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Graphic Display Controller(GDC)
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ABSTRACT

Graphic Display Controller(GDC)

CHARTCHAI ASAVATEERATHAM  32.1062

NIWAT NINSUWAN 32.1150
OPAS SOMYAWONGSASUK  32.1438
ADVISOR

ASST.PROF  POLPHADUNG PHADUNGKUL

The subject of this Project is to study uPD7220 (Graphic Display

Controller Chip)

about it’'s features such as

- high speed processing because of it has it’s own processor

(Command Processor).

- Zoom with

16 scales

- Can Pan to any part of picture

- Able to process in many display mode depends on Hardware which

usere define

- Can proces Display memory up to 256K 16 Bit word

- Able to process in Multiple Controller mode up to 4 plans with

the highest resvolution 1024 x 1024

But at present time,uPD 7220 is not widespread, it is only used

in normal Control Display (Multi plan only). We would like to study

it’s other interesting capability such as Graphic Capability, Display

Speed and Zoom - Contrast the picture.

So we design Color Graphic Display Card with 640x350 resvolution

for study Hardware and Software of this Graphic Display Controllor

Chip.
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A (VIDEO RAM) TamNmugunissvdedoyaiiunoniainosdiy
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2.1 MIRMITANTEUVMSN NIUYEY uPD-7220
uPD-7220 i égnesnuuuniindeius iy TUIATTUT Lod 1v0s
(Micro-Processor) Lﬁau"mw‘l%ﬁuizuuﬂanﬁa LRB9 NS IMAN (Computer Graphic)
ffuszandamngs 9 Senhfinrsnaemeestefives udeoentd 6 sedy Fafide
2.1.1 ﬁ%’lqaﬂ,ﬂj’lm Basic Video Raster Timing |, %Iwaﬁqﬁ
(SYNC) ude uuaefe(Blanking) uaesaumemsuisiuiivesmtn (screen)
uar MS zoom .
2.1.2 1u%uﬁ%aya%uﬁauﬂﬂauﬂawuuaﬂqwaasgﬂuﬁ1m(Modify)ﬁuiz
wiesmums Makazns L adeutrodeya
2.1.3 wduberdiumsamouruniaien: asdrumisiotufazana
TUMIYAINLAANKD
2.1.4  tutudiee iumsarmow foaduiflonfuudimsaiiinedang 4
fazadiunsan
2.1.5 tuduil anc wnmsiafundeyatiiznn 1egaugunsinia
a1 fuguumvesdoyafiszannsonatd
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No. |Symbol |Direction Function
1 |2*Weclk] 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
SYNC VSYNC 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 | AO IN address select input for microprocessor
interface




12-{DB0-7 | IN/OUT bidirectional data bus to host

19 microprocessor

20 |GND - ground

21 |LPEN IN light pen detect input

22-1AD0-12] IN/OUT address and data line to display memory
34

35-]AD13- | IN/OUT utilization varies with mode of
37 |15 operation

38 Al6 ouT 'R 1)
39 A17 OUT 9 29
40 |V - +5V

ccC




2.3 IA5ESINNIYIUYSY uPD-7220

] 14
Tasvadramuluidazdiuvee upd-7220 eimifideil Ao

2.3.1 MICROPROCESSOR BUS INTERFACE
aasanshermihiiumsuanndoudoyaiione 8 dnsewing W
IRTIUT YA LT09HY ODC  39A191nddd1neTudnsdne (Status Register) 9
A usoduldaaoniian udamSunsiadofiutiniwes (BUFFER) %09 FIFO thy 9w
GWNﬁinﬁﬂﬁaiﬁLﬁﬂ?ﬂ%s%uagﬁuﬁﬁﬂaﬁuwaﬂ(FLAG) Tuiid I nosudavdoue  uazdy

Y
TURUNUNITNTENINBIUYEY GDC

2.3.2 COMMAND PROCESSOR

sz 1 Tusuvayadeyafiussyeyiu FIFO

2.3.3 DMA CONTROLLER

ifuaeasfinmifiswfiudinlugy DMA (DMA Controller) HuuaN
& ) = v 1

ums Ladoudadoyasening MmN MeLINTASTUT L3I Tes MuMiauAINaY

Youd UL dAINa

2.3.4 PARAMETER RAM
uqasdauﬁusznauﬁaﬁ RaM w1 16 In Se1971 31 fiudwsadined
(Parameter) 1Rz1d1un1511AKALATUARSHA
@MSUMSN NI Character Mode RAM &azgnuﬁaaanxﬁu 4
2 o101 5 miu 1 fudmnsfredfes drunmsudnanavoudas i
FMIUNMSNNMAL  Graphic Mode RaM dwgnutiaifu 2 dwu i#ie

(o1 ¥a miu fuguuupveenuieznn uazdeyaveviionys

2.3.5 VIDEO SYNC GENERATOR
wasdutlaenmindaérefmna  Raster Timing Tnudoyaveegy
) & ) &
uuvvesiamnaiieeadeiuszgnivsunsusoatnanded (n (RESET) Sesmeiin  Gpe

woyludnde idle




2.3.6 MEMORY TIMING GENERATOR

v H oy A ’ -
asdnthenmifiadne memory cycle Tagazutaiiu 2 silla fio
- Two clock period %QQ%?%ﬁﬁﬁ%ﬂﬂﬁs Refresh Dynamic RAM
- Four clock period #49z1§amiueuIuns READ-MODIFY-

WRITE CYCLE(RMW CYCLE)
4 4 L

Taufidagnadiaz1d1iunisauquaisninuveaniga ey zddig

1%97n dgg ALE 4@y DBIN 999 GDC

2.3.7 ZOOM AND PAN CONTROLLER

Zoom & Pan Controller 1%ﬁ1%1ﬂ Zoom Display factor Uazdd
ﬁnﬁuuﬂﬁuﬁuamqwa (Display area) 4 ms i nasusy (Parameter RAM) U
msrmuadr wWnsdismiiiee 1dituenasatnldidersuas i fotseeiy
Gefufudnamaioly  mswIusm  (Zoom) MUl inaINMSandasInss
s TNAY  AaumSINEIMINES L Ananms e A 1 Tuemauede
(MFUTMILNIEYN dUMS Pan fiaumsuituentasdlufuveshifiudaena

$eannson i dingiieiafen uas 1 fuddszanfufiudnamadu 9

2.3.8 DRAWING CONTROLLER

mhsyszananadmumsaten i fudeyafier1diumsamam
HoALASHE HATA WMINYDY Qﬂ(PIXBL)ﬁa1uﬁqz1wﬂ

1ﬂuﬁﬁ1¥1ﬁuqiu3unsumﬁuwﬂaténﬁuﬁazawﬁuazﬁ1w1$1ﬁlma§ﬂ1Qﬁ1ﬁ
LMNEAN  I99TEIUAIVRNNISIIA(DRAWING CONTROLLER) fazdmnsanmisa

wiase 1 flefiamnsaagumudioans i

2.3.9 DISPLAY MEMORY CONTROLLER

aﬂnsxaqﬁnﬁﬂmqQﬁauﬁﬁaasnﬂﬂﬁﬁﬁqunwsuun(Multiplex) HoRIASH
uazdoyafiede 1 druazeaniinmim e uansnasena iy uazdanmihfituns
\fiy 16-bit Logic Unit iflordumsufitadeyatimismieuanisa nmih

HTufITIL 92T UL IIATUTHNARIUSA L M9S (Character Mode) UAENNNTT INSY

~J



(Refresh) @MU (Counter)@ mMSuiaudnuss (Dynamic RAMS)

2.3.10 LIGHT PEN DELITCHER
#1 Light Pen 5uﬁmm1m%aum15uﬁﬂdaﬁu1ﬁ 2 Faduty o. 901 AuINY
Drudaedoiug9oy Light Pen esudavifiin mmxﬁﬁﬂﬁtﬁua§1u Light Pen
Register fofuenlAsail Light Pen smduntd
2.4 AUULWWMIUMITIVSUASY GDC
GDC wluoaiasa 2 Mrumsinnenuiidinedudasdniue uay FIFO
Taufignin A = 0 wifumsdmudenifdineduancaniue  vionsdeyn

wsdimed Wit FiFo  Seszamnsoaquifionisaed 2.1

Ag READ WRITE

0 Status Register |Parameter into FIFO

1 FIFO Read Command into FIFO

A1519f 2.1 GDC Microprocessor Bus Interface Registers
AMSUATENAI9Y909 GDC Ieyseneuiiy andefilauia 1 1ol uazaw
¢ -~ ¢ g g ~ N
duynvoansiliines §qqmmaqus1utmas g 1 fudan muasvaz | Suaveeam
. 2
dailuy
g . ¥ : o
TWUMSHRIUMUATTI WU Adeuazgamsifliines  segnividy
vt §usidines (Register) myluves cpe fou  udrSeaenmnandauazya
14
915101 aos tud 1y

AENMN9¥99 GDC Azutmeaniiiu 5 wiladuiufle

2.4.1 andeMdamiuauauesnIw(video Control Command)

%ﬁ%xﬂ?zﬂﬂﬂﬁ?&ﬂﬁﬁqﬁwqqma1uﬁﬁa



RESET

P1

$Q1uﬂ1$ﬂﬂﬂuﬂﬁ1%Oﬁﬂﬂﬁﬁﬂﬂﬂz150ﬂ1ﬁ91ﬂﬁ171ﬁﬁ 2.2-2.5

2.4.1.1 RESET

iuandsidarmivuiuaninees ope Misgludmae idle

Faazusenoudaumns i nesanedetyilfe

Display Mode

Mixed graphics and character Mode

Graphics Mode

Character Mode

Invalid

032524



11S]| Video Framing

0|0} Noninterlaced

0l1iInvalid

1|0| INTERLACED Repeat Field for character display

1111] Interlaced

A9 2.3 MISINUARNANAINYYON T Uay S

D| Dynamic RAM Refresh Cycle Enable

0| No Refresh - STATIC RAM

1] Refresh - DYNAMIC RAM

ASIef 2.4 AI5IWUEANAINNNY0Q D

F

Drawing Time Window

Drawing during active display time and replace blanking

Drawing only during retrace blanking

A9 2.5 AITIWAANAINNY YOS F

10



P2 AW
[
P3 Vs, HS
i
P4 HFP - VSH
L]
PS 00 HBP
AR
P6 00 VFP
NN
P7 AL,
[l =] e
P8 VBP Aly
£e| X3PCe ] -

270 P2 - P8 azdwIsonmuadivoedndeidasiife

- AW = Active Word per Line - 2

19 $11Madnar 18UAY0N98 = 640%350
Active Word per Line = 640/16 = 40
HBP (Horizontal Back Poarch)
A1%99 HBP wdm501dentd 3 uwy =‘B~:§ua§ﬁniwuﬂﬁzﬁan'u’f diadt
-aﬁn¥ﬁiwuﬂﬁﬂﬂ1u M HBP >= 3 Display word cycles
-a'mSY Image Mode W HBP>= 5 Display word cycles

