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TMS9918A/TMS9928A/TMS9928A Video Display Processors

1. INTRODUCTION

1.1. Description

The TMS9918A/9928A/9929A Video Display Processors (VDP) are N-channel MOS LSI devices used in
video systems where data display on a raster-scanned home color television set or color monitor is desired.
These devices generate all necessary video, control, and synchronization signals and also control the
storage, retrieval, and refresh of display data in the dynamic screen refresh memory. The interfaces to the
microprocessor, refresh memory, and the TV require a minimum of additional electronics for the

TMS9918A.
In Section 1.4 there is a list of acronyms and a glossary of terms used in this manual.

The TMS9928A/9929A VDPs are functionally identical to the TMS9918A except that the NTSC color
encoding circuitry has been removed and replaced with luminance and color difference signals. The
TMS9918A is pin-for-pin compatible with the TMS9928A/9929A, except for three pins: the composite
video output, the internal video input, and the CPU clock output. These pins are replaced with the
Black/White luminance and composite sync (Y) output, and two color difference pins, Blue (B-Y) and Red
(R-Y) outputs, respectively. The color difference outputs allow the user to generate Red-Green-Blue
(R-G-B) drive for direct color gun control, or composite video for use with NTSC or PAL video color
monitors. However, to connect these three outputs to an R-G-B or monitor requires additional R-G-B or
encoder circuitry.

The TMS9918A/9928A have a 525-line format for US televisions while the TMS9929A has a 625-line
format for use with the European PAL system.

The VDP has four input modes: Graphics I, Graphics I, Multicolor and Text mode.

The Graphics I mode provides a 256 X 192 pixel display for generating pattern graphics in 15
colors plus transparent.

The Graphics II mode is an enhancement of Graphics I mode, allowing it to generate more
complex color and pattern displays.

The Multicolor mode provides an unrestricted 64 x 48 color-dot display employing 15 colors plus
transparent.

The Text mode provides twenty-four 40-character rows in two colors and isintended to maximize
the capacity of the TV screen to display alphanumeric characters.

The four video display modes are described in detail in Section 2.4.

L]
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The video display consists of 35 planes, external VDP, backdrop, pattern plane, and 32 Sprite Planes. The
planes are vertically stacked with the external VDP being the bottom or innermost plane. The backdrop
plane is the next plane followed by the pattern plane that contains Graphics I and Graphics II patterns
with the 32 Sprite Planes as the top planes.

The TMS9918A/9928A/9929A VDPs use either a 4K, 8K, or 16K-type low-cost dynamic memory
(TMS4027, TMS4108, TMS4116) for storage of the display parameters.

The TMS9918A, TMS9928A, and TMS9929A interfaceidentically to the host microprocessor making their

software compatible. Thus, all references to VDP in this document apply to all three devices, except where
noted.

1.2. Features

° Single-chip solution for interfacing color TVs (excluding Random-Access Memory (RAM) and
Radio Frequency (RF) modulator (TMS9918A only).

° 256 x 192 resolution on TV screen.

° 15 unique colors, plus transparent.

) General 8-bit bidirectional interface to Central Processor Unit (CPU).
° Direct wiring of 4K, 8K, or 16K dynamic RAM memories.

° Automatic and transparent refresh of dynamic RAMs.

° Multiple VDP systems capability.

° External VDP input capability (TMS9918A only)

° Composite video output (TMS9918A only)

° Unique planar representation for 3D simulation.

° Standard 40-pin package.

° Color difference outputs allow RGB drive — TMS9928A/9929A.
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1.3. Typical Applications

° Color computer terminals

° Home computers

° Drafting/design aids

° Teaching aids

° Industrial processing monitoring

° Home educational systems

. Animation aids

) European 625-line TV (TMS9929A only)

The following example of a typical application may help introduce the user to the TMS9918A VDP. Figure
1-1isablock diagram of a typical application. Each of the concepts presented in the example is described
more fully in later sections of this manual.
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Figure 1-1: System block diagram

The VDP basically has three interfaces: CPU, color monitor, and dynamic refresh RAM (VRAM), the
contents of which define the TV image. The TMS9918A also has eight write-only registers and a read-only
status register.

The VDP communicates with the CPU via an 8-bit bidirectional data bus. Three control lines, decoded
from the CPU address and enable lines, determine interpretation of the bus. Through the bus, the CPU
can write to VRAM, read from VRAM, write to VDP registers, and read the VDP status. The VDP also
generates an interrupt signal after every refresh of the TV display.

The dynamic RAM interface consists of direct wiring of eight 4K X 1, 8K x 1, or 16K X 1 dynamic
RAS/CAS-type RAMs to the VDP. The amount of RAM required is dependent upon the features selected

for use in the application.

The interface to the monitor can consist of either wiring the TMS9918A's composite video output pin
(suitably buffered) to the input of a color or black-and-white monitor, or using an appropriate RF
modulator to feed the signal into a TV antenna terminal. The TMS9928A/9929A require additional
encoder circuitry to interface to an RGB or to a composite video monitor.
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The VDP operatesin four modes, and each one can affect the way the VRAM is mapped onto the television
screen.

In Graphiecs I and II modes, characters are mapped onto the screen in 8 X 8 pixel blocks, yielding
24 lines of 32 blocks (pattern positions) each.

In Multicolor mode, there are 48 lines of 64 blocks, each of which is composed of 4 X 4 picture
elements (pixels), all of one solid color.

In Text mode, there are 24 lines of 40 blocks, each of which is 6 X 8 pixels.
In addition to these, sprites can be superimposed onto the television image in Graphics I, II, and

Multicolor mode. Furthermore, signals entering the TMS9918A through the external VDP input can be
used as a background to the TMS9918A.

1.4. Acronyms and Glossary

B-Y
Blue color difference output.

COMVID (Composite Video)

Containsluminance,chrominance and all sync pulse necessary for horizontal and vertical timing.

CAS

Column-Address Strobe.
CPU

Central Processor Unit.
CSR

CPU from VDP read select.
CSW

CPU to VDP write select.
CPUCLK

XTAL — 3.
GROMCLK

XTAL — 24.
LSB

Least significant bit.

L]
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LSI
Large Scale Integration.
MOS
Metal Oxide Semiconductor.
MHz
Megahertz.
MSB
Most Significant Bit.
NTSC
National Television Standard Committee which specifies television signal standards for the USA.
PAL
Phase Alternating Line.
Pixel
Picture Element — the smallest point on the TV screen that can be independently controlled.
RAM
Random Access Memory.
RAS
Row-Address Strobe.
RASTER
The area in which an image is reproduced.
RF
Radio Frequency.
R-G-B
Red-Green-Blue.
ROM
Read-Only Memory.
R/W
Read-Write.
R-Y

Red color difference output.

»
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Sprite
An object whose pattern is relative to a specified X,Y coordinate and who position can therefore
be controlled by that coordinate with a positional resolution of one pixel.

VDP
Video Display Processor.

VRAM
Video RAM; refers to the dynamic RAMs that connect to the VDP and whose contents define the
TV image.

Y

Black/white luminance and composite sync.
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2. ARCHITECTURE

The TMS9918A Video Display Processor (VDP) is designed to provide a simple interface between a
microprocessor and a raster-scanned color television. The TMS9928A/9929A VDPs are designed as a
simple interface between a microprocessor and an R-G-B monitor or video encoder which produces the
video for a video monitor. Figure 2-1 is a block diagram of the major portions of the VDP architecture
interfaces to the VDP, CPU, VRAM, and color television.

2.1. CPU Interface

The VDP interface to the CPU using an 8-bit bidirectional data bus, three control lines, and an interrupt
is shown in Figure 2-2. Through this interface the CPU can conduct four operations:

1. Write data bytes to VRAM

2. Read data bytes from VRAM

3. Write to one of the eight VDP write-only registers
4, Read the VDP Status Register

Each of these operations requires one or more data transfers to take place over the CPU/VDP data bus
interface. The interpretation of the data transfer is determined by the three control lines of the VDP.

Note: The CPU can communicate with the VDP simultaneously and asynchronously with the VDP's TV
screen refresh operations. The VDP performs memory management and allows periodic intervals of CPU
access to VRAM even in the middle of a raster scan.

2.1.1. CPU Interface Control S ignals

The type and direction of data transfers are controlled by the CSW, CSR, and MODE inputs.

CSW is the CPU to VDP write select. When it is active (low), the eight bits on CD0-CD7 are
strobed into the VDP.

CSRis the CPU from VDP read select. When it is active (low), the VDP outputs eight bits on CDO-
CD7 to the CPU.

Note: CSW and CSR should never be simultaneously low at the same time. If both are low, the
VDP outputs data on CD0-CD7 and latches in invalid data.

MODE determines the source or destination of a read or write data transfer. MODE is normally
tied to a CPU low order address line (A14 for TMS9900).

L]
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2.1.2. CPU Write to VDP Register

The VDP has eight write-only registers and one read-only status register. The write-only registers control
the VDP operation and determine the way in which VRAM is allocated. The status register contains
interrupt, sprite coincidence and fifth sprite status flags.

Each of the eight VDP write-only registers can be loaded using two 8-bit data transfers from the CPU.
Table 2-1 describes the required format for the two bytes. The first byte transferred is the data byte, and
the second byte transferred controls the destination. The MSB of the second byte must be a 1. The next
four bits are 0s, and the lowest three bits make up the destination register number. The MODE input is
high for by byte transfers.

To rewrite the data in an internal register after a byte of data has already been loaded, the status register
must be read so that internal CPU interface logic is reinitialized and will accept the next byte as data and
not as a register destination. This situation may be encountered in interrupt-driven program
environments. Whenever the status of VDP write parameters is in question, this procedure should be
used.

Note: The CPU address is destroyed by writing to the VDP register.
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DATA cPU
Do- D7 ADDRESS
8 REGISTER
[ VRAM
READ DATA
REGISTER
WRITE DATA
REGISTER
CSR ———
&5w ——=] CONTROL
MODE ~———

Figure 2-2: VDP to CPU interface

2.1.3. CPU Write to VRAM

The CPU transfersdatato the VRAM through the VDP using a 14-bit auto-incrementing address register.
The address register setup requires a 2-byte transfer. A 1-byte transfer is then required to write the data
to the addressed VRAM byte. The address register is then auto-incremented. Sequential VRAM writes
require only 1-byte transfers since the address register is already set up. During setup of the address
register, the two MSBs of the second address byte must be 0 and 1 respectively. MODE is high for both
address transfers and low for the data transfer. CSW is used in all transfers to strobe the 8 bits into the
VDP. See Table 2-1.

=
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Table 2-1: CPU/VDP Data Transfers

Bit | —
Operation CSW| CSR | Mode
0 1 2 3 4 5 6 7
Write to VDP Register
Byte 1 Data Write D, D, D, D, D, D, D, D, 0 1 1

Byte 2 Register Select | 1 0 0 0 0 RS, |RS; | RS, |0 1 1

Write to VRAM

Byte 1 Address Setup | A, A, Ag A, A, |A; |As |Ays |O 1 1

Byte 2 Address Setup | 0 1 A, A, A, A, A, A 0 1 1

Byte 3 Data Write D, (D, |D, |[D, [D, |[D, |D, [D, [0 1 0

Read from VDP Register

Byte 1 Data Read p, (b, |D, |[D, |D, |[D, |D, [D, |12 0 1

Read from VRAM

Byte 1 Address Setup | A, A, Ag A, A, |A; |As |Ays |O 1 1

Byte 2 Address Setup | 0 0 A, A, A, A, A, A 0 1 1

Byte 3 Data Read p, (b, |D, |[D, |D, |[D, |D, [D, |12 0 0

2.1.4. CPU Read from VDP Status Register

The CPU can read the contents of the Status Register with a 1-byte transfer. MODE is high for the
transfer. CSR is used to signal the VDP that a read operation is required.

2.1.5. CPU Read from VRAM

The CPU reads from the VRAM through the VDP using the auto-incrementing address register. A 1-byte
transfer is then required to read the data from the addressed VRAM byte. The address register is then
auto-incremented. Sequential VRAM data reads require only a 1-byte transfer since the address register
is already set up. During setup of the address register the two MSBs of the second address byte must be
0. By setting up the address this way, a read cycle to VRAM is initiated and read data will be available for
the first data transfer to the CPU. (See Table 2-1). MODE is high for the address byte transfers and low
for the data transfers. The VDP requires approximately 8 microseconds to fetch the VRAM byte following
the last data transfer and 2 microseconds following address setup.

L]
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The CPU interacts with VRAM memory through the VDP. The amount of time necessary for the CPU to
transfer a byte of data to or from VRAM memory can vary from 2 to 8 microseconds. Once the VDP has
been told to read or write a byte of data to or from VRAM, it takes approximately 2 microseconds until
the VDP is ready to make the data transfer. In addition to this 2 microsecond delay, the VDP must wait
for a CPU access window; i.e., the period of time when the VDP is not occupied with memory refresh or
screen display and is available to read or write data.

The worst case time between windows occurs during the Graphics I or Graphics IT mode when sprites are
being used. During the active display, CPU windows occur once every 16 memory cycles giving a
maximum delay of 6 microseconds (a memory cycle takes about 372 nanoseconds). In the Text mode the
CPU windows occur at least once out of every three memory cycles or a worst case delay of about 1.1
microseconds. Finally,in the Multicolor mode, CPU windows occur at least once out of every four memory
cycles.

If the user needs to access memory in 2 microseconds, two situations occur where the time waiting for an
access window is effectively zero. Both of these are independent of the display mode being used.

The first situation occurs when the blank bit of register 1 is 0. With this bit low, the entire screen will
show only border color and the VDP does not have to wait for a CPU access window at any time.

The second situation occurs when the VDP is in the vertical refresh mode. The VDP issues an interrupt
output at the end of each active area. This signal indicates that the VDP is entering the vertical refresh
mode and that for the next 4.3 milliseconds there is no waiting for an access window. If the user wants
the CPU to access memory during this interval, it is necessary for the controlling CPU to monitor the
interrupt output of the VDP (the CPU can either poll this output or use it as an interrupt input.

The program that monitors the interrupt output must allow for its own delays in responding to the
interrupt signal and recognize how much time it has left during the 4300 microsecond refresh period. The
CPU must write a 1 to the interrupt enable bit of Register 1 in order to enable the interrupt for each
frame, and then read the status register each time an interrupt is issued to clear the interrupt output. A
summary of these delay times is presented in Table 2-2.

w
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Table 2-2: Memory Access Delay Times

Condition Mode \VDP Delay [ime waiting for Total

an access window time
Active Display Area Text 2 us 0- 1.1us 2 - 3.1us
Active Display Area Graphics 2 us 0 - 5.95us 2 - 8Bus

LLII

4300 us after Vertical All 2 ps 0 us 2 ps
Interrupt Signal
Register 1 All 2 us 0 us 2 us
Blank Bit 0
Active Display Area Multicolor 2 us 0- 1.1us 2 - 3.5us

2.1.6. VDP Interrupt

The VDP INT output pin is used to generate an interrupt at the end of each active display scan, which
is about every 1/60 second for the TMS9918A/9928A and 1/50 second for the TMS9929A. The INT output
is active when the Interrupt Enable bit (IE) in VDP Register 1is a 1 and the F bit of the status register
is a 1. Interrupts are cleared when the status register is read.

2.1.7. VDP Initialization

The VDP is externally initialized whenever the RESET input is active (low) and must be held low for a
minimum of 3 microseconds. The external reset synchronizes all clocks with its falling edge, sets the
horizontal and vertical counters to known states, and clears VDP registers 0 and 1. The video display is
automatically blanked since the BLANK bitin VDP register 1 becomes a 0. The VDP, however, continues
to refresh the VRAM even though the display is blanked. While the RESET line is active, the VDP does
not refresh the VRAM.

2.2. Write-Only Registers

The eight VDP write-only registers are shown in Figure 2-3. They are loaded by the CPU as described in
Section 2.1.2. Registers 0 and 1 contain flags to enable or disable various VDP features and modes.
Registers 2 through 6 contain values that specify starting locations of various sub-blocks of VRAM. The
definitions of these sub-blocks are described in Section 2.4. Register 7 is used to define backdrop and text
colors.

Each register is described in the following paragraphs.
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2.2.1. Register 0

Register 0 contains two VDP option control bits. All other bits are reserved for future use and must be

Os.

BIT 6

BIT 7

M3 (mode bit 3) (see Section 2.3.2 for table and description)
External VDP enable/disable

0 disables external VDP input
1 enables external VDP input

Note: Enabling bit 7 in the TMS9928A/9929A causes A-Y and B-Y to go to the sync level
only when all planes in front of the pixel under question are transparent.

2.2.2. Register 1 (contains 8 VDP option control bits)

BIT 0

BIT 1

BIT 2

BIT 3,4

BIT 5

4/16K selection

0 selects 4027 RAM operation
1 selects 4108/4116 RAM operation

BLANK enable/disable
0 causes the active display area to blank
1 enables the active display
Blanking causes the display to show border colors only

IE (Interrupt Enable)

0 disables VDP interrupt
1 enables VDP interrupt

M1, M2 (mode bits 1 and 2)
M1, M2 and M3 determine the operating mode of the VDP

M1 M2 M3

0 0 0 Graphics I mode

0 0 1 Graphics I mode

0 1 0 Multicolor mode

1 0 0 Text mode
Reserved

L]
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BIT 6 Size (sprite size select)
0 selects size 0 sprites (8 X 8 bits)
1 selects size 1 sprites (8 X 16 bits)
BIT 7 MAG (Magnification option for sprites)
0 selects MAGO sprites (1X)
1 selects MAG1 sprites (2X)
Register MSB LSB
0 0 0 0 0 0 0 M3 EV
1 4/16K BLANK | IE M1 M2 0 SIZE MAG
2 0 0 0 0 Name Table Base Address
3 Color Table Base Address
4 0 0 0 0 0 Pattern Generator
Base Address
5 0 Sprite Attribute Table Base Address
6 0 0 0 0 0 Sprite Pattern Generator
Base Address
7 Text Color 0 Text Color 1/Backdrop Color
Status F S5 C Fifth Sprite Number
(Read-Only)

2.2.3. Register 2

Register 2 defines the base address of the Name Table sub-block. The range of its contents is from 0 to 15.
The contents of the register form the upper 4 bits of the 14-bit Name Table addresses; thus the Name
Table base address is equal to Register 2 X 400 (hex).

2.2.4. Register 3
Register 3 defines the base address of the Color Table sub-block. The range of its contents is from 0 to 255.

The contents of the register form the upper 8 bits of the 14-bit Color Table addresses; thus the Color Table
base address is equal to Register 3 X 40 (hex).
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2.2.5. Register 4

Register 4 defines the base address of the Pattern, Text, or Multicolor Generator sub-block. The range
of its contents is 0 through 7. The contents of the register form the upper 3 bits of the 14-bit Generator
addresses; thus the Generator base address is equal to Register 4 X 800 (hex).

2.2.6. Register 5

Register 5 defines the base address of the Sprite Attribute Table sub-block. The range of its contents is
from 0 through 127. The contents of the register form the upper 7 bits of the 14-bit Sprite Attribute Table
addresses; thus the base address is equal to Register 5 x 80 (hex).

2.2.7. Register 6

Register 6 defines the base address of the Sprite Pattern Generator sub-block. The range of its contents
is 0 through 7. The contents of the register form the upper 3 bits of the 14-bit Sprite Pattern Generator
addresses; thus the Sprite Pattern Generator base address is equal to Register 6 X 800 (hex).

2.2.8. Register 7

The upper 4 bits of Register 7 contain the color code of color 1 in the Text mode. The lower 4 bits contain
the color code for color 0 in the Text mode and the backdrop color in all modes.

\‘



TEXAS INSTRUMENTS
HOME COMPUTER

2.2.9. Setup values for VDP Registers 2 thr ough 6
VRAM Table Addressing
Register 2 in the VDP contains the starting address for the Name Table sub-block.

R2 x 4005 = Start Address

R2 Address

00 0000

01 0400

02 0800

03 0C00 — Maximum number for 4K RAMs
04 1000

05 1400

06 1800

07 1C00

08 2000

09 2400

0A 2800

0B 2C00

0C 3000

0D 3400

OE 3800

OF 3C00 —Maximum number
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Register 3 in the VDP contains the starting address for the Color Table.

R3 x 40, = Start Address

R3 Start Address R3 Start Address R3 Start Address
00 0000 10 0400 20 0800
01 0040 11 0440 21 0840
02 0080 12 0480 22 0880
03 00CO0 13 04Co0 23 08C0
04 0100 14 0500 24 0900
05 0140 15 0540 25 0940
06 0180 16 0580 26 0980
07 01CO0 17 05Co 27 09C0
08 0200 18 0600 28 0A00
09 0240 19 0640 29 0A40
0A 0280 1A 0680 2A 0A80
0B 02C0 1B 06C0 2B 0ACO
0C 0300 1C 0700 2C 0B00
0D 0340 1D 0740 2D 0B40
OE 0380 1E 0780 2E 0B80
OF 03C0 1F 07Co 2F 0BCO
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Register 3 in the VDP contains the starting address for the Color Table (continued).

R3 x 40, = Start Address

R3 Start Address R3 Start Address R3 Start Address
30 0C00 40 1000 50 1400
31 0C40 41 1040 51 1440
32 0C80 42 1080 52 1480
33 0CCo 43 10C0 53 14C0
34 0D00 44 1100 54 1500
35 0D40 45 1140 55 1540
36 0D80 46 1180 56 1580
37 0DCO 47 11C0 57 15C0
38 0E00 48 1200 58 1600
39 0E40 49 1240 59 1640
3A 0E80 4A 1280 5A 1680
3B 0ECO0 4B 12C0 5B 16C0
3C 0F00 4C 1300 5C 1700
3D 0F40 4D 1340 5D 1740
3E 0F80 4E 1380 5E 1780
3F 0FCO 4F 13C0 5F 17C0
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Register 3 in the VDP contains the starting address for the Color Table (continued).

R3 x 40, = Start Address

R3 Start Address R3 Start Address R3 Start Address
60 1800 70 1C00 80 2000
61 1840 71 1C40 81 2040
62 1880 72 1C80 82 2080
63 18C0 73 1CCO 83 20C0
64 1900 74 1D00 84 2100
65 1940 75 1D40 85 2140
66 1980 76 1D80 86 2180
67 19C0 77 1DCO 87 21C0
68 1A00 78 1E00 88 2200
69 1A40 79 1E40 89 2240
6A 1A80 7A 1E80 8A 2280
6B 1ACO 7B 1ECO 8B 22C0
6C 1B00 7C 1F00 8C 2300
6D 1B40 7D 1F40 8D 2340
6E 1B80 7E 1F80 8E 2380
6F 1BCO 7F 1FCO0 8F 23C0
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Register 3 in the VDP contains the starting address for the Color Table (continued).

R3 x 40, = Start Address

R3 Start Address
90 2400
91 2440
92 2480
93 24C0
94 2500
95 2540
96 2580
97 25C0
98 2600
99 2640
9A 2680
9B 26C0
9C 2700
9D 2740
9E 2780
9F 27C0

N
N

R3 Start Address
A0 2800
Al 2840
A2 2880
A3 28C0
A4 2900
A5 2940
A6 2980
AT 29C0
A8 2A00
A9 2A40
AA 2A80
AB 2AC0
AC 2B00
AD 2B40
AE 2B80
AF 2BCO

R3 Start Address
BO 2C00
B1 2C40
B2 2C80
B3 2CC0
B4 2D00
B5 2D40
B6 2D80
B7 2DCO
B8 2E00
B9 2E40
BA 2E80
BB 2ECO
BC 2F00
BD 2F40
BE 2F80
BF 2FC0
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Register 3 in the VDP contains the starting address for the Color Table (continued).

