface control register (U7). The HINTF is used to describe 
how the SDB20 responds to PC bus cycles. 

HOE: Host output-enable signal. 
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HRDY: Host ready signal. Driven high when the TMS34020 is ready to com
plete a host-initiated access. 

HREAD: Host read strobe. Driven low during a host's read request. 

HSREG: Hardware space control register. This is not a true register but it is 
actually the HARD PAL (U 13) that acts as a 32-bit addressable 8-bit reg
ister. It is located at OEOOOOOOOh in the local-memory space of the 
TMS34020. 

HSTCTLH: The TMS34020's host control 1/0 register, high word (16-bits, 
address COOO 0100h). 

HSTCTLL: The TMS34020's host control 1/0 register, low word (16-bits, ad
dress COOO OOFOh). 

HWSPACE: Hardware space enable signal. The RASDCD PAL (U 1) de
codes the TMS34020 local address DAT[28:31] bits and generates this 
signal, which enables writes to the HSREG. 

HWRITE: Host write strobe. Driven low during a host's write request. 

instruction: A statement that specifies an operation and the values or loca
tions of operands. 

instruction set: A set of operation codes for a particular computer or family 
of processors. 

interlaced video: A common means of image display that first draws all the 
even lines, then all the odd lines. Interlaced video often results in a slight 
flicker in the image. Television is an example of interlaced video. 

interrupt: To stop a process in such a way that it can be resumed. 

INTIN: Interrupt-in (bit 3) of the TMS34020's HSTCTLL register. 

INTOUT: Interrupt-out (bit 7) of the TMS34020's HSTCTLL register. 

ISA: Industry Standard Architecture. 

ISR: Interrupt service routine. 

LAD bus: 32-bit local address/data multiplexed bus (LAD[0:31]). 

language: A set of representations, conventions, and rules used to convey 
information. 

LCLK1, LCLK2: TMS34020 local output clocks. These clocks provide syn
chronous communication between the TMS34020 and the TMS34082. 
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LINT1: Local interrupt request. An external device generates an interrupt re
quest to the TMS34020 by driving LINT1 to an active-low state. 

LOCRS: The local reset signal generated by the RESET PAL (U 15). LOCRS 
is used to reset the TMS34020, TMS34082, and the HI NTF and HS REG 
registers. 

LRDY: Local ready. External circuitry drives this signal low to stop the 
TMS34020 from completing a local-memory cycle that it has initiated. 

LRESET: Local reset. The RESET PAL (U15) generates this signal to reset 
the HARD PAL (U13). 

LSB: Least significant bit. 

LS Byte: Least significant byte. 

LS Word: Least significant word. 

MAD[0:8]: Multiplexed series-terminated address bus. 

Mbyte: Megabyte. 

MEMCS16: 16-bit memory chip select. 

memory map: A map of target system memory space that is partitioned into 
functional blocks. 

microcomputer: An integrated circuit that consists of a microprocessor, 
controller, storage registers, some sort of ALU, and memory. 

microprocessor: An integrated circuit that can be programmed with stored 
instructions to perform a wide variety of functions. 

mnemonic: An instruction name that the assembler translates into machine 
code. 

monitor timings: A set of parameters governing the synchronization sig-
nals required by monitors in order to display images. 

MSB: Most significant bit. 

MS Byte: Most significant byte. 

MSGIN: Message-in (bits 0-2 of the HSTCTLL register). 

MSGOUT: Message-out (bits 4-6 of the HSTCTLL register). 

MS Word: Most significant word. 

multisync: A monitor that supports more than one display resolution by 
adapting to the provided monitor timing signals. 
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noninterlaced video: A means of image display in which all lines are drawn 
sequentially on the screen (see interlaced video). 

NOTREADY: A signal generated by the GSPHST PAL (U26). It is also known 
as BUSRDY. When NOTREADY is driven low, a wait-state is inserted into 
the ISA memory cycle. NOTREADY is deasserted by the LSTATE signal. 

OL[0:3]: Overlay bits. These are the Bt478 color palette's overlay lines. They 
are grounded and not used on the SDB20. 

page buffer: An arrangement for storing the information of successive 
frames in different memory locations to reduce flickering during complex 
animation. 

PALDIR: The palette direct access flag. 

palette: A selection of simultaneously displayable colors that convert pixel 
information into color video images. 

PALETRD: Color palette read enable. This signal is used to read data from 
the Bt478 color palette onto the TMS34020's data bus DAT[0:7]. 

PALETWR: Palette write signal. It is used to write data from the TMS34020's 
data bus DAT[0:7] into the Bt478 color palette's mask register. PALETWR 
occurs when the PALDIR, UWE, and ALTCH signals are asserted. 

Panning: Moving horizontally through text strings or graphics strings. 

passthrough cable: A flat, multiconductor ribbon cable that connects the 
SDB20 to the VGA to allow VGA passthrough. 

PEN: Palette enable signal. The RASDCD PAL (U1) generates PEN for en
abling the Bt478 color palette. 

personal computer (PC): An EISA- or !SA-compatible machine. 

PGMD: Page-mode signal. This signal is tied low so that currently addressed 
memory supports page-mode accesses. 

pixel: A picture element; a dot in a displayed image. 

primary monitor: The monitor that is connected to the PC's video adapter. 

programmable read-only memory {PROM): A large-scale integrated cir-
cuit chip for storing digital data. It can be erased with ultraviolet light and 
reprogrammed, or it can be programmed only once, either at the factory 
or in the field. 

Glossary 



RAS: Row-address strobe. When RASO is asserted active-low, VRAM 
(BANKO) is selected. When RAS1 is asserted active-low, DRAM 
(BANK1) is selected. 

RCA: Multiplexed row/column address bus (RCA[0:12]) of the TMS34020. 

RCM[0,1]: RCA[0:12] Row address configuration mode (bits 1 and 2 of the 
TMS34020's CON FIG register). Determines which bits of the logical ad
dress are output on RCA[):12] at row-address time. 

real time: The actual time during which the physical process of a computa
tion transpires in order that results of the computation interact with the 
physical process. 

REGADD[0:2]: Palette register address lines. 

refresh: Method of restoring the charge capacitance to a memory device 
(i.e., DRAM or VRAM) or of restoring memory contents. 

register: Temporary storage area for digital data. 

RESDRV: System reset signal. It is generated by your PC upon power-up. 
The RESET PAL (U 15) uses RESDRV to generate the SDB20 local reset 
LOCRS signal, which resets the TMS34020. 

resolution: The total number of pixels that an image displays 
simultaneously. 

ROM: Read-only memory. 

row-address time: See address/status subcycle. 

RSR: Reset service routine. 

RST: Reset signal. It is bit 7 of the TMS34020's HSTCTLH 1/0 register. When 
set, it resets the TMS34020 only. 

scrolling: Moving through text strings or graphic strings vertically. 

SCLK: Serial data clock.This TMS34020 signal drives VRAM serial-data 
registers. This allows the TMS34020 to track VRAM serial-data-register 
count, providing serial register-transfer midline-reload cycles. 

SDBENB: SDB20 enable bit. This is bit 7 of the SDB20's HINTF register. 

SDB20: The TMS34020 software development board. 

secondary monitor: The monitor that displays SDB20 images in a 
dual-monitor system. 
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SF: Special function. This is the special function signal of the TMS34020 to 
1-MByte VRAMs. 

shadow palette access: Allows a VGA 1/0 write cycle to write directly to the 
BT478 color palette. 

shadowing: Duplicating an !SA-generated write cycle. 

SIZE16: Bus size signal. When memory decode logic pulls SIZE16 low, the 
currently addressed memory or port supports only 16-bit transfers. When 
held high, the local memory bus size is 32 bits wide. 

software: A set of computer programs, procedures, and associated docu
mentation concerned with the operation of a data processing system: 
e.g., compilers, library routines, manuals, circuit diagrams, etc. 

Software Development Board (SDB20): A high-performance, intelligent 
video adapter that uses a TMS340-family graphics processor and TIGA 
software interfaces. 

strobe: Any control signal that begins or ends a memory access. 

tap point: Column address provided to a VRAM during a memory-to-serial 
register cycle. The column address specifies the point at which the shift 
register is to be tapped: in other words, which cell of the serial register 
is to be connected to the VRAM's serial port. 

TIGA: Texas Instruments Graphics Architecture. 

TIGA display mode: A set of parameters, including display resolution, page 
buffering, and the number of simultaneously displayable colors, that de
scribe the appearance of SDB20-displayed images. 

TR/QE: Transfer/output enable. This signal drives the TR/QE input of 
VRAMs. 

unconfigured memory: Memory that is not defined as part of the device's 
memory map. 

UWE: The TMS34020's write-enable strobe. 

VCLK: Video clock. VCLK is derivative of the video system's dot clock. VCLK 
is internal to the TMS34020 and is used to drive the video timing logic. 
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VGA: Video graphics adapter. 

VGAENB: VGA passthrough enable. The signal is the VGA bit (bit 3) of the 
HSREG (U13). 

VGA passthrough: Allowing VGA-generated displays to share the same 
monitor as the SDB20 when the SDB20 is not being used. 

video random-access memory (VRAM): A special type of memory device 
designed to facilitate graphics processing and image display. On the 
SDB20, displayed images are contained in VRAM. 

VSYNC: Vertical sync. This signal is generated by the TMS34020. 

wait state: The clock period inserted into a memory cycle in order to permit 
accesses of slower memories and slower memory-mapped devices. 

