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msmIuRNMsThauLay (PD-7220 laald CPU Z180

{ The Operation of [LPD-7220 controlled by CPU Z180 )

L

wiwdlemey R 32.1249
wiensing  Wugoyss 321280

wemgan Wewazly 321373
HAWAMGY WOINR  DWaETLAnm

UnAngi
Trssmiaenamfeniaviugas uPD-7220 Graphics Display
Controller (GDC) Tumsenuqusamw ( CRT Monochrome ) lnalld
CPU Z180 LﬂwmamuqummﬁmNamaé'mnﬂw%uazmmﬂma%ﬁ
Faamsusasuuea laeaznanfines, winms uazms”;amsmuqumsﬁmu
989 GDC uay CPU Z180 %aIasamuﬁmmmﬁflﬂﬂssqn@ﬂ%’ammww

Fusialyl

Abstract:

This project concemns the operation of uPD-7220 GDC that control
CRT monochrome (display unit). CPU Z180 that have 1Mb address space
( suitable in graphic task ) is the control unit for Graphics and Character
mode. This ﬁroject is easy to develop in future.
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luihytuil aevfwedlddhunfummbi@iadsinunn Fafufufiaziing
wannliflszansmmgetudes 1 wu ludwau® anvandenramamn Tas
warlunsuanesaenmueammiy adadldlefdnis As Fandfl aeulnsawed
(CRT Controller) HuAMIAIIANNTUEAINABENTRIBAMN UATENSH apulnsatand
Tudiitederedfa Lifiddgmelum Solimanlddh uazdidaaldvenriuadid
dnmglumsmuguitesuusumsomauld Inendimusaudvewsleidalmi | |
A9 Graphic Display Controller (GDC) (wai uPD-7220 FalaFwesimann
mmihfumi@andi asulnsawesly udeiidafinirAe

1. Juledfid 3Ry melud Seamnsodsznanamald miihsaams:
uﬂzL'Jm'lumsﬁ"muﬂmiﬁqné’nL?’JuNaﬁﬂﬁ'szunﬁ'lqjulﬁ'ﬁdﬁu

2. swsnuanmaAvesBeageld

3. memeudulnaidhimihfives s1fauf (HARDWARE) Ml
@& uniseuufild sevvinad (SOFTWARE) lunsaaugumsinany

4. lumsldnunudulandia  usy  (Dynamic RAM) laideaain
dyanee RAS waz 35y (Refresh) wnelatwedl Idafedynnn RAS T
wazgammsTidse laundia usy Lidae

5. @I NaAuwNau (multi-plan) v

ndefisns 1 1§ Anedindaininem GbC Miliednwndall] ~Fudia
AMUAMTN  GDC  wad uPD-7220 WATUANIB ieuanaszAnSamuas
arwaansalaetnluee interface i single board Z180 Fufluledmszga Z80
fihaule Snmidiinesenisiann Software TAgaaNIa transfer program assembler

90 PC awwu Board Idee (Taeld Software Procom* lumis transfer wazld
Software C32 1un13 compile)

dhugsansARes 2180 uandwen Z80 Tl

1 S CPU 8 Tin wilau 780 uafiindsfiimsiin 12 Ads

2. AMudAqge 10 MHz (CRYSTAL 20 MHz)

3. Fuanuinld 1 MB laswiauihi page az 64 KB

4.  DMA 2 channel snsodu-didaya anuiig (flaz 64 KB)

5. ASCI 2 channel ssafiasiery CPU duld

6. i PORT COUNTER 2 PORT
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Muasidygnyny uPD-7220

lo¥ uPD-7220 (GDC) SumbelsznanaiisfuLdnINeEEN BN
mvna TihfiseduonaaIuguEiusn 1 Wy senm nIeuuasdisuming
ANuNULAAING (VIDEO RAM) smﬁv'amnﬂums%'uﬁaﬁ'mgaﬁ'mauﬁvmas’ﬁ’aﬂ
Fenuandeaa 1 veelad uPD-7220 axdicilAe

2.1  MITATTTSULANIINNYNYEY  uPD-7220

1) [ 4 hd .
wPD-7220 wu ldgneenuuumnbilinunwivlalaslusgawef  Micro-
a e YA - ) -~ . -
Processor)  tatnanlfiuszuuaeufineasnsmiin  (Computer  Graphic) il
- 4 o %4 J L] -d J . i1 24 « o A"
UssAnBmwg 1 SammihAl mamnaueealafesit uiwenld 6 il Adiife

2.1.1 auduno Basic Video Raster -Timing , daneudid (SYNC)
- N Y | v
WaTUUAIN (Blanking) WRTTINTRMSULLINUNYEINUIAD (screen) UaENIT zoom

Y Xo ' ) . '
2.12 lguiidayaludiumisaruuaninassgnudly  (Modify) Tuszwing
PUIUMTNAUANIATDUEBTBY

& A’ [ a 1] [ ] 1 1 " 1]
213 lusuiaslflumsamuumumiieamsgauvins Wi naluntae
AN WLARINE

& -Y o -J" [y -J ot . - el a;
214 lutuisdlumsanodsdudiswisuaminidweiane 1 fecldly
1MIA

& ; ° b L4 " ¥ * Py 4"
215 luudl GDC asmmaezenteyaiznalieglupnsmiin Jadu
suupseayaivramnsnnald

] Y v iy [~ < v Y - - v L7
2.1.6 dnluugareiasdumsfiuioyanmuafieienan wazdiuean e
L] o o/ & d' 1
mhganuuana lagld 3 BunaunsniinaIan

22 7pasidonuaisaene q ¥89 uPD-7220

uPD-7220 LTJ'UIE]‘II‘HN 40 11 T 8aSBEAYITN 40 91 TUAIUAD



PIN

No. Symbol Direction Function
1 2*Wclk IN clock input
2 -DBIN ouT display memory read input flag
3 HSYNC ouT horizontal video sync output
4 V/EXT IN/OUT vertical video sync output or external VSYNC
SYNC input
5 BLANK ouT CRT blanking output
6 ALE ouT address latch enable output
7 DRQ ouT DMA request output
8 -DACK IN DMA acknowledge input
9 -RD IN read strobe input for microprocessor interface
10 WR IN write strobe input for microprocessor interface
11 A0 IN address select input for microcessor interface
12-19 DBO0-7 IN/PUT bidirectional data bus to host microprocessor
20 GND - ground
21 LPEN IN light pen detect input
22-34| ADO-12 IN/OUT address and data line to display memory
35-37 | ADI13-15 IN/OUT utilization varies with mode of operation
38 Al6 ouT »
39 Al7 ouT » ’
40 Vee - +5V
23 Tanagfumsluses uPD-7220

v . [l ot v ‘: v -l’ ol
Taseasaneluusasdiuees uPD-7220 9:UntnNAl Aa

2.3.1 MICROPROCESSOR BUS INTERFACE

rasdihemmifilumsuaniGeudoyaiifnug 8 In ssninlalaslys -
wawed fu GDC TemanTaaansuamdnus (status Register) :81M1508TY
IRnaeanan widmunsangetuivines (BUFFER) ¥e1 FIFO 1 9z ws0fnde
Iﬁtﬁa‘lm:ﬁua@hﬁwmuwan (FLAG) LiRawmeiuanidmus wasaslidudums ¢
nszmmeluzas GDC

2.3.2 COMMAND PROCESSOR




) v - .
anflumuwlegadayaniussaaglu FIFO

2.3.3 DMA CONTROLLER

Lﬂuvqasﬁﬁmﬁﬁﬁ%mﬁhﬁ'ﬁm‘uqu DMA (DMA (contller) meuanlums
wasudetayarnitmiearnines wlasluagmeef My midsanuanyesdn
WHAINA

234 PARAMETER RAM

qsdniszneuds RAM ma 16 In Jualiifudmnndiesd
(parameter) flazldlunmsnauazmsuanina

#m3umsinuly Character Mode RAM i svgnuriseanidiu 4 da tiaten
Imsuduamndmefeslsumsuaninasaurasiud

Fw3iumsinanly Graphic Mode RAM asgnutiadiu 2 dau tewenlidmit
Fuguuursimmwiiezne uasteyazaiasngs

2.3.5 VIDEO SYNC GENERATOR
' a e v ad v oo . . &
PWATAMUUBRMNAUMAINAUNINU  Raster  Timing Tmma:g,aﬂaqgﬂuumm
) P v ¥ ' o G - 7
NI ﬂ'm‘uui]:gﬂTﬂmﬂmmmnmﬂmﬁn (RESET) Twstusuu GDC 3z
agluan1iz idle

23.6 MEMORY TIMING GENERATOR
2asdufasimifiain memory cycle Tnsazwiadiv 2 wiln fa
- Two clock period Fa9:194mM3uMT Refresh Dynamic RAM
- Four clock period Fwslfdmiuiums READ-MODIFY-
WRITE CYCLE (RMW CYCLE)
Tnefdunnafieslslumsauaumamouremiceanudni - szadaldan
Yyeew ALE waz DBIN 283 GDC

2.3.7 ZOOM AND PAN CONTROLLER

Zoom & Pan Controller #1910 Zoom Display factor wasAAfmua
Fufudana (Display area) luwindimasusy (Parameter RAM) lumsfimuah
s lmamlsmmhese M lutenmsadaluldiiesuasia lsaslusiufiuaninadaly
ASYEIBAMN (Zoom) NMILLIUBUAAIINMIansAMITsT e dmluniseens
AmmManmBanMIaddN  Judnnuesrhiulmasnuey  dums



€ o -' [ Y 1 J d‘ o ‘e [ VIS
pan fnlnansuitlawannsaGuautainunuaniaa Jaanansamlalag liadafania
- A o -
wardudassnniunuaninadu 1

2.3.8 DRAWING CONTROLLER

mihetznanedmiummassmmhfiudayaieslflumsdunm
LDALATH LAAIUNLIIYDIYA (PIXEL) aaluflaza

Tnefglfifee TusunumumiGuduinauasAmnniweiing 1 Winneay
2995 duANANNMIINA (DRAWING CONTROLLER) AezaNTaMAISAUIE
aaie lmunsanagamudaimsld

2.3.9 DISPLAY MEMORY CONTROLLER
¢ v | i o ° (Y - .
yalszadndanyesdiuiife  smmhilumsuen  (Multiplex)  uaAAIAUAS
'Y -l '] [Y) ' . v LYY v -
foyanrduduazaaniinmirgauituaninassnandl  uasdaimifilumsaiy
. . P [Y] [ o ° v o v v
16-bit Logic Unit tHalflunsudlyfayalumireanuduanina mwmiiiduda
vum lusaenalulvun AwsAwas (Character Mode) wasMmisIinsy (Refresh)
@11 (Counter) dm3ulaundinusy (Dynamic RAMS)

2.3.10 LIGHT PEN DELITCHER

1 Light Pen sudnyanamsumiudadeiuld 2 @idull o qaudedy
fmuanianmzese Light Pen svuamlvii vandefifuaglu Light Pen Register
#a Musa@san Light Pen eruduanld

24  awushdmmiuntllsunsy  GDC

GDC w:lfusawnsa 2 elumsfedsnidiawmeiudaiannus  waz FIFO
Tnefidhiin Ag =0 audumsswamnnRaeefuananues viansdigamniined

vt ot v P
liuliA FIFO Swzamnsaaguldnimaid 2.1



Ao READ- WRITE
0 Status Register Parameter into FIFO
1 FIFO Read Command into FIFO
myui21  GDC Microprocessor Bus Interface Registers

Fmiudndirna 1 283 GDC aztsznaudiy mdnfiswa 1 lurl wazaw
v o o - =g v o at « U U
Mg veaniwei RgassnniweilaxniudimuaneasBeausiidii 1
Ll (3 "I ‘ - & L .'I - -t L7
Tumsmauaaudididn 1 1 mduasgannfivefasgnfadillifulily

Faumes (Register) Mmeluyes GDC fay udBmsmanAdiuasgaeesmniines
v U
WAy
MW 7 299 GDC switeaniiiu 5 wliadienufe
o & g wo v R
2.4.1 MEnldamiualuAuaenN (Video Control Command)
J o [ I'I U ' -3’4
JazsznauMmsAdnn 1 aslifide

2.4.1.1 RESET

RESET

° & ol we (Y] [V [T P [
Fumdldamivyiuanmeas GDC Wagluanie idle Taxsznaudme
- g v . -”4
Windaes a1 aallilde
P1




Falumsimuaazeiiindan 1 axdanldainmsan2.2-2.5

C G Display Mode

0 0 Mixed Graphics and Character Mode

0 1 Graphics Mode
1 0 Character Mode
1 1 Invalid

4 Al L
MINN 2.2 MTNUEMIANAN 1 903 C waz G

I S Video Framing

0 0 Noninterlaced

0 1 Invalid

1 0 Interlaced Repeat Field for character display
1 1 Interlaced

AN 2.3 MINUEAIAIAN 7 993 T waz S



4

D Dynamic RAM Refresh Cycle Enable

0 No refresh - STATIC RAM

1 Refresh - DYNAMIC RAM

- . e
ATIN 2.4 MTNUEAMAAN 1 983 D

Drawing Time Window

Drawing during active display time and replace blanking

Drawing only during retrace blanking

AMTNN 2.5 MTNUAMIMAN 7 299 F

P2 AW
Lt
P3 VS HS
REEE
P4 HFP VS,
I lll.
PS 0 0| . HBP
NN
Ps 00 VFP
HEEEE
P7 AL
LT
P8 VBP AL,
HEEREEN

U32546
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110 P2-P8 wsaunsafimuadesiind 1 ldniide
AW = Active Word per Line - 2
wu dldanuazBanysns = 640 * 350
Active Word per Line = 640 / 16 = 40
HBP (Horizontal Back Poarch)
#9me HBP sxamnsadenls 3 wuy Seivegiulmuafidanly deil
_ dmiuTvualaeia 4 1 W HBP >= 3 Display word cycles \
~ 83U Image Mode 1 HBP >= § Display word cycles
~ &3V Interlaced Mode 1WHBP >= 5 Display word cycles
HFP (Horizontal front poarch)
fune HFP szamnsadanld 4 wuy ausgiuTuaiidenlin Ae
- thlums Zoom @anlinis Zoom wnad 1 o szfimuald HEP >= 2
Display word cycles
-t GDC gnlfiflu Slave Mode azfimuali HFP >= 4 Display word
cycles
- tiimsly Light Pen 9zfimuali HFP >= 6 Display word cycles
~ ¥ Interlaced Mode 9zfimual HEP >= 3 Display word cycles
VS : finA1 Verticle Sync Width
HS : Anen Horizontal Sync Width Taimual¥i1 HS >= 5 Display word cycles
VEP : fAnfn Verticle Front Poarch Width
VBP : fnA1 Verticle Back Poarch Width
AL : fiaf1 Active Display Lines per Video Field

24.1.2SYNC

SYNC

3 - <& -t ve v o
Wudmndnldnnsiuimuagiuuulumsuaninayananmn
" L] [l w v J’ -

Za@1 DE astmualaneil fs

{1 DE = 1 9sm e usnLaninasnnnaanmnle



- 2 - &
DE = 0 asmWiiauuaid (Blank) 1™samw
° v . - [ . < J’ - v - L4 . &
Amsuamnfiwefiaidil  emllsuiumniweiyeinn®  RESET
nnUszms

2.4.1.3 VSYNC

VSYNC

Fumdeilddmiuigifidont s:W GDC Flmuamananndu  Master
Mode ¥38 Slave Mode Taswas M sudanldnilde

¢ M = 0 9l GDC FTnualumenenudiuuuy Slave Mode Faazmli
GDC Sudtyet Verticle SYNC 3na1gusn

M = 1 9l 6DC TTnualumanenudhiuuy Master Mode 3aasimli

GDC tnmhiidlusadadyano Verticle SYNC

lunsd@fild GDC wnnn 1 miululumsadeaw 1 aw asdasfimuald
GpC fmthiTualumamnauduwuy Master Mode dusadu 1 findessdas
Amualviinua mamadiuuuy Slave Mode 1vnua wazy VSYNC 183 GDC
nnARsABRaihdIsny

2.4.1.4 CCHAR

CCHAR

° ".l d' L3 v W J i
Fuadanlslumsimua Cursor war ANNMRYBABNYT Tzlsznavais
-~ * ¢ J -4
wndwaiaa 1 asluil fis

11



P1
pclo o LR
L
P2
BR, [SC| cToP
HERENE
P3

CBOT BR,

Faeweaiinda 1 azimualdndaimuasin 1 asluil fs

-DC : Display Cursor

Inflzgninualwiiu 1 dedainsliuanuasiiseftumhaedie
-LR : Lines Per Character Row
Fmsuaiasdaaimualviiiu o dinsmamuduwwunsminTran
-BR : Blink Rate

A BR ilsdpaimualiinsy 3 ddeansbinisuanna iy
(Graphic Mode)

-SC:

i1 SC = 0 andumsimualitaesigainszwiy

SC = 1 audlumimnualvitaeieslunsniy

-CTOP : Cursor TopLine Number in the Row
dunmaimueauminugassasiigeiiuum

-CBOT : Cursor Bottom Line Number in the Row
umsfimmuadumisaegaeaarsizesluuwm

Interlaced

242 s«’nfi"qém%’umuqumsuamua (DISPLAY CONTROL COMMAND)

[Y) ° & o -
xsznpudieadiaalull As

12
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2.4.2.1 START

START

xR v . - o ¢ ° « & 0
Fumsdly GDC Wumngnamz idle modeFuNGNMTMNITUAMNATRIAN
1893 GDC

2.4.2.2 BCTRL

BCTRL

Fhuamdfildlumsimmuainezianimaasnneaamnyiss lu
-J v 1 4 v vo o
Fahdaanmsirvuaainansnmaamu Winvua 19 DE = 1

2.42.3Z00M

ZOOM

Fumdnldamsuimua Zoom Factor SMiuMsuamInauasnMslisudl
Y . P - ' ' A -
AABIUULNTINAN (Graphic Character) ZevzUsznauniniwasang 1 aaluil fis
P1

DISP GCHR




warlumsfimuaswasiing 1 ssimualdandaimuassluil As
-DISP : DISPLAY ZOOM FACTOR
GDC @130 Zoom @010 1-16 Fxzimuainesly Zoom mnawhlsldann
mnfweiail Milee .
dABans Zoom 1 inmuaA DISP = 0
fBaM3 Zoom 2 WinmumA" DISP = 1

@13 Zoom 16 Wifinmumen DISP = 15
-GCHR : ZOOM FACTOR FOR GRAPHICS CHARACTER WRITING AND
ARE FILLING - '

2.4.2.4 CURS

CURS

Fuand il dimiuimuamumissnseireflumsanuiuanina  19as
124 - L] . A’ -t
Usznaumemniwesan 1 aaluil fs

P1

P2

14
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P3

dAD 010 | EAD

EAD : fnA1 EXCUTE WORD ADDRESS
dAD : fism DOT ADDRESS within THE WORD
adon, add ® U L] w J -
TaeisamumaAa 1 AU A
L3 [ ] v & L3 ;.7
Wanmstmuamunuinsaduiuamessvuuny X wasunu Y
P R | P -t - -
fasuaun (0, 0) wasunu X fmswnandeliesn wasunu Y Smatium
v v o
NNUUsIEN Aty g 2.1
(0, 0) (XMAX)

(0, YMAX) (XMAX, YMAX)
917l 2.1 wamamsimuadiumia X, Y Tumena
LRSS ALEAATITRIMIEANILERIHAT LAY AnLSidpatimg
ndr X, Y fdeimsamnmismnaisnasuliiduiumieaiasassimiog
avianie  @ewin GDC  dasmsmndweifiduusansaeaimizceanuin
LARIHBRIMILININA MITAMIMIUBAATAYEIMNIEANNA L IAINAIZUEAII LA
22



|—>lst WORD or 16 PIXELS

0 1 P-1 |—1st LINE
P P+1

—LAST LINE
l—) BASE ADDRESS of EACH LINE '-—» LAST WORD

U7 2.2 LI ALDALATAVIMIBATINALAAIHA

1NgUA 22 sufiuldmsdaueninsaramizsanuiuanrat s Feme
wnu X tufadindaninshellen wasnnuuaaamieuiumssadmunislussuy
X - Y usivihe andnuaming 1 usuasaiuliznaudieen 16 90 Al

1% P = d7uu 16 BIT WORDS lumiladu

AU P = (X, + 1)/ 16

X fidwridy 1023 dnd P = 64,, 38 40y

9:ld Line Base Address (LBA) =P * Y

aniuuanmITEaImhA NI LERaYTamvetuAasin i niweie 1
fia EAD LBA + TRUNC (X/16)

uasAmuniraiinds dAD = X MOD 16

24.2.5PRAM

16



PRAM

o111 SA

| [ ]

« U« . - v &
FuamdnidlumsmnuaweasaGuduanuemraiun lumsuaning  uas
upyeadayarainisnrsuuunsmin

-: ’ (=] -‘ . + ua-' J - ¢ o ‘l ] [
Tasfidn SA ssdiufdaweninslGusunnmnimesainuila wy
o -t ‘' IIA' v ' - L n‘
& SA = 0 wrnwetvnGuduaunNiiweiaan 1 (P1)
-t ’ u-‘ L4 . - w A
SA = 1 asvugtiinvGuduaanmniwesaan 2 (P2)
L] J - 'l& 3
wazsediuguiludes q Fwezamnsndanldnmun 16 M
- - ] ' - P | ) P~ ] 0 - Py
die GDC GuauamMNines @ SA + 1 wa? NITEMUATNIHLADIAY
[v) . 4‘ ] 4‘ [ 1 24 [3 l.'l [
dalusmlGes 1 uazesngasulalasugadndirsly
FmsusremnTiimaan 9 wnantiaellluvnda PARAMETER RAM
CONTENT

2.4.2.6 PITCH

PITCH

ShundaRlfamsuimuaanuniaees Display Memory nilvsgnlfszning
UM taefl Drawing Processor zimihfimiien1eees word anlufas@eu
Magmafialawes word P waslusaefugninafasimihimaumiaGudies
wnasly

FmiuAndiiasfivniimesifsaiadien
P1

HENEEE

17



P : Number of Word Addresses in Display Memory in the Horizontal Direction

243 fdifilfaaumina (DRAWING CONTROL COMMANDS)
Feaztlsznaushedndisn q asluil Aa

2.43.1WDAT

WDAT

0|01 {TYPE{O |MOD

Flumdafililumadeudoyadiu word %38 byte avlumizeaiudiuanina
(Display Memory)
Frozimuaszasindn 1 1daail
TYPE : Data Tranfer Type