R3 x 40, = Start Address

R3 Start Address R3 Start Address R3 Start Address
Co 3000 DO 3400 EO 3800
C1 3040 D1 3440 E1l 3840
C2 3080 D2 3480 E2 3880
C3 30C0 D3 34C0 E3 38C0
C4 3100 D4 3500 E4 3900
C5 3140 D5 3540 E5 3940
Cé 3180 D6 3580 E6 3980
C7 31C0 D7 359C0 E7 39C0
C8 3200 D8 3600 E8 3A00
C9 3240 D9 3640 E9 3A40
CA 3280 DA 3680 EA 3A80
CB 32C0 DB 36C0 EB 3ACO
CcC 3300 DC 3700 EC 3B00
CD 3340 DD 3740 ED 3B40
CE 3380 DE 3780 EE 3B80
CF 33C0 DF 37C0 EF 3BCO

[N
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Register 3 in the VDP contains the starting address for the Color Table (continued).

R3 x 40, = Start Address

R3 Start Address
FO 3C00
F1 3C40
F2 3C80
F3 3CCo
F4 3D00
F5 3D40
F6 3D80
F7 3DCOo
F8 3E00
F9 3E40
FA 3E80
FB 3ECO
FC 3F00
FD 3F40
FE 3F80
FF 3FCO0
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Register 4 in the VDP contains the starting address for the Pattern Generator sub-block.

R4 x 8005 = Start Address

R4 Start Address

00 0000

01 0800 — Maximum number for 4K RAMs
02 1000

03 1800

04 2000

05 2800

06 3000

07 3800 — Maximum number for 16K RAMs
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Register 5 in the VDP contains the starting address for the Sprite Attribute Table.

R5 x 80,4 = Start Address

R5 Start Address R5 Start Address R5 Start Address
00 0000 10 0800 20 1000
01 0080 11 0880 21 1080
02 0100 12 0900 22 1100
03 0180 13 0980 23 1180
04 0200 14 0A00 24 1200
05 0280 15 0A80 25 1280
06 0300 16 0B00 26 1300
07 0380 17 0B80 27 1380
08 0400 18 0C00 28 1400
09 0480 19 0C80 29 1480
0A 0500 1A 0D00 2A 1500
0B 0580 1B 0D80 2B 1580
0C 0600 1C 0E00 2C 1600
0D 0680 1D 0E80 2D 1680
OE 0700 1E 0F00 2E 1700
OF 0780 1F 0F80* 2F 1780

* Maximum number for 4K RAMs
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Register 5 in the VDP contains the starting address for the Sprite Attribute Table (continued).

R5 x 80,4 = Start Address

R5 Start Address R5 Start Address R5 Start Address
30 1800 40 2000 50 2800
31 1880 41 2080 51 2880
32 1900 42 2100 52 2900
33 1980 43 2180 53 2980
34 1A00 44 2200 54 2A00
35 1A80 45 2280 55 2A80
36 1B00 46 2300 56 2B00
37 1B80 47 2380 57 2B80
38 1C00 48 2400 58 2C00
39 1C80 49 2480 59 2C80
3A 1D00 4A 2500 5A 2D00
3B 1D80 4B 2580 5B 2D80
3C 1E00 4C 2600 5C 2E00
3D 1E80 4D 2680 5D 2E80
3E 1F00 4E 2700 5E 2F00
3F 1F80 4F 2780 5F 2F80
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Register 5 in the VDP contains the starting address for the Sprite Attribute Table (continued).

R5 x 80,4 = Start Address

R5 Start Address R5 Start Address
60 3000 70 3800
61 3080 71 3880
62 3100 72 3900
63 3180 73 3980
64 3200 74 3A00
65 3280 75 3A80
66 3300 76 3B00
67 3380 77 3B80
68 3400 78 3C00
69 3480 79 3C80
6A 3500 7A 3D00
6B 3580 7B 3D80
6C 3600 7C 3E00
6D 3680 7D 3E80
6E 3700 7E 3F00
6F 3780 7F 3F80
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Register 6 contains the value for the starting address of the Sprite Pattern Generator sub-block.

R6 x 8005 = Start Address

R6 Start Address

00 0000

01 0800 — Maximum number for 4K RAMs
02 1000

03 1800

04 2000

05 2800

06 3000

07 3800 — Maximum number for 16K RAMs

2.3. Status Register

The VDP has a single 8-bit status register that can be accessed by the CPU. The status register contains
the interrupt pending flag, the sprite coincidence flag, the fifth sprite flag, and the fifth sprite number,
if one exists. The format of the status register is shown in Figure 2-3 and is discussed in the following
paragraphs.

The status register may be read at any time to test the F, C, and 5S status bits. Reading the status register
will clear the interrupt flag, F. However, asynchronous reads will cause the frame flag (F) bit to be reset
and therefore missed. Consequently, the status register should be read only when the VDP interrupt is
pending.

2.3.1. Interrupt Flag (F)

The F status flag in the status register is set to 1 at the end of the raster scan of the last line of the active
display. It is reset to a 0 after the status register is read or when the VDP is externally reset. If the
Interrupt Enable bit in VDP Register lis active (1), the VDP interrupt output (INT) will be active (low)

whenever the F status flagisa 1.

Note that the status register needs to be read frame by frame in order to clear the interrupt and receive
the new interrupt of the next frame.

L]
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2.3.2. Coincidence Flag (C)

The C status flag in the status register is set to a 1 if two or more sprites coincide. Coincidence occurs if
any two sprites on the screen have one overlapping pixel. Transparent colored sprites, as well as those
that are partially or completely off the screen, are also considered. Sprites beyond the Sprite Attribute
Table terminator (D0,4) are not considered. The C flag is cleared to a 0 after the status register is read or
the VDP is externally reset. The status register should be read immediately upon powerup to ensure that
the coincidence flag is reset.

The VDP checks each pixel position for coincidence during the generation of the pixel regardless of where
it is located on the screen. This occurs every 1/60th of a second for the TMS9918A and TMS9928A and
every 1/50th second for the TMS9929A. Thus, when moving sprites more than one pixel position during
these intervals, it is possible for the sprites to have multiple pixels overlapping or even to have passed
completely over one another when the VDP checks for coincidence.

2.3.3. Fifth Sprite Flag (5S) and Number

The 5S status flag in the status register is set to a 1 whenever there are five or more sprites on a
horizontal line (lines 0 to 192) and the frame flag is equal to a 0. The 58S status flag is cleared to a 0 after
the status register is read or the VDP is externally reset. The number of the fifth sprite is placed into the
lower 5 bits of the status register when the 5S flag is set and is valid whenever the 5S flag is 1. The setting
of the fifth sprite flag will not cause an interrupt.

2.4. Video Display Modes

The VDP displays an image on the screen that can best be envisioned as a set of display planes sandwiched
together. Figure 2-4 shows the definition of each of the planes. Objects on all planes closest to the viewer
have higher priority. In cases where two entities on two different planes are occupying the same spot on
the screen, the entity on the higher priority plane will show at that point. For an entity on a specific plane
to show through, all planes in front of that plane must be transparent at that point. The first 32 planes
(Figure 2-5) each may contain a single sprite. The areas of the Sprite Planes, outside the sprite itself, are
transparent. Since the coordinates of the sprite are in terms of pixels, the sprite can be positioned and
moved about very accurately. Sprites are available in three sizes: 8 X 8 pixels, 16 X 16 pixels, and 32 X 32
pixels.

Behind the Sprite Planes is the Pattern Plane. The Pattern Plane is used for textual and graphics images
generated by the Graphics I, Graphics II, Multicolor or Text modes. Behind the Pattern Plane is the
backdrop, which is larger in area than the other planes so that it forms a border around the other planes.
The last and lowest priority plane is the External VDP Plane. Its image is defined by the external VDP
input pin which allows the TMS9918A to mix the external video signal internal to the chip.
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This mixing must occur outside of the chip for the TMS9928A and TMS9929A. This is achieved through
the color difference outputs swinging to a special level (sync level is shown in Figure 2-6) not used by the
color difference signals in normal operation. This occurs when bit 7 of Register 0 is set high. External
mixing circuitry is required to detect this change in the level of the color difference signals and then
switch from the VDP signals to an external source's signals (see Figures 2-7 and 2-8).

VDP CHIP
BLACK
*
o EXTERNAL
g 31 VDP INPUT
e !
8 A 2% | BACKDROP {SOLID COLOR)
|
O 1 | PATTERNS
)  (CHARACTER-ORIENTED)
| |
BACKDROP : !
i
SPRITES

{OBJECT-ORIENTED)*

Figure 2-4: VDP display planes (definition)
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Figure 2-5: VDP display planes (first 32 planes)
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Figure 2-8: Using color diff erence signals to mix external video sou rces

35



TEXAS INSTRUMENTS
HOME COMPUTER

The backdrop consists of a single color used for the display borders and as the default color for the active
display area. The default color is stored in the VDP Register 7. When the backdrop color register contains
the transparent code, the backdrop automatically defaults to black if the external VDP mode is not
selected.

The 32 Sprite Planes are used for the 32 sprites in the Graphics and Multicolor modes. They are not used
in the Text mode and are automatically transparent. Each of the sprites can cover an 8 X 8, 16 X 16, or
32 X 32 pixel area on its plane. Any part of the plane not covered by the sprite is transparent. Sprite 0
is on the outside or highest plane, and sprite 31 is on the plane immediately adjacent to Pattern Plane.
Whenever a pixel in a Sprite Plane is transparent, the color of the next plane can be seen through that
plane. If, however, the sprite pixel is non-transparent, the colors of the lower planes are automatically
replaced by the sprite color.

There is also a restriction on the number of sprites on a line. Only four sprites can be active on any
horizontal line. Additional sprites on a line will be automatically made transparent for that line. Only
those sprites that are active on the display will cause the coincidence flag to set. The VDP status register
provides a flag bit and the number of the fifth sprite whenever this occurs. The Pattern Pane is used in
the Graphics, Text, and Multicolor modes for display of the graphic patterns of characters. Whenever a
pixel on the Pattern Planeisnon-transparent, the backdrop colorisautomatically replaced by the Pattern
Plane color. When a pixel in the Pattern Planeis transparent, the backdrop color can be seen through the
Pattern Plane.

The VDP has four video color display modes that appear on the Pattern Plane: Graphics I mode, Graphics
IT mode, Multicolor mode, and Text Mode. Graphics I and Graphics I modes cause the Pattern Plane to
be broken up into groups of 8 X 8 pixels called pattern positions. Since the full image is 256 x 192 pixels,
there are 32 X 24 pattern positions on the screen in the Graphics modes.

In Graphics I mode, 256 possible patterns may be defined for the 758 pattern positions with two unique
colors allowed for each line of a pattern definition. Thus, all 15 colors plus transparent may be used in
a single pattern position.

In Multicolor mode, the screen is broken into a grid of 64 X 48 positions, each of which is a 4 X 4 pixel.
Within each position, one unique color is allowed.

In Text mode, the Pattern Plane is broken into groups of 6 8 pixels, called text positions. There are
40 X 24 text positions on the screen in this mode. In text mode, sprites do not appear on the screen and
two colors are defined for the entire screen by VDP Register 2.

The VDP registers define the base addresses for several sub-blocks within VRAM. These sub-blocks form
tables which are used to produce the desired image on the TV screen. The Sprite Pattern Generator Table
and the Sprite Attribute Table are used to form sprites. The contents of these tables must all be provided
by the microprocessor. Animation is achieved by alternating the contents of VRAM in real time.
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The VDP can display the 15 colors shown in Table 2-3. The VDP colors also provide eight different gray
levels for displays on monochrome television; the luminance value in the table indicates these levels, 0.00
being black and 1.00 being white. All other values in the table are expressed as percentages of the
white/black voltage swing.

Note: The gray levels differ slightly for the TMS9918A when compared to the TMS9928A/9929A.

Note: Whenever all planes are of the transparent color at a given point, and external video is not selected,
the color shown at that point will be black.
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Table 2-3: Color Assignments

TMS9918A TMS9928A/9929A

Luminance Chrominance Color Diff erence
Color (DC) (AC)
hex Color Value Value Y R-Y B-Y
0 Transparent 0.00 — — — —
1 Black 0.00 — 0.00 47 47
2 Medium Green .53 .53 .53 .07 .20
3 Light Green .67 40 .67 17 27
4 Dark Blue 40 .60 40 4 1.00
5 Light Blue 53 53 53 43 .93
6 Dark Red 47 47 47 .83 .30
7 Cyan .67 .60 13 0.00 .70
8 Medium Red 53 .60 53 .93 27
9 Light Red .67 .60 .67 .93 27
A Dark Yellow 13 47 13 57 .07
B Light Yellow .80 33 .80 57 17
C Dark Green .46 A7 A7 13 .23
D Magenta 53 40 53 13 .67
E Gray .80 — .80 47 47
F White 1.00 — 1.00 47 47
— Black Level 0.00 — 0.00 47 47
— Color Burst 0.00 40 0.00 | 28A A7 | 28A | 1

29A J13 [ 29A | 2

— Sync Level -.40 — -.46 A7 A7
— External Video — — 0.00 A7 A7
— Level — — 0.00 -.46 -.46
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2.4.1. Graphics | Mode

The VDP is in Graphics I mode when M1, M2, and M3 bits in VDP Registers 1 and 0 are zero. When in
this mode the Pattern Plane is divided into a grid of 32 columns by 24 rows of pattern positions as shown
in Figure 2-9. Each of the pattern positions contains 8 X 8 pixels. The tables in VRAM used to generate
the Pattern Plane are the Pattern Generator, Name, and Color Tables which require 2848 VRAM bytes.
Figure 2-9 illustrates the mapping of these tables into the Pattern Plane. Less memory is required if all
256 possible pattern definitions are not required. The tables can be overlapped to reduce the amount of
VRAM needed for pattern generation. Examples of VRAM memory allocation are provided in Section 3.3.

ROW 0 0 1 ¢ o o 30 n
e o o
ROW 1 32 33 62 63
. °
L4 ACTIVE DISPLAY AREA L4
. ®
ROW 22 704 705 734 735
* o o
ROW 23 736 737 e o o 766 767

Figure 2-9: Pattern graphics n ame table ma pping

39



TEXAS INSTRUMENTS
HOME COMPUTER

PATTERN POSITION O

BA E
SE ADDRESS 0 PATTERN POSITION 1
1 PATTERN
. 2 POSITION 31
1
2 BASE PATTERN
ADDRESS POSITION
llNIl
N = L o 8MPATTERN = - 24 POSITIONS
gM + 7 [(BBYTES) >
766
767 11_"
P R
N:UEET ZBLE 2046 PATTERN PLANE PATTERN
2047 POSITION
PATTERN 767

GENERATOR TABLE

0
1
~= W8 IeotoR 1 [cotoRg
3
PATTERN

CULOR TABLE
Figure 2-10: Graphics | mode mapping
The Pattern Generator Table contains a library of patterns that can be displayed in the pattern positions.
It is 2048 bytes long and is arranged into 256 patterns, each of which is 8 bytes long, yielding 8 X 8 bits.

All of the 1s in the 8-byte pattern can designate one color (color 1), while all of the Os can designate
another color (color 0).
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The full 8-bit pattern name is used to select one of the 256 pattern definitions in the Pattern Generator
Table. The table is a 2048-byte block in VRAM beginning on a 2-kilobyte boundary. The starting address
of the table is determined by the generator base address in VDP Register 4. The base address forms the
three MSBs of the 14-bit VRAM address for each Pattern Generator Table entry. The next 8 bits indicate
the 8-bit name of the selected pattern definition. The lowest 3 bits of the VRAM address indicate the row
number within the pattern definition.

There are 8 bytes required for each of the 256 possible unique 8 X 8 pattern definitions. The first byte
defines the first row of the pattern, and the second byte defines the second row. The first bit of each of the
eight bytes defines the first column ofthe pattern. The remaining rows and columns are similarly defined.
Each bit entry in the pattern definition selects one of the two colors of the pattern. A 1 bit selects the color
code (color 1) contained in the most significant 4 bits of the corresponding color table byte. A 0 bit selects
the other color code (color 0). An example of pattern definition mapping is provided in Figure 2-11.

Row/Byte Column (Pattern) Bit (Pattern Definition)

0 1 2 3 4 5 0 1 2 3 4 5 6 7
0 C C C C C 0 1 1 1 1 1 0 0
1 C 0 0 0 0 0 1 0 0
2 C 0 0 0 0 0 1 0 0
3 C C C C 0 0 1 1 1 1 0 0
4 C 0 0 0 0 0 1 0 0
5 C 0 0 0 0 0 1 0 0
6 C C C C C 0 1 1 1 1 1 0 0
7 0 0 0 0 0 0 0 0

Notes: VDP Register 7 entry 71;.
Color code 7 is cyan (signified above by "C").
Color code 1 is black (signified above by a space.
Bit 0 is the most significant bit of each byte.

Figure 2-11: Pattern display mapping

The color of the 1s and Os is defined by the Pattern Color Table that contains 32 entries, each of which
is 1 byte long. Each entry defines two colors: the most significant 4 bits of each entry define the color of
the 1s, and the least significant 4 bits define the color of the 0s. The first entry in the color table defines
the colors for patterns 0 to 7; the next entry for patterns 8 to 15, and so on. (See Table 2-4 for
assignments.) Thus, 32 different pairs of colors may be displayed simultaneously.
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The Pattern Name Table is located in a contiguous 768-byte block in VRAM beginning on a 1-kilobyte
boundary. The starting address of the Name Table is determined by the 4-bit Name Table base address
field in VDP Register 2. The base address forms the upper 4 bits of the 14-bit VRAM address. The lower
10 bits of the VRAM address are formed from the row and column counters. An example of pattern name
table addressing is given in Section 3.3.

Table 2-4: Graphics | Mode Color Table

Byte No. Pattern No. Byte No. Pattern No.
0 0—7 16 128—135
1 8—15 17 136—143
2 16—23 18 144—151
3 24—31 19 152—159
4 32—39 20 160—167
5 40—47 21 168—175
6 48—55 22 176—183
7 56—63 23 184—191
8 64—71 24 192—199
9 72—179 25 200—207
10 80—87 26 208—215
11 88—95 27 216—223
12 96—103 28 224—231
13 104—111 29 232—239
14 112—119 30 240—247
15 120—127 31 248—255
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Each byte entry in the Name Table is either the name of or the pointer to a pattern definition in the
Pattern Generator Table. The upper 5 bits of the 8-bit name identify the color group of the pattern. There
are 32 groups of 8 patterns. The same two colors are used for all eight patternsin a group; the color codes
are stored in the VDP Color Table. The Color Table is located in a 32-byte block in VRAM beginning on
a 64-byteboundary. The table starting addressis determined by the 8-bit Color Table base addressin VDP
Register 3. The base address forms the upper 8 bits of the 14-bit Color Table entry VRAM address. The
next bitis a 0 and the lowest 5 bits are equal to the upper 5 bits of the corresponding Name Table entries.

Since the tables in VRAM have their base addresses defined by the VDP registers, a complete switch of
the values in the tables can be made by simply changing the valuesin the VDP registers. Thisis especially
useful when one wishes to time slice between two or more screens of graphics.

When the Pattern Generator Table is loaded with a pattern set, manipulation of the Pattern Name Table
contents can change the appearance of the screen. Alternatively, a dynamically, changing set of patterns
throughout the course of a graphics session is easily accomplished since all tables are in VRAM. A total
of 2848 VRAM bytes are required for the Pattern, Name, Color and Generator tables. Less memory is
needed if all 256 possible pattern definitions are not required; the tables can be overlapped to reduce the
amount of VRAM needed for pattern generation. Examples of VRAM memory allocation are provided in
Section 3.3.

2.4.2. Graphics Il Mode

The VDP is in Graphics II mode when mode bits M1 = 0, M2 = 0, and M3 = 1. The Graphics II mode is
similar to Graphics I mode except it allows a larger library of patterns so that a unique pattern generator
entry may be made for each of the 768 (32 X 24) pattern positions on the video screen. Additionally, more
color information is included in each 8 X 8 graphics pattern. Thus, two unique colors may be specified
for each byte of the 8 x 8 pattern. A larger amount of VRAM (12 kilobytes) is required to implement the
full usage of the Graphics IT mode.

Like Graphics I mode, the Graphics II mode Pattern Name Table contains 768 entries which correspond
to the 768 pattern positions on the display screen. Because the Graphics I mode pattern names are only
8 bits in length, a maximum of 256 pattern definitions may be addressed using the addressing scheme
discussed in Section 2.4.10. Graphics Il mode, however, segments the display screen into three equal parts
of 256 pattern positions each and also segments the Pattern Generator Table into three equal blocks of
2048 bytes each. Pattern definitionsin the first third of the display screen correspond to pattern positions
in the upper third. Likewise, pattern definitions in the second and third blocks of the Pattern Generator
Table correspond to the second and third areas of the Pattern Plane.
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The Pattern Name Table is also segmented into three blocks of 256 names each so that names found in
the upper third reference pattern definitions are found in the upper 2048 bytes in Pattern Generator
Table. Similarly, the second and third blocks reference pattern definitions in the second 2048-byte block
and third 2048-byte block respectively. Thus, if 768 patterns are uniquely specified, an 8- bit pattern name
will be used three times, once in each segment of the Pattern Name Table. The Pattern Generator Table
falls on 8-kilobyte boundaries and may be located in the upper or lower half of 16K memory based on the
MSB of the pattern generator base in VDP Register 4. The LSBs must be set to all 1s.

The Color Tableis also 6144 byteslong and is segmented into three equal blocks of 2048 bytes. Each entry
in the Pattern Color Table is 8 bytes which provides the capability to uniquely specify color 1 and color
0 for each of the 8 bytes of the corresponding pattern definition. The addressing schemeis exactly like that
of the Pattern Generator Table except for the location of the table in VRAM. This is controlled by the
loading of the MSB of the color base in VDP Register 3. The LSBs must be set to all 1s.

Figure 2-12 illustrates the Graphics II mode mapping scheme. Note that pattern names, P1, P2, and P3,
correspond to pattern generator entries in the three blocks of the Pattern Generator Table. Note also how
these three names map to the display screen. Figure 2-13 is an example of a Pattern Generator and
Pattern Color Table entry.
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Row 0 3 4 7 Row
0 01]0 1 0 0 0 1 0 B |1 B|B|B|B|B]|1 1 (Black) B (Lt. Yellow) 0
1 01]0 0 1 0 1 0 0 B|B |7 B|B|B |7 B || 7 (Cyan) B (Lt. Yellow) 1
2 01]0 0 0 1 0 0 0 B|B|BJ|C|B|C|B|B ||C(Green) B (Lt. Yellow) 2
3 01]0 0 0 1 0 0 0 B|B|B|B|E|B|B|B ||E(Gray) B (Lt. Yellow) 3
4 01]0 0 0 1 0 0 0 B|B|B|B|S8 B | B | B ||8(Med. Red) B (Lt. Yellow) 4
5 01]0 0 0 1 0 0 0 B|B|B|B|S5 B | B | B ||5(Lt. Blue) B (Lt. Yellow) 5
6 01]0 0 0 1 0 0 0 B|B|B|B|®6 B | B | B ||6(Dk. Red) B (Lt. Yellow) 6
7 01]0 0 0 1 0 0 0 B|B|B|B|D|B]|B|B ||D(Magenta) B (Lt. Yellow) 7
Pattern Generator Pattern Pattern Color
Table Entry Table Entry

Figure 2-13: Pattern display mapping
2.4.3. Multicolor Mode

The VDP is in Multicolor mode when mode bits M1 = 0, M2 =1, and M3 = 0. Multicolor mode provides
an unrestricted 64 X 48 color square display. Each color square contains a 4 X 4 block of pixels. The color
of each of the color squares can be any one of the 15 video display colors plus transparent. Consequently,
all 15 colors can be used simultaneously in the Multicolor mode. The Backdrop and Sprite Planes are still
active in the Multicolor mode.

