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VDP TERMINAL ASSIGNMENTS

3.7.1 TMSS9918A Terminal Assignments
SIGNATURE TERMINAL 170 DESCRIPTION
XTAL1, .
XTAL2 40,39 I 10.7 + MHz crystal inputs* RAS 4 a0 [ XTAL2
CAS (] 2 3% [j XTAL1
CPUCLK 38 0 VDP color burst frequency clock. AD7 [ 3 38 [J CPUCLK
Typically not wused on the AD6 (a4 37 B GROMCLK
TMSS918A, this is the color burst ADS (] 5 36 ) COMVID
frequency clock. AD4 [ 6 35 P EXTVDP
AD3 { 7 34 ) RESET/SYNC
GROMCLK 37 o] VDP output clock = XTAL/24. AD2(s 33 p Vee
Typically not used. AD1 {9 32 p RDO
ADQ {Q 10 31 j RD1
COMVID 36 o} Composite video output for the R/MW { 11 30 ) RD2
TMS9918A. Vss 12 29 J RD3
MODE [ 13 28 N RD4
EXTVDP 35 1/0 On the TMS9918A, this is the exter- CS_W Q4 27 § RDS
nal VDP input. CSR {J 15 26 P RD6
INT § 16 25 [ RD7
RESET/ cD7 { 7 24 [ CDO
SYNC 34 | The RESET pin is a trilevel input pin. CD6 [} 18 23 pCD
When it is below 0.8 volts, RESET €D5 [ 19 22 PCD2
initializes the VDP. When it is above CD4 (_20 21 JCD3
9 volts, RESET is the synchronizing
input for external video.
Vee 33 ! +5 volt supply
RDO MSB 32 ] VRAM read data bus
RD1 31 |
RD2 30 |
RD3 29 I
RD4 28 ]
RD5 27 ]
RD6 26 |
RD7 25 |
CDO MSB 24 110 CPU data bus; (CDO0) is the most significant bit
CD1 23 /0
CbD2 22 I’0
CD3 21 70
cD4 20 170
CD5 19 1/0
CD6 18 170
CD7 LSB 17 170
INT 16 o CPU interrupt output.
CSR 15 I CPU-VDP read strobe
Csw 14 | CPU-VDP write strobe
MODE 13 | CPU interface mode select; usually a processor address line

*

*

When driven externally, both inputs must be driven.
The least significant address bit {AD7) is wired to AQ of the dynamic RAMs. Likewise, AD6 is wired to A1 of the RAMS.
Care must be exercised in assuring proper orientation of the TMS 9918A address outputs to the dynamic RAM address in-

puts,
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TMS9918A Terminal Assignments {continued)

SIGNATURE TERMINAL 110 DESCRIPTION

Vss 12 ! Ground References

R/W 11 o VRAM write strobe

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

VRAM address and output data bytes)

ADt 9 0 ADO is the most significant bit and is used only for data and
not for addressing.**

AD2 8 (8]

AD3 7 o

AD4 6 0

ADS 5 (o]

AD6 4 0

AD7 3 0

CAS 2 0 VRAM column address strobe

RAS 1 o} VRAM row address strobe

-

When driven externally, both inputs must be driven.
** The least significant address bit (AD7) is wired to AQ of the dynamic RAMs. Likewise, ADG is wired to Al of the RAMs.

Care must be exercised in assuring proper orientation of the TMS 9918A address outputs to the dynamic RAM address in-
puts.
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3.7.2 TMS9928A/9929A Terminal Assignments

SIGNATURE TERMINAL 1/0 DESCRIPTION
XTAL1,
XTAL2 40,39 i 10.7 + MHz crystal inputs* RAS ¢ 3 a0 b xTAL2
CAs ( 2 39 I XTALY
R-Y 38 (o] VDP color burst frequency clock. On AD7 ] 3 8 b Ry
the TMS9928A/9929A, this is the AD6 4 37 h GROMCLK
R-Y color difference output, ADS { 5 Py
AD4 { 5 s b By
GROMCLK 37 (o] VDP output clock = XTAL/24. AD3 { 7 34 D) RESET/SYNC
Typically not used. AD2 (] 8 3 p Vee
AD1 (] o 32 § RDO
Y 36 (4] Composite video output. On the ADO o 31 b RD1
TMS9928A/9929A, this is the Y H/Wﬁ 1" 30 b RD2
(black/white luminance and com- vgs 0 12 29 §J RD3
posite sync) output. MODE ( 12 28 D RD4
CSwW f 27 B RDS
B-Y 35 1/0 External VDP input. On the CSR g 15 26 ) RD6
TMS9928A/9929A, this is the B-Y INT { 16 2 hRD?
color difference output. co7 q 17 24 fCDO
cD6 ] 18 23 pcbt
RESET/ CcDS { 19 22 pco2
SYNC 34 H The RESET pin is a trilevel input pin. coa g4 20 21 pco3
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.
vVee 33 i +5 volt supply
RDO MSB 32 | VRAM read data bus
RD1 31 !
RD2 30 !
RD3 29 i
RD4 28 {
RD5 27 |
RD6 26 1
RD7 25 {
CDO MSB 24 170 CPU data bus; (CDO) is the most significant bit
cD1 23 1/0
cD2 22 1/0
cD3 21 1/0
CD4 20 1/0
CDs 19 1/0
CcDs 18 1/0
CD7 LSB 17 /0
INT 16 (o] CPU interrupt output.
CSR 15 ! CPU-VDP read strobe
csw 14 | CPU-VDP write strobe
MODE 13 i CPU interface mode select; usually a processor address line

1]

When driven externally, both inputs must be driven.

** The least significant address bit (AD7) is wired to AQ of the dynamic RAMs. Likewise, AD6 is wired to Al of the RAMs.
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SIGNATURE TERMINAL 170 DESCRIPTION

Vss 12 | Ground References
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 9 ADO is the most significant bit and is used only for data and
not for addressing. **

AD2
AD3
AD4
AD5
ADb6
AD7

WO N®

CAS 2 VRAM row address strobe

O O O0oOO0OOOO O

RAS 1 VRam row address strobe

*

When driven externally, both inputs must be driven.
** The least significant address bit {AD7) is wired to AO of the dynamic RAMs, Likewise, AD6 is wired to Al of the RAMs.

373 TMS9918A /9928A /9929A Crystals
Crystals for the TMS9918A/9928A/9929A can be purchased from the following:

NDK
10080 North Woife Rd
Suite 220
Cuppertino, CA 95014
Telephone:
{408)255-0831
Telex: 352057

CTS Knights, Inc.
400 Reiman Ave
Sandwich, Il 60548
Telephone:
{815)786-8411
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4.1

DEVICE APPLICATIONS

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

VDP TO TMS9900 INTERFACE

The circuit shown in Figure 4-1 illustrates a very simple interface between a TMS9800 microprocessor and a
TMS9918A/9928A/9928A., In this circuit, the VDP 8-bit data 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
aie as follows:

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

WE _—{ >°'—‘_—_}——- CSW
A0 [

A13 }—— TSR
DBIN

TMS9918A VDP
TMS9900 CPU

Al4 MODE
cD7 CcD7

D6 D6

Db D5

D4 D4

D3 D3

D2 D2

D1 D1
CcDO CDo

FIGURE 41 — MINIMUM SYSTEM INTERFACE TO TMS8300

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 is used 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 puising of the CSW input, thus causing unwanted opera-
tion of the VDP. Referring to Table 4-1 and Figure 4-1, the following port addresses can be defined.

TABLE 41 — VDP PORT ADDRESSES FOR FIGURE 4-1

OPERATION CSW CSR MODE PORT
Write data to VRAM (4] 1 0 >8000
Write address to VRAM 0 1 1 >8002
or Write to VDP register
Read data from VRAM 1 s} [s] >8004
Read VDP status 1 0 1 >8006
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4.2 TMS9918A/9928A /9929A INTERFACE

Figures 4-2 and 4-3 show the hardware 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.

RD3{29
A138 - Iz TSR ro2 |30
A128 - B 5w rorlar
A118 % <
BOARD SEL -~ Gt ue
- 24
MEMEN B rooj32 a 4116
EGZG ° 4116 4116
= apohio o u2 m:aw o 4116
MODE
A14B - ©wn aNrodqw
- TMS0928A/
WEB - T TMs99294 |
3 aADY
bene q.J 2 o AD2L8
DIRSEL -4~ A3 L
cPU apais
INTERFACE psls
ulcoo  ADSE
ADS
——q e aD7{3
co2
cD3 aasla
e —
DATA o3 RASHL
sus j CAS
cos rAw 02
OS———1 % [ ]
RV | o7
L4 D L4 D e L4 0 Lo "
—_— 4116 4 4116 16 LSB
34 T
1/0 RESET & RESET  npal28 1o o Y a
4]
L 40] XTAL1  ppsi27
| — sy
(—] Ros |26
}_I.‘.il XTAL2  Rp7[25
= ¢2 COMVID

. COMPOSITE

P Uibeo (TMS2918A ONLY)

[, 4
Y
________________ —

A4

} TO ENCODER (9928A/9929A ONLY]
———————————— - -

FIGURE 4-2 - TMS9918A/9928A/9929A INTERFACE
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TM990 BUS
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4.2.1

TM990 (TMS9918A /9928A /9929A} Parts List

U1,2,3 7415367

U456 7415243

U6,7,8 741.5266

u9 7415138

u1o 741500

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

C1,2 33 pF

Yt 10.738635 MHz Crystal
Sw1-3 4-position DIP Switches
R1 4702 5% 1/4 W

R2-R13 Bourns XXXX or equivalent

NOTE: Ali power supply pins of each IC should be bypassed with a .1uF capacitor.
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Composite Video Qutput

The TMS9918A composite video output pin (36), is driven by a source-follower MOS transistor that requires an external
pull-down resistor to Vq . 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 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,

TMS9918A
. o
VIDEO RF TO ANTENNA
COMVID = Y TERMINALS OF
COLOR TV

FIGURE 44 — RF MODULATOR CONNECTION

Oscillator and Timing

The TMS9918A/9928A/9929A internal timing generation is controlled by a self-contained oscillator and timing circuits. A
10.738635 ( + 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 more
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 15 pF and 39 pF. A trimmer capacitor with a value of 5 pF to 50 pF 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.

44



424

43

XTALA1

o

TMS9918A/9928A/9929A

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 inter-
face.

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. ADQ is a MSB, and AD7 is the LSB. Data written from the
VRAM is brought into the VDP via the read data bus, RDO-RD7. The TMS9918A automatically refreshes the VRAM with
no interaction necessary from the host CPU.

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

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 pro-
gram designed to work on the demo board, shown in Figure 4-3.

SETUP ADDRESS OF VDP IN
HOST SYSTEM

=

FETCH DATA FROM SYSTEM MEMORY
AND WRITE TO VDP

v

WRITE REGISTER NO. TO
vDP

¥

INCREMENT REGISTER NO. AND
INCREMENT TABLE POINTER

CONTINUE

FIGURE 4-6 — VDP REGISTER INITIALIZATION PROCEDURE
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4.4

4.4.1

TYPICAL SOFTWARE PROGRAM

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.

