TMS 9918A/S928A4/9925A
VIDEO DISPLAY PROCESSORS
® PRELIMINARY

SPECIFICATION
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ADVANCE INFORMATION

This informotion describes the design specifications for a
" product under development., Texas Instruments reserves the

right to change these specifications in any manner, without
notice.



" The TMS 9918A/9928A/9929A video display processors (VDP) are N-channel
MOS LSI devices used in video systems where Gata display on a raster-scanned
home color television set or color monitor is desired. The TMS
9918A/9928A/9929A generate 2ll necessary video, contsol, 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 recuire 2 minimm of additional electrecnics for the
™S 9918A.

The TMS 9928A/9929A video display processors are identical to the
TMS 9918A VDP with the exception that the NTSC color encoding circuitry has
beerr removed and replaced with luminance and color difference signals. Except
for three pins, the camposite video output, the external video input and the
U clock cutput, the TMS 9918A is pin for pin compatible with the TMS
9928A/992SA. These pins are replaced with the Y (3/W luminance and comp.
sync.) output and two colér difference pins, R-Y outgut and B-Y cutput. The
color difference cutputs allow the user to generate RGB drive for direct color
gun control. EHowever, to connect these three cutputs to a monitor reguires
sadditicnal encoder circuitry. _
The TMS 9918A/9928A have 525 line format for U.S. televisions while the
TMS 9923A has a 625 line format VDP for use with two types of EZuropean
encoding; PAL (German system) and SECAM (French system). , . :

The VDP has four video display modes: Graphics I, Graphies I,
Multicolor and Text mode. The Text mcde provides twenty-four 40-character rows
in two colers and is intended to maximize the capacity of the TV screen +o
display alrhanumeric charactars. The Multicolor mede provides an unrestricted
64 X 48 color dot display utilizing 15 colers plus transparent. The
Graphics I 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 mede, providing the capability to generate more complex color and
pattern displays.

The video display cocnsists of 35 planes, external VDP, backdrcp, pattern °
-plane, and 32 Sprite Planes. The planes are vertically stacked with the
@-=xternal VDP being the bottem or innermcst plane. The backdrep 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. (A sprite
is an cbject-oriented animation pattern that can be moved smcothly across the
screen.)

The TMS 9918A/9928A/9929A VDPS utilize either a 4K, 8K, or 16R-type
low-cost dymamic memory (TMS 4027, TMS 4108, TMS 4116) for storage of the
display parameters.

The TMS 9918A, TMS 9928A and TS 99292 interface identically +o the host.
micreprocessor making them software compatible. Thus, all references to VDP
in this document apply to all three devices, except where noted.



2.3.2 TMS 9928A/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 is required to drive
R-G-B color monitors. The Y output signal centains a3} necessary
horizontal and vertical synchronization signals as well as luminance
while the R-Y and B-Y signals contain the chrominance information.
The internal output buffer devices on these pins are source-follower
MOS transistors that require an external pull-down resistor to VSs
as shown in Figure 2-5, Typically a 560 ohm resistor is

recommended.
®
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FIGURE 2-5 - TMS 9928A/9929A INTERFACE
* note the LM188¢9 is typically used in the encoder ciruitry
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LTS AAIE AL AATEA
The #S5”"operates at 262 lines per frame and approximately EC frames per sacond in 2 non-interfaced mode ©
operation. The TMS ag 11 4 operates ar 313 hines per {rame gad qu rolim
_ ) ", TASLE 2-SCREIN CISPLAY PARAMETERS g0 K omes FLC sec onel

PARAMETER _ PIXZL CLCCX CYCLES

PATTERN OR

HORIZONTAL : TE
! , MULTICOLOR TEXT
HORIZONTAL ACTIVE OISPLAY 283 . 240
RIGHT 3ORDER ) 1s
RIGHT SLANKING 3 8
HORIZONTAL SYNC o 25 2 25
LEFT SLANKING < g 2
COLOR SURST ’ 14 18
LEST BLANKING ) 8 8
LEFT 8090ER . 5 13 ' 19
3482 - 3a2
VERTICAL TMS 9512 A/aqzsA  LINE TMs Aq294 |t

VERTICAL ACTIVE DISPLAY ‘ : 182 1ae '
80TTOM SORDER _ . 24 So
8O0TTOM SLANKING , 2 ;3 :
VERTICAL SYNC . 3
TOP BLANKING : 13 13
TOP 2O0RDER , - ) : 7 s