WE: Write-enable signal. Drives the WE inputs of the DRAMs and VRAMs. 

window: A specified rectangular area of virtual space shown on the display 
screen. 
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ABEL source files 
GSPHST PAL (U26), 3-19 
HAND PAL (U14), 3-54 
HARD PAL (U13), 3-12 
HBS PAL (U28), 3-22 
MAPEN PAL (U27), 3-26 
MISC PAL (US), 3-39 
RASDCD PAL (U1), 3-50 
SELECT PAL (U40), 3-25 
SHADOW PAL (U25), 3-37 

address conflict resolution, 2-4 

address conversion principles, 3-12 
host-to-TM S34020, 3-1 3 
TMS34020-to-host, 3-15 

address/status subcycle 
description, 3-46 
row-address time, 3-46 

aliasing, 3-49 

ALIGN signal, description, 3-20 

ALTCH signal, 3-37, 3-42, 3-53, 3-60 

AUTOEXEC.BAT modification, 2-18 

m 
backend section logic, 3-58 

backporch, definition, 2-24 

BANKO (VRAM) selection, 3-46 

BANKO signal, internal to the RASDCD PAL (U1), 
selects VRAM, 3-46 

BANK1 (DRAM) selection, 3-46 

BANK1 signal, internal to the RASDCD PAL (U1), 
selects DRAM, 3-46 

base address comparator (U39), 3-6, 3-23, 3-31, 
3-33 

Index 

BASE32K signal, 3-16, 3-31, 3-33 
bit 0 of the HINTF (U7), 3-13 
description, 3-6 

BASEENB signal, enables the BASEP register, 3-29 

BASEP register (U6), 3-13, 3-33 
description, 3-5 
reading 8-bit data into it, 3-30 
writing 16-bit data into it, 3-32 
writing 8-bit data into it, 3-28 

BLANK signal, 3-58 

Bt478 color palette, 3-35 
description, 3-60 

BUSFLT signal, 3-46 

BUSRDY signal, 3-31 
see NOTREADY, 3-18, 3-33 

BYTSEL[0:3] signals, 3-7, 3-20, 3-31 

cabling, installation, 2-2, 2-9, 2-10, 2-23 

CAMD signal, 3-47 

GAS signals, 3-47 
CAS[0:3J, 3-46, 3-53 

CHSYNC signal, 3-38, 3-59, 3-61 

COINT signal, 3-43, 3-53 

column-address time, description, 3-46 

comparators 
16-bit transfer (U30), 3-18 

generates the 16BTTR signal, 3-7 
4-bit 1/0 address (U12), 3-2, 3-23 
base address (U39), 3-6 

CONFIG register, 3-47 

connectors 
J2, emulator 1/0, 3-62 
P4, DB9 video, 2-2, 3-36, 3-58, 3-61 

CORDY signal, 3-46, 3-53, 3-54 

CSYNC signal, 3-38, 3-59 

customer support, B-6 
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customizing monitor timing, 2-24 

m 
DAT[0:3] signals, 3-47 

DAT[0:31] signals, 3-34, 3-41, 3-46, 3-53 
description, 3-12 
relates to the TMS34020 LAD[0:31] bus, 3-12 

DAT[0:4] signals, 3-46 

DAT[0:7] signals, 3-41, 3-42 

DAT[23,30,31], 3-48 

DAT[28:31] signals, 3-11, 3-49, 3-60 

DAT[5:31] signals, 3-46 

DAT[5:7] signals, 3-59 

data subcycle, description, 3-46 

data transfer size screen, 2-16 

DBUFF signal, 3-34, 3-41 
description, 3-20 

devices 
25-MHz crystal oscillator (U72), generates 640 x 

480 screen resolution, 3-58 
60-MHz crystal oscillator (U71 ), generates 1024 

x 768 screen resolution, 3-58 
Bt478 color palette (U65), 3-35 
SN74ALS153 

4-to-1 dot clock multiplexer (U66), 3-58 
U66, 3-10 

SN74ALS240, SDBST register (U29), 3-9 
SN74ALS244, U43, 3-18 
SN74ALS245 

8-bit transfer odd byte alignment buffer (U51 ), 
3-20 

110 data transceiver (U4S), 3-29 
SN74ALS521 

16-bittransfer comparator (U30}, 3-7, 3-18, 
3-S4 

base address comparator (U39), 3-6, 3-23, 
3-31, 3-33 

SN74ALS573 
host address latch (US4}, 3-S 
host address latch (US9}, 3-5 
host address latch (U64}, 3-S 

SN74ALS652 
U41, 3-18, 3-31, 3-34, 3-41 
U42, 3-18, 3-31, 3-34, 3-41 
U69, 3-18, 3-31, 3-34, 3-41 
U70, 3-18, 3-31, 3-34, 3-41 
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SN74ALS996, 3-19 
BASEP register (U6}, 3-S 
external data transceiver (U41 ), 3-7 
external data transceiver (U42}, 3-7 
external data transceiver (U69), 3-7 
external data transceiver (U70}, 3-7 
HINTF register (U7), 3-6 
MAPAL (U5}, 3-8 
MAPAM (U4), 3-8 
MAPBL (U3}, 3-8 
MAPBM (U2), 3-8 

SN74F199 
8-bit pixel output buffer (US7}, 3-1 O 
U44, 3-10 
U44, USO, US2, US3, 3-S9 
U46-U49, 3-10, 3-S9 
USO, 3-10 
US2, 3-10 
US3, 3-10 

SN74F244 
US6, 3-61, 3-62 
VGA passthrough buffer (US6), 3-3S 

SN74F245, high-byte blocking buffer (SP2), 3-20 
SN74F51, U60, 3-10 
SN74F85, U12, 3-2 
SN74F861 

USS, 3-11 
VGA passthrough buffer (USS}, 3-3S 

SN74FCT53, U61, 3-58 
TIBPAL16L8 

HARD PAL (U13}, 3-10 
RASDCD PAL (U1 }, 3-48 
SHADOW PAL (U2S), 3-36 

TIBPAL22V10 
GSPHST PAL (U26}, 3-18 
HBS PAL (U28), 3-20 
MAPEN PAL (U27), 3-2S 
MISC PAL (U8}, 3-37, 3-S9 
SELECT PAL (U40), 3-23 

TMS34082, description, 3-53 
TMS44C251 SD 

(U31-U38}, 3-S1 
VRAM (U31-U38}, 3-4S, 3-S8 

TMS44C256SD 
DRAM (U17-U24), 3-52 
DRAM (U17-U28}, 3-4S 

dot clock frequencies 
25 MHz (U72), 3-10 
60 MHz (U71), 3-10 



DOTCLKA signal, 3-59 

DOTCLKB signal, 3-59 

DRAM 
BANK1 selection, 3-46, 3-48 
TMS44C256SD, U17-U24, 3-45, 3-52 

drivers, TIGA software, 2-29 

dual monitor selection, 2-18 

ED flag, description, 3-43 

EMU[0:3] signals, 3-62 

emulator 1/0 connector (J2), 3-62 

error messages, B-2 
Abort, B-2 
Attempt to unload TIGA Driver failed!, B-3 
Non TIGA Driver installed in interrupt level Ox??, 

B-4 
Not enough memory to store parameters, B-4 
Required file tiga.cfg not found, B-4 
TIGA, B-2 
TIGA Driver already installed in interrupt level 

Ox??, B-4 
TIGA Driver is not installed!, B-5 
Timeout waiting for current TIGA command, B-5 

EXPADD[0:2] signals, 3-18 

frame buffer, description, 3-45 

m 
GSPHST PAL (U26), 3-7, 3-8, 3-31, 3-34 

ABEL source file, 3-19 
description, 3-18 
equation, 3-19 
generated signals 

m 

16BTTR, 3-7, 3-18 
HSTWCLK, 3-18 
LSTATE, 3-18, 3-31 
OEMAPA, 3-8 
OEMAPB, 3-8 

HA[5:31] signals, description, 3-12 

HAND PAL (U14), 3-18 
ABEL source file, 3-54 
description, 3-54 
equation, 3-54 
generated signals 

16XF, 3-7 
LRDY, 3-46, 3-53 
PGMD, 3-47 
S/ZE16, 3-47 

HARD PAL (U13) 
ABEL source file, 3-12 
description, 3-10 
see HSREG register, 3-58 

hardware requirements, 2-2 

HBS PAL (U28), 3-41 
ABEL source file, 3-22 
description, 3-20 
equation, 3-22 
generated signals 

ALIGN, 3-20 
BYTSEL[0:3], 3-20 
DBUFF, 3-20 
HBS[0:3], 3-20 

HBS[0:3] signals, description, 3-20 

Index 

HCS signal, 3-18, 3-20, 3-23, 3-31, 3-33, 3-34, 3-41 
description, 3-7 

high-byte blocking buffer (SP2), 3-20 
enables 16-bit transfers, 3-34 

HINT signal, description, 3-9 

HINTF register (U7), 3-60 
16BITEN, bit 6, 3-7 
BASE32K, bit 0, 3-6 
description, 3-6 
HRST (bit 4), 3-6 
reserved bits1-3, 3-6 
SDBENB, bit 7, 3-7 
SHADIS (bit 5), 3-6 

horizontal frequencies, definition, 2-24 

host address latches, U54,U64,U59, 3-5 

host data latches, U41, U42, U69, U70, 3-18 

host 1/0 base address screen, 2-14 

host 1/0 registers, memory mapping, 3-2 

host memory segment base address screen, 2-15 

HRDY signal, 3-18, 3-31, 3-33, 3-41 

HREAD signal, generated by the GSPHST PAL 
(U26), 3-7, 3-18 

HREGS signal, 3-48 
enables HWSPACE, 3-49 
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HRST signal 
bit 4 of the HINTF (U7), 3-42 
description, 3-6 