DEMO9918 SDSMAC 3.4.0 8l1.117 15:45:22 MONDAY, SEP 27, 1982,

PAGE 9882
0081 IDT 'DEM09918*
0602 0008 AORG >8080
0003 9899 VRAMW EQU >9880 ADDRESS TO WRITE DATA TO VRAM
0004 9982 VDPW EQU >9882 ADDRESS TO WRITE DATA TO VDP
2005 9604 VRAMR EQU >9884 ADDRESS TO READ DATA FROM VRAM
aggg 9806 VDPR EQU >9086 ADDRESS TO READ VDP STATUS REGISTER
[} *
ﬂﬂﬂs LSRR A X222 2222222222222 2222222222222 222222 st ]
ggag * INITIALIZE THE 9918 WITH THE FOLLOWING:
1 *
9011 * REG # = 88 EXT VID OFF, GRAPH 2 OFF
2012 *
0013 * REG 1 = 82 4116, INT DIS, VID ON, GRAPH 1
0614 * SIZE 1, MAG OFF
2015 *
8016 * REG 2 = 01 NAME TABLE SUB BLOCK @>400
2817 *
ogig * REG 3 = 88 COLOR TABLE SUB BLOCK 8>286
pal. *
6020 * REG 4 = 81 PATTERN GEN SUB BLOCK @>800
0021 *
0022 * REG 5 = 86 SPRITE NAME TAB SUB BLK  @>300
9923 *
9024 * REG 6 = 80 SPRITE PATT GEN SUB BLK  @>B90
0025 *
ggzs * REG 7 = 07 BACKDROP COLOR IS CYAN
27 *
ﬂﬂze ****‘*i***********i*****tf************t*********************t*
9029 *
9030 *
9031 * NOTE
2032 * THIS SOFTWARE ASSUMES THAT THE DATA BUS OF THE
0033 * TMS9918A IS CONNECTED TO THE LEAST SIGNIFICANT
0634 * BYTE OF THE TMS9968, WITH D7 AS THE MOST
0035 * SIGNIFICANT BIT AND D15 AS THE LEAST SIGNIFICANT
0036 * BIT
8637 *
9038 *
0039 8606 8261 INIT LI R1,VDPW VDP WRITE ADDRESS
0062 9002
0040 0004 0202 LI  R2,SUTA "SET UP TABLE" ADDRESS
9986 80B8 :
0041 9008 2283 LI R3,>80 ADDRESS OF FIRST VDP REGISTER
8008A 0880
0042 PBAC C472 LPEL MOV *R2+,*Rl GET DATA FROM MEM, SEND TO 9918
0043 BOOE C443 MOV R3,*Rl SEND REG# TO 9918
8044 0818 0583 INC R3 INCREMENT REGISTER COUNT
0045 0812 8283 CI  R3,>88 ALL REGS LOADED?
6014 2088
0046 0016 16FA JNE LPO1 NO,GO AGAIN
6647 *
0048 *
0049 * LOAD PROGRAM LOADS THE TEXT PATTERNS FROM
0050 * A TABLE IN MEMORY TO THE PATTERN GENERATOR
0051 * SUB-BLOCK IN VRAM,
ggg% . ASCII >28 TO >5F ARE INCLUDED IN THIS TABLE,
9854 *
9855 gg%a gggl LPGl LI  Rl,VRAMW ADDRESS TO WRITE DATA TO VRAM
A 95080
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DEM09918

6056
pes57
0058
p@859

po6o
o061
po62
0063
064
00865
2066
0067
poes
069
po70
0071
pa72
8073
0074
075
8076

6077
6078
079

0080
po81

pag2
8083
0084
po8S5
po8e
pe87
pp88s
0089
0090
80691
8092
8093
0094

@095
0096

pB97
00898

00699

8109
9101

Po1cC
gol1E
0020
po22
0624
p026
0028
0027
gg2c
PO2E
ge39
8032
0634
0036
038
pa3A

pa3cC
@03E
p040
042
0044
0046
p048
P04A
904C
PB4E
@50
g@s2
054
0056

gas8
PasA
885C
GOSE
0060
0062
0064
6h66
o068
006A
8086C
BB6E
0o70

SDSMAC 3.4.0 81.117

0202
90@2
0203
e6Co
8204
0200
2205
4900
C485
#6C5
C445
D173
B6C5
C445
p604
16FB

g201
90060
0202
9002
9203
4204
p204
P@5F
C483
9285
poos
C4a44
2605
16FD

0201
9000
p202
9002
2203
4400
c4a83
0202
0300
0203
8020
C443
f6B2

LPG2

*

LI

LI

LT

LI

MOV
SWPB
MOV
MOVB
SHPB
MOV
DEC
JNE

R2,VDPW
R3, PATT
R4,512

R5,>4900

R5,*R2
R5
R5,*R1
*R3+,R5
R5
R5,*R1
R4

LPG2

15:45:22 MONDAY, SEP 27, 1982.

PAGE #0863
ADDRESS TO WRITE TO VDP
MEM ADDR OF PATTERNS
64 CHAR X 8 BYTES - 512 BYTES
ADDRESS TO LOAD PATS IN VRAM

SEND LSB OF VRAM ADDRESS TO VDP
REVERSE BYTES

SEND DATA TO VRAM

GET BYTE FROM MEM

REVERSE BYTES

SEND DATA TO VRAM

ALL DONE YET?

NO, GO AGAIN

KRE AR AR IR R AR AR AR N R R AR A AR AR R AR AR R AR R R AR R AR AR AR Ak k
LOAD COLOR TABLE

*

* % ¥ % *

LCTL

*

LI
LI
LI
LI

MOV
LI

MOV
DEC
JNE

THIS ROUTINE LOADS THE COLOR TABLE FOR THE
TEXT PATTERNS JUST ENTERED,

R1 ,VRAMW
R2,VDPW
R3,>4204
R4,>5F

R3,*R2
R5,8

R4, *R1
R5
LCTL

ADDRESS TO WRITE DATA TO VRAM
ADDRESS TO WRITE TO VDP

START ADDRESS OF TEXT COLOR TABL
CHARACTERS WILL BE BLUE ON WHITE

SEND LSB OF VRAM ADDRESS TO VDP
LOAD COUNT VALUE, 64CHAR/8 = 8

SEND COLOR INFO TO VRAM
TABLE LAODED YET?
NO, GO AGAIN

Rhkhkhhhdhhhhkhhhkdhhhhhhhh bR hA b A A AN T AR AR R AR A Tk kk

*

* ¥ % ¥ * *

CsLl

LI

LI

LI

MOV
LI

LI

Mov
DEC

CLEAR SCREEN

THIS ROUTINE CLEARS THE SCREEN BY WRITING A SPACE
CHARACTER (ASCII >20) TO ALL LOCATIONS IN THE

NAME TABLE.

R1,VRAMW
R2,VDPW
R3,>4400

R3, *R2
R2,768

R3,>20

R3,*R1
R2

47

ADDRESS TO WRITE DATA TO VRAM
ADDRESS TO WRITE TO VDP
START ADDRESS IN NAME TABLE

SEND MSB OF VRAM ADDRESS TO VDP
#OF POSITIONS ON SCREEN

ASCII SPACE CHAR

SEND SPACE TO SCREEN
ARE ALL LOCATIONS CLEAR?



DENO9918 SDSMAC 3.4.0 81.117 15:45:22 MONDAY, SEP 27, 1982,

PAGE 0004
0102 9072 16FD JNE CSLl NO, GO AGAIN
o) *
gigi A AR A A L L N N S LTI
01085 * PRINT SIGN ON MESSAGE
8106 * AND BRANCH TO USERS PROGRAM
187 *
0108 *
0109 0074 9201 LI Rl ,VRAMW ADDRESS TO WRITE DATA TO VRAM
D976 9000
0119 0078 0202 LI R2,VDPW ADDRESS TO WRITE TO VDP
087A 9002
9111 @0@7C 0203 LI R3,>4400 POSITION OF MESSAGE ON SCREEN
PO7E 4400
6112 9080 C483 MOV R3,*R2 SEND MSB OF VRAM ADDRESS TO VDP
6113 PO82 06C3 SWPB R3 REVERSE BYTES
6114 0084 C483 MOV R3,*R2 SEND MSB OF VRAM ADDRESS TO VDP
0115 0pP86 0203 LI R3,MSGO ADDRESS OF SIGN ON MESSAGE
0088 QB9E
9116 0O8A 94C4 PRNT CLR R4 CLEAR RECEPTION REGISTER
6117 p@s8C D113 MOVB *R3,R4 GET A BYTE OF TEXT
0118 DOBE 0284 CI R4,>FF00 IS IT THE EOM CHARACTER?
0090 FFroo ‘
0119 0092 13063 JEQ DONE YES, GOTO NEXT PROGRAM SEGMENT
0120 6094 06C4 SWPB R4 REVERSE BYTES
0121 9096 C444 MOV R4,*R1 SEND CHAR TO VRAM
6122 0098 10F8 JMP PRNT GET NEXT CHARACTER
@123 0O9A 460 DONE B @DONE INSERT BRANCH TO USERS PROGRAM
g09C DO9A
124 * AT THIS POINT
125 BO9E 54 MSGO TEXT 'TEXAS INSTRUMENTS TMS9918'
eo9F 45
21 .\] 58
g08a1 41
PuA2 53
POA3 20
00A4 49
0OAS5 AE
0OA6 53
POA7 54
poas 52
00A9 55
60AA 4D
POAB 45
90AC 4E
@6aD 54
BEAE 53
00AF 20
poBo 54
2681 4D
2082 53
06B3 39
foB4 39
POBS 31
20B6 38
6126 90B7 FF BYTE >FF
0127 0doB8 EVEN
p12s8 *
9129 R Ly  r T L T T Y roraa
6130 * THIS TABLE CONTAINS THE VALUES FOR
6131 * INITIALIZING THE REGISTERS IN THE 9918a
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DEM09918 SDSMAC 3.4.0 81,117 15:45:22 MONDAY, SEP 27, 1982,