00 : Word, Low then High byte

01 : Low byte of the Word

10 : High byte of the Word

11 : Invalid
MOD : RMW Memory Cycle, Logical Operation

00 : Replace with Pattern

01 : Complement

10 : Reset to Zero

11 : Set to 1
dummnniimedan 1 fife doyaiesds Ineezdifias 8 Iin

mstnauesdndifiaadludiil fa

_ s 6DC 183 1 g0 mawnndwed @ lud dimualiifumsds
Fudsa waz 1 lu Adwualidadiulu) wdmisanudvewamn (Video
Memor) N9:11115 RMW & @unis EAD Atmualiluddy CURS

_ 9mfufd (Pointer) w81 EAD fezaludaidadaly audamaf e
Amuaely

18
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b a (24 - « v [}
- nuufEnsaiumnineiyasisluld
[ «~ -t P caly o .
- dwsumsdeuduluviuy lusuiunms RMW Cycle lurinlaildgnimua
v 17
ATGALNU MBAULTINNA
- v -t . . 4] . - '
- dmiumadsunuy graphic bit-map WY @1 LSB ¥8IWINRAaIAN
v & v & a ' v -
iy Nezgnldluaums RMW Cycle amuamnlweian 9 sxduld 2 nsd
- 17 - -~ 17 -
Ap Wi 1 3 8 Im vidau 0 na 8 In
° w -t - & - - 4
- dmsumadeululruansmifinuu nn 1 Tnesmniivaiasgnlineg
« U ' « boa - « U v - o
- fmdfzdnnnmsou 1 fs mddiesdedldnniiweilumsimun
e Lo v -~ -
Pattern Register lupafidndidu 1 sslfdwsiwiniiveiniiveglu Parameter
RAM
. Jai L & X >~ [ & - [ 4 « [ &
- reufmrdiddiilazdndiind FIGS waswiniimef 3 fusnzesind
. J L -~ A
FIGS ripu Walflumsfimuagiuuusainmsma fiamalunisne waser DC

243.2MASK

MASK

Ml FamiuimuaAues 16-bit Mask Register 31 Mask Register iz
Whimtmuaiesbidayainlatlumhsauinuanmagnidsuuacudlyly
21N RMW Cycle

mslwaaalu Mask Register 9sMldl 2 35 fia

I 1ndy MASK ddiifasiiwiniiwed 2 @ Geeslddmiimuah e
Winlatugnudusuawdly Tasfine 16 Inflssgnivasdnlidiulily Mask
Register

2. énds CURS Tnefmuadi dAD seammfiaasafi 3 seedndail

drmsmadiunuy Graphic bit-map whidadliindt MASK udszimunlag
181 CURS unu Tasfidndy CURS fhzfiummmuadmumianausiazusansa
fivanzan

2.43.3FIGS



FIGS

o & oo . - - '
Sumdfililumsimuenniime e lflumsaiuaunima faeemanes
-~ * -~ ¢ «w » w J
findn 1 eennfiesiudasaaldnal

P1

SL|{R | A |GC|L DIR

||

SL : Slanted Graphics Character

R : Rectangle

A : ARC/Circle

GC : Graphic Character

L : Line (Vector)

DIR : Drawing Direction Base

amsuluriusnites anniudmuafianialunsna (DIR) m:tﬁamﬁau'lﬁ'mngjﬁ 23

A -~
JUN 2.3 uamafiamanisnaees GDC

20



2]

M ERILABEAIRTUNUTIANNMINALAREIALTY

& apimsmalufienieay asnmua i DIR = 000
» - A’ L » »
Faanmsnalufamadu azfimualyw DIR = 001 Jhudy

o w A a - J A -t L]
damium SL, R, A, GC, L lflumsimuasiinnazng  Zeansadanayel
- ' 173 n‘

finan 1 ldmumaan 2.6

SL GC Operation

0 0 Character Display Mode Drawing, Individual Dot Drawing,
DMA, WDAT, and RDAT

0 0 Straight Line Drawing .

0 1 Graphics Character Drawing and Area Filling with Graphics
Character Pattern

0 0 Arc and Circle Drawing

0 0 Rectagle Drawing

1 1 Slanted Graphics Character Drawing and Slanted Area
Filling

myad 2.6 Valid Figure Type Select Drawing




P2 DC
RN
P3 0 |GD DC
LTl
P4, D
LT
Ps 0|0 D
L1
P6 D2
LT
P7 0 ]o D2H
NN
P8 D1
LTI
P9 0o D1,
IR
P10 DM
RN
P11 0]o DMH
L

damaudn 10 o exdlumimusAiiawmesves DIGITAL DIFFERENTIAL
ANALYZER (DDA : Li’Jua”ﬁ'ﬂLm'ﬁag"luﬁ’a GDC Tmhfidaumaadincmans
wmnemluwianiuns swdayadisaiauad Tolu GDC Goni1 READ MODIFY
WRITE (RMW))

 GD  asfmualividy 1 dadeimimalulnansmfinuazes
fimualWondy 0 WedsinmaluTmun Graphics and Mixed Mode #w3sudn DC,
D, D2, D1 uax DM azfimuamusiayaimsnaldaiamsad 2.7
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Drawing Type DC D D2 D1 DM
Initial Value 0 0 0 -1 -1
Line dI 2dD-dI 2(dD~dI) 2dD -
ARC rsinx r-1 2(r-1) -1 rsinz
Rectangle 3 A-1 B-1 —-l' A-1
Area Fill B-1 A A - -
Graphic Character| B-1 A A - -
Write Data Ww-1 - - - -
DMAW D-1 C-1 - - -
DMAR D-1 C-2 (C-2) 2t - -
Read Data w - - - -

MINT 2.7 ATNUENIAT Drawing Parameter



- : No Parameter bytes sent to GDC for this Parameter
dl : The Larger at Dx or Dy
dD : The Smaller at Dx or Dy
r : Radius of Curvature in Pixels
x : Angle from Major Axis to end of the Arc , x <= 45
z : Angle from Major Axis to start of the Arc , z <=45
A : Number of Pixels in the Initially Specified Direction
B : Number of Pixels in the Direction at Right Angles to the Initially
Specified Direction
W : Number of Words to be Accessed
C : Number of Bytes to be Transferred in the Initially Specified Direction
D : Number of Words to be Accessed in the Direction at Right Angles to the
Initially Specified Direction
DC : Drawing Count Parameter which is One Less than the Number of RMW
Cycles to be Executed
DM : Dots Masked from Drawing During Arc Drawing
t : Needs only for Word Reads
fmius DC, D, D2, D1 sufhyaduduuamaiugausinawmnd uas
TunImeauuy LINE w:fasfimsdmnamedng 1 waiide fimansoimldlag
Uil 1 Amnamiszesvinaduinnugamaduuny X uazunu Y dgsums
dX 1= X, - X,
dY 1= Y,-Y,
e X, fsngameraiAamaIMmIs LN X

L] L]

X, Aimagarherainawmaimaduuny X

Ll 1

Y, fApgngamersinawemudiuuny Y

L b

Y, fAnagarihgvainamaimadiuuny Y

fAwee dX wax dY awnsadhildimiwnuazay dmisesdeszasvihaduinn
MmNy udldlfiwmaeafiene @ GDC ssiimsmegausnaalyly
wmihsaruirludumitaaediee? sasfi DDA MMsfmMNMWBMATIYENAT 2
dla GDC nsmegafl 2 DDA fasmmsdnnogassly FhuduiiluGes -
aunsziamalunaeeeludinilasinmugafienaivunzaghitaned
DC uwasis GDC nnmmafiagagmie sbiddawmed DC sxdiduTugud uwas

- - -t v
wApilas (CURSOR) wsiadsuiliagnmagarie



$ufl 2 Jumme QUANDRANT uay OCTANT winfh dX uaz dY
Famsfimun QUANDRANT war OCTANT %83 GDC fimsfimuadlustil 2.4

413
211 S 2
314 6 1
710
QUANDRANT . OCTANT

71l 2.4 uBAINISAMUA QUANDRANT 4az OCTANT
mMImA1 QUANDRANT azlannmsufeuifisuiaiaimaneyes dX was dY
ANANTIaT 2.8

(ARDIMINEYBY dx \aamaneyas dy QUADRANT
+ . 1
- - 2
- + 3 —
+ + "4

-

AT 2.8 A1INUAAINMTAIMUA QUANDRANT
dun1mA OCTANT a:ién QUANDRANT fivmanldmmalssaiana
fwnums wWEsufisuaduysal (ABSOLUTE) a3 dX waz dY (1 dX |, | dY 1)
AT 2.9

25
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dX‘ > Ile dx‘ < (dY.
QUADRANT | OCTANT QUDRANT | OCTANT
1 2 1 3
2 5 2 4
3 6 3 7
4 1 4 0

a7 2.9 MTHLERIMIAMUA OCTANT
f1dX 1 = | dY | wsarhnameviaduiemeeglutndunzusaamed dnly
Afildvzauagsznine 2 OCTANT Wildduasgfiud OCTANT
yufl 3 Fumsimuaununisnadass INDEPENDENT DRAWING AXIS)
unuiiduununadasasduenidifianueannoniBoununile Wy woy X andy

wnUNABETHEe | dX | > 1dY | dunny Y @9 1 dX | <= | dY | fass1en 2.10

OCTANT | INDEPENDENT AXIS DEPENDENT AXIS

N N N N P N
TR S S A T
T T S G S

P . -~
AN 2.10MTINAUALNUNTINADE TS



&t 4 mssmnaswnimedie 1 lumima dnnfeesililumme
vszney faeen DC, D, D2, D1 fwrannsadmnnldnndees | dX | was | dY |
awaumsaalUil Aa
DC = |dl|
D=@xxIdDl)-IdlI
D2 2+x(dDI-1dl))
D1 2 #idD |

dlo dI Juszesvinwsinunadas:

dD Fuszgzvinesiununaludase
2.43.4FIGD

FIGD .

FumndiWEumamuglisfitmuauanddan wileAda FIGD (e
fadidl GDC wzimsmaawnifitefann PARAMETER RAM uhlthiiulily
DRAWING PROCESSOR wazGumnumsna o sumifinimualidag é1 EAD
waz dAD Tud1ds CURS

2.4.3.5 GCHRD

GCHRD

JuamdiidimiunmmadayawunsmAindilifullumiheannui
WAPIHE

244 fmdmidlumafiuioya (DATA READ COMMAND) 1sznaudie
fda 1 ealUil

27



28

2.4.4.1 RDAT

RDAT

1(0]1]|TYPE|O |MOD

[ 1]

[ 3 ‘l J A ' - . -
Jumaanlflumsswdeyaldu word %38 byte INMMbaAMIIUEAINA
- © mtoved ® - v e U ‘
Taef TYPE uaz MOD 3:i3fnmuamiaunuiid WDAT
2.44.2 CURD

CURD

¢ & ' - . - o . o o
Jumdanldlunmssuimuniier CURSOR lasfidis GDC Mmenwuadadl
(") U -~ 1 . J’ 1 - d'
wd? Amsdeaian 1 Aslulssgndindufiuani FIFO

Fr1roni
P1 A, EAD, Ay

[ I A I
" SEREIEE
P3 o lo [0 [o |0 {0 EA]lJH
P4’ dAD

[ T
PS5 dAD,

T O
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2443 LPRD

LPRD

o 4ral [ LY ' . [ . -
dumanldamiveuamauniueamsases Light Pen lasfufle GDC

[ g -~ L)

L] . . : t A
Mmanmd i aAnneeien 1 asluinsgndianani FIFO

P1 A, EAD A,

I I I
P2 A, : EAD,, |
P3 0 {0 |0 |0 |O |0 |EAD,

I

P4 ) dAD L

I I I
P5 dAD

[

245 mdiildauey DMA (DMA CONTROL COMMAND) a:1/sznay
fadnds a1 Aaluil

2.4.5.1 DMAR

DMAR

110(1|TYPEj1 |MOD




L4 Q'I J e o . 7 N L . *
Juidanldimiuuen  GDC  Jdasnseudeyalaslfsuiums  DMA
Taefins iwua TYPE waz MOD 9:iisnsimuamilaudids WDAT

2.4.5.2DMAW

DMAW

0l0|1 |TYPE|1l |MOD

’ ° & ve o " v -4 & *
umdnlddmivuen GDC  hdasmadsudoyalaslfvuiunts DMA
- . P ° - « O
lagfimsimua TYPE uaz MOD :iisnusimuamiioudid WDAT

2.5 STATUS REGISTER FLAG

] U J L4 L]
aunanly STATUS REGISTER uamlfusnaniismmiauyss GDC
- i - o A"
Fadlvunm 8 On wazudasimasdianamanemiiae

STATUS REGISTER FLAG

2.5.1 SR-7 : LIGHT PEN DETECT

dindgndndy 1 wnefhsasiumunsosuadumiennsares
LIGHT PEN I# wazille LAD (Light Pen Address) gnéhelulu FIFO ud
Inilazgnnindiu o

2.5.2 SR-6 : HORIZONTAL BLANKING ACTIVE
vasiiiadyouaeioreunaa 3msd wueahs  (Horizontal  Retrace
Blanking) finffasgnidndiu 1

2.53 SR-5: VERTICAL SYNC
vosfifindyannesfines Snsd 96 (Vertical Retrace Sync) finifas
gniinidiu 1



2.54 SR-4 : DMA EXECUTE
Inflazdiu <17 Wefimaafeudedoyalaslfyuiunms DMA

2.5.5 SR-3 : DRAWING IN PROGRESS
fnihedu 17 luseel GDC msmanmkuunTin

2.5.6 SR-2: FIFO EMPTY
A o~ a e ' « U - a ] > &
Walntifu “1” wamad1 gadmduasnniiveigndaudhlyly GDC nanua
L Pad » J o * ." -~ v & -l * L
lignAianuuasnipaiismadduasniiveiinamuGeuissud

2.5.7 SR-1 : FIFO FULL

dindlifiu <17 waneh iy FIFO @iy limansoiugadideuas
rnfieasld '

diinildiu 0" waneh ey FIFO sunsnugaddiuasnniivadld
agiae 1 lnf wasiinfazdasgnidannaineufissmnisdedila 1 Wh GDC

2.58 SR-0 : DATA READ

inildy <17 wamvh  weeluiideyandoaivzddnlnTasTusigaed
uazinifsdy “0”  vosfidoyagnéienn FIFO 108t Micorprocessor Interface
Data Register uazazdnainmadaiiniinnaniieuiisimnas uusiazad

L J [ [ b o
2.6 dafimualunislddiny uazmimineuwes FIFO

FIFO (First in , First Out) wmifidusanarlunisTdneumdinuszuy
lulpsTuswaed Tasfinsmenwluanweer Half Duplex Ao anansoduiudayald
™ 2 fiema uiaftasfiemadsoiniy fememsnaues FIFO gnAluavlag
saylalastsameinmagedndadalasTnsannman  assugmsdaeing
wenil  Tasmsasnanusfivmnzausedinseiiianesuandou:  visiaamaiin
oz 1

gamndlumsdnu GDC desdilufusniluansiueenly Faluriusniiide
@da (Operation Code) daulurisie 1 Wife mnfiedussddnfufinuan

nsdudsunaliuy GDC 3zt FIFO Wururanlugivameoyadhm
vanh fayafideuadliiiudiuinds viemnimes feiadsznamd (Command
Processor) W GDC vsasvaeuiing varfivadfiegly FIFO
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Jemsnanamdalduimdmlidun  ssfadiumsiugamdiiaunil
ua:ﬁaLflum'sﬁfuqﬂmi%'ummmﬂmas'ﬂaqéwé"ufu 108

FIFO afAgufiermemaalasnsmugusesszuululasiusawed
msdadnds g GDC axfumsdlW FIFO mawlu Mode Write e Bah
FIFO fmglu Mode Read fayafidueguzmenyn dadimdlmidhll fd
fifBan1InNIMBLEURY iU RDAT, CURD, LPRD 3:ml# FIFO naeudlu Read
Mode

2.7 Read-Modified-Write Cycle

nMsddByaTniin GDC uasmitsaNuiuanng (Display Memory) finaldf
Read-Modified-Write Cycle (RMW) Fududanamusznaudies 4 faameiiem
fip

1. damuaasalldmitsanuinuaning

2. UM iByanNMiIEANI

3. Ysinlp-usly-uwdsunladsya

4. Feudayanduslufidumiiidenlilunsuun

MIeINEe: RMW  sasfimmsudlafeyauy dasdsznaudisdiuiugy
nan 1 3 dudieny fie

- Pattern  Register  (fiuguuussstayadieztheludimieanidin
Tnewimiines veednds WDAT w3alumsnasn PRAM

- MASK Register imuahiinlaluayafisudumsgnudly

- 16 Bit Logic Unit {@NMMNMINAL Replace, Complement, Set
¥38 Clear Data figniamInvigANiuanIna

1. Pattern Register

- fayadluszgn AND rutoyalu Mask Register Zenimuanni
Inlaaansauilyle ‘

- lumsnenmnsdin fayelu Pattern Register 3sgn@iniy Mask
Register Asiasinuimiy

- dlafins AND Aufinfidiu 1 lu Mask Register fmivezgnudlalag
Logic Unit dmiigadalulunw findaluly Patern Register azgniianuiinam
snly '

- Execute Word Address Pointer Register (EAD) a:fimifiimua
usaasauaASATTTIR M
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- lu Character Mode nniinlu Pattern Register 3sgnlfuuuyuly
msimun  dnvarnaudladoyanidda  Swswdudnsarmmmauasesdinadsin
lumsmanmanfisnmioudinn 1 Inlumisaain Word Mask Register
asfmuaihy 1 lufumisiesinsudly

2. Mask Register

ansngn Load & 2 ma e

- W Graphics Mode fnd1 CURS szfimuadn v3e @ums Dot Address
(dAD) dnwaiz 4 In Tdwmananamdsmmauwadifivewy 1y 16wy
it fis wesdhiewa 16 In uaresilidedindoafezuaaiin (active) u 16 in
il

- 14 Character Mode f1d1 Mask 9:813150 Load Mask Register inlyle
ludnueuz Full 16 Bits

3. Logic unit

wlifayan - fayafisndunnambeanuituaniua

- Pattern Register
- Mask Register

Tnwnlszananaiiniy Logic unit Wdkadnsifusayafissmmadeundy
s AN g laeflimsmanu 4 ansoe Replace, Complement, Clear,
Set Ain ™ 4 wwui] dh Mask bit {0 dayafiendumeslignudly udth Mask
bit W 1 waz Logic Unit i Replace ud fayafisniunldvzgnunudae
Pattern Register dhuuuududn 3 wuuiy f 0 ludyausmlideuaniundy
adlmilouds druen 1 ludbyaazgninem mnt Logic Unit uaz Mask bit

2.8 Figure Drawing

GDC aznammuuunamAinlusan 1 yadewnils Read-Modified-Write
(RMW) Cycle Display Memory Cycle Salszneusas 4 anunian saiufidoano
RN 5 MHz RMW Cycle 9:1813a1 800 nS

luszninane GDC swwadalufissnadhafiedfindy eeansafimun
ldts 8 90 w3a 8 fiana sau 1 iy Tag GDC azdmuafiamemeniiiiy
vanetay 0-7 Ganduseadnumudaniim Al



X : yadlagiu
0 : ynsaly

Tumsmanw  fefidesnsfeuamnsg,  funmisanaludamaseiy  was
-famalumsnalunsielufieduvdeas s limsauviauindsdruiu word dadulu
mhsauitane  Besinniweiimilh ¥ Pich fasfiuddnnuiiieds
Wil lunsgheldGda nedheviern Execute Word Address (EAD) 1zgniin
vieanaa luaaisl Dot Address azéhaluegil LSB w3a MSB 281 Mask Register

34

lumsgalimanwiedhessr word @eddu 1698vyu Dot Address Pointer
Register \Unayvisadas '

mrauaninMsmauluminanmluudazfiem

DIR

OPERATION TO ADDRESS THE

NEXT PIXEL

000
001

010
011

100
101

110
111

EAD + P -
EAD + P =
dAD (MSB)

dAD (MSB)

it

EAD - P =
dAD (MSB)

EAD - P ->
EAD - P -
dAD(1LSB)

dAD (LSB)
EAD + P -
dAD(LSB) =

1:EAD
1:EAD

1:EAD

1:EAD

1:EAD

1:EAD

+

1 -
1->

dap ->
dap ->

dap ->

dAD ->

dad ->

dap ->

bk

B B




Where P =
EAD

dAD

Pitch

LR

Left Rotate RR
Execute Word Address
Dot Address Stored in the Mask Register

= Right Rotate

AMIMAUATIENNHNAADNITNAMNULLAN 7 AN

Dir

Line

Character |Slant Char

Rectangle

000

001

010

P4

011

100

101

110

4P P

1A

-

N

i
N
=

U
U
&
=

Y

",
G
:
-
£
:

0
v
&
]
0

&
X
4
NN
3
%

J o - Jd A .
leTl 2.5 MNUEMNAYDINTTANNUANANNNNABAITIIAATNULDUAN

35



i lunemnduasaly yueuduesdulildmelugn 45 aan lufia
mamudn®m Jaanfianmaeesal DIR

lumssndnld ssGumalufiemasesdn DIR uar  TRafupiduldds
dldmil 1 munsadmuabifianuenlat 45 sam

2.9 mﬂﬁmafmﬂum:ﬁwuamsﬂnmn

unssenmsnamm GDC Apanmssiingadnn, Hiann, Wnsweslums
a-' 14 J U L A’ o -d 1 [ 4 e I'I
79, RENRY uar Uy (Pattern) WA wnalignimuaGeusoaudl dldme
FIGD lumsdalviGuna
s w U . -l v P
MauvuABY (Algorithm) Nlflumsmanmee: GDC gnWanmuniaiia
anudlunne Tnemslimstimuaneasdeauuufives 3oy CPU annuly
L] ﬂ 74 L] J L] ¥
msanammialunsna wasleunuiliv .GDC My Samivasanmuuy
' . . -~ =4 & 4 - L) -l P g
AN (Pixel-by-Pixel) #ANNGIGHU Tovnfiwadan 1 Tatmsail

Drawing Type DC D D2 D1 DM
Initial value¥ 0 0 0 -1 -1
Line Idl. Z}dD —ldL' Z(Idbl—'dl.l) 24D -
Arciek r sin a r-1 2(r-1) -1 rsinb
Rectangle 3 A-1 B-1 -1 A-1
Area Fill B-1 A A - -
Graphic Characterskk B-1 A A - -
Write Data W-1 - - - -
DMAW D-1 C-1 - - -
DMAR D-1 c-2 (c-2)2" - -

Read Data W - - - -
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* Initial values for the various parameters remain search drawing process ends
** Circles are drawn with 8 arcs, each of which span 45° ,sothat sina = 1/2
and sin b =0
*** Graphic characters are as special case of bit-map area filling in which B
and A < 8, if A =<8 there is no need to load D and D2
Where
1 = all ones value
All numbers are shown in vase 10 for convenience. The GDC acepts base 2
numbers (2s complement notation where appropriate)
- = No parameter bytes sent to GDC for these parameter
dL = The larger at dX or dY
dD = The smaller at dX or dY
r = Radius of curvature, in pixels