HSRBK signal, enables the SDBST register (U29), 
3-9 

HSREG register (U13), 3-42 
4BIT (bit 1 ), 3-10, 3-59 
8BIT (bit 0), 3-10, 3-59 
description, 3-10 
RATE (bit 2), description, 3-10 
see HARD PAL (U13), 3-58 
VGA (bit 3), 3-11, 3-59 

HSTCTLH 1/0 register, internal to the TMS34020, 
3-42 

HSTCTLL 1/0 register 
internal to the TMS34020, 3-43 
INTIN (bit 3), 3-43 
MSGIN (bits 0-2), 3-43 

HSTWCLK signal, 3-41 
generated by the GSPHST PAL (U26), 3-18, 3-34 

HWRITE signal, generated by the GSPHST PAL 
(U26), 3-7, 3-18 

HWSPACE signal, 3-11, 3-49, 3-51 
generated by the RASDCD PAL (U1 ), 3-48 

D 
1/0 address comparator (U 12), 3-28 

1/0 address locations, A-5 
W1, 2-4 

1/0 data transceiver (U45), 3-29 

1/0 memory map, 3-5 

installation, 2-6 
cabling, 2-2 
jumpers 

Wt, 2-4 
W4, 2-4 

monitor cables, 2-10 
PC cover, 2-11 , 2-23 
PC mounting bracket, 2-9 
running tigaset, 2-12 
SDB20 preparation, 2-4 
surveying the environment, 2-3 
TMS34082, 3-54 
VGA passthrough cable, 2-9 
Windows 3.0 driver, 2-29 

interfaces 
frame buffer/program memory, 3-45 
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frame buffer-to-color palette, 3-58 
TIGA software, 1-4 
TMS34020-to-DRAM, 3-52 
TMS34020-to-memory, description, 3-46 
TMS34020-to-VRAM, 3-51 
video timing, A-4 

interrupt location, W4, 2-4, A-6 

interrupts 
how the host interrupts the TMS34020, 3-43 
how the TMS34020 interrupts a host, 3-43 
how the TMS34020 interrupts the TMS34082, 

3-43 

INTIN signal, bit 3 of the HSTCTLL register, 3-43 

INTOUT signal, 3-43 
bit 7 of the HSTCTLL register, 3-43 

INTVECT signal, 3-48 

IOCLK signal, description, 3-26 

IOENB signal, 3-2, 3-19, 3-23, 3-25, 3-29 
description, 3-28 

IOR signal, 3-2, 3-23 
host 1/0 read strobe, 3-23 

IOREGS signal, description, 3-48 

IOSEL signal 
description, 3-28 
the 1/0 address comparator's output, 3-23 

IOW signal, 3-2, 3-36, 3-41 
host 1/0 read strobe, 3-23 

II 
jumpers 

W1, 2-4, A-5 
W4, 2-4, A-6 

II 
LAD[0:31] signals, description, 3-12 

LAD[17:31] signals, 3-17 

LAD[5:22] signals, 3-47 

LCLK signal, 3-42, 3-62 

LCLK1 signal, 3-53 

LCLK2 signal, 3-53 

LINT1 signal, 3-43 

LOCADD[0:23] signals, description, 3-5 

LOCADD[4:7] signals, 3-2 

LOCRS signal, 3-42 

LRDY signal, 3-46, 3-53, 3-54 



LRESET signal, 3-11 
generated by the RESET PAL (U15), 3-6 

LSTATE signal, 3-31, 3-33, 3-41 
generated by GSPHST PAL (U26), 3-18 

M16 signal, 3-7 

MAD[0:8] signals, 3-51 

main menu, reinstall TIGA, 2-14 

MAPAL register (U5) 
description, 3-8 
SN74ALS996, 3-8 

MAPAM register (U4) 
description, 3-8 
SN74ALS996, 3-8 

MAPBL register (U3) 
description, 3-8 
SN74ALS996, 3-8 

MAPBM register (U2) 
description, 3-8 
SN74ALS996, 3-8 

MAPCLK signal, 3-26 
generated by the MAPEN PAL (U27), 3-29 

MAPEN PAL (U27), 3-29 
description, 3-25 
equation, 3-26 
generated signals 

BASEENB, 3-29 
HSRBK, 3-9 
/OCLK, 3-26 
MAPREAD, 3-26 
STA/T, 3-26 

TIBPAL22V10, 3-25 

mapping registers, 3-2 
MAPAL (U5), 3-8 
MAPAM (U4), 3-8 
MAPBL (U3), 3-8 
MAPBM (U2), 3-8 

MAPREAD signal, generated by the MAPEN PAL 
(U27), 3-26 

MEMCS16 signal, 3-7 

memory mapping, host 1/0 registers, 3-2 

K7iEMR signal, 3-23, 3-31 

MEMSEL signal, 3-23, 3-31, 3-33 

MEMW signal, 3-23, 3-33 

Microsoft Windows, 2-29 

MISC PAL (US), 3-41, 3-60 
description, 3-59 
equation, 3-39 
generated signals 

CHSYNC, 3-38 
PALETRD, 3-37 
PALETWR, 3-37 
REGADD{0:2], 3-37 
SHADOK, 3-7, 3-36, 3-37 

monitor cables, connecting, 2-10, 2-23 
monitors 

customizing timing, 2-24 
dual monitor selection, 2-23 
dual monitor selection, 2-18 
single monitor selection, 2-23 
single monitor selection, 2-18 
video timing, A-4 

mounting bracket 
installation, 2-9 
removal, 2-7 

Index 

MSGIN signals, bits 0-2 of the HSTCTLL register, 
3-43 

multiplexed address/data bus, DAT[0:31 ], 3-46 

m 
noninterlaced video timing 

1 024 x 768, A-4 
640 x 480, A-4 

nonshadow mode, 3-60 
NOTREADY signal, 3-18, 3-33, 3-41 

generated by the GSPHST PAL (U26), 3-31 

m 
odd-byte alignment buffer (U51 ), 3-20 
OEMAPA signal, 3-19 

enables MAP A mapping registers, 3-8 
OEMAPB signal, 3-19 

enables MAP B mapping registers, 3-8 
OL[0:3] signals, not used on SDB20, 3-60 

P4, DB9 video connector, 3-58, 3-61 
PALDIR signal, 3-23, 3-37, 3-41, 3-42, 3-59, 3-60 

description, 3-24 
generated by SELECT PAL (U40), 3-7 

PALDOT signal, 3-10, 3-58 
description, 3-1 O 
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Index 

PALET signal, 3-48, 3-51 
enables PEN, 3-48 

PALETRD signal, 3-37, 3-38, 3-60 

palette register addresses (REGADD[0:2]), 3-37 

PALETWR signal, 3-37, 3-38, 3-60 
description, 3-42 
generated by the MISC PAL (U8), 3-41 

PALs 
GSPHST (U26), 3-7, 3-8 

equation, 3-19 
TIBPAL22V10, 3-18 

HAND (U14), 3-53 
buffers SDBENB, 3-18 
description, 3-54 
equation, 3-54 
generates the 16XF signal, 3-7 

HARD (U13), 3-11 
PAL equation, 3-12 
TIBPAL16L8, 3-10 

HBS (U28), 3-41, 3-46 
enables host byte selects (HBS[0:3]), 3-7 
equation, 3-22 
TIBPAL 16L8, 3-20 

MAPEN (U27), 3-29 
equation, 3-26 
generates HSBRK, 3-9 
TIBPAL22V10, 3-25 

MISC (U8), 3-41 
equation, 3-39 
TIBPAL22V10, 3-37 

RASDCD (U1 ), 3-47 
equation, 3-50 
TIBPAL 16L8, 3-48 

RESET (U15), 3-11, 3-42 
SELECT (U40), 3-59, 3-60 

equation, 3-25 
TIBPAL22V10, 3-23 

SHADOW (U25), 3-36, 3-41 
equation, 3-37 
TIBPAL 16L8, 3-36 

---
PBLANK signal, 3-10 

generated by U57, 3-10 

PCADD[O, 1] signals, 3-13, 3-17 

PCADD[0:23] signals, description, 3-5 

PCADD[14] signal, 3-13 
determines mapping registers set, 3-8 
enables the mapping registers, 3-14, 3-15 

PCADD[15] signal, 3-6, 3-13, 3-16 

PCADD[16: 19] signals, 3-6 
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PCADD[16:23] signals, 3-13 

PCADD[16:31] signals, 3-16 
PCADD[2: 13] signals, 3-13, 3-15 

connected to HA[5: 16], 3-17 
PCADD[20:23] signals, 3-5, 3-13, 3-18 

PEN signal, 3-48, 3-60 
enables MISC PAL (U8), 3-49 

PGMD signal, 3-47 
pinouts, video output connector, A-3 

PIX4BIT signal, 3-59 
description, 3-10 

PIX8BIT signal, 3-59 
description, 3-10 

PIXEL[0:7] signals, 3-10 

PIXRATE signal 
see RATE, 3-58 
see RATE (bit 2) of the HSREG, 3-10 

m 
RAS signals, 3-47, 3-48, 3-53 

RASO, 3-46, 3-48, 3-51 
RAS1, 3-46, 3-52 

RASDCD PAL (U1), 3-47, 3-51 
description, 3-48 
equation, 3-50 
generated signals 