PAGE 0065
8132 *
8133 @@B8 90 SUTA BYTE >00
9134 9PB9 @2 BYTE >02
@135 #PBA 01 BYTE >01
9136 PPBB 08 BYTE >B8
@137 606BC 01 BYTE >01
@138 @9BD 06 BYTE >06
@139 POBE 90 BYTE >80
@140 GOBF 67 BYTE >07
@141 *
0142 ARRARERR R AR ARKR AR AR R R ARk TR AR AR kR Ak kA bk hhhhkhh
6143 * 9918A TEXT PATTERNS
0144 *
8145 * THESE PATTERNS FROM A 5X7 CHARACTER IN THE
@l46 * 8X8 PATTERN BLOCK THAT IS UPPER AND LEFT
6147 * JUSTIFIED
0148 *
6149 00CO @000 PATT DATA >0000 CHARACTER SPACE ASCII 20
@150 90C2 0000 DATA >0800
9151 90C4 0080 DATA >0000
@152 9PC6 G000 DATA >0000
@153 00C8 2020 DATA >2028 CHARACTER ! ASCII 21
9154 99CA 2020 DATA >2020
@155 @86CC 2000 DATA >2000
9156 OOCE 2000 DATA >2000
@157 00DO 5050 DATA >5050 CHARACTER " ASCII 22
158 9@D2 50080 DATA >5000
g159 @8D4 00P0O DATA >0000
@160 9OD6 0000 DATA >0000
g161 PBD8 5050 DATA >50850 CHARACTER # ASCII 23
0162 #ODA F850 . DATA >F858
163 9PDC F850 DATA >F850
9164 PODE 5000 DATA >5000
g165 00Ed 2078 DATA >2078 CHARACTER §$ ASCII 24
9166 OPE2 AD70 DATA >A070
@167 O0PE4 28F0 DATA >28F0
@168 OPE6 2000 DATA >2000
#169 A0E8 CBCs8 DATA >COCS8 CHARACTER % ASCII 25
@170 OGEA 1020 DATA >1020
171 OBEC 4098 DATA >4098
@172 @OEE 1800 DATA >1888
9173 OOF0 40AQ DATA >40A0 CHARACTER & ASCII 26
0174 OOF2 AB4D DATA >A040
@175 BOF4 A898 DATA >A890
9176 POF6 6800 DATA >68080
@177 0BF8 2020 DATA >2020 CHARACTER ° ASCII 27
@178 GOFA 2000 DATA >2000
@179 GAFC 0000 DATA >0R00
0180 GOFE 0000 DATA >0000
0181 6100 2040 DATA >2048 CHARACTER ( ASCII 28
@182 09192 8080 DATA >8080
9183 0104 8040 DATA >8040
9184 @106 2000 DATA >2000
9185 0108 2010 DATA >2010 CHARACTER ) ASCII 29
@186 P10A 0808 DATA >08068
@187 @10C 0810 DATA >0810
9188 Ql0E 2000 DATA >2000
189 9110 20A8 DATA >20A8 CHARACTER * ASCII 2A
9190 9112 7020 DATA >7020
191 8114 70A8 DATA >70A8
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0192 @116 2080 DATA >2000
2193 8118 0620 DATA >00208 CHARACTER + ASCII 2B
8194 811A 20F8 DATA >20F8
9195 B11C 2020 DATA >2020
8196 P1l1lE 0900 DATA >0000
2197 0120 0000 DATA >0089 CHARACTER , ASCII 2C
0198 0122 0000 DATA >0000
p199 0124 2020 DATA >2020
8200 0126 4000 DATA >4000
p201 0128 goo@ DATA >0000 CHARACTER -~ ASCII 2D
0202 012A OOF8 DATA >00F8
p283 @l2C 0000 DATA >0080
0204 P12E 0090 DATA >00008
82065 9130 000D DATA >0000 CHARACTER . ASCII 2E
0296 9132 2000 DATA >0000
0207 9134 D000 DATA >@000
g208 8136 2000 DATA >2000
6209 9138 0008 DATA >0008 CHARACTER / ASCII 2F
9219 ©013A 1029 DATA >1020
@211 913C 4080 DATA >4084
8212 913E 0000 DATA >0000
213 0140 7088 DATA >7088 CHARACTER # ASCII 30
8214 8142 98AB DATA >98A8
0215 @144 cB88 DATA >C888
216 Bl46 7060 DATA >7600
217 ©£148 2060 DATA >2060 CHARACTER 1 ASCII 31
0218 014A 2820 DATA >20820
9219 P14C 2020 DATA >2020
0220 Bl4E 7000 DATA >7009
p221 9158 7088 DATA >7088 CHARACTER 2 ASCII 32
8222 9152 9830 DATA >0838
9223 0154 4080 DATA >4880
p224 9156 F890 DATA >F800
p225 9158 r8es DATA >Fg@s8 CHARACTER 3 ASCII 33
0226 #15A 1030 DATA >1030
9227 B15C (888 DATA >0888
228 G15E 76000 DATA >7000
0229 9160 1030 DATA >1038 CHARACTER 4 ASCII 34
230 0162 5090 DATA >5099
p231 0164 F8l0 DATA >F810
0232 6166 1000 DATA >1000
8233 Pl68 Fr88e DATA >F880 CHARACTER 5 ASCII 35
@234 0l6A r@a8 DATA >F@08
2235 P16C 0888 DATA >@888
236 Ol6E 7C00 DATA >7000
0237 0170 3840 DATA >3840 CHARACTER 6 ASCII 36
0238 0172 80F0 DATA >80F#9
0239 0174 8888 DATA >8888
240 8176 7000 DATA >7008
0241 8178 FB8OGS8 DATA >F888 CHARACTER 7 ASCII 37
p242 917A 1920 DATA >1020
0243 017C 4840 DATA >4040
2244 B17E 4000 DATA >4000
@245 9180 7088 DATA >7088 CHARACTER 8 ASCII 38
0246 0182 8870 DATA >8870
#247 0184 8888 DATA >8888
p248 6186 7000 DATA >7000
0249 9188 7088 DATA >7088 CHARACTER 9 ASCII 39
8250 618A 8878 DATA >8878
@251 p18C 0810 DATA >0810
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0252 018E EGO0Q DATA >EQ00