-a"MSY Interlaced Mode ¥ HBP >= § Display word cycles



-

12

HFP (Horizontal front poarch)

#ve9 HFP waunsoidentd 4 uuy Je¥uogivimatiSonéiied fo

-§11uMS Zoom 151189018M5 Zoom NN 1 1 zarmuald

HFP >= 2 Display word cycles

- copc gnifidu slave Mode szn*mumlfi HFP >= 4 Display

word cycles

-§8n51% Light Pen sunmual# HFP >= 6 Display word

cycles

~-#11% Interlaced Mode N*MUAIY HFP >= 3 Display word

cycles

081 Verticle Sync Width

&

HS :fiof1 Horizontal Sync Width #4n"wua1%i1 HS >= 5 Display
Word Cycles

VFP :f9d1 Verticle Front Poarch Width

VBP :fi@fi1 Verticle Back Poarch Width

AL :fodn Active Display Lines per Video Field

2.4.1.2 SYNC

SYNC 0{0{0{0|1{1|1{DE

s Tuande i g mIun mMuagUI UL UM S UAANHAYENION N
4 o X
91 DE wnmualddieil flo

1 DE 1 WA UAAINADONNINTONINLH

DE

A
0 N1 fauvuded (Blank) nevaam
@ L X o v
amsudns i nosvoeandall sz iniloufiy Wi 0 i nesweenE

RESET ynysens



2.4.1.3 VSYNC

VSYNC 0]11{1{0f1{1|1|M

(uadeiitdamiigadifondn 2wk oo wanisnnen
(17U Master Mode %30 Slave Mode B

$adrwoe M az1Fentdied fo

#1 M = 0 ¥ epe Twwansneuiiuiuy siave Mode
Sevennd GDC $udgEna Verticle SYNC 9nmuuen

M=1 %"n“’l'lﬁ GDC Hivuanmsneuiuluy Master Mode

Seaen it ape nemiihd i fudadaedamna Verticle SYNC

nsdid  opc 1101 1 AIMTEE NN 1 0 9z
Hoenmuanst ooc fandefsmmnisnaeifuumy Master Mode duiadunftinde
sgdoan mumilismansnauifuuoy slave Mode 1N wazan VsYNC  we9
GDC NndIzdiovde L §rdufiu

2.4.1.4 CCHAR

CCHAR 0{1,0j0;1]0j11

iuasdefitdiunisn mua cursor uay mmgevadiIdnys

7Y 4 X -
%ﬂ%zﬂ?zﬂﬂﬂﬁ?ﬂﬂﬂswu1masﬁ10qﬁa1uﬂ flo

P1 DC{0 |0 LR

P2 BR;, |SC|  CTOP

P3 CBOT BRy

13



¥
&

Fednvaadndregaznmuatdann fonmuagnegdetull fe

-DC : Display Cursor

% 4 %
Dntlezganrmunifiiu 1 (ledoamsifuanvines ives Funheode .

-ILR :Lines Per Character Row
amiuintaefosn ety o Srmsmenufuuunswininn
-BR : Blink Rate
a1 BR Teefeenmumifiniy 3 Hidesnsrfinisuanena s usyy
Interlaced UINNANSINAA (Graphic Mode)

-SC :

%1 sc = 0 awifunmsnmuaifiiaed tved  nsewsy

sc = 1 azifunsamuniiieed tyed 1insendy

~CTOP : Cursor Top Line Number in The Row
funsn muaaroniavugavesiaed 1ved  Juum
—CBOT : Cursor Bottom Line Number in The Row

tfunsn muanumisdragnvesined 1ses  Tuun)

2.4.2 AEE@mMIUAIUANNISUARNNA (DISPLAY ‘CONTROL COMMAND)

zﬂsgnanﬁauaﬁ%adﬁqndaWUﬁ fio

2.4.2.1 START

START 0{1{1{0}1{0j1{1

ifunsdart opc #aindmaz idle mode Léusﬁﬁgﬂﬁ$nﬂ

Qﬁﬂﬂﬁ”ﬂﬁ%ﬂﬁ?ﬁﬂﬂﬂﬂ GDC

14



2.4.2.2 BCTRL

BCTRL 0 {0 (0 {0 |1 i1 {O [DE

uan@efirdrums i muadtsgifiuananaosannisaan wmia 1l

$afrdoensifiudnnanonnIeaemn A mualdt DE = 1

2.4.2.3 ZOOM

ZOOM 0{1]0]0|0}1}1]0

tHuam@eidamsun mua Zoom Factor @ mMSunIsuadasnalay

115 1 JoudadnysHULNS WA (Graphic Character)

¥
A

& a a
mﬂ%zﬁizﬂaﬂwﬁ’mmai‘m\i | fo1ull #o

P1 DISP GCHR

P afT] W

gazdumsnmuadivoedndreg sxnmuatdandenmuadeiull fo
-DISP :DISPLAY ZOOM FACTOR
GDC @S0 Zoom 16310 1-16 TN mund19¥ Zoom WA

L7 E73
115 1dnmsafliaesenil delifle

81#o9ns Zoom 1 IHASMUAAN DISP

il
(@)

f09n1s Zoom 2 A¥N"MuUAA1 DISP

I
Yy

09015 Zoom 16 AHn“MuAd) DISP = 15
-GCHR : ZOOM FACTOR for GRAPHICS CHARACTER WRITING AND

AREA FILLING

15



2.4.2.4 CURS

CURS 0{1{0|0{1;0{0{1

Huad it damSunmuanumiagogt aos treumian a9

[l v
uandna  NvzusEnoudienIslineddierdeluilfe

P1 EAD
L
P2 EAD
L L b
P3 dAD |0|0|EAD
- Pl |

EAD : #9f7 EXECUTE WORD ADDRESS

dAD : #9A1 DOT ADDRESS within THE WORD
Taulagammaamdndnandal fe
tovarnmsnemuanuiensafunmuadiosemny X uazuou Y ER

13udiuit (0,0) uazuny X Imsifwdrandrotued) uasune v 005 1fmgnann

vuasde deluguit 2.1

(0,0) (XMAX)

(0, YMAX) (XMAX, YMAX)

U 2.1 udaemIsnTIueaUMie X,Y 1UMI$I0

16
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73 1 g L7 Wgﬂ
4ANISIAUBA L AT AVDIMLILANVIWAAINAUUISUANAINIYL  auuTedoeiins
4 & % . ' \
W X,Y  ifeemisumtmsatuaa e t udewli Suatumiauent asdveemiag
& i
aRTudsena 1409310 ope Feen1s 6o feemswisadimesii funeat asdves
MHAUAIINIWAAIHATMSUNIS A NITIAN WU OA L ATAVDIMUITAINIUAAING

zudasiegufl 2.2

f_>13t WORD or 16 PIXELS

0|1 P-1{—>1g¢ LINE
P [P+1

—>LAST LINE
L—>BAsr:: ADDRESS of EACH LINE L—>LAs'T WORD

Uit 2.2 udaemisiaueni asdyoamiaunl N udasHa
4 o . z
nguit 2.2 sxtifniddinisTauenl asave MmN ARINALNIE | SUS
MUUNY X Hufo 1RUA10101U977  1azINUUANEIN L B UALNITIARUMIRTUSE
Y o ¥
VU X-Y udmilundnuauanena 1 uaniasauuusznoudisgn 16 0 AUl
g% p

w &
NUU P

MU 16 bIT WORDS umileidu

(Xpax + 1)/16
ad v . wg -y
$1f Xpay Uf11MNfY 1023 AU P= 64, wie 40y

9¢14 Line Base Address (LBA) = P*Y



\

o 3 y 1 - a
faluLen L ATETOIMIIIM N UEAHanT oM vowtaz Intuns L nes e fe
EAD = LBA + TRUNC(X/16)

gazaumiveosdnflo dap

X MOD 16

2.4.2.5 PRAM

PRAM Of1{11 SA

L1

tusndefdrumsnmmaneniasd i duft Aoy
NISUAANKA KAz FULLUYEdoyRveINaNYSULYNT INAR

saefidn sa  azifudnfuonirievadidud s diedin
Mia 19y

81 sA

[}

0 swmneivinifududmarmnsdinediai 1(p1)

SA = 1 et Sudiuduarnms ilinesaai 2(p2)

]

uazazzﬁuxﬁu&1ﬁl?aUﬂ %ﬂ%zawuﬂsntﬁaﬂ1ﬁﬁqnnﬂ 16 #1
1o opc 1duduinanwisaliined Faft sart udr Fesdrudimnsad
Laosintanty 9wy Feuuas swqﬂdﬁutﬁa1%¥hqmﬂﬁ§aﬁa1u
Fmsuivoensllinednieg  azndiafedotuiudiade  PARAMETER

RAM CONTENT

2.4.2.6 PITCH

PITCH 0{1{0j0j01,1}1

upmdefirdamSun-muaaiunt1ewes  Display  Memory

o &

v )
AtlargnidsendneaIunisIn Saufl Drawing Processor enmiiim
fifm1eeee word #eolufiasiduu dragniefiflnves word TRTU Hazluvaefnans