HWSPACE, 3-11 
PEN, 3-48, 3-49, 3-60 
RASO, 3-46, 3-48, 3-51 
RAS1, 3-46, 3-52 

HREGS, 3-48 
INTVECT, 3-48 
IOREGS, 3-48 
PALET, 3-48 

RATE signal, 3-58 
description, 3-9, 3-10 

RCA bus configuration mode (RCM), 3-47 
RCA[5:22] row/column address bus, 3-47 

RCM bits, 3-47 

read mask register (02h), 3-42 

READ signal, 3-20, 3-23 

REFRESH signal, 3-23 
REGADD[0:2] signals, 3-37, 3-59 

description, 3-38, 3-41 

registers 
BASEP (U6), 3-13, 3-33 

description, 3-5 



HINTF (U7), 3-42, 3-60 
168/TEN (bit 6), 3-7 
8ASE32K (bit 0), 3-6 
description, 3-6 
HRST (bit 4), 3-6 
reserved bits 1-3, 3-6 
SD8EN8 (bit 7), 3-7 
SHADIS (bit 5), 3-6 

HSREG (U13), 3-42 
48/T (bit 1 ), 3-10 
88/T (bit 0), 3-10 
description, 3-10 
RATE (bit 2), 3-10 
VGA (bit 3), 3-11, 3-61 

HSTCTLH, internal to the TMS34020, 3-42 
HSTCTLL, internal to the TMS34020, 3-43 
MAPAL (U5), description, 3-8 
MAPAM (U4), description, 3-8 
MAPBL (U3), description, 3-8 
MAPBM (U2), description, 3-8 
SDBST (U29), 3-43 

48/T (bit 1 ), 3-9 
881T (bit 0), 3-9 
description, 3-9 
HINT (bit 7), 3-9 
RATE (bit 2), 3-9 
VGA (bit 3), 3-9 

reinstall TIGA option, 2-14 
description, 2-13 

removal 
PC cover, 2-6 
PC mounting bracket, 2-7 

RESDRV signal, 3-42 

RESET PAL (U15), 3-11, 3-42 
generated signals 

LOCRS, 3-42 
LRESET, 3-6 

resetting the SDB20, 3-42 

ROWCOL[0:8] signals, 3-46 

RST signal, bit 7 of the TMS34020's internal 
HSTCTLH register, 3-42 

SBHE signal, 3-18, 3-20, 3-34 

SCLK signal, 3-51, 3-58 

screens 
change monitor option, 2-26 

change TIGA display mode, 2-21 
SDB20 installation, B-2 
SDB20 information, 2-22 
TIGA installation 

correcting the monchrome display problem, 
2-20 

data transfer size, 2-16 
default directory, 2-17 
defined monitors, 2-19 
determining the monitor system, 2-19 
host 110 base address, 2-14 
host memory segment base address, 2-15 
monitor configuration, 2-18 
TIGA environment, 2-17 

TIGA setup utlity screen, main memu, 2-13 
user-defined monitor timing 

down arrow key, 2-26 
escape key, 2-26 
F10, 2-26 
F2, 2-26 
F4, 2-26 
F9, 2-26 
minus key, 2-26 
plus key, 2-26 
up arrow, 2-26 

Windows setup, 2-30 
display driver, 2-32 
display type, 2-31 

SD[0:15] signals, 3-34 
description, 3-20 

SD[0:7] signals, 3-28 
description, 3-20 

SDB20 
backend section logic, 3-58 
block diagram, 1-3 
board layout, 3-3 
description, 1-1 
frame buffer, (U31-U38), 3-51 
110 memory map, 3-5 
installation preparation, 2-4 
installation procedures, 2-6 
jumpers 

Wt, 2-4 
W4, 2-4 

overview, 1-2 
system specifications, A-2 
TIGA software drivers, 2-28 

list of TIGA video drivers, 2-28 
video output connector (P4), 3-58 

lndex-7 



Index 

video timing, A-4 

SDBENB signal, 3-18, 3-31, 3-33, 3-54 
description, 3-7 

SDBST register (U29), 3-43 
4BIT (bit 1 ), 3-9 
8BIT (bit 0), 3-9 
description, 3-9 
HINT, bit 7, 3-9 
RATE (bit 2), 3-9 
VGA (bit 3), 3-9 

SELECT PAL (U40), 3-6, 3-37, 3-59, 3-60 
description, 3-23 
equation, 3-25 
generated signals 

HCS, 3-7, 3-31 
IOENB, 3-2, 3-28 
PALD/R, 3-7 
READ, 3-18, 3-31, 3-33 

SF signal, 3-51, 3-53 

SHADENB signal, 3-35, 3-41, 3-60 
see SHADIS, 3-7 

SHADIS signal, 3-37 
bit 5 of the HINTF register, 3-35, 3-36, 3-41, 3-59 
description, 3-6 

SHADOK signal, 3-7, 3-21, 3-23, 3-36, 3-37, 3-41, 
3-60 

shadow mode, 3-59, 3-60 

SHADOW PAL (U25), 3-36, 3-37, 3-41 
equation, 3-37 
generated signals, SHADOW, 3-7, 3-36, 3-41 

shadow palette access, definition, 3-35 

SHADOW signal, 3-7, 3-60 
generated by the SHADOW PAL (U25), 3-36, 

3-41 

shift registers 
4-biVpixel, 3-1 O 
8-biVpixel, 3-10 

signals 
16BADD[0:6], 3-18 
16BSEL, 3-7 

generated by 16-bit transfer comparator (U30), 
3-18 

16BTTR, 3-7, 3-34 
generated by GSPHST PAL (U26), 3-18 

16SEL, 3-18 
16XF, 3-18, 3-54 

generated by HAND PAL (14), 3-7 
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32KBIT, 3-31, 3-33 
description, 3-31, 3-33 

4BIT, 3-59 
8BIT, 3-59 
ALIGN, 3-20 
ALTCH, 3-37, 3-42, 3-53, 3-60 
BASE32K, 3-6, 3-16, 3-31, 3-33 

bit 0 of the HINTF (U7), 3-13 
BASEENB, enable the BASEP register, 3-29 
BLANK, 3-58 
BUSFLT, 3-46 
BUSRDY, 3-31 

see NOTREADY, 3-18, 3-33 
BYTSEL[0:3], 3-7, 3-20, 3-31 

byte selects for U41, U42, U69, U70, 3-7 
CAS, 3-47 

CAS[0:3J, 3-46, 3-53 
CHSYNC, 3-38, 3-59, 3-61 
COINT, 3-53 
CORDY, 3-46, 3-53, 3-54 
CSYNC, 3-38, 3-59 
DAT[0:3], 3-47 
DAT[0:31 ], 3-34, 3-41, 3-46, 3-53 
DAT[0:4], 3-46 
DAT[0:7], 3-41, 3-42 
DAT[23,30,31], 3-48 
DAT[28:31], 3-11, 3-49, 3-60 
DAT[5:31], 3-46 
DAT[5:7], 3-59 
DBUFF, 3-34, 3-41 

description, 3-20 
DOTCLOCKA, 3-59 
DOTCLOCKB, 3-59 
ED, description, 3-43 
EMU[0:3], 3-62 
EXPADD[0:2], 3-18 
HA[5:31 ], description, 3-12 
HBS[0:3], description, 3-20 
HCS, 3-7, 3-18, 3-20, 3-23, 3-31, 3-33, 3-34, 3-41 
HOST assertion, 3-31 
HOE, 3-34, 3-41 
HRDY, 3-18, 3-31, 3-33, 3-41 
HREAD, generated by the GSPHST PAL (U26), 

3-7, 3-18, 3-31 
HREGS, 3-48, 3-49 
RAST, bit (4) of the HINTF (U7), 3-42 
HSRBK, enables the SDBST register (U29), 3-9 
HSTWCLK, 3-41 

generated by the GSPHST PAL (U26), 3-18, 
3-34 



HWRITE, 3-41 
generated by the GSPHST PAL (U26), 3-7, 

3-18, 3-33, 3-34 
~H~W~S~P~A~C=E, 3-11, 3-48, 3-49, 3-51 
INTIN, bit 3 of the HSTCTLL register, 3-43 
INTOUT, bit 7 of the HSTCTLL register, 3-43 
INTVECT, 3-48 
IOCLK, description, 3-26 
IOENB, 3-2, 3-19, 3-23, 3-25, 3-29 

description, 3-28 
IOR, 3-2, 3-23 

host 110 read strobe, 3-23 
IOREGS, 3-48 
IOSEL, 3-2 

description, 3-28 
the 110 address comparator's output, 3-23 

IOW, 3-2, 3-36, 3-41 
host 110 read strobe, 3-23 

LAD[17:31], 3-17 
LAD[5:22], 3-47 
LCLK, 3-42 
LCLKO, 3-62 
LCLK1, 3-53 
LCLK2, 3-53 
LOCADD[0:23], description, 3-5 
LOCADD[4:7], 3-2 
LOCADD[8:9], 3-2 
LOCRS, 3-42 
LRDY, 3-46, 3-53, 3-54 
LRESET, 3-6, 3-11 
LSTATE, 3-31, 3-33, 3-41 

generated by GSPHST PAL (U26), 3-18 
M16, 3-7 
MAD[0:8], 3-51 
MAPCLK, 3-26, 3-29 
MAPREAD, generated by the MAPEN PAL (U27), 