0253 @190 0000 DATA >0000 CHARACTER : ASCII 3A
0254 0192 2000 DATA >2000

8255 0194 2000 DATA >2009

0256 0196 0BOO DATA >0000

6257 0198 9000 DATA >0000 CHARACTER ; ASCII 3B
0258 019A 2000 DATA >2000

0259 019C 2020 DATA >2020

6260 G19E 4060 DATA >4000

0261 D1AQ 1620 DATA >10828 CHARACTER < ASCII 3C
0262 01A2 4980 DATA >4080

0263 B1A4 4920 DATA >4020

0264 01A6 1000 DATA >1000

0265 01A8 0000 DATA >0000 CHARACTER = ASCII 3D
0266 D1AA F800 DATA >F800

0267 B1AC F800 DATA >FB800

0268 O1AE 0000 . DATA >0009

0269 P1BO 4020 DATA >4020 CHARACTER > ASCII 3E
0270 61B2 1008 DATA >1008

8271 01B4 1020 DATA >1820

0272 B1B6 4000 DATA >4000 ‘

0273 61B8 7088 DATA >7088 CHARACTER ? ASCII 3F
0274 G1BA 1020 DATA >1020

0275 01BC 2000 DATA >2000

@276 O1BE 2000 DATA >2000

@277 01ce 7088 DATA >7088 CHARACTER @ ASCII 490
@278 ¢1C2 A8BS DATA >A8BS

6279 81c4 BOBO DATA >B@8D

0280 @1Ce 7880 DATA >7800

6281 01c8 2050 DATA >2050 CHARACTER A ASCII 41
0282 G1CA 8888 DATA >8888

0283 plccC Fr888 DATA >F888

p284 PICE 8800 DATA >8800

#285 P1DO FO88 DATA >F088 CHARACTER B ASCII 42
#286 ©1D2 88FD DATA >88F0

@287 Blp4 8888 DATA >8888

0288 01D6 FOOD DATA >F800

289 91D8 7088 DATA >7088 CHARACTER C ASCII 43
0290 01pA 8480 DATA >8080

2291 @1DC 8888 DATA >8088

p292 O1DE 7000 DATA >7000

6293 PlEQ FrO88 DATA >FP88 CHARACTER D ASCII 44
P294 P1E2 8888 DATA >8888

0295 PlE4 8888 DATA >8888

0296 O1lE6 FOAOO DATA >F000

0297 P1EB F880 DATA >FB880 CHARACTER E ASCII 45
#298 G1EA BOF@ DATA >80F0@

8299 91EC 8880 DATA >8080

6300 P1EE F800 DATA >F800

6301 91F9 F880 DATA >F880 CHARACTER F ASCII 46
p362 B1F2 8OF0 DATA >80F8

303 61F4 8089 DATA >B080

0304 01F6 8000 DATA >8000

305 01F8 7880 DATA >7880¢ CHARACTER G ASCII 47
b306 OG1FA 8080 DATA >808#¢

p307 O1FC 9888 DATA >9888

308 P1FE 7800 DATA >7800

06309 0200 8888 DATA >8888 CHARACTER H ASCIT 48
310 0202 88F8 DATA >88F8

0311 6204 8888 DATA >8888
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0312 9206 8800 DATA >8800
0313 p208 7020 DATA >79020 CHARACTER I ASCII 49
0314 020A 2820 DATA >2828
9315 P20C 2020 DATA >2020
@316 P2PE 7008 DATA >7008
8317 B21¢ 9898 DATA >0828 CHARACTER J ASCII 4A
0318 0212 9868 DATA >08@8
p319 9214 @888 DATA >0888
03208 D216 7000 DATA >7000
0321 09218 8890 DATA >8890 CHARACTER K ASCII 4B
8322 921A AGCO DATA >ABCO
0323 P21C APIO DATA >AD90
0324 021E 8888 DATA >8800
p325 0220 8080 DATA >80809 CHARACTER L ASCII 4C
D326 0222 8080 DATA >8080¢
327 0224 8080 DATA >8080
6328 6226 F800 DATA >F800
0329 @228 88D8 DATA >88D8 CHARACTER M ASCII 4D
8330 022A A8AS8 DATA >A8AS8
@331 p22C 8888 DATA >8888
0332 B22E 8860 DATA >8800
333 0230 8888 DATA >8888 CHARACTER N ASCII 4E
0334 6232 C8A8 DATA >CB8AS8
@335 6234 9888 DATA >9888
0336 0236 8800 DATA >8800
8337 9238 7088 DATA >7088 CHARACTER © ASCII 4F
6338 223A 8888 DATA >8888
@339 923C 8888 DATA >8888
8340 823E 7000 DATA >7000
0341 0240 FO88 DATA >F@88 CHARACTER P ASCII 50
342 0242 88F0 DATA >88F9
343 0244 8080 DATA >8080
0344 9246 8000 DATA >8080
p345 0248 7088 DATA >7088 CHARACTER Q ASCII 51
P346 B24A B8B8 DATA >8888
6347 B824C A890 DATA >AB90
8348 D24E 6800 DATA >6808
8349 6258 Fp88 DATA >FP88 CHARACTER R ASCII 52
P350 G252 88F0 DATA >88F0
0351 0254 AQB90 DATA >Ap90
@352 P256 880D DATA >8800
G353 0258 7088 DATA >7088 CHARACTER S ASCII 53
B354 025A 8070 DATA >8070
8355 @25C 0888 DATA >0888
#8356 025E 7008 DATA >7000
06357 0260 F820 DATA >F828 ' CHARACTER T ASCII 54
0358 0262 2020 DATA >2020
0359 0264 2020 DATA >2020
0360 0266 2000 DATA >2000
0361 0268 8888 DATA >8888 CHARACTER U ASCII 55
0362 p26A 8888 DATA >8888
0363 926C 8888 DATA >8888
0364 026E 7000 DATA >7000
0365 8270 8888 DATA >8888 CHARACTER V ASCII 56
0366 D272 8888 DATA >8888
0367 0274 8850 DATA >885¢0
8368 0276 2p00 DATA >2000
2369 0278 8888 DATA >8888 CHARACTER W ASCII 57
8370 627A 88AS8 DATA >88A8
8371 827C A8D8 DATA >ABDS
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P372 227E 8809 DATA >8840
0373 @280 8888 DATA >8888 CHARACTER X ASCII 58
0374 0282 5020 DATA >5028
@375 0284 5088 DATA >5088
#376 0286 8880 DATA >8800
0377 6288 8888 DATA >8888 CHARACTER Y ASCII 59
@378 928A 50620 DATA >58208
0379 028C 2020 DATA >2020
P386 D2BE 2000 DATA >20@0 .
9381 0299 F808 DATA >F808 CHARACTER 2 ASCII 5A
0382 P292 1420 DATA >1020
9383 0294 4080 DATA >4080
9384 0296 F80D DATA >F800
0385 P§298 F8CO DATA >F8CP CHARACTER | ASCII 5B
386 029A coco DATA >COCO
387 D29C CoCo DATA >COHCO
p388 029E F800 DATA >F800
0389 02A0 0080 DATA >0080 CHARACTER ASCII 5C
0390 02a2 4020 DATA >4020
pP391 02a4 10908 DATA >1008
0392 02A6 0000 DATA >0000
#393 @2A8 F818 DATA >FB818 CHARACTER ] ASCII 5D
0394 G62AA 1818 DATA >1818
0395 92AC 1818 DATA >1818
@396 OD2AE F800 DATA >F800
0397 02BG 006D DATA >0000 CHARACTER ASCII SE
@398 @2B2 2050 DATA >2058
399 §2B4 8800 DATA >8800
0400 G2B6 POOO DATA >0000
04C1 02B8 0000 DATA >0000 CHARACTER _ ASCII 5F
9402 02BA 6000 DATA >0000
0403 92BC 0000 DATA >0000
p484 Q2BE F8HO DATA >F80#9
0405 B2CH 4820 DATA >4020 CHARACTER ASCII 68
406 B2C2 1000 DATA >1000
D4B7 D2CA 2800 DATA >0000
0408 02C6 0PO0 DATA >0000
0409 @2C8 0960 DATA >0000 CHARACTER a ASCII 61
P41p G2CA 7088 DATA >7088 )
0411 @82CC r88s DATA >F888
@412 @2CE 8800 DATA >8860
0413 @¢2D0 6000 DATA >8000 CHARACTER b ASCII 62
0414 82D2 FO48 DATA >F048
0415 02D4 7048 DATA >7048
0416 02D6 FBOO DATA >FP@@
0417 02D8 0000 DATA >0000 CHARACTER ¢ ASCII 63
0418 62DA 7880 DATA >7880
6419 62DC 8080 DATA >808¢
0420 P2DE 7800 DATA >7800
0421 02E0 G860 DATA >0000 CHARACTER d ASCII 64
0422 B2E2 Fo48 DATA >F048
0423 02E4 4848 DATA >4848
0424 02E6 FOOO DATA >F000
0425 P2E8 00060 DATA >0000 CHARACTER e ASCII 65
426 02EA FO8O DATA >FO80
0427 O2EC EO80 DATA >EB80
0428 G2EF FQO0 DATA >F@00
G429 G2F0 0060 DATA >0000 CHARACTER f ASCII 66
D430 O2F2 FB8O DATA >F080
0431 02Fr4 EG8Q DATA >EG80
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0432 P2F6 8000 DATA >8000
0433 02F8 0000 DATA >0000 CHARACTER g ASCII 67
0434 Q92FA 7880 DATA >7880@
0435 P2FC BBS8SB DATA >B888
0436 O2FE 7000 DATA >7000
0437 0300 #0000 DATA >@P00 CHARACTER h ASCII 68
0438 P302 8888 DATA >8888
£439 0304 F888 DATA >FB888
0440 9306 8806 DATA >886¢
0441 p308 0000 DATA >@0880 CHARACTER i ASCII 69
P442 930PA FB2O DATA >F820
U443 B30C 2020 DATA >2820
0444 B30E F800Q DATA >F800
0445 9310 0000 DATA >9800 CHARACTER j ASCII 6A
0446 6312 7828 DATA >7020
8447 0314 20A0 DATA >28A0
0448 0316 EO@O DATA >E000
0449 6318 900D DATA >2009 CHARACTER k ASCII 6B
0450 ©31A 90AQ DATA >90A0
2451 @31C ABCH DATA >ABCO
p452 B31E 9800 DATA >9000
0453 0320 0040 DATA >0000 CHARACTER 1 ASCII 6C
0454 9322 8080 DATA >8080
0455 0324 8088 DATA >8080
0456 0326 F80O0 DATA >F8€0
0457 0328 0000 DATA >8060 CHARACTER m ASCII 6D
p458 032A 88D8 DATA >88D8
6459 @32C n888 DATA >A888
0460 B32E 8800 DATA >8800
0461 033p 0000 DATA >0600 CHARACTER n ASCII 6E
6462 06332 88C8 DATA >88C8
0463 8334 A898 DATA >A898
0464 0336 880D DATA >8800
0465 0338 0000 DATA >0080 CHARACTER o ASCII 6F
0466 033 rB88 DATA >F888
8467 0833C 8888 DATA >8888
f468 G33E F880 DATA >F860
8469 0340 0000 DATA >0000 CHARACTER p ASCI1 70
9470 6342 FO88 DATA >F088
P471 0344 FOBO DATA >F080
P472 D346 BOOD DATA >B0028
#473 0348 @000 DATA >0000 CHARACTER ¢q ASCII 71
@474 034A FB888 DATA >F888
P475 £34C A89D DATA >A890
0476 O34E EO0O DATA >E000
0477 8350 00060 DATA >86080 - CHARACTER r ASCII 72
8478 8352 F888 DATA >F888
0479 9354 F8A0Q DATA >FBAP
0480 9356 9080 DATA >9000
0481 6358 0008 DATA >0000 CHARACTER s ASCII 73
@482 @35A 7880 DATA >7880
0483 P35C 7008 DATA >7008
6484 G35E FOOO DATA >F000
0485 6360 0000 DATA >0000 CHARACTER t ASCII 74
@486 0362 F829 DATA >F824
0487 0364 2020 DATA >2020
0488 0366 2000 DATA >2000
0489 6368 0000 DATA >6000 CHARACTER u ASCII 75
0490 @36A 8888 DATA >8888
p491 P36C 8888 DATA >8888
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492
2493
2494
9495
8496
2497
0498
0499
8sa0
561
9502
85083
0504
#5085
p5g6
6587
6508
509
@510
9511
p512
6513
0514
@515
516
9517
2518
8519
05208
521
8522
9523
524
#8525
9526
9527
528
9529
8530
8531
532
533

P36E
0370
372
9374
8376

9378

837a
#37C
837E
8380
p382
8384
0386
388
p3sa
p38C
P38E
9399
2392
B394
2396
398
g39a
@39C
B39E
370
g3A2
2374
03A6
#3a8
23AA
83AC
B3AE
p3BP
83B2
p3B4
@3B6
2388
#3BA
#3BC
P3BE

NO ERRORS,

SDSMAC 3.4.0 Bl.117

7000
0000
8888
90 A0
4000
poao
8888
A8DS8
8800
0000
8860
20690
88peo
poao
8859
20820
2000
oo
F8l19
2040
F8o@
3840
20CO
2040
3800
4020
1008
1020
4000
E010
2018
20109
E0 00
49A8
1980
o060
0000
AB50
A859
AB50
ABOD

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DA'TA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
END
NO WARNINGS

>7000
>0000
>8888
>90A0
>4000
>0000
>8888
>A8DS8
>8808
>0e00
>8860
>2069
>8800
>0600
>8858
>2020
>2000
>0000
>F8190
>20440
>F800
>3840
>20CH
>2049
>3800
>4020
>lo08
>1020
>4000
>ER1P
>2018
>2014
>E000
>40A8
>1800
>00009
>0009
>AB58
>AB58
>A858
>AB00
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CHARACTER

CHARACTER

CHARACTER

CHARACTER

CHARACTER

CHARACTER

CHARACTER

CHARACTER

CHARACTER

CHARACTER

27, 1982,
v ASCII
w ASCII
X ASCII
y ASCII
b4 ASCII
ASCII
ASCII
ASCII
ASCII
ASCII

76

77

78

79

TA

7B

7C

7D

7E

TF
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45 TMS9900 SOFTWARE SUBROUTINES

NOTE: Before using any of the line drawing subroutines, the “'Load Line Drawing Patterns” subroutine must be executed.

PATTERN PATTERN PATTERN
00 01 02

=00 =18
=00 =18
= =18

=18

=18

=18
= =18
=00 =18

PATTERN PATTERN PATTERN
03 04 05

= =18
=00 =18
=00 =18
=1F =F8
=1F =F8
=18 =00
=18 =00
=18 =00

PATTERN
06
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PAGE 0002
001 IDT 'SEGHENTS'
gggz ***t******************************************************
6003 * *
gpo4 * TMSS918A SUBROUTINES *
£o05 * *
00@6 *******************t**************************************
0og7 9000 VRAMW EQU >9008 ADDRESS TO URITE DATA TO VRAHM
0008 9002 VDPW EQU >9802 ADDRESS TO VRITE DATA TO VDP
0809 9004 VRAMR EQU >9004 ADDRESS TO READ DATA FROM VRAM
081p 9006 VDPR EQU >9086 ADDRESS TO READ STATUS FROMN VDP
0011 **********************************************************
0p12 * *
£013 * LOAD LINE DRAWING PATTERNS *
014 * *
G015 * REGISTERS USED: *
3016 * *
00617 * REG 1 = RESERVED *
6018 * REG 2 = RESERVED *
0019 * REG 3 = ADDRESS OF PATTERM GENERATOR *
0820 * REG 4 = PATTERN LOCATION IN IEMORY *
0021 * REG 5 = COLORS OF DRAWING PATTERNS *
8022 * (USER DEFINED) *
0023 **********************************************************
0024 *
0025 *
p026 9066 0201 LI R1,VRAMW ADDRESS TO VRITE DATA TO VRAM
p002 9000
0027 AGpN4 0202 LI R2,VDPY ADDRESS TO WRITE TO VDP
PoB6 9602
(1028 00068 0203 LI R3,>4800 ADDRESS IN PATT GEMN FOR PATT 0
fOBA 4800
0029 g06C 0204 LI R4,PATD DRAWING PATTERNS LOCATED IN MEM
gBoE 0D2E!
0030 g016 C483 110V R3,*R2 SEND MSB OF VRAM ADDRESS TO VDP
0031 60Y2 06C3 SWPB R3 REVERSE BYTES
0032 0014 C483 110V  R3,*R2 SEND LSB OF VRAM ADDRESS TO VDP
g033 0016 0203 LI n3,56 7 PATTERNS X 8 BYTES EACH
0018 0038
0034 0G1A D474 LLD1 MOVB #*R4+, *R1 SEND BYTE TO VRAHM
#035 061C 0603 DEC R3 DECRENENT BYTE COUNLT
0036 OD1F 16FD JNE LLD1 IF NOT DONE, GET MEXT BYTE
po37 0629 6203 LI R3,>4200 ADDRESS OF COLOR TABLE
pn22 4200
6938 0024 C483 1OV  R3,*R2 SEND LSB OF VRAlM ADDRESS TO VDP
0039 0026 06C3 SUPB R3 REVERSE BYTES
po40 pe28 C483 HOV  R3,*R2 SEND !ISB OF VRAM ADDRESS TO VDP
f041 002A C445 1OV R5,*Rl SEND COLOR BYTE TO VRAl
0842 002C 045D D *nll RETURN TO CALLING PROGRA!
043 *
gaas *
p@gas * PATTERNS FOR LINL DRAWING
0046 *
G047 *
0048 0O02F €000 PATD DATA >0000 PATTERI g
6049 0030 0OOFF DATA >@0OFF
gO50 0032 FFOOD DATA >FF0Q
0051 0634 0800 DATA >0006
6052 6636 1818 DATA >1818 PATTERN 01
0053 (0038 1818 DATA >1818
$054 003A 1818 DATA >1818
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g055 803C 1818 DATA >1818
5056 O03E 0000 DATA >00806 PATTERN 02
£057 6648 COFS§ DATA >DBFr8
0058 0042 F8lg DATA >FB818
#0059 pC44 1818 DATA >1818
0060 046 0000 DATA >0000 PATTERN 03
0061 0048 O01F DATA >001F
062 004A 1F18 DATA >1F18
0063 004C 1818 DATA >1818
0064 SO4E 1818 DATA >1818 PATTERN 04
A065 0056 18F¢ DATA >18F8
(966 0052 F8OD DATA >F80@
0067 0054 0000 DATA >00C8
f066 056 1818 DATA >1B18 PATTERN 05
§069 0058 181F DATA >181F
0g76¢ OO0SA 1F00 DATA >1FGO
G071 BO5C 0000 DATA >0060
6072 @05E 1818 DATA >1818 PATTERN @06
£073 0660 18FF DATA >18FF
74 6062 FF18 DATA >FF18
G075 A064 1818 DATA >1818
3976 *
0677 *
0078 kdkdkkhkhkkkhk kb ko hkkk kA khkdhhkhkhkhhkhbhhkhhdhhhkhhhhhkkhd
6079 * *
£asn * LOAD SPRITES SUBROUTINE *
gl * *
cog2 * REGISTERS USED: *
0G83 * *
[G84 * Rl = RESERVED *
i85 * R2 = RESERVED ‘ *
Gog6 * R3 = ADDRESS OF SPRITE TABLE IN VRAl *
G087 * R4 = MEHORY ADDRESS OF SPRITE TABLE (USER DEF) *
G088 * RS = NUMNBER OF BYTES TO TRANSFER (USER DEF) *
Goge * *
gogg [ X R R R R R R R R R R R R X R E2 S X R RS RSS2SR X2 RSS RS2 X R AR AR & &1
g6rsl1 *
gre2 0rGce 0201 LI R1,VRANY ADDRESS TO WRITE DATA TO VRAM
0068 9690
0003 (06A £202 LI R2,VDPY ADDRESS TO WRITE TO VDP
go6C 9082
0094 0060 £203 LI R3,>4000 ADDRESS OF SPRITE TABLE IN VRAI
go70 4000
0095 0072 C483 MOV R3,*R2 SEND LSB OF VRAN ADDRESS TO VDP
0096 0074 £6C3 SWPB PR3 REVERSE BYTES
£097 0076 C483 HOV  R3,*r2 SEND MSB OF VRAl!l ADDRESS TO VDP
(0098 9678 DOF4 LDPL HOVE *R4+,R3 GET BYTE OF DATA FROli NE!N
0099 G07A G6C3 SiIPB R3 REVERSE BYTES
G100 607C C443 11OV R3,*R1 SEND DATA TO VRAH
0191 BO7E 0605 DEC RS ARE VIE DONE YET?
0102 0080 16FD JNE LDPL 110, GO AGAIN
(i103 0082 045B B *nl1l YES, RETURN TO CALLING PROGRAILI
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8105
0106
gla7
5188
0109
0110
g111
g112
g113
0114
0115
g116
8117
6118