The Multicolor Name Table is the same as that for the graphics modes, consisting of 768 name entries,
although the name no longer points to a color list. Color is now derived from the Pattern Generator Table.
The name points to an 8-byte segment of VRAM in the Pattern Generator Table.

Only 2 bytes of the 8-byte segment are used to specify the screen image. These 2 bytes specify four colors,
each color occupying a 4 X 4 pixel area. The 4 MSBs of the first byte define the color of the upper left
quarter of the multicolor pattern, the LSBs define the color of the upper right quarter. The second byte
similarly defines the lower left and right quarters of the multicolor pattern. The 2 bytes thus map into
an 8 X 8 pixel multicolor pattern. (See Figure 2-14).
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jo—— 8 PIXELS ——]

T,

COLORA | COLORB 8

COLORC JCOLORD

2BYTES FROM
PATTERN GENERATOR TABLE

MULTICOLOR PATTERN

Figure 2-14: Multicolor list mapping

Thelocation of the 2 bytes within the 8-byte segment pointed to by the name is dependent upon the screen
position where the name is mapped. For names in the top row (names 0—31), the 2 bytes are the first two
within the groups of 8-byte segments pointed to by the names. The next row of names (32—63) uses the
bytes 3 and 4 within the 8-byte segments. The next row of names uses bytes 5 and 6 while the last row of
names uses bytes 7 and 8. This series repeats for the remainder of the screen.

For example, referring to Figure 2-15, if Name Table entry 0 (pattern position 0) multicolor block #N
(name = N), the multicolor pattern displayed will be an 8 X 8 pixel block consisting of colors A, B, C, and
D which comprise the first two bytes of the Multicolor Table. If, however, name #N is located in Name
Table entry 33, (pattern position 33), the colors displayed will be colors E, F, G, and H as specified by
bytes 3 and 4 of the multicolor block pointed to by the name.

Likewise pattern position which lie in rows 2 and 3 would cause colors I, J, K, L, and color M, N, O, P,
respectively, to be displayed. Thus, it can be seen that the color displayed from the multicolor generator
block is dependent upon pattern position on the screen. Figure 2-16 illustrates the Multicolor mode
mapping scheme.
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Figure 2-15: Multicolor block layout
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Figure 2-16: Multicolor mode mapping

The mapping of VRAM contents to screen image is simplified by using duplicate names in the Name Table
since the series of bytes used within the 8-byte segment specifies a 2 X 8 color square pattern on the
screen as a straightforward translation from the 8-byte segment in VRAM pointed to by the common
name.

When used in this manner, 768 bytes are still used for the Name Table and 1536 bytes are used for the
color information in the Pattern Generator Table (24 rows X 32 columns X 8 bytes/pattern position).
Thus, a total of 1728 bytes in VRAM re required. It should be noted that the tables begin on even 1K and
2K boundaries and are therefore not contiguous. An example of multicolor VRAM memory allocation is
given in Section 3.3.
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2.4.4. Text mode

The VDP isin Text mode when mode bits M1 = 1, M2 =0, and M3 = 0. In this mode, the screen is divided
into a grid of 40 text positions across and 24 down. (See Figure 2-17). Each of the text positions contains
6 pixels across and 8 pixels down. The tables used to generate the Pattern Plane are the Pattern Name
Table and the Pattern Generator Table. There can be up to 256 unique patterns defined at any time. The
pattern definitions are stored in the Pattern generator Table in VRAM and can be dynamically changed.
The VRAM contains a Pattern Name Table which maps the pattern definition into each of the 960 pattern
cells on the Pattern Plane (Figure 2-18). Sprites are not available in Text mode.

° ' e o o » »
e o o
0 a ” 7
® [} ® [ ] [
L I ACTIVE DISPLAY AREA LA
() e
"o 8 s "
”20 (2] ¢ o 0 ] %0
e o o

Figure 2-17: Text mode n ame table pattern posit ions

As with the Graphics modes, the Pattern Generator Table contains a library of text patterns that can be
displayed in the text positions. It is 2048 bytes long and is arranged in 256 text patterns, each of which
is 8 bytes long. Since each text position on the screen is only 6 pixels across, the least significant 2 bits of
each text pattern are ignored, yielding 6 X 8 bits in each text pattern. Each 8-byte block defines a text
pattern in which all the 1s in the text pattern take on one color when displayed on the screen, while all
the Os take on another color. These colors are chosen by loading VDP Register 7 with the color 1 and color
0 in the left and right nibbles respectively (see Section 2.2).
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NAME TABLE TEXT POSITION 959
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GENERATOR
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COLOR 1 COLOR O

VDP REGISTER 7

Figure 2-18: Mapping of VRAM into the pattern plane in text mode

In the Text mode, the Pattern Name Table determines the position of the text pattern on the screen as
shown in Figure 2-18. There are 960 entries in the Pattern Name Table, each 1 byte long. There is a one-
to-one correspondence between text pattern positions on the screen and entriesin the Pattern name Table
(40 x 24 = 960). The first 40 entries correspond to the top row of text pattern position on the screen, the
next 40 to the second row, and so on. The value of an entry in the Pattern Name Table indicates which
of the 256 text patterns is to be placed at that spot on the Pattern Plane.

The Pattern Name Table is located in a contiguous 960-byte block in VRAM, beginning on a 1-kilobyte
boundary. The starting address of the name table is determined by the 4-bit name table base address field
in VDP Register 2. The base address forms the upper 4 bits of the 14-bit VRAM address. The lower 10 bits
in the VRAM address point to 1 of 960 pattern cells. The name table is organized by rows. An example
of Pattern Name Table addressing is given in Section 4.

Each byte entry in the name table is the pointer to a pattern definition in the Pattern Generator Table.
The same two colors are used for all 256 patterns; the color codes are stored in VDP Register 7.
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As thename implies, the Text mode is intended mainly for textual applications, especially those in which
the 32 patterns-per-line in Graphics modes is insufficient. The advantage is that eight more patterns can
be fitted onto oneline; the disadvantages are that sprites cannot be used, and only two colors are available
for the entire screen.

With care, the same text pattern set that is used in Text mode can be also used in Graphics I mode. This
is done by ensuring that the least significant 2 bits of all the character patterns are 0. Thus, a switch from
Text mode to Pattern mode resultsin a stretching of the space between characters, and a reduction of the
number of characters per line from 40 to 32. As with the Graphics modes, once a character set has been
defined and placed into the Pattern Generator, updating the Pattern Name Table will produce and
manipulate textual material on the screen.

The full 8-bit pattern nameis used to select 1 of the 256 pattern definitionsin the pattern generator table.
The table is a 2048-byte block in VRAM, beginning on a 2-kilobyte boundary. The starting address of the
table is determined by the generator base address in VDP Register 4. The base address forms the 3 MSBs
of the 14-bit VRAM address for each Pattern Generator Table entry. The next 8 bits are equal to the 8-bit
name of the selected pattern definition. The lowest 3 bits of the VRAM address are equal to the row
number within the pattern definition.

There are 8 bytes required for each of the 256 possible unique 6 X 8 pattern definitions. The first byte
defines the first tow of the pattern, and the second byte defines the second row. The least significant 2 bits
in each byte are not used. However, it is strongly recommended that these bits be 0s. Each bit entry in the
pattern definition selects on of the two colors for that pattern. A 1 bit selects the color code (color 1)
contained in the most significant 4 bits of VDP Register 7. A 0 bit selects the other color code (color 0)
which is in the least significant 4 bits of the same VDP Register. Figure 2-18 is an example of pattern
definition mapping.

A total of 3008 VRAM bytes are required for the Pattern Name Generator Tables. Less memory is
required if all 256 possible pattern definitions are not required; the tables can be overlapped to reduce the
amount of VRAM needed for pattern generation. Examples of VRAM memory allocation are provided in
Section 3.3.

2.4.5. Sprites

The video display can have up to 32 sprites on the highest priority video planes. The sprites are special
animation patterns which provide smooth motion and multilevel pattern overlaying. The location of a
spriteis defined by the top left-hand corner of the sprite pattern. The sprite can be easily moved pixel-by-
pixel by redefining the sprite origin. This provides a simple but powerful method of quickly and smoothly
moving special patterns. The sprites are not active in the Text mode. The 32 Sprite Planes are fully
transparent outside of the sprite itself.
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The sub-blocks in VRAM that define sprites are the Sprite Attribute Table (see Figure 2-19) and the
Sprite Generator Table (see Section 4.4). These tables are similar to their equivalents in the pattern realm
in that the Sprite Attribute Table specifies where the sprite goes on the screen, while the Sprite Generator
Table describes what the sprite looks like. Sprite Pattern formats are given in Table 2-5.

Bit
0 1 2 3 4 5 6 7
0 Vertical Position
1 Horizontal Position
Byte 2 Name
3 Early
Clock 0 0 0 Color Code
Bit
Figure 2-19: Sprite Attribute Table entry
Table 2-5: Sprite Pattern Formats

Size Mag Area Resolution Bytes/Pattern
0 0 8% 8 single pixel 8
1 0 16 x 16 single pixel 32
0 1 16 x 16 2 % 2 pixels 8
1 1 32 x 32 2% 2 pixels 32

Figure 2-20 illustrates the manner in which the VRAM tables map into the existence of sprites on the
display. Since there are 32 sprites available for display, there are 32 entries in the Sprite Attribute Table.
Each entry consists of four bytes. The entries are ordered so that the first entry corresponds to the sprite
on the sprite 0 plane, the next to the sprite on the sprite 1 plane, and so on. The Sprite Attribute Table
is 4 X 32 = 128 and is located in a contiguous 128-byte block in VRAM, beginning on a 128-byte
boundary.

The starting address of the table is determined by the 7-bit Sprite Attribute Table base address in VDP
Register 6. The base address forms the upper 7 bits of the 14-bit VRAM address. The next 5 bits of the
VRAM address are equal to the sprite number. The lowest 2 bits select 1 of the 4 bytes in Sprite 2
Attribute Table entry for each sprite. Each table entry contains 4 bytes which specify the sprite position,
sprite pattern name, and color, as shown in Figure 2-19.
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Figure 2-20: Sprite mapping

The first two bytes of each entry of the Sprite Attribute Table determine the position of the sprite on the
display. The first byte indicates the vertical distance of the sprite from the top of the screen, in pixels. It
is defined such that a value of -1 puts the sprite butted up at the top of the screen, touching the backdrop
area. The second byte describes the horizontal displacement of the sprite from the left edge of the display.
A value of 0 butts the sprite up against the left edge of the backdrop. Note that all measurements are
taken from the upper left pixel of the sprite.

When the first two bytes of an entry position a sprite so it overlaps backdrop, the part of the sprite that
is within the backdrop is displayed normally. The part of the sprite that overlaps the backdrop is hidden
from view by the backdrop. This allows the animator to move a sprite into display from behind the
backdrop.
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The displacement in the first byte is partially signed, in that values for vertical displacement between -31
and 0 (E1,4 to 0) allow a sprite to bleed-in from the right side of the screen. To allow sprites to bleed-in
from the left edge of the backdrop, a special bit in the third byte of the Sprite Attribute Table entry is
used.

Byte 3 of the Sprite Attribute Table entry contains the pointer to the Sprite Generator Table that specifies
what the sprite should look like. This is an 8-bit pointer to the sprite patterns definition, the Sprite
Generator Table. The sprite name is similar to that in the Graphics modes.

Byte 4 of the Sprite Attribute Table entry contains the color of the sprite in its lower 4 bits (see Table 2-3
for color assignments). The MSB is the Early Clock (EC) bit. When set to 0, this bit does nothing. When
set to 1, the horizontal position of the sprite is shifted to the left by 32 pixels. This allows a sprite to bleed-
in from the left edge of the backdrop. Values for horizontal displacement (byte 2 in the entry) in the range
0 to 32 cause the sprite to overlap with the left-hand border of the backdrop.

The Sprite Generator Table is a maximum of 2048 bytes long beginning on the 2-kilobyte boundaries. It
is arranged in 256 blocks of 8 bytes each. The third byte of the Sprite Attribute Table entry, then specifies
which 8-byte block to use to specify a sprite's shape. The 1sin the Sprite Generator cause the sprite to be
defined at the point; Os cause the transparent color to be used. The starting address of the table is
determined by the sprite generator base address in VDP Register 6. The base address forms the 3 MSB
of the 14-bit VRAM address. The next 8 bits of the address are equal to sprite name, and the last 3 bits
are equal to the row number within the sprite pattern. The address formation is slightly modified for
SIZE, sprites.

There is a maximum limit of four sprites that can be displayed on one horizontal line. If this rule is
violated, the four highest priority sprites on the line are displayed normally. The fifth and subsequent
sprites are not displayed on that line. Furthermore, the fifth-sprite bit in the VDP status register is set
to a 1, and the number of the violating fifth sprite is loaded into the status register (see Section 2.3).

Larger sprites than 8 X 8 pixels can be used if desired. The MAG and SIZE bits in VDP Register 1 are used
to select the various options described in the following paragraphs.

MAG =0,SIZE =0  No options chosen.

MAG =1,SIZE =0 The Sprite Generator Table uses 8 bytes to describe the sprite; however, each bit
in the Sprite Generator maps into 2 X 2 pixels on the TV screen, effectively
doubling the size of the sprite to 16 X 16.

MAG=0,SIZE =1 The Sprite Generator Table uses 32 bytes to define the sprite shape; the result is
a 16 X 16-pixel sprite. The mapping of the 32 bytes into the sprite image is as
shown in Figure 2-21. Mapping is still 1 bit to 1 pixel.

MAG =1,SIZE =1 Same as MAG = 0, SIZE = 1, except each bit now maps into a 2 X 2-pixel area,
yielding a 32 X 32 sprite.
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The VDP provides sprite coincidence checking. The coincidence status flag in the VDP status register is
set to a 1 whenever two active sprites have 1 bits at the same screen location.

Sprite processing is terminated if the VDP finds a value of 208 (D0,,) in the vertical position field of any
entry in the Sprite Attribute Table. This permits the Sprite Attribute Table to be shortened to the
minimum size required; it also permits the user to blank out part or all of the sprites by simply changing
one byte in VRAM.

A total of 2176 VRAM bytes are required for the Sprite Name and Pattern and Pattern Generator Tables.
Significantly less memory is required if all 256 possible sprite pattern definitions are not required. The
Sprite Attribute Table can also be shortened as described in the preceding paragraph. The tables can be
overlapped to reduce the amount of VRAM required for sprite generation. Examples of VRAM memory
allocation are provided in Section 3.3.
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VRAM
GENERATOR TABLE
BLOCK
BYTE
00
o1
02 PATTERN
03 FOR SCREEN DISPLAY
04 1QUADRANT A
05
06
07 QUADRANT | QUADRANT
A c
08
09 QUADRANT { QUADRANT
0A PATTERN B o
08 FOR
0C  [aquaDRANTB
oD
0E SPRITE PATTERN
OF
SIZE 1
16x16 {MAGO)
32x32 (MAGT)
10
1 PATTERN
12 FOR
13 |QUADRANTC
14
15
16
17
18
19
A PATTERN
8 FOR
1c  |QUADRANTD
1D
1€
¥

Figure 2-21: Size 1 sprite mapping
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2.4.6. A Step-by-Step Approach to Create Patterns and Sprites

2.4.6.1. Patterns

1. Use an 8 X 8 pattern similar to that in Figure A. Each small square represents one pixel on the
screen.
Figure A
2. Fill in the blocks to create your text character or graphics pattern. Examples of the letter A and

an ARROW are shown in Figures B and C.

Figure B Figure C
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Note: If these patterns are to be used in Text mode, (40 patterns per line), the pattern should be
inside a left-justified 6 X 8 block like the A shown in Figure B. Ifall of the Text patterns are inside
this 6 X 8 block, they can be used for Text and Graphics I and IT modes.

o

Assign 1s to the filled-in areas and Os to the blanks. Then convert the 1s and 0Os to their
hexadecimal equivalents, as shown in Figure D.

= 00100000 = 20,

= 01010000 = 50,

= 10001000 = 88,

= 10001000 = 88,

= 11111000 = F8,,

= 10001000 = 88,

= 10001000 = 88,

= 00000000 = 00,

= 00000000 = 00,

= 00000000 = 00,

= 00000100 = 04,

= 00000110 = 06,

= 11111111 = FF,,

= 00000110 = 06,

= 00000100 = 04,

= 00000000 = 00,

Figure D
(continues below)
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= 10000000 =80,

= 11000000 = CO,

= 10000000 =80,

= 11000000 = CO,

= 10000000 =80,

= 11000000 = CO,

= 10000000 =80,

= 11111100 = FC,

(continued from above)
Figure D

4. Now place the eight bytes defining the pattern into the Pattern Generator Table. Assume the
Pattern Generator Table sub-block is located at 800,4 and the arrow pattern is to be name 00,
Then place the eight pattern bytes as follows:
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800 00

801 00

802 04

803 06 Pattern
804 FF Name 00
805 06

806 04

807 00

808

809

80A

80B Pattern
80C Name 01
80D

80E

80F

810

900 00

901 00

902 00

903 00 Pattern
904 00 Name 20
905 00

906 00

907 00

908

A08 20

A09 50

ADA 88

AOB 88 Pattern
AOC FS Name 41
AOD 88

AOE 88

AQF 00
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Note: When using text in your applications, you can place the eight bytes of the text character in its ASCII
number location.

Example:
ASCII space = 2044
? = 3F;
A =41,
B =42,
C =43,
etc.

This simplifies writing text to the screen. Simply write the ASCII directly to the Pattern Name Table. A
space character is shown in Pattern Generator Table position 20, and A is shown in pattern name 41.

2.4.6.2. Sprites

1. Determine whether to use 8 X 8 or 16 X 16 sprite patterns. Then use the appropriate work
pattern, as shown in Figure E and F.

Figure E

N
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Figure F

2. Fill in the blocks to create your sprite pattern. Examples are shown in Figures G and H.
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Figure G
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Figure H

o

Next encode the sprite patterns as in the Pattern Section. The 8 X 8 sprite encodes exactly as the
8 X 8 pattern, but the 16 X 16 sprite encodes as shown in Figure dJ.

o1
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= 10000001 = 81,

= 01000010 = 42,

= 00100100 = 24,,

= 00011000 = 18,

= 00011000 = 18,

= 00100100 = 24,,

Figure |

= 01000010 = 42,

= 10000001 = 81,
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Figure J

Break the 16 X 16 block pattern into four 8 X 8 patterns. Next, encode the 8 X 8 patterns starting in the
upper left corner, then do the lower left, upper right, and lower right.

4. Place the 8 bytes for 8 X 8 sprites or 32 bytes for 16 X 16 sprites in the Sprite Generator Table.

Assuming the Sprite Generator Table ix located at location 0000, Figures K and L show how the
tables should look for 8 X 8 and 16 X 16 sprites.
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8x8
000 81
001 42
002 24
003 18 ¢ Sprite
004 18 Name 00
005 24
006 42
007 81
008
009
00A
00B ¢ Sprite
00C Name 01
00D
00E
00F
010

Figure K
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16 x 16
000 OF
001 1F
002 30
003 30 Upper
Left
004 3F Corner
005 3F
006 3F
007 3F
008 3F
009 3F
00A 1F
00B 00 ]]:letver
00C 00 Corner
00D 00
00E FF
00F FF Sprite
010 FF Name 00
011 FF
012 00
013 00 gipg%etr
014 FO Corner
015 F8
016 F8
017 F8
018 F8
019 F8
01A F8
01B 18 ]é?glvir
01C 18 Corner
01D 18
01E F8
01F FO
020 XX Sprite
Name 04
Figure L
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16 X 16 sprite patterns start in the table with the byte from the upper left-hand corner. Then start with
the upper right, going toward the lower right.
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3. VDP INTERFACES AND OPERATION

3.1. VDP/VRAM Interface

The VDP can access up to 16,384 bytes of VRAM using a 14-bit VRAM address. the VDP fetches data from
the VRAM in order to process the video image described later. the VDP also stores data in or reads in data
from the VRAM during a CPU-VRAM data transfer. The VDP automatically refreshes the VRAM.

3.1.1. VRAM Interface Control S ignals

The VDP-VRAM interface consists of two 8-bit data buses (RD0-RD7 unidirectional, AD0-AD7
bidirectional) and three control lines, as shown in Figure 3-1. The VRAM outputs data to the VDP on the
VRAM read data bus (RDO-RD7). The VDP outputs both the address and data to the VRAM over the
VRAM address/data bus (AD0O-AD7). The VRAM row address is output when RAS is active (low). The
column address is output when CAS is active (low). Data is output to the VRAM when R/W is active
(low).

3.1.2. VRAM Memory Types

The VDP can use 4027-type 4K, 4108-type 8K, or 4116-type 16K dynamic RAMs. The 4/16K bit in VDP
register 1 is a 0 for 4027-type RAMs and a 1 for 4108- and 4116-type RAMs. There is a minor difference
between the way 4027s and 4108s/4116s are wired to the VDP. In the 4027, all CE pins are tied to ground.
In the 4108/4116 the A6 lines on the 4116 and 4108 (the same pin as CE on 4027s) are all tied to AD1 on
the TMS9918A. A jumper can be used to select the VRAM type.

3.1.3. VDP to DRAM Address C onnections

The VDP can be easily connected to either the 4027 or 4116 DRAMs. However, due to different pin
numbering standards, it is possible to connect the VDP to the DRAMs incorrectly. Table 3-1 shows the
recommended way to connect a VDP to either DRAM. Other DRAMs, such as the single +5V supply type,
can also be used by following the 4K or 16K columns in Table 3-1.

=
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VDP 4116 or 16K 4027 or 4K
ADO Data only Data only
AD1 A6 Data only
AD2 A5 A5
AD3 A4 A4
AD4 A3 A3
AD5 A2 A2
AD6 Al Al
AD7 A0 A0

Figure 3-1: VDP to DRAM add ress c onnections

When connecting the data ports together, ensure that corresponding RAMs (assuming 8 X 1 DRAMs) are
properly connected to the corresponding input or output of the VDP. For example, ADO of the
corresponding input or output D input of the RAM, and RDO of the VDP should connect to the Q output
of the same RAM. The same is true for all AD and RD corresponding pins for each of the eight DRAMs.

Note:
CDO is the MSB of the CD bus; CD7 is the LSB.
ADO is the MSB of the AD bus; AD7 is the LSB.
RDO is the MSB of the RD bus; RD7 is the LSB.
RAMSs have the reverse connection.
AD7 is the MSB of the AD bus, and ADO is the LSB.

Therefore, AD7 of the VDP connects to AD of the 4116, and AD1 connects to A6. Data coming into
the VDP on CDO goes to VRAM on ADO and returns to the VDP on RDO.