= Angle from major axis to end of the arc a =< 45°

o &
]

Angle from major axis to start of the arc b =< 45°

>

= Round up to the next higher integer

A = Number of pixels in the initially specified direction

B = Number of pixels in the direction at right angles to the initially specified
direction

W = Number words to be accessed

C = Number of words to be transferred in the initially specified direction
(Two bytes per word if word transfer mode is selected)
D = Number of words to be accessed in the direction at right angles to the

initially specified direction
DC = Drawing count parameter which is one less than the number of RMW
cycles to be executed

DM = Dots masked from drawing during arc drawing

v &

2.10 MTINAIBNYTENTINAN

lumsmasnsnWiin GDC 9:1uuY pixel-bypixel 1aBn1T Load A28nes
- g v - v
fxafinsgn Load wWhliiulilu parameter RAM Taiuldinaigatsuin 8 x 8
o L4 10 L J
wazausanmuamsnasnysslalidnaguuy Tnemaw/feuwtas Parameter 1u
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mse, fiemalumime wazTaenmsldamuauni@lums Fill area fezanansodiou
Snyszacin 1 Mg Sauady Taslaies load parameter RAM 1w

dladoyarawnusng 8 Byte gn Load g Parameter RAM
Grudpeudy Fmunsolidnds GCHRD wedel GDC Gumnmsdsudimitdens
mhsarduanmald uanniigiliind Zoom Filwinfwesfiaansaimun
snavasnysfesuaniald Tnsaansosenednesslat 1-16 uh Taeeudas bit
ﬁgmﬁu‘li’azgnﬁﬁ;ﬂuuuw?qua:umuaumm'nmuﬂ?aﬁr'lmuﬂ‘luﬁ'm‘i'qZoommie'ﬁa
Pram W& imheamuituaninagn Mmundedid FIGS

lumsdeusnuszang 8x8 pixel W4 pixel uwinvzGudsuan LSB 89
RA-15 Wdes 1 sufls MSB 81 RA-15 antufesnszlandialy RA-14
fonfinaety Auvaeilde MSB) wdrwdulu@es 1 wufis LSB v8s RA-14 was
uwuussuiuauduiiGes 1 8n 6 PRAM Byte

dhitufflasnauaunda 8 pixel sunsuysnsaduulaiiinsstaadalulur
faly neutla MSB

2.11 nsfmundly Parameter RAM fumiafl 0 @1 15 (RA 0
to 15)

fmniwesigniiulily PRAM Wy ewnsotnainliinldGes 1 wes
gansaudlyan meluawzun Byte 18 Tnslufinansmude Byte Bu 1
‘ Funeasdeald 2 gl fip NeasBsareimemamiuazgluuureInwie
A '
Peas@saveimamay swindu 2 vien 1 a: 4 Byte Tneaufiy
1. waawmsaidusulumhgauiuaninaseiufasiufinsuaniua  (Display
Area)

2. AMNEMITBIRLAINILAA G

wennniluusasiufisiaansawiadiy 2 wy fs wwuNuRdansy Bit Map
Graphics Wasufid w3y Coded Character wazdutseanldifuuuy 16 bits w3e
32 bits wide display cycle

mslfne PRAM  wennilfdumsimuagluuy  dmsunwiiesnaly
Graphic Mode #1 PRAM Byte #i 8-15 ssfiuguuuilly Fadnudumsnanw
Snuadudy wu Wuan dnden duld udr felfiawslud 8, 9 lumsinun
Tuznadhuduiiy viadulsy viegn wadulluns Fill Area uasmsdusnys:
anAnud axlmualund 8 falurt 15 lumsfimuanmiiesna
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neaz@arsimsmuaaan 7 ludazinug

Character Mode

RA-0 SAD1,

l l I l l I I Display Partition Area 1
starting address with low &
high significance fields

1 |'6 0 o0 SAD1, (vord address)
| | L | |
2 LEN1 0 0 0 0

L] L [ 1

Length of Display Partition 1
3 ¥D1} O 1 ILENT" | ! ¢line count) with high and

low significance fields

A VWide Display cycle width of two words per memory cycle
is' selected for this display area if this bit is set to a 1.
The display address counter is then incremented by 2 for

each display scan cycle. Other memory cycle types are not

influenced
RA-4 Display Partition 2
SADZ LStarting address
5 1 \ l | 1 l and length
0 0 0 SAD2
‘ | L1
LEN2 o 0 6 0
. N T S
wp2| O LENZ
I




RA-8

10

11

RA-12

13

14

15

-Starting address

and length

-Starting address

and ‘length

SAD3,
[
0
L A
LEN3L 0 0 0
Ll
wD3] O LEN3
Lt
SAD4
T O A
D
0 ‘ 0 l 0 TA 4T l
LEN4 0 0 0
Ll
¥D 0 LEN
L0 L

Display Partition 3

Display Partition 4
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Graphics and MNixed Graphics and Character Modes

RA-0

RA-4

Display Partition Area 1

|_starting address with lov &

bigh significance fields

(wvord address)

Length of Display Partition 1
—(line count) vith high and

low significance fields

In mixed mode,a 1 indicates an Image or graphics areas,

and a O indicates a character area.In graphics rode

must be O.¥When 1,the DAD is incremented

Display Partition 2

Lstarting address

and length with image

bit as in area 1

SAD1,
[ 1
SAD1,,
b L1
LEN1, 0 SAD1,
] L1
WD1|IH LEN1,
A
this bit
every other display cycle.
SAD2,
I O N
SAD2,,
| L
LEN2 0 SADZH
L 4
¥D2|IM LENZ
- LT




RA—B[

RA-10

PTH

11

12

13

14

15

Pattern of 16 bits used
LHfor figure drawing to
pattern dotted, dashed,

etc. lines

Graphics character bytes
—-to be mo¥ed into display
merory with graphics

character drawing
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Mensiisnyny Z180

7180 W CPU fiflarmanansagefildny CHIP idndu 1 Wi cpU
CHIP Wi Seinbifidnuosediedy cPU Alflumu CONTROL ludman
“SINGLE CHIP” udiilssin SINGLE CHIP #ifad As dusuudnnangn
widade As msTsunsy CONTROL spudhaennlumsuiusuuasiysuunui
Tngjtu ust 280180 medulsunsuezazmnatannmnsddfildinn uazanly
asmMmgianminauasfetnlumslinuetanninems: CPU Z80180 iy
SUPPER COMPAT 780 as sdmmunagidu z80 uasldfingasidaiumn
Lwaqum'mavmn‘lumﬂm'\uwan

LIJ’tJiJ'rNﬂi"‘U‘U MICRO CONTROLLER “SINGLE CHIP” u&1 Z80180 3z
faenasailaiil ROM , RAM waz PORT uaduiulussabnugaammnssuudlszuy
¥p1 780180 fiu CHIP MICRO CONTROLLER udiwzladniuaginns
anudaamaiianlumafiudoyainnua: PORT annaadimlvidasedfiumeuan
u Famli 80180 TuszAla CONTROL gaamnssuasassindminmszmsly
780180 Usznaudae Ty CMOS , OSCILLATOR lud? RUN ‘7‘1 10 MHz , MMU
CHIP 81 MEMORY @& 1 MBYTE , DMA 2 CHANEL , PORT aﬂﬂ_’l‘i UART
2 CHANEL , CLOCK SERIAL /O , 16 BIT TIMER COUNTER Llﬁzlﬁﬂ’)ﬁ’U
PORT ﬁ‘ﬂﬁ’l‘iﬁ’m’ﬁﬂﬁ’l MULTI PROCESSOR COMMUNICATION
faTasatuyes CHIP faxdudapl
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N5 Y
AO0-A19
BUSAK

o]
c
%)
~
-,

CKAO , CKAl

CKS

CLOCK

CTS0-CTS1

DO-D7
DCDO

DREQO-DREQI

HALT
INTO

INTI, INT2
fORQ
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ADDRESS BUS 3zv7 RESET szilu HIGH IMPEDANCE
BUS ACKNOWLEDGE \fum OUTPUT ACTIVE LOW
Tfideiles Z80180 mavduaensye BUS we: BUSRQ
BUS feya BUS ADDRESS uazdyqne
CONTROL vwdudiu HIGH IMPEDANCE

BUS REQUEST lutn INPUT ACTIVE LOW Hwsfianu
AN NMI Tﬂﬂi}::‘iﬂ'\‘smv%aauﬁ'fyty'lmﬁnn 9 Mstugn
%89 MACHINE CYCLE

ASYNCHRONOUS CLOCK 0 uaz 1 Humnduyoiwu
CLOCK wuy 2 fifma As s:1fifluen INPUT w58 OUTPUT
it .

SERIAL 'CLOCK dumn CLOCK 2 fiamnyey CSI/O
flusn OUTPUT Tasezflueimiliess X’TAL v3a CLOCK
OUT u X'TAL 12 MHz Z80180 3¢ RUN i 6 MHz
CLEAR TO SEND 0 uaz 1 (Jun INPUT ACTIVE LOW
lilunsaruan MODEM

DATA BUS duuuy 2 fisma

DATA CARRIER DETECT 0 jum INPUT ACTIVE
Low lfawanlunsindeny MODEM ASCI CHANEL 0
DMA REQUEST 0 ua: 1 {lus INPUT ACTIVE LOW
Wlumsze DMA  waenilizlsunswldiesamedyanad
1ouvisesEAula

ENABLE CLOCK tffusn OUTPUT ACTIVE HIGH Tl
BadmeautugUnsaimevenswiumamaudeaty  BUS
uaslfidandaiuglnseallunszqa 68XX uaz 80XX

(i1 OUTPUT ACTIVE LOW ssiamiiiaméidy HALT
visa SLP

MASKABLE INTERRUPT 0 fjusn INPUT ACTIVE LOW
Fyanafnndazgnanmn 1 msdugaesdd

wazasm W

WU@EINY INTO WANSzAUANNALITDINNIMNAIAY
dlugn OUTPUT wisueninmasindenu IO e TOE lu
64180
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MACHINE CYCLE udjuin 1 OUTPUT ACTIVE LOW
aziauile FETCH OP-CODE viadhin LIR 984 64180
NMI NON MASKABLE INTERRUPT {lwsn INPUT ACTIVE
LOW 1ifasmeuiums INTERRUPT e laglimansange
¢ SOFTWARE

=

RD Fhnflgimmssutsyann MEMORY ¥ia /O

RESH §luaiily ADDRESS LOW (A0-A7) W  REFRESH
DYNAMIC RAM vi3a 11 REF 189 64180

RTSO REQUEST TO SEND (ffus1 OUTPUT ACTIVE LOW il

Wlsunsudyanuaiugulueuyas  ASCI CHANEL 0
RXAO , RXAl RECEIVE DATA 0 waz 1 Jumivdyanomein SERIAL
PORT w83 ASCI

RXS CLOCK SERIAL RECEIVE DATA  dumivdoyane
SERIAL 83 CSIO :
ST STATUS dlusn OUTPUT ACTIVE HIGH lfuanaaoiuzns

f9ueee CPU Tagsiuny MT uas HALT AN

ST | HAL 1 Operation
0 1 0 CPU operation

) (1st op-code fetch)

1 1 0 CPU operation

{2nd op-code and

3rd op-code fetch)

I
1 1 1 CPU operation
{MC except for op-code fetch)
__6_- —-X--- 17 1—-_ DMA op;'-atiOn T
Q T o 0] HALT mode
1

SLEEP mode (inc|udi:-1§ )
SYSTEM STOP mode)

NOTE X Don't care
MC Machine cycle

TENDO-TENDI  TRANSFER END 0 waz 1 {Juin OUTPUT ACTIVE LOW
fuamafieii DMA Fugaaaud

TOUT TIMER OUT l#fnifiawadain PRT CHANEL 1

TXAO , TXAl TRANSMIT DATA 0 uez 1 Wumndidoya SERIAL 984
ASCI CLOCK SERIAL TRANSMIT DATA" (fhumnddsya
SERIAL 984 CSIO



WR
X'TAL

1l MULTIPLEX
A18/TOUT

CKAO/DREQO

CKAI/TENDO

RXS/CTS1
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31 INPUT ACTIVE LOW azgnamafisausaisas CLOCK
gnfl 2 vemn 1 MACHINE wadiumssalvgunsaimeuen
maulvimununsmanuees CPU

l¥dmiumsdatiyaluds VO vise MEMORY

Fhianldrent XTAL

stni RESET auilu A18 watiimadan SET BIT TOCI
%8 TOCO W TIMER CONTROL REGISTOR (TCR) fiaz
iy TOUT

s:win  RESET wmifsily CKAO usidh DM1 w3a sMi1 Tu
DMA MODE REGISTOR (DMODE) gn SET u 1 auilu
11 DREQO ,

sz RESET azfuzn CKA1L uath BIT CKAID lu ASCI
gn SET 9zfun TENDO

semin RESET wifaadlum RXS d1 BIT CTSIE lu ASCI
gn SET aziluwn CTSI

- ) ° - v v o
#1 Board 7180 lelfuesad3ag Tamsiann Software lAWamnuu PC

ud7 Link ey Serial Port awasa 2180 lnald Software PROCOM*
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Tanafaialtyesaees

GDC uPD-7220 hilafdamnmvin  udliieansarauldantin
Semmuaudis CPU luftillfuada Z180 [husaiwgu GDC lagriun PORT
8255 Tneld software assembly Z180 Wummlummasss Haunsanaaniuas
uilyldie Tneldrin software precent 2180 wuldlfuefaindaldnariunud
Jeaclindituuni Tngasyaniud GDC Hardware

GDC Hardware 3:utitlaiiu 6 dwulva 1 As

1. daudaniy Z180

Fudianaady 2180 Tasd data bus 8 du Taedlu INPUT use
OUTPUT 11ff PORT A 8255 ju I/P, PORT B (lu O/P, PORT C iu
CONTROL B Ao, RD, WR, GND laald 74 LS 224 one direction buffer 2 73
fiany 8255 vy Z180

2. GDC
Wudimdnuy  Hardware (Judiusumdinin Z180  uazdiaiadyanau
17
ATANIBNINTINTINTUIAING

3. Timing Control
* L4 J >V g v e ] '
mwihfaiudyanuauauliivanesdiue 1

4, Address/Data Buffer Unit

* 7] A L7 »w L4 A‘ 1 1] [

ﬂ1ﬂu1ﬂllﬂﬂﬂmm’]ﬂl Address ua:wau”ﬁaaﬂmnnu LWE]ﬂﬂuﬂu']Elﬂ'J'mi]']
LaMING

5. Oscillator Unit
L] » A 1 74 a - " 1 1]
MAUMNMFATNAUUIBUIWRAN LWEJFI'TIJ?}%J’G’J'NWN 1 98INIT

L4 A

6. MigANILamINA Ty TayaNMNEDENIBULAMIKG

1. daudaurerdy  z80-180

vanmIeenuwUL esidiuduioudaszniin GDC fu CPU (Z80-180)
{ieeon Z80-180 faald 8255 iue interface Aumeuan axiudald PORT A
w1 8255 i output uaz PORT B weq 8255 (I input Mewmgfin data W Bus
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afinmsaty 3al8 74 LS 244 2 a1 seludnuardigl disauaumminulily
duay

MstueeInes  defidua WRITE 31n Z80-180 anld GDC
74 LS 244 a7t 1 9sfanuds Data 990 280 Wt GDC dau 74 LS 244 Bnsanils
agluanmn Hi-Z lumadigniu Wafiduniar Read 31n 280 nlW GDC
74 LS 244 daft 2 esthudanamn GDC U Z80 uaz 74 LS 244 i 1 way
luanw Hi-Z

2. GDC

Hu IC dumuguMauanieamn Jezds O/P U8 Video RAM uas
wRarasufmdies Data Bus 8 &y AU Z180 Tansasdaanislitndises GDC
Ienanliluunfiuda '

3. Timing Control Unit _

({lpewn uPD-7220 1 Handaadiezlflumsaiugumuanrasanan bi
(WEIND 'lumiaanuuuﬁqﬁ'mNﬁﬂﬁ'ﬂgnpmﬂfauquﬁauﬁ%mﬂuﬁu 1 Fues Tadyano
mvaudildan uPD-7220 Tagasifide

1. DBIN(-) DISPLAY MEMORY READ INPUT FLAG
2. HSYNC HORIZONTAL VIDEO SYNC OUTPUT

3. VSYNC VERTICLE VIDEO SYNV OUTPUT

4. BLANK CRT BLANKING OUTPUT

5. ALE(RAS) ADDRESS LATCH ENABLE OUTPUT

1] w A L i A’ A '
dudnyanamuauidaiadiezumn laud

1.  DotClk (20 MHz) Juduanmmiuaunsdd (Shift) dyanunmean
gNUIBANNIIULEAING

2. Ck2 (10 MHz) dudtyanamuaunsBid (Sync) fugeadnyno
A

3. 2xWclk (2.5 MHz) dudynnan®nmamiu uPD-7220

4. WR(-) Tudyanamiuaumidsuidyarsimuignnudnuaning

5. RAS(-) Wudanumugunisdsnusamsaluwuiusy (ADDRESS
(ROW)) 9891 HIEAMNAULTAING

6.  CAS(-) Lﬂuﬁmmmmuqumnﬁanuaﬂmsﬁ;luuuw?a (ADDRESS
(COLUMN) 98a7i8auaLanIug



51

30

38805 €E66F €7 UJJENW

HEEL

A3d

-

I -y

JAQUWNN JUSWNIOO0

8ZTY]

111
400a0
acoag

o
<moa
T

I N
W 5 LUMley WM LR KILBP R sL e cUPMLS

11 POSIrL
avol PE—3 _9so =
21048 =50 9
LN3 (34
dN3 P —

UW> U&Mﬁl




52

7. ShiftLoad(-) Whudanuaiugumsivan (LOAD) feyanmmiihg

o [4 .
J9dLADI (register)

4. Address/Data Buffer Units
@1 GDC 2:8 Bus 16 (& (Tui Data uay Address LiansAndsny RAM
s@paiuen Address Was Data Tufitruadiu
— Address Bus 1ff deeder 7415257 {Jusada address 910 GDC to RAM
- Data Bus 1 bi-direction 7415245 {huAada data Iy RAM 4 /2 1 az
4 bit 4 M7

5. Oscillator Unit
1311¢f medule crystal iwmzlianuuiusund crystal 5558A1 11 20 MHz
81U counter 74LS161 M5 clock Wu 2.5 MHz 318un GDC

6. MUIBANUIIULANING

NATUABY  MTNAIUINLAAIHABENTIEBAN  (Color Display) 189
uPD-7220 1y @ uPD-7220 ilpiuidimnmieyszfunanay (Host Micro-
processor) UUMIIHANNIMAN  (Mainboard) Famizedssfuranansasdedauy
Ussnaurasnmin iy sznadimisy dmielszfunananesdianzgadiu 4
gl mfuma uPD-7220  esdwwaniasalufimbeanaddiefivsimnine
foyatuan snthasimaudly Modify) Foyaudmmadeudayaiiudloudiady
feumindinveniudalveenluanauusammnasly

mwrani sy uifafianuindyegninn wassndumadenm
athaann fmamAnesinedusemisarudmananly iesindimsighe
mhsanuimanluusazusawsaiy sdprmmstasetumiedssnananan e
MM O Request WMIAARDAUMINIEANNIIMAN  wasgidaIseaunImuae
Uszviananansazayana Aeeay ACK nauanfisy Jsimmsysznanauunileg
ANNIMANLA waztszdsanmmisuilyludiussianinui (HARDWARE) 8ndag
Faufunseenuuugunsalideausefiligndenin asiun@ilianimeauiman
whanldulueest

udurnzildagulrnnasembsanuinfssininlfmaiumsiinnarila
wazhumihueawmsaaisiifiin  Farnslddrediamnimnareminsanuinfiliiy
Tunvdedbaslnie Wy anvendenseneiildon Snnudndeniiinga Judu
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NANATTATUINIUINYBINUIBAINN

+ J 7 . e J L) . “

AoudumasdammnaramisaNifiasinndeusaty  uPD-7220
denauinziinnaohlslasdagh

- lg 3
1. tlinwaavamnild
- P A
2. AnwandgAreINIMALTINIUNULRD
o ] v J o
3. Snuiinuasenilasnys

4 [ v o v - .