- ' 3
wa fazmmiiaimiatumiviSuduveuninety
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J &

amSuandesiazivisined (Ruedia L fun

P1 P

RN

P: Number of Word Addresses in Display Memory in The

Horizontal Direction

2.4.3 A"dsf14AIUquN1521A (DRAWING CONTROL COMMANDS)

%qazusenavﬁavﬂﬁﬁqmﬂqqda1uﬁ fio

2.4.3.1 WDAT

WDAT 0 {0 |1 [TYPE {0 |MOD

l |

xﬂuﬂﬁﬁqﬁ1§1un1stﬂuuﬁagaxﬁu word #39 byte avlumiay
ANIWAAINS (Display Memory)

%q%zﬂﬂnuﬂﬁwmaqﬁndwgqﬂﬁﬁQﬁ
TYPE : Data Transfer 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

dadnsalineddegife doyafeds Tavezdefias g On



v
&8

mMsneInsesndatiay Liuded de

~iffe ape Fy 1 ya wewsafined (2 1wt ErnemuatdBunnsda i
(3a war 1t inmuaiddaiu  ud)udnbhiaineesaenm(video
Memory) e S RMW ai. muomla EAD fin"mua1¥luande CURS

-awnﬁuﬁa%(Pointer) 494 EAD feedluiiaiddadoly mufiemeiidn mun
18114

~ntiufasansoiumsidnedyadetutd

—rmFums  Jou i futuiiy Tusoums R cycle it dgnntmunse
goumiugudRamn

~g'MSuN15 1 J8UnvY graphic bit-map f LSB  99um151dinadeen
Lﬂﬁ&uﬁazgnﬂﬁﬂumuaunws RMW Cycle ﬁqﬁuﬁﬁw171ﬁxma§ﬁwqqaz1ﬁu1% 2 nsil
flo 1w 1 e 8 Dn wSoidfu o s Dn

—rmEunTs L Anauinuansvin i ynqdnresmnsillinesazgnidnun

—ﬂﬁ%ﬁﬁazéwqawnﬂﬂgqsuq fo andetiazfionidnns i mesiumsn e
Pattern Register ﬂummzﬁﬁﬁﬁqﬁuqmziﬂﬁﬁmaquswﬁxwaéﬁtﬁuagmu
Parameter RAM

~toufazdenndotfcfosdennde  Fios uaemnsfined 3 Fusnveeande

FIGS fiou 1#lo14lumsn mua JULILY99MIS A AANI9INNNSIA wazA1 DC

2.4.3.2 MASK

MASK 0{1{0{0f1{0[1}0

(4 @
Adelidarmiun 499 16-bit Mask Register 39
z k24 Qs 174 1
Mask Register W9z 1fusiinmuairazifidoyadiniaiiivrumieniuaudanana

PN UABULYAUATYINILIUNIT RMW Cycle
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MIINAAAIU Mask Register axn™id 2 35 fo

19908 Mask  smdatfesfins fimed 2§ Feesidarmiuncmundn 9
idniategniviomawite Tasiine 16 Dnilsegnimaidtu it Mask
Register

2.9 curs Saun'muafl dap sewnsdimesiad 3 weennided

$1m159701 7MLy Graphic bit-map 3x1ife91dande MASK  udenMuA
101489 CURS umu Sauftande CURS ﬁaz1ﬁuﬁ1nﬁwuﬂwﬁuwﬁqmaqaﬂmaauﬁaz

HOA L ASAN I UL AY

2.4.3.3 FIGS

FIGS 0{1j0{0j1;10(0

tfuandsiiigaunisnmuamnsadi stz 1dunsaingums e

L M"
%@ﬂzwaﬁnqaqﬂnﬁwqnvaqw1s1ﬁxmaéuﬁazma1ﬁﬂqﬂ

P1 SLi{R |A |{GC|L DIR

SL : Slanted Graphics Character
R : Rectangle

A : ARC/Circle

GC : Graphics Character

L : Line(Vector)

DIR: Drawing Direction Base

Ja



aFwmsviuiusnilagadamsun muafian19uns1a(DIR) ¢ tuSuu foud

nnguit 2.3

ﬁﬂﬁ 2.3 uanafiAni14n1$210%89 GDC

UMY L AL Aaz iz unufisnenIs I ausasie 19y

#1 doemsmiufisnigas wn muald DIR = 000

001+ fudu

ﬁaﬂﬂﬂfﬁﬂﬂﬂuﬁﬂﬂ1ﬁﬁu wn mualff DIR

M3y M SL,R,A.GC,L wiflumsn muasiiafezain  eannsoifondiveedn

#eq1dmumsaedt 2.6
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SL

A |[GC|L ' Operation

0 0 |0 |0 |Character Display Mode Drawing.Individual Dbt
Drawing.DMA,WDAT,and RDAT

0 0 |0 |1 |Straight Line Drawing

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

0 1 {0 |0 |Arc and Circle Drawing

0 0 |0 |0 |Rectangle Drawing

1 0 ;1 {0 |Slanted Graphics Character Drawing and

Slanted Area Filling

A1519% 2.6 Valid Figure Type Select Drawing




P2 DCp,

I
P3 0 [GD DCy

L L]
P4 Dy,

I
P5 0 |o Dy

I
P6 D2].

I~ N4
P7 0 |0 D2H

Nt /1
P8 D1y,

A/ Wavasl
P9 0 |o Dlg

RN
P10 DMy,

PP
P11 0|0 DMy

N

amSudn 10 1ol ez iffumsnmuadn33dimos499 DIGITAL DIFFERENTIAL
ANALYZER(DDA : ffugndaurdflegiuia opc wmdirflemounieaiingnand  aem
utimwdeufivmsstudeyadiesndauid 99l ooe 15und1 READ MODIFY WRITE
(RMW) )

# 6D nmualtiingy 1 e deemsimiuiuansianas s mun
Wiy o Hefiosnsnmuiun Graphics and Mixed Mode  &mSuf1

DC,D,D2,D1 uaz DM znMuamurilavoanisiatdaiunisied 2.7



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 -1 A-1
Area Fill B-1 A A - N
Graphic Character| B-1 A A i -
Write Data W-1 - g - -
DMAW Dil c-1 Z - r
DMAR D-1 Cc-2 (C-2)2t ~ -
Read Data W - - - -

1519 2.7 @1579Ud@ANAN Drawing Parameter

- : No Parameter bytes sent to GDC for this Parameter

dI: 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 Word s 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 Resds

#mfua1 Dc,D,D2,D1 a:1ﬁuqm1§nﬁuuazqm§uamﬁaotumlmaé na=unly
AHVY LINE a:ﬁaoﬁnismnuaun1d1daoqlnﬁ1&ﬁaa Foansanidiog
Jufif 1 auUmIT=zsz A1 Huruuganidiunay X tazunu ¥ fudunny
dX = X9 - X1~
dy :=.Y2 ./
e x, doyadafieves tiatmemednmnu X
X, foAsudues 1Iaimeniedsun X
Y, fojaqdaiieveiiainesnivdunnu ¥
Yy ﬁaamléuﬁuvaotamlmaénnoﬁauunu Y
dwoe ax wa: @y awnsarhndfovnnazay  dafvdesdeszezvaefumn
uauqmvaoﬁoaaounu uﬁiﬂﬂﬁaﬁuauqmﬁaza1m 67 GDC WM MITIAYANTAAV WU
mbsa WUt Ted taos 1v0¥ va=d DDA nﬁn1smﬁu3uuamxmsavaoqmﬁ 2
tffo epC nﬁndsdnmqmﬁ 2 DDA flesmmyauiuyadoly 1ﬁutﬁuﬁiﬂt§aaj R
ns:ﬁomsuqnqmﬂux3mtma§n?aﬁut§uﬁu Tmaaﬁuauamﬂaza1mﬁonum%=a§1u?ﬁa
et pe naztfe Gdc nmITIederedaine d1luidians pc v=ddn fugud

uaz 1@o% 170§ (CURSOR) 9= 1ndoufiveddandatie



Jufi 2 15un1yMIA1 QUANDRANT Uaz OCTANT 31nén dX taz dY %9mas

A“MUA QUANDRANT Was OCTANT 499 GDC Imifn'mumsougudl 2.4

43 ,
211 5 2
3|4 6 1

710

QUANDRANT OCTANT

Ul 2.4 UEAYNITNMUA QUADRANT Uas OCTANT

ANTHIA1  QUADRANT 3=1431nn1s1usuuifisuindoonuisued ax ax  dy

mums19f 2.8

1A509NNN8UDY dX | 1aSovnu1evew dY | QUADRANT

+ R 1
- 1 2
- + 3
+ + 4

my9fl 2.8 MTIVNAAYAITAMUA QUANDRANT

4Un19Md1 OCTANT wuUd1 QUADRANT A 18NS UTzaRas WY

N5 1wSeutfsuiduysd (ABSOLUTE) 09 dX waz Ay (‘dxl,'dyl) ANAT Y

=

2.9
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dx| > dY‘ dxj < in
QUADRANT | OCTANT QUDRANT | OCTANT
1 2 1 3
2 5 2 4
3 6 3 7
4 1 4 0
m5191 2.9 MITIVUAAINIIAMUA OCTANT
2! ‘dxl dy| ndowi1idatnednde fufivzaaog huud A= ie oyuwe

4 dotuiniidzaveds=nite 2 OCTANT 1#miaugifud ocTANT
i 3 1funisnmuannunnsI1eBas: ( INDEPENDENT DRAWING AXIS)
nnufl 1 funnun1asas s = 1Huaufia)we1mnnidnununde 13w nau x A= 1fu

nu1aBds= 1o idx‘>'dy <= {dY fomsef 2.10

3= 1unnu v it ldx

OCTANT | INDEPEDENT AXIS | DEPEDENT AXIS )
0 % X
1 X Y
2 X Y
3 Y X
4 Y X
5 X Y
6 X Y
7 Y X

My Wil 2.10 My MUAAUATIGTATS



z ) - a [
Wi 4 MsauauIMIliaesieiumsg  Amsidinesiidiy
, 4 1 )
N15219YsEneudIuf  DC,D,D2,D1 990 MINIEIINAI Y0 'dx} hay
1’4
'dY{ auaunsae1ul fo

DC

i

'dI

D = (2*%{dD|) - ldIl

D2

2%(|dD| - ldI,)