3-26 
MEMCS16, 3-7 
fi/iEMR", 3-23, 3-31 
MEMSEL, 3-23, 3-31, 3-33 
MEMW, 3-23, 3-33 
MSGIN, bits 0-2 of the HSTCTLL register, 3-43 
NOTREADY, 3-18, 3-41 

generated by the GSPHST PAL (U26), 3-31, 
3-33 

OEMAPA, 3-19 
enables MAP A mapping registers, 3-8 

OEMAPB, 3-19 
enables MAP B mapping registers, 3-8 

OL[0:3], 3-60 

Index 

PALDIR, 3-7, 3-23, 3-37, 3-41, 3-42, 3-59, 3-60 
PALDOT, 3-10, 3-58 

description, 3-1 O 
PALET, 3-48, 3-51 

enables PEN, 3-48 
PALETRD, 3-37, 3-38, 3-60 
PALETWR, 3-37, 3-38, 3-60 

description, 3-42 
generated by the MISC PAL (U8), 3-41 

PBLANK, 3-10 
generated by U57, 3-1 O 

PCADD[O, 1 ], 3-13, 3-17 
PCADD[0:23], description, 3-5 
PCADD[14], 3-8, 3-13, 3-14, 3-15, 3-16 
PCADD[15], 3-6, 3-13, 3-16 
PCADD[16: 19], 3-6 
PCADD[16:23], 3-13 
PCADD[16:31], 3-16 
PCADD[2:13], 3-13, 3-15 

connected to HA[5: 16) host address pins, 3-17 
PCADD[20:23], 3-5, 3-13, 3-18 
PEN, 3-48, 3-49, 3-60 

generated by the RASCD PAL (U1), 3-38 
PGMD, 3-47 
PIX4BIT, 3-59 

description, 3-10 
PIX8BIT, 3-59 

description, 3-10 
PIXEL[0:7], 3-10 
PIXRATE, see RATE, 3-10, 3-58 
RAS, 3-47, 3-53 

description, 3-48 
RASO, 3-46, 3-48, 3-51 
RAS1, 3-46, 3-52 

RATE, 3-58 
see PIXRATE, 3-10 

RCA[1 :9], description, 3-47 
RCA[5:22], 3-47 
READ, 3-20, 3-23, 3-29 

generated by the SELECT PAL (U40), 3-18, 
3-31, 3-33 

REFRESH, 3-23 
REGADD[0:2], 3-37, 3-59 

description, 3-38, 3-41 
RESDRV, description, 3-42 
ROWCOL[0:8], 3-46 
RST, bit 7 of the TMS34020's HSTCTLH register, 

3-42 
SBHE, 3-18, 3-20, 3-34 
SCLK, 3-51 , 3-58 
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Index 

SD[0:15], 3-20, 3-34 
SD[0:7], 3-20, 3-28 
SDBENB, 3-18, 3-31, 3-33, 3-54 
SF, 3-51, 3-53 
SHADENB, 3-7, 3-35, 3-41, 3-60 
SHADIS, 3-59 

bit 5 of the HINTF register (U7), 3-35, 3-36, 
3-37 

SHADOK, 3-7, 3-21, 3-23, 3-37, 3-41, 3-60 
generated by the MISC PAL (UB), 3-36 

SHADOW, 3-7, 3-36, 3-41, 3-60 
SIZE16, 3-47 
SMEMR, 3-23 
SMEMW, 3-23 
SRLOAD4, 3-58, 3-59 
SRLOAD8, 3-58, 3-59 
STAIT, 3-26 
TMS34020, LINT1, 3-43 
TMS34082, COINT, 3-43 
TR/QE, 3-60 
UWE, 3-37, 3-42 
VCLK, 3-58 
VGA, bit (3) of the HSREG (U13), 3-35, 3-59 
VGABL, description, 3-35 
VGACLK, description, 3-35 
VGAENB, 3-24, 3-41, 3-59 

see VGA of the HSREG, 3-11 
VGAHS, 3-61 

description, 3-36 
VGASOURCE, description, 3-35 
VGAVS, 3-61 

description, 3-36 
VSYNC, 3-61 
WE, 3-11, 3-51, 3-53, 3-60 

single monitor selection, 2-18 

SIZE16 signal, 3-47 

SMEMR signal, 3-23 

SMEMW signal, 3-23 

software files 
AUTOEXEC.BAT, 2-18 
tigaauto.bat, 2-18 
tigaset.exe, 2-12 

SP2, high-byte blocking buffer, 3-20, 3-34 

SRAM module 
description, 3-55 
the TMS34082 bus architecture, 3-56 

SRLOAD4 signal, 3-58, 3-59 

SRLOAD8 signal, 3-58, 3-59 

STAIT signal, 3-26 
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surveying the environment, 2-3 

switch settings 
for interface registers, table of SW1 settings, 2-5 
for interrupt levels, table of SW2 settings, 2-6 

sync widths, definition, 2-24 

synchronization 
backporch, 2-24 
sync widths, 2-24 

system requirements, hardware, 2-2 

system specifications, A-2 

II 
TIGA board diagnostics option, description, 2-13 

TIGA error messages 
Abort, B-2 
Attempt to unload TIGA Driver failed!, B-3 
Non TIGA Driver installed in interrupt level Ox??, 

B-4 
Not enough memory to store parameters, B-4 
Required file tiga.cfg not found, B-4 
TIGA Driver already installed in interrupt level 

Ox??, B-4 
TIGA Driver is not installed!, B-5 
Timeout waiting for current TIGA command, B-5 

TIGA information screen for the SDB20, 2-22 

TIGA installation screen 
correcting the monochrome display problem, 

2-20 
data transfer size, 2-16 
defined monitors, 2-19 
determing the monitor color, 2-19 
host 1/0 base address, 2-14 
host memory segment base address, 2-15 
main menu, 2-13 
monitor configuration, 2-18 

TIGA software drivers, 2-28 
list of TIGA video drivers, 2-28 

tigaauto.bat, 2-18 

tigamode, 2-21 

tigaset.exe, 2-12 

timing 
host-to-SDB20 16-bit memory write cycle, 3-32 
host-to-SDB20 8-bit memory read cycle, 3-30 
host-to-SDB20 1/0 cycle, 3-28 
VGA passthrough cycle, 3-40 

timing diagrams, typical video timing, 2-24 

TMS34020 



CAMD, 3-47 
CHSYNC, 3-59, 3-61 

. CONFIG register, RCM bits, 3-47 
CSYNC, 3-59 
description, 1-5 
HA[5:31], description, 3-12 
HINT pin, 3-9, 3-43 
HSTCTLH 1/0 register, 3-42 
HSTCTLL 1/0 register, 3-43 

INTIN bit (3), 3-43 
MSG/N (bits 0-2), 3-43 
MSG/N bits (0-2), 3-43 

INTIN signal, bit 3 of the HSTCTLL register, 3-43 
INTOUT, bit 7 of the HSTCTLL register, 3-43 
LAD[0:31 ], description, 3-12 
LAD[5:22], 3-47 
LCLK1, 3-53 
LCLK2, 3-53 
local memory map, 3-45 
LRDY, 3-54 
PGMD signal, 3-47 
RCA[1 :9], description, 3-47 
RCM, 3-47 
SF, 3-51, 3-53 
SIZE16 signal, 3-47 
VSYNC, 3-61 
WE, 3-53 

TMS34082 
COINT signal, 3-43, 3-53 
CORDY signal, 3-46, 3-53, 3-54 
description, 1-6, 3-53 
ED flag, description, 3-43 
installation, 3-54 
SRAM bus architecture, 3-56 
SRAM module, description, 3-55 

TR/QE signal, 3-60 

m 
U10, TMS34082, 3-53 

U12 
4-bit 1/0 address comparator, 3-2, 3-23 
SN74F85, 3-2, 3-23 

U13 
HARD PAL, 3-10 
TIBPAL 16L8, 3-10 

U14, HAND PAL, TIBPAL20R4A, 3-54 

U17-U24, TMS44C256SD, DRAM, 3-45, 3-52 

U2 
MAPBM register, 3-8 
SN74ALS996, 3-8 

U27 
MAPEN PAL, 3-25 
TIBPAL22V10, 3-25 

U28 
HBS PAL, 3-7, 3-20 
TIBPAL22V10, 3-20 

U29 
SDBST register, 3-9 
SN74ALS240, 3-9 

U3 
MAPBL register, 3-8 
SN74ALS996, 3-8 

U30 
16-bit transfer comparator, 3-7, 3-18, 3-54 
SN? 4ALS521, 3-18, 3-54 

U31-U38 
TMS44C251 SD, 3-58 
VRAM, TMS44C251SD, 3-58 

U39 

Index 

base address comparator, 3-6, 3-23, 3-31, 3-33 
SN74ALS521, 3-6, 3-23, 3-31, 3-33 

U4 
MAPAL register, SN74ALS996, 3-8 
MAPAM register, 3-8 

SN7 4ALS996, 3-8 
U40 

SELECT PAL, 3-23 
TIBPAL22V10, 3-23 

U41, SN74ALS652, 3-7, 3-18, 3-31, 3-34, 3-41 
U42, SN74ALS652, 3-7, 3-18, 3-31, 3-34, 3-41 
U43, SN74ALS244, 3-18 
U44 

8-bits/pixel shift registers, 3-10, 3-59 
SN74F199, 3-10, 3-59 

U45, SN74ALS245, 1/0 data transceiver, 3-29 
U46-U49 

4-bit/pixel shift registers, 3-10 
SN74F199, 3-10, 3-59 

U5, MAPAL register, 3-8 
U50 

8-bits/pixel shift registers, 3-10, 3-59 
SN74F199, 3-10 

U51, SN74F245, 3-20 
U52 

8-bits/pixel shift registers, 3-10, 3-59 
SN74F199, 3-10 
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U53 
8-bits/pixel shift registers, 3-10, 3-59 
SN74F199, 3-10, 3-59 