Faludwwadlasinisi ddenldienmwaiialuTulasy (Monochrome) lnefimmualvil
-l o« L [ 7] J L4 w

anvasdoaluwuiuniuasndn (tow * col) = 720 = 350 uazmmualvinilanlanys

figua = 8 AnLga

§uRnuganiman = 720 % 350

= 252000 finga
Tz PINATeiIEAAE YA = 252000/8

= 31500 Tund

= 31500/1024

= 3076 filalur

1 ‘x. i 24 2/ . o - A -~ L4

e ald wwldmnaremtiganuin = 30.76 dlalun uardanld

suaramganNininy 64 Alalur  Wedsslemilumsgansidnululama
[ 4] < 0 [ G J’
aalduazfiaanusinGilumsuaninwaa luldsiaGiu
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IENILEABNRIAINTII VL HDIDDIATEIRNIn UNTNeRDY

1. A& RESET
v e & X . ' - £ y o Ha
AMIUAIFIUFWITOA W UNIAINITIVL MDA 16 69unD
1.1 P1 wxsenpusnaudan CF I DG S ioawniaganao uPD-7220
H L) o« s ugﬂ
NITNAADIUTL L RDNATAI HIUAD
—. A1 CUAY G ITIADNAT O usy 1 13D U ueuananat thiuuns
Wa Inwag
. - . d'llo - ﬁ
-. A1 I uar S WLRBNAT 0 War 1 (Wa IwnaamieuL thuyy Tnueuau
- £ . .
uInaILad(Noninterlaced Mode)
’ . g v - £
-. 1 D wWwiFanA 1 140 1%DN93 L leunindu sy
' P . a av - . -
-. 81 F ®IRBNAT 1 LMD M GDC NN aw e lug 9090199~
v .
LNSEUVAINY (Retrace Blanking)
1.2 MTAMNUNIAY HFP, HS uar HBP
Q‘l vpau Q'll 1 as +
Luaoawannwsnﬂaaqﬂqﬁﬂ1angmuwﬁnwnlﬁﬂuugnnwsdoa@gwmnwwaang
MTAWIWFAINR(DotClK) UAWD 20 MHZ WREMBINITAING luntsadunulu
LUUDU (HSync) NANNITY 18.432 KHz

20 MHz

20,000, 000 ga/Suwﬁ

18.432 = 18,432  uny/u M

oty 1 unaazﬁﬁwuau?ﬂ = 20 MHz/18,432 = 1085 I0/uD7
UFFBINITURAILA L WEILA 720 39
éoﬁuaxﬂiwuduQQﬁLwSa = 1,085 - 720 = 365

Fa6n 365 vavin ¥ lunswaen HFP . HBP uav HS &

awniagauaa uPD-7220

Dtaan Il HFP = 7(7 (390) = 7416 = ;'2 W
HBP = 7 = 7416 = 112 W
HS = 8 = 8¥16 = 128 W

4 . & . a4 A I o«
79 112 4 112 + 128 = 352 Boduanwn bileudaena uashingui
dnNUERILRIN 720 o SMaRuALTe 1,072 9

39 20MHzZ/1,072 = 18.66 1911UA7I00N INSLALNFUARBINTT

1.3 NITAUUMIAN VFP , VBP Wav VS
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Amus 1A 1A 2 BnTaemy luuufe (VSyne) SRRy 50 Hz
VSync/HSync = 50 Hz/18,432 Hz = 368.64 = 369 W02/ L35y
DINITUA 350 UNI(AL = 350)

I%3D 369 - 350 = 19 un3 1w W1Flun1TMIRA VFP, VEP uay VS
I¥ VPP = VBP = VS = 6
1.4 NIRRT AW

Tumitaunwaonis Bugasua 720 W = 720/16 = 45 134n
) 45 = 2Dh
NTauanas uPD-7220 wwléiA1 AW = 2Dh-2 = 2Bh

2. A1d9 SYNC
"'bv- . o o
ﬂ7ﬁ0ﬁ1ﬂ1ﬂﬂ1gﬂaﬂ10LﬁﬁauTUHﬁﬁe~RESET

3. A9 VSyns
e v o & Ka w . a o« - a . : o [N
FMTURITVUVIWENA AL MADI LABN  AD AM 3\)'«)zﬂ‘muﬂ‘l'ﬁ bi[ 2Nl

ity 1 NelW Gbe ﬁwowutﬁuuuuuwatﬁa§Tﬁum(Master Mode)

4. &9 CCHAR

4.1 81 DC uas IR lu P1

aX ° v v v s ¢
Tunienmuals D = 0 1w lidaans IFLass LADS L BaY DarM 193D

RISNIARY

awnﬁagaaao UPD-7220 f¥u€ (%A1 LR = 0O

4.2 A1 CTOP , BR , SC uat BIOP

° (9 ' e X v ° l s £
WAMUN IRINIHY 0 1ws e imBen 15 ML aa9e Wi 0s LADS LTa4 pan

NI IDUFANIWD

5. A7&9 BCTRL

ATRUA TR LMY 1 1WIIEFAINT INUFNINRBDIMAI IBUFAILE

6. A189 CURS
o . [ TP 3 <
szmﬁnmudmﬂm EAD ey dAD 1616‘\0\1 An

o1l P = 37w 16 Bit worps Tuwiletu

i}

AL P X ..+ 1)/16
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01l% X Yamnafiu 719 @9y P= 45 w3p 2Dh
max . 10
¢18 Line Base Address (LBA) = P*Y
(1D Y D SIUmMIIZAIUDMABINIT AN
< L
LAE X A SILMNNABINITINN LULUI

LBA = 2Dh % Y
v O . - 0 ’ < < £
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EAD = LBA + TRUNC(X/16)

X MOD 16

* . <
URTAIUNUSITDIIMAD dAD

7. A189 PITCH
A WS URTIFIUAMADINIADAT P TIATLNATY

720/16 = 45 = 2Dh

8. A1X9 WDAT

8.1 A1 MOD .
° | YRR v [V - a
Q:ﬂ?ﬁﬂﬂiMLﬂWﬂU 00 Lwswzmaonnsqwnwsnwoﬂuxuuuuu Retrace

with Pattern

8.2 A1 TYPE
° SLr ¢« o * [ e ¥ ﬁ .
WU itnny 00 lW?WSﬂDOﬂW?%ﬁﬂW?NOOWﬂﬁBERL VUSTH R PIEN]

< <
LU 9

9. A1¥9 RDAT , DMAR uaz f139 DMAW

Saa ° < o o
AWWVITNIVTNINUALNUDUAIEY WDAT
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CPU
HOF

PAl:
PB1:
PCl1:
CWR1:
com:
para:
fifo:

ORG
LD
LD
OoUT

call
call
call
call
call
call
call
call
_call
“call
call
call
halt

FIFOF: call

SCOM:

LD
LD
ouT
call
LD
IN
1d
LD
LD
ouT
RET

jr
CALL
1d
BIT
JR
1d
1d
out
LD

UNY1 SOFTWARE

"64180.TBL"
" INTS"

EQU  0CO80H
EQU O0CO81H
EQU  0CO082H
EQU  0CO83H
equ 8ff2h
equ 8ff3h
equ 8ff4h

8000H

A,82H

BC,CWRlL ;8255 MODEO PORTA,PORTC=0/P PORTB=I/P
(C),A

reset
sync
vsync
pitch
pram
cchar
betrl
zoom
start
figs
curs
figd

res
a,0FCH ;read STATUS REGISTER AO=0 rd=0
BC,PC1 swr= pc2 al= pcO

(C),A ;yrd= pcl

delay

BC,PB1 H

A, (C) H

(fifo),a ;

a,0FFH

BC,PC1

{C),A ;jclear rd=1

checke

FIFOF sCHECK CALL FIFO=EMPTY?
a,(fifo)

2,A ;CHECK BIT 2 OF STATUS REGISTER
Z ,CHECKE

a, (com)

be,pal

(c),a

a,0FBH $SEND COMMAND AO=1 & WR
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SPARA:

delay:
loop:

RES:

RESET:

PAR:

LD
ouT

BC,PC1
(C),A ;out command

call delay
call res sclear wr = 1

RET

jr
CALL
1d
BIT
JR
id
1d
out
LD
LD
ouT
call
1d
1d
out
call
call

1d
djnz
ret

LD
LD
ouT
RET

; THESE

1d
1d
call
CALL
RET
id
1d
CALL
LD
1d
CALL
LD
1d
CALL
LD
1d

checkf

FIFOF sCHECK CALL FIFO=FULL?
a,(fifo)

1,A sCHECK BIT 1 OF STATUS REGISTER
nZ ,CHECKF

a,(para)

bc,pal

(c),a

a,0FAH $SEND PARAMETER A0=0 & WR
BC,PC1

(C),A ;out parameter

delay

a,0feh

bc,pcl

(c),a

delay

res ;clear wr =1

b, 10H
loop

a,0FFH
BC,PC1
(C),A

ARE VIDEO CONTROL COMMAND;

a,00h sSEND COMMAND RESET
(com),a

scom

PAR

a,16h

(para),a

SPARA $SEND P1
a,2BH

(para),a

SPARA sSEND P2
a,0c8H

(para),a

SPARA sSEND P3
a,1ch

(para),a

63



SYNC:

VSYNC:

CCHAR:

PITCH:

CALL
LD
1d
CALL
LD
1d
CALL
LD
1d
CALL
LD
1d
CALL
RET

LD
1d
CALL
CALL
RET

LD
1d
CALL
RET

LD
1d
CALL
LD
1d
CALL
LD
1d
CALL
LD
1d
CALL
RET

;THESE ARE DISPLAY CONTROL COMMAND;
¢ LD

1d
CALL
LD
1d
CALL
RET

LD
1d
CALL

SPARA
a,07H
(para),a
SPARA
a,06H
(para),a
SPARA
a,50h
(para),a
SPARA
a,19H
(para),a
SPARA

a,0FH
(com),a
SCOM
PAR

a,6FH
(com),a
SCOM

a,4BH
(com),a
SCOM
a,00H
(para),a
SPARA
a,00H
(para),a
SPARA
a,00h
(para),a
SPARA

a,46H
(com),a
SCOM
a,00h
(para),a
SPARA

a,47H
(com),a
SCOM

sSEND P4
+SEND P5
s SEND P6
sSEND P7

;SEND P8

;DE=1 DISPLAY ENABLE
; SEND COMMAND SYNC
;PARAMETER AS SAME AS RESET COMMAND
;M=1 SET TO MASTER MODE

3 SEND COMMAND VSYNC

; SEND COMMAND CCHAR
;DE,LR,BR,SC,CTOP & CBOT =0

;SEND P1

;SEND P2

;SEND P3

;yHAVE ZOOM FACTOR=1
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START:

BCTRL:

figs:

LD
1d
CALL

LD

CALL

LD

CALL

CALL

a,2dH
(para),a
SPARA

a,6BH
(com),a
SCOoM

a,0dH
(com),a
SCOM

a,70H
(com),a
SCOM
a,00h
(para),a
SPARA
a,00h
(para),a
SPARA
a,0ECH
(para),a
SPARA
a,15H
(para),a
SPARA

a,4ch
(com),a
scom
a,47h
(para),a
spara
a,03h
(para),a
spara
a,40h
(para),a
spara
a,0afh
(para),a
spara
a,00h
(para),a
spara
a,0afh
(para),a

; SEND COMMAND START DISPLAY & END IDLE MODE

;DE=1

; DISPLAY BLANKING CONTROL COMMAND
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end

curs:

figd:

call
1d
1d
call
1d
1d
call
1d
1d
call
ret

1d
1d
call
1d
1d
call
1d
1d
call
1d
1d
call
ret

1d
1d
call
ret

spara
a,00h
(para),a
spara
a,0ffh
(para),a
spara
a,03fh
(para),a
spara

a,4%h
(com),a
scom
a,0fh
(para),a
spara
a,6eh
(para),a
spara
a,00h
(para),a
spara

a,6¢ch
(com),a
scom
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82720 '
GRAPHICS DISPLAY CONTROLLER

» Displays Low-to-High Resolution » Extremely Fiexible Programmable
Images . ' Screen Display, Blanking, and Sync
. Formats
. Drzw; C?aralcters, Points, Lines, Arcs, Compatible with Intel's Microprocessor
and Hectangles Families ‘
= Supports Monochrome, Gray Scale, or n High-Level Commands Off Load Host
Color Displays Processor from Bit Map Loading and
2 p d Wind h h Screen Refresh Tasks fa
u Zooms, Pans and Windows Through a .
: » Supports Graphics, Character, and _
4 Mpixel Dlspléy Memory - Mixed Display Modes A

FUNCTIONAL DESCRIPTION : ‘

Introduction ‘ o

The 82720 Graphics Display Controller.(GDC) is an intelligent m'icroprocessor peripheral designed to drive high-
performance raster-scan computer graphics and character CRT displays. Positioned between the videg display
memory and Intel microprocessor bus, the GDC performs the tasks needed to generate the raster display and
manage the display memory. Processor software overhead is minimized by the GDC's sophisticated instruction
set, graphics figure drawing, and DMA transfer capabilities. The display memory directly supported by the GDC
can be configured in any number of formats and sizes up to 256K 16-bit words. The display can be zoomed and
partitioned screen areas can be independently scrolled and panned. With its light pen input and multiple controliler
capability, the GDC is ideal for most computer graphics applications. Systems implemented with the GDC can
be designed to be compatible with standards such as VDI, NAPLPS, GKS, Core, or custom implementations. *
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Figure 1. Block Dlagram Figure 2. Pin Conflguration
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Table 1. Pin Description

Symbol Pin No. | Type Name and Description

2XWCLK 1 1 Clock Input

DBIN .2 0 Display Bus Input: Read strobe output used to read display memory data into the GDC.

HSYNC 3 O .| Horizontal Sync: Output used to initiate the horizontal retrace of the CHT display.

VIEXT 4 WO |- Vertical Sync: Output used to initiate the vertical retrace of the CRT display. In stave

SYNC mode, this pin is an input used to synchronize the GDC with the master raster timing
device.

BLANK 5 (o) Blank: Qutput used to suppress the video signal.

RAS (ALE) (] o) Row Address Strobe (Address Latch Enable): Output used to start the control timmg
<hain when used with dynamic RAMs. When used with static RAMs, thls signal is used
to demultiplex the display address/data bus.

DRQ 7 0 DMA Request: Output used to request a DMA transfer from a DMA controller (8237) or
/O processor (8089). -

BACK 8 | DMA Acknowledge: Input used to acknowledge a DMA transfer from a DMA comrouer

L . or /O processor.

RD 9 { Read: Input used to strobe GDC Data into the microprocessor.

WR 10 | Write: Input used to strobe microprocessor data into the GDC.

AD v 1 | Reg]ster Address: Input used to select between commands and data read or written.

DBO 12 1O | Bidirectional Microprocessor Data Bus Line: Input enabled by WR. Output enabled
by RD.

DB1 13

DB2 14

DB3 15

DB4 16

DB5 17

DBé 18

DB7 19

GND 20 Ground.

Vee 40 %5V Power Supply

A 39 (o] Graphics Mode: Display Address Bit 17 Qutput
Character Mode: Cursor and Line Counter Bit 4 Qutput
Mixed Mode: Cursor and Image Mode Flag

A 38 o Graphics Mode: Display Address Bit 16 Output
Character Mode: Line Counter Bit 3 Output
Mixed Mode: Attribute Blink and Line Counter Reset

ADys 37 70 Graphics Mode: Display Address/Data Bits 13-15 .

ADy4 36 Character Mode: Line Counter Bits 0-2 Output

ADy3. 35 Mixed Mode: Display Address/Data Bits 1315 -

ADq2 34 110 | Dispiay Address/Data Bits 0-12

ADyy 33

ADyg 32 *

ADg 31

ADg 30

AD; 29

ADg 28 N

ADS 27 ~

AD4 26

AD, 25

AD, 24 .

AD, 23

ADg 22

LPEN 21 t Light Pen Detect input

8107 . 210655002
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FUNCTIONAL DESCRIPTION (Continued)

“Microprocessor Bus Interface

Control of the GDC by the system microprocessor is
achieved through an 8-bit bidirectionai interface.
The status register is readable at any time. Access to
the FIFO butfer is coordinated through flags in the
status register.

Command Processor

The contents of the FIFO are interpreted by the com-
mand processor. The command bytes are decoded, and
the succeeding parameters are distributed to their
proper destinations within the GDC. The bus interface
has priority over the command processor when both
access the FIFO simuitaneously.

DMA Control. - -

The DMA Control circuitry in the GDC coordinates data
transfers when using an external DMA controlier. The
DMA Request and Acknowledge handshake lines inter-
face with an 8257 or 8237 DMA controller or 8089 I/0
processor, so that display data can be moved between
the microprocessor memory and the dispiay memory.

-

Parameter RAM

The 16-byte RAM stores parameters that are used
Tepetitively during the display and drawing processes.
In character mode, the RAM holds the partitioned dis-
play area parameters. in graphics mode, the RAM also
holds the drawing pattern and graphics character,

Video Sync Generator.

Based on the clock input, the sync logic generates
the raster timing signals for almost any interlaced,
non-interlaced, or “repeat field" interlaced video for-
mat. The generator is programmed during the idle
period following a reset. In video sync slave mode, it
coordinates timing between the GDC and another
video source.

Memory Timing Generator

The memory timing circuitry provides two memory
cycle types: a two-clock period refresh cycle and the
read-modify-write (RMW) cycle which takes four
clock periods. The memory control signals needed to
drive the display memory devices are easily
generated from the GDC's RAS(ALE) and DBIN
outputs,

8-108

Zoom and Pan Controller

Based on the programmable zoom display factor and
the display area parameters in the parameter RAM,
the zoom and pan controiler determines when to
advance to the next memory address for display
refresh and when to go on to the next display area. A
horizontal zoom is produced by slowing down the
display refresh rate while maintaining the video sync
rates. Vertical zoom is accomplished by repeatedly
accessing each line a nimber of times equal to the
horizontal repeat. Once the line count for a display
area is exhausted, the controller accesses the start-
ing address and line count of the next display area
from the parameter RAM. The system microproces-
sor, by moditying a display area ‘starting address,
allows panning in any direction, independent ‘of the
other display areas.

Drawing Processor -

The drawing processor contains the logic necessary
to calculate the addresses and positions of the pixels
of the various graphics figures. Given a starting point
and the appropriate drawing parameters, the draw-
ing.processor needs no further assistance to com-
plete the figure drawing.

Display Memory Controlier

The display memory controlier's tasks are numerous.
Its primary purpose is to multiplex the address and
data information in and out of the display memory. It
also contains the 16-bit logic units used to modify the
display memory contents during RMW cycles, the
character mode line counter, and the refresh counter
for dynamic RAMs. The memory controller appor-
tions the video field time between the various types
of cycles. .

Light Pen Debouncer

Only if two rising edges on the light pen input occur
at the same point during successive video fields are
the pulses accepted as a valid light pen ¥atection. A
status bit indicates to the system microprocessor
that the light pen register contains a valid address. _

System Operat'ion

The GDC is designed to work with Intel microproces-
sors to implement high-performance computer
graphics systems. System efficiency is maximized
through partitioning and a pipelined architecture, At
the iowest level, the GDC generates the basic video *

210855002
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82720

PRELIMINARY

raster timing, including sync and blanking signals.
Partitioned areas on the screen and zooming are
also accomplished at this ievel. At the next level,
video display memory is modified during the figure
drawing operations and data moves: Third, display
memory address are calculated pixel by pixel as
drawing progresses. Outside the GDC at the next
level, preliminary calculations are done to prepare
drawing parameters. At the fifth level, the picture
must be represented as a list of graphics figures
drawable by the GDC. Finally, this representation
must be manipulated, stored and communicated.
The GDC takes care of the high-speed and repetitive
tasks required to implement graphics systems.

GENERAL OVERVIEW

In order to minimize system bus loading, the 82720 uses
a private video memory for storage of the video image.
Up to 512K bytes of video memory can be directly sup-
ported. For example, this is sufficient capacity to store
a 2048 x 2048 pixel x 1 bit image. Images can be
generated on the.screen by:

—Drawing Commands
—Program-Controltled Transfers
—DMA Transfers from System Memory

The 82720 can be configured to support a wide vari-
ety of graphics applications. It can support:

—High Dot Rates

—Color Planes

—Horizontal Split Screen
—Character-oriented Displays

—Multiplexed Graphic and Character Display

GRAPHIC DISPLAY CONFIGURATIONS

The 82720 provides the flexibility to handle a wide
variety of graphic applications. This flexibility results
from having its own private video memory for storage
of the graphics image. The organization ot this
memory determines the performance, the number of
bits/pixel and the size of the display. Several different
video memory organizations are examinied in the foi-
lowing paragraphs.

In the simplest 82720 system, the memory can store up
to a 2048 x 2048 x 1 bit image. It can display a 1024
x 1024 x 1 bit section of the image at a maximum dot
rate of 44 MHz, or 88 MHz in wide mode. In this con-
figuration, only 1-bit/pixel is used.

By partitioning the memory into multiple banks, color,
gray scale and higher bandwidth displays can be sup-
ported. By adding various amounts of external logic,

8109

many cost/performance tradeoffs for both display and
drawing are realizable.

The video-memory can be partitioned into 4 banks,
each 1024 x 1024 bits. By selecting ail 4 memory
banks during disp!ay, 4 bits/pixel can be provided by
a single 82720. Each bank of video memory con-
tributes 1 bit to each pixel. This configuration can
support color monitors, again with a maximum dot shift
rate of 44 or 88 MHz.

Higher perfqrmanbe may be achieved by using multi-
ple 82720s. Multiple 827205 can be used to support
mutliple display windows, increased drawing speed,
or increased bits per pixel. For display windows,
each 82720 controls one window of the display. For
increased drawing speed, multiple 82720s are
operated in parallel. For increased bits/pixel, each
82720 contributes a portion of the number of bits
necessary for a pixel. © 7 ’ .
CHARACTER DISPLAY CONFIGURATION
Although the 82720 is intended primarily for raster-
scan graphics, it can be used as a character display
controller. The 82720 can support up to 8K by 13 bits
of private video memory in this configuration (1 char-
acter = 13 bits). This'is sufficient memory to store 4
screens of data containing 25 rows by 80 characters.
The 82720 can display up to 256 characters per row.
Smooth vertical scrolling of each of 4 independent
display partitions is also supported.

MIXED DISPLAY CONFIGURATION

The GDC can support a mixed display system for
both graphic and character information. This capa-
bility allows the display screen to be partitioned be-
tween graphic and character data. It is possible to
switch between one graphic display window and one
character display window with raster line resolution.
A maximum of 256K bytes of video memory is sup-
ported in this mode: half is for graphic data, half is for
character data. In graphic mode, a one megapixel
image can be stored and dispiayed. In character mode,
64K, 16-bit characters can be stored.

\
DETAILED OPERATIONAL DELCRIPTION

The GDC can be used in one of three basic modes
—Graphics Mode, Character Modé and Mixed Mode.
This section of the data sheet describes the following
for each mode:

1. Memory organization

2. Display timing :

3. Special Display functions

4. Drawing and writing

210655002
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_ Graphics Mode Memory Organization

The Display Memory is organized into 16-bit words
(32-bit words in wide mode). Since the display memory
can be larger than the CRT display itself, two width
parameters must be specified: display memory width
and display width. The Display width (in words) is
selected by a parameter of the Reset command. The
Display memory width (in words) is selected by a para-
meter of the Pitch command. The height of the Display
memory can be larger than the display itself. The height
of the Display is selected by a'parameter of the Reset
command. The GDC can directly address up to 4Mbits
(0.5Mbytes) of dispiay RAM in graphics mode. -

.

Graphics Mode Display Timing

All raster blanking and display timings of the GDC ate
a function of the input clock frequency. Sixteen or
32 bits of data are read from the RAM and loaded into
a shift register in each two clock period display cycle.
The Address and Data busses of the GDC are multi-
plexed. In the first part of the cycle, the address of the
word to be read is latched into an external demuitipiexer.
In the second part of the cycle the data is read from
the RAM and loaded into the shift register. Since all 16
(32) bits of data are to be displayed, the dot clock is

8x (16 x) the GDC clock or 16 x (32 x ) the Read cycle
rate. :

Parameters of the Reset or Sync command determine
the horizontal and vertical front porch, sync pulse, and
back porch timings. Horizontal parameters are specified
as multiples of the display cycle time, and vertical para-
meters as a muitiple of the line time.

Another Reset command parameter selects interlaced
or non-interlaced mode. A bit in the parameter RAM can
define Wide Display Mode. In this mode, while data is-
being sent to the screen,-the display address counter
is incremented by two rather than one. This allows the
display memory to be configured to deliver 32 bits from
each display read cycle.

The V Sync command specifies whether the V Sync
Pin is an input or an output. If the V Sync Pin is an
output, the GDC generates the raster timing for the
display and other CRT controllers can be synchro-
nized to it. If the V Sync pin is an input, the GDC can
be synchronized to any external vertical Sync signal.