8119
0120

p121
9122
#123
6124

4125

6126
6127
128
£129
pi3a
gi31
g132
0133
8134
G135
06136
8137
138
g139
Glag
P141
‘0142
£143
G144
g145
gl4e
0147
0148
p149
p158

g151

pls2
0153
£154
0155
0156
6157

0884
0086
0A8s
onsa
fg8cC
008E
0090
pga2
0094
0096
P98
Da9A
gaoc
POSE
ooRo
g0A2
goa4

POAG
POAS
ABAA
BOAC
COAE
00Be
poB2
f6p4
ggB6
goB8

SPSMAC 3,4.0 81.117

g201
9000
0202
%2002
g203
4400
C483
86C3
C483
p2g82
8300
0203
0028
Ca43
0602
16FD
0458

0201
9000
#2062
9002
C483
06C3
c483
DOB4
1383
g6C2
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dhkhkhhhhhhhhdkhkkkh ARk kR kI kb kA kb khkkhk kR hhrhhhhk Ak khkk

*

*

*

* REGISTERS USED:

*

* Rl = RESERVED

* R2 = RESERVED

* R3 =

*

*

*

*

CLSC LI  R1,VRANW
LI  R2,VDPW
LI R3,>4400
MOV R3,*R2
SWPB R3
HOV R3,*R2
LI R2,768
LI  R3,>20

CSL1 MOV R3,*Rl
DEC R2
JNE CSL1
B *Rll

*

*

*

*

*

*

*

* REGISTERS USED:

*

* Rl = RESERVED

* R2 = RESERVED

* R3 =

*

* R4 =

*

* NOTE:

*

*

*

*

PRUT LI  R1,VRAMW
LI  R2,VDPV
MOV R3,*R2
SWPB R3
OV  R3,*R2

PRL1  HOVB *R4+,R2
JEQ PRL2
SWPE R2

CLEAR SCREEN SUBROUTINE

START ADDRESS ON SCREEN

PRINT MESSAGE SUBROUTINE
AND BRANCH TO USERS PROGRAM

419

STARTING ADDRESS OF MESSAGE IN NAME
TABLE (USER DEFINED)
HEHORY ADDRESS OF MESSAGE (USER DEFINED)

END MESSAGE STRING WITH A BYTE 00

* ¥ % % % * * ¥ F

Fhhkdhhkh bbbk hd kA Ahkhkhhhhrhkhhhhhhhhkhhhkhhdbhhkhhhhkkbhhhd

ADDRESS TO WRITE DATA TO VRAHM
ADDRESS TO WRITE TO VDP
START LOCATION OF THE NAME TABLE

SEND LSB OF VRAM ADDRESS TO VDP
REVERSE BYTES

SEND MSB OF VRA!YM ADDRESS TO VDP
#OF POSITIONS ON SCREEN

ASCII SPACE CHAR

SEND SPACE CHAR TO VRAM

ARE ALL LOCATIONS CLEAR?

10, GO AGAIN

YES, RETURH TO CALLING PROGRAH

khhhkhhhkhhkhhhkhhhhhhkhhhkhhkkhhhhdkhhkthhhhhhhhkhhhkhhhhkhkkrhhhhdkk

* % % ok N % % o % % F F * ¥

khkkkhhkhdhkhhhkhhdhkhhhkdhhkhhhdkhkdkhd A hhrh kA kb h Ak Ak kkdhr

ADDRESS TO VIRITE DATA TO VRAHN
ADDRESS TO WRITE TO VDP

SEND LSB OF VRAli ADDRESS TO VDP
REVERSE BYTES

SEND HSB OF VRAM ADDRESS TO VDP
GET BYTE OF TEXT FROH HEM

IF ZERO, THEN END OF HESS

INDEX BYTE INTO POSITION



SEGHMENTS

0158
6159
0l60
glel
0l62
l63
6164
6165
gl66
ple67
6168
6169
6176
8171
8172
g173
§174
£175
g1l76
0177
6178

¥179

gl8e
G181
g182
p183

0184
gles
0186

0187
0188
plso
g1l90
@l91
gl92
0193
£l94
8195
196
g197
£198
£199
p200
0201
G202
203
p204

0205
206
p207
g20¢
g20¢

g219

00BA
goBC
0O0BE

goco
poc2
BoC4
poce
ppCcs
GOCA
pecc
¢0CE
gope
ggp2
00D4
0OD6
00D8
ooDA
goDC

pODE
COEOD
OGE2
gOE4
GeE6
OOES
g0EA
gOEC
OO0EE
0arFg

SDSMAC 3.4.0 81.117

C442
10FB
p45B

0201
90090
0202
9002
c4ae3
B6C3
Cc483
202
up20
Cc442
583
0283
4700
1AFB
0458

p201
9200
p2op2
9602
C483
pec3
c483
0202
6020
£6203

Hov R2Z,*R1
JMP PRL1
PRL2 B *R11
*

*

13:36:55 TUESDAY, SEP 21, 1982,

PAGE 0005

SEND CHAR TO VRAM
GET NEXT CHAR
RETURN TO CALLING PROGRAM

Y 2222222223222 2 s 22122222222 222 22222ttty

*

*

%*

* REGISTERS USED:
*

* Rl = RESERVED
* R2 = RESERVED
* R3 =

*

*

*

*

hkkhkhhhkhhhkhhhhdkhhkhkhhhdkhkhhdkdhdekhdhdhhhhhhhdhhhhkhhhhkkk

*
EEOS LI R1,VRAMW

LI R2,VDPW

MOV R3,*R2
SUPB R3

MOV R3,*R2
LI R2,>20

EES1 MOV R2,*R1
INC R3
CI R3,>4760

JL EES1
B *R11

*

ERASE TO END OF SCREEN SUBROUTINE

ADDRESS IN MAME TABLE TO START ERASURE
(USER DEFINED), R3 MUST BE EQUAL TO

OR GREATER THAMN >4400, AND MUST BE LESS
THAN OR EQUAL TO >46FF

*
*
*
*
*
*
*
*
*
*
*
*

ADDRESS TO WRITE DATA TO VRAI
ADDRESS TO WRITE TO VDP

SEND LSB OF VRAN ADDRESS TO VDP
REVERSE BYTES

SEND MSB OF VRAM ADDRESS TO VDP
LOAD R2 WITH 'SPACE' CHAR

SEND 'SPACE' TO SCREEN
INCREMENT CHAR COUNT
ARE WE AT THE END OF SCREEN

IF NOT GO AGAIN
YES, RETURN TO CALLING PROGRAM

khkkdkhkhhkhhkkkhhkhrhhdhhhrhkdkhhhhhhhkthhhhkhkhhhkdkdhhhkkkhhkhrkk

*

*

%*

* REGISTERS USED:
*

* Rl = RESERVED
* R2 = RESLCRVED
* R3 =

*

*

*

*

ERLN LI Rl , VRAHW
LI R2,VDPW
MOV R3,*R2
SUPB R3
MOV R3,*R2
LI R2,>20

LI R3,32

420

ERASE LINE SUB

STARTING ADDRESS IN LINE IN NAME
TABLE TO BE ERASED (USER DEFINED)

kkkhkhkkhkhkhkkhkhhkhhhhhkhhhhrhhhhkhrhhkhhddhdhdkhdhhdhkdohhdhkhhd

* % ok % o % ¥ % F ¥

ADDRESS TO WRITE DATA TO VRAN
ADDRESS TO WRITE TO VDP

SEND LSB OF VRA!M ADDRESS TO VDP
REVERSE BYTES

SEND HMSB OF VRAlN ADDRESS TO VDP
LOAD R2 WITH 'SPACE' CHAR

LOAD R3 WITH # OF POSTIONS



SEGHMENTS

211
8212
0213
214
0215
6216
0217
pg218
6219
6228
g221
£222
£223
8224
6225
226
B227
0228
0229
0230
£231

p232

5233
0234
G235
0236
0237
0238

0239
0240
8241
£242
(0243
5244
3245
246
0247
0248

0249
0250
0251
252
¢253
8254
0255

0256

0257
0258
5259
260
£261
262
0263

0OF2
AOF4
60F6
Bers
@OFA

OgFC
gorEe
0108
g1g02
0104
0106
5168
gloa
Gloc
0l0rC
6110
0112
0114
glle
g0l1g
Cl11A
011C
0l1E
8120
0122
0124
0126
0128
G12A
012C
012E
g130
£132
0134
136
0138
013A
013¢C
B13E
014¢
0142
0144
0146
148

SDSMAC 3,4.9 81.117 13:36:55 TUESDAY, SEP 21, 1982,

po2p
C442
603
16FD
p458

g201
o080
0202
9602
C483
J6C3
C483
f6C3
Ccl8o
0226
6ool
C446
Clc4
0647
1364
Cl89
C446
g607
16FD
C189
0226
0005
C446
C203
ClcCs
6647
138C
Cl189
0226
0003
0228
0820
c488
06C8
c488
n6C8
Co46
0607
16F7

dkkhdehdhhhkhkhkdhddde kb h ke kAR A AR AR AT AR R AR AR AR Ak kT K

PAGE 0006

ERL1 MOV R2,*R1 SEND 'SPACE' CAHR TO NAME TABLE

DEC R3 DECREMENT CHAR COUNT

JNE ERL1 IF NOT DONE, GO AGAIN

B *R11 LONE, RETURN TO CALLING PROG
*
*
**********************************************************
* *
* DRAW A HORIZ LINE *
%* *
* REGISTERS USED: *
* *
* R3 = ADDRESS OF UPPER LEFT CORNER *
* R4 = # OF HORIZ POSITIONS *
* RS = # OF VERT POSITIONS *
* R9 = PATTERN # OFFSET *
* *
* *
*
*