~
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RAS RAS
CAS cAS o
R/W ® w i
Q -
it 5
RDS p—————— /, ae AD-A6
[0 / ~
< @ RD4 p—
§3 RD3 e .
© & RD2 *
s & RD1 e
® ‘
o > RDO °
(2]
23
2 & AD7 ¢+ FAS
& R Aps CAS
1] N
E § ADS5 a W 4:
= AD4 S Q =
> AD3 ~ [N—AD2 D b
AD2 ™ . AO-AB
AD1 , ~
ADO
RAS
L -
w HH
0! 2
N\ AD1 D 5
\ S A0-A6
r~
L1 HAS
CAS
W ?
Q e
b} <
S AQ-A6
™~

Figure 3-1: VRAM interface

L]
73



TEXAS INSTRUMENTS
HOME COMPUTER

3.2. VRAM Memory Address Derivation

Table 3-2 summarizes the VRAM derivation for all VDP modes of operation. Section 4 of this manual
contains examples of how typical VRAM addresses are computed by the VDP.
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Table 3-2: Pattern Graphics Address Locat ion Tables
(continues below)

Address Type |0 |1 |2 |3 |4 |5 |6 |7 |8 |9 |10|11|12|13|Comments

1. Pattern NTB Pattern Name Table Base (VDP Reg 2)

Name ROW
Pattern position

Address COLUMN

2. Pattern coLB Pattern Color Table Base (VDP Reg 3)
Color 0 Always "0" in Bit 8
Address NAME (0-4) Five most significant bits of name

3. Pattern PGB Pattern Generator Base (VDP Reg 4)
Generator NAME All 8 bits of name
Address XXX Three LSBs form pattern row position

Graphics | Mode Address Location

o1
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Table 3-2 (continued): Pattern Graphics Add ress Locat ion Tables

Address Type | 0 | 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | 9 | 10 | 1 | 12 | 13 | Comments
1. Pattern NTB Pattern Name Table Base (VDP Reg 2)
Name ROW Pattern Position Row
Address COLUMN Pattern Position Column
2. Pattern Pattern Color Table Base MSB (VDP Reg 3)
Color XX Two MSB from vertical counter
Address NAME All 8 bits of name
XXX Color Table Byte/Line
3. Pattern Pattern Name Table Base MSB (VDP Reg 4)
Generator XX Two MSB from vertical counter
Address NAME All 8 bits of name
XXX Pattern/Generator Byte/Line number

Graphics Il Mode Address Location
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Table 3-2 (continued): Pattern Graphics Add ress Locat ion Tables

Address Type | 0 | 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | 9 | 10 | 1 | 12 | 13 Comments

Text Mode NTB Pattern Name Table Base (VDP Reg 2)

Name Address TEXT POSITION equal (Te).(t. Position Row # times 40) plus
(Text Position Column Number)

Text Mode PGB Pattern Generator Base (VDP Reg 4)

Pattern NAME Name

Address XXX Byte/Line number

Text Mode Address Location

Address Type | 0 | 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | 9 | 10 | 1 | 12 | 13 | Comments
Sprite SAB Sprite Attribute Table Base (VDP Reg 5)
Attribute SPRITE Sprite Number
Address XX Attribute Number:

00 for vertical position

01 for horizontal position

10 for name

11 for tag (early clock and color
Size=0 SPGB Sprite Pattern Generator Base (VDP Reg 4)
Sprite Pattern NAME Name attribute of sprite
Generator XXX Three LSBs give Byte/Line number
Size=1 SPGB Sprite Pattern Generator Base (VDP Reg 4)
Sprite Pattern NAME Six MSB of name
Generator XXX Size = 1 Sprite byte number (see Figure 4-4)

Sprite Address Location

L]
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Table 3-2 (continued): Pattern Graphics Add

ress Locat ion Tables

Address Type | 0 | 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | 9 | 10 | 11 | 12 | 13 Comments
4. Multicolor NTB Name Table Base (VDP Reg 2)
Name ROW Pattern Position Row
Address COLUMN Pattern Position Column
Text Mode PGB Pattern Generator Base (VDP Reg 4)
Pattern NAME Name from Name Fetch
Address XXX Three LSBs form Byte/Square Row

The TMS9918A/9928A operates at 262 lines per frame and approximately 60 frames per second in a non-
interlaced mode of operation. The TMS9928A operates at 313 lines per frame and approximately 50
frames per second in a non-interlaced mode of operation.

3.3. VRAM Addressing Example

A typical application might require up to 256 unique 8 X 8 patterns with no more than 2 colors per
pattern and up to 32 8 X 8 sprites.

These conditions dictate in which mode the VDP is to be used. The sprite requirement and the 8 x 8
pattern blocks eliminate the Text and Multicolor modes, respectively. This leaves on the Graphics I and
Graphics II modes, and since two colors per block are all that are necessary, Graphics I is employed due

to its ease of use.

Multicolor Add ress Location

Figure 3-2 shows a memory map that allows these functions to fit into a 4K memory area.
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Register values for Figure 3-2 are as follows:

Register 0 = 00 External VDP disabled, M3 = 0

Register 1 = C0 16K DRAM selected, Blank = 1, Graphics I mode selected, SIZE = 0, MAG = 0
Register 2 = 01 Name Table Start Address @>0400

Register 3 = 08 Color Table Start Address @>0200

Register 4 = 01 Pattern Generator Start Address @>0800

Register 5 = 02 Sprite Attribute Table Start Address @>0100

Register 6 = 00 Sprite Pattern Generator Start Address @>0000

Register 7 = XX Determined by user.

0000
Sprite Generator Table 32 X 8 patterns = 256 bytes
00FF
0100
Sprite Attribute Table 32 sprites X 4 bytes = 80 bytes
017F
0180
Unused
01lFF
0200
Color Table 32 bytes
021F
0220
Unused
03FF
0400
Pattern Name Table 24 lines X 32 characters = 768 bytes
06FF
0700
Unused
07FF
0800
Pattern Generator Sub-Block 256 patterns X 8 bytes/pattern = 2048 bytes
OFFF

Figure 3-2: VDP-VRAM memory a llocation
(continues below)

L]
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If the same application required 16 X 16 bit sprites, then the memory map could be modified as follows:

0000
Sprite Generator Table 32 16 X 16 sprites
32 sprites X 32 bytes = 1024 bytes
03FF
0400
Pattern Table 24 lines X 32 char = 768 char
06FF
0700
Sprite Attribute Table 32 sprites X 4 bytes = 128 bytes
073F
0740
Color Table 32 bytes
075F
0760
Unused
07FF
0800
Pattern Generator Sub-Block 24 patterns X 8 bytes each = 2048 bytes
OFFF

(continued from above)
Figure 3-2: VDP-VRAM memory a llocation

3.4. Monitor Interfaces
3.4.1. TMS9918A Monitor Interface

The complete video output signal from the TMS9918A drives a color monitor. This signal incorporates
all necessary horizontal and vertical synchronization signals as well as luminance and chrominance
information. In monitor applications, the requirements of the monitor should be studied to determine if
the VDP can be connected directly to it. The internal output buffer device on the composite video pin is
a source-follower MOS transistor that requires an external pull-down resistor to Vg as shown in Figure
3-3. Typically a 330-ohm resistor is recommended to provide a 1.9-volt synchronization level. The load
resistor (RL) defines the sharpness of the edges on the video signals. A lower resistor value gives faster
fall times and a sharper picture.
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In some cases, it may be necessary to provide a simple interface circuit to match the VDP output voltages
with the monitor specifications. To drive a standard television that is not outfitted with a composite video
input, the signal can be run into the television antenna terminals by using an appropriate RF modulator
on the VDP output. Take care to ensure a proper match between VDP, RF, modulator, and TV.

Vece
TMS9918A - VDP

COMPOSITE VIDEO OUTPUT
>

Rext 330 Q TYP

Figure 3-3: Composite video pull-down circuit
3.4.2. TMS9928A/9929A Monitor Interface

The Y, R-Y, and B-Y output signals require external encoder circuitry to drive a video color monitor; an
R-G-B matrix circuitry is required to drive R-G-B color monitors. The Y output signal contains all
necessary horizontal and vertical synchronization signals as well as luminance while the R-Y and B-Y
signals contain the unmodulated chrominance information and are used in the NTSC and PAL systems
to modulate two carriers in quadrature. The internal output buffer devices on these pins are source-
follower MOS transistors that require an external pull-down resistor to Vg as shown in Figure 3-4. A
330-ohm resistor is recommended.
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VDP CRYSTAL

| l
| I

il | |_'J1 R-Y

: o
470
VDP = RGB
TMS9928A/9929A — I:: B-Y > ENCODER/
i 470 DRIVER
| L’l\ =y (OPTIONAL)  pGa MONITOR
P
470
BURST CRYSTAL
VDP CRYSTAL (4.43 MH, TMS9929A) PAL
10.738 MHz (adjustable) color (3.58 MH; TMS9928A) NTSC

O .

d t:_ R-Y
470
COMPOSITE
VIDEO VIDEO
* B ENCODER/ B
VDP ] |:'|_ B-Y
TMS0928A/9929A DRIVER. (NTSC/PAL)
470
L VIDEO MONITOR
514 bl
470

NOTE: The LM1889 is typically used in the video encoder circuitry.

Figure 3-4: Use of TMS9928A/9929A with different m onitors
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3.5. TMS9918A External VDP Operation

The external VDP allows cascading VDPs. Figures 3-5 and 3-6 illustrate cascading two VDPs. Note that
the VDPs must be reset by a common reset source to assure synchronization on an open loop basis. This
reset source should have fast edges so that rise and fall times are less than 30 ns. Occasionally
synchronization is not obtained after reset, in which case, reset should be reapplied.

The video matching circuit ensures that the video signal of external VDP is biased correctly and of the
proper amplitude. This ensures the luminance levels of the external and VDP colors are matched and
external VDP video does not bleed through into the composite video output of the first VDP. The internal
circuit assures that a perfect match results if the external video is of the same amplitude as the composite
video of the VDP and its dc level is increased by a MOS threshold voltage (typically 0.7 volts). This
adjustment can be varied to change the relative luminance levels of the two video signals and thus modify
the picture appearance.
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XTAL 10.738635 MHz

—
>
XTAL1 XTAL2 XTAL1 XTAL2
TMS9918A VIDEO TMS9918A
coMVID —» MATCHING |——EXTVDP comvip}—s» TO MONITOR
CIRCUIT OR RF MONITOR
RESET/SYNC RESET/SYNC
T : FROM RESET
SOURCE
FIGURE 3-5 — CASCADING TWO TMS9918A VDPs
XTAL 10.738635 MHz
[
— -
EXT MODE
vDP R-Y R-Y VvDP
MASTER » - SLAVE
BY DETECT By (EXTERNAL)
| m— AND f———— SOURCE
SELEC
Y T Y
RESET/SYNC [ l | RESET/SYNC
RY BY Y
(SELECTED)
FROM
RESET
SOURCE

Figure 3-7: Cascading two TMS 9918A/9929A VDPs
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For the External VDP input plane to be visible, the External VDP Enable bit in VDP Register 0 (EXVID)
should be set to a 1. The backdrop color (VDP Register 7, lower 4 bits) should be set to transparent (0).
For the external VDP plane to show through at a given spot on the screen, the pattern color at that spot
should be transparent, and all sprites should not be in the way (alternatively, a sprite that was in the way

could be made transparent in color). Note that the external VDP feature can be used in either Graphics
I, Graphics II, Multicolor, or Text Mode.

3.6. Oscillator and Clock Generation

The VDP is designed to operate with a 10.738635 (£ 0.005) MHz crystal input to generate the required
internal clock signals. A fundamental frequency parallel-mode crystal is the frequency reference for the
internal clock oscillator, which is the master time base for all system operations. The master clock is
divided by two to generate the pixel clock (5.3 MHz) and by three to provide the CPUCLK (3.58 MHz for
TMS9918A only). The GROMCLK is developed from the master clock frequency divided by 24 (3.58 MHz
for TMS9918A only).

3.6.1. TMS9918A Color Ph ase Generation

The 10.7+ MHz master clock and its complement generate an internal six-phase 3.579545 MHz (+ 10 Hz)
clock to provide the video color signals and the color burst reference used in developing the composite
video output signal. While the VDP signals are not exact equivalents to the standard NTSC colors, the
differences can easily be adjusted with the color and tint controls of the target color monitor.

3.6.2. Video Sync and Control Generation

Decoding the outputs of the horizontal and vertical counters generates the horizontal and vertical control
signals. The pixel clock drives the horizontal counter which in turn increments the vertical counter.

Table 3-3 gives the relative count values of the screen display parameters. Within the active display area
during Graphics I mode, the three LSBs of the horizontal counter address the individual picture element
of each pattern displayed. Also during the vertical active display period, the three LSBs of the vertical
counter address each individual line in the 8 X 8 patterns. The Graphics II, Multicolor, and Text modes
use the counters similarly.

The TMS9918A/9929A operates at 262 lines per frame and approximately 60 frames per second in a
noninterlaced mode of operation. The TMS9929A operates at 313 lines per frame and approximately 50
frames per second in a noninterlaced mode of operation.
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Table 3-3: Screen Display Parameters

Parameter Pixel Clock Cycles
Horizontal Pattern or Multicolor Text
Horizontal Active Display 256 240
Right Border 15 25
Right Blanking 8 8
Horizontal Sync 26 26
Left Blanking 2 2
Color Burst 14 14
Left Blanking 8 8
Left Border 13 19
342 342
Vertical Line
Vertical Active Display 192
Bottom Border 24
Bottom Blanking 3
Vertical Sync 3
Top Blanking 13
Top Border 27
262
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3.7. VDP Terminal Assignments

3.7.1. TMS9918A Terminal Ass ignments

Signature T erminal 1/0 Description

XTALL,

XTAL 40,39 I 10.7+MHz crystal inputs*

CPUCLK 38 0] VDP color burst frequency clock. Typically not used on the
TMS9918A, this is the color burst frequency clock.

GROMCLK 37 0] VDP output clock = XTAL/24. Typically not used.

COMVID 36 0] Composite video output for the TMS9918A

EXTVDP 35 I/0 On the TMS9918A, this is the external VDP input.

RESET/SYNC | 34 I The RESET pin is a trilevel input pin. When it is below 0.8
volts, RESET initializes the VDP. When it is above 9 volts,
RESET is the synchronizing input for external video.

Ve 33 I -5 volt input

RDO MSB 32 I VRAM read data bus

RD1 31 I

RD2 30 I

RD3 29 I

RD4 28 I

RD5 27 I

RD5 26 I

RD7 25 I

CDO0 MSB 24 I/O CPU data bus; (CDO0) is the most significant bit

CD1 23 I/0

CD2 22 I/0

CD3 21 I/0

CDh4 20 I/0
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Signature T erminal 1/0 Description

CD5 19 I/0

CD6 18 I/0

CD7 LLSB 17 I/0

INT 16 0 CPU interrupt output

CSR 15 I CPU-VDP read strobe

CsSW 14 I CPU-VDP write strobe

MODE 13 I CPU interface mode select; usually a processor address line
Vs 12 I Ground reference

R/W 11 0 VRAM write strobe

ADO MSB 10 0] VRAM address/data bus (multiplexed high and low order

VRAM address and output data bytes)

AD1

©
o

ADO is the most significant bit and is used only for data and
not for addressing™*

AD2

AD3

AD4

AD5

ADG6

AD7

[NI VU [N ) B o> IEN G e}

VRAM column address strobe

ol Holl Holl ol Holl Rol ol o)

VRAM row address strobe

*

When driven externally, both inputs must be driven.
wk The least significant address bit (AD7) is wired to A0 of the dynamic RAMs. Likewise, AD6 is
wired to Al of the RAMs. Care must be exercised in ensuring proper orientation of the TMS9918A
address outputs to the dynamic RAM address inputs.
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3.7.2. TMS9928A/9929A Terminal Ass ignments

Signature T erminal 1/0 Description

XTALL,

XTAL 40,39 I 10.7+MHz crystal inputs*

R-Y 38 0] VDP color burst frequency clock. On the TMS9928A/9929A,
this is the R-Y color difference output.

GROMCLK 37 VDP output clock = XTAL/24. Typically not used.

Y 36 Composite video output. On the TMS9928A/9929A, this is
the Y (black/white luminance and composite sync output.

B-Y 35 I/0 External VDP input. On the TMS9928A/9929A this is the
B-Y color difference output.

RESET/SYNC | 34 I The RESET pin is a trilevel input pin. When it is below 0.8
volts, RESET initializes the VDP. When it is above 9 volts,
RESET is the synchronizing input for external video.

Ve 33 I -5 volt input

RDO MSB 32 I VRAM read data bus

RD1 31 I

RD2 30 I

RD3 29 I

RD4 28 I

RD5 27 I

RD5 26 I

RD7 25 I

CDO0 MSB 24 I/O CPU data bus; (CDO0) is the most significant bit

CD1 23 I/0

CD2 22 I/0

CD3 21 I/0

CDh4 20 I/0
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Signature T erminal 1/0 Description

CD5 19 I/0

CD6 18 I/0

CD7 LLSB 17 I/0

INT 16 0 CPU interrupt output

CSR 15 I CPU-VDP read strobe

CsSW 14 I CPU-VDP write strobe

MODE 13 I CPU interface mode select; usually a processor address line

Vs 12 I Ground reference

R/W 11 VRAM write strobe

ADO MSB 10 0] VRAM address/data bus (multiplexed high and low order
VRAM address and output data bytes)

AD1 9 0] ADO is the most significant bit and is used only for data and
not for addressing™*

AD2 8 O

AD3 7 O

AD4 6 O

AD5 5 O

ADG6 4 O

AD7 3 O

CAS 2 ¢ VRAM column address strobe

RAS 1 0 VRAM row address strobe

When driven externally,

both inputs must be driven.
wk The least significant address bit (AD7) is wired to A0 of the dynamic RAMs. Likewise, AD6 is
wired to Al of the RAMs.
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3.7.3. TMS9918A/9928A/9929A Crystals
Crystals for the TMS9918A/9928A/9929A can be purchased from the following:

NDK

10080 North Wolfe Road
Suite 220

Cupertino, CA 95014
Telephone: 408.255.0831
Telex: 352057

CTS Knights, Inc.

400 Reiman Ave
Sandwich, 111 60548
Telephone: 815.786.8411
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4. DEVICE APPLICATIONS

This section describes the hardware and software interface between a TMS9918A/9928A/9929A VDP and
a TMS9900 microprocessor. Some considerationsin the use of the VDP for text and graphics applications
are also described.

4.1. VDP to TMS9900 Interface

The circuit shown in Figure 4-1 illustrates a very simple interface between a TMS9900 microprocessor
and a TMS9918A/9928A/9929A. In this circuit, the VDP 8-bit bus is connected to the 8 MSBs of the
TMS9900 16-bit data bus. For mode selection, A14 of the TMS9900 is connected to the mode input pin.
Read and write signals to the VDP are as follows:

CSR =A0*A13*DBIN
CSW =A0*WE

WE ——-I So— ) i
A0 I

A13 TSR

DBIN

TMS9900 CPU TMS9918A VDP

A4 MODE
€b7 cD7
D6 D6
DS D5
D4 DA
D3 D3
D2 D2
D1 D1
CcDOo cDo

Figure 4-1: Minimum system interface to TMS9900

N



TMS9918A/TMS9928A/TMS9928A Video Display Processors

DBIN and WE are signals from the TMS9900 which indicate direction flow on the data bus. DBIN is high
when the CPU is attempting to do a read data operation, while WE Is low when the CPU is outputting
data onto the data bus.

A0 isused as a VDP select signal. Thus, the VDP is activated whenever the CPU is reading or writing data
in the upper half of its address space (>8000 and above). All addresses above >8000 then become VDP
port addresses. However, in a more sophisticated design, more decoding of the address lines would be done
to select only those unique addresses required by the VDP. The purpose of A13 and decoding logic is to
generate unique addresses for read and write operations and to block out the read data operation that
occurs on the TMS9900 before a write data operation. Without this blockout logic, a pulse on the CSR
input would occur before any desired pulsing of the CSW input, thus causing unwanted operation of the
VDP. Referring to Table 4-1 and Figure 4-1, the following port addresses can be defined.

Table 4-1: VDP Port Addresses for  Figure 4-1

Operation CSW CSR Mode Port
Write data to VRAM 0 1 0 >8000
Write address to VRAM or 0 1 1 >8002
Write to VDP Register

Read data from VRAM 1 0 0 >8004
Read VDP Status 1 0 1 >8006

4.2. TMS9918A/9928A/9929A Interface

Figures 4-2 and 4-3 show the interface components necessary to make the VDP operate with a typical
TM990 16-bit bus application. The CPU can be connected as shown to any general-purpose 8-bit data bus
and control signals that work with most microprocessors. The VDP interface timing is similar to that of
static memories and occupies eight unique memory address locations within the CPU memory address
space.
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Figure 4-2: TMS 9918A/TMS9928A/9929A interface
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Figure 4-3: TM 990 (TMS9918A/9928A/9929A) demo board
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4.2.1. TM990 (TMS9918A/9928A/9929A) Parts List

Ul1,23 74LS367

U4,5 7415243

U6,7,8 7415266

U9 7415138

U10 74LS00

Ul1 TMS9918A/9928A/9929A
U12-19 TMS4116

C1,2 33pF

Y1 10.738635MHz Crystal
SW1-3 4-position DIP Switches
R1 470Q 5% 1/4W

R2-R13 Bourns XXXX or equivalent

Note: All power supply pints of each IC circuit should be bypassed with a .1uF capacitor.
4.2.2. Composite Video Output

The TMS9918A composite video output pin (36), is driven by a source-follower MOS transistor that
requires an external pull-down resistor to Vgg. A 470-ohm resistor is typically used to provide a 1.9 volt
peak-to-peak signal on the output. This output will drive most color monitors directly, although in some
cases it may be necessary to provide a simple interface circuit to match the monitor's input requirements.
If a color video monitor is not available, an RF modulator can be used to drive the antenna terminals of
a standard color television, as shown in Figure 4-4.
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Figure 4-4: RF Modulator connection
4.2.3. Oscillator and Timing

The TMS9918A/9928A/9929A internal timing generation is controlled by a self-contained oscillator and
timing circuits. A 10.738636 (+£0.005%) MHz fundamental-frequency parallel-mode crystal is used to drive
the basic oscillator frequency.

C1 and C2 are load capacitors for the parallel-resonant crystal. C1 and C2 values may be varied slightly
to obtain accuracy in timing and color generation and also to compensate for stray capacitance on the PC
board. Typical values for C1 and C2 range between 15pF and 39pF. A trimmer capacitor with a value of
5pF to 50pF may also be used instead of C1 and adjusted to provide proper colors to the video monitor.

The VDP may also be operated with an external oscillator source. The VDP connections for this external
source are shown in Figure 4-5.
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XTAL 2

Figure 4-5: External frequency source

There may be a slight color shift or a complete color loss in applications of RF modulators if there are

mismatches in voltages levels or impedances between the VDP and the RF modulator. See Figure 3.4 for
the TMS9928A/9929A interface.

4.2.4. VRAM Connections
The VRAM used in Figure 4-2 are 4116-type dynamic RAMs that meet the specifications in Section 5.

Addressing of the VRAM is done through the address bus and the memory control lines, AD1-AD7 and
RAS, CAS, and WR respectively.

Data written to the VRAM is also sent over the address bus. ADO is a MSB, and AD7 is the LSB. Data
written from the VRAM is brought into the VDP via the read data bus, RD0-RD7. The TMS9918A
automatically refreshes the VRAM with no interaction necessary from the host CPU.

Note that address 0 (AD0O) and data 0 (DO) are the MSBs for the TMS9918A and all other TMS9900 family
members. The VRAM pin designations (A0 and D0) referenced in the data manual are shown as being the
LSBs to be consistent with 4116-type dynamic RAM data sheets.

©
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4.3. VDP Initialization

After powerup and proper reset timing, the VRAM allocation backdrop color and type of dynamic RAM
need to be loaded into the VDP registers.