8110

Graphics Mode Special Display Functions:

WINDOWING .
The GDC's Graphics Mode Display can be divided
into two windows on the screen, uppef and lower,
The windows are defined by parameters written into
the GDC's parameter RAM..Each window s specified
by a starting address and a window length in lines. If
the second window is not used, the first window
parameters should be specified to be the same as the
active display length.

ZOOMING .

A parameter of the GDC's zoom command allows -
zooming by effectively increasing the size of the dots
on the screen. This is accomplished vertically by
repeating the same display line. The number of times
it is repeated is determined by the display zoom fac-
tor parameter. Horizontally, zoom is accomplished by
extending each display word.cycle and displaying
fewer words per line, according to the zoom factor. it
is the responsibility of the microprocessor control-
ling the GDC to provide the shift register clock cir-
cuitry with the zoom factor required to slow down the
shift registers to the appropriate speed. The fre-
quency of the 2XWCLK should not be changed. The “x
zoom factor must be set to a known state upon
initialization.

PANNING

Panning is accomplished by changing the starting
address of the display window. In this way, panning is ’
possible in any direction, vertically on a line by line

basis and horizontally on a word by word. basis. !

Graphics Mode Drawing and Writing

£3

The GDC can draw solid or patterned lines, arcs, circles, %f‘)‘i
rectangles, slanted rectangles, characters, slanted char- R

acters, filled rectangles. Direct access to the bit map ‘g

is also provided via the DMA Commands and the Read "é

or Write data commands. ’

’ ‘a;,*x‘

MEMORY MODIFICATION v_’g
All drawing and writing functions take place at the S 5

location in the display RAM specified by the cursor. ’-;5

The cursor is not displayed in Graphics Mode. The »‘:'
cursor location is modified by the execution of draw- :

ing, reading or writing commands. The cigSor will .sj

move to the bit following the fast bit acce/Ssed. ‘ {
i)

2

&

4
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Each bit is drawn by executing a Read-Modify-Write
cycle on the display RAM. These R/M/W cycles normally
require four 2XWCLK cycles to execute. If the display
zoom factor is greater than two, each R/M/W cycle will
be extended to the width of a display cycle. Write Data
(WDAT), Read Data (RDAT), DMA write (DMAW) and
DMA read (DMAR) commands can be used to exam-
ine or modify one to 16 bits in each word during each
R/M/W cycle. All other graphics drawing commands
modify one bit per RIM/W cycle. ™«

An internal 16-bit Mask register determines which bit(s)
in the accessed word are to be modified. A one in the
Mask register allows the corresponding bit in the display
RAM to be modified by the R/M/W cycle. A zero in the
Mask register prevents the GDC from modifying the cor-
responding bit in the display RAM.

The mask must be set by the Mask Command prior tQ
issuing the WDAT or DMAW command. The Mask reg-
ister is automatically set by the CURS command and
manipuiated by the graphics commands.

The display RAM bits can be modified in one of four
ways. They can be setto 1, resetto 0, complemented
or replaced by a pattern.

When replace by a pattern mode is selected, lines,
arcs and rectangles will be drawn using the 16-bit
pattern in parameter RAM bytes 8 and 9.

In set, reset, or complement mode, parameter RAM
bytes 8 and 9 act as another level of masking for line
arc and rectangle drawing. As each 16-bit segment
of the line or arc is drawn, it is checked against the
pattern in the parameter RAM. If the pattern RAM bit
is a one, the display RAM bit will be set, reset, or
complemented per the proper modes. If the pattern
RAM bit is a zero, the display RAM bit won't be
modified.

When replace by pattern mode is selected, the
graphics character and fill commands will cause the
8 x 8 pattern in parameter RAM bytes 8 to 15 to be
written directly into the display RAM in the appropri-
ate locations. :

in set, reset, or complement mode, the 8 x 8 pattern in
parameter RAM bytes 8to 15actas a mask pattern

for graphics character or fill commands. lf the appro- .

priate parameter RAM bit is set, the display RAM bit
will be modified. If the parameter RAM bit is zero, the
display RAM bit will not be modified. These modes
are selected by issuing a WDAT command without
parameters before issuing graphics commands. The
pattern in the parameter RAM has no effecton WDAT,
RDAT, DMAW, or DMAR operations.

8t

READING AND DRAWING COMMANDS

After the modification mode has been set and the
parameter RAM has been loaded, the final drawing
parameters are loaded via the figure specify (FIGS)
command. The first parameter specifies the direc-
tion in which drawing will occur and the figure type to
be drawn. This parameter is followed by one to five
more parameters depending on the type of character
to be drawn.

The direction parameter specifies one of eight oc-
tants in which the drawing or reading will occur, The
effect of drawing direction on the various figure
types is shown in Figure 9. ’

RDAT, WDAT, DMAR, and DMAW O-perati‘ons_ move
through the Display memory as shown in the “DMA"
Column.

:

The other parameters required to set up figure reading’
or drawing are shown in Figure 3. -

DRANING TYPE OC D 02 ot DM
INITIAL VALUE® [ 8 8 -1 -1
LINE lat 2a0) - tall  2(1aD| - |aH) 2jaD! -
ARC*" rsin ol -1 2r-1) -1 rsnsl
RECTANGLE 3 A1 B-1 -t A-t
AREA FILL B-1 A A .- -
GRAPHIC B-t A A - -
CHARACTER®**

WRITE DATA w-t - - - -
DMAW D-1 c-1 - - -
OMAR 0~1 c-2 (C-2y2t - -
READ DATA w - - - -

*INITIAL VALUES FOR THE VARIOUS PARAMETERS ARE LOAOED
WHEN THE FIGS COMMAND BYTE IS PROCESSED.
**CIRCLES ARE DRAWN WITH 8 ARCS, EACH OF WHICH SPAN 45°,
SO THATSIN o = 1/\2 ANDSIN G = O
++*GRAPHIC CHARACTERS ARE A SPECIAL CASE OF BIT-MAP
AREA FILLING IN WHICH B AND A s& IF A = 8 THERE IS NO
NEED TO LOAD D AND D2.
WHERE:
— 1= ALL ONES VALUE. ..
ALL NUMBERS ARE SHOWN IN BASE 10 FOR CONVENENCE. THE GOC
ACCEPTS BASE 2 NUMBERS (23 COMPLEMENT NOTATION WHERE
APPROPRIATE).
~ = NO PARAMETER BYTES SENT TO GDC FOR THIS PARAMETER.
A1 = THE LARGER OF 3x OR ay.
. 3D = THE SMALLER OF ax OR dy.
2 RADIUS OF CURVATURE, IN PIXELS.
&= ANGLE FROM MAJOR AXIS TO END OF THE ARC. o 545°
#= ANGLE FROM MAJOR AXIS TO START OF THE ARC. § S45°
I = ROUND UP TO THE NEXT HIGHER INTEGER.

| = ROUND DOWN TO THE NEXT LOWER INTEGER.

A= NUMBER OF PIXELS IN THE INITIALLY SPECIFIED DIRECTION.

B= NUMBER OF PIXELS IN THE DIRECTION AT RIGHT ANGLES TO
THE IMTIALLY SPECIFIED DIRECTION.

W= NUMBER OF WORDS TO BE ACCESSED.

C = NUMBER OF BYTES TO BE TAANSFERRED IN THE INITIALLY
SPECIFIED DIRECTION. (TWO BYTES PER WORD IF WORD
TRANSFER MODE 1S SELECTED.)

D= NUMBER OF WORDS TO BE ACCESSED IN THE DIRECTION AT
RIGHT ANGLES TO THE INITIALLY SPECIFIED DIRECTION.

DC = DRANING COUNT PARAMETER WHICH I3 ONE LESS THAN
THE NUMBER OF RMW CYCLES TO BE EXECUTED.
DM = DOTS MASKED FROM y ARC
+= NEEDED ONLY FOR WORD READS.

Figure 3. Drawing Parameter Details

.
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After the parameters have been set, line, arc, circle, rec-
tangle or slanted rectangle drawing operations are
initiated by the Figure Draw (FIGD) command.
Character, slanted character, area fill and slanted area
fill drawing operations are initiated by the Graphics
Character Draw (GCHRD) command. DMA transfers are
initiated by the DMA Read or Write (DMAR or DMAW)
commands. Data Read Operations are initiated by the
Read Data (RDAT) Command. Data Write Operations
are initiated by writing a parameter after the WDAT
command.

The areafill operation steps and repeats the 8 x 8
graphics character pattern draw operation to fill a
rectangular area. If the size of therectangle is not an
integral number of 8 x 8 pixels, the GDC will auto-
matically truncate the pattern at the edges furthest
from the starting point. '

The Graphics Character Drawing capability can be
modified by the Graphics Character Write Zoom Fac-
tor (GCHR) parameter of the zoom command. The
zoom write factor may be set from 1 to 16 (by using
from 0 to 15 in the parameter). Each dot wili be
repeated in memory horizontally and vertically
(adjusted for drawing direction) the number of times
specified by the zoom factor.

The WDAT command can be used to rapidly fill large
areas in memory with the same value. The mask is set
to all 1's, and the least significant bit of the WDAT
parameter replaces all bits of each word written.

Character Mode Memory Organization

In character mode, the Display memory is organized
into up to 8K characters of up to 13 bits each. Wide
mode is also available for characters of up to 26 bits.

The display memory ca} be larger than the display
itself. The display width (in characters) is a parameter
of the reset command. The display memory width (in
characters) is a parameter of the Pitch Command.
The height of the display (in lines) is a parameter of
the Reset Command. The display memory height is
determined by dividing the number of display
memory words by the pitch.

In character mode, the display works almost exactly as
it does i graphics mode. The differences lie in the fact
that data read from the display RAM is used to drive
a character generator as well as attribute logic if
desired. In Character mode, address bits 13-16 become
line counter outputs used to select the proper line of
the character generator, and the address 17 output
becomes the cursor and line counter MSB output.

Character Mode Display Timing

In character mode, the display timing works as it does’

in graphics mode. In addition, the Address 17 output
becomes cursor output. The characteristics of the cur-
sor are defined by parameters of the cursor and
Character Characteristics (CCHAR) command. One bit
allows the cursor output to be enabled or disabled. The
height of the cursor is programmable by selecting the
top and bottom line between which the cursor will
appear. The blink rate is also programmable. The
parameter selects the number of frame times that the
cursor will be inactive and active, resulting in a 509
duty cycle cursor blinking at 2 x.the period spscified
by the parameter. . .
The cursor output pin also provides the line counter bit
4 signal, which is valid 10 clocks after the trailing edge
of HSYNC., ' .

Character Mode Special Display Functionsﬂ

WINDOWING

The GDC's Character Mode display can' be par-
titioned into one to four windows on the screen. The
windows are defined by parameters written into the
GDC's Parameter RAM. Each window is specified by
a starting address and a window length in lines.

If windowing is not required, the first window length
should be specified to be the same as the active
display length, e

ZOOMING AND PANNING

In character mode, zooming and pan handling com-
mands function the same way as in Graphics Mode.

Character Mode Drawing and Writing

The GDC can read or writé characters of up to 13

PRELIMINARY -

-

bits into or out of the Display RAM. OO4

All reading and writing functions take place at the
display RAM focation specified by the cursor. The cur-
sor location can be read by issuing the CURD com-
mand. The cursor can be moved anywhere within the
dispiay memory by the CURS command. The cursor
location is also modified by the execution of character
read or write commands. )

Each character is written or read via .a

Read/Modify/Write cycle. The mask register contents

determine which bit(s) in the character are modified.
The mask register can be used to change character
codes without moditying attribute bits or vice-versa. The
Replace with pattern, Set, Reset and Complement

210655002
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modes work exactly as they do in graphics mode, with
the exception that the parameter RAM Pattern is not
used. The pattern used is a parameter of the WDAT
command.

The Figure Specify (FIGS) command must be set to
Character Display mode, as well as specify the direc-
tion the cursor will be moved by read or write data
commands.

In character mode, the FIGD and GCHRD comman&s
are not used. :

Mixed Mode Memory Organization

In mixed mode, the display memory is organized into
two banks of up to 64K words of 16 bits each (32 bits
in wide mode). -

The display height and width are programmable by the
same Reset or Sync command parameters as in the
graphics and character modes. The display memory
width (in words) is a parameter of the Pitch Command
and the height of the display memory is determined by
dividing the number of display memory words by the
pitch.

An image mode signal is used to switch the external
circuitry between graphics and character modes in
two display windows.

In a graphics window, the GDC works as it does in
pure graphics mode, but on a smaller total memory
space (64K words vs 512K words).

In a character window, the GDC works as it does in
pure character mdde, but the line counter must be
implemented externally. The counter is clocked by
the horizontal sync pulse and reset by a signal sup-
plied by the GDC. '

In mixed mode, the GDC provides both a cursor and
an attribute blink timing signal.

Mixed Mode Dlspfay Timing

In mixed mode, each word in a graphic area is accessed
twice in succession. The AW parameter of the Reset
or Sync command should be set to twice its normal
value, and the video shift register load signal must be
suppressed during the extra access cycle.

In addition, A16 becomes a Multiptexed Attribute and
Clear Line Counter signal and A17 becomes a multi-
.plexed cursor and image mode signal. A16 provides an

active high line counter reset signal which is valid
10 clocks after the trailing edge of HSYNC. During the
active display line time, A16 provides blink timing for
external attribute circuitry. This signal blinks at 1/2 the
blink rate of the cursor with a 75% on, 25% off duty
cycle. A17 provides a signal which selects between
graphics or character display, which is also valid
10 clocks after the trailing edge of HSYNC. During the
active display time, A17 provides the cursor signal. The
cursor timing and characteristics are defined in exactly
the same way as in pure character Tode.

Cd
Mixed Mode Special Display Functions

WINDOWING .o .
The GDC supports two diéplay windows in mixed mode.
They can independently be programmed into either
graphics or character mode determined by the state of
two bits in the parameter RAM. The window location
in display memory and size are also determined by
parameters in the parameter RAM.

ZOOMING AND PANNING ,
In mixed mode, zooming and panning commands’
function the same as in graphics and character
mode.

Mixed Mode Drawing and Writing

In mixed mode, the GDC can write or draw in exactly
the same ways as in both graphics and character
modes. In addition, the FIGS command has a para-
meter GD (Graphics Drawing Flag) which sets the
image mode signal to select the proper RAM bank.

DEVICE PROGRAMMING

The GDC occupies two addresses on the system micro-
processor bus through which the GDC's status register
and FIFO are accessed. Commands and parameters
are written into the GDC FIFO and are differentiated by
address bit A0. The status register orthe FIFO can be
read as selected by the address line.

AQ READ . WRITE
STATUS REGISTER PARAMETER INTO FIFO

ll]lllll

[lLlllll

FIFO READ COMMAND INTO FIFO

lLlIIllll l|lllll]

Figure 4. GDC Microprocessor Bus interface
Registers
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Commands to the GDC take the form of a command
byte followed by a-series of parameter bytes as
needed for specitying the details of the command.
The command processor decodes the commands,
unpacks the parameters, loads them into the appro-
priate registers within the GDC and initiates the re-
quired operations.

The commands available in the GDC can be organ-
ized into five categories as described in figure 5.

VIOEO CONTROL COMMANDS
1. RESET: RESETS THE GDC TO ITS IOLE STATE.
2. SYNC:  SPECIFIES THE VIDEO DISPLAY FORMAT.
3. VSYNC: SELECTS MASTER OR SLAVE VIDEO
SYNCHRONIZATION MODE
4, CCHAR: alE’IEGCIFIEl THE CURSOR AND CHARACTER ROW

DISPLAY CONTROL COMMANDS
1. 8TART:  ENDS IDLE MODE AND UNBLANKS THE DISPLAY.
2. BCTAL: CONTROLS THE BLANKING AND UNBLANKING OF
THE DISPLAY,
3. ZOOM:  SPECIFIES ZOOM FACTORS FOR THE DISPLAY AND
GRAPHICS CHARACTERS WRITING.
4. CURS: 'C‘EE'LSOTHH{ POSITION OF THE CURSOR IN DISPLAY

5. PRAM:  DEFINES STARTING ADDRESSES AND LENGTHS OF

THE DISPLAY AREAS AND SPECIFIES THE EIGHT
. BYTES FOR THE GRAPHICS CHARACTER.

6. PITCH:  SPECIFIES THE WIDTH OF THE X DIMENSION OF

DISPLAY MEMORY,
DRAWING CONTROL COMMANDS
1. WDAT: wg:‘rgs DATA WORDS OR BYTES INTO DISPLAY
RY,

M 3
2. MASK:  SETS THE MASK REGISTER CONTENTS. .
3. FIGS: SPECIFIES THE PARAMETERS -FOR THE DRAWING
PROCESSOR.
4, FIGD: DRAWS THE FIGURE AS SPECIFIED ABOVE.
§. GCHRO: DRAWS THE GRAPHICS CHARACTER INTO DISPLAY

MEMORY. DATA READ COMMANDS
1. RDAT: ﬂEE:‘DoSneATA WORDS OR BYTES FROM DISPLAY

M .
2. CURD:  READS THE CURSOR POSITION.
3. LPRD: READS THE LIGHT PEN ADDRESS.
DMA CONTROL COMMANDS
1. DMAR:  REQUESTS A OMA READ TRANSFER.
2 DMAW: REQUESTS A DMA WRITE TRANSFER,

Figure 5. GDC Command Summary

{rlefsfefoTa] T0]

t 4 oura reaoy
l l FIPO FULL
PO EMPTY

DRAWING IN PROGAESS
DMA EXECUTE
VERTICAL SYNC ACTIVE
HORIZONTAL BLANK ACTIVE
LIGHT PEN DETECT

Figure 8. Status Register (SR)

Status Register Flags

SR-7: Light Pen Detect: When this bit is setto 1, the
light pen address (LAD) register contains a de-
glitched value that the system riicroprocessor may
read. This flag is reset after the 3-byte LAD is moved
into the FIFO in response to the light pen read
command.

8414

SR-8: Horizontal Blanking Active: A 1 value for
this flag signifies that horizontal retrace blanking is
currently underway. s
SR-5: Vertical Sync: Vertical retrace sync occurs
while this flag is a 1. The vertical sync flag coor-
dinates display format modifying commands to the
blanked interval surrounding vertical sync. This
eliminates display disturbances.

SR-4: DMA Execute: Thisbitisa1 during DMA data
transfers. ’

g sl ol
R s g ey § ol Rl

%

Py
1

SR-3: Drawing In Progress: While the GDC is draw- e
ing a graphics figure, this status bit is a 1. PRYL EE}'

SR-2: FIFO Empty: This bit and the FIFO Full flag %&
coordinate system microprocessor accesses with 2
the GDC FIFO. When it is 1, the Empty flag ensures ?:
that all the commands and parameters previously ~ %“
sent to the GDC have been processed. &

SR-1: FIFO Full: A1 at this flag indicates a full FIFO
in the GDC. A 0 ensures that there is room for at least
one byte. This flag needs to be checked before each
write into the GDC.

SR-0: Data Ready: When this flagisat,itindicates ¥
that a byte is available to be read by the system
microprocessor. This bit must be tested before each
read operation. It drops to a 0 while the data is trans-
ferred from the FIFO into the migroprocessor inter-

3
face data register. ¥

y
FIFO Operation & Command Protocol - "

The first-in, first-out buffer (FIFO) in the GDC
handles the command dialogue with the system mi-
croprocessor. This flow of information uses a haif-
duplex technique, in which the single 16-location
FIFO is used for both directions of data movement,
one direction at a time. The FIFQ's direction is con-
trolled by the system microprocessorthrough the GDC's’
command set. The microprocessor coordinates these

transfers by checking the appropriate status register
bits. !

The command protocol used by the GDC requires
the differentiation of the first byte of a command
sequence from the succeeding bytes. This first byte
contains the operation code and the remaining bytes
carry parameters. Writing into the GDC causes the
FIFO to store a flag value alongside the data byte to
signify whether the byte was written into the com-
mand or the parameter address. The command pro-
cessor in the GDC tests this bit as it interprets the
entries in the FIFO, ’

210885-002
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The receipt of a command byte by the command
processor marks the end of any previous operation.
The number of parameter bytes supplied with a com-
mand is cut short by the receipt of the next command

byte. A read operation from the GDC to the micropro-:

cessor can be terminated at any time by the next
command.

The FIFO changes direction under the control of the
system microprocessor. Commands written into the

GDC always put the FIFO into write mode if it wasn't -

in it already. if it was in read mode, any read data in
the FIFO at the time of the turnaround is lost. Com-
mands which require a GDC response, such as RDAT,
CURD and LPRD, put the.FIFO into read mode after
the command is interpreted by the GDC's command
processor. Any commands and parameters behind
the read-evoking. command are discarded when the
FIFO direction is reversed.

Read-Modify-Write Cycle

Data transfers between the GDC and the display
memory are accomplished using a read-modify-write
(RMW) memory cycle. The four clock period timing of
the RMW cycle is used to: 1) output the address, 2)
read data from the memory, 3) modify the data, and 4)
write the modified data back into the initially se-
lected memory address. This type of memory cycle is
used for ail interactions with display memory includ-
ing DMA transfers, except for the two clock pefiod
display and RAM refresh cycles.

The operations performed during the modify portion

of the RMW cycle merit additional explanation. The

circuitry in the GDC uses three main elements: the
Pattern register, the Mask register, and the 16-bit
Logic unit. The Pattern register holds the data pat-
tern to be moved into memory. It is loaded by the
WDAT command o, during drawing, from the param-
eter RAM. The Mask register contents determine
which bits of the read data will be modified. Based on
the contents of these registers, the Logic unit per-
forms the selected operations of REPLACE, COM-
PLEMENT, SET, or CLEAR on the data read from
display memory.

The Pattern register contents are ANDed with the

Mask register contents to enable the actual modifica-
tion of the memory read data, on a bit-by-bit basis.
For graphics drawing, one bit at a time from the
Pattern register is combined with the Mask. When
ANDed with the bit set to a 1 in the Mask register, the
proper single pixel is modified by the Logic Unit. For
the next pixel in the figure, the next bit in the Pattern
register is selected and the Mask register bit is

8115

moved to identify the pixel’s location within the word.
The Execution word address pointer register, EAD, is
also adjusted as required to address the word con-
taining the next pixel.

In character mode, all of the bits in the Pattern regis-
ter are used in parallel to form the respective bits of
the modify data word. Since the bits of the character
code word are used in parallel, unlike the one-bit-at-
a-time graphics drawing process, this facility allows
any or ali of the bits in a memory word to be modified
in one RMW memory cycle. The Mask register must
be loaded with 1s in the positions where modification
is to be permitted.

The Mask register can be loaded in either of two
ways. in graphics mode, the CURS command con-
tains a four-bit dAD field to specify the dot address.
The command processor converts this parameter
into the one-of-16 format used in the Mask register
for figure drawing. A full 16-bits can be loaded into
the Mask register using the MASK command. In addi-
tion to the character mode use mentioned above, the
16-bit MASK load is convenient in graphics mode
when all of the pixels of a word are to be set to the
same value.