L 22 313

’\

" VIDEQ DISPLAY MQDES

The VOP displays an image on the screen that can best be envisioned as s sz of display planes sandwiched togethe
Figure 2-8a shows the cefinidon of 2ach of the piznes. Object on planes closast to the viewer have higher pricriz
" In cases whers Two sndties on two diferant planes are occupying the same spot on the scheen, the entity on ¢
higher griority plane will show a3t that point. For an antity on a specific piane to show through, all planes in front -
that plane must be tansparent at that point. The first 32 planas (Figure 2-5o) each may cantzin 3 single sarit
{Sprites are patrern objects whosz pcsitions on the sczen are defined by herizontz! and vertical coordinstes
VRAM.) The sreas of the Sprite Planes, outside of the sorite itself, are transgarsnt. Sincz the csordinates of the spri
ars in terms of pixels, the sgrite can be positioned and moved about very scourately. Serites are avaiiable in s
sizes: 8 X 8 pixels, 16 X 16 pixels, and 32 X 32 pixals. 8zhind the Sgrite Plane is the Pamern Plane. The Pate:
Plane is usad for textual and g;aphics images generated by the Text, Graghics I, Graphics |1, or Multicalor mode
Behind the Psmarn Plane is the backdrop, which is ‘%‘5%{;.‘3 12_;‘3;1:)?;1' ?’f ctner olanes so that it forms a berd
around the other planes. The last and Icwest pricrity planeAis the £xternal VOP Plane. [ts image is defined by ©
external VOP input piry The backdrop consists of 2 single color usad for the display borders and as the cefault cal-
for the active display/farea. Tne default colcr is stored in the VOP registar 7. 'When tha backdroo color register ¢S
t3ins the Tansparaatkode, the Sackdrop-automatically defzuits 20 biack if the axternal VOP moce is not salected,
which dees nor exisT in +he TMs Q9lTA/4a294.
The 32 Sprits Planes ars usad for the 32 sorites in the Multieslor 2ad Grzphics modes. They are not used in the T2
mode and are autornatically transparent, S2ch of the sprites can.caver an 8 X 3, 15 X 16, or 32 X 32 pixel arsa ¢/
its plane. Any gart of tha plane not covered Sy The sorite is transearent. All or sart of 22ch sprite may slso be trar|
parent. Sgrite 0 is on the outsige or highest plane, and scrite 31 is on the Slane immediately adjatent o Pawee
Plane. Wherever a sixal in 3 Serite Plzre is Transgarens, thz calor ef tha next Siane c3n e s2en through that Blarf
If, however, the sarite pixel is aon-transparent, the colors of the Icwer planes are autsmaticaily replaced by the sar
color. There is 2iso a resTriction on the number of sprites.on a line. Only four sarit2s can be active on any, horizon
line. Additionsl sorites on a line will be automatically made wansaarsnt for that line. Cnly thess sprites that 2
aczive on the display will cause the coincidence flag 0 s2t. Tne VOP status registar provides a flag Sitand ¢
number of the fifh sorite whnenever this occurs. The Pattern Plane is used in the Taxz, Multiesler, and Grapn:
modes for display of the grachic paTerns of characzars. Whenever a pixsl on the Pattern Plane is non-transzarent, T '
backdrop ealer is automatically reptaced sy the Pswarn Plane csior. ‘When a sixel in the Patiarn Plane is tansparer
the backdrsp color c3an be s2en through the Psmiarn Plane.




OEVICE APPLICATIONS - TMs aqrA/atTA [ aq914p

This section cescribes the hardware and software interface between 3 ’:Ar-*-—eem' VDP and a TMS 2200 micro-
processor. Also descrived are somé of the considerations in the use of the S&=54 for t2xT 2nd crzpnics applications.
spendices in the back of this manual may also be refsrenced for sa*hwargr snd hzrdware applicstion examples
for the VDP.
79a1¢A /a9 19A vO©P
TMS 2918A INTERFACE
DP

Figurs 3-1 shows the harcware components necessary to mazke the SS52+= operats. The CPU interface is shown
disconnected beczuse the VDP has 3 generai-purpese, 8-bit cata bus, and cantrol signais that work with most micro-

processors. The o=t intarisce timing is similzr to that of static memories, and occupies eicht unique memory
address locztions withithe CPU memory address soace.
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. VDP TEAMINAL ASSIGNMENTS