The values to be loaded can be calculated by using the examples and tables shown in Appendix A. The
following flowchart (Figure 4-6) shows a procedure for loading all eight VDP registers. Setting 4-4
contains a typical TMS9900 software program designed to work on the demo board, shown in Figure 4-3.

SETUP ADDRESS OF VDP IN
HOST SYSTEM

3

FETCH DATA FROM SYSTEM MEMORY
AND WRITE TO VDP

'

WRITE REGISTER NO. TO
vop

'

INCREMENT REGISTER NO. AND
INCREMENT TABLE POINTER

CONTINUE

Figure 4-6: VDP Register initialization procedure
4.4. Typical Software Program
4.4.1. General
This program initializes the TMS9918A and loads the Pattern Generator with the upper case character

set. It then loads the color table, clears the screen and prints a sign-on message. After initialization, a user
program address can be inserted at location 00A4.
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99/4 ASSEMBLER

VERSION 1.2 PAGE 0001
0001 IDT 'DEMO9918'
0002 0000 AORG >0000

0003 9000 VRAMW EQU >9000 Address to write data to VRAM

0004 9002 VDPW EQU >9002 Address to write data to VDP

0005 9004 VRAMR EQU >9004 Address to read data from VRAM

0006 9006 VDPR EQU >9006 Address to read VDP Status Register
*

0007

0008

0009 *  Initialize the 9918 with the following:

0010 *

0011 *  Reg 0 =00 Ext Vid off, Graph 2 off

0012 *

0013 * Regl=024116, Int Dis, Vid On,

0014 * Graph I, Size 1, Mag off

0015 *

0016 *  Reg 2 = 01 Name Table sub-block @>400

0017 *

0018 *  Reg 3 = 08 Color Table sub-block @>200

0019 *

0020 *  Reg 4 = 01 Pattern Gen sub-block @>800

0021 *

0022 *  Reg 5 =06 Sprite Name Tab sub-block @>300

0023 *

0024 *  Reg 6 = 00 Sprite Patt Gen sub-block @>000

0025 *

0026 *  Reg 7 =07 Backdrop color is Cyan

0027 *

0028 kkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkhkkkkkkkkk

0029 *

0030 *

0031 *  Note

0032 *  This software assumes that the data bus of the

0033 *  TMS9918A is connected to the least significant

0034 *  byte of the TMS9900, with D7 as the most

0035 *  significant bit and D15 as the least significant

0036 * it

0037 *

0038 *

0039 0000 0201 INIT LI R1,vDPW  VDP Write Address
0002 9002

0040 0004 0202 LI R2,SUTA  "Set Up Table" Address
0006 00B8

0041 0008 0203 LI R3,>80 Address of first VDP Register
000A 0080

0042 000C C472 LPO1 MOV *R2+*R1 Get data from mem, send to 9918
0043 000E C443 MOV R3,*R1 Send Reg # to 9918

0044 0010 0583 INC R3 Increment Register Count

0045 0012 0283 Cl R3,>88 All regs loaded?
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0014 0088

0046 0016 16FA JNE LPO1 No, go again

0047 *

0048 *

0049 *  Load program loads the text patterns from

0050 *  atable in memory to the Pattern Generator

0051 *  sub-block in VRAM.

0052 *  ASCII >20 to >5F are included in this table

0053 *

0054 *

0055 0018 0201 LPG1 LI R1,VRAMW Address to write data to VDP

99/4 ASSEMBLER

VERSION 1.2 PAGE 0002

001A 9000

0056 001C 0202 LI R2,vDPW  Address to write to VDP
001E 9002

0057 0020 0203 LI R3,PATT  Mem addr of patterns
0022 00CO

0058 0024 0204 LI R4,512 64 char x 8 bytes = 512 bytes
0026 0200

0059 0028 0205 LI R5,>4900 Address to loads pats in VRAM
002A 4900

0060 002C C485 MOV R5,*R2 Send LSB of VRAM address to VDP

0061 002E 06C5 SWPB R5 Reverse bytes

0062 0030 C445 MOV R5,*R1 Send data to VRAM
0063 0032 D173 LPG2 MOVB *R3+,R5  Get byte from mem

0064 0034 06C5 SWPB R5 Reverse bytes

0065 0036 C445 MOV R5,*R1 Send data to VRAM

0066 0038 0604 DEC R4 All done yet?

0067 O03A 16FB JNE LPG2 No, go again

0068 *

0069 *kkkkkkkkkkkhkkhkkkhkhkhkhhhhhhhhkhhhkhhihkhx

0070 *  Load Color Table

0071 *

0072 *  This routine loads the color table for the

0073 *  text patterns just entered

0074 *

0075 *

0076 003C 0201 LI R1,VRAMW Address to write data to VRAM
003E 9000

0077 0040 0202 LI R2,vDPW  Addres to write to VDP
0042 9002

0078 0044 0203 LI R3,>4204 Start address of text color table
0046 4204

0079 0048 0204 LI R4,>5F Characters will be blue on white
004A 005F

0080 004C C483 MOV R3,*R2 Send LSB of VRAM address to VDP
0081 004E 0205 LI R5,8 Load count value, 64 chars/8 = 8

0050 0008
0082 0052 C444 LCTL MOV R4,*R1 Send color info to VRAM

L]
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0083 0054 0605 DEC R5 Table loaded yet?

0084 0056 16FD JNE LCTL

0085 *

0086

0087 *  Clear screen

0088 *

0089 *  This routine clears the screen by writing a space

0090 *  character (ASCII >20) to all locations in the

0091 *  Name Table

0092 *

0093 *

0094 0058 0201 LI R1,VRAMW Address to write data to VRAM
005A 9000

0095 005C 0202 LI R2,vDPW  Address to write to VDP
005E 9002

0096 0060 0203 LI R3,>4400 Start address in Name Table
0062 4400

0097 0064 C483 MOV R3,*R2 Send MSB of VRAM address to VDP

0098 0066 0202 LI R2,768 # of positions on screen
0068 0300

0099 006A 0203 LI R3,>20 ASCII space char
006C 0020

99/4 ASSEMBLER

VERSION 1.2 PAGE 0003

0100 006E C443
0101 0070 0602
0102 0072 16FD
0103 *
0104
0105
0106
0107
0108
0109 0074 0201
0076 9000
0110 0078 0202
007A 9002
0111 007C 0203
007E 4400
0112 0080 C483
0113 0082 06C3
0114 0084 C483
0115 0086 0203
0088 009E
0116 0O08A 04C4
0117 008C D113
0118 OO8E 0284
0090 FFOO
0119 0092 1303

*
*
*
*

CSL1 MOV R3,*R1
DEC R2
JNE CSL1

Send space to screen
Are all locations clear?
No, go again

kkkkkkkkkkkkkkhkkkkkkhkkkkkkkkhkkkkkkkkkkk

Print sign on message
and branch to user program

LI R1,VRAMW Address to write to data to VRAM
LI R2,VDPW  Address to write to VDP
LI R3,>4400 Position of message on screen
MOV R3,*R2 Send MSB of VRAM address to VDP
SWPB R3 Reverse bytes
MOV R3,*R2 Send MSB of VRAM address to VDP
LI R3,MSGO Address of sign on message
PRNT CLR R4 Clear reception register
MOVB *R3,R4 Get a byte of text
Cl R4,>FF00 Isitthe EOM character?
JEQ DONE Yes. Goto next program segment
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0120 0094 06C4
0121 0096 C444
0122 0098 10F8
0123 009A 0460
009C 009A
0124 *

SWPB R4 Reverse bytes
MOV R4,*R1 Send char to VRAM
JMP PRNT Get next character
DONE B @DONE Insert branch to users program

0125 009E 54 MSGO TEXT TEXAS INSTRUMENTS TMS9918'

0126 00B7 FF BYTE >FF
0127 EVEN
0128 *
0129 Fkkrrkkkkkkiokdkkkdk koo
0130 *  This table contains the values for
0131 *  initializing the registers in the 9918A
0132 *
0133 00B8 00 SUTA BYTE >00
0134 00B9 02 BYTE >02
0135 00BA 01 BYTE >01
0136 00BB 08 BYTE >08
0137 00BC 01 BYTE >01
0138 00BD 06 BYTE >06
0139 00BE 00 BYTE >00
0140 00BF 07 BYTE >07
0141 *
0142 Fdkkkkkkkkk kR kR R Rk Rkl xx
0143 *  0018A Text Patterns
0144 *
0145 *  These patterns from a 5x7 character in the
0146 *  8x8 pattern block that is upper and left
0147 *  justified
0148 *
0149 00C0 0000 PATT DATA >0000 Character SPACE ASCII 20
0150 00C2 0000 DATA >0000
0151 00C4 0000 DATA >0000
0152 00C6 0000 DATA >0000
99/4 ASSEMBLER
VERSION 1.2 PAGE 0004
0153 00C8 2020 DATA >2020 Character ! ASCII 21
0154 00CA 2020 DATA >2020
0155 00CC 2000 DATA >2000
0156 00CE 2000 DATA >2000
0157 00DO0 5050 DATA >5050 Character " ASCII 22
0158 00D2 0000 DATA >0000
0159 00D4 0000 DATA >0000
0160 00D6 0000 DATA >0000
0161 00D8 5050 DATA >5050 Character # ASCII 23
0162 00DA F850 DATA >F850
0163 00DC F850 DATA >F850
0164 00DE 5000 DATA >5000
0165 00EO0 2078 DATA >2078 Character $ ASCII 24
0166 00E2 A070 DATA >A070
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0167 OOE4 28F0
0168 00E6 2000
0169 O0OE8 C0C8
0170 O0OEA 1020
0171 OOEC 4098
0172 OOEE 1800
0173 O0OF0 40A0
0174 00F2 A040
0175 00F4 A890
0176 00F6 6800
0177 O0OF8 2020
0178 OOFA 2000
0179 O0OFC 0000
0180 OOFE 0000
0181 0100 2040
0182 0102 8080
0183 0104 8040
0184 0106 2000
0185 0108 2010
0186 010A 0808
0187 010C 0810
0188 010E 2000
0189 0110 20A8
0190 0112 7020
0191 0114 70A8
0192 0116 2000
0193 0118 0020
0194 011A 20F8
0195 011C 2020
0196 011E 0000
0197 0120 0000
0198 0122 0000
0199 0124 2020
0200 0126 4000
0201 0128 0000
0202 012A OOF8
0203 012C 0000
0204 012E 0000
0205 0130 0000
0206 0132 0000
0207 0134 0000
0208 0136 2000
0209 0138 0008
0210 013A 1020
0211 013C 4080

99/4 ASSEMBLER

VERSION 1.2
0212 013E 0000
0213 0140 7088

DATA >28F0
DATA >2000
DATA >C0C8
DATA >1020
DATA >4098
DATA >1800
DATA >40A0
DATA >A040
DATA >A890
DATA >6800
DATA >2020
DATA >2000
DATA >0000
DATA >0000
DATA >2040
DATA >8080
DATA >8040
DATA >2000
DATA >2010
DATA >0808
DATA >0810
DATA >2000
DATA >20A8
DATA >7020
DATA >70A8
DATA >2000
DATA >0020
DATA >20F8
DATA >2020
DATA >0000
DATA >0000
DATA >0000
DATA >2020
DATA >4000
DATA >0000
DATA >00F8
DATA >0000
DATA >0000
DATA >0000
DATA >0000
DATA >0000
DATA >2000
DATA >0008
DATA >1020
DATA >4080

DATA >0000
DATA >7088

Character % ASCII 25
Character & ASCII 26
Character' ASCII 27
Character ( ASCII 28
Character) ASCII 29
Character * ASCII 2A
Character + ASCII 2B
Character , ASCII 2C
Character - ASCII 2D
Character . ASCII 2E
Character / ASCII 2F

PAGE 0005
Character 0 ASCII 30
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0214 0142 98A8
0215 0144 C888
0216 0146 7000
0217 0148 2060
0218 014A 2020
0219 014C 2020
0220 014E 7000
0221 0150 7088
0222 0152 0830
0223 0154 4080
0224 0156 F800
0225 0158 F808
0226 015A 1030
0227 015C 0888
0228 015E 7000
0229 0160 1030
0230 0162 5090
0231 0164 F810
0232 0166 1000
0233 0168 F880
0234 016A FO08
0235 016C 0888
0236 016E 7000
0237 0170 3840
0238 0172 80F0
0239 0174 8888
0240 0176 7000
0241 0178 F808
0242 017A 1020
0243 017C 4040
0244 017E 4000
0245 0180 7088
0246 0182 8870
0247 0184 8888
0248 0186 7000
0249 0188 7088
0250 018A 8878
0251 018C 0810
0252 018E E000
0253 0190 0000
0254 0192 2000
0255 0194 2000
0256 0196 0000
0257 0198 0000
0258 019A 2000
0259 019C 2020
0260 019E 4000
0261 01A0 1020
0262 01A2 4080
0263 01A4 4020
0264 01A6 1000

DATA >98A8
DATA >C888
DATA >7000
DATA >2060
DATA >2020
DATA >2020
DATA >7000
DATA >7088
DATA >0830
DATA >4080
DATA >F800
DATA >F808
DATA >1030
DATA >0888
DATA >7000
DATA >1030
DATA >5090
DATA >F810
DATA >1000
DATA >F880
DATA >F008
DATA >0888
DATA >7000
DATA >3840
DATA >80F0
DATA >8888
DATA >7000
DATA >F808
DATA >1020
DATA >4040
DATA >4000
DATA >7088
DATA >8870
DATA >8888
DATA >7000
DATA >7088
DATA >8878
DATA >0810
DATA >E000
DATA >0000
DATA >2000
DATA >2000
DATA >0000
DATA >0000
DATA >2000
DATA >2020
DATA >4000
DATA >1020
DATA >4080
DATA >4020
DATA >1000

Character 1

Character 2

Character 3

Character 4

Character 5

Character 6

Character 7

Character 8

Character 9

Character :

Character ;

Character <

ASCII 31

ASCII 32

ASCII 33

ASCII 34

ASCII 35

ASCII 36

ASCII 37

ASCII 38

ASCII 39

ASCII 3A

ASCII 3B

ASCII 3C
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0265 01A8 0000
0266 01AA F800
0267 01AC F800
0268 01AE 0000
0269 01B0 4020
0270 01B2 1008

99/4 ASSEMBLER

VERSION 1.2
0271 01B4 1020
0272 01B6 4000
0273 01B8 7088
0274 01BA 1020
0275 01BC 2000
0276 01BE 2000
0277 01CO 7088
0278 01C2 A8BS8
0279 01C4 B080
0280 01C6 7800
0281 01C8 2050
0282 01CA 8888
0283 01CC F888
0284 01CE 8800
0285 01DO0 F088
0286 01D2 88F0
0287 01D4 8888
0288 01D6 FO0O0
0289 01D8 7088
0290 01DA 8080
0291 01DC 8088
0292 01DE 7000
0293 01EO FO88
0294 01E2 8888
0295 01E4 8888
0296 01E6 FOOO0
0297 01E8 F880
0298 01EA 80F0
0299 01EC 8080
0300 O1EE F800
0301 01FO0 F880
0302 01F2 80F0
0303 01F4 8080
0304 01F6 8000
0305 01F8 7880
0306 01FA 8080
0307 01FC 9888
0308 01FE 7800
0309 0200 8888
0310 0202 88F8
0311 0204 8888

DATA >0000
DATA >F800
DATA >F800
DATA >0000
DATA >4020
DATA >1008

DATA >1020
DATA >4000
DATA >7088
DATA >1020
DATA >2000
DATA >2000
DATA >7088
DATA >A8B8
DATA >B080
DATA >7800
DATA >2050
DATA >8888
DATA >F888
DATA >8800
DATA >F088
DATA >88F0
DATA >8888
DATA >F000
DATA >7088
DATA >8080
DATA >8088
DATA >7000
DATA >F088
DATA >8888
DATA >8888
DATA >F000
DATA >F880
DATA >80F0
DATA >8080
DATA >F800
DATA >F880
DATA >80F0
DATA >8080
DATA >8000
DATA >7880
DATA >8080
DATA >9888
DATA >7800
DATA >8888
DATA >88F8
DATA >8888

Character =

Character >

PAGE 0006

Character ?

Character @

Character A

Character B

Character C

Character D

Character E

Character F

Character G

Character H

ASCII 3D

ASCII 3E

ASCII 3F

ASCII 40

ASCIl 41

ASCII 42

ASCII 43

ASCIl 44

ASCII 45

ASCII 46

ASCII 47

ASCII 48



TMS9918A/TMS9928A/TMS9928A Video Display Processors

0312 0206 8800
0313 0208 7020
0314 020A 2020
0315 020C 2020
0316 020E 7000
0317 0210 0808
0318 0212 0808
0319 0214 0888
0320 0216 7000
0321 0218 8890
0322 021A AOCO
0323 021C A090
0324 021E 8800
0325 0220 8080
0326 0222 8080
0327 0224 8080
0328 0226 F800
0329 0228 88D8

99/4 ASSEMBLER

VERSION 1.2
0330 022A A8A8
0331 022C 8888
0332 022E 8800
0333 0230 8888
0334 0232 C8A8
0335 0234 9888
0336 0236 8800
0337 0238 7088
0338 023A 8888
0339 023C 8888
0340 023E 7000
0341 0240 FO88
0342 0242 88F0
0343 0244 8080
0344 0246 8000
0345 0248 7088
0346 024A 8888
0347 024C A890
0348 024E 6800
0349 0250 FO88
0350 0252 88F0
0351 0254 A090
0352 0256 8800
0353 0258 7088
0354 025A 8070
0355 025C 0888
0356 025E 7000
0357 0260 F820
0358 0262 2020
0359 0264 2020

DATA >8800
DATA >7020
DATA >2020
DATA >2020
DATA >7000
DATA >0808
DATA >0808
DATA >0888
DATA >7000
DATA >8890
DATA >A0CO0
DATA >A090
DATA >8800
DATA >8080
DATA >8080
DATA >8080
DATA >F800
DATA >88D8

DATA >A8A8
DATA >8888
DATA >8800
DATA >8888
DATA >C8A8
DATA >9888
DATA >8800
DATA >7088
DATA >8888
DATA >8888
DATA >7000
DATA >F088
DATA >88F0
DATA >8080
DATA >8000
DATA >7088
DATA >8888
DATA >A890
DATA >6800
DATA >F088
DATA >88F0
DATA >A090
DATA >8800
DATA >7088
DATA >8070
DATA >0888
DATA >7000
DATA >F820
DATA >2020
DATA >2020

Character | ASCII 49
Character J ASCII 4A
Character K ASCII 4B
Character L ASCII 4C
Character M ASCII 4D
PAGE 0007

Character N ASCII 4E
Character O ASCII 4F
Character P ASCII 50
Character Q ASCII 51
Character R ASCII 52
Character S ASCII 53
Character T ASCII 54
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0360 0266 2000
0361 0268 8888
0362 026A 8888
0363 026C 8888
0364 026E 7000
0365 0270 8888
0366 0272 8888
0367 0274 8850
0368 0276 2000
0369 0278 8888
0370 027A 88A8
0371 027C A8D8
0372 027E 8800
0373 0280 8888
0374 0282 5020
0375 0284 5088
0376 0286 8800
0377 0288 8888
0378 028A 5020
0379 028C 2020
0380 028E 2000
0381 0290 F808
0382 0292 1020
0383 0294 4080
0384 0296 F800
0385 0298 F8CO
0386 029A COCO
0387 029C C0CO
0388 029E F800

99/4 ASSEMBLER

VERSION 1.2
0389 02A0 0080
0390 02A2 4020
0391 02A4 1008
0392 02A6 0000
0393 02A8 F818
0394 02AA 1818
0395 02AC 1818
0396 02AE F800
0397 02B0 0000
0398 02B2 2050
0399 02B4 8800
0400 02B6 0000
0401 02B8 0000
0402 02BA 0000
0403 02BC 0000
0404 02BE F800
0405 02C0 4020
0406 02C2 1000

DATA >2000
DATA >8888
DATA >8888
DATA >8888
DATA >7000
DATA >8888
DATA >8888
DATA >8850
DATA >2000
DATA >8888
DATA >88A8
DATA >A8D8
DATA >8800
DATA >8888
DATA >5020
DATA >5088
DATA >8800
DATA >8888
DATA >5020
DATA >2020
DATA >2000
DATA >F808
DATA >1020
DATA >4080
DATA >F800
DATA >F8CO0
DATA >C0CO0
DATA >CO0CO0
DATA >F800

DATA >0080
DATA >4020
DATA >1008
DATA >0000
DATA >F818
DATA >1818
DATA >1818
DATA >F800
DATA >0000
DATA >2050
DATA >8800
DATA >0000
DATA >0000
DATA >0000
DATA >0000
DATA >F800
DATA >4020
DATA >1000

Character U

Character V

Character W

Character X

Character Y

Character Z

Character [

PAGE 0008

Character

Character ]

Character

Character _

Character

ASCII 55

ASCII 56

ASCII 57

ASCII 58

ASCII 59

ASCII 5A

ASCII 5B

ASCII 5C

ASCII 5D

ASCII 5E

ASCII 5F

ASCII 60
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0407 02C4 0000
0408 02C6 0000
0409 02C8 0000
0410 02CA 7088
0411 02CC F888
0412 02CE 8800
0413 02D0 0000
0414 02D2 F048
0415 02D4 7048
0416 02D6 FO0O0
0417 02D8 0000
0418 02DA 7880
0419 02DC 8080
0420 02DE 7800
0421 02EO0 0000
0422 02E2 FO48
0423 02E4 4848
0424 02E6 FOO0
0425 02E8 0000
0426 02EA F080
0427 02EC E080
0428 02EE F000
0429 02F0 0000
0430 02F2 F080
0431 02F4 EO080
0432 02F6 8000
0433 02F8 0000
0434 02FA 7880
0435 02FC B888
0436 02FE 7000
0437 0300 0000
0438 0302 8888
0439 0304 F888
0440 0306 8800
0441 0308 0000
0442 030A F820
0443 030C 2020
0444 030E F800
0445 0310 0000
0446 0312 7020
0447 0314 20A0

99/4 ASSEMBLER

VERSION 1.2
0448 0316 E000
0449 0318 0000
0450 031A 90A0

0451 031C AOCO

0452 031E 9000
0453 0320 0000
0454 0322 8080

DATA >0000
DATA >0000
DATA >0000
DATA >7088
DATA >F888
DATA >8800
DATA >0000
DATA >F048
DATA >7048
DATA >F000
DATA >0000
DATA >7880
DATA >8080
DATA >7800
DATA >0000
DATA >F048
DATA >4848
DATA >F000
DATA >0000
DATA >F080
DATA >E080
DATA >F000
DATA >0000
DATA >F080
DATA >E080
DATA >8000
DATA >0000
DATA >7880
DATA >B888
DATA >7000
DATA >0000
DATA >8888
DATA >F888
DATA >8800
DATA >0000
DATA >F820
DATA >2020
DATA >F800
DATA >0000
DATA >7020
DATA >20A0

DATA >E000
DATA >0000
DATA >90A0
DATA >A0CO
DATA >9000
DATA >0000
DATA >8080

Character a ASCII 61
Character b ASCII 62
Character c ASCII 63
Character d ASCII 64
Character e ASCII 65
Character f ASCII 66

Character g ASCII 67
Character h ASCII 68
Character i ASCII 69

Character j ASCII 6A

PAGE 0009

Character k ASCII 6B
Character | ASCII 6C
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0455 0324 8080 DATA >8080