The Logic unit combines the data read from display
memory, the Pattern register, and the -Mask register
to generate the data to be written back into display
memory. Any one of four operations can be selected:
REPLACE, COMPLEMENT, CLEAR or SET. In each
case, if the respective Mask bit is 0, that particular bit
of the read data is retumed to memory unmodified. If
the Mask bit is 1, the modification is enabled. With
the REPLACE operation, the modify data simply .
takes the place of the read data for modification
enabled bits. For the other three operations, a 0 in
the modify data allows the read data bit to be re-
turned to memory. A 1 value causes the specified
operation to be performed in the bit positions with
set Mask bits.

Figure Drawing

The GDC draws-graphics figures at the rate of one
pixel per read-modify-write (RMW) display memory
cycle. These cycles take four clock periods to com-
plete. At a clock frequency of 5 MHz, this is equal to
800 ns. During the RMW cycle the GDC simulta-
neously calculates the address and position of the
next pixel to be drawn.

The graphics figure drawing process depends on the

display memory addressing structure. Groups of 16
horizontally adjacent pixels form the 16-bit words

210855-002
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which are handled by the GDC. Display memory is
organized as a linearly addressed space of these
words. Addressing of individual pixels is handled by
the GDC's internal RMW logic.

During the drawing process, the GDC finds the next
pixel of the figure which is one of the eight nearest
neighbors of the last pixel drawn. The GDC assigns
each of these eight directions a number from 0 to 7,

starting with straight down and proceeding
counterclockwise.

OOO
OO
OOO

Figure 7. Drawing Directions

Figure drawing requires the proper manipulation of
the address and the pixel bit position according to

the drawing direction to determine the next pixel of

the figure. To move to the word above or below the

current one, it is necessary to subtract or add the

number of words per line in display memory. This’
parameter is called the pitch. To move to the word to

either side, the Execute word address cursor, EAD,

must be incremented or decremented as the dot ad-

dress pointer bit reaches the LSB or the MSB 6f the

Mask register. To move to a pixel within the same

word, it is necessary to rotate the dot address pointer-
register to the right or left.

8116

Figure 8 summarizes these operations for each
direction.

Whole word drawing is useful for filling areas in
memory with a single value. By setting the Mask
register to all 1s with the MASK command, both the
LSB and MSB of the dAD will always be 1, so that the
EAD value will be incremented or decremented for
each cycle regardless of direction. One RMW cycle will
be able to affect all 16 bits of the word for any drawing
type. One bit in the Pattern register is used per RMwW
cycle to write all the bits of the word to the same value.
The next Pattern’ bit is_used-for-the word, etc.

. b

DIR  ADDRESS OPERATION(S)
[ EAD = EAD + P

1 EAD = EAD + P
' It dAD.MSB = 1 then EAD = EAD + 1
dAD = LR(dAD)

2 It JAD.MSB = 1 then EAD = EAD + 1
dAD = LR(dAD)

3 EAD = EAD -P ]
1f dAD.MSB = 1 then EAD = EAD + 1
dAD =LR(dAD)

4 EAD = EAD - P

5§ EAD = EAD - P
It JAD.LSB = 1 then EAD = EAD — 1
dAD x-RR(dAD)

[ it JAD.LSB = 1 then EAD = EAD - 1
dAD = AR(dAD)

7 EAD = EAD + P
: it dAD.LSB = 1 then EAD = EAD - 1
dAD = RR(dAD)

WHERE
P = PITCH, LA = LEFT ROTATE, RR = RIGHT ROTATE
CAD = CURSOR ADDRESS
dAD = DOT ADDRESS
LSB = LEAST SIGNIFICANT BIT
MSB = MOST SIGNIFICANT BIT <

Figure 8. Address Caiculation Details
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“For the various figures, the effect of the initiai direction

upon the resuiting drawing is shown in figure 9.

Note that during line drawing, the angle-of the line
may be anywhere within the shaded octant defined
by the DIR value. Arc drawing starts in the direction
initially specified by the DIR value and veers into an

arc as drawing proceeds. An arc may be up to 45
degrees in length. DMA transfers are done on word
boundaries only, and follow the arrows indicated in
the table to find successive word addresses. The
slanted paths for DMA transfers indicate the GDC
changing both the X and Y components of the word
address when moving to the next word. It does not
follow a 45 degree diagonal path by pixels.

pir | Line Arc  |Character [Slant Char|Rectange| DMA | =1
o[ |57 0 [0y (T3] [R]¢
[ ]Sl O] 1]+
VAR IR
=4[, [ ] R
“ln | SO
7B LT =
A % O]

Figure 9. Effect of the Direction Parameter
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Drawing Parameters

In preparation for graphics figure drawing, the GDC'’s
Drawing Processor needs the figure type, direction
and drawing parameters, the starting pixel address,
and the pattern from the microprocessor. Once these
are in place within the GDC, the Figure Draw com-

‘mand, FIGD, initiates the drawing operation. From

that point-on, the system microprocessor is not in-
volved in the drawing process. The GDC Drawing
Processor coordinates the RMW circuitry and ad-
dress registers to draw the specified figure pixel by
pixel.

The algorithms used by the processor for figure
drawing are designed to optimize its drawing speed.
To this end, the specific details about the figure to be
drawn are reduced by the microprocessor to a form
conducive to high-speed address calculations within

the GDC. In this way the repetitive, pixel-by-pixel-

calculations can be done quickly, thereby minimizing
the overall figure drawing time. Figure 3 summarizes
the parameters.

Graphics Character Drawing

Graphics characters can be drawn into display
memory pixel-by-pixel. The up to 8-by-8 character is
loaded into the GDC's parameter RAM by the system
microprocessor. Consequently, there are no
limitations on the character set used. By varying the
drawing parameters and drawing direction,
numerous drawing options are available. In area fill
applications, a character can be written into display

—

memory as many times as desired without reloading K
the parameter RAM. .

Once the parameter RAM has been loaded with up to

eight graphics character bytes by the appropriate i
PRAM command, the GCHRD command can be used -

to draw the bytes into disptay memory starting at the -
cursor. The zoom magnification factor for writing,
set by the zoom command, controls the size of the
character written into the display memory in integer
multiples of 1 through 16. The bit values in the PRAM 3%
are repeated horizontally and vertically the number >
of times specified by the zoom factor.

memory is controlled by the parameters of the FIGS
command. Based on the specified height and width
of the area to be drawn, the parameter RAM is
scanned to fill the required area. D

For an 8-by-8 graphics character, the first pixel drawn
uses the LSB of RA-15, the second pixel uses bit 1 of
RA-15, and so on, until the MSB of RA-15 is reached.
The GDC jumps to the corresponding bit in RA-14 to
continue the drawing. The progression then advances
toward the LSB of RA-14. This snaking sequence is con-
tinued for the other 6 PRAM bytes. This progression
matches the sequence of display memory addresses
calculated by the drawing processor as shown in
figure 9. If the area is narrower than 8 pixels wide, the
snaking will advance to the next PRAM byte before the
MSB is reached. If the area is less than 8 lines high,

fewer bytes in the parameter RAM will be scanned. If ¥,
the area is larger than 8 by 8, the GDC will repeatthe %
contents of the parameter RAM in two dimensions. ;;'
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Parameter RAM Contents

The, parameters -stored in the parameter RAM,
PRAM, are available for the GDC to refer to
repeatedly during figure drawing and raster-
scanning. In each mode of operation the values in the
PRAM are interpreted by the GDC in a predeter
mined fashion. The host microprocessor must load
the appropriate parameters into the proper PRAM
locations. PRAM loading command allows the host
to write into any location of the PRAM and transfer as
many bytes as desired. In this way any stored param-
eter byte or bytes may be changed without influenc-
ing the other bytes.

The PRAM stores two types of information. For
specifying the details of the display area partitions,
blocks of four bytes are used. The four parameters
stored in each block include the starting address in
display memory of each display area, and its length.

in addition, there are two mode bits for each area
which specify whether the area is a bit-mapped
graphics area or a coded character area, and
whether a normal or wide dispiay cycle is to be used
for that area.

The other use for the PRAM contents is to supply the

pattern. for figure drawing when in a bit-mapped
graphics area or mode. In these situations, PRAM
bytes 8 through 16 are réserved for this patterning
information. For line, arc, and rectangie drawing
(linear figures) locations 8 and 9 are loaded into the
Pattern’ register to allow the GDC to draw dotted,
dashed, etc. lines. For area filling and graphics bit-
mapped character drawing locations 8 through 15
are referenced for the pattern or character to be
drawn.

Details of the bit assignments are shown on the fol-
lowing pages for the various modes of operation.
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10

1

14

15

SAD2,
) 1 | 11
6 o o SAD2,
] 1 [ |
LEN2, [} [}
[ |
woz| 1m LEN2y
I N |
SAD3,
1 i ] [
o o o SAD3,,
11 S |
LEN3, 0o 0.0 O
1 1
woa| M LEN3y
L 1
SADA,
! I L1 P4
0o o0 0 SAD4,,
| | S |
LEN4, ¢ o o o0
. | | 1
wo4| 1M LEN4,,
nd ‘1 1 1

DISPLAY PARTITION AREA 1 STARTING
ADDRESS WITH LOW AND HIGH
SIGNIFICANCE FIELDS (WORD
ADDRESS).

LENGTH OF DISPLAY PARTITION 1
(LINE COUNT) WITH LOW AND HIGH
SIGNIFICANCE FIELDS.

THE IMAGE BIT AFFECTS THE
OPERATION OF THE DISPLAY ADDRESS
COUNTER IN CHARACTER MODE. IF
THE IMAGE BIT IS ZERO, IT

wiLL INCREMENT BY ONE AFTER
EACH Ri YCLE. IF THE IMAGE
BIT IS SE‘[ IT WILL INCREMENT
B8Y ONE AFTER EVERY TWO
READ CYCLES.

A WIDE DISPLAY.CYCLE WIDTH

OF TWO WORDS PER MEMORY CYCLE
IS SELECTED FOR THIS DISPLAY

AREA IF THIS BIT IS SET TOA 1.

THE DISPLAY ADDRESS COUNTER IS -
THEN INCREMENTED BY 2 FOR EACH
DISPLAY SCAN CYCLE. OTHER MEMORY
CYCLE TYPES ARE NOT INFLUENCED.

DISPLAY PARTITION 2 STARTING

[~ ADDRESS AND LENGTH

DISPLAY PARTITION 3 STARTING
ADDRESS AND LENGTH

e DISPLAY PARTITION 4 STAHT!NG

ADDRESS AND LEN!

5

Figure 10. Parameter RAM Contents—Character Mode
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R

I LENGTH OF DISPLAY PARTITION _
|

DISPLAY PARTITION AREA 1
STARTING ADDRESS WITH LOW,
MIDDLE, AND HIGH SIGNIFICANCE
FIELDS (WORD ADDRESS).

PR R

AREA 1 WITH LOW AND HIGH .
SIGNIFICANCE FIELDS (LINE COUNT)

IN MIXED MODE, A 1 INDICATES AN
IMAGE OR GRAPHICS AREA, AND A 0

INDICATES A CHARACTER AREA. IN
. GRAPHICS MODE THIS BIT MUST BE 0.

“WIDE DISPLAY CYCLE MODE BIT

———— ~

DISPLAY PARTITION AREA 2
STARTING ADDRESS AND LENGTH WITH
IMAGE IDENTIFY BIT AS IN AREA 1.

PATTERN OF 16 BITS USED FOR
FIGURE DRAWING TO PERFORM

GCHR &

GCHR S

GCHR 4

GCHR 3
L

GCHR 2

GCHR 1
|

) DOTTED, DASHED, ETC. LINES

GRAPHICS CHARACTER BYTES*
| __ TO BE MOVED INTO DISPLAY

MEMORY WITH GRAPHICS

CHARACTER DRAWING

e
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AESET: o0 o0 0

SYNC: [01 0 o 0

VSYNC: [0]1 1.0

CCHAR: 0 1 [

START: lol1 1 0

BCTRL: lol

ZOOM: r01 0 0

CURS: [ | o 0

PRAM: IDli t 1

]
°
o
1 e 1 ] 1 I 1 }—
-
-
o
=]
m

PITCH: [o|1 o 0

WDAT: o 0 1 TYPE [ M?D

MASK: o 1 [

-
o
-
-]

FIGS: [0 1 0 0 l 1 t 0 0
1

GCHRD: |0 1 1 0|1 0o ¢ 0
1 | 1 L1 1

RDAT: [1 ] 1 TYPE [ 0 l M?D

CURD: l 11 1 0

LPRD: l1 1 L] OIO 0o o 0
DMAR: |1l°l1ler|1]M?D

DMAW: lo [ 1 [ TYPE J 1 l MOD
Ll 1 1

Figure 12. Command Bytes Summary

VIDEO CONTROL COMMANDS

reset: [0 0 0,0 0,0 .0,0]

BLANK THE DISPLAY. ENTER IDLE MODE,
AND INITIALIZE WITHIN THE GDC:

—FIFO
—~—COMMAND PROCESSOR
—INTERNAL COUNTERS

Figure 13. 'Reset Command

RESET COMMAND .

This command can be executed at any time and does
not modify any of the parameters aiready loaded into
the GDC.

If followed by parameter bytes, this command also
sets the sync generator parameters as described
below. ldle mode is exited with the STARTcommand:

- 8-122
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| vs, J H8
\I 1 1 L L
o I T
L.___
P5to0 0 HBP
J. ] J. 1 ] 1
P§ {10 O VFP I——
i 1 L 1 L 1
L —
P? L 1 IAlLl Il

P'LLIV’?PI i IA!-”I
| S

MODE CONTROL BITS,

P o ofc|Fli{ofa]s]e— ¥EPRSORTTS

P2 AW e ACTIVE DISPLAY WORDS PER LINE -2. MUST
PR T A BE EVEN NUMBER WITH BIT 0 = 0.

HORIZONTAL SYNC WIDTH -1
VERTICAL SYNC WIDTH, LOW BITS °
VERTICAL SYNC WIDTH, HIGH BITS
HORIZONTAL FRONT PORCH WIDTH -1.

HORIZONTAL BACK PORCH WIDTH -1.

VERTICAL FRONT PORCH WIOTH
ACTIVE DISPLAY LINES PER VIDEO FIELD,
LOW BITS

ACTIVE DISPLAY LINES PER VIDEO FIELD,
HIGH BITS

VERTICAL BACK PORCH WIDTH

Figure 14. Optional Reset Parameters

In graphics mode, a word is a group of 16 pixels. In
character mode, a word is one character code and its
attributes, if any.

The number of active words per line must be an even
number from 2 to 256.

An all-zero parameter value selects a count equal to
2" where n = number of bits in the parameter field for
vertical parameters.

All horizontal widths are counted in display words.
All vertical intervals are counted in lines.

Sync Parameter Constraints

HORIZONTAL FRONT PORCH CONSTRAINTS
In general:
HFP =2 words
2. IfDMA s used, orthe display zoom factor is greater
than one in interlaced display mode:

‘HFP 23 words

3. If the GDC is used in slave mode:
HFP =4 words

4. If the light pen input is used:
HFP =6 words

HORIZONTAL Sync CONSTRAINTS

1. If dynamic RAM refresh is used:
HS =2 words

2. If interlaced display mode is used:
HS =5 words

HORIZONTAL BACK PORCH CONSTRAINTS
1. In general:
HBP =3 words
2. Ifinterlaced display mode is used, or the IMAGE or
WIDE mode bits change within oné video field:
HBP = 5 words

MODE CONTROL BITS (FIGURE 15)

Repeat Field Framing: 2 Field Sequence with ¥
line offset between other-
wise identical fields.

Interlaced Framing: 2 Field Sequence with %2
line offset. Each field dis-
plays aiternate lines.

Noninterlaced Framing: 1 field brings ail of the in-

" formation to the screen.

Total scanned lines in interlace mode is odd. The
sum of VFP + VS + VBP + AL should equal one less
than the desired odd number of lines.

Dynamic RAM refresh is important when high display
zoom factors or DMA are used in such a way that not
all of the rows in the RAMs are regularly accessed
during display raster generation and for otherwise
inactive display memory.

Z ss to display memory can be limited to retrace
blanking intervals only, so that no disruptions of the
image are seen on the screen.
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Nigl IMINARY
cG DISPLAY MODE
00 MIXED GRAPHICS & CHARACTER
01| GRAPHICS MODE
10 .- CHARACTER MODE
11 INVALID
s VIDEO FRAMING
00 NONINTERLACED
(B! T INVALID
10 INTERLACED REPEAT FIELD
FOR CRARACTER DISPLAYS Y,
SR R INTERLACED
.
) DYNAMIC RAM REFRESH CYCLES ENABLE
_ ° NO REFRESH—STATIC RAM . ;
1 REFRESH—DYNAMIC RAM
F DRAWING TIME WINDOW
) DRAWING DURING ACTIVE DISPLAY TIME
AND RETRACE BLANKING
1 DRAWING ONLY DURING RETRACE BLANKING

Fi

gure 15. Mode Control Bits

snc: [0 0 0,0 1,1, 1]0el

THE DISPLAY IS ENABLED BY
A 1, AND BLANKED BY A 0.

MODE CONTROL BITS.
P1{o o]c[e]1]o]a]s]e—— SEEFcunt 15,
Pa| AW " Tlee— ACTIVE DISPLAY WORDS PER LINE -2. MUST
BE EVEN NUMBER WITH BIT 0 = 0.
L] L“Ll I 1 lml i

* ) \ \——— HORIZONTAL SYNC WIDTH -1

VERTICAL SYNC WIDTH, LOW BITS_

Led VERTICAL SYNC WIDTH, HIGH BITS
HORIZONTAL FRONT PORCH WIDTH - 1.

. pslo0| “i" |, |#— HORIZONTAL BACK PORCH WIDTH ~1.
N Pfo 0] VPP le—— VERTICAL FRONT PORCH WIDTH
pr| , AL [*—— ACTIVE DISPLAY LINES PER VIDEO FIELD,
LOW BITS

AETIVE DISPLAY LINES PER VIDEO FIELD,
HIGH BITS

VERTICAL BACK PORCH WIDTH

Figure 16, Sync Command
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SYNC Format Specify Command

This command loads parameters into the sync
generator. The-various parameter fields and bits are
identical to those at the RESET command. The GDC
is not reset nor does it enter idle mode.

Vertical Sync Mode Command

When using two or more GDCs to contribute to one
image, one GDC is defined as the master sync
generator, and the others operate as its slaves. The
VSYNC pins of all GDCs are connected together.

Slave Mode Operation

A few considerations should be observed when
synchronizing two or more GDCs to generate over-
layed video via the VSYNC INPUT/OUTPUT pin. As
mentioned above, the Horizontal Front Porch (HFP)

must be 4 or more display cycles wide. This is equiva-
lent to eight or more clock cycles. This gives the slave
GDCs time to initialize their internal video sync
generators to the proper point in the video field to
match the incoming vertical sync pulse (VSYNC).
This resetting of the generator occurs just after the
end of the incoming VSYNC pulse, during the HFP
interval. Enough time during HFP is required to aliow
the slave GDC to complete the operation before the
start of the HSYNC: interval.

Once the GDCs are initialized and set up as Master
and Slaves, they must be given time to synchronize. It
Is a good idea to watch the VSYNC status bit of tha
Master GDC and wait until after one or more VSYNC
pulses have been generated before the display pro-
cess is started. The START command will begin the
active display of data and will end the video.
synchronization process, so be sure there has been
at least one VSYNC pulse generated for the Slaves to
synchronize to. . 58

" T

st"°=|°.'|‘.°l‘.‘1‘[ﬂ

[T

0—ACCEPT EXTERNAL VERTICAL e
SYNC—SLAVE MODE o
1--GENERATE & OUTPUT VERTICAL
SYNC—MASTER MODE

Figure 17. Vertical Sync Mode Command

ccHAR: fo 1 0.6 1 0 1 1]
| S N S S T S

Pipcfo o]
[

]4— LINES PER CHARACTER ROW - 1

DISPLAY CURSOR IFvt

P2 [BRJ5q]_, crop

}‘_ CURSOR TOP LINE NUMBER IN THE .

b
1 o--al.mxmc CURSOR
t 1—STEADY CURSOR

P3 ] csoT
1 ! 1 1

’ BRy }4——-— BLINK RATE, UPPER BITS

[} CURSOR BOTTOM LINE NUMBER IN
THE ROW

BLINK RATE, LOWER BITS .

Figure 18. Cursor & Character Characteristics Command
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Cursor and Character Characteristics
Command

In graphics mode, LR should be set to 0. For interlaced
displays in graphics mode, BR should be set to 3. The
blink rate parameter controls both the cursor and attrib-
ute blink rates. The cursor blink-on-time = blink-off-time
= 2 x BR (video frames). The attribute blink rate is
always %2 the cursor rate but with a 3% on-Y off duty
cycle.

DISPLAY CONTROL COMMANDS

Zoom Factors Specify Command
Zoom magnification factors of 1 through 16 are avail-
able using codes 0 through 15, respectively.

Cursor Position Specify Command

In character mode, the third parameter byte is not
needed. The cursor is displayed for the word time in
which the display scan address (DAD) equals the
cursor address. In graphics mode, the cursor word
address specifies the word containing the starting
pixel of the drawing; the dot address value specifies
the pixe! within that word.

Parameter RAM Load Command

From the starting address, SA, any number of bytes
may be loaded into the parameter RAM at increment-
ing addresses, up to location 15. The sequence of
parameter bytes is terminated by the next command
byte entered into the FIFO. The parameter RAM
stores 16 bytes of information in predefined loca-
tions which differ for graphics and character modes,
See the parameter RAM discussion for bit
assignments.

Pitch Specification Command

This value is used during drawing by the drawing
processor to find the word directly above or below

the current word, and during display to find the start”

of the next line.

The Pitch parameter (width of display mémory) is sat
by two different commands. In addition to the PITCH
command, the RESET (or SYNC) command also sets
the pitch value. The “active words per line” param-
eter, which specifies the width of the raster-scan dis-
play, also sets the Pitch of the display memory. In
situations in which these two values are equal there
is no need to execute a PITCH command.