DBOX LI R1,>9060 ADDRESS OF DATA TO 9918

LI R2,>9602 ADDRESS OF ADDRESSES TO 9918
IOV R3,*R2 SEND LSB OF ADDRESS TC 9918
SUPD R3 REVERSE BYTES
1fOV  R3,*R2 SEND MSB OF ADDRESS TO 9918
SHPB R3 REVERSE BYTES
lov  PR9,R6 GET OFFSET
Al R6,>01 POINT TO UPPER LEFT CORMNER PATTE
1iIOV  R6,*R1 SEND IT TO THE 9918
110V R4,R7 STORE IIORIZ COUNT IN TEMP REG
DECT R7 DETERMINE (LENGTH -~ CORMERS)
JEQ DBL2 HO LENGTH OTHER THAN CORNERS
IOV R9,RE PATTERN 08 + OFFSET
DBL1 1OV R6,*Rl SEND LINE SEGMENT TO 9918
DEC R7 DEC LINE COUNT
JNE DBL1 NOT DONE YET, GO AGAIN
DEL2 1OV  RY9,R6 GET OFFSET
1.9 R6,>65 POINT 70 UPPER RIGHT CORNER
HOV  R6,*R1 SEND IT TO 9918
MOV  R3,R8 SEND ADDRESS OF UPPER LEFT TO TE
Hov  R5,R7 SEND VERT COUNT TO TEHP
DECT R7 DETERMINE (HEIGTH - CORMNERS)
JEO DBL4 'O HEIGTH OTHER TIIAN CORNERS
11OV R9,R6 GET OFFSET
AI R6,>03 POINT TO VERT LINE PATTERM
DBL3 AL RE,>20 INC VERT POSITION BY 1 CHAR
1OV R8,*R2 SEND ADDRESS TO 9918
SYPE R8 REVERSE RYTES
1OV R8,*R2 SEND ADDRESS TO 9918
SIPR RS REVERSE BYTES
{10V R6,R1 SEND VERT LINE SEGHENT TO 9918
DEC R7 DECRENENT VERT COUNT
JNE DBL3 NOT DONE YET, GO AGAIN

421



SEGMENTS

0264

8265
0266
p267
0268
0269
8270

0271
8272
6273
274
8275
6276
277
0278
0279
3280

0281
g282
0283
0284
0285
0286
p287
p288
6289
0290

0291
8292
9293

0294
0295
0296
0297
0298
6299
0300
6301
0382
8303
8304
0305
0306
6307
g368
6369
0310
6311
6312
313
314

8315
0316

g14a
gl4c
014E
8158
152
£154
28156
@158
B15A
815C
#15E
0160
6162
£164
0166
f168
gl6A
816C
@16E
8170
6172
0174
8176
0178
g17Aa
017¢C
8178
0180
0182
6184
0186
9188
gls8a
GISC
918E
0190
8192
0194
196
0198
g19a
glocC
@19E

01A0
01a2
#1a4
01A6
p1la8

SDSHMAC 3.4.8 81.117

0228
0020
C488
g6Cs8
cuss
06C8
C189
0226
app2
C446
Clc4
€647
1304
Cl89
C446
8607
16FD
c189
0226
0004
C446
Clcs
0647
1312
clca
0667
c283
A207
C189
0226
0003
ClC5
8647
228
9620
c488
p6cs
C488
p6Cs8
C446
0607
16F7
045B

0201
9009
0202
9662
02083

DBL4 Al

Hov
SUPB
MoV
SWPB
MoV
Al

HOV
Hov
DECT
JEQ
nov
DBL5 HOV
DEC
JNE
DBL6 Hov
Al

Hov
Hov
DECT
JEQ
HOV
DEC
Hov
A
HOV
Al

MOV
DECT
DBL7 AT

HOV
SUPB
Hov
SVIPB
LoV
DEC
JHE

DBLS B
*

*

R8,>20

R8,*R2
R8

R8
R9,R6
R6,>82

RG, *R1
R4 ,R7
R7
DBL6
RS, RG
R6, *R1
R7
DBL5
R9,R6
R6,>04

R6, *R1
RS ,R7
R7
DBLS
R4 ,R7
R7
R3,R8
R7,R8
R9,R6
R6,>03

R5,R7
R7
R8,>20

R8,*R2
R8

13:36:55 TUESDAY, SEP 21, 1982,

PAGE 06007
INC VERT POSITION BY 1 CHAR

SEND ADDRESS TO 9918A

REVERSE BYTES

SEND ADDRESS TO 9918

REVERSE BYTES

GET OFFSET

POINT TO LOWER LEFT CORNER PATT

SEND IT TO 9918
SEND HORIZ COUNT TO TEMP
DETERMINE (HORIZ - CORMNERS)
IO HORIZ OTHER THAN CORNERS
GET OFFSET
SEND HORIZ PATTERH TO 9918
DECREMENT HORIZ COUNT

IF NOT DONE, GO AGAIN

ET OFFSET
POINT TO LOWER RIGHT PATTERHN

SEND PATTERN TO 9918

STORE VERT COUNT IN TEMP
DECREMENT VERT COUNT

IF MO VERT SEGHNENTS, DONE

STORE HORIZ COUNT IN TENP
DECREMENT HORIZ COUNT

STORE ADDRESS OF UPPER LEFT COR
FIND UPPER RIGHT CORNER LOCATION
GET OFFSET

POINT TO VERTICAL LINE PATTERN

STORE VERT COUNT IN TEMP
DETERHINE (HEIGHT - CORNHERS)
INCREMENT VERT POSITIOM BY 1 CHA

SEND ADDRESS TO 9918

REVERSE BYTES

SEND ADDRESS TO 9918

REVERSE BYTES

SEND PATTERN TO 9918

DECREMENT VERT COUNT

IF NOT DONE, GO AGAIN

SUB DONE RETURN TO CALLING PROG

LA A A SRR RS AR RS2 A 22 2R XXX R X2 22}

*

R4

* % % % % ¥

dhkhkhhhkkkdhhkhhhhhkhkdhhkhhhhhhhhhhhkhhhhhhhhhhrkhrhhrhhhtid

*
LDTC LI

LI

LI

LOAD TEXT COLORS SUBROUTINE

= COLORS FOR TEXT CHARACTERS

REGISTERS USED:

R1,>9000

R2,>9802

R3,>4204

422

*
*
*
*
*
*
*
*

ADDRESS FOR TEXT COLORS IN 9916



SEGMENTS

0317
0318
319
8320
p321
g322
6323
0324
£325
@326
0327
0328
8329
8330
0331
£332
£333
0334
G335
0336
8337
g338
9339
0340
8341
p342
0343

81AA
B1AC
21AE
G180
g1B2
81B4
01B6
01BS8

01BA
@1BC
O1BE
alco
g1C2

NO ERRORS,

SDSMAC 3.4.0 81.117

4204
C483
g6C3
c483
C444
8602
16FD
£455

C483
p6C3
c483
A6C3
C445

MOV

SH/PB

MOV
LCLI MOV
DEC
JHE

*

R3, *R2
R3
R3,*R2
R4, *R1
R2
LCLI
*R11

13:36:55 TUESDAY, SEP 21, 1982,

PAGE 00

SEND ADDRESS TO 9918

REVERSE BYTES

8 COLOR CHAR X 8 TEXT/CHAR =
SEND WORD TO 9918

DECREMENT COUNT

IF NOT DONE, GO AGAIN

DONE, RETURN TO CALLING PROG

khkdkdkhhhkhkdehkhdhhhhkhhhhhhhhrkhkhhrhkhhrhhkhkhhdhhhkhdhhhhhhdhdd

*

*
*
*
*
* R3
* R4
* RO
*

DRAW A VERTICAL LINE SUB

ADDRESS ON SCREEN
# OF POSITIOHNS
PATTERN OFFSET

REGISTERS USED:

* % % % % O * % ¥

Ak hRRkkkkhhhkhRhkhkhkhkhkhkhhhhkhkhhhkhhkdhhhhhhhhhdkhbhhhhhhdhdhdhhd

*

DVLI MOV R3,*R2
SWPB R3
110V R3,*R2
SWPB R3
MOV R5,*R1

EMD
NO WARNINGS

423

SEND ADDRESS TO 9918
REVERSE BYTES
SEND ADDRESS TO 9918
REVERSE BYTES
SEND PATTERN TO 9918

a8

64



5.1

5.2

TMS9918A /9928A /9929A ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE-AIR TEMPERATURE RANGE
{unless otherwise noted)*

Supply voltage, VCC ......................................................................... -0.3t020V
AlLINPUt VOIBOES - . . . ottt ettt e i s s st et et at e -03t020V
(0T s VLYo 17- T L~ S R —-2t07V
CoNtiNUOUS POWET diSSIDATION . . . oo\t e et ettt ittt ie et s et a s 1.3W
Operating free-air teMpPeraturB raNGe . ...... v e oreron e e cat et et aas et aat e e 0°Cto70°C
S10rage temMpPeraturB raNGE . ... ....evue i ereneneeaseraarenerstasnrstsaneassasesersasises —-565°Cto +160°C

*Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is 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 rated conditions for extended periods may affect device reliabili-

ty.
RECOMMENDED OPERATING CONDITIONS*

PARAMETER MIN NOM MAX UNIT

Supply voltage, Vc¢ 4,75 5.26 \
Supply voltage, Vss 0 \

SYNC active 10 12 Vv
Input Voltage, V|,

RESET active 0.6 Vv
RESET/SYNC pin

SYNC and RESET inactive 3 6 A

XTAL1, XTAL2 2.75 \Y
High-levsl input, Vi

All other inputs 2.2 \"
Input voltage, V|, SYNC level 2.6 \

EXT VDP pin White level 3.7 \

{TMS9918A only) Black level 3 Vv
Low-level input
voltage, V| 0.8 \Y
Operating free-air
temperature, TA 0 70 °C

* All voltage values are with respect to Vgg.

51



53 ELECTRICAL CHARACTERISTICS OVER FULL RANGES OF RECOMMENDED OPERATING CONDITIONS
{unless otherwise noted)

TMS9918A /9928A /9929A
PARAMETER TEST CONDITIONS | MIN TYPt MAX | UNIT
High-level RAS, CAS, R/W 2.7 3.4
VOH IOH = 400 uA v
output All other 2.4 3.2
voltage outputs
Low-level CPU data oL = 1.2 mA 0.3 0.6
VoL \'
output DRAM loL = 800 pA 0.6
voltage interface
lozH Off-state output current high-level voltage Vg =525V 1 100 HA
applied, DO-D7 outputs
lozL Off-state output current high-level voltage Vg =04V 1 -100 pA
applied, DO-D7 outputs
liH High-level input current Vi =525V,
all other pins at 10 uA
ov
W Low-level input current Vi=0V,
Alf other pins at -10 HA
ov
TMS9918A Only (Figure 5-1)
PARAMETER TEST CONDITIONS MIN NOM MAX | UNIT
Vwhite  Video voltage level of white, COMVID 2.8 3.0 3.2V
Vbiack Video voltage level of black (blank), RL =470 Q
COMVID 2.1 2.3 25V
Vsyne Video voltage level of sync, COMVID 1.85 20 21V

t All typicat values are at Vo = 5.25 V, Ta = 25°C.