D1 = 2% dDi

e a1 1 fuszuemeveununIsIadas:

dD Lﬁuszuzﬂ1qmaqunun1511ﬂ1ﬁﬁﬁsz

2.4.3.4 FIGD

FIGD 0j1{1j0|1]1{0|0

tﬁuﬂﬁﬁqﬁﬁx%uq1ﬂmwnznunuﬁnﬁuuﬂnwaﬁnﬂﬂﬁqﬁwqqLﬂﬁéﬂﬁéﬂ
FIGD 1fodendet GDC N MSIHAARIMITIVIADIIIN PARAMETER RaM 141
11fU151% DRAWING PROCESSOR 48z 153%17un15318 o, ammbefnmuai 3

#1 EAD 48y dAD 1uA“&9 CURS

2.4.3.5 GCHRD

e farmiunsadeyausuns e #1101 vt Fumiog

AIUIWAAING



Ussnauﬁaaﬂﬁéqﬁﬁqqﬁa1nﬁ

RDAT

tusmdefiifrunisdrudoyaifin word e byte 31MMIBAIMWA UARING

aufl TYPE uae MOD edAfn muaivilounuamds WDAT

CURD

1 a o 4
R e KNI &) ﬁ1w1$1n1ma§&1qqﬂa1ﬂﬁasgnﬁqnauﬁuu1n FIFO

Pl

P2

P3

P4

PS5

2.4.4 A9

2.4.

fdiunssudeya (DATA READ COMMAND)

4.1 RDAT

0 |1 |TYPE
|

MOD

|

2.4,

4.2 CURD

Tuamdeidiunisounumieess CURSOR Sasfiiile Goc nv

A7 EADy, Ag
Pl] 1
A5 EADy
!
0|0 |0 |0 |0 |0 |EADy
i
dADy,
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2.4.4.3 LPRD

LPRD 1j1{0{0{0|0[0|0

Liuardafdamivdudnaumicuen 1 asavee Light Pen Ay

: % . % &
fiflo epc nwendadl dmslimesiersetyiiazgnasesnindt FIro

P1 Ag EAD|. Ag
o B N NN 17/
P2 Ags EADy
I
P3 0|0 |0 |0 |0 |0 |EADy
A\ \
P4 dAD;.
Pl YT T2 ]
P5 dADy
D | SPNWNDL

2.4.5 ﬂﬁ%ﬂﬁﬂ%ﬂQU@u DMA (DMA CONTROL COMMAND)
IxUsEnoudIuaTded e de Ul

2.4.5.1 DMAR

DMAR 1 {0 |1 {TYPE |1 | MOD

I |

&

iuandeiindearmivuen ooc drffoemsdudeyaiauiduiunms pma

SaufnISn*mua TYPE uag MoD dei38nmsnmuainilouavdes WDAT



2.4.5.2 DMAW

DMAW 0 {0 {1 |TYPE |1 | MOD

l |

uandefindarmivuen cpe drdieems i duudeyaiauiduruns ova

Taefinisn mMua TYPE uag MOD e iTmsnmuainilounde WDAT

2.5 STATUS REGISTER FLAG
AUNaNIU STATUS REGISTER fudrftiduondamiznisnmeiuses Goe

u”
Feflauin 8 In uazusardnazdaumnedied fe

STATUS REGISTER FLAG 716{514(3]2|1{0

2.5.1 SR-7 :LIGHT PEN DETECT
4 - ¥
ddnilgnidniiy 1 mnefedeaiuamnsedumarumiouen
4989 LIGHT PEN 1§ uszillo LAD (Light Pen Address) gnfiuid1tuiu

FIFO u¥1 Dnilaegndifnidiu o

2.5.2 SR-6 :HORIZONTAL BLANKING ACTIVE
ozl Andopagedvounoa §1insd wuagRe(Horizontal Retrace

‘g <
Blanking) Dnilsegnidnifiu 1

2.5.3 SR-5 :VERTICAL SYNC
&4 a éa - a .
vl findagnaitesines  §insaded(vertical Retrace Sync)
niaegnidnidiu 1
2.5.4 SR-4 :DMA EXECUTE

A 4 ;
vtz i vy (ileflns i aboudrwdeyainuifvuiunns pMa



2.5.5 SR-3 :DRAWING in PROGRESS

g )
fintlae 1 fu "1" ueefl GDC NMNNTINANINULLNT IR

2.5.6 SR-2 :FIFO EMPTY
& % (] L a N
Wolnilidu "1 uwaneir  geadeuaznsBinediigndedrti

& ; : A
Goc Menuatdgniinduuaswdenfisenmuadenarwnsidined ind v Jovdouuda

2.5.7 SR-1 :FIFO FULL
Sl "1 wanedr vedfu FIFO 16y Wansosugaanduas
L ERPIELEAT:
gainifidu "on uamedn et FIFo ansosuyaatdauarng d

: = N ]
ines1diedelioy 1 1w uazintisedosgn i fannasedeufieznmsdemiag 14 ope

2.5.8 SR-0 :DATA READ
Sidmiifu 17 wamed e tuifeyandonferdarifiugasiys i
ivod  uaednilazifiu o wazitfoyagndivain FIFO 1WHY  Microprocessor
Interface Data Register uas%éiaew"lms1%ﬂﬁ’nﬁunﬂ%‘\aﬁauﬁ%nﬁm?{nuuﬁ

¥
TRIN

2.6 ¥onmua ums1dande taznISNMeIL %89 FIFO

FIFO (First In , First out) wmihf ifufnareiumsidimeuandaiy
UVTNTATTUS 191985 Iaudmsnenuludnete Half Duplex f8  d10150d9k U
foyatata 2 fitme udefeoefiemai@ainify fmremsneuves FIro §naY
WIAUTEUUINIASTUS 1781905 AUNINgARITaUBINTASILS L3 | Josuin dug
msdeimdt  saonisesandoefimnzdnees  dneeediainesudasdonny
%3 %ﬁﬁsmaéﬂnﬁuaﬂqanﬂuxﬁwq 9

gonndaumsdeem ope feed Tufusnfunndnsiueenty $aruusail

Y - a Y ¥4
fiflo amdN(Operation Code) @aulwideqty fiflo w1919 1modvovadaiufinnmn
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msdadouaslioy odc i FIro (ffuduvan  1ugfiudnvesdeya
o P & y a a a !
wihvendt  doyaii Fouastuiiuifiu ande vfo wisifiimes  Seiuseulanani

¥ [} [}
(Command Processor) 14 GDC dns29deudnil vawiluvadiitegin FIFo

{4

-

lefausznianannde  1SuanFemiidnn  wfiefumsAugnamdetownini
uazﬁatﬁunwsﬁuQﬂnjs¥uﬁ1w171ﬁsmaémaﬁﬂﬂéqﬁuqﬁau

FIFO 2 LUAUURAN NI NI AINIS ATLANTONS LU INTATTUS L3 L w0
msdendardntuie ope szifumsdad FIFO mewAN  Mode Write 1dwe
$e#1  FIFO £48(1U Mode Read doyafidnvegezmeonua 1 fedenndermti iy

AndNfifiean1sNISMOVAUDS 19U RDAT, CURD, LPRD aen™#f FIFO nanwuifiu

Read Mode

2.7 Read-Modified-Write Cycle

nsdedoyaszning Gbc uay WIUAIMAWAANHA (Display Memory) $o9
14 Read-Modified-Write menory cycle (RMW) %Qlﬁﬂﬁ@%ﬁﬂﬁﬂ?zﬂanﬁiu 4
$9MINNU flo

1. defusrinsd 1ugemigaNudnena

2. 81 deyaarnmiweaingm

3. vSuuge-ufite-1udounnasdeya
4. 1uudeyanduaciufinwmied fent Y uneuusn

4 Z %
MSNNIUYEY RMW wszimmisuftadoya wy  doeuszneudivdiufiugiu

wan 9 3 dudenufe

- Pattern Register (fugunuuvesdoyafivedrutufamiwninuen Tavn-

5101993 ¥09ATHY WDAT ¥391UNN521AINN PRAM
- MASK Register n"muairinia 1gﬁogaﬁé1ux%auwazgnuﬁ1m
- 16 Bit Logic Unit (89nn15M* N 319 Replace , Complement ,

Set 39 Clear Data fi9 1M1 INMIIBAINIUAAINA
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1. Pattern Register

- doyatrau 9xgn aND i doyalu Mask Register Funmumnitdnia
dunsoufilald

- uMIManwAswRR  deyalu  Pattern Register JupnAAfy  Mask
Register ASvaedn iy

- ffefims anp fudnitifu 1 1 Mask Register ﬁn&uasgn ufte ey
Logic Unit a@m3vyataluiumw  Infialulu Pattern Register  dsgnidonun
N NN TY

- Execute Word Address Pointer Register (EAD) enmihfinmun
wonLAsAveN 1 3da Hussqyaiin’

- U Character Mode WnOnl4 Pattern Register 3Izgnifuvuauiu
Tumsnmuadnsag msuiadeyafieidfa Sadasiiy Anuaen1sneuadeasindo
I wumsemw ased gnmdoufiugn 9 On  WMIYANAN word Mask

Register foenmuntiul Tusuwmleflaenmisufia

2. Make Register
d1150gn Load 14 2 M9 f®
- 1 Graphics Mode A9 CURS 9zn™muad #§e @ umie Dot
Address(dAD) ﬁﬁﬁmz 4 dn Sedsznanannde  ssnmsuvaaid oy 1
W 16 uvy T fe wvaviumne 16 In uae exflifluedniflos  Fezuonafin
(active) U 16 i
- M Character Mode ﬂﬁ%ﬂ Mask ¢dWNITD Load MaskRegi-

ster 14114 1udnye Full 16 Bits

3. Logic Unit
P ,
A dfeyasnn -  deyandmawnaimmlisa i udnwa
- 'Pattern Register

- Mask Register
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WBIUTENIANAS NN Logic Unit 1 fnadng | Tudoyafioeny
M1 Joundvammhoaueudnina  Saudinisnein 4 Snvee  fe Replace,
Complement, Clear, Set 4 4 uvyll & mask bit 1fu 0 Heyaiterndunee
ignufty  uddh Mask bit 1 1 uae Logic Unit 14 Replace ua Yoyaft
duduntdagrunuion Pattern Register dnmwududn suvwls A1 o 1udeya
udned1d Aoudtiundvasty ivilowidy dawdn 1 udeyasegnmusaiiuLogic