START DISPLAY & END IDLE MODE
START: {01 .1 0 1 0 11 |
L 1 1 1 A L 1

/
DISPLAY BLANKING CONTROL

BCTRL: (0,0 0 0,1 1 0]og

‘ZOOM FACTORS'SPECIFY
Z00M: o 1.0 0 01 1 0]
A 1 L L A I L

L E—

ZOOM FACTOR FOR GRAPHICS
CHARACTER WRITING MINUS 1

CURSOR POSITION SPECIFY
CURS: 10 1 0 0, 1,001]

P1| EAD
1 L

-

DISPLAY ZOOM FACTOR MINUS 1

L ]<—— EXECUTE WORD ADDRESS. LOW BYTE

THE DISPLAY IS ENABLED
BVQA 1, AND BLANKED BY
A

Ay

£
"

TS

ve

3

-4 "%"«fﬁs:‘%%s%i

£

P2 [ - IE{DI - ]<—Exscu7: WORD ADDRESS, MIDDLE BYTE

ps [ aa0 o o] EAD |«—— (GRAPHICS MODE ONLY)

WORD ADDRESS, TOP BITS
’ DOT ADDRESS WITHIN THE WORD

Figure 19. Display Control Commands
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m: °L1 l‘ 1 1 I 1 slA 1 ] -
STARTING ADDRESS IN
PARAMETER RAM
P ]———11'010 BYTES TO BE LOADED
) I INTO THE PARAMETER RAM
STARTING AT THE RAM ADDRESS
m] .., ., ]| -seecirepersa )
Figure 20. Parameter RAM Load Command  -- - R,
. ce e
mc“:loltlololol1lll1] . -
i P le—numeen or worp aooresses

IN DISPLAY MEMORY IN THE
HORIZONTAL DIRECTION

Figure 21. Pltch Specification Command

WRITE DATA INTO DISPLAY MEMORY

WDAT: 0‘1 ] \ 1 TYPE 0 MOD

————— AMw MEMORY CYcLe LOGICAL
| l OPERATION:

H

i «—— REPLACE WITH PATTERN
~—— COMPLEMENT

<——— RESET TO ZERO -
+— SET TO 1

DATA TRANSFER TYPE

|

-——-_0 0
—_-O=O

|

E 0 0 <———— — WORD, LOW THEN HIGH BYTE
- 1 0 ——~ee——— . LOW BYTE OF THE WORD
' 1 1 <= HIGH BYTE OF THE WORD
] 1 —rre [NVALID
) Pt WORD, OR BYTE |e———— woRD LOW DATA BYTE OR
. I S VA N A S | . SINGLE BYTE DATA VALUE
;{:f - B T T FEE v —
i Figure 22. Write Data Command ~
I )
DRAWING CONTROL COMMANDS In graphics bit-map situations, only the LSB of the
Write Data Command WDAT parameter bytes is used as the pattern in the

RMW operations. Therefore it is possible to have only
Upon receiving a set of parameters (two bytes for a an all ones or all zeros pattern. In coded character
word transfer, one for a byte transfer), one RMW  gpplications all the bits of the WDAT parameters are
cycle into Video Memory is done at the address used to establish the drawing pattern.
pointed to by the cursor EAD. The EAD pointer is. -
advanced to the next word, according to the previ-
ously specified direction. More parameters can then The WDAT command operates differently from the

be accepted. - other commands which initiate RMW.cycle activity. It

- - requires parameters- to-set up the Pattern register
For byte writes, the unspecified byte is treated as all while the other commands use the stored values in
zeros during the RMW.memory cycle. ) the parameter RAM. Like all of these commands, the
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mask: (0.1, 00,1 .01 0]

Al M Jeowsiamrcance evTe

P2 My le—HiGH SiGNIFICANCE BYTE

WDAT command must be preceded by a FIGS com.
mand and its parameters. Only the first three para-
meters need be given following the FIGS opcode, to set
up the type of drawing, the DIR direction, and the DC
_value. The DC parameter +1 will be the number of
RMW cycles done by the GDC with the first set of WDAT

Figure 23. Mask Register Load Command

parameters. Additional sets of WDAT parameters will
. see a DC value of 0 which will cause only one RMw
cycle to be executed.

¥ - 4 - N . Ny -
R LR e IR R A S st 'y e M b b st 4 St o, 2
: b

S

FIGS: LO 1 0 ¢ 1 1. 0
1t 1 1 H H

1 ° ] . . ) B } ) ’ )

]4-— DRAWING DIRECTION BASE

"[ulﬂlﬂ}lwltl

3

FIGURE TYPE SELECT BITS:
LINE (VECTOR)

GRAPHICS CHARACTER
ARC/CIRCLE

RECTANGLE - - A - -

2,y %%, | Je——DCORAWING PARAMETER

pa [o D, P . )
LEDJ‘ ALl 1 L GaAPHICS DRAWING FLAG FOR USE IN
MIXED GRAPHICS AND CHARACTER MODE
mé L3 1 %, |~—D0oRawING PARAMETER
P MI Lo S 1)
Pl . %, | | |*——D2DRAWING PARAMETER

L
D2,
L |u| 1 P

#r [0 0]

"él L 9% J=——DtoRAWING PARAMETER

”Iolol 1 lbl1ul 1 l.

"°¢1 DM e DM DRAWING PARAMETER

P hlol 1 ID.““‘ ?

SLANTED GRAPHICS CHARACTER

VALID FIGURE TYPE SELECT COMBINATIONS . -

S R A GC' L OPERATION .
o o o o o CHARACTER DISPLAY MODE i . W
DRAWING, INOIVIDUAL DOT ' . =i
DRAWING, DMA, WOAT, AND
AT ‘.
o o o o 1 STRAIGHT LINE DRAWING ONLY THESE BIT
COMBINATIONS ;
6 o o 1t o GRAPHICS CHARACTER ASSURE «
DRAWING AND AREA FILLING CORRECT ORAWING .
WITH GRAPHICS CHARACTER OPERATION
PATTERN
o o 1 o 0 ARC AND CIRCLE DRAWING
6 1 o o0 o RECTANGLE DRAWING
10 0o 1 o SLANTED GRAPHICS ,
CHARACTER DRAWING AND R
SLANTED AREA FILLING '

Figure 24. Figure Drawing Parameters Specify Command
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A.C. CHARACTERISTICS (Continued)
OTHER TIMING
_ 82720 827201 82720-2 Test
mbol Parameter i
Sy, N met Units Conditions
Min. Max. Min. Max. Min. Max.
Tpc LPEN or VSYNC'Inpu! Setup to 2XWCLK! 30 20 15 ns
Tpp LPEN or VSYNC Input Pulse Width Tey Tey Tey ns . .
CLOCK TIMING '
82720 827201 82720-2
Symbol ‘Parameter R S it ’ Units | . Te%t
¥ Conditions
Min. ‘Max. Min. Max. Min. Max.
Tey Clock Period 250 2000 200 2000 180 2000 ns
TcH Clock High Time 105 80 7 ns
TeL Clock Low Time 105 80 70 ns
Ta Rise Time 20 20 20 ns
T Fall Time A 2 . 20 20 ns
DMA TIMING - » -
82720 8272041 82720-2
Symbol Parameter Units Test
y Conditions
Min. Max. Min. Max. Min. Max.
Tacc  |DACK Setup to RD! or WR1 0 0 0 ns
Tcac  |DACK Hold from RD! or WR! 0 0 : o | ns
TRR1  |RD Pulse Width Trot +20 Thp1 +20 Thoy +20 ns
TRoy RD ! to Data Out Delay 15 Toy 15 Toy 15Tcy | ns | CL=50pF
. +120 +80 +70
Txa 2XWCLK1 to OREQ Oetay 150 ) 120 100" | ns | CL=50pF
Troak |DREQ Setup to DACK! 1] [+] 0 ns
Takaq {DACK! to DREQI Delay Tey + 150 ' Tey+120 Tey+100| ns | CL=50pF
TakH DACK High Time - Tey - Foy Tey ns
Taki  |DACK Cycle Time, Word Mode 14Ty 4Tey 4Ty ns
Tak2 DACK Cycle Time, Byte Mode 5 Tey - 5 Tey 5 Tey ns -
8-133 210655002
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CURD: |1,1 .1 0,0 0,0 0

THE FOLLOWING BYTES ARE RETURNED BY THE GDC: LPRD:{1,1,0,0,0,0,0,0 -

Pt 4_ EXECUTE ADDRESS (EAD), LOW BYTE THE FOLLOWING BYTES ARE RETURNED BY THE GDC: n it
A7 LAD A0 oYTE e

r2 a5 eapu | As]é— execure aoORESS (EAD), MIDDLE BYTE = [ LIGHT PEN ADDRESS, LOW L

§

LIGHT PEN ADDRESS, MIDOLE BYTE [ad

o (5L 0, 2 [ i oones ea e
Pe dAD, .q.— DOT ADDRESS (dAD), LOW BYTE ‘— LIGHY PEN ADORESS, NIGH BITS

Ps | GAD. P._ DOT ADDRESS (4AD), HIGH BYTE X = Undefined o

4

X = Undefined

B

i
; - = -
i Figure 28. Cursor Address Read Command Figure 29. Light Pen Address-Read Command ‘}
; - > -
f by
; : ¥
{ . .
i Y
H DMA READ REQUEST .
, omar:[1 0 t|TYPe[ 1] Mmoo | ) p e
. |- DATA TRANSFER TYPE:
' =
0 0-4—————— WORD, LOW THEN HIGH BYTE
! 1 0e— LOW BYTE OF THE WORD e
! f
11— HIGH BYTE OF THE WORD
0 1< INVALID
DMA WRITE REQUEST
omaw:{ o o 1[rvee] 1] mon| -
. . le——— RMW MEMORY LOGICAL OPERATION:

0 O«—— REPLACE WITH PATTERN
0 1e— COMPLEMENT

1 0-+— RESET TO ZERO

1 1= SET TO ONE

[#————————— DATA TRANSFER TYPE:

——

0 0 -w————————— WORD, LOW THEN HIGH BYTE

- 1 0-e———— LOW BYTE OF THE WORD -~ -

1 1 -—————— HIGH BYTE OF THE WORD

0 1e——INVALD . -

. ;&A

- 4t
&
. ] ~ _ i KA

Figure 30. DMA Control Commands ‘?i

) 7,
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ABSOLUTE MAXIMUM RATINGS*

*‘COMMENT: Exposing the device to stresses above
those listed in Absolute Maximum Ratings could cause

Ambient Temperature Under Bias .......... 0°C to 7¢°C permanent damage. The device is not meant to be
Storage Temperature .................. -65°C to 150°C operated under conditions outside the limits described in
Voltage on any Pin with Respect the operational sections of this specification. Exposure to
toGround......ooiiiiiiniiiiiiand :..—0.5Vto +7V absolute maximum rating conditions for extended peri-
Power Dissipation ............ueueesnnannnn.. 1.5 Watt ods may affect device reliability.
DC CHARACTERISTICS - oo - -
Ta = °Cto 70° C; Vgg'= 5V £ 10%; GND =0V .
Limits
Symbol Parameter - Unit Conditions
Min. Max.
ViL Input Low Voltage ~0.5 0.8 v
ViH Input High Voltage 20 Ve + 0.5 A N
Vor Output Low Voltage 0.45 v loL=22mA
VoH Output High Voltage 24 v ion = ~400 pA
bz Output Leakage Current +=10 nA Vgg+045 sV| =
i Vee
L Input Leakage Current +10 RrA Vss <V| sV¢¢
Ve Clock Input Low Voltage -0.5 0.6 v .
VCH Clock Input High Voltage 35 vee + 05 v
Icc Ve Supply Current 270 mA Typical = 150 mA
b} >
CAPACITANCE .
Ta = 25°C; Voo = GND = OV
Limits
Symbol Parameter Unit Conditions
Min. Max.
Cin Input Capacitance 10° pF
Cio I/O Capacitance 20 pF fc= 1 MHz
Cout Output Capacitance 20 pF V=20
Co Clock input Capacitance 20 pF
8-131 210855-002
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|ntel 82720

PRELIMINARY

A.C. CHARACTERISTICS (1, = 0°C to + m°C, Vgs = OV. Vg = +5V +100)

DATA BUS READ CYCLE

82720 82720-1 82720-2 Test
Symbol Parameter Units Conditions
Min. Max. Min. Max. Min. Max. .
Tar Ag setup to AD § ] 0 0 0 ns
TRA Ag hold atter RD! 0 ] 0 ns
TRR AD Pulse Width Tap+20 Trp+20 Tap+20 ns
TRo AD! to Data Out Delay 120 80 70 | ns -| CL=50pF-
Tor RD! to Data Fioat Delay 0 120 0 100 .. 90 | ns
Tav AD Recovery Time . 4 Tey 4 Toy 4Ty ns
DATA BUS WRITE CYCLE i -
' 82720 8272041 o . 827202 B Test
Symbol Parameter Units Con dltions
) - - 7| Min. Max. Min. Max. Min. Max. |~ i
Taw Ag Setup to WRI 0 0 0 ns
Twa Ag Hold after WR1 o 0 0 . 10 ns
Tww  |WR Pulse Width : 120 100 % ns
Tow Data Setup to WR! I 100 80 76 ns -t
Two Data Hold after WR! 0 0 10 ns
Trv WR Recovery Time 4 Tey 4 Ty 4 Tey ns
DISPLAY MEMORY TIMING - 4
82720 82720-1 82720-2
Symbol Parameter Units Test
Conditions
Min. Max. Min. Max. Min. Max.
Tca Adaress/Data Delay from 2XWCLK 30 160 30 130 30 10 ns CL =50pF .
Tac Address/Data Hold Time . 30 160 30 130 30 110 ns CL =50pF
Toc Data Setup to 2XWCLK | 0 0 o ns
Tco Data Hold Time Tie+20 Tig+20 Tig+20 ns
Tie 2XWCLK] to DBIN 30 120 30 90 30 80 ns | CLw50pF
Tcan 2XWCLK! to ALE! 30 125 30 100 30 80 ns CL =50pF
TeaL 2XWCLKI to ALE! 30 100 -30 ‘80 30 70 ns CL = 50pF
TaL ALE Low Time Ty +30 Toy +30 Tey +30 ns
TaH ALE High Time TcH=-20 TcH-20 Ten=-20 ns
Tco Video Signal Delay from 2XWCLK 150 120 100 ns

8-132
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FiGb:[0 1 ,1,0,1,7,0 0]

Figure 25. Figure Draw Start Command

GeHRD: [0, 1,1,0,1,0,0,0]

Figure 26. Graphics Character Draw .
and Area Filling Start Command

Mask Register Load Command

This command sets the value of the 16-bit Mask reg-
ister of the figure drawing processor. The Mask regis-
ter controls which bits can be modified in the display
memory during a read-modify-write cycle.

The Mask register is loaded both by the MASK com-
mand and the third parameter byte of the CURS
command. The MASK command accepts two param-
eter bytes to load a 16-bit value into the MASK
register. All 16 bits can be individually one or zero,
under program control. The CURS command on the
other hand, puts a “1 of 16" pattern into the Mask
register based on the value of the Dot Address value,
dAD. If normal single-pixel-at-a-time graphics figure
drawing is desired, there is no rieed to do a MASK com-
mand at all since the CURS command will set up
the proper pattern to address the proper pixels as
drawing progresses. For coded character DMA, and
screen setting and clearing operations using the
WDAT command, the MASK command should be
used after the CURS command if its third parameter
byte has been output. The Mask reguster should be set
to all ones for any “word-at-a-time” operation.

Figure Draw Start Command
On execution of this instruction, the GDC loads the

parameters from the parameter RAM into the draw-
ing processor and starts the drawing process at the

pixel pointed to by the cursor, EAD, and the dot
address, dAD.

Graphics Char. Draw and Area Fill Start
Command

Based on parameters loaded with the FIGS com-
mand, this command initiates the drawing of the
graphics character or area filling pattern stored in
Parameter RAM. Drawing begins at the address in
display memory pointed to by the EAD and dAD
values.

DATA READ COMMANDS
Read Data Command

Using the DIR and DC parameters of the FIGS com-
mand to establish direction and transfer count,
multiple RMW cycles .can be executed without
specification of the cursor. address after the initial
load (DC = number of words or bytes).

As this instruction begins to execute, the FIFO buffer
direction is reversed so that the data read from dis-
play memory can pass to the microprocessor. Any
commands or parameters in the FIFO at this time will
be lost. A command byte sent to the GDC will imme-
diately reverse the buffer direction back to write
mode, and all RDAT information not yet read from the
FIFO will be lost. MOD should be set to 00.

Cursor Address Read Command

The Execute Address, EAD, points to the display
memory word containing the pixel to be addressed.

The Dot Address, dAD, withjn the word is represented
as a 1-of-16 code.

.

Light Pen Address Read Command

The light pen address, LAD, corresponds to the dis-
play word address, DAD, at which the light pen input
signal is detected and deglitched.

RoAT: | 1,01 [Tvpe| o mop |

OO

b—- DATA TRANSFER TYPE

0 -w———~ WORD, LOW THEN HIGH BYTE

0 -«——— LOW BYTE OF THE WORD ONLY
1 <—— HIGH BYTE OF THE WORD ONLY
1 ~——— [NVALID

Figure 27. Read Data from Display Memory Command

8-129
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. A.C. TEST CONDITIONS

Input Pulse Levels (except AXWCLK) o P ..045V to 2.4v
Input Pulse Leveis (2XWCLK)

Timing Measurement Reference Levels (except 2XWCLK)
Timing Measurement Reference Levels (2XWCLK)

WAVEFORMS :

DATA BUS TIMING
READ CYCLE

. - -
Ao -

T o Tar I‘TRA"‘ .

Tor—>1 - :

DATA BUS
outPuny —

DATAVALID———]

Ve v

Tav

[I——

WRITE CYCLE

"N X

T oy —ai T 1o Tyya-a|

ww

e Two -

DATA BUS DATA DATA -
(INPUT) MAY CHANGE - DATA VALID— "& MAY CHANGE
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intel - | 82120 | PRELIMINARY

WAVEFORMS (Continued)

DISPLAY MEMORY TIMING
READ/MODIFY/WRITE CYCLE
st T, s2 s3 sa l

. 2xXWCLX ;

. ; -
- ey
Rt
% ] ADO-15 —— VALID .
. K A
‘“; OUTPUT ADDRESS
e . -
42
) DBIN -
- i’
i
> t
H - Tca 1 Tea |- Tca
:
H
i
’ A18,A17 : VALID INVALID
i . i
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WAVEFORMS (Continued)

DISPLAY MEMORY TIMING (Continued)
READ CYCLE

| 81 I $2

. e ) [ o
, “"""—::kj——c
X

{-FRN TR B Y A

SR I 0 T o s LTS ek o e« 838 Ao 0 et S < AP 3
d .

QT‘CE
A18A17

> Teo - Teo |
HSYNC
VSYNC .

CSA
CSRIMAGE
ATBLARK/CLC

1 OTHER TIMING

vsYNG

|

CLOCK TIMING !

2xWCLK
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WAVEFORMS (Continued)

DMA TIMING

2x WCLK

ptm——— TRQAK'
- - [ Taxy———
N » .
-1 Tace '——
Tﬂﬂ‘
5 N
- - N
.
Teac re—
Tao Tor
DATA
DBO-7 X VALID
Tax, Tz
WRITE

Thoax: Takro
| e Ty
PACK V X
K -,
WR
la— Tace —> Teac—>
Tww
Tm, Taa -
8-137
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WAVEFORMS (Continued)

o AN 5 e nEaTNTT

i

DISPLAY AND RMW CYCLES (1X ZOOM)

8.

#

b g ke d

i

C haabacd

)

—
A6, 17: 1

AN

BLANK: = X
VIEXT SYNC: I =~

8-138
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82720 PRELIMINARY

WAVEFORMS (Continued)

DISPLAY AND RMW CYCLES (2X ZOOM)

Zoomaed Display Zoomed Display RMW Display or RMW
Cycle Cycle Cycie Cycle
Lo 5 1—afe§ 22—l § 3 meenden—5 4. S et TR N B 9 § 1t § 2 it § Yo S 4. s !
2xWELK: JP\_J'—\_)L\_}L—\_J_W_J_\_)L—\_l_\_z'_\_IL_\_L_\_J‘_ﬁ_AF\_J‘_‘
ALE: :n_ﬁ__\__r_._i f——
Gein: R
N |
ADO-1S: (ot asares)— (Gutout Address J= . 2 {Cuieur avoress LTI o N0 LT
AtS, 17: ) & X X
Biank: 1\ ) S/ ) —

ZOOMED DISPLAY OPERATION WITH RMW CYCLE (3X ZOOM)
Zoomeyd: ll'ﬂaplay g;:; Duplacyy :_:'r. RMW
e §1—efoe52 i S3 i 58 —e)u—s8. POV ORISR FUNEP SN SR | | < |
2XWCLK: JF\_fL—\_f_\_f_\_J‘—\_)L'\_;'_\_IL_\_J‘_\_f_\_L—\_l_\_‘F\_.L_
P v e Y \ J—————__
DoBIN: \ ’
b
ADO-15: et Outa =+ nate sy Prmemmnd 17001 D312 Poad Gutpnt Sata )__._‘._._
ate.17: “IC X = X
Blank: T\ _/ S P —

210655-002

8-139




- intgl  eor PRELIMINARY 1

WAVEFORMS (Continued)

VIDEO SYNC SIGNALS TIMING

H

BweLo: _|/'\./'\/\/'\/'\_-_-_f\f\/'\_/'\_/\_--.f\/\./' ___./'_\/'\_-:]/\
— —— -

Hetank: _/ N -

HSYNC: — / N\

avsrs; X XX D GEND SERED SRS GE GH SE
LCO-A; 1

'|.___,.._'.l_________________-____---------------e ------ 1
S ©\0, S o 0's ai s'e'0 i e o ¢ el ¢
Leo: D:C:::DCZZ:D(:_'Z.'.::::::'_:I:_'Z:Z'.'.'.:IZZ’.DC
Row: X

Row X X XTITTTTXC X -

VBLANK:

VSYNC:

IV (Field) ]

INTERLACED VIDEO TIMING

ot e L S I8 I U B I I I
T e

VSYNC:
(Interiace)

}
1
U
1
[}
| .
1

VSYNC:

1
{No Interiace) I——1_
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intal 82720 PRELIMINARY

WAVEFORMS (Continued) )

VIDEO HORIZONTAL SYNC GENERATOR PARAMETERS

f " _
P _:
! 1
1 I
uaume.___{ Il I
I | .
! 1
HSYNC: ! 1 El - ;
! [ : ' 1
! [ i . L 1
! [ !
—-l HFP HBP ~}~ AW - {
HS :
VIDEO VERTICAL SYNC GENERATOR PARAMETERS L oma N
.n { . -1V S |
Jad ! |
3 5 ! N -
8 - 1 |
o VBLANK: ! !
e 1 I H 1
o | h | | h
| % : | l | }
1 '
& veme—J 1 ! N 1
5 I 1 ! b |
E (A i ! i__ | |
» | vFP | 1
. P | AL
. =l
3 !
3
: CURSOR--IMAGE BIT FLAG
B R i
2xWeLK Jnnn .o .
HBLANG——amd . - i )
nsvuc:___.._J.”J_' g : 15
A7 ff'—‘:': Invakid '*Em "..‘
Image :
[}
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VIDEO FIELD TIMING

e HSYNC Output
rﬂ BLANK Output . =
i v 4 -
Vertical SYNG Unes - :
Vertical Back Porch Sianked Lines §
Hortzontal
BYNC ——d
Pulss
Hertrzontat
- Front P VSYNC Output
Blanking
Active
— - Display —
Hortzontsl Lines -
Back Porch
. Vertical Front Porch Blanked Lines - N C'J -

DRAWING INTERVALS

DrIwhg Interval
§ Addittonat Orawing intervet When

In Flash Mode

@ Dynamic RAM Refresh if Enabled, Otherwise
Additional Drawing interval

DMA REQUEST INTERVALS

| w ;M

AT T @ OHA Request interve '
When in Flash Mode
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KM41464A NMOS DRAM

64K x 4 Bit Dynamic RAM with Page Mode

FEATURES GENERAL DESCRIPTION

The KM41464A is a fully decoded 65,536 x 4 NMOS

¢ Performance range
Dynamic Random Access Memory. The design is optimiz-

taac teac the ed for high speed, high performance applications such _
; as computer memory, buffer memory, peripheral storage
KM41464A-10 100ns 50ns 1%0ns and environments where low power dissipation and
KM41464A-12 120ns 60ns 220ns compact layout are required.
KM41464A-15 150ns 75ns 260ns The KM41464A features page mode which allows
high speed random access of memory cells within the
* Page Mode capability - . same row. CAS-before-RAS refresh capability provides
« CAS-before-RAS Refresh capability on-chip auto refresh as an alternative to RAS-only re-
» FAS-only and Hidden Refresh capability fresh. Multiplexed row and column address mputs per-
e TTL compatible inputs and outputs mit the KM41464A to be housed in a standard 18-pin DIP.
* Early Write or Onutput Enable Controlled Write The KM41464A is fabricated using Samsung’s advanc-
* Single +5V=10% power supply ed silicon gate NMOS process. This process, coupled
* 256 cyclel4ms refresh with single transistor memory storage celis, permits
* JEDEC standard pinout in 18-pin DIP, maximum circuit density and minimal chip size.