U54 
host address latch, 3-5 
SN74ALS573, 3-5 

U55 
SN74F861, 3-11, 3-35 
VGA passthrough buffer, 3-11, 3-35 

U56, 
SN74F244, 3-35, 3-61, 3-62 
VGA passthrough buffer, 3-35, 3-61, 3-62 

U57 
8-bit output buffer, 3-10 
SN74F199, 3-10 

U59 

U6 

host address latch, 3-5 
SN74ALS573, 3-5 

BASEP register, 3-5 
SN74ALS996, 3-5 

U60 
4-biVpixel output buffer, 3-1 O 
SN74F51, 3-10 

U61 
inverting synchronizer, 3-58 
SN74FCT53, 3-58 

U64 
host address latch, 3-5 
SN74ALS573, 3-5 

U65 
Bt478, 3-60 
color palette, 3-60 

U66 
4-to-1 dot clock multiplexer, 3-10, 3-58 
SN74ALS153, 3-10, 3-58 

U69, SN74ALS652, 3-7, 3-18, 3~31, 3-34, 3-41 

U7 
HINTF register, 3-6 
SN74ALS996, 3-6 

U70, SN74ALS652, 3-7, 3-18, 3-31, 3-34, 3-41 

U71 
60-MHz crystal oscillator, 3-58 

generates 1024 x 768 screen resolution, 3-58 

U72 
25-MHz crystal oscillator, 3-58 

generates 640 x 480 screen resolution, 3-58 

lndex-12 

UWE signal, 3-37, 3-42 

VCLK signal, 3-58 
vertical frequencies, definition, 2-24 
VGA 

connecting the passthrough cable, 2-9, 3-35 
enabling passthrough, 3-35 
passthrough, description, 3-34 
passthrough buffers (U55,U56), 3-11, 3-35 

VGA passthrough PALs 
description, 3-36 
GSPHST (U26), 3-36 
HBS (U28}, 3-36 
MISC (U8}, 3-36, 3-37 
SELECT (U40), 3-36 
SHADOW (U25}, 3-36 

VGA signal, 3-59 
bit 3 of the HSREG register (U13}, 3-35, 3-61 
description, 3-9, 3-11 

VGABL signal, description, 3-35 
VGACLK signal, description, 3-35 
VGAENB signal, 3-24, 3-41, 3-59 

see VGA of the HSREG, 3-11 
VGAHS signal, 3-61 

description, 3-36 
VGASOURCE signal, description, 3-35 
VGAVS signal, 3-61 

description, 3-36 
video connector (P4}, 3-58, 3-61 

pinouts, A-3 
video timing, A-4 

non interlaced 
1024 x 768, A-4 
640 x 480, A-4 

VRAM 
BANKO selection, 3-46, 3-48 
TMS44C251SD, 3-58 

VSYNC signal, 3-61 

wait state insertion, 3-31 
WE signal, 3-11, 3-51, 3-53, 3-60 
Windows 3.0 driver installation, 2-29 
Windows setup screen, 2-30 

display driver, 2-32 
display type, 2-31 



TI North 
American Sales 
Offices 
ALABAMA: Huntsville: (205) 837-7530 

ARIZONA: Phoenix: (602) 995-1007 

CALIFORNIA: Irvine: (714) 660-1200 
Roseville: (916) 786-9206 
San Diego: (619) 278-9600 
Santa Clara: (408) 980-9000 
Woodland Hills: (818) 704-81 00 

COLORADO: Aurora: (303) 368-8000 

CONNECTICUT: Wallingford: (203) 269-0074 

FLORIDA: Altamonte Springs: (407) 260-2116 
Fort Lauderdale: (305) 973-8502 
Tampa: (813) 882-0017 

GEORGIA: Norcross: (404) 662-7900 

ILLINOIS: Arlington Heights: (708) 640-3000 

INDIANA: Carmel: (317) 573-6400 
Fort wayne: (219) 482-3311 

IOWA: Cedar Rapids: (319) 395-9550 

KANSAS: Overland Park: (913) 451-4511 

MARYLAND: Columbia: (301) 964-2003 

MASSACHUSETTS: Waltham: (617)895-9100 

MICHIGAN: Farmington Hills: (313) 553-1500 

MINNESOTA: Eden Prairie: (612) 828-9300 

MISSOURI: St. Louis: (314) 821-8400 

NEW JERSEY: lselin: (908)750-1050 

NEW MEXICO: Albuquerque: (505) 345-2555 

NEW YORK: East Syracuse: (315) 463-9291 
Fishkill: (914) 897-2900 
Melville: (516) 454-6600 
Pittsford: (716) 385-6770 

NORTH CAROLINA: Charlotte: (704) 527-0930 
Raleigh: (919) 876-2725 

OHIO: Beachwood: (216) 464-6100 
Beavercreek: (513) 427-6200 

OREGON: Beaverton: (503) 643-6758 

PENNSYLVANIA: Blue Bell: (215) 825-9500 

PUERTO RICO: Halo Rey: (809) 753-8700 

TEXAS: Austin: (512) 250-6769 
Dallas: (214) 917-1264 
Houston: (713) 778-6592 

UTAH: Sall Lake City: (801) 466-8973 

WASHINGTON: Redmond: (206) 881-3080 

WISCONSIN: Waukesha: (414) 798-1001 

CANADA: Nepean: (613) 726-1970 
Richmond Hill: (416) 884-9181 
St. Laurent: (514) 335-8392 

TI Regional 
Technology 
Centers 
CALIFORNIA: Irvine: (714) 660-8140 
Santa Clara: (408) 748-2220 

GEORGIA: Norcross: (404) 662-7950 

ILLINOIS: Arlington Heights: (708) 640-2909 

INDIANA: Indianapolis: (317) 573-6400 

MASSACHUSETTS: Waltham: (617) 895-9196 

MEXICO: MexicoCity: 491-70834 
MINNESOTA: Minneapolis: (612) 828-9300 

TEXAS: Dallas: (214) 917-3881 

CANADA: Nepean: (613) 726-1970 

Customer 
Response Center 
TOLL-FREE: (800) 338-5236 

OUTSIDE UNITED STATES: 
(214) 995-6611 
(8:00 a.m.-5:00 p.m. CST) 

© 1991 Texas Instruments Incorporated 

TI Authorized 
North American 
Distributors 
Alliance Electronics, Inc. (military product only) 

Almac Electronics 
Anthem Electronics 
Arrow (Canada) 

Arrow/Kierulff Electronics Group 

Future Electronics (Canada) 
GAS Electronics Co., Inc. 

Hall-Mark Electronics 

Lex Electronics 
Marshall Industries 

Newark Electronics 
Rochester Electronics, Inc. (obsolete product only (508) 
462-9332) 

Wyle Laboratories 

Zeus Components 

TI Distributors 
ALABAMA: Arrow/Kierulff (205) 837-6955; Hall-Mark 
(205) 837-8700; Marshall (205) 881-9235; Lex (205) 
895-0480. 

ARIZONA: Anthem (602) 966-6600; Arrow/Kierulff (602) 
437-0750; Hall-Mark (602) 437-1200; Marshall (602) 
496-0290; Lex (602) 431-0030; Wyle (602) 437-2088. 

CALIFORNIA: Los Angeles/Orange County: Anthem 
(818) 775-1333, (714) 768-4444; Arrow/Kierulff (818) 
701-7500, (714) 838-5422; Hall-Mark (818) 773-4500, 
(714) 727-6000; Marshall (818) 878-7000, (714) 
458-5301; Lex (818) 880-9686, (714) 587-0404; Wyle 
(818) 880-9000, (714) 863-9953; Zeus (714) 921-9000, 
(818) 889-3838; 

Rucklin: (916) 624-9744; 

Sacramento: Hall-Mark (916) 624-9781; Marshall (916) 
635-9700; Lex (916) 384-0230; Wyle (916) 638-5282; 

San Diego: Anthem (619) 453-9005; Arrow/Kierulff (619) 
565-4800; Hall-Mark (619) 268-1201: Marshall (619) 
578-9600; Lex (619) 495-0015; Wyle (619) 565·9171; 
Zeus (619) 277-9681; 

San Francisco Bay Area: Anthem (408) 453-1200; 
Arrow/Kierulff (408) 441-9700; Hall-Mark (408) 432-4000; 
Marshall (408) 942-4600; Lex (408) 432-7171; Wyle 
(408) 727-2500; Zeus (408) 629-4789. 

COLORADO: Anthem (303) 790-4500; Arrow/Kierulff 
(303) 373-5616; Hall-Mark (303) 790-1662; Marshall 
(303) 451-8383; Lex (303) 799-0258; Wyle (303) 
457-9953. 

CONNECTICUT: Anthem (203) 575-1575; Arrow/Kierulff 
(203) 265-7741; Hall-Mark (203) 271-2844; Marshall 
(203) 265-3822; Lex (203) 264-4700. 

FLORIDA: Fort Lauderdale: Arrow/Kierulff (305) 
429-8200; Hall-Mark (305) 971-9280; Marshall (305) 
977-4880; Lex (305) 421-6633; 

Orlando: Arrow/Kierulff (407) 333-9300; Hall-Mark (407) 
830-5655; Marshall (407) 767-8585; Lex (407) 331-7555; 
Zeus (407) 365-3000; 

Tampa: Hall-Mark (813) 541-7440; Marshall (813) 
573-1399; Lex (813) 541-5100. 

GEORGIA: Arrow/Kierulff (404) 497-1300; Hall-Mark 
(404) 623-4400; Marshall (404) 923-5750; Lex (404) 
449-9170. 

ILLINOIS: Anthem (708) 884-0200; Arrow/Kierulff (708) 
250-0500; Hall-Mark (708) 860-3800; Marshall (708) 
490-0155; Newark (312)784-5100; Lex (708) 330-2888. 

INDIANA: Arrow/Kierulff (317) 299-2071 ; Hall-Mark 
(317) 872-8875; Marshall (317) 297-0483; Lex (317) 
843-1050. 