Unit Mag Mask bit

2.8 Figure Drawing

GDC eNAnmuLLns R udasy 1 gadlenils  Read-Modified-Write
(RMW) Cycle Display Memory Cycle 39usznoufis 4 auiaan ﬁe%uﬁﬁmmwm
U1 5 MHz RMW Cycle 91§ 1781 800 nS

WM NMsNA Gc semyaintuieeann (ugafiegfaiu Jeauisonn
waldtie 8 90 wSe 8 fifnN sey 9 AIAN AU GDC N muaAfiFnIg il

tiwmngiay 0-7 13uandudre udumiufininn sy

Os 04 03
Og X Oq
Og 0o 0q
X : yaleqliu
0 : ynRelY
qumsnam &fifesmsfonsainsd mﬁuwﬂqmaaam%uuamsﬂsﬁﬁu uay

fmenmsan  wmsioludrdudoas  exl¥msaundenindiuemativord fe
vy Tnhemeudawe  Seszisidinedsimile  #o pitch fawifudnen
w 3dade 1 #ufty  umstotiidamedonden  Execute Word Address
(EAD) segnufs o amaw uwted Dot Address sefwlvegd LsB fe MsB
999 Mask Register Mun1sfretume 431 wie druves word 1huafiu 1538wy

Dot Address Pointer Register 1Un19411uia 4w
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AT INUAAIMITNNIY TUNTIS 1IN Tuidaziein

DIR OPERATION TO ADDRESS THE NEXT PIXEL
000 EAD + P -> EAD
001 EAD + P -> EAD
dAD(MSB) = 1:EAD + 1 -> EAD dAD -> LR
010 dAD(MSB) = ;:EAD + 1 -> EAD dAaD -> LR
011 EAD - P -> EAD
dAD(MSB) = 1:EAD + 1 -> EAD daD -> LR
100 EAD - P -> EAD
101 EAD - P -> EAD
dAD(LSB) = 1:EAD - 1 -> EAD dAD -> RR
110 dAD(LSB) = 1:EAD - 1 -> EAD dAD -> RR
111 EAD + P -> EAD
dAD(LSB) = 1:EAD - 1 -> EAD dAD -> RR

Where P = Pitch

LR = Left Rotate

Execute Word Address

Dot Address stored in the

RR = Right Rotate

Mask Register
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¥ \
sz tffuintunisainidums i yuveviduse 1iulutdnnuiugae 45 even uid
mamutfnfnn Jaenfifnieveedn DIR
a A )
Tumsandauife aziunatufiin soedn DIR wer IfwTuguiduidede

dutdanile 9 @wnsonmuatilanue11dte 45 eem

2.9 M5 1AM EUISIIUANITIIAMN

1ums1aSuuMsIIAnN  Gbe $oen1s  silaweeaw, fiame, wslinesiu
115278 ,9aidudu uay  qUULY(Pattern) 1ﬂaﬁwxnéwﬁgnnﬁnumx%vn%auuﬁa find
amde FIGD umsANiiduaa

awudumou(algorithn) #M9Iunisanm¥es  Goe gﬂﬁmuﬁuwxﬂaxﬁu
mm§1umsn saemsidnmsnmuasvas | Suautufiey Sennd cpu ansuan
NTAMIMIPAIUNITIN Uas Jouemiud ooc wume FamE msateaw

X 4 - o )4
HUY iﬂdaiﬂ (Pixel-by-Pexel) ﬁﬂ?’]”l%’)q\iﬂlu TQW'\"]”lWO% 91'\4’] ﬁﬂ\imﬁ\m

Drawing Type DC D D2 D1 DW
Initial Value* 0 0 0 L -1.
Line .dL ZidD M 2(|dDHdL|) a0 -
ArC¥* 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 Character*¥* B-1 A A - -
Write Data W-1 - - - -
DMAW D-1 C-1 - - -

DMAR D-1 Cc-2 (c-2)2" - -

Read Data W - - - -

39



¥ Initial values for the various parameters remain aseach drawing

process ends

** Circles are drawn with 8 arcs,each of which span 45°,s0 that

sin a =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

i=

all ONES value

All numbers are shown in vase 10 for convenience. The GDC accepts

base

DM=

2 numbers(2s complement notation where appropriate)

No parameter bytes sent to GDC for thes parameter

The larger at dx or dy

The smaller at dx or dy

Radius of curvature; in pixels

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

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

Round up to the next higher integer

Number of pixels in the initially specified direction
Number of pixels 1in the direction at right angles to the
initialiy specified direction

Number of words to be accessed

Number of words to be transferred in the initially specified
direction (Two bytes per word if word transfer mode is
selected)

Number of words to be accessed in the direction at right
angles to the initially specified direction

Drawing count parameter which is one less than the number of
RMW cycles to be executed ‘

Dots masked from drawing during arc drawing
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2.10 MSIAAIINYSENTINRA

TUNITIATNESAS AN GDC WwIINUVY  pixel-by-pixel TAUNNS Load
ﬁaﬁnu$ﬁasq1ﬂ§%zgn Load t$Mifiv1¥au  parameter RAM %etﬁuﬂﬁﬁwquﬁq
MWIA 8x8  UATAWITONMUANITINASNATE 1A NAgLLYY TAuNS 1UADUILAY
Parameter 14N15274, fAMIUMITNA  wazTaumsifgueuifiunms  Fill
area  fazamsol fousnaszacd y Muliedaemaunde  Tagtades load
parameter RAM ¥y

ilodoyavaednyszanin 8 Byte g0 Load 141§ Parameter RaM
(Fovfouds  faunsordende ccrrp i#edeid o 13unms  Buudiauiiedeas
wmhga e udarald  1onaniiedande Zoom  Sefnsafimediaunson e
waveednusizuanenats iéuaﬂuwsnmuwuﬁnm531ﬁﬁa 1-16 1M Saududa
bit ﬁgntﬁn1%azgnnﬁ%ﬁ MUIIRT UAE  UWIUBU  ANNATIUAS AN AT uATEN
Zoom 7587 Pram MWEMhuMMA AN gINMUAILATAY FIGS

Tums 1 fpusnassaunn  8x8 pixel i pixel usnaziduifouein Lss
494 RA-15 TWidou 9 9ufle MSB 109 RA-15 niufieenseinadnty Ra-14 #idn
finsefy  (weaeiifo MsB ) ufredutuides q auds LSB 09 RA-14 wagn™
nuuaduian 19ui 1300 9 8n 6 PrRAM Byte

Eriufferana waund s pixel Sunauresmsaduihwand fenszianduy

1wl daty foulle MsB

2.11 MSN"MUARIYN Parameter RAM A*wwmish 0 89 15 (RA 0 to 15)
awnsadised  Mgnifivriiu PRaM Hu GDC aunsouaMIddn 1Kidey 4
Kard NSO 1aWu1e Byte 18 Sautiffvansenude Byte Su 9
PRAM (fiusiwaziduald 2 sfla Ao siuazifuaveemISNN  uavgy
UUYe N INTRE A
swaz 1Suave sy wuiaifiy 2 ufen vlenar 4 Byte iavaxifiy
1. ueniasdlSufulmmiisanuaudnana voudRE AN udnINa
(Display Area)
2. AUENIYe Tulinnsudnaa

a as 1 N. @
uanmnﬁ '1uue’laxﬁ1m gednnsoutu 2 4y flo LLUU%WVIW?U
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BitMap Graphics Uav#uflem3y coded Character uawfieutoentdifuuvy
16 bits 58 32 bits wide display cycle

M51$97U  PRAM uenand fidumsnmueguuny  amiunwitezain u
Graphics Mode $4 PRAM Byte # 8-15 aztﬁnguunuﬁﬂﬂ Fa&11fiunsinnnw
Srvam iSaidu 19n o Huese Bordon Busde u¥ Ferdiawngtsd 8,9
msarmuadrszniiuiduiy vieiduudu viesn uadifunis Fill Area uazmis
Hdnasensiinuds axtdieudtd 8 8¢ 1t 15 Tumsnemuanniezane

57982 L SUATPNNITIMUARIAN 9 TuLdasIHNA

CHARACTER MODE

RA-0 SAD1p,

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

1 0O 0 O SAD1y (word address)
[ =S
2 LEN1j, 0O 0 0 ©0
I I
RA-0 Length of Display Par-
SAD1, tition 1 (line count) with
[ I S N I

high and low signigicance

fields.



A Wide 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
SAD2p Starting address
5 I l | l l l and length
0 0 0 SAD2y
6 /7 N\[I7/7Z7
LEN2|. Q10| OrYED
- l A AN
WD, | O LEN2y
e 2V AR N
RA-8 Display Partition 3
SAD3y, . Starting address
9 I J | j | | and length
0 0 0 SAD3y
10 || I 1|
LEN3y, 0 0 0 ©
11 l I
WD3| 0 LEN3y
[ S N




RA-12

13

14

15 .