18-lead PLCC and 20-pin ZIP.
Clock timing requirements are noncritical, and power

supply tolerance is very wide. All inputs and outputs are

TTL complible.
FUNCTIONAL BLOCK DIAGRAM PIN CONFIGURATION
o KM41464AP o KM41464AJ. ¢ KM41464AZ
o] © g SBES 00s
RAS = pa1 2] 7] 00, O DQ4
CONTROL & DATA IN o
AS—] cLocks BUFFER 002 3] 76 CAS e
W 0Q2(]3 16[jCAs D@2
o :!Dm W[4 1s[oa; RAS
REFRESH CONTROL & 7o, FAS(E] A o ] Ao, NC
ADDRESS COUNTER DATA ) Qs 14[] Ao 1]
— out |loa, M I, ufjar As
] BUFFER]- 2s(7] @Az asf]7 wfar Ve
47 CowMN DECODER as(g] TilAs . A3
SENSE AMPS & /O GATINGS vecfd] o 10}A7 {:J ;J e A
AC P ° < << )
||
218 MEMORY ARRAY Pin Name Pin Function
o | 262,144 MEMORY CELLS
Q g Ac-Ar Address Inputs
-{a]e Ve RAS Row Address Strobe
A< —-—Vss —
CAS Column Address Strobe
W Read/Write input
(0] Output Enable
0Q4-0Q, Data In/Out
Vee Power (+‘5V)
1 Vss Ground

& SAMSUNG .
Electronics .




KM41464A NMOS DRAM

ABSOLUTE MAXIMUM RATINGS*

Parameter Symbol Rating Units
Voltage on any pin relative to Vgs Viny Vour : -1to +70 " .
Voltage on Vcc supply relative to Vss Vee ~1to +7.0 -y
Storage Temperature Tag ~55to +150 ~-= °C
Power Dissipation Po 1.0 W
Short Circuit Qutput Current los 50 mA

*Note: Permanent device damage may occur of ABSOLUTE MAXIMUM RATINGS are exceeded. Functional opera-
tion should be restricted to the conditions as detailed in the operational sections of this data sheet.
Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATING CONDIT'ONS (Voltages referenced to Vss, Ta=0 to 70°C)

Parameter Symbol Min Typ Max Unit
Supply Voltage Vee 4.5 5.0 5.5 v
Ground Vss 0 0 Y v
Input High Voltage Vin 24 — Vee+1 v
Input Low Voltage Vi -1.0 - 0.8 v

DC AND OPERATING CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

Parameter Symbol Min Max Units
OPERATING CURRENT* KM41464A-12 1 —_ .75 mA
(RAS and TAS cycling; @tac=min.) KM41464A-15 cer - 65 mA
STANDBY CURRENT | _ 45 mA
(RAS = TAS =V after 8 RAS cycles min.) ez )
RAS-ONLY REFRESH CURRENT* KM41464A-12 I - 65 mA
(CAS = Vi, RAS cycling; @tac=min.) KM41464A-15 o= - 60 mA
PAGE MODE CURRENT* KM41464A.12 | - . 55 mA
(RAS = Vy, CAS cycling; @tec=min.) KM41464A-15 oc4 - 45 mA
CAS-BEFORE-RAS REFRESH CURRENT ~ KM41464A.12 | - 65 mA
(RAS cycling; @tac = min.) . KM41464A-15 ccs - 60 mA
INPUT LEAKAGE CURRENT ’
(Any input 0<Vin<g 5.5V, Ve =5.5V, Ves =0V, In -10 10 uA
all other pins not under test =0 voits.)
OUTPUT LEAKAGE CURRENT | 10 10 A
(Data out is disabled, OV <Vour<5.5V oa. - '
OUTPUT HIGH VOLTAGE LEVEL (low =~ 5mA) Vou 24 —_ \'
OUTPUT LOW VOLTAGE LEVEL (lor =4.2mA) Vou — 0.4 v

*Note: .lcc is dependent on output loading and cycle rates. Specified values are obtained with the output open.
lec is specified as an average current.

< SAMSUNG s




KM41464A NMOS DRAM

CAPACITANCE (1,=25°¢)

Parameter Symbol Min Max Unit
Input Capacitance (Ag-A7) Cini - 7 pF
Input Capacitance (RAS, CAS, W, OF) Ciz - 10 pF
Qutput Capacitance (DQ,-DQ,) Coa - 7 pF

AC CHARACTERISTICS (0°C<Ta<70°C, Voo =5.0V £ 10%. See notes 1,2)
KM41464A STANDARD OPERATION

KM41464A-12 | KM41464A-15 .
Parameter Symboi Unit | Notes
Min | Max | Min | Max
Random read or write cycle time tre 220 260 ns
Read-modify-write cycle time trwe 305 355 ns
Access time from RAS trac 120 150 | ns 3,4
Access time from CAS teac 60 75| ns | 3,5
Output buffer tumn-off delay time torr 0 30 0 40 | ns 6
Transition time (rise and fall) tr ’ 3 50 3 50 | ns
RAS precharge time tap 90 "1 100 ns
RAS pulse width tras 120 | 10,000 | 150 | 10,000 | ns
RAS hold time trsn 60 65 ns
CAS precharge time (all cycles except page mode) tepn 30 35 ns |
CAS pulse width tcas 60 { 10,000 | 75| 10,000 | ns
CAS hold time tesw | 120 150 | | ns |
RAS to CAS delay time taco 25 60| 25 75 ns | 4
CAS to RAS precharge time tcre 10 10 ns |
Row address set-up time tasm * 0 0 ns
Row address hold time tran 15 15 ns
Column address set-up time . tasc .0 0 .| ns
Column address hold time tean 20 25 ns
Column address hold time referenced to RAS tar 80 100 ns
Read command set-up time tres 0 ns
Read command hold time referenced to CAS trcH 0 ns
Read command hold time referenced to HAS trrn 20 20 ns
Write command set-up time . twes 0 Q ns ~7.
Write command hold time ’ twen 40 45 ns
Write command pulse width twe 40 45 ns
Write command to RAS lead time trwe 40 45 ns
Write command to CAS lead time tewe 40 45 ns

¢ SAMSUNG z




'KM41464A

NMOS DRAM

KM41464A STANDARD OPERATION (Continued)

Parameter Symbol KM41454A12 | KM41484A-15 Units| Notes
Min | Max | Min | Max

Data-in set-up time tos 0 0 ns

Data-in hold time ton 40 45 ns

CAS to write enable delay time towo 100 120 ns 7

RAS to write enable delay time tawn 160 195.] ns 7

Write command hold time referenced to RAS twer 100 120 ns

Data-in hold time referenced to AAS toun 100 120 | © | ns

Access time from OE - toea 30 - 40 | ns

OE to Data in delay time toeo 30 40 ns

Output Buffer turn off delay from OE toez 0 30 0 40 | ns

OE hold time referenced to W toen 25 25 ns

OE to RAS Inactive setup time toes [ ns

Din to CAS delay time tozc ns 8

Din to OE delay time tozo ns

Refresh period (256 cycles) taer 4 41 ms
KM41464A CAS-BEFORE-RAS REFRESH

CAS setup time (CAS-before-RAS Refresh) tesr 25 30 ns

CAS ho!d time (CAS-before-RAS Refresh) tonn 55 60 ns

RAS precharge to CAS hold time terc 20 20 ns
KM41464A PAGE MODE '

Page mode cycle time . tec 120 145 ns

CAS precharge time (page mode only) tep 50 60 ns

g

NOTES
1. An initial pause of 100ys is required after power-up

6.

followed by any 8 RAS cycles before proper déviee— _

operation is achieved.

2. Viu(min) and Vy(max) are reference levels for

measuring timing of input signals. Transition times
are measured between Vi{min) and Vy{max) and are
assumed to be Sns for all inputs.

3. Measured with a load equivalent to 2 TTL loads and
100pF.

4. Operation within the tscp{max) limit insures that
trac{max) can be met. taco(max) is specified as a
reference point only. If tacp is greater than the
specified tpep(max) limit, then access time is con-
trolled exclusively by tcac.

5. Assumes that taco> trco(max). - -

7.

This parameter defines the time at which the output
achieves the open circuit condition and is not
referenced to Vou O Vor.

tewo and trwp are restrictive operating parameters for
the read-modify-write cycle only. If twes> twes{min),
the cycle is an early write cycle and the data output
will remain open circuit throughout the entire cycle.
If towp > town(min) and tawo >trwo(min), the cycleis a
late write cycle and the data output will contain data
read from the selected cell. If neither of the above
conditions are met, the condition of the data out (at
access time until CAS goes back to Vy) is indeter-
minate.

. Either tozc Or tozo must be satisfied for all cycles.

¢ SAMSUNG
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KM41464A

NMOS DRAM

TIMING DIAGRAMS

READ CYCLE ~
Qn:
ViH— i thas
e Vi kL k—
tcre tcsH o AP
tRco tRSH b {CRP ]
ViH=— - tcas -
CAS ViL— 7 [T \ A
tasn | |IRAH  tasc 2CAH P -
] - t——toes
A Vin— oW TOLU
Vit~ ADDRESS ADDRESS
tacs tRAN }7 thcH
w ViH—
Vit— tcac tOFF
™~ tRAC
DATA Vor-—
(oun VoL— HIGH-Z
tozc
DATA ViH=— ————
{IN) Vig— 2
tozo - toen
N VAV AVAVAVAV AV AV AV WAVAVAVAVAVAVAVAVAVAVAY .
T XROKKRCORRXKKRIRNN.  ARXKRRRRRXAAR)

WRITE CYCLE (EARLY WRITE)
OE =Don't Care

RAS

2

DATA
(IN)

DATA
{oun

ViH—
Vit—

ViH—
ViL—

ViH~-
ViL—

ViM—
Vi

Vit
Vit—
VoH-—-
VoL—

VALID
DATA IN

-

toxA

tac |
.rvla
tAR i
L
tcap o tRSH g
laco tcas
f teen \ \ /
tAaH tasc
tasR teAR
ROW COLUMN
3\ ADDRESS ADDRESS
!
.\IWL
we s~ tWeH "
twe
twer
thwe
tos }__ 1DH —=md

UXXXXXXXX XXX XXX

HIGH-Z
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KM41464A NMOS DRAM

TlMlNG DIAGRAMS (Continued)
READ-WRITE/READ-MODIFYWRITE CYCLE

1 ’nulc
RAS M [P\ pe——— taas L
ViL— AR : AP | N

tCAP pd tRco tcas:

xm;p tasc ’
tASA |t — tcan
A e Eﬁﬁ%ﬁ@' 285, IO XX XXX
tow

{
) L
TRce} tAwD tRwL 1
W \\?H— N Fn Iy
= towo: -
- tos—] L=
My S zéu VALD
DATA (N) 1~ HIGH-Z 1 DATA m
1250
{RAG._=tCAC __VALID
. Vou- DATA
DATA (OUD) o 1IGH-Z HIGH-Z

toga = 10EH
—rtpZi ...___J_
togz =
OE ViH—

PAGE MODE READ CYCLE

ViH— ~ taas
RAS Vie— teap < tRP
7
’.—Q e e
. v " "1 e tesH e = (CPr] r——lnsn-—-q
CAS V:’:— teen \...‘ cas & sb—tCAs b= tCAS.
- T tasc tasc
. ASA T IL—...QCAH I.. Lt tcan tasc tcaH
(DR v ¥ .1 =5 - :
A Vie— 00, G\ ADD o 0B,
! ot
tacs =4 =| tACH CS  tacHe -~ ;—lacs =tAcH=]
w Vin— Y
toze~| F— tozc tozc .
DATA Vi oy HIGHZ
(IN ViL— -
L 1
020 _'_3 c tozo'—. ' 0z0, -
i CAC toFF
DATA tOFF
— R ALID VALID VAL i
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TIMING DIAG RAMS {Continued)
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TIMING DIAGRAMS (Continued)
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Device Operation

The KM41464A contains 262,144 memory locations
organized as 65,536 x 4-bit words. Sixteen address bits
are required to address a particular 4-bit word in the
memory array. Since the KM41464A has only 8 address
input pins, time multiplexed addressing is used to in-
put 8 row and 8 column addresses. The multiplexing is
controtled by the timing relationship between the row
address strobe (RAS), the column address strobe (CAS)
and the valid address inputs.

Operation of the KM41464A begins by strobing ina valid
row address with RAS while CAS remains high. Then
the address on the 8 address input pins is changed from
a row address to a column address and is strobed in
by CAS. This is the beginning of any KM41464A cycle in
which a memory location is accessed. The specific type
of cycle is determined by the state of the write enable
pin and various timing relationships. The cycle is ter-
. minated when both RAS and CAS have returned to the
high state. Another cycle can be initiated after RAS
remains high long enough to satisfy the RAS precharge
time (trs) requirement.
RAS and CAS Timing
The minimum RAS and CAS pulse width are specified
by tras{min) and teas(min) respectively. These minimum
pulse widths must be satisfied for proper device opera-
tion and data integrity. Once a cycle is initiated by bring-
ing RAS low, it must not be aborted prior to satisfying
the minimum RAS and CAS pulse widths. In addition,
a new cycle must not begin until the minimum RAS
precharge time, tap, has been satisfied. Once a cycle
begins, internal clocks and other circuits within the
_KM41464A begin a complex sequenceof events. If the
sequence is broken by violating minimum timing re-
quirements, loss of data integrity can occur.

Read

A read cycle Is achieved by maintaining the write enable
input (W) high during a RASICAS cycle. The four out-
puts of the KM41464A remains inthe Hi-Z state until valid
data appears at the output. The KM41464Ahascommon
data I/Q pins. For this reason an output enable control
input (OE) has been provided so the output buffer can
be precisely controlled. For data to appear at the out-
puts, OE must be low for the period of time defined by
toea and toez. If CAS goes low before taco{max), the
access time to valid data is specified by trac. If CAS
goes low after taco{max), the access time is measured
from CAS and is specified by teac. In order to achieve
the minimum access time, taac{min), it is necessary to
bring CAS low before tacp(max).

Write

The KM41464A can perform early write,and read-modify-
write cycles. The difference between these cycles is in
the state of data-out and is determined by the timing
relationship between W, OE and CAS. In any type of
write cycle, Data-in must be valid at or before the fall-
ing edge of W or CAS, whichever is later.

Early Write: An-early write cycle is performed by bring-
ing W low before CAS. The 4-bit wide data at the data
input pins is written into the addressed memory cells.
Throughout the early write cycle the outputs remain in
the Hi-Z state regardiess of the state of the OE input.

Read-Modify-Write: |n this cycle, valid data from the
addressed cell appears at the outputs before and dur-
ing the time that data is being written into the same cell
locations. This cycle is achieved by bringing W low after
CAS and meeting the data sheet read-modify-write tim-
ing requirements. The output enable input (OE) must be
low during the time defined by toea and togz for data to
appear at the outputs. If tewo and tawp are not met the
output may contain invalid data. Conforming to the OE
timing requirements prevents bus contention on the
KM41464’s DQ pins.

Data Output

The KM41464A has tri-state output buffers which are con-
trolled by CAS and OE. When either CAS or OE is high
(Vm), the output are in the high impedance (Hi-Z) state.
In any cycie in which valid data appears at the outputs,
the outputs first remains in the Hi-Z state until the data
is valid and then the valid data appears at the outputs.
The valid data remains at the outputs until CAS or OE
retums high. This is true even if a new RAS cycle occurs
(as in hidden refresh). Each of the KM41464A operating
cycles are listed below after the corresponding output
state produced by the cycle.

Valid Output Data: Read, Read-Modify-Write, Hidden
Refresh, Page Mode Read, Page Mode Read-Modify-
Write.

Hi-Z Output State: Early Write, RAS-only Refresh, Page
Mode write, CAS-only cycle.

Indeterminate Output State: Delayed Write (towp O thwp
are not met)

Refresh

The data in the KM41464A is stored on a tiny capacitor
within each memory cell. Due to leakage, the data will
leak off after a period of time. To maintain data integri-
ty it is necessary to refresh each of the rows every 4
ms. There are several ways to accomplish this,

AAS-Only Refresh: This is the most common method
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for performing refresh, It is performed by strobing in a
row address with RAS while CAS remains high. This
must be performed on each of the 256 row addresses
(Ag-As) every 4ms.,

CAS-Before-RAS Refresh: The KM41464A has CAS-before-
RAS on-chip refreshing capability that efiminates the
need for external refresh addresses. If CAS is held low
for the specified set up time (tcss) before RAS goes low,
the on-chip refresh circuitry is enabled. An internal
refresh operation automatically occurs and the on-chip
refresh address counter js internally incremented in
preparation for the next CAS-before-RAS refresh cycle.

Hidden Refresh: A hidden refresh cycle may be perform-
ed while maintaining the latest valid data at the output
by extending the CAS active time and cycling RAS. The
KM41464A hidden refresh cycle is actually a CAS-before-
RAS refresh cycle within an extended read cycle. The
refresh row address is provided by the on-chip refresh
address counter. This eliminates the need for the
external row address that Is required in hidden refresh
cycles by DRAMS that do not have CAS-before-RAS
refresh capability.

Other Refresh Methods: It is also possible to refresh the
KM41464A by using read, write or read-modify-write cycles.
Whenever a row is accessed, all the cells in that row
are automatically refreshed. There are certain applica-
tions in which it might be advantageous to perform
refresh in this manner but in general RAS-only or CAS-
before-RAS refresh are the preferred methods.

Page Mode

Page mode memory cycles provide faster access and
lower power dissipaton than normal memory cycles. In
page mode, it is possible to perform read, write or read-

modify-write cycles. As long as the applicable timing re-

quirements are observed, it is possible to mix these
cycles in any order. A page mode cycle begins with a
normal cycle. While RAS is kept low to maintain the row
address, CAS is cycled to strobe in additional column
addresses. This eliminates the time required to set up
and strobe sequential row addresses for the same page.

Power-up

if RAS =Vss during power-up the KM41464A might begin
an active cycle. This.condition results in higher than
necessary current demands from the power supply dur-
ing power-up. It is recommended that RAS and CAS track
with Ve during power-up or be held at a valid Vi in
order to minimize the power-up current. :

An initial pause of 100usec is required after power-up

*followed by 8 initialization cycles before proper device
operation is assured. Eight initialization cycles are also
required after any 4 msec period in which there are no
RAS cycles. An initialization cycle is any cycle in which
RAS is cycled.

Termination

The lines from the TTL driver circuits to the KM41464A
inputs act like unterminated transmission lines resulting
in significant positive and negative overshoots at the
inputs. To minimize overshoot it is advisable to terminate
the input lines and to keep them as short as possible.
Although either series or parallel termination may be us-
ed, series termination is generally recommended since
it is simple and draws no additional power. It consists
of a resistor in series with the input line placed close
to the KM41464A input pin.The optimum valuedepends
on the board layout. It must be determined experimen-
tally and is usually in the range of 20 to 40 ohms.

Board Layout

It is important to lay out the power and ground lines on
memory boards in such a way that switching transient
effects are minimized. The recommended methods are
gridded power and ground lines or separate power and
ground planes. The power and ground lines act like
transmission lines to the high frequency transients
generated by DRAMS. The impedance is minimized if
all the power supply traces to all the DRAMS run both
horizontally and vertically and are connected at each in-
tersection or better yet if power and ground planes are
used.

Address and control lines should be as short as possi-
ble to avoid skew. In boards with many DRAMS these
lines should fan out from a central point like a fork or
comb rather than being connected in a serpentine pat-
tern. Also the control logic should be centrally located
on large memory boards to facilitate the shortest possi-
ble address and control lines to all the DRAMs.

Decoupling

The importance of proper decoupling cannot be over em-
phasized. Excessive transient noise or voltage droop on
the Vec line can cause loss of data integrity (soft er-
rors). The total combined voltage changes over time in
the Vcc to Vss voltage (measured at the device pins)
should not exceed 500mV.

A high frequency 0.3uF ceramic decoupling capacitor
should be connected between the Vec and ground pins
of each KM41464A using the shortest possible traces.
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These capacitors act as a low impedance shunt for the
high frequency switching transients generated by the
KM41464A and they supply much of the current used by
the KM41464A during cycling.

In addition, a large tantalum capacitor with a value of
47uF to 100uF should be used for bulk decoupling to

PACKAGE DIMENSIONS

18-LEAD PLASTIC DUAL IN-LINE PACKAGE

il el ol Y o O o o M

recharge the 0.3uF capacitors between cycles, thereby
reducing power line droop. The 'bulk decoupling
capacitor should be placed near the point where the
power traces meet the power grid or power plane. Even
better results may be achieved by distributing more than
one tantalum capacitor around the memory array.

- P

Units: Inches (millimeters)m
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PACKAGE DIMENS'ONS (Continued)
18-PIN PLASTIC LEADED CHIP CARRIER
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