IOWA: Arrow/Kierulff (319) 395-7230; Lex (319) 
373-1417. 
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KANSAS: Arrow/Kierulff (913) 541-9542; Hall-Mark 
(913) 888-4747; Marshall (913) 492-3121; Lex (913) 
492-2922. 

MARYLAND: Anthem (301) 995-6640; Arrow/Kierulff 
(301) 995-6002; Hall-Mark (301) 988-9800; Marshall 
(301) 622-1118; Lex (301) 596-7800; Zeus (301) 
997-1118. 

MASSACHUSETTS: Anthem (508) 657-5170; 
Arrow/Kierulff (508) 658-0900; Hall-Mark (508) 667-0902; 
Marshall (508) 658-0810; Lex (508) 694-9100; Wyle 
(617) 272-7300; Zeus (617) 246-8200. 

MICHIGAN: Detroit: Arrow/Kierulff (313) 462-2290; 
Hall-Mark (313) 462-1205; Marshall (313) 525-5850; 
Newark (313) 967-0600; Lex (313) 525-8100; 

Grand Rapids: Arrow/Kierulff (616) 243-0912. 

MINNESOTA: Anthem (612) 944-5454; Arrow/Kierulff 
(612) 829-5588; Hall-Mark (612) 941-2600; Marshall 
(612) 559-2211; Lex (612) 941-5280. 

MISSOURI: Arrow/Kierulff (314) 567-6888; Hall-Mark 
(314) 291-5350: Marshall (314) 291-4650; Lex (314) 
739-0526. 

NEW JERSEY: Anthem (201) 227-7960; Arrow/Kierulff 
(201) 538-0900, (609) 596-8000; GAS (609) 964-8560: 
Hall-Mark (201) 515-3000, (609) 235-1900; Marshall 
(201) 882-0320, (609) 234-9100; Lex (201) 227-7880, 
(609) 273-7900. 

NEW MEXICO: Alliance (505) 292-3360. 

NEW YORK: Long Island: Anthem (516) 864-6600: 
Arrow/Kierulff (516) 231-1000; Hall-Mark (516) 737-0600; 
Marshall (516) 273-2424: Lex (516) 231-2500; Zeus 
(914) 937-7400; 

Rochester: Arrow/Kierulff (716) 427-0300; HaH-Mark 
(716) 425-3300; Marshall (716) 235-7620: Lex (716) 
383-8020; 

Syracuse: Marshall (607) 785-2345. 

NORTH CAROLINA: Arrow/Kierulff (919) 876-3132; 
Hall-Mark (919) 872-0712; Marshall (919) 878-9882; Lex 
(919) 876-0000. 

OHIO: Cleveland: Arrow/Kierulff (216) 248-3990; 
Hall-Mark (216) 349-4632; Marshall (216) 248-1788; Lex 
(216) 464-2970; 

Columbus: Hall-Mark (614) 888-3313; 

Dayton: Arrow/Kierulff (513) 435-5563; Marshall (513) 
898-4480; Lex (513) 439-1800; Zeus (513) 293-6162. 

OKLAHOMA: Hall-Mark (918) 254-611 O; Lex (918) 
622-8000. 

OREGON: Almac (503) 629-8090; Anthem (503) 
643-1114; Arrow/Kierulff (503) 627-7667; Marshall (503) 
644-5050; Wyle (503) 643-7900. 

PENNSYLVANIA: Anthem (215) 443-5150; 
Arrow/Kierulff (215) 928-1800; GAS (215) 922-7037; 
Marshall (412) 788-0441; Lex (412) 963-6804. 

TEXAS: Austin: Arrow/Kierulff (512) 835-4180; 
Hall-Mark (512) 258-8848; Lex (512) 339-0088; Wyle 
(512) 345-8853; 

Dallas: Anthem (214) 238-7100; Arrow/Kierulff (214) 
380-6464; Hall-Mark (214) 553-4300; Marshall (214) 
233-5200; Lex (214) 247-6300; Wyle (214) 235-9953; 
Zeus (214) 783-7010; 

Houston: Arrow/Kierulff (713) 530-4700; Hall-Mark (713) 
781-6100; Marshall (713) 895-9200; Lex (713) 784-3800; 
Wyle (713) 879-9953. 

UTAH: Anthem (801) 973-8555; Arrow/Kierulff(801) 
973-6913; Marshall (801) 485-1551; Wyle (801) 
974-9953. 

WASHINGTON: Almac (206) 643-9992, (509) 924-9500; 
Anthem (206) 483-1700; Arrow/Kierulff (206) 643-4800; 
Marshall (206) 466-5747; Wyle (206) 881-1150. 

WISCONSIN: Arrow/Kierulff (414) 792-0150; Hall-Mark 
(414) 797-7844; Marshall (414) 797-8400; Lex (414) 
784-9451. 

CANADA: Calgary: Future (403) 235-5325; 

Edmonton: Future (403) 438-2858; 

Montreal: ArrowCanada(514)421-7411; Future(514) 
694-7710; Marshall (514) 694-8142; 

Ottawa: Arrow Canada (613) 226-6903; Future (613) 
820-8313; Quebec City: Arrow Canada (418) 871-7500; 

Toronto: Arrow Canada (416) 670-7769; Future (416) 
612-9200; Marshall (416) 456-8046; 

Vancouver: Arrow Canada (604) 421-2333; Future (604) 
294-1166. 

TI Die Processors 
Chip Supply (407) 298-7100 

Elmo Semiconductor (818) 768-7400 

Minco Technology Labs (512) 834-2022 

00691 



TI Worldwide 
Sales Offices 
ALABAMA: Huntsville: 4960 Corporate Drive 
Suite N-150, Huntsville, AL 3S80S-6202, (20S) ' 
837-7S30. 
ARIZONA: Phoenix: 882S N. 23rd Avenue, 
Suite 100, Phoenix, AZ 8S021, (602) 99S-1007. 
CALIFORNIA: Irvine: 1920 Main Stree~ Suite 
900, Irvine, CA92714, (714) 660-1200; 
Roseville: 1 Sierra Gate Plaza, Suite 2SSB, 
Roseville, CA 9S678, (916) 786-9206; San 
Diego: S62S Ruffin Road, Suite 100, San Diego, 
CA92123, (619) 278-9600; Santa Clara: S353 
Betsy Ross Drive, Santa Clara, CA 950S4, (408) 
980-9000; Woodland Hills: 21 S50 Oxnard 
Street, Suite 700, Woodland Hills, CA 91367, 
(818) 704-8100. 
COLORADO: Aurora: 1400 S. Potomac Street, 
Suite 101, Aurora, CO 80012, (303) 368-8000. 
CONNECTICUT: Wallingford: 9 Barnes 
~~~~;~Park So., Wallingford, CT 06492, (203) 

FLORIDA: AHamonte Springs: 370 S. North 
Lake Boulevard, Suite 1008, Altamonte Springs, 
FL32701, (407) 260-2116; Fort Lauderdale: 
2950 N.W. 62nd Street, Suite 100, Fort 
Lauderdale, FL 33309, (305) 973-8502; Tampa: 
4803 George Road, Suite 390, Tampa, FL 
33634-6234, (813) 882-0017. 
GEORGIA: Norcross: 5515 Spalding Drive, 
Norcross, GA 30092, (404) 662-7900. 
ILLINOIS: Arlington Heights: 515 W. 
~~i~:;;J~~· Mngton Heights, IL 60005, (708) 

INDIANA: Carmel: S50 Congressional Drive, 
Suite 100, Carmel, IN 46032, (317) S73-8400; 
Fort Wayne: 118 E. Ludwig Road, Suite 102, 
Fort Wayne, IN 4682S, (219) 482-3311. 
IOWA: Cedar Rapids: 373 Collins Road N.E., 
~~~:9~g6: Cedar Rapids, IA 52402, (319) 