Display Partition 4
Starting address

and length
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HARDWARE
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1. dnfiaderadesaouiyined

2. dudggnauitnn

3. daumaenanen

4. dndapnuaugy

5. dnumdeyaudavvonin

6. dYsEyIana

P "
Fes1uaz 1 dunaznd i fudin 9 sesteuil
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dudagnaning

il dwnsoudetdidn  wesdmamivied  epc(upp  7220)

1Az INITURMETMTUNISUARINGYIDN N

299NN A MSY GDC uPD 7220

nmsAnuguanii® ope denidvasuiimena 2.5 MHz  Sawa¥1ea1nieas

awd addia Tuga 40 Mz WIS 8 Kawled 74F161 fegy

4 a 20MH=
—3a 8 OHH =
MODULE 40 MH=z E &
CRYSTAL S0 R < ac M=z
Al - RCO
1 ENP
NC Vv 12 | ENT
| & © =3 AQMH=E bCLK
=g ’ LOAD

L CLR ,
GDC CLOCK =

WM mswmwesngwinesxidmnd20 Miz  AwIENaIn

Timing umsdudeya 16 In nusnlvgaenmaz1fiia 2 clock(state si,s2)

7281 2 state

H

Laudeyageonn 16 bit

(1/2.5 MHz) x 2

16 x (1/Dotclk)

Dotclk

(2.5 MHz/2) x 16

= 20 MHz

L
1ossdoeniswonenm 30 1 iy 2,3,...,16 thiw

Timing Tumsdudoya 16 bit 990 RaM  geammazifiian 4 clock

(state S1-54)

Taumsa s L Aues1d Dotclk = 10 MHz



aquifumste Dotelk el

Zoom Dotclk
1 20MHz
2 10MHz
3 6.67MHz
4 S.00MHz
S 4.00MHZ
6 3.34MHz
Vi 2.86MHz
8 2.50MHz
9 2.22MHz

10 2.00MHz

11 1.82MHz

12 1.67MHz

13 1.54MHz

14 1.43MHz

15 1.33MHz

MsooNILLI9Is 1danuuul g

IC Counter 74F161 (ffu@ily clk 40

Mz udammsiSedniduliudae 74Ls374 (umewedn 30aH PC) 188 counter

u1fe 0000 A1 Rco 3zidu 0 deifudagne LoAD ¥ 74F161 Audfeniw
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SYNC

VSYNC:

PITCH:

PRAM

CCHAR:

ZOOM:
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P2 1fJumsn muadn active word per line @MIVOINTUTASYLH
udneaunIaE 720 9 Fatu dwisdiaed = 720/16 = 45 = 20H
91ndeyaveq GdC 14AY AW = 2DH - 2 = 2BH
amiveedsei BGa Vudawannias 640 30 Feludnsadineddenn
miaifu 640/16 = 40 = 28H 1A AW = 26H
P3-P8 ﬁ1n1$nﬂﬁu7uﬁﬁﬁﬁﬁﬂ1ﬁﬁﬁﬁ
- HFP,HS,HBP 1un17nmaaqﬁﬁﬁﬁqumu1ﬁn1ﬂan@uﬂwsdqﬁmmnmnww
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iffu 1085 - 720 = 365 30 Sef1ifend1 mrp,mER,HS 1w 7,7,8
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¥
A

1501984 algorithm 1daal

PROCEDURE reset;
begin

sendcommand (00H) ;

sendparameter(16H);

sendparameter((dotperline div 16)-2);

sendparameter(((Vsync SHL 5) AND eOH) OR

_ ((Hsync-1) AND 1fH));

sendparameter(( (HFP-1) SHL é) AND fcH) OR
(( Vsync SHR 3) AND 03H));

sendparameter( (HBP -1)AND 3fH);

sendparameter (VFP AND 3fH);

sendparameter(LO(lineperfield));

sendparameter({ (VBP SHL 2).AND fcH) OR
(Hi(lineperfield) AND 03H);

end;

PROCEDURE sync;
begin

sendcommand (0fH) ;

sendparameter(16H);

sendparameter((dotperline div 16)-2);

sendparameter(((Vsync SHL 5) AND eOH) OR
((Hsync-1) AND 1fH));

sendparameter(( (HFP-1) SHL 2) AND fcH) OR
(( Vsync SHR 3) AND 03H));

sendparameter((HBP -1)AND 3fH);

sendparameter (VFP AND 3fH);

-

sendparameter(LO(lineperfield));



sendparameter(((VBP SHL 2} AND fcH) OR
(Hi(lineperfield) AND 03H);

end;

PROCEDURE Vsync;
begin
sendcommand (6fH) ;

end;

PROCEDURE CCHAR;
begin
sendcommand (4bH) ;
sendparameter(0);
sendparameter(0);
sendparameter(0);

end;

PROCEDURE ZOOM;
begin
sendcommand (46H) ;
sendparameter( (((Disp-1) SHL 4) AND fOH) OR
((Gchr-1)AND OfH));

end;

PROCEDURE PITCH;
begin
sendcommand(47h) ;
sendparameter((dotperline div 16));

end;
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PROCEDURE PRAM;
begin
sendcommand (70H + (startaddress AND OfH);
for i=0 to NumberofParameter
sendparameter(datal[il);

end;

andearmdu Sumsudnanadaosadeamnso fouiu algorithm 14l

PROCEDURE START;
begin
SendCommand ($6B) ;

end;

PROCEDURE BCTRL;
begin
SendCommand ($0C+DE)

end;

M5 1dens s dimediearmsuandelunsIg

P

CURS : dWISOA"MIUATY EAD lag dAD “1éAsiife
o, al 15 wg
W P iduuauAsaunilonn) Gelu p = (Xpax + 1)/16 = 45 =2DH
ax'1481 line base address (LBA) = P x Y
& - ) ﬂ' |A‘l
108 X flo auntinvewmifoNn1sie waz Y famuminiidoenisinalu

¥ . . o X
KUY (SENTIM UL 989U AN Reil

LBA = Y x 2DH
EAD = LBA + trunc(X/16)
dAD = X mod 16




a < A '
FWmiusvay L duavevandedundrnnsodwifiuunit 2

wil
annsaidouitu algorithm 1KAel

PROCEDURE CURS;

begin

SendCommqnd($49);

SendParameter(1lo(EAD));

SendParameter (hi(EAD));

SendParameter ((lo(dAD) shl 4) or

end;

PROCEDURE FIGS;

begin

SendCommand ($4C) ;
if FigType = ’WDAT’
if FigType = 'RDAT’
if FigType = ’CHAR’
if FigType = ’LINE’
if FigType = 'GCHR’
if FigType = ’AREA’
if FigType = ’ARC’
if FigType = 'CIR’
if FigType = ’RECT’
if FigType = ’SLAN’

then

then

then

then

then

then

then

then

then

then

SendParameter(lo(DC));

SendParameter ($00
SendParamete;(soo
SendParameter ($00
SendParameter ($08
SendParameter($10
SendParameter($10
SendParameter ($20
SendParameterkszo
SendParameter ($40

SendParameter($90

(hi(EAD shr 8)));

or direction)
or direction)
or direction)
or direction)
or direction)
or direction)
or direction)
or direction)
or direction)

or direction)

else

else

else

else

else

else

else

else

else



SendParameter (hi(DC) AND $3F) ;
SendParameter(lo(D));
SendParameter(hi(D) AND $3F);
SendParameter(lo(D2));
SendParameter(hi(D2) AND $3F);
SendParameter(lo(D1));
SendParameter(hi(D1) AND $3F);
SendParameter(lo(DM));
SendParameter(hi(DM) AND $3F);

end;

PROCEDURE WDAT ;
begin

Case WrType of

0 : SendCommand($20 + WrMode);
2 : SendCommand($30 + WrMode);
3 : SendCommand($38 + WrMode);

for i := 0 to NumOfByte-1 do

begin

sendparameter(data[i]);

end;

end;

PROCEDURE FIGD; {figure draw start }

begin
sendcommand ($6C) ;

end;
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PROCEDURE GCHRD:
begin
sendcommand ($68) ;

end;
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82720 ’
GRAPHICS DISPLAY CONTROLLER
= Displays Low-to-High Resolution s Extremely Fiexible Programmable
Images Screen Display, Blanking, and Sync
D Ch t Points, Li A Pormats
a Draws Characters, Points, Lines, Arcs, ; ; )
! ! ! ! . Compatible with Intel's Microprocessor
and Rectangles Families
s Supports Monochrome, Gray Scale, or n High-Level Commands Off Load Host
Color Displays Processor from Bit Map Loading and

. P d Wind Th h Screen Refresh Tasks
= Zooms, Pans and Windows Through a
: : » Supports Graphics, Character, and
4 Mpixel Display Memory Mixed Display Modes
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FUNCTIONAL DESCRIPTION ' .

Introduction -

The 82720 Graphics Display Comrollerﬁ(GDC) is an intelligent microprocessor peripheral designed to drive high-
performance raster-scan computer graphics and character CRT displays. Positioned between the videq 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 minirnized 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 controiler
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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82720 PRIELIMINARY

Table 1. Pin Description

Pin No. | Type Name and Description
1 | Clock Input
.2 0 Display Bus Input: Read strobe output used to read display memory data into the GDC.

3 O .| Horizontal Sync: Qutput used to initiate the horizontal retrace of the CRT display..

4 ¥O |- Vertical Sync: Output used to initiate the vertical retrace of the CRT display. In slave
mode, this pin is an input used to synchronize the GDC with the master raster timing
device.

5 Q Blank: Output used to suppress the video signal.

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

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

8 | DMA Acknowledge: Input used to acknowledge a DMA transfer from a DMA oomrollef
or /O processor.

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

10 | Write: Input used to strobe microprocessor data into the GDC.
- 11 | Reg]stcr Address: Input used to select between commands and data read or written.
12 VO | Bidirectional Microprocessor Data Bus Line: Input enabled by WR. Output enabled
by RD.
13
14 -
15
16 -
17
18 -
19
20 Ground.
40 +5V Power Supply
39 o Graphics Mode: Display Address Bit 17 Output
Character Mode: Cursor and Line Counter Bit 4 Output
Mixed Mode: Cursor and Image Mode Flag
38 (o] Graphics Mode: Display Address Bit 16 Output
Character Mode: Line Counter Bit 3 Output
Mixed Mode: Attribute Blink and Line Counter Reset
37 110 | Graphics Mode: Display Address/Data Bits 13-15
36 Character Mode: Line Counter Bits 0-2 Output
35 Mixed Mode: Display Address/Data Bits 13-15 s .
34 o Display Address/Data Bits 0-12
33
32
31
30
29 .
28 \‘\
27 N
26
25
24 , '
23
22
21 ! Light Pen Detect Input

8107 210855002
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FUNCTIONAL DESCRIPTION (Continued)

"Microprocessor Bus Interface

Contro! of the GDC by the system microprocessor is
achieved through an 8-bit bidirectional interface.
The status register is readable at any time. Access to
the FIFO buffer 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 simultaneously.

DMA Control - "

The DMA Control circuitry in the GDC coordinates data
transfers when using an external DMA controller. The
DMA Request and Acknowledge handshake lines inter-
face with an 8257 or 8237 DMA controller or 8089 1/0
processor, so that display data can be moved between
the microprocessor memory and the display memory.