5-2




5.3

ELECTRICAL CHARACTERISTICS OVER FULL RANGES OF RECOMMENDED OPERATING CONDITIONS

(unless otherwise noted) (Continued)

TMS9328A /9829A Only (Figure 5-1)

PARAMETER

TEST CONDITIONS MIN NOM MAX | UNIT
Vwhite  Video voltage level of white, Y, R-Y, B-Y 25 3 3.6 Vv
outputs
Vblack Video voltage level of black (blank), Y, R L =470Q 1.6 2.3 25 v
R-Y, B-Y outputs
Vsyne Video voltage fevel of sync, Y output 1.2 1.8 2 v
TMS9928A Only
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Ves Color burst video voltage leve! with respect R-Y output 0.25 v
to V no color
Vneg Color burst video voltage level with respect B-Y output -0.25 Vv
to V no color
TMS9918A./9928A,/9929A (Figure 5-2)
PARAMETER TEST CONDITIONS MIN NOM MAX | UNIT
Video voltage difference, white-black, Y, 0.7 1.0 \'%
R-Y, B-Y outputs
ice Average supply current from Vo Ta = 25°C 200 250 mA
D0-D7
Input unmeasured 20
(o] capacitance All other f=11 MHz, pins 10 pF
inputs at0Vv 10
unmeasured
Co Qutput capacitance f = 11 MHz, pins 20 pF
atoVv

t Al typical values are at Vo = 5.25 V, Ta = 25°C.
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54 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
tsu(A-RL) Address setup time before CSR low )] ns
tsu(A-WL) Address setup time before CSW low 30 ns
thiwL-A) Address hold time after CSW low 30 ns
tsu(D-WH) Data setup time before CSW high 100 ns
th{(WH-D) Data hold time after CSW high 30 ns
tw{wL) Pulse width, CSW low 200 ns
tw(CS-H1) Pulse width, chip select high 8 us

(requesting memory access)
tw(CS-H2) 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
tc Memory read or write cycle time 372 ns
tsu(D-CH) Input data setup time before CAS high 60 ns
th(CH-D} Input data hold time after CAS high 0 ns

External Clock Source (Figure 5-7)

PARAMETER MIN TYP Ml|\x UNIT

1 1

i
foxt External source frequency 10.738098 l MHz

10.738635
10.739172
tr/tf External source rise/fall time 10 15 ns
twH External source high-level pulse width 42 47 52 ns
twi External source low-level pulse width 42 47 52 ns
tpD External source phase delay from XTAL1 42 47 52 ns
falfing edge to XTAL2 falling edge
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5.5 SWITCHING CHARACTERISTICS OVER FUiL RANGE OF RECOMMENDED OPERATING CONDITIONS
(TMS9918A /9928A /9929A)

CPU-VDP Interface

PARAMETER TEST CONDITIONS | MIN TYP MAX UNIT
TAICSR) Data access time from CSR low 100 150 ns
tPvX Data disable time after CSR high 65 100 ns
tPVX,A Data invalid time from address
changes CL =300 pF 0 ns

fePUCLK CPU clock output ciock frequency
(foxt + 3) 34 3.58 3.76 MHz

fGROMCLK  GROM clock output clock frequency
(fext ~ 24) 425.12 4475 469.88 kHz

VDP-VRAM Interface (Figures 5-5 and 5-6)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
tw Pulse width, CAS high 80 100 120 ns
twi(CL) Puise width, CAS low 220 230 250 ns
tw(RH) Pulse width, RAS high 100 125 150 ns
tw(RL) Pulse width, RAS low 190 210 230 ns
twiWw) Pulse width, write pulse 170 190 210 ns
tCA-CL Delay time, column address to CAS CL=80pF -10 -2 ns

low
tRA-RL Delay time, row address to RAS low 25 45 65 ns
t4-WL Delay time, data to R/W low 0 6 20 ns
tWH-CL Delay time, R/W highto CAS low 25 50 75 ns
tW-CH Delay time, R/Wiowto CAS high 120 140 160 ns
tW-RH Delay time, R/W low to RAS high 60 75 90 ns
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55 SWITCHING CHARACTERISTICS OVER FULL RANGE OF RECOMMENDED OPERATING CONDITIONS
(TMS9918A /9928A /9929A) (Continued)

TMS9918A Compaosite video output (Figures 5-8 and 5-9)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
tCL-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 Cotumn address valid after RAS low 95 110 130 ns
tCL-D Data valid after CAS low 240 260 280 ns
tRL-D Data valid after RAS low CL = 50 pF 95 110 125 ns
tWL-D Data valid after R/W low 135 165 195 ns
tCH-WL Read command valid after CAS high 0 ns
tCL-W Write command valid after CAS low 270 290 310 ns
tCH-RL Delay time, CAS high to RAS low 45 65 ns
tCL-RH Delay time, CAS low to RAS high 150 170 190 ns
tRL-CL Delay time, RAS low to CAS low 30 40 50 ns
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5.5 SWITCHING CHARACTERISTICS OVER FULL RANGE OF RECOMMENDED OPERATING CONDITIONS
(TMS9918A/9928A /9929A) (Continued}

TMS9918A Composite video output (Figures 5-8 and 5-9)

PARAMETER TEST CONDITIONS | MIN TYP MAX UNIT
t§ Fall time, Vpjack 1@ Vsync 10 ns
tw(HS) Pulse width, horizontal sync 4.84 us
| Rise time, Vsyne 10 Vblack 20 ns
tHS-CD Delay time, sync to color burst 372 ns
tw(CB) Width, color burst 261 us
tCB-LB Delay time, color burst to left border 1.49 us
RL=470Q
;2 Rise time, Vplack to Vwhite 60 ns
CL =150 pF

twiLB) Left border video width 2.42 us
42 Fall time, V\yhite to Vbiack 110 ns
twiAD) Width of active display area 47 .68 us
tw(RB) Right border video width 2.79 Hs
tRB-HS Delay time, right border to horizontal us

sync 1.49 us
tVFB Vertical front blanking 191.1 us
tys Vertical sync 191.1 ps
VyBB 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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5.5 SWITCHING CHARACTERISTICS OVER FULL RANGE OF RECOMMENDED OPERATING CONDITIONS
(TMS9918A /9928A /9929A) (Continued)

TMS9328A/9929A Y, R-Y, B-Y outputs (Figures 5-10 through 5-13)

PARAMETER TEST CONDITIONS | MIN TYP MAX UNIT
13 Fall time, Vpjackto Vsync 100 ns
twiHSI) Pulse width, horizontal sync 4.84 us
13 Rise time, Vgync 10 Viplack 150 ns
tw(BP) Width, back porch 4.47 us
twiLB1) Width, left border 2.8 us
twi(P) Pulse width, pixel 186.24 ns
twihorz) Width, horizontal line 63.695 us
twiADI) Width, active display area 47.67 us
tr4 Rise time, Vpiack to Vwhite 75 ns
tr4 Fall time, Viyhite 10 Vilack 50 ns
tw(RBI) Width, right border 2.42 us
tw(FP) Width, front porch 1.49 us
R =470 Q
5 Rise time, V no color to V pos CB 150 ns
Cp =15 pF

tw{CB1) Pulse width, pos color burst 2.6 us
%5 Fall time, V pos CB to V no color 100 ns
tw(CB-LBI) Delay time, pos CB to left border 1.49 HS
6 Fall time, V no color to V neg CB 100 ns
t6 Rise time, V neg CB to V no color 150 ns
tw(VSl) Pulse width, vertical sync 465 ns
tVEBI Vertical front blanking 191.09 us
tyst Vertical sync 191.08 us
tVBBI Vertical back blanking 828.04 us
tABAI Active area plus border area total 18.70 m$S

Vertical time 19.91 m$S

NOTE: Fall times depend on external pull-down resistor.



FIGURE 5-1 — LOAD CIRCUIT FOR COMVID {ALL DEVICES) AND RY.Y,
B-Y SWITCHING CHARACTERISTICS (TMS9928A/9929A)

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

1\ RL = 11k FOR
€L = 300pF CD BUS
RL = 1.6k FOR
CL = 50 pF DRAM INTERFACE

FIGURE 5-2 — LOAD CIRCUITS FOR ALL OUTPUTS EXCEPT COMVID,R-Y, Y,B-Y
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WRITE CYCLE

I

- \E twiwL) ::ﬁ-

|

| ||

ODE ' Il
|

tsu(A- wu—y‘—’l F——-I—th(WL A)

——— vwvme § cmsn cm—

DATA
' | |
tsu(D-WH) -'1-———1 [t thWH-D)
FIGURE 5-3 — CPU-VDP WRITE CYCLE FOR TMS9918A /9928A /9828A
READ CYCLE
]
. N
¢ |
l F o),
1 I ﬁ‘ )L N '
MODE i { '
Ty 4 ] |
| i |
tsu{A-RL) —i‘——bl thx,A-—l |-—
| l
l 7F 55 [
DATA I VALID DATA [

I‘—.'—ta(CSR) L——tpvx —.l

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

FIGURE 54 — CPU-VDP READ CYCLE FOR TMS9918A /9928A /9929A
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\
1
e twiRL) —o! |o tw(RH) o

'4
I
sy

|
:-— tRL-CA —f——-"! '
! p——1 tCL-RH i
| : t ®———+— tCH-RL ————————f
L : 1 ' e ’, tw(CH) ———————
CAs ' be——1—twicL) >l T
l 1\',@ : 7 A
§ v ]
tcA-CL — I-———’{— tCL-CA . ! | :
-— -+ TtRLD — | ! !
| | ——tcLp —®, | !
TRA-RL—{a——lamt—~ tRL-RA : N l |
VY Y, Y m WY !
ADO - AD?
A’ ROW OA’ COLUMN ’A‘ ’A’A’A‘A‘A‘A’A :
: | + tHRD —i*
: | twr-D 1 1 |
{ ! - i !
! twL-e tWH-CL > :
RIW t
]
: ' K
— tCL.D —o
FIGURE 56 — VRAM WRITE CYCLE
F tc 4‘:
{
— ! b tw(RL) —————ad [ W(RH)
RAS 1 14
e trLcL—w jf '
F1
j*—tRL-CA ——'r——.l CLaH ,'-4-————- tCH-RL ———»f
— i e—— . T
CAS L \’E-F L twicL) —y 4'\
t i 1
he—j— RARL " ! tw{CH) —o
HE e tCLCA :'F
tRL-RAI —h+ le—ot-tcacL I
_ Y, VAVAVAVAVAVAV.VAVAVAVAVLY.
ADO - AD7 A\ A‘A‘A A’A’A’A’A’A’A‘A’A’

3"’! tCH-WL
- XY KX XXX XXX XX

tu(D-CH) pa——anl
| le—el— thicH-D)

ron-sor XXOCOOOOXAXXXX) (LA
NOTE: Al measuraments are made at 10% and 90% points,

FIGURE 5-6 — VRAM READ CYCLE
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tr—-| '-— tf..l -

VH__-

| et =

—_—— = 275V

o8v

VL
l‘—-—th —’l

be—1tpp

I
——]

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

FIGURE 5-7 — EXTERNAL CLOCK TIMING WAVEFORM

|
tR2=+{ r:,] bo—ts2
tw(RBl—'Ll-—-I I |L
—

j——=t—tRE-HS

FIGURE 58 — TMS3918A COMVID HORIZONTAL TIMING

| I
_'_'VFB""—".'

tveB H
tvs—ﬁ
LINENO. 242 245 246 T e
; VERTICAL VERTICAL | .
END BOTTOM FRONT | VERTICAL BACK | TART TOP
BORDER | sLankings | SYNC BLANKING* | BORDER

*Color burst output suppressed

FIGURE 5-9 - TMS$918A VERTICAL TIMING
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MECHANICAL DATA

TMS9918 40-PIN PLASTIC DUAL-IN-LINE PACKAGE

2.090 {563,1) MAX

Y

LA O o carrirrir

21

EITHER ’
INDEX :

1

LS J N W N OO O WD D YA VO S NN ) N i O SO ) G A |

-®

3 0.600 + 0.010 13
(15,24 + 0,26}
0.020 (0,51)
MiN
i h
108 — SEATING PLANE —p—

% 0017 0,003

(0,279 - o.ovs)‘\\"

0.018 + 0.003
(0,457 - 0,076)-."'-

PIN SPACING 0.100 (254} T.P.
(See Nate b) 0.060 (1,52) NOM

NOTES: a. All tinear dimensions are in inches and parentheticaliy in millimeters. Inch dimensions goven
b, Each pin centerline is located within 0.010 {0.25) of its true longitudinal position.