3IGNATURE

TESRMINAL

1/0 DESCRIPTION
D0 MS3 24 1/0| CPU dazta bus (CDO) is tha mast significant
o1 23 1/0] bit
02 22 |1 /0
D4 20 1/0 Cas g 2 19 [ XTAL2
0§ 18 1/0 AD7 ( 3 38 pcructx / R-
D6 18 170 CADS @ ¢ 37 b GROMCLK
o7 17 110 ADS Qs 3 pcomvio / Y
ADa Q6 3s p sxTvDP/ B~
ODE 13 I | CPU interiace mode salecs; usually a. proces- aes 8.7 3¢ P RESET/SYNC
sor adcress line ol & = g Vec
AD1 (0 9 32 § ROO
— . ADOC g4 10 N 5 RO
iR 15 | | CPU-VDP read stroce amd n 30 b RC2
_ o . Vss.ﬂ 12 29 0 RO2
W 14 I | CPU-VDP write strobe MOODE (@ 13 22 J RDe
" Sw (g e 27 B RDS
"} 33 I | +5 volt supply R g 1s 26 D ROS
. INT 4 18 2 JRO7
S 12 | | Ground Refarence co7 g 1 2¢ JCoO
s Co6 18 2 pCcor
O MS2 32 | | VRAM read data bus (RDO is the mosz signi- ggf g 2‘:' g €02
1 31 I | ficant biv) Gz 1 pens
12 30 l
)3 29 !
)4 28 |
)5 27 1
)6 26 l
)7 25 !
10 O | VRAM address/datz bus {multiplexed high and low order VRAM address and outout cata
bytas)
S O | ADQ is the mast significant bit and is.used only for data and noz for acdressing.”
8 0
7 o]
6 0
S o
4 (o]
3 o
1 O | VRAM row address strobe
2 O | VRAM column address strobe
N 1 O | VRAM writes strobe
‘ALl,
AL2 40,39 | | 10.7 + MHz cryszal inpus.*®
IOMCLK 37 Q | VDP output clock = XTAL/24, Tynically not used
:SET/SYNC 34 | | RESET—This pin is 3 trilevel input pin. When it is below 0.8 volts, RESET initializes the

VOP. When it is sbove @ voits, RESET is the synchrenizing input for external



LAE|TERMINAL |1O| DESCRIPTION .
JP/B.y 35
JUCLK/A-Y] 38
m 18
. = .
wvin/ Y 36 o éﬂgashz video output. ]

The least-significant add-ess bit, AD7, is wired 10 AQ of the dynamic RAMs. Likewise, AD6 is wired 1o A1 of the RAMs.
Care must be sxercised in assuring proper orientation of the 9818A address oUtpUTs 10 the dynamic RAM address inpute,
When driven externally, both inputs must be driven. o
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FIGURE 4-10 - TMS 9928A/9829A R-Y HORIZONTAL TIMING
. * Absent for the 9928A
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** Amplitude changes for the 9928A (see spec)
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A/ATT A/ARLAA
fMS 8918A PRELIM!NARY ELECT RICAL SPECIFICATIONS

ABSOLUT- MAXIMUM RAT]NGS OV':H OP‘RATING FREZ-AIR TEMPERATURE RANGE
{uniess otherwisa noted)® b

Supply voltage, Voo ....................;..;...................'...."........ 03w 20V
All INPUTVOITEgES. .. v veereresocoososcsscsosovecsosscssssscsssssassscescecs =03W2OV
OUIDULVOITAgE . ... .vevcvecneccarcsonsoscsosccsosscscnceccosscssscseascsccccce =2WTV
Continuous power dissSiPation .. ..c.ctererrcsvrorecssstscorccersscncsscacssencosss 18W
OPerating free-air TEMPErature rANGE .o ccvcvcccccccocoossonasrocessecnemenessss 0 Cta55C

smﬂ@tgmmmﬂﬂ? © ® 006 0 50000 OPF PO PL R0 GG OO0 OEL 0PSO SSIOVOSEOIEOSOOIEERNTOSSEOETLIOE -5-.ct°+1sac

remses Deyond those listed uncer “Absolute Mulmum Radngs” n;my C3use perrmanent damage 9 Tre Cevica, This.is » stress rating onty-mc
actonsl operstion of the cevics st thesa or any othee conditons beyond toss Indicsted in the “Recommended Operzting Conciions™
ton of tilsspecificstdon is not imoliec, Exposure to stsolute maximum ryted canditons for extended pericds may sffect device reliadiiicy,

RECOMMENDED OPERATING CONDTIONS®

PARAMETER MIN NOM MAX | UNIT
sply veitaige, Ver : ; ' , 47f 5 828| vV
oty voitage, Vg . . i Q . v

E - SYNC active : 10 12 |
ut voltage, Vi, RESZT/SYNG pin - ' RESET aczive 0 ‘08| v |
-_. ) i . SYNC and RESET inactive 3 8

. XTALL, XTAL2 : 7% v
Bl input i, ViH All other inputx 22 v
SYNC level - 25 _
st vaitags, Vi, EXTVOP pin  GA1EA saly) White level : 37 v
: - | Black level , [ 3 |
wievel input voizace, Vi ' i 0 o8 V.
wating free-sir umomu;‘. Ta 0 55| °c

vo‘awvduumwmmc-'to Ves.