Ve

Parameter RAM

The 16-byte RAM stores parameters that are used
repetitively 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 néeded to

‘drive the display memory devices are easily

generated from the GDC's RAS(ALE) and DBIN
outputs.

8108

Zoom and Pan/controller

Based on the programmable zoom display factor and
the display area parameters in the parameter RAM,
the zoom and pan controller determines when to

PRELIMINARY

[ // o

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 controiler accesses the start-

ing address and line count of the next display area
from the parameter RAM. The system microproces-
sor, by modifying 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 Controller

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 modity the
display memory contents during RMW cycles, the
character mode line counter, and the refresh counter
for dynamic RAMs. The memory controlier 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 vi\deo fields are
the pulses accepted as a valid light pen¥gatection. A

status bit indicates to the system microprocessor

that the light pen register contains a valid address. -

System Operat'lon

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 lowest level, the GDC generates the basic video

210855002
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raster timing, including sync and blanking signals.
Partitioned areas on the screen and zooming are
also accomplished at this level. 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 bd 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-Controlled 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

—Muitiplexed 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
ot the graphics image. The organization of this
memory determines the performance, the number of

. bits/pixel and the size of the display. Several ditferent

video memory organizations are examined in the fol-
lowing paragraphs.

In the simplest 82720 system, the memory can store up
to a 2048 x 2048 x 1 bitimage. 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,

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 all 4 memory
banks during display, 4 bits/pixe! 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. T .
CHARACTER DISPLAY CONFIGURATION

Although the 82720 is intended primarily for raster-

scan graphics, it can be used as a character display

controiler. The 82720 can supbort 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 displayed. In character mode,
64K, 16-bit characters can be stored.

DETAILED OPERATIONAL p‘g}cm#nou

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

8109 . 210855002




_ 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 display RAM in graphics mode. -

’

Graphics Mode Dispiay Timing *

All raster blanking-and display timings of the GDC are
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 demultiplexer. -

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 ciock 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-interfaced 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, upper and lower.
The windows are defined by parameters written into
the GDC's paramater RAM.Each window is 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 paramester 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
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

The GDC can draw solid or patterned lines, arcs, circles,
rectangles, slanted rectangles, characters, slanted char-
acters, filled rectangles. Direct access to the bit map
is also provided via the DMA Commands and the Read
or Write data commands. :

MEMORY MODIFICATION

All drawing and writing functions take place at the
location in the display RAM specified by the cursor.
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
move to the bit following the last bit accessed.

210655-002
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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/IM/W cycle will
be extended to the width of a display cycle. Write Data
(WDAT), Read Data (RDAT), DMA write (DMAW) and
DMA read (OMAR) 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 R/M/W cycle. e
An internal 16-bit Mask registef 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 RIM/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
manipulated by the graphics commands.

The display RAM bits can be modified in one of four
ways. They can be set to 1, reset to 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.8 to 15 act as a mask pattern
for graphics character or fill commands. If 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 effect on WDAT,
RDAT, DMAW, or DMAR operations.

&1

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. oo

RDAT, WDAT, DMAR, and DMAW Operations 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. 7

DRAWING TYPE  DC -] 02 D1 OM
INMITIAL VALUE® 0 ) 3 -1 -1
UNE lafl  21aD) - ag 2(laDf - M) 2iaD} -
ARC™* rsin o1 =1 2(r-1) -1 reingl
RECTANGLE 3 A=t B-1 -1 A=t
AREA FILL B8-1 A A .- -
GRAPHIC 8-t A A - -
CHARACTER"""

WRITE DATA w-1 - - - -
OMAW 0-1 C- - - -
OMAR 0-1 c-2 {c-2y2t - -
READ DATA w - -~ - -

*INITIAL. VALUES FOR THE VARIOUS PARAMETERS ARE LOADED
WHEN THE FIGS COMMAND BYTE 1S PROCESSED.
**CIRCLES ARE DRAWN WITH 8 ARCS, EACH OF WHICH SPAN 45°,
SO THAT SiNo = 1/y2 ANDSING = 0.

***GRAPHIC CHARACTERS ARE A SPECIAL CASE OF BIT-MAP
AREA FILLING IN WHICH B AND A =8 IF A = 8 THERE 13 NO
NEED TO LOAD D ANO D2.

WHERE:

- 1= ALL ONES VALUE. -~ .
ALL NUMBERS ARE SHOWN IN BASE 10 FOR CONVENIENCE. THE GDC
ACCEPTS BASE 2 NUMBERS (25 COMPLEMENT NOTATION WHERE
APPROPRIATE).

- = NO PARAMETER BYTES SENT TO GOC FOR THiS PARAMETER.

Al= THE LARGER OF Jix OR ay.

AD = THE SMALLER OF ax OR Jy.

r= RADIUS OF CURVATURE, IN PIXELS. -

&= ANGLE FROM MAJOR AXIS TO ENO OF THE ARC. o <45°

o= ANGLE FROM MAJOR AXIS TO START OF THE ARC. ¢ <45°

1 = AOUND UP TO THE NEXT HIGHER INTEGER.

1 = 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 INITIALLY SPECIFIED DIRECTION.

W= NUMBER OF WOROS TO BE ACCESSED.

C= NUMBER OF BYTES TO BE TRANSFERRED IN THE IRITIALLY
SPECIFIED DIRECTION. (TWO BYTES PER WORD IF WORC
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.
OM & DOTS MASKED FROM ( ARC

t= 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 area fill operation steps and repeats the 8 x 8
graphics character pattern draw operation to fill a
rectangular area. If the size of the' rectangle 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 Gharacter 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 will 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
toall 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
itselt. 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 in graphics mode. The differences lis 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 fine counter MSB output.

8112

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 50%
duty cycle cursor blinking at 2 x .the period specified
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 Functions

WINDOWING

The GDC's Character Mode display can' bs 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.

ZOOMING AND PANNING :
In character mode, zooming and pan handling com-
mands function the same way as in Grapr!ics Mode.

Character Mode Drawing and Writing

The GDC can read or writé characters of up to 13
bits into or out of the Display RAM. !

All reading and writing functions take place at the
display RAM location 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
display 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 cycie. The mask register contents
determine which bit(s) in the character are maodified.
The mask register can be used to change character
codes without modifying attribute bits or vice-versa. The
Replace with pattern, Set, Reset and Complement
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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 commands
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

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 mode.
)

©A
Mixed Mode Special Display Functions.

WINDOWING Ca -
The GDC supports two display 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.

f’ graphics and character modes. The display memory o
574 width (in words) is a parameter of the Pitch Command ZOOMING AND PANNING -~

% and the height of the display memory is determined by In mixed mode, zooming and panning commands
B 2 dividing the number of display memory words by the function the séme as in graphics and character
44 pitch. mode. \ '

e An image mode signal is used to switch the external

3 circuitry between graphics and character modes in Mixed Mode Drawing and Writing

4 two display windows.

%j In mixed mode, the GDC can write or draw in exactly
3 in a graphics window, the GDC works as it does in the same ways as in both graphics and character
&z

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

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 AQ. The status register or the FIFO can be
read as selected by the address line.

A0 READ . . WRITE
STATUS REGISTER PARAMETER INTO FIFO

Illlllllj

FIFO READ COMMAND INTO FIFO
1 [ I I N N N | I l .I | S T T - ]
Figure 4. GDC Microprocessor Bus Intertace
Registers
8113 210655-002




iy -~ OcicV PIRELIMINARY ]
;
Commands to the GDC take the form of a command SR-8: Horizontal Blanking Active: A 1 value for
byte followed by a series of parameter bytes as this flag signifies that horizontal retrace blanking is
needed for specitying the details of the command. currently underway. s -
The command processor decodes the commands, ’
unpacks the parameters, loads them into the appro- SR-5: Vertical Sync: Vertical retrace sync occurs |
priate registers within the GDC and initiates the re- while this flag is a 1. The vertical sync flag coor-
quired operations. dinates display format modifying commands to the
blanked interval surrounding vertical sync. This _
The commands available in the GDC can be organ- eliminates display disturbances. a
ized into five categories as described in figure 5. Ry
SR-4: DMA Execute: Thisbitisa1duringDMAdata =
transfers. B
VIDEO CONTROL COMMANDS o
EBNEE SreCis T ogo Dapes TaRiAT SR-3: Drawing In Progress: While the GDC is draw.
3. VSYNC: SELECTS MASTER OR SLAVE VIDEO ) bk Lo, o s 4
4 CoHAR: gé?i}g;"{-ﬁ‘é"é’ﬁ;‘g, MO CHARACTER ROW ing a graphics figure, this status bit is a 1. S

DISPLAY CONTROL COMMANDS
1. START:  ENDS IDLE MODE AND UNBLANKS THE DISPLAY.

2. BCTRAL: F’?QN'BE’LE‘;HE BLANKING AND UNBLANKING OF
3. ZOOM:  SPECIFIES ZOOM FACTORS FOR THE DISPLAY AND
GRAPHICS CHARACTERS WRITING.
4. CuRs: a‘E‘;‘sOTu"!! 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: Vlgﬂ'g: DATA WORDS OR BYTES INTO DISPLAY
MORY,

M

SETS THE MASK REGISTER CONTENTS. ¢
SPECIFIES THE PARAMETERS FOR THE DRAWING
PROCESSOR.

DRAWS THE FIGURE AS SPECIFIED ABOVE,
DRAWS THE GRAPHICS CHARACTER INTO DISPLAY

MEMORY. DATA READ COMMANDS
1. RDAT: REA%SneATA WORDS OR BYTES FROM DISPLAY

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

2. MASK:
3 FIGs:

4 FIGD:
5. GCHRD:

Figure 5. GDC Command Summary

LrlefeTeTsTa] o]

’,HEE:&‘:

SYNC ACTIVE

HORIZONTAL BLANK ACTIVE
UGHT PEN DETECT

Figure 6. Status Register (SR)

Status Register Flags

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

8114

SR-2: FIFO Empty: This bit and the FIFO Full flag
coordinate system microprocessor accesses with
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 flag is a 1, it indicate's
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 microprocessor inter-
face data register.