0456 0326 F800 DATA >F800

0457 0328 0000 DATA >0000 Character m ASCIl 6D
0458 032A 88D8 DATA >88D8

0459 032C A888 DATA >A888

0460 032E 8800 DATA >8800

0461 0330 0000 DATA >0000 Character n ASCII 6E
0462 0332 838C8 DATA >88C8

0463 0334 A898 DATA >A898

0464 0336 8800 DATA >8800

0465 0338 0000 DATA >0000 Character o ASCII 6F
0466 033A F888 DATA >F888

0467 033C 8888 DATA >8888

0468 033E F800 DATA >F800

0469 0340 0000 DATA >0000 Character p ASCII 70
0470 0342 F088 DATA >F088

0471 0344 FO80 DATA >F080

0472 0346 8000 DATA >8000

0473 0348 0000 DATA >0000 Character q ASCII 71
0474 034A F888 DATA >F888

0475 034C A890 DATA >A890

0476 034E EO00 DATA >E000

0477 0350 0000 DATA >0000 Character r ASCII 72
0478 0352 F888 DATA >F888

0479 0354 FSAO DATA >F8A0

0480 0356 9000 DATA >9000

0481 0358 0000 DATA >0000 Character s ASCII 73
0482 035A 7880 DATA >7880

0483 035C 7008 DATA >7008

0484 035E FO00 DATA >F000

0485 0360 0000 DATA >0000 Character t ASCII 74
0486 0362 F820 DATA >F820

0487 0364 2020 DATA >2020

0488 0366 2000 DATA >2000

0489 0368 0000 DATA >0000 Character u ASCII 75
0490 036A 8888 DATA >8888

0491 036C 8888 DATA >8888

0492 036E 7000 DATA >7000

0493 0370 0000 DATA >0000 Character v ASCII 76
0494 0372 8888 DATA >8888

0495 0374 90A0 DATA >90A0

0496 0376 4000 DATA >4000

0497 0378 0000 DATA >0000 Character w ASCII 77
0498 037A 8888 DATA >8888

0499 037C A8D8 DATA >A8DS8

0500 037E 8800 DATA >8800

0501 0380 0000 DATA >0000 Character x ASCII 78
0502 0382 8860 DATA >8860

0503 0384 2060 DATA >2060

0504 0386 8800 DATA >8800
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0505 0388 0000
0506 038A 8850

99/4 ASSEMBLER

VERSION 1.2
0507 038C 2020
0508 038E 2000
0509 0390 0000
0510 0392 F810
0511 0394 2040
0512 0396 F800
0513 0398 3840
0514 039A 20CO0
0515 039C 2040
0516 039E 3800
0517 03A0 4020
0518 03A2 1008
0519 03A4 1020
0520 03A6 4000
0521 03A8 E010
0522 03AA 2018
0523 03AC 2010
0524 03AE E000
0525 03B0 40A8
0526 03B2 1000
0527 03B4 0000
0528 03B6 0000
0529 03B8 A850
0530 03BA A850
0531 03BC A850
0532 03BE A800

0533 END

0000 ERRORS

DATA >0000
DATA >8850

DATA >2020
DATA >2000
DATA >0000
DATA >F810
DATA >2040
DATA >F800
DATA >3840
DATA >20C0
DATA >2040
DATA >3800
DATA >4020
DATA >1008
DATA >1020
DATA >4000
DATA >E010
DATA >2018
DATA >2010
DATA >E000
DATA >40A8
DATA >1000
DATA >0000
DATA >0000
DATA >A850
DATA >A850
DATA >A850
DATA >A800

Character y

PAGE 0010

Character z

Character

Character

Character

Character

Character

ASCII 79

ASCII 7A

ASCII 7B

ASCII 7C

ASCII 7D

ASCII 7E

ASCII 7F
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4.5. TMS9900 Software Subroutines

Note: Before using any of the line drawing subroutines, the "Load Line Drawing Patterns" subroutine
must be executed.

Pattern 00 Pattern 01 Pattern 02
=00 =18 =00
=00 =18 =00
=00 =18 =00
= FF =18 =F8
=00 =18 =18
= 00 =18 =18
=00 =18 =18
Pattern 03 Pattern 04 Pattern 05
=18
=18
=18
=F8
=F8
=00
=00
=00

Pattern 06
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99/4 ASSEMBLER
VERSION 1.2 PAGE 0001

0001 IDT 'SEGMENTS'

0002

0003 *

0004 *  TMS9918A subroutines

0005 *

0006

0007 9000 VRAMW EQU >9000 Address to write data to VRAM

0008 9002 VDPW EQU >9002 Address to write data to VDP

0009 9004 VRAMR EQU >9004 Address to read data from VRAM

0010 9006 VDPR EQU >9006 Address to read status from VDP

0011 Fkkkkkkk kR R KRR Rk

0012 *

0013 *  Load Line Drawing Patterns

0014 *

0015 *  Registers used:

0016 *

0017 *  Reg 1l =Reserved

0018 *  Reg 2 = Reserved

0019 *  Reg 3 = Address of Pattern Generator

0020 *  Reg 4 = Pattern location in memory

0021 *  Reg 5 = Colors of drawing patterns

0022 * (user defined)

0023 kkkkkkkkhhkkkhkhhkkkhkhhkhkkhhhhkkkhhhkriikx

0024 *

0025 *

0026 0000 0201 LI R1,VRAMW Address to write data to VRAM
0002 9000

0027 0004 0202 LI R2,VDPW  Address to write to VDP
0006 9002

0028 0008 0203 LI R3,>4800 Address in Patt Gen for Pat 0
000A 4800

0029 000C 0204 LI R4,PATD Drawing patterns located in mem
00OE 002E'

0030 0010 C483 MOV R3,*R2 Send MSB of VRAM address to VDP

0031 0012 06C3 SWPB R3 Reverse bytes

0032 0014 C483 MOV R3,*R2 Send LSB of VRAM address to VDP

0033 0016 0203 LI R3,56 7 patterns x 8 bytes each

0018 0038
0034 001A D474
0035 001C 0603
0036 001E 16FD
0037 0020 0203

0022 4200
0038 0024 C483
0039 0026 06C3
0040 0028 C483
0041 002A C445
0042 002C 045B

LLD1 MOVB *R4+*R1 Send byte to VRAM

DEC R3 Decrement byte count
JNE LLD1 If not done, get next byte
LI R3,>4200 Address of Color Table

MOV R3,*R2 Send LSB of VRAM address to VDP
SWPB R3 Reverse bytes

MOV R3,*R2 Send MSB of VRAM address to VDP
MOV R5,*R1 Send color byte to VRAM

B *R11 Return to calling program

0043

*
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0044
0045
0046
0047

R

0048 002E 0000 PATD DATA >0000

Pattern for line drawing

0049 0030 OOFF DATA >00FF
0050 0032 FF00 DATA >FF00
0051 0034 0000 DATA >0000
0052 0036 1818 DATA >1818
0053 0038 1818 DATA >1818
99/4 ASSEMBLER
VERSION 1.2

0054 003A 1818 DATA >1818
0055 003C 1818 DATA >1818
0056 003E 0000 DATA >0000
0057 0040 O0F8 DATA >00F8
0058 0042 F818 DATA >F818
0059 0044 1818 DATA >1818
0060 0046 0000 DATA >0000
0061 0048 001F DATA >001F
0062 004A 1F18 DATA >1F18
0063 004C 1818 DATA >1818
0064 004E 1818 DATA >1818
0065 0050 18F8 DATA >18F8
0066 0052 F800 DATA >F800
0067 0054 0000 DATA >0000
0068 0056 1818 DATA >1818
0069 0058 181F DATA >181F
0070 005A 1F00 DATA >1F00
0071 005C 0000 DATA >0000
0072 O0SE 1818 DATA >1818
0073 0060 18FF DATA >18FF
0074 0062 FF18 DATA >FF18

DATA >1818

0075 0064 1818
0076 *

0077 *

0078
0079
0080
0081
0082
0083
0084
0085
0086
0087
0088
0089
0090

L I R

Pattern 00

Pattern 01

PAGE 0002

Pattern 02

Pattern 03

Pattern 04

Pattern 05

Pattern

kkkkkkkkkkkkkkhkkkkkhkkkkkkkkhkkkkkkkkkkk

Load sprites subroutine

Registers used:

R1 = Reserved
R2 = Reserved

R3 = Address of sprite table in VRAM

R4 = Memory address of sprite table (user def)
R5 = Number of bytes to transfer (user def)

kkkkkkkkkkkkkkhkkkkkkkkkkkkkkhkkkkkkkkkkk
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*

0091
0092 0066 0201
0068 9000
0093 006A 0202
006C 9002
0094 006E 0203
0070 4000
0095 0072 C483
0096 0074 06C3
0097 0076 C483
0098 0078 DOF4
0099 007A 06C3
0100 007C C443
0101 OO7E 0605
0102 0080 16FB
0103 0082 045B

0104 *

LI R1,VRAMW Address to write data to VRAM

LI R2,VDPW  Address to write to VDP

LI R3,>4000 Address of sprite table in VRAM

MOV R3,*R2 Send LSB of VRAM address to VDP

SWPB R3 Reverse bytes

MOV R3,*R2 Send MSB of VRAM address to VDP
LDPL MOVB *R4+,R3  Get byte of data from mem

SWPB R3 Reverse bytes

MOV R3,*R1 Send data to VRAM

DEC R5 Are we done yet?

JNE LDPL No, go again

B *R11 Yes, return to calling program

0105 Fhkkkokkkkokekkkookokonkokeookkookakookakeokokaookakook

0106 *

0107 *  Clear screen subroutine

0108 *

0109 *  Registers used:

99/4 ASSEMBLER

VERSION 1.2 PAGE 0003

0110 *

0111 *  R1 = Reserved

0112 *  R2 = Reserved

0113 *  R3 = Start address on screen

0114 *

O 1 1 5 *kkkkkkkkkkhkkhkkhkkhkhkhkhkhhhhhhhhhhhhhhhixk

0116 *

0117 *

0118 0084 0201 CLSC LI R1,VRAMW Address to write data to VRAM
0086 9000

0119 0088 0202 LI R2,VDPW  Address to write to VDP
008A 9002

0120 008C 0203 LI R3,>4400 Start location of the Name Table
008E 4400

0121 0090 C483 MOV R3,*R2 Send LSB of VRAM address to VDP

0122 0092 06C3 SWPB R3 Reverse bytes

0123 0094 C483 MOV R3,*R2 Send MSB of VRAM address to VDP

0124 0096 0202 LI R2,768 # of positions on screen

0098 0300
0125 009A 0203
009C 0020
0126 009E C443
0127 00AO0 0602
0128 00A2 16FD
0129 00A4 045B

0130 *

LI R3,>20 ASCII space char

CLS1 MOV R3,*R1 Send space char to VRAM

DEC R2 Are all locations clear?
JNE CLS1 No, go again
B *R11 Yes, return to calling program
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*

0131

0132
0133
0134
0135
0136
0137
0138
0139
0140
0141
0142
0143
0144
0145
0146

L I T N I N N N

*kkk kkkkkkkkkkkk *kkkkkkkk

Print message subroutine
and branch to users program

Registers used:

R1 = Reserved
R2 = Reserved
R3 = Starting address of message in
Name Table (user defined)
R4 = Memory address of message (user defined)

Note: end message string with a byte 00

0147 el
0148 *
0149 *
0150 00A6 0201
00A8 9000
0151 00AA 0202
00AC 9002
0152 0O0AE C483
0153 00BO 06C3
0154 00B2 C483
0155 00B4 D0OB4
0156 00B6 1303
0157 00B8 06C2
0158 0O0BA C442
0159 00BC 10FB
0160 OOBE 045B

*kkk *kkkk *kkk *kkkk *%k%

PRNT LI R1,VRAMW Address to write data to VRAM
LI R2,VDPW  Address to write to VDP

MOV R3,*R2 Send LSB of VRAM address to VDP

SWPB R3 Reverse bytes

MOV R3,*R2 Send MSB of VRAM address to VDP
PRL1 MOVB *R4+,R2  Get byte of text from mem

JEQ PRL2 If zero, then end of msg

SWPB R2 Index byte into position

MOV R2*R1 Send char to VRAM

JMP PRL1 Get next char
PRL2 B *R11 Return to calling program

0161 *
99/4 ASSEMBLER
VERSION 1.2 PAGE 0004
0162 *
O 1 6 3 *kkkkkkkkkkhkhkhkkhkhkhhkhhhhhhhhhhhhhhhik
0164 *
0165 *  Erase to end of screen subroutine
0166 *
0167 *  Registers used:
0168 *
0169 *  R1 = Reserved
0170 *  R2 = Reserved
0171 *  R3 = Address in Name Table to start erasure
0172 * (user defined). R3 must be equal to
0173 * or greater than >4400, and must be les
0174 * than or equal to >46FF
0175 *
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0176

0177 *

0178 00C0 0201 EEOS LI R1,VRAMW Address to write data to VRAM
00C2 9000

0179 00C4 0202 LI R2,VDPW  Address to write to VDP
00C6 9002

0180 00C8 C483 MOV R3,*R2 Send LSB of VRAM address to VDP

0181 O0OCA 06C3 SWPB R3 Reverse bytes

0182 00CC C483 MOV R3,*R2 Send MSB of VRAM address to VDP
0183 00CE 0202 LI R2,>20 Load R2 with 'space' char

00DO0 0020
0184 00D2 C442 EES1 MOV R2,*R1 Send 'space’ to screen
0185 00D4 0583 INC R3 Increment char count
0186 00D6 0283 Cl R3,>4700 Are we at the end of screen?
00D8 4700

0187 OODA 1AFB JL EES1 If not go again
0188 00DC 045B B *R11

0189 *

0190 *

0191 Fkkkkkkk kR Rk R Rk

0192 *

0193 *  Erase line sub

0194 *

0195 *  Registers used:

0196 *

0197 *  R1=Reserved

0198 *  R2=Reserved

0199 *  R3 = Starting address in line in Name

0200 * Table to be erased (used defined)

O 20 1 kkkkhkkkkhhkkkhkhhkkkhkhhkhkkhhhhkkhhhhkkiik

0202 *

0203 *

0204 00DE 0201 ERLN LI R1,VRAMW Address to write data to VDP
00EO 9000

0205 00E2 0202 LI R2,VDPW  Address to write to VDP
00E4 9002

0206 00E6 C483 MOV R3,*R2 Send LSB of VRAM address to VDP

0207 OOE8 06C3 SWPB R3 Reverse bytes

0208 OOEA C483 MOV R3,*R2 Send MSB of VRAM address to VDP
0209 00EC 0202 LI R2,>20 Load R2 with 'space' char

O0OEE 0020
0210 00F0 0203 LI R3,32 Load R3 with # of positions
00F2 0020
0211 00F4 C442 ERL1 MOV R2*R1 Send 'space' char to Name Table
0212 O0F6 0603 DEC RS3 Decrement char count
99/4 ASSEMBLER
VERSION 1.2 PAGE 0005

0213 O0F8 16FD JNE ERL1 If not done, go again
0214 O0FA 045B B *R11 Done, return to calling prog
0215 *
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0216 *

0217 ko kR R R R R R okl

0218 *

0219 *  Draw a horizontal line

0220 *

0221 *  Registers used:

0222 *

0223 *  R3 = Address of upper left corner

0224 * R4 =# of horizontal positions

0225 *  R5 = # of vertical positions

0226 * RO = pattern number offset

0227 *

0228 kR R Rk R R koo

0229 *

0230 *

0231 0O0FC 0201 DBOX LI R1,>9000 Address of data to 9918
OO0FE 9000

0232 0100 0202 LI R2,>9002 Address of addresses to 9918
0102 9002

0233 0104 C483 MOV R3,*R2 Send LSB of address to 9918

0234 0106 06C3 SWPB R3 Reverse bytes

0235 0108 C483 MOV R3,*R2 Send MSB of address to 9918

0236 010A 06C3 SWPB R3 Reverse bytes

0237 010C C189 MOV R9,R6 Get offset
0238 010E 0226 Al R6,>01 Point to upper left corner pattern
0110 0001
0239 0112 C446 MOV R6,*R1 Send it to the 9918
0240 0114 C1C4 MOV R4,R7 Store horiz count in temp reg
0241 0116 0647 DECT R7 Determine (length - corners)
0242 0118 1304 JEQ DBL2 No length, other than corners
0243 011A C189 MOV R9,R6 Pattern 00 + offset
0244 011C C446 DBL1 MOV R6,*R1 Send line segment to 9918
0245 011E 0607 DEC RY Dec line count
0246 0120 16FD JNE DBL1 Not done yet, go again
0247 0122 C189 DBL2 MOV R9,R6 Get offset
0248 0124 0226 Al R6,>05 Point to upper right corner
0126 0005
0249 0128 C446 MOV R6,*R1 Send it to 9918
0250 012A C203 MOV R3,R8 Send address of upper left to temp
0251 012C C1C5 MOV R5,R7 Send vert count to temp
0252 012E 0647 DECT R7 Determine (height - corners)
0253 0130 130C JEQ DBL4 No height other than corners
0254 0132 C189 MOV R9,R6 Get offset
0255 0134 0226 Al R6,>03 Point to vertical line pattern

0136 0003
0256 0138 0228 DBL3 Al R8,>20 Inc vert position by 1 char
013A 0020
0257 013C C488 MOV R8,*R2 Send address to 9918
0258 013E 06C8 SWPB R8 Reverse bytes

0259 0140 C488 MOV R8,*R2 Send address to 9918
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0260 0142 06C8
0261 0144 C0O46
0262 0146 0607
0263 0148 16F7

0264 014A 0228 DBL4 Al

014C 0020

99/4 ASSEMBLER

VERSION 1.2
0265 014E C488
0266 0150 06C2
0267 0152 C488
0268 0154 06C8
0269 0156 C189
0270 0158 0226

015A 0002
0271 015C C446
0272 015E C1C4
0273 0160 0647
0274 0162 1304
0275 0164 C189
0276 0166 C446
0277 0168 0607
0278 016A 16FD
0279 016C C189
0280 016E 0226

0170 0004
0281 0172 C446
0282 0174 C1C5
0283 0176 0647
0284 0178 1312
0285 017A C1C4
0286 017C 0607
0287 017E C203
0288 0180 A207
0289 0182 C189
0290 0184 0226

0186 0003
0291 0188 C1C5
0292 018A 0647
0293 018C 0228

018E 0020
0294 0190 C488
0295 0192 06C8
0296 0194 C488
0297 0196 06C8
0298 0198 C446
0299 019A 0607
0300 019C 16F7
0301 019E 045B
0302 *

SWPB R8 Reverse bytes

MOV R6,R1 Send vert line segment to 9918
DEC R7 Decrement vert count

JNE DBL3 Not done yet, go again

R8,>20 Inc vert position by 1 char
PAGE 0006
MOV R8,*R2 Send address to 9918
SWPB R2 Reverse bytes
MOV R8,*R2 Send address to 9918
SWPB R8 Reverse bytes
MOV R9,R6 Get offset
Al R6,>02 Point to lower left corner pattern
MOV R6,*R1 Send it to 9918
MOV R4,R7 Send horiz count to temp
DECT R7 Determine (horiz - corners)
JEQ DBL6 No horiz other than corners
MOV R9,R6 Get offset
DBL5 MOV R6,*R1 Send horiz pattern to 9918
DEC RY Decrement horiz count
JNE DBL5 If not done, go again
DBL6 MOV R9,R6 Get offset
Al R6,>04 Point to lower right pattern
MOV R6,*R1 Send pattern to 9918
MOV R5,R7 Store vert count in temp
DECT R7 Decrement vert count
JEQ DBLS If no vert segments, done
MOV R4,R7 Store horiz count in temp
DEC RY Decrement horiz count
MOV R3,R8 Store address of upper left corner
A R7,R8 Find upper right corner location
MOV R9,R6 Get offset
Al R6,>03 Point to vertical line pattern
MOV R5,R7 Store vert count in temp
DECT R7 Determine (height - corners)
DBL7 Al R8,>20 Increment vert position by 1 char
MOV R8,*R2 Send address to 9918
SWPB R8 Reverse bytes
MOV R8,*R2 Send address to 9918
SWPB R8 Reverse bytes
MOV R6,*R1 Send pattern to 9918
DEC R7 Decrement vert count
JNE DBL7 If not done, go again
DBL8 B *R11 Sub done return to calling program
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*

0303
0304
0305
0306
0307
0308
0309
0310
0311
0312 HRREAAFIIAAFIE IR IEAAI A TR I AT I I A ST A K
0313 *
0314 01A0 0201 LDTC LI R21,>9000

01A2 9000
0315 01A4 0202 LI R2,>9002

01A6 9002
0316 01A8 0203 LI R3,>4204 Address for text colors in 9918

01AA 4204

* *kkk kkkkkkkkkkkk *kkkkkkkk

Load text colors subroutine

Registers used:

L I

R4 = Colors for text characters

99/4 ASSEMBLER
VERSION 1.2 PAGE 0007
0317 01AC C483 MOV R3,*R2 Send address to 9918
0318 01AE 06C3 SWPB R3 Reverse bytes
0319 01B0 C483 MOV R3,*R2 8 color char x 8 text/char = 64
0320 01B2 C444 LCLI MOV R4,*R1 Send word to 9918

0321 01B4 0602 DEC R2 Decrement count

0322 01B6 16FD JNE LCLI If not done, do again
0323 01B8 045B B *R11 Done, return to calling program
0324 *

0325 *

0326 kkkhkkkkkkkkkhkhhkkkhhhhkkhhhhkkhhhhkriid

0327 *

0328 *  Draw a vertical line sub

0329 *

0330 *  Registers used:

0331 *

0332 *  R3 = Address on screen

0333 * R4 =# of positions

0334 * RO = Pattern offset

0335 *

0336 kkkkhkkkkhkkkkkhhkkkhkhhkhkkhhhhkkhhhhkriik

0337 *

0338 01BA C483 DVLN MOV R3,*R2 Send address to 9918
0339 01BC 06C3 SWPB R3 Reverse bytes

0340 01BE C483 MOV R3,*R2 Send address to 9918
0341 01CO0 06C3 SWPB R3 Reverse bytes

0342 01C2 C445 MOV R5,*R1 Send pattern to 9918
0343 END

0000 ERRORS
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5. TMS9918A/9928A/9929A ELECTRICAL SPECIFICATIONS

5.1. Absolute Maximum Ratings over Operating Free-Air Temperature Range
(unless otherwise noted)*

SUPPLY VOItaZE Vi vttt -0.3 to 20V
AlLINPUb VOIEAZES . . . o ot ottt it e -0.3 to 20V
Output voltage .. ....o i e -2t 7V
Continuous power diSsiPation . ... ... ...ttt et 1.3W
Operating fee-air temperature range . ......... ...ttt 0°C to 70°C
Storage temperature range .. .. ...ttt -55°C to +150°C

* Stress beyond those listed under Absolute Maximum Ratings may cause permanent damage to

the device. Thisis a stress rating only and functional operation of the device at these or any other
conditions beyond those indicated in the Recommended Operating Conditions section of this
specification is not implied. Exposure to absolute maximum rate conditions for extended periods
may affect device reliability.