0.200 (5,08) MAX

l 0.1

- 0.033 (0,84} MIN
0.095 (2,42)
0.055 (1,39)

5 (3,17} MIN

6.2

TMS9918 40-PIN CERAMIC DUAL-IN-LINE PACKAGE

le

2.020 (61.3) MAX

(30) *+—

R T T T e T T e B e T e O o B e O o B e O e B - 4

INDEX
0oT

Po

[ e I

s L L = B == Qi gy e o ey o g ey e g e o

-®
-

e

€ &
0.600  0.010
(15.24 + 0.26) 0.020 (0.50) MIN

i{_SEATING l

1 PLANE _T_

0.018 : 0.003
(0.46 * 0.08) _.‘ "_
0.010 10.25) NOM —»f PIN SPACING 0.100 (2.54) T'P.

(See Note b}

NOTES: a. All linear dimensions are in inches and parenth

Hy in mili '
b. Each pin centerline is located within 0,010 {0.25) of its true longitudinal position.

s. Inch di

15 goven.

0.150 £ 0.030 {3.81 £ 0.77)

—— 0.032 {0.81) NOM
he—— 0.050 + 0.020
(127 + 051

6-1




APPENDIX A
ASCIt CHARACTER SET

Software programs apply to ail three VDPs (TMS9918A/9928A/9929A).



This appendix contains the diagrams and software listing of an upper and lower case ASCII character set. The character
matrix is 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)

maode.

PATTERN
20

PATTERN
24

PATTERN
28

PATTERN
2C

PATTERN
30

PATTERN
34

=00
=00
=00

=00

=20
=78
= A0
=70
=28
=F0

=00

=20
=40
=80
=80

=20
=00

=00
=00
=40

=70
=88
=98
= A8
=88
=70
=00

=10
=30
=560
=F8
=10

=00

PATTERN
21

PATTERN
25

PATTERN
29

PATTERN

PATTERN
3

PATTERN
35

=20
=20
=20
=00
=20
=00

=C8
=10
=20
=40
=98
=18
=00

=20
=10
=08
=08
=08
=10
=20

=00
=00
=00
=F8
=00
=00
=00
=00

=60
=20
=70
=00

= Fg8
=80
= F0
=08
=08
=88
=70
=00

A-2

PATTERN
22

PATTERN

PATTERN
2A

PATTERN
2E

n

PATTERN
32

PATTERN
36

=50
=50
=50
=00

=00

=40
= AG
= AD
=40
= A8
=90
=68
=00

= A8
=70
=20
=70
= A8
=20
=00

=00
=00
=00
=20
=00

=70

=08

=40

= F8

=38
=40

=88
=70
=00

PATTERN
23

PATTERN
27

PATTERN
2B

PATTERN
2F

PATTERN
33

PATTERN
37

=50
=50
=Fg
=50
= Fg
=50
=50
=00

=20
=20
=20
=00
=00
=00
=00
=00

=00
-20
=20
=F8
=20
=20
=00
=00

=00
=08
=10
=20
=40
=80
=00
=00

= F8
=08
=10
=30
=08
=88
=70
=00

= 8
=08
=10
=20
=40
=40
=40
= 00



PATTERN PATTERN PATTERN PATTERN

38 39 3A 3B
=70 l =70 =00 =00
=88 =88 =00 =00
= =88 =20 =20
=70 =78 = =00
=83 =08 =20 =20
=88 =10 = =20
=70 =EQ = Q0 =40
=00 =00 = 00 =00
PATTERN PATTERN PATTERN PATTERN
3c 30 3E 3F
=10 =00 1 =40 =70
«20 g .00 =20 =88
-a0 -F8 =10 =10
=80 = =08 =20
=40 = F8 =10 =20
=2 = 00 = ~00
=10 = =40 = 20
- =00 =00 =00 =00
PATTERN PATTERN PATTERN PATTERN
40 a1 LV] 43
=70 =20 I =F0 =70
=88 =50 =88 =88
= A8 =88 =88 =80
= g8 = 88 = FO =80
= go = F8 =88 = 80
=80 =88 =88 =88
=78 =88 = FO =70
=00 =00 =00 =00
PATTERN PATTERN PATTERN PATTERN
44 45 46 a7
= FO =F8 =F8 =78
= 88 =80 = =80
=848 = = = 80
= =Fg = FO =
= =80 =80 =98
= 88 = =80 =88
= £0 =Fg ] =80 =78
=00 =00 =00 =00
PATTERN PATTERN PATTERN PATTERN
P 49 4A 4B
=88 ' =70 =08 =&
= g8 = =08 =%
= =20 =08 =
= F8 = =08 =0
=88 = =08 = A0
=88 = = =
= =70 =70 =
= =00 = l =
PATTERN PATTERN PATTERN PATTERN
4C 4D 4E 4F
= =88 =88 =70
= = D8 =88 =
=80 = A8 =cs =
. =80 = A8 = A8 =88
=80 - 88 =98 =38
- -88 = =88
= F8 =88 = =70
= =00 = 00 =00

A-3



PATTERN
50

PATTERN
54

PATTERN
58

PATTERN
5C

PATTERN
60

PATTERN

=Fo0
=88
=88
=F0
= 80
= 80
=80
=00

=F8
=20
=20

=20
=00

=88
=50

=88
=88
=00

=00
=2
=10
=08
=00
=00

=40

=10
=00
=00
=00
=00

PATTERN
51

PATTERN

| i

PATTERN

PATTERN

PATTERN
61

=70
=88
=88
=88
= A8
=90
=68
=00

=88
=38
=88
=38
=88
=88
=70
=00

=88
=88
=50
=20
=20
=20
=20
=00

=F8

=18
=18
=18
=18
= F8
=00

=70

=F8

PATTERN
65

m

=00
=00
=F0
=80
=E0
=80
=F0
=00

PATTERN

Al

PATTERN

PATTERN

i |

PATTERN
SE

£y

PATTERN

PATTERN

= F0
=88
=88
=F0
= A0
=90
=88
=00

=88
=88
=88
=88
=88
=50
=20
=00

=F8
=08
=10
=20
=40
=80
=Fg
=00

=00
=00
=20
=50
=00
=00
=00

=00
=00
= FQ
=48
=70
=48
= F0
=00

PATTERN

PATTERN

PATTERN
5B

PATTERN
5F

PATTERN
63

PATTERN
67

=70
=88
=80
=70
=08
=88
=70
=00

=88
=88
=88
= A8
= A8
= D8
=88

=F8

=F8
=00

=00
=00
=00
=00
=F8

=78
=00

=00
=00
=78
=80
=88
- 88
=70
=00



PATTERN
68

=88

=F8

=88

=00

PATTERN
6C

=00

=F8

=00

PATTERN
70

=Fo

=88

= Fo

=80

=80

=00

PATTERN
74

PATTERN
78

=00

= 88

=88

PATTERN
7C

=40

=10

=08

=10

=40

PATTERN
69

=F8

=20

=20

=F8

=00

PATTERN
6D

PATTERN
7"

PATTERN
75

=00
=00
=388
=D8
= A8
=88

=00

=00
=00
=F8
=88
= A8
=90
= EO

=88

=88

=70

=00

PATTERN
79

PATTERN
D

=EQ
=10
=20
=18
=20
=10
=E0

A5

PATTERN
6A

PATTERN
GE

PATTERN
72

PATTERN
76

PATTERN
TA

PATTERN
7E

=00
=00
=70
=20
=20
= AQ
=E0
=00

=00
=00
=88
=C8
= AB
=98
=88
=00

=00
=00
=F8
=88
= F8
= A0
=90
=00

=00
=00
=88
=88
=90
= AD
=40
=00

= 00
=F8
=10
=20
=40
= Fg8
=00

=40
= AB
=10
=00
=00
=00
=00
=00

PATTERN
6B

PATTERN
6F

PATTERN
73

PATTERN
77

PATTERN
78

PATTERN
7F

=00
=00
=90
= AD
=C0
= AQ
= 90
=00

=00
=00
=78
=80
=70
=08
= Fo
=00

=00
=00
=88
= A8
=D8
= 88
=00

=38
=40
=20
=Co
=40
=38
=00

= A8
=50
= A8
=50
= A8
=50
= A8
=00



APPENDIX B
CHOOSING 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 _a delay time (t ) for this low level to reach the VRAM memory;
there is a similar delay (td CA ) for a signal output on the CAS pin to reac 1\ tﬁe {lRAM memory. Finally, there is a delay (t ” data))
for data output by the memory to reach the VDP. These delays (shown in Figure B1} depend on the length of the wires betw
VDP and memory, and on the capacitive load being driven.

Valid data appearing on RDO-RD7 is strobed into the VDP when CAS is brought high. Therefore, the memory chosen must t have
fast enough access times, ta(R ) and ta(C)' so that valid data is present on RDO-RD7 when a positive transition occurs on CAS.

For 16-K memories from Texas instruments {TMS4116-XX), the times, taL- ¢ and 'a () can vary, but their sum is equal to t

a(R)
hRL oLt ta(C) = ta(R)) Thus, when L4(RAS) = td(CAS) the limiting access time is Ry

After the memory receives a negative transition on the RAS input, the memory access time, ta Ry Must be fast enough so that
valid data is present on RDO-RD7 when CAS goes high {see Figure B2). The equation for this is:

tRecL * twel 2 Ry T td(data) T tsu(D-CH)

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 TIMING FOR VDP.

MEMORIES SYSTEM DELAYS
twCL 230 ns MIN
tRL-CL 40 ns MIN
tsy(D-CH) 60 ns MAX

If the values from Table B1 are placed in the equation, we find "RL CL + thL, VDP MIN 2 [(t

taR) MEM +1t oy YOP MAX]

aRAS) T d(data)) SYS +

210 ns - ta(R) MEM MAX 2 [ td(RAS) + td(data)] SYS MAX

TABLE B-2 — DRAM SYSTEM DELAYS

PART NO. ta(R) SYSTEM DELAYS
4116-15 150 ns 60 ns MAX
4116-20 200 ns 10 ns MAX
4116-25 &50 ns -40 ns 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 condi-
tions. 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 |- »

VDP CAS o | VRAM
9918A/ MEMORY
9928A/ 4116-XX

8 in parallel
9929A RDO |e (8 in par )
RD7 ¢ <4
FIGURE B-1 — MEMORY CONFIGURATION SHOWING DELAY TIMES
VDP RAS :‘ twiRL) ’:
TIMING \| J/
| |
|
|
CAS } e tw(CL) 4} 5
| | ﬁ
I
¢ RLCL |
i t |
' L
| | A
DATA I } ] \i :
{ ' | ! [
| | | I
| : td(DATA) In——bb——Jl 'tsu(D-CH)
|
| | |
— | ! T
VRAM RAS l |
TIMING l \ : [ /
|
: =t T
td(RAS) ¥ | |
| |
&7 e' I
| \ | /
| | !
L td(CAS) |
|
| A
DATA ; <
htRL-CL*—ta(C)—"

—— v o . am— o — . —

FIGURE B-2 — RELATIVE TIMING OF VRAM TO VDP
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APPENDIX C

PATTERN AND SCREEN WORKSHEETS



PATTERN
NAME

C2



PATTERN
NAME

C-3

NRRRERE

NEREN



Texas
INSTRUMENTS
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