. ELECTRICAL CHARACTER!STICS OVER FUL.L RANGES OF RECOMMENDED OPERATING
- CONDITIONS (uniess otherwise notad) -

PARAMETER s TEST CONDITIONS MIN TYPT MAX |UNIT
- Highdevel AAS, CAS. AW . 2.7
o oUtDut voitage. All othar sutouts o A . 24 :
Lowdevel | CPUdama oL =12ma - ; o X] v
N cacuroutvoimge | DRAM intarface loL = 800 uA 0.8 _
Otf-gzate SUTDUT current . , o
V=S5V 100
high-evel voitagse 2oplied, 0007 ou:auu 0=55 o
Qff-state cutnutawn.m Vosov - . © oo | xa
iowlevel voitage apolied. O0-07 gutours .
T High<dewvel inout current VieS5SYV, All other pins 3t 0 V 10 | uA
] Low-evel inout current’ Vi=sQV, All ather pins 3t O V «10 | uA
IHITE Videa voitace level of waits, COMV‘OWZZ'Z“'Z ! B=Y_ 8uT P, 2] 3 \VJ
 Vidso voltage level of black (blank), e . : 23 v
LACX COMVIDomesws /Y /A = By m_tfg.z.s' :
yNE _ Viceo voitage level of syne. COMVID ame=x. / * Y gt g3 . 1S Y
Videe voitage (peak-to-peak) ¢ : B
aa | X} v
PP of burstACUMVID curout o
Video voitage difference, white — bisek, )
, oS o7 V-
COMVIO ameve /7Y F R~ / ik ahﬁ«l
ey Aversqe susaly current frem Veg TA=25°C ' 200 2% | mA
: . 29
Input cacacitancs 8207 - f= 11 MHZ, Unmessured ping 3t 0 V pF
All ether incuts 10
OQutcut c2cacinnce f= 11 MHZ, Unmeasured gins atQ V 20| oFf
ieat el v S2SV, T, v28°C 7Y |
tvo ues sre at - .
v ce A .28 V4

~ VPos oot buryr Yidee vrltane lwe& R Y gnTpnT

I/ Nae ade s Do iae WHicleO Voh'a e . [ ove luh B"Y ouwrpUr .. -.15 vV -



™S 9928A/ 9929A

Y, R-Y, B-Y QUTPUTS
.. i
PARAMETER : :

TEST CONDITIONS MIN TYP MAX | UNITS |
t£3 Fall time, V B BLACK to V SYNC | 100 n_sec.
™ (HS1) Pulse width, Horizontal SYNC 4,84 u_sec.
tr3 Rise time, V SYNC to V EKCK ‘ 150 n_sec, 1
tw (BP). Width, Back Porch 4:477 u_sec.
tw {LBI) W"dth, LetTt border 2.8 : u_sec, 1|
tw (P) Pulse width, Pixel 186,24 _n.sec
tw_(HORZ) Width, Hor1zonta1 Line 63 605 y sae )
w (ADI) Width, Active Display Area , 47 .67 ysee, -
rd Rise time, V BLACK to V WHIT , 75 _n_sec.
Ry Fall time, V WHITE to V BLACK RL= ssodL 50 n sec, |
W (KRB width, Right Border CLz 180 pF 2,42 u_sec, |
w Width, Front Porch .1.49 y sec.,
.Rm)ime time, COLOR to V POS CB| See F~3ure 0 150 n_sec. |
w (CB1) 'u se width, POS COLOR BURST Y=g | 2.6 ysec, I
T 1me, V POS CB to V NO COLOR | 10 100 n _seg,

POS C& to LEFT ‘BORDER’ | 1.49 u_sec.
V. NO COLOR to V NEG CB8 i 100 n_sec
i1se Time, 150 n_sec,
v (VS Pulse width, Vertical SYN ‘ — 1 n sec.
VE VERTICAL FRONT BLANKING '_________191“079_u_§g<_:_._
yS1 VERTICAL SYNC 191.09 u_sec.
VBB1 VERTICAL BACK BLANKING . 828.04 u sec.
ABAY __ACTIVE AREA PLUS BORDE ] 18.70 m sec.
TOTAL VERTICAL TIME 19.91 m sec.

1te fall times depend on external pull-down resistor.

U o