5.2. Recommended Operating Conditions*

Parameter Min Nom Max Unit

Supply voltage V. 4.75 525 |V
Supply voltage Vg 0 v

SYNC active 10 12 v
Input voltage, V;

RESET active 0.6 v
RESET/SYNC pin

SYNC and RESET inactive 3 6 v

XTAL1, XTAL2 2.75 v
High-level input, Vi

All other inputs 2.2 v
Input voltage, V. SYNC level 2.6 v
EXT VDP pin White level 3.7 A\
(TMS9918A only) Black level 3 AY
Low-level input voltage, Vi, 0.8 A\
Operating free-air temperature, T, 0 70 °C

All voltages values are with respect to V.
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5.3. Electrical Characteristics over Full Ranges
of Recommended Operating Conditions (unless otherwise noted)

TMS9918A/9928A/9929A

Test Conditions Min ['yp Max Wnit

High-level | RAS, CAS, R'W 2.7 3.4
Vou | output Iy = 400uA v
voltage All other outputs 2.4 3.2
Low-level CPU data Io, = 1.2mA 0.3 0.6
Vo | output A\
voltage DRAM interface I, = 800uA 0.6
Iozm | Off-state output current high-level V, =5.25V 1 100 wA
voltage applied, DO-D7 outputs
Ioz | Off-state output current high-level Vo =04V 1 -100 | pA
voltage applied, DO-D7 outputs
Iy High-level input current V; =5.25V, 10 wA
all other pins
at 0V
I Low-level input current V=0V, -10 wA
all other pins
at 0V

TMS9918A Only (Figure 5-1)

Parameter Test C onditions  [Min Nom Max Unit
Ve | Video voltage level of white, 2.8 3.0 3.2 A\
COMVID
Viea | Video voltage level of black _ 2.1 2.3 2.5 A\
(blank), COMVID R, = 4700
Ve Video voltage level of sync, 1.85 2.0 2.1 A\
COMVID

T All typical values are at Voo = 5.25V, T, = 25°C.
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Electrical Characteristics over Full Ranges of
Recommended Operating Conditions (unless otherwise noted) (Continued)

TMS9928A/9929A Only (Figure 5-1)

Parameter Test C onditions  [Min Nom Max Unit
Vinte | Video voltage level of white, Y, 2.5 3.0 3.6 A\
R-Y, B-Y outputs.
Viea | Video voltage level of black R, = 470Q 1.6 2.3 2.5 A\
(blank), Y, R-Y, B-Y outputs
Ve Video voltage level of sync, Y 1.2 1.8 2.0 A\
output
TMS9929A Only
Parameter Test C onditions Min Typ Max Unit
Vs Color burst video voltage level 0.25 A\
with respect to V no color R-Y output
V.. Color burst video voltage level -0.25 A\
‘ with respect to V no color B-Y output
TMS9918A/9928A/9929A (Figure 5-2)
Parameter Test C onditions  [Min Nom Max Unit
Video voltage difference, white- 0.7 1.0 A\
black, Y, R-Y, B-Y outputs
| e Average supply current from V. T, =25°C 200 250 mA
C, Input DO-D7
capacitance
All other inputs | unmeasured 20 F
f=11MHz, 10 p
pins at 0V 10
C, Output capacitance unmeasured
f=11MHz, 20 pF
pins at 0V

T All typical values at Vo, = 5.25V, T, = 25°C
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5.4. Timing Requirements over Full Ranges
of Recommended Operating Conditions (TMS9918A/9928A/9929A)

CPU-VDP Interface ( Figures 5-3 and 5-4)

Parameter Min Nom  |Max Unit
tou(A-RL) Address setup time before CSR low 0 ns
touA-WL) Address setup time before CSW low 30 ns
thwLea) Address hold time after CSW low 30 ns
tsuD-win Data setup time before CSW high 100 ns
thwiD) Data hold time after CSW high 30 ns
WL Pulse width, CSW low 200 ns
s Pulse width, chip select high 8 us

(requesting memory access)
twcs-12) Pulse width, chip select high 2 us
(not requesting memory access)
VDP-VRAM Interface ( Figure 5-5 and 5-6)

Parameter Min Nom  |Max Unit
t, Memory read or write cycle time 372 ns
tsuD-cI) Input data setup time before CAS high 60 ns
thcmn) Input data hold time after CAS high 0 ns
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External Clock Source ( Figure 5-7)

Parameter Min Typ Max Unit
ot External source frequency 10.738098 | 10.738635 | 10.739172 | MHz
t/ty | External source rise/fall time 10 15 ns
tom External source high-level pulse width 42 47 52 ns
tol, External source low-level pulse width 42 47 52 ns
top External source phase delay from XTAL1 | 42 47 52 ns

falling edge to XTALZ2 falling edge
5.5. Switching Characteristics over Full Range
of Recommended Operating Conditions (TMS9918A/9928A/9929A)
CPU-VDP Interface
Test
Parameter Conditions  [Min Nom Max Unit
Tacsr) Data access time from CSR low ns
tpvx Data disable time after CSR high ns
tpvx A Data invalid time from address ns
changes C, = 300pF

tepuclK CPU clock output clock frequency MHz
(fext -3

taromcrr | GROM clock output clock frequency kHz
(fext -3
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VDP-VRAM Interface ( Figu res 5-5 and 5-6)

Test

Parameter Conditions  [Min Typ Max Unit
tw Pulse width, CAS high 80 100 120 ns
twier) Pulse width, CAS low 220 230 250 ns
twrm Pulse width, RAS high 100 125 150 ns
twerL) Pulse width, RAS low 190 210 230 ns
twow) Pulse width, write pulse 170 190 210 ns
toa- oL Delay time, column address to CAS C, = 50pF -10 -3 ns

low

tRA - RL Delay time, row address to RAS low 25 45 65 ns
ty wi Delay time, data to R/W low 0 6 20 ns
tw_cL | Delay time, R/W high to CAS low 25 50 75 ns
tw_ cn Delay time, R/W low to CAS high 120 140 160 ns
tw_ gy Delay time, R/W low to RAS high 60 75 90 ns
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TMS9918A Composite video output ( Figu res 5-8 and 5-9)

Test

Parameter Conditions  [Min Typ Max Unit
ton - ca Column address valid after CAS low 45 65 85 ns
tRL - RA Row address valid after RAS low 20 25 30 ns
tRL - cA Column address valid after RAS low 95 110 130 ns
ton,-p Data valid after CAS low 240 260 280 ns
trRL-D Data valid after RAS low 95 110 125 ns
twL-D Data valid after R/W low C, = 50pF 135 165 185 ns
ton - wL Read command valid after CAS high 0 ns
ton-w Write command valid after CAS low 270 290 310 ns
tom - RL Delay time, CAS high toRAS low 45 65 ns
torn - Ru Delay time, CAS low to RAS high 150 170 190 ns
tRL - oL Delay time RAS low to CAS low 30 40 50 ns
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TMS9918A Composite video output ( Figu res 5-8 and 5-9)

Test

Parameter Conditions  [Min Typ Max Unit
tq Fall time Vi, to Vg, 10 ns
tws) Pulse width, horizontal sync 4.84 us
ty Rise time V. to Vi 20 ns
tas - op Delay time, sync to color burst 372 ns
twcs) Width, color burst 261 us
tcp . LB Delay time, color burst to left border 1.49 us
too Rise time V} ;4 to V10 60 ns
twas) Left border video width R, = 470Q 2.42 us
tey Fall time V4., to Vi C, = 50pF 110 ns
twiaD) Width of active display area 47.68 us
twrs) Right border video width 2.79 us
trRB - Hs Delay time, right border to 1.49 us

horizontal width

tvra Vertical front blanking 191.1 us
tys Vertical sync 191.1 us
Vver Vertical back blanking 828 us
tABA Active plus border area time 18.8 ms

Note: Fall times depend on external pull-down resistor.
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TMS9928A/9929A Y, R-Y, B-Y Outputs ( Figures 5-10 thr ough 5-13)

Test

Parameter Conditions  [Min Typ Max Unit

te Fall time Vi, to Vg, 100 ns
tws) Pulse width, horizontal sync 4.84 us
tos Rise time V. to Vi 150 ns
twp) Width, back porch 4.47 us
twBD Width, left border 2.8 us
twp) Pulse width, pixel 186.24 ns
tWihorz) Width, horizontal line 63.695 us
twiaDD Width, active display area 47.67 us
toy Rise time V} ;4 to V10 76 ns
tey Fall time V4., to Vi 50 ns
twRrBD Width, right border 2.42 us
twirp) Width, front porch R;, = 470Q 1.49 us
tos Rise time, V no color to V pos CB C, = 50pF 150 ns
fwenn Pulse width, pos color burst 2.6 us
te Fall time, V pos CB to V no color 100 ns
W(CB - LBD Delay time, pos CB on left border 1.49 us
tes Fall time, V no color to V neg CB 100 ns
tog Rise time, V neg CB to V no color 150 ns
twovsn Pulse width, vertical sync 465 ns
tvrR Vertical front blanking 191.09 us
tyer Vertical sync 191.09 us
tvBRT Vertical back blanking 828.04 us
tABAT Active area plus border area total 18.70 ms
Vertical time 19.91 ms

Note: Fall times depend on external pull-down resistor.
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+/-1%

470 Q I 15 pF

Figure 5-1: Load circuit for COMVID (all devi ces) and
R-Y, Y, B-Y switching ch aracteristics (TMS9928A/9929A)

Vi
RL WHERE V| =195V
FROM OUTPUT TEST POINT
UNDER TEST
CL

’[ RL = 1.1kQ FOR
CL = 300 pF CD BUS
RL = 1.6kQ FOR
CL = 50pF DRAM INTERFACE

Figure 5-2: Load circuits for all outputs except COMVID, R-Y, Y, B-Y
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WRITE CYCLE

] N* tw(WL) ;lﬁ
|
I ||
w X1 X N
|| | |

| |

=
|

|
tu(AWL) e @ th(WL-A)

|

l

X

DATA '
|

|
tsu(D-WH) -1' > | 4 th(WH-D)

e

Figure 5-3: CPU-VDP write cycle for TMS9918A/9928A/9929A
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READ CYCLE
- N,/
. ! | et | |
MODE ‘ { » :
tsu(A-m.)—i-——Ol l e tPVX,A-Dl '1— l
| l
| A |
DATA | \IL VA’LI‘D DATA X |
! -£ &

P‘_‘.I'—ta(CSR) L—tpvx —-Dl

NOTE: All measuremants are made at 10% and 90% points.

Figure 5-4: CPU-VDP read cycle for TMS9918A/9928A/9929A
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l'
&
-1

1
tw(RL) > |- tw(RH)————=

¥

)

J
[-’-*sﬁ

o——— tCH-RL —-———-———-ﬂ
tw(CH)

CAS tw(CL} -l

f

—ot A 4

CL—" p—ﬂ-—tCLCA .

t tRLD ——™
! ﬂ—-—-’-—tCLD —'—’1
tnAnL——p—’lﬂ—tnLRA

S VA 10 ) A V)

S ———— -
| $

R T A P

| A I

tHRD

[}

e
e T
K

!
'
|
!
D-WL -8

' 'l
) 1
) |
1 tW.RH \a!
i > e tWH-CL

tCL-D >}

Figure 5-5: VRAM write cycle
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te -
]

' t
! e twiRL] | b tw(RH) ——--————o!

RAS
Ki-— tRLCL —od j E'

p—tRLCA—,————-l '44—-———tCH RL ——of
n——l—tCL RH ——od
CAS : | tw(cu —T J\
u—oi— 'RA-RL \f ! tw(CH) >

i b—ﬂ—tCLCA ,
tRLRAl—hd— b—d—tCACL

ADO - AD7

- XY § XOERORIAERORNORNE
tsu(D-CH) po—=a
i be—s— th(cH.D)

wwo-no XOOOOOOCOONN. oama XXX

NOTE: All measurements are made at 10% and 90% points,

Figure 5-6: VRAM read cycle
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v _tr_l-l.- tf‘l i‘_ —_——— 275V
H | |‘ tw, —]

08V

VL

j—twH >l
|
|

l
e—— tpp —]

NOTE: All measurements are made at 10% and 90% points.

Figure 5-7: External clock timing w  aveform

}— tw(LB)

I
'“2-'! r_—‘l le—ts2

twire)—He—s] | |
:ll P—*—‘RB-HS

tw(AD)

Figure 5-8: TMS 9918A COMVID horizontal timing
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| f I !
H-—tVFB—-H e tves ’l

k—— tys ———f
LINENO. 242 243 245 247 %2 | 1
| | I |
VERTICAL VERTICAL
END BOTTOM | FRONT VERTICAL | BACK | START TOP
BORDER | sLanking® SYNC | BLANKING® | BORDER
*Color burst output suppressed
Figure 5-9: TMS 9918A vertical timing
“ 1
< w(HORZ)

Tl

t (HSI)‘J"—.' Id———thw(Lal) tw(RBI) kedag—l
v ! h——-‘w(BP)_.! I | r————— twiapl) ——] | l-—tw(m-bl

Figure 5-10: TMS 9928A/9929A Y horizontal timing

VPOS COLOR BURST* == === o== o
‘r5-.| -
‘fs-..l‘- | || !
VBLAGK = = — — —— — 4= — | I !
tw(cm)—h—.. | “'—."" tw(LBI) “‘—’l—tw(RBI)
| =ty (ca-LBIY [ tw(ADI)———,
VSYNC
*Absent for the TMS9928A

Figure 5-11: TMS 9928A/9929A R-Y horizontal timing
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VIHITE == == == == == == == = m— e e e e e e
tig 0} "I %6
VNO COLOR | l — —JI
VNEG COLOR BURST* —— = == = 11 { I |
! L' “ | |
VBLACK === = — == == '1 | twiLBH) l'-——-L- tw(RBI)
‘w(CBI)—F—" '--—rltw(cs Lail f#——twiaD)) —————d
VsSYNC
*Absent for the TMS9928A
Figure 5-12: TMS 9928A/9929A B-Y horizontal timing
l‘-———tvpm—-l L—tvsal -——-—
tvsn —-——I PU— -
’ l w(VSl)
296 297 | 298 300 | 302 313 |
END BOTTOM VERTICAL | yearicar ' VERTICAL ' START TOP
BORDER FRONT | SYNC* | BACK | BORDER
| | BLANKING* |

I BLANKING*

*Color burst output suppressed

Figure 5-13: TMS 9929A vertical timing
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6. MECHANICAL DATA

6.1. TMS9918 40-pin Plastic Dual-In-Line Package

2.090 {563,1} MAX

21

EITHER )
INDEX _\_

mnmm mimisinisis/aisisisislsisies s’

| S § SN N | N N N D D D AP U | SN D BN ) SO ) S ) S | S

®

0.600 + 0.010 ¢

¢
(15,24 + 0,26)
0.020 (051)
MIN
-

@

-4

108 — SEATING PLANET
90 0011 0.003

(See Note b) 0.060 (1,52)

NOTES: a. All linear dimensions are in inches and parenthetically in milli Inch di
b. Each pin centerline is located within 0.010 (0.25) of its true longitudinal position.

0.135 (3.17) MIN
0.018 1 0003 _yy ——
{0,279 - 0,076)‘.\Y’ (0,457 + 0,076) I | +-0.033 (0,84) MIN
PIN SPACING 0.100 (2,54) T.P. Je— 2.095 (2:42)
NOM
goven.

$
0.200 (5,08) MAX

0.055 (1,39)
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6.2. TMS9918 40-pin Ceramic Dual-In-Line Package

2.020 (51.3) MAX

® T

e - W W W W - B — W O W T U I — ]

INDEX

DOoTY b

0.600 * 0.010
—
l" (15.24 + 0.26) 0.020 (0.50) MIN
sexrme LTI
PLANE T

?60;: 3’,‘,’,‘,’,3 ~o{fe- L 0.032 (0.81) NOm
— L_ ) .-J ¢ 0.050 + 0,
0.010 (0.25) NOM PIN SPACING 0.100 (2.54) TP e !’32‘7:’
{See Note b) 0.050 + 0.010 - i

{1.27 + 0.26}

¥
[]0.185 (4.70) MAX
r

0.150 + 0.030 (3.81 * 0.77)

NOTES: a. All linear dimensions are in inches and parenthetically in millimeters. Inch dimensions goven.
b. Each pin centerline is located within 0.010 (0.25) of its true longitudinal position.
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Appendix A. ASCII Character Set
Note: Software programs apply to all three VDPs (TMS9918A/9928A/9929A).
This appendix contains the diagrams and software listing of an upper and lower case ASCII character set.

The character matrixis 5 X 7 in the 8 X 8 pixel block. These characters are left-justified so they can be
used in the text (6 X 8 pixels) mode.

Pattern 20 Pattern 21 Pattern 22 || Pattern 23
00 20 50 | 50
00 20 50 50
00 20 50 F8
00 20 00 50
00 20 00 F8
00 00 00 50
00 20 oo | 50
00 00 00 | 00
Pattern 24 Pattern 25 || Pattern 26 Pattern 27
40 20
A0 20
A0 20
40 00
A8 00
90 00
68 00
00 00
Pattern 28 Pattern 29 || Pattern 2A Pattern 2B
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Pattern 2C Pattern 2D Pattern 2E Pattern 2F
00 00 00 00
00 00 00 08
00 00 00 10
00 _ F8 00 20
20 00 00 40
20 00 00 80
40 00 H 20 00
00 00 00 | 00
Pattern 30 Pattern 31 || Pattern 32 Pattern 33
70 20 70 F8
88 60 88 08
98 20 08 10
A8 20 | 30 30
C8 20 40 08
88 20 80 88
70 70 F8 70
00 00 00 | 00
Pattern 34 Pattern 35 || Pattern 36 Pattern 37
38 F8
40 08
80 10
FO 20
88 40
88 40
70 40
00 00
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Pattern 38 || Pattern 39 Pattern 3A Pattern 3B
70 00 00
88 00 00
88 20 20
78 00 00
08 20 20
10 00 20
EO 00 40
00 00 00
Pattern 3C || Pattern 3D Pattern 3E Pattern 3F
40 70
20 88
10 10
08 20
10 20
20 00
40 20
00 00
Pattern 40 || Pattern 41 Pattern 42 Pattern 43
70
88
80
80
80
88
70
00
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Pattern 44 Pattern 45 Pattern 46 || Pattern 47
F8 F8 78
80 80 80
80 80 80
FO FO 80
80 80 98
80 80 88
F8 80 78
00 00 | 00
Pattern 48 Pattern 49 Pattern 4A Pattern 4B
88 70 88
88 20 90
88 20 A0
F8 20 COo
88 20 A0
88 20 90
88 70 88
00 00 00
Pattern 4C Pattern 4D Pattern 4E Pattern 4F
70
88
88
88
88
88
70
00
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Pattern 50 || Pattern 51 Pattern 52 || Pattern 53
FO 70
88 88
88 80
FO 70
A0 08
90 88
88 70
0o | 00
Pattern 54 Pattern 55 Pattern 56 Pattern 57
88 88
88 88 88
88 88 88
88 88 A8
88 88 A8
88 D8
70 | 88
0o | 00
Pattern 58 Pattern 59 Pattern 5A Pattern 5B
88 88 F8
88 88 COo
50 50 COo
20 20 COo
50 20 COo
88 20 COo
88 20 F8
00 00 00
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Pattern 5C Pattern 5D Pattern 5E Pattern 5F
00 F8 00 00
80 18 00 00
40 18 20 00
20 18 50 00
10 18 88 00
08 18 00 00
00 Fs | 00 00
00 00 | o [N F8
Pattern 60 Pattern 61 || Pattern 62 Pattern 63
40 00 00
20 00 00
10 78
00 80
00 80
00 80
00 78
00 00
Pattern 64 || Pattern 65 || Pattern 66 Pattern 67
00
00
78
80
B8
88
70
00
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Pattern 68

|| Pattern 69 Pattern 6A || Pattern 6B

Pattern 6C

|| Pattern 6D Pattern 6E Pattern 6F

Pattern 70

|| Pattern 71 || Pattern 72 Pattern 73
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Pattern 74 || Pattern 75 || Pattern 76 Pattern 77
oo | oo | 00
00 00 00
F8 88 88
20 88 88
20 88 A8
20 88 D8
20 88
00 | 00

Pattern 78 | Pattern 79 || Pattern 7A Pattern 7B
oo | 38
00 40
88 20
50 COo
20 20
50 40
88 38
00 00

Pattern 7C Pattern 7D Pattern 7E Pattern 7F
20 40 A8
20 A8 50
20 10 A8
00 18 00 50
20 20 00 A8
20 10 00 50
20 EO 00 A8
00 00 00 00
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Appendix B. Choosin g VRAM Memory

When choosing the VRAM memory, the user must take into consideration the propagation delay times
of the system in addition to the access time of the memory and data setup time of the VDP.

After the VDP outputs a low level signal on RAS, there is a delay time (tq(ras)) for this low level to reach
the VRAM memory; thereis a similar delay (t44s)) for a signal output on the CASpin to reach the VRAM
memory. Finally, there is a delay (t4(4,t,)) for data output by the memory to reach the VDP. These delays
(shown in Figure B-1) depend on the length of the wires between VDP and memory, and on the capacitive
load being driven.

Valid data appearing on RD0-RD7 is strobed into the VDP when CAS is brought high. Therefore, the
memory chosen must have fast enough access times, t, ) and t,, so that valid data is present on
RDO-RD7 when a positive transition occurs on CAS.

For 16K memories from Texas Instruments (TMS4116-XX), the times tg; ¢, and t, g, can vary, but their
sum is equal to ta(R) (tRL*CL + ta(c) = ta(R)) Thus, when td(RAS) > td(CAS)’ the llmltlng access time is ta(R)

After the memory receives a negative transition on the RAS input, the memory access time, t, ), must
be fast enough so that valid data is present on RD0-RD7 when CAS goes high (see Figure B2). the equation
for this is:

tri-cL T twen) 2 taw) T tadata) T tsud-cm

Under worst case conditions, this equation can be used to find out how much time is allowed for system
delays using different memories.

Table B-1: Worst case tim ing for VDP

Memories System Delays
twoL 230ns MIN
tRI.CL 40ns MIN
touD-cH 60ns MAX

If the values from Table B-1 are placed in the equation, we find



TMS9918A/TMS9928A/TMS9928A Video Display Processors

Table B-2: DRAM system delays

Part No. tar) System Delays
4116-15 150ns 60ns MAX
4116-20 200ns 10ns MAX
4116-25 150ns -40ns MAX

From the data given here, the VDP will work with both -15 and -20 TMS4116 dynamic RAMs provided
the system delays are small enough. The VDP does not meet the t,, specifications for the - 25 TMS4116
and is unable to use the -25 under worst case conditions. The VDP has been verified to work with both
-15 and -20 TMS4116s in a system application. Note that in addition to the equation derived above, that
all memory timing requirements must be met as specified in a memory data book.

RAS [—b- >
VDP CAS | VRAM
9918A/ MEMORY
9928A/ e
9929A RDO le (8 in parallel)
RD7 & ~4—
Figure B-1: Memory configuration showing delay times
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— e tw(RL) »l
\T/I?/r:me RAS —__\'\ JV
| |
|
s ! " t —
CAS l \ w(CL) ]
:etm.-cu: | :
| . |
| y 4
DATA : ; i \l :
| [ |
l |
: : td(DATA) n—tr——J' tsu(D-CH)
I |
| ! l
[ ; [
VRAM RAS | | |
TIMING : \ | : /
I~
td(RAS) 'p—D: I }
| |
&S I |
| I \ | /
i I ) }
: : ' td(CAS) :
| | A
DATA i : | \
: lHtRL-CL’k———ta(c)—"
| | |
| e ta(R) ol

Figure B-2 Relative timing of VRAM to VDP
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Appendix C. Pattern and Screen Worksheets

Pattern
Name

Pattern
Name
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Pattern
Name

Pattern
Name
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Tl Sales Offices

ALABAMA: Huntsville, 500 Wynn Drive, Suite 514, Huntsville, AL35805. (205) 637-7530.
ARIZONA: Phoenix, PO Box 35160, 8102 N. 23rd Ave, Suite B, Phoenix, AZ 85021. (602) 995-1007.
CALIFORNIA: El Segundo, 831 S. Douglas St, El Segundo, CA 90245. (213) 973-2571. Irvine, 17891
Cartwright Road, Irvine, CA 92714. (714) 660-1200. Sacramento, 1900 Point West Way, Suite 171,
Sacramento, CA 95815. (916) 929-1521. San Diego, 4333 West Ridge Ave, Suite B, San Diego, CA 92123.
(714) 278-9600. Santa Clara, 5353 Betsy Ross Dr, Santa Clara, CA 95054. (408) 980-9000. Woodland
Hills, 21220 Erwin St, Woodland Hills, CA 91367. (213) 704-7759.