KANSAS: Overland Park: 7300 College 
Boulevard, Lighton Plaza, Suite 1 SO, Overland 
Park, KS 66210, (913) 451-4S11. 
MARYLAND: Columbia: 881S Centre Park 
~~~oi~te 100, Columbia, MD 2104S, (301) 

MASSACHUSETIS: Waltham: 950 Winter 
~~i~ti~ite 2800, Waltham, MA02154, (617) 

MICHIGAN: Farmington Hills: 33737 W. 12 
Mile Road, Farmington Hills, Ml 48331, (313) 
SS3-1500. 
MINNESOTA: Eden Prairie: 11000 W. 78th 
~~:-~~g~ite 100, Eden Prairie, MN SS344, (612) 

MISSOURI: St. Louis: 12412 Powerscourt 
Drive, Suite 12S, St. Louis, MO 63131, (314) 
821-8400. 
NEW JERSEY: lselin: Parkway Towers, 48SE. 
Route 1 South, lselin, NJ 08830, (908) 7S0-10SO. 
NEW MEXICO: Albuquerque: 2709 Pan 
American Freeway, N.E., Albuquerque, NM 
87107, (505) 345-25SS. 
NEW YORK: East Syracuse: 636S Collamer 
Drive, East Syracuse, NV 130S7, (31 S) 
463-9291; Fishkill: 300 Westage Business 
Center, Suite 140, Fishkill, NV 12524, (914) 
897-2900; Melville: 189S Walt Whitman Road, 
Melville, NY 11747, (S16) 4S4-6600; Pittsford: 
28S1 Clover Street, Pittsford, NY 14534, (716) 
38S-6770. 
NORTH CAROLINA: Charlotte: 8 Woodlawn 
Green, Suite 100, Charlotte, NC 28217, (704) 
S27-0930; Raleigh: 2809 Highwoods Boulevard 
Suite 100, Raleigh, NC 2762S, (919) 876-272S. ' 
OHIO: Beachwood: 2377S Commerce Park 
Road, Beachwood, OH 44122, (216) 464-6100; 
Beavercreek: 4200 Colonel Glenn Highway, 
~~~:Jgg'. Beavercreek, OH 4S431, (S13) 
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OREGON: Beaverton: 6700 S.W. 10Sth Street 
Suite 110, Beaverton, OR 9700S, (503) 643-8758. 
PENNSYLVANIA: Blue Bell: 670 Sentry 
Parkway, Blue Bell, PA 19422, (21 S) 82S-9SOO. 
PUERTO RICO: Halo Rey: 61S Mercantile 
Plaza Building, Suite 505, Halo Rey, PR 00918, 
(809) 753-8700. 
TEXAS: Austin: 12S01 Research Boulevard, 
Austin, TX 787S9, (S12) 2S0-6769; Dallas: 7839 
Churchill Way, Dallas, TX 752S1, (214) 
917-1264; Houston: 9301 Southwest Freeway, 
Suite 360, Houston, TX 77074, (713) 778-6592. 
UTAH: Salt Lake City: 1800 S. West Temple 
Street, Suite 201, Salt Lake City, UT8411S, 
(801) 466-8973. 
WASHINGTON: Redmond: S010148th Avenue 
N.E., Building B, Suite 107, Redmond, WA 
980S2, (206) 881-3080. 
WISCONSIN: Waukesha: 2082S Swenson 
~~~~·ai~ite 900, Waukesha WI 53186, (414) 

CANADA: Nepean: 301 Moodie Drive, Mallom 
Center, Suite 102, Nepean, Ontario, Canada 
K2H 9C4, (613) 726-1970; Richmond Hill: 280 
Centre Street East, Richmond Hill, Ontario, 
Canada L4C 1B1, (416) 884-9181; St. Laurent: 
9460 Trans Canada Highway, St. Laurent, 
Quebec, Canada H4S 1 R7, (S14) 335-8392. 

ARGENTINA: Texas Instruments Argentina 
Viamonte 1119, 1053 Capital Federal, Buenos 
Aires, Argentina, 11748-3699. 
AUSTRALIA (& NEW ZEALAND): Texas 
Instruments Australia Ltd., 6-10 Talavera Road, 
North Ryde (Sydney), New South Wales, 
Australia 2113, 2-878-9000; 14th Floor, 380 
Street, Kilda Road, Melbourne, Victoria, Australia 
3004, 3-896-1211; 171 Philip Highway, Elizabeth, 
South Australia 5112, 8 255-2066. 
BELGIUM: S.A. Texas Instruments Belgium 
N.V., 11,AvenueJulesBordetiaan 11, 1140 
Brussels, Belgium, (02) 242 30 80. 
BRAZIL: Texas Instruments Electronicos do 
Brasil Ltda., Rua Paes Leme, S24-7o andar, 
05424 Sao Paulo, Brazil, 11-81 S-8166. 
DENMARK: Texas Instruments A/S, Borupvang 
2D, DK-27SO Ballerup, Denmark, (4S) 44687400. 
FINLAND: Texas Instruments OV, P.O. Box 86, 
02321 Espoo, Finland, (O) 802 6S17. 
FRANCE: Texas Instruments France, 8-1 O 
Avenue Morane Saulnier-B.P. 67, 78141 Velizy 
Villacoublay cedex, France, (1) 30 70 10 03. 
GERMANY: Texas Instruments Deutschland 
GmbH., Haggertystrasse 1, 8050 Freising, 
(08161) 80-0 od. Nbst; Kurturstendamm 
19S-196, 1000 Berlin 15, (030) 8 82 73 6S; 
DOsseldorter Strasse 40, 6236 Eschborn 1 
(06196) 80 70; Kirchhorster Strasse 2, 3000 
Hannover 51, (0511) 64 68-0; Maybachstrasse II, 
7302 Ostlildern 2 (Nellingen), (0711) 34032S7; 
Gildeholcenter, Hollestrasse 3, 4300 Essen 1, 
(0201) 24 25-0. 
HOLLAND: Texas Instruments Holland B.V., 
Hogeh1lweg 19, Postbus 1299S, 1100 AZ 
Amsterdam-Zuidoost, Holland, (020) S602911. 
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HONG KONG: Texas Instruments Hong Kong 
Ltd., 8th Floor, World Shipping Center, 7 Canton 
Road, Kowloon, Hong Kong, 73S1223. 
HUNGARY: Texas Instruments International 
~~i~o~_u.42, H-1112 Budapest, Hungary, (i) 1 

IRELAND: Texas Instruments Ireland Ltd., 7/8 
Harcourt Street, Dublin 2, Ireland, (01) 481677. 
ITALV: Texas Instruments Italia S.p.A., Centro 
Direzionale Colleoni, Palazzo Perseo-Via 
Paracelso, 12, _20041, Agrate Brianza (Mi), Italy 
(039) 63221; Via Castello della Magliana, 38, 
00148 Roma, Italy (06) 65726S1; Via Amendola, 
17, 40100 Bologna, Italy, (OS1) SS4004. 
JAPAN: Texas lnstrui:ients Japan Ltd., Aoyama 
Fu11 Building 3-6-12 K1ta-Aoyama Minato-ku, 
Tokyo, Japan 107, 03-3498-2111; MS Shibaura 
Building 9F, 4-13-23 Shibaura, Minato-ku, Tokyo, 
Japan 108, 03-3769-8700; Nissho-lwai Building 
SF, 2-S-8 lmabashi, Chuou-ku, Osaka, Japan 
S41, 06-204-1881; Dai-ni Toyota Building 
N1shi-kan 7F, 4-10-27 Meieki, Nakamura-ku, 
Nagoya, Japan 450, 052-583-8691; Kanazawa 
Oyama-cho Daiichi Seimei Building 6F, 3-1 O 
Oyama-cho, Kanazawa, Ishikawa, Japan 920, 
0762-23-5471 ;_Matsumoto Showa Building 6F, 
1-2-11 Fukash1, Matsumoto, Nagano, Japan 390, 
0263-33-1060; Daiichi Olympic Tachikawa 
Building 6F, 1-25-12, Akebono-cho, Tachikawa, 
Tokyo, Japan 190, 0425-27-6760; Yokohama 
Business Park East Tower 1 OF, 134 Gondo-cho, 
Hodogaya-ku, Yokohama, Kanagawa 240, 
Japan, 045-338-1220; Nihon Seimei Kyoto 
Yasaka Building SF, 843-2, Higashi Shiokohjicho 
HiQashi-iru, Nishinotoh-in, Shiokohji-dori, ' 
Sh1mogyo-ku, Kyoto, Japan 600, 075-341-7713; 
Sumitomo Seimei Kumagaya Building BF, 2-44 
Yayoi, Kumagaya, Saitama, Japan 360, 
0485-22-2440; 2S97-1, Aza Harudai, Oaza 
Yasaka, Kitsuki, Oita, Japan 873, 09786-3-3211. 
KOREA: Texas Instruments Korea Ltd., 28th 
Floor, Trade Tower, 159-1, Samsung-Dong, 
Kangnam-ku Seoul, Korea, 2 551 2800. 
MALAYSIA: Texas Instruments Malaysia Sdn. 
Bhd., Asia Pacific, Lot 36.1 #Box 93, Menara 
Maybank, 100 Jalan Tun Perak, 50050 Kuala 
Lumpur, Malaysia, 2306001. 
MEXICO: Texas Instruments de Mexico S.A. de 
C.V., Alfonso Reyes 115, Col. Hipodromo 
Condesa, Mexico, D.F., 06170, 5-51S-6081. 
NORWAY: Texas Instruments Norge A/S, PB 
106, Reistad (Sinsenveien 53), OS13 Oslo 5, 
Norway, (02) 155090. 
PEOPLE'S REPUBLIC OF CHINA: Texas 
Instruments China Inc., Beijing Representative 
Office, 7-05 CITIC Building, 19 Jianguomenwai 
Dajie, Beijing, China, 500-2255, Ext. 3750. 
PHILIPPINES: Texas Instruments Asia Ltd. 
Philippines Branch, 14th Floor, Ba-Lepanto' 
Bu1ld1ng, Paseo de Roxas, Makati, Metro Manila 
Philippines, 2 817 6031. ' 
PORTUGAL: Texas Instruments Equipamento 
Electronico (Portugal) LDA., 2650 Moreira Da 
Maia, 4470 Maia, Portugal, (2) 9481003. 
SINGAPORE (&INDIA, INDONESIA, 
THAILAND): Texas Instruments Singapore 
(PTE) Ltd., Asia Pacific Division, 101 Thomson 
Road, #23--01, United Square, Singapore 1130, 
3508100. 
SPAIN: Texas Instruments Espana S.A., 
c/Gobelas 43, Ctra de La Coruna km. 14, La 
Florida, 28023 Madrid, Spain, (1) 372 8051; 
c/D1putac1on, 279-3-5, 08007 Barcelona, Spain, 
(3) 317 91 80. 
SWEDEN: Texas Instruments International Trade 
Corporation (Sverigefilialen), Box 30, S-164 93 
Kista, Sweden, (08) 752 58 00. 
SWITZERLAND: Texas Instruments Switzerland 
AG, Riedstrafse 6, CH-8953 Dietikon, 
Switzerland, (01) 74 42 811. 
TAIWAN: Texas Instruments Taiwan Limited 
Taipei Branch, 1 Oth Floor Bank Tower, No. 205, 
Tung Hua N. Road, Taipei, Taiwan, Republic of 
China, 2-7139311. 
UNITED KINGDOM: Texas Instruments Ltd., 
Manton Lane, Bedford, England, MK41 7PA, 
(0234) 270 111. 
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