COLORADO: Denver, 9725 E. Hamden St, Suite 301, Denver, CO 80231. (303) 695-2800.

CONNECTICUT: Wallingford, 9 Barnes Industrial Park Rd, Barnes Industrial Park, Wallingford, CT
06492. (203) 269-0074.

FLORIDA: Clearwater, 2280 US Hwy 19 N, Suite 232, Clearwater, FL 33515. (813) 796-1926. F't.
Lauderdale, 2765 NW 62nd St, Ft. Lauderdale, FL 33309. (305) 973-8502. Maitland, 2601 Maitland
Center Parkway, Maitland, FL 32751. (305) 646-9600.

GEORGIA: Atlanta, 3300 Northeast Expy, Building 9, Atlanta, GA 30341. (404) 452-4600.
ILLINOIS: Arlington Heights, 515 W. Algonquin, Arlington Heights, IL 60005. (312) 640-2934.

INDIANA: Ft. Wayne, 2020 Inwood Dr, Ft. Wayne, IN 46805. (219) 424-5174. Indianapolis, 2346 S.
Lynhurst, Suite J-400, Indianapolis, IN 46241. (317) 248-8555.

IOWA: Cedar Rapids, 373 Collins Rd NE, Suite 200, Cedar Rapids, IA 52402. (319) 395-9550.
MARYLAND: Baltimore, 1 Rutherford P1, 7133 Rutherford Rd, Baltimore, MD 21207. (301) 944-8600.
MASSACHUSETTS: Waltham, 504 Totten Pond Rd, Waltham, MA 02154. (617) 890-7400.
MICHIGAN: Farmington Hills, 33737 W. 12 Mile Rd, Farmington Hills, MI 48018. (313) 553-1500,
MINNESOTA: Edina, 7625 Parklawn, Edian, MN 55435. (612) 830-1600.

MISSOURI: Kansas City, 8080 Ward Pkwy, Kansas City, MO 64114. (816) 523-2500. St. Louis, 11861
Westline Industrial Drive, St. Louis, MO 63141. (314) 569-7600.

NEW JERSEY: Clark, 292 Terminal Ave. West, Clark, NJ 07066. (201) 574-9800.

NEW MEXICO: Albuquerque, 5907 Alice NSE, Suite E, Albuquerque, NM 87110. (505) 265-8491.
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NEW YORK: East Syracuse, 6700 Old Collamer Rd, East Syracuse, NY 13057. (315) 463-9291.
Endicott, 12 Nanticoke Ave, PO Box 618, Endicott, NY 13760. (607) 754-3900. Melville, 1 Huntington
Quadrangle, Suite 3C10, PO Box 2936, Melville, NY 11747. (516) 454-6600. Poughkeepsie, 201 South
Ave, Poughkeepsie, NY 12601. (914) 473-2900. Rochester, 1210 Jefferson Rd, Rochester, NY 14623.
(716) 424-5400.

NORTH CAROLINA: Charlotte, 8 Woodlawn Green, Woodlawn Rd, Charlotte, NC 28210.
(704) 527-0930. Raleigh, 3000 Highwoods Blvd, Suite 118, Raleigh, NC 27625. (919) 876-2725.

OHIO: Beachwood, 23408 Commerce Park Rd, Beachwood, OH 44122. (216) 464-6100. Dayton,
Kingsley Bldg. 4124 Linden Ave, Dayton, OH 45432. (513) 258-3877.

OKLAHOMA: Tulsa, 3105 E. Skelly Dr, Suite 110, Tulsa, OK 74105. (918) 749-9547.
OREGON: Beaverton, 6700 SW 105th St, Suite 110, Beaverton, OR 97005. (503) 643-6758.

PENNSYLVANIA: Ft. Washington, 575 Virginia Dr, Ft. Washington, PA 19034. (215) 643-6450.
Coraopolis, 420 Rouser Rd, 3 Airport Office PK, Coraopolis, PA 15108. (412) 771-8550.

TENNESSEE: Johnson City, PO Drawer 1255, Erwin Hwy, Johnson City, TN 37601. (615) 461-2191.
TEXAS: Austin, 12501 Research Blvd, PO Box 2909, Austin, TX 78723. (512) 250-7655. Dallas, PO Box
1087, Richardson, TX 75080. Houston, 9100 Southwest Frwy, Suite 237, Houston, TX 77036. San
Antonio, 1000 Central Park South, San Antonio, TX 78232. (512) 496-1779.

UTAH: Salt Lake City, 3672 West 2100 South, Salt Lake City, UT 84120. (801) 973-5310.

VIRGINIA: Fairfax, 3001 Prosperity, Fairfax, VA 22031. (703) 849-1400. Midlothian, 13711 Sutter's
Mill Circle, Midlothian, VA 23113. (804) 744-1007.

WISCONSIN: Brookfield, 205 Bishops Way, Suite 214, Brookfield, WI 53005. (414) 784-3040.
WASHINGTON: Redmond, 2723 152nd Ave, NE Bldg 6, Redmond, WA 98052. (206) 881-3080.
CANADA: Ottawa, 436 McLaren St, Ottawa, Canada, K2P 0M8. (613) 233-1177. Richmond Hill, 280

Centre St E, Richmond Hill, Ontario, Canada, L4C 1B1. (416) 884-9181. St. Laurent, Ville St. Laurent,
Quebec, Canada, H4S 1R7. (514) 334-3635.
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TI Distributors
ALABAMA: Hall-Mark (205) 837-8700.

ARIZONA: Phoenix, Kierulff (602) 243-4101. Marshall (602) 968-6181. R.V. Weatherford
(602) 272-7144. Wyle (602) 249-2232. Tucson, Kierulff (602) 624-9986.

CALIFORNIA: Los Angeles/Orange County, Arrow (213) 701-7500, (714) 851-8961. JACO
(213) 998-2200, (714) 540-5600. Kierulff (213) 725-0235, (714) 731-5711. Marshall (213) 999-5001,
(213) 686-0140, (714) 556-5400. R.V. Weatherford (213) 849-3451, (714) 634-9600, (714) 623-1261. Wyle
(213) 322-8100, (714) 641-1611. San Diego, Arrow (714) 565-4800. Kierulff (714) 278-2112. Marshall
(714) 578-9600. R.V. Weatherford (714) 695-1700. Wyle (714) 565-9171. San Francisco Bay Area,
Arrow (408) 745-6600. Kierulff (415) 968-6292. Marshall (408) 732-1100. Time (408) 734-9888. United
Components (408) 496-6900. Wyle (408) 727-2500. Santa Barbara, R.V. Weatherford (805) 465-8551.

COLORADO: Arrow (303) 7568-2100. Kierulff (303) 371-6500. R.V. Weatherford (303) 428-6900. Wyle
(303) 457-9953.

CONNECTICUT: Arrow (203) 265-7741. Diplomat (203) 797-9674. Kierulff (203) 265-1115. Marshall
(203) 265-3822. Milgray (203) 795-0714.

FLORIDA: Ft. Lauderdale. Arrow (305) 973-8502. Diplomat (305) 971-7160. Hall-Mark (305) 971-9280.
Kierluff (305) 652-6950. Orlando. Arrow (305) 725-1480. Diplomat (305) 725-4520. Hall-Mark
(305) 855-4020. Milgray (305) 647-5747. Tampa. Diplomat (812) 443-4514. Kierulff (813) 576-1966.

GEORGIA: Arrow (404) 449-8252. Hall-Mark (404) 447-8000. Kierulff (404) 447-56252. Marshall
(404) 923-5750.

ILLINOIS: Arrow (312) 397-3440. Diplomat (312) 595-1000. Hall-Mark (312) 860-3800. Kierulff
(312) 640-0200. Newark (312) 638-4411.

INDIANA: Indianapolis. Arrow (317) 243-9353. Graham (317) 634-8202. Ft. Wayne. Graham
(219) 423-3422.

TIOWA: Arrow (319) 395-7230.

KANSAS: Kansas City, Component Specialties (193) 492-3555. Hall-Mark (913) 888-4747. Wichita.
LCOMP (316) 265-9507.

MARYLAND: Arrow (301) 995-1226. Hall-Mark (301) 796-9300. Kierulff (301) 247-5020. Milgray
(301) 468-5400.

MASSACHUSETTS: Arrow (617) 933.8130. Diplomat (617) 429-4120. Kierulff (617) 667-8331. Marshall
(617) 272-8200. Time (617) 935-8080.
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MICHIGAN: Detroit. Arrow (313) 971-8200. Newark (313) 967-0600. Grand Rapids. Newark
(616) 243-0912.

MINNESOTA: Arrow (612) 830-1800. Diplomat (612) 788-8601. Hall-Mark (612) 854-3223. Kierulff
(612) 941-7500.

NEW HAMPSHIRE: Arrow (603) 668-6968.

NEW JERSEY: Arrow (201) 575-3000. Diplomat (201) 785-1830. JACO (201) 778-4722. Kierulff
(201) 575-6750. Marshall (201) 340-1900.

NEW MEXICO: Arrow (505) 243-4566. International electronics (505) 345-8127.

NEW YORK: Long Island. Arrow (5616) 231-1000. Diplomat (516) 454-6400. JACO (5616) 273-5500.
Marshall (516) 273-2424. Milgray (516) 546-5800, (800) 645-3986. Rochester. Arrow (716) 275-0300.
Marshall (716) 235-7620. Rochester Radio Supply (716) 454-7800. Syracuse. Arrow (315) 652-1000.
Diplomat (315) 652-5000. Marshall (607) 754-1570.

NORTH CAROLINA: Arrow (919) 876-3132, (919) 725-8711. Hall-Mark (919) 872-0712. Kierulff
(919) 852-6261.

OHIO: Cincinnati. Graham (513) 772-1661. Cleveland. Arrow (216) 246-3990. Hall-Mark
(216) 473-2907. Kierulff (216) 567-65568. Columbus. Hall-Mark (614) 846-1882. Dayton. Arrow
(613) 435-56563. ESCO (513) 226-1133. Marshall (513) 236-8088.

OKLAHOMA: Component Specialties (918) 664-2820. Hall-Mark (918) 665-3200. Kerulff (918) 252-7537.
OREGON: Kierulff (503) 641-9150. Wyle (503) 640-6000.

PENNSYLVANIA: Arrow (412) 856-7000. Arrow (609) 235-1900. General Radio (609) 964-8560. Hall-
Mark (609) 424-0880. Milgray (609) 983-5010.

TEXAS: Austin. Arrow (512) 835-4180. Component Specialties (512) 837-8922. Hall-Mark
(512) 258-8848. Kierulff (512) 835-2090. Dallas. Arrow (214) 386-7500. Component Specialties
(214) 357-6511. Hall-Mark (214) 341-1147. International Electronics (214) 233-9323. Kierulff
(214) 343-2400. El1 Paso. International Electronics (915) 778-9761. Houston. Arrow (713) 491-4100.
Component Specialties (713) 771-7237. Hall-Mark (713) 781-6100. Harrison Equipment (713) 879-2600.
Kierulff (713) 530-7030.

UTAH: Diplomat (801) 486-4134. Kierulff (801) 973-6913. Wyle (801) 974-9953.

VIRGINIA: Arrow (804) 282-0413.
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WASHINGTON: Arrow (206) 643-4800. Kierulff (206) 575-4420. United Components (206) 643-7444.
Wyle (206) 453-8300.

WISCONSIN: Arrow (414) 764-6600. Hall-Mark (414) 761-3000. Kierulff (414) 784-8160.

CANADA: Calgary. Future (403) 259-6408. Varah (403) 230-1235. Downsview. CESCO (416) 661-0220.
Hamilton. Varah (416) 561-9311. Montreal. CESCO (514) 735-6511. Future (514) 694-7710. Ottawa.
CESCO (613) 226-6905. Future (513) 820-8313. Quebec City. CESCO (418) 687-4231. Toronto. Future

(416) 663-5563. Vancouver. Future (604) 438-5545. Varah (604) 873-3211. Winnipeg. Varah
(204) 633-6190.

Tl Worldwide Sales Offices

ALABAMA: Huntsville. 500 Wynn Drive, Suite 514, Huntsville, AL 35805. (205) 837-7530.
ARIZONA: Phoenix. PO Box 35160, 8102 N. 23rd Ave, Suite 8, Phoenix, AZ 85021. (602) 995-1007.
CALIFORNIA: El Segundo. 831 S. Douglas St., El Segundo, CA 90245. (213) 973-2571. Irvine. 17891
Cartwright Rd, Irvine, CA 92714. (714) 660-1200. Sacramento. 1900 Point West Way, Suite 171,
Sacramento, CA 95815. (916) 929-1521. San Diego. 4333 View Ridge Ave, Suite B, San Diego, CA 92123.
(714) 278-9600. Santa Clara. 5353 Betsy Ross Dr, Santa Clara, CA 95054. (408) 980-9000. Woodland
Hills. 21220 Erwin St, Woodland Hills, CA 91367. (213) 704-7759.

COLORADO: Denver. 9725 E. Hampden St, Suite 301, Denver, CO 80231. (303) 695-2800.

CONNECTICUT: Wallingford. 9 Barnes Industrial Park Rd, Barnes Industrial Park, Wallingford, CT
06492. (203) 269-0074.

FLORIDA: Clearwater. 2280 US Hwy 19 N, Suite 232, Clearwater, FL 33515. (813) 796-1926. Ft.
Lauderdale. 2765 NW 62nd St, Ft. Lauderdale, FL 33309. (305) 973-8502. Maitland. 2601 Maitland
Center Parkway, Maitland, FL 32751. (305) 646-9600.

GEORGIA: Atlanta. 3300 Northeast Expy, Building 9, Atlanta, GA 30341. (404) 452-4600.
ILLINOIS: Arlington Heights. 515 W. Algonquin, Arlington Heights, IL 60005. (312) 640-2934.

INDIANA: Ft. Wayne. 2020 Inwood Dr, Ft. Wayne, IN 46805. (219) 424-5174. Indianapolis. 2346 S.
Lynhurst, Suite J-400, Indianapolis, IN 46241. (317) 248-8555.

IOWA: Cedar Rapids. 373 Collins Rd NE, Suite 200, Cedar Rapids, IA 52402. (319) 395-9550.
MARYLAND: Baltimore. 1 Rutherford P1, 7133 Rutherford Rd, Baltimore, MD21207. (301) 944-8600.

MASSACHUSETTS: Waltham. 504 Totten Pond Rd, Waltham, MA 02154. (617) 890-7400.
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MICHIGAN: Farmington Hills. 33737 W 12 Mile Rd, Farmington Hills, MI 48018. (313) 5563-1500.
MINNESOTA: Edina. 7625 Parklawn, Edina, MN 55435. (612) 830-1600.

MISSOURI: Kansas City. 8080 Ward Pkwy, Kansas City, MO 64114. (816) 523-2500. St. Louis. 11861
Westline Industrial Drive, St. Louis, MO 63141. (314) 569-7600.

NEW JERSEY: Clark. 292 Terminal Ave. West, Clark, NJ 07066. (201) 574-9800.

NEW MEXICO: Albuquerque. 5907 Alice NSE, Suite E, Albuquerque, NM 87110. (505) 265-8491.
NEW YORK: East Syracuse. 6700 Old Collamer Rd, East Syracuse, NY 13057. (315) 463-9291.
Endicott. 112 Nanticoke Ave, PO Box 618, Endicott, NY 13760. (607) 754-3900. Melville. 1 Huntington
Quadrangle, Suite 3C10, PO Box 2936, Melville, NY 11747. (516) 454-0600. Poughkeepsie. 201 South
Ave, Poughkeepsie, NY 12601. (914) 473-2900. Rochester. 1210 Jefferson Rd, Rochester, NY 14623.
(716) 424-5400.

NORTH CAROLINA: Charlotte. 8 Woodlawn Green, Woodlawn Rd, Charlotte, NC 28210.
(704) 527-0930. Raleigh. 3000 Highlands Blvd, Suite 110, Raleigh, NC 27625. (919) 876-2725.

OHIO: Beachwood. 23408 Commerce Park Rd, Beachwood, OH 44122. (216) 464-6100. Dayton.
Kingsley Bldg, 4124 Linden Ave, Dayton, OH 45432. (513) 258-3877.

OKLAHOMA: Tulsa. 3105 E. Skelly Dr, Suite 110, Tulsa, OK 74105. (918) 749-9547.

PENNSYLVANIA: Ft. Washington. 575 Virginia Dr, Ft. Washington, PA 19034. (215) 643-6450.
Corapolis: 420 Rouser Rd, 3 Airport Office Pk, Corapolis, PA 15108. (412) 771-8550.

TENNESSEE: Johnson City. PO Drawer 1255, Erwin Hwy, Johnson City, TN 37601. (615) 461-2191.
TEXAS: Austin. 12501 Research Blvd, PO Box 2909, Austin, TX 78723. (512) 250-7655. Dallas. PO Box
1087, Richardson, TX 75080. Houston. 9100 Southwest Frwy, Suite 237, Houston, TX 77036.
(713) 776-6592. San Antonio. 1000 Central Park South, San Antonio, TX 78232. (512) 496-1779.
UTAH: Salt Lake City. 3672 West 2100 South, Salt Lake City, UT 84120. (801) 973-6310.

VIRGINIA: Fairfax. 3001 Prosperity, Fairfax, VA 22031. (703) 849-1400. Midlothian. 13711 Sutter's
Mill Circle, Midlothian, VA 23113. (804) 744-1007.

WISCONSIN: Brookfield. 205 Bishops Way, Suite 214, Brookfield, WI 53005. (414) 784-3040.

WASHINGTON: Redmond. 2723 152nd Ave. NE, Bldg 6, Redmond, WA 98052. (206) 881-3080.
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CANADA: Ottawa. 436 McClaren St, Ottawa, Canada, K2P 0MS8. (613) 233-1177. Richmond Hill. 280
Centre St. E, Richmond Hill, Ontario, Canada L4C 1B1. (416) 884-9181. St. Laurent. Ville St. Laurent
Quebec, 9460 Trans Canada Hwy, St. Laurent, Quebec, Canada H4S 1R7. (514) 334-3635.

ARGENTINA: Texas Instruments Argentina SAICF, Km 25, 5 Ruta Panamericana Don Torcuato, CC
2296, 1000 Correo-Central, Buenos Aires, Argentina. 748-1141.

AUSTRALIA: Texas Instruments Australia Ltd, Unit 1A, 9 Byfield St, PO Box 106, North Ryde, NSW
2113, Sydney, Australia. 02-887-1122. 5th Floor, 418 St. Kilda Rd, Melbourne 3004, Victoria, Australia.
03-267-4677.

AUSTRIA: Texas Instruments Ges mbH, Rennweg 17, 1030 Vienna, Austria. 0222-724185.

BELGIUM: Texas Instruments SA, Mercure Centre, Raketstraat, Rue de la Fusee 100, 1130 Brussels,
Belgium. 02-7208000.

BRAZIL: Texas Instruments Electronicos do Brasil Ltda, Rue Padre Pereira De Andrade, 591 Cep-05469
Sao Paolo, Brazil. 011-260-6347.

DENMARK: Texas Instruments AD, Marielundvej 46E, 2730 Herlev, Denmark. 02-917400.

FINLAND: Texas Instruments Finland OY, Fressenkatu 6, PL 917, 00101 Helsinki 10, Finland.
80-408300.

FRANCE: Texas Instruments France, La Boursidiere, Bat ARN 186, 92350 Le Plessis Robinson, France.
01-6302343. 31 Quai Rambaud, 69002 Lyon, France. 078-373585. 1 Av de la Chartreuse, 38240 Meylan,
France. 076-904574. 9 Place de Bretagne, 35000 Rennes, France. 099-795481. 100-102 Alle de Barcelone,
Residence L'Autay, 31000 Toulouse, France. 061-213032.

GERMANY: Texas Instruments Deutschland GmbH, Kurfuerstendamm 146, 1000 Berlin 31, Germany.
030-8927013. III Hagen 43, Frankfurter Allee 6-8, 6236 Eschborn, Germany. 06196-43074. 4300 Essen,
Germany. 0201-233551. Winterhuder Weg 8,2000 Hamburg 76, Germany. 040-2201154. Haggertystrasse
1, 8050 Freising, Germany. 01861-801. Riethorst 4, 3000Hanover 51, Germany. 0511-648021.
Arabellastrasse 13-15, 8000 Munich 81, Germany. 089-92341. Marientorgraben 3-5, 8500 Nuernberg,
Germany. 0911-22877. Krefelderstrasse 11-15, 7000 Stuttgart 50, Germany. 0711-547001.

HONG KONG: Texas Instruments Asia Litd, 902 Asian House, 1 Hennessy Rd, Hong Kong. 05-279041.

ITALY: Texas Instruments Italia Spa, Via Europa 38/44, Cologno Monzese, Milan, Italy. 02-253-2451.
Via Salaria 1319, 00138, Rome, Italy. 06-6917127. Via Montebello 27, 10124 Turin, Italy. 011-832276.

JAPAN: Texas Instruments Asia Ltd, Aoyama Fuji Bldg. 4F, 3-6-12, Kita-Aoyama, Minato-ku, Tokyo,
Japan 107. (03) 498-2111.
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KOREA: Texas Instruments Supply Company, Room 301, Kwang Poong Bldg, 24-1 Hwayang Dong,
Sungdong-Ku, Seoul, Korea. 464-1565.

MEXICO: Texas Instruments de Mexico SA, Poniente 116 #489, Col Industrial Vallejo, Mexico City 15,
DF, Mexico. 905-567-9200.

NETHERLANDS: Texas Instruments Holland BV, Laan Van de Helende Meesters 421A, PO Box 283,
1180 AG Amstelveen, Holland. 020-473391.

NORWAY: Texas Instrument AS, Ryensvingen 15, Oslo 6, Norway. 02-689487.

PHILIPPINES: Texas Instruments Asia Ltd, 14th Floor, BA-Lepanto Building, Paseo De Roxas, Makati,
Metro Manila.

PORTUGAL: Texas Instruments Equiupamento Electronico LDA, Rua Eng. Frederico Ulrich, 2650
Moreira Da Maia, Douro, Portugal. 948-1003.

SINGAPORE: Texas Instruments Asia Ltd, PO Box 2093, 990 Bendemeer Rd, Singapore 1, Republic of
Singapore. 65-2581122.

SPAIN: Texas Instruments Espana SA, Balmes 89, 12 Barcelona 12, Spain.

SWEDEN: Texas Instruments International Trade Corporation (Sverigefilialen), Norra Hannvagen 3,
Fack S-100 54 Stockholm 39, Sweden. 08-235480.

TAIWAN: Texas Instruments Taiwan Ltd, 10th Floor, Fu Shing Bldg, 71 Sung-Kiang Rd, Taipei, Taiwan,
Republic of China. 05-5219321.

UNITED KINGDOM: Texas Instruments Ltd, Manton Lane, Bedford, England MK4 17PU. 0234-67466.
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us at:

CaDD Electr onics
45 Centerville Drive
Salem, NH 03079-2674

Version 980601