FIFO Operation & Command Protocol -

The first-in, first-out buffer (FIFQO) 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 FIFO's direction is con-
trolled by the system microprocessor through 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 FIFQ, ’

210655-002
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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 acom-
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 i 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 _

3

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 all interactions with display memory includ-
ing DMA transfers, except for the two clock period
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 or, 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

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 inthe Pattern regis-
ter are used in parallel to form the respective bits ot
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 all 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 returned 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
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which are handied 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. - . .

Q00
e de

IO0

‘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, itis 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 RMW
cycle to write alf the bits of the word to the same value.
The next Pattern bit is_used-for-the word, etc.

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

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

2 IfdAD.MSB-i"m'IEAQ:EAD#l
dAD = LR{dAD)

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

EAD = EAD - P

‘EAD = EAD - P
it JAD.LS8B = 1 then EAD = EAD ~ 1
dAD =~RR(dAD)

6 [ dADLSB = 1 then EAD = EAD - 1
dAD = RR(dAD)

7 EAD = EAD + P ]
*  HCADLSB = 1 then EAD = EAD ~ 1
dAD = RR{dAD)

WHERE
P = PITCH, LR a LEFT ROTATE, RR = RIGHT ROTATE
CAD = CURSOR ADDRESS
dAD = DOT ADDRESS
LSB = LEAST SIGNIFICANT BIT

MSB = MOST SIGNIFICANT BIT -

Figure 8. Address Calculation Details
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“For the various figures, the effect of the initial 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
injtially 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.-

Dir Line Arc
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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 élgorithms 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 summanzes
the parameters.

.

Graphics Character Drawing Ll

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

8118

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

Once the parameter RAM has been loaded with up to
eight graphics character bytes by the appropriate
PRAM command, the GCHRD command can be used
to draw the bytes into display memory starting at the
cursor. The zoom maghnification factor for writing,
set by the zoom command, controls the size of the
character written into the display memory in integer
muitiples of 1 through 16. The bit values in the PRAM
are repeated horizontally and vertically the number
of times specified by the zoom- factor.

"The movement of these PRAM bytes to the display

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

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
continde 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
caiculated 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 fess 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 repeat the
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.

8-119

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 display 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 rectangle drawing
(linear figures) locations 8 and 9 are loaded into the
Pattern’ register to aliow 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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RAO SAD1, |

DISPLAY PARTITION AREA 1 STARTING

‘ ADDRESS WITH LOW AND HIGH

L1 11 1 . SIGNIFICANCE FIELDS (WORD
ADDRESS).

LENGTH OF DISPLAY PARTITION 1
Iwml M I . LENty . (LINE COUNT) WITH LOW AND HiGH
L IGNIFICANCE FIELDS.

ﬁ THE IMAGE BIT AFFECTS THE

OPERATION OF THE DISPLAY ADDRESS

N COUNTER IN CHARACTER MODE, IF
THE IMAGE BIT IS ZERO, IT

WILL INCREMENT BY ONE AFTER

EACH READ CYCLE. IF THE IMAGE

BIT IS SET, IT WILL INCREMENT

BY ONE AFTER EVERY TWO

READ CYCLES. '

" AWIDE DISPLAY CYCLE WIOTH

F 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
-8 SAD3, ;| ADDRESS AND LENGTH

|« DISPLAY PARTITION 4 STARTING
L 2\ 9 ADDRESS AND LENGTH

3

14 LEN4, o 0 0 o

15 |woe| M LEN4y

"

e

Figure 10. Parameter RAM Contents—Character Mode
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DISPLAY PARTITION AREA 1
STARTING ADDRESS WITH LOW,
MIDDLE, ANO HIGH SIGNIFICANCE
FIELDS (WORD ADDRESS).

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

LENGTH OF DISPLAY PARTITION ’
LEN1, I‘—
1 -

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
DOTTED, DASHED, ETC. LINES

GCHR?

e/

GCHR 6

GCHR §

GCHR 4

GRAPHICS CHARACTER BYTES*®
|___ TO BE MOVED INTO DISPLAY

GCHR 3

MEMORY WITH GRAPHICS
CHARACTER DRAWING

GCHR 2

GCHR 1
|

P

8-121
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Figure 12. Command Bytes Summary

VIDEO CONTROL COMMANDS

reseT: fo 0 0 0.0 0 0 of

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

—FIFO
~~COMMAND PROCESSOR
—INTERNAL COUNTERS

Figure 13. Reset Command

RESET COMMAND . If foll}owed by parameter bytes, this command also
This command can be executed atany time anddoes St the sync generator parameters as described
not modify any of the parameters aiready loaded into below. Idle mode is exited with the START command.
the GDC. )
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MODE CONTROL BITS.
Pfo o |°1 F[ ']DIGI S f=— seE FIGURE 1s.
P2 W «—— ACTIVE DISPLAY WORDS PER LINE -2 MUST
N A BE EVEN NUMBER WITH BIT 0 =
m| Vs | HS
1 1 1 i L
\ ‘___ HORIZONTAL SYNC WIDTH —1
VERTICAL SYNC WIDTH, LOW BITS
pa |  h T V§nj<— VERTICAL SYNC WIDTH, HIGH BITS
N HORIZONTAL FRONT PORCH WIDTH 1.
P5 |0 0) ~ HBP e HORIZONTAL BACK PORCH WIDTH -1,
Ps [0 0] VPPl VERTICAL FRONT PORCH WIDTH
ACTIVE DISPLAY LINES PER VIDEO FIELD,
Pl M )+~ towens
ACTIVE DISPLAY LINES PER VIDEO FIELD,
Pl v A e— AT '
VERTICAL BACK PORCH WIDTH

Figure 14. Optional Reset Parameters

In graphics mode, a word is a group of 16 pixels. In HORIZONTAL BACK PORCH CONSTRAINTS

character mode, a word is one character code and its 1. In generai:
attributes, if any. HBP =3 words

2. Ifinterlaced display mode is used, or the IMAGE or
The number of active words per line must be an even WIDE mode bits change within oné video field:
number from 2 to 256. HBP = 5 words

An all-zero parameter value selects a count equal to MODE CONTROL BITS (FIGURE 15)
2" where n = number of bits in the parameter field for

vertical parameters. Repeat Field Framing: 2 Field Sequence with ¥2
line offset between other-
All horizontal widths are counted in display words. wise identical fields.
All vertical intervals are counted in lines. Interlaced Framing: 2 Field Sequence with %2
line offset. Each field dis-
Sync Parameter Constraints plays alternate lines.
Noninterlaced Framing: 1 field* brings all of the in-
HORIZONTAL FRONT PORCH CONSTRAINTS formation to the screen.
In general:
HFP =2 words

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.

2. IfDMAis used, or the display zoom factor is greater
than one in interlaced display mode:

HFP =3 words

s K :_T:PGES ::olr’::d In SiE@\godd. Dynamic RAM refresh is important when high display
4. If the Ii T\t en input is used: zoom factors or DMA are used in such a way that not
’ HFP g> Gavordsp ' all of the rows in the RAMs are regularly accessed
- during display raster generation and for otherwise

HORIZONTAL Sync CONSTRAINTS : inactive display memory.
Lo g{ga:nzlcwr-;? dh: refresh is used: ?1 ss to display memory can be limited to retrace
- : blanking intervals only, so that no disruptions of the

2. If interlaced display mode is used:

image are seen on the screen.
HS =5 words 9
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J ]
75 I Hﬁm

caG DISPLAY MODE
o0 MIXED GRAPHICS & CHARACTER g
01 GRAPHICS MODE 3
10 CHARACTER MODE Py
11 INVALID %
s VIDEO FRAMING "‘g
00 NONINTERLACED g
0.1 INVALID =
10 INTERLACED REPEAT FIELD ’Q
. FOR CHARACTER DISPLAYS Y ﬁ
O R INTERLACED £
. 0
p— - S|z
D DYNAMIC RAM REFRESH CYCLES ENABLE -
&
0 . NO REFRESH—STATIC RAM . 4;
1 REFRESH—DYNAMIC RAM L
F DRAWING TIME WINDOW
[} DRAWING DURING ACTIVE DISPLAY TIME
AND RETRACE BLANKING
1 DRAWING ONLY DURING RETRACE BLANKING

Figure 15. Mode Control Bits

s [,9,5,0, 7,7 1ol E

THE DISPLAY IS ENABLED BY 3
A 1, AND BLANKED B8Y A 0. '

P lo oJcr]i]ofa]s}— EEPRSORT - BT

P2 AW fo——— ACTIVE DISPLAY WORDS PER LINE -2. MUST _4
BE EVEN NUMBER WITH BIT 0 = 0. 5
n 1 L H l"sl L :’

\_h HORIZONTAL SYNC WIDTH - 1 r’ﬁ

VERTICAL SYNC WIDTH, LOW BITS_

9;
3
P
P4 VERTICAL SYNC WIOTH, HIGH BITS ;
HORIZONTAL FRONT PORCH WIDTH ~ 1. ‘
s HBp - ’
Psio of | HORIZONTAL BACK PORCH WIDTH -1. ;
Pe - VFIP | | [ VERTICAL FRONT PORCH WIDTH ¥
PT M. = ACTIVE DISPLAY LINES PER VIDEO FIELD,
LOW aITS .
,
ACTIVE DISPLAY LINES PER VIDEO PIELD,
- VERTICAL BACK PORCH WIDTH !
Figure 16. Sync Command ]
L
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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

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 puise (VSYNC).
This resetting of the generator occurs just after the
end of the incoming VSYNC pulse, during the HEP
ihterval. Enough time during HFP is required to aliow
the slave GDC to complete the operation before the
start of the HSYNC interval.

.u&, N . " "

£33 image, one GDC is defined as the. master sync Once the GDCs are initialized and set up as Master
W generator, and the others operate as its slaves. The. and Slaves, they must be given time to synchronize. |
g VSYNC pins of all GDCs are connected together. - ney 9 Y ze. it

e

£

e

§ o 3 St

" 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)

\

is a good idea to watch the VSYNC status bit of tha
Master GDC and wait until after one or more VSYNG
puises 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 puise generated for the Slaves to
synchronize to.

"
1

4

VSYNC: l"l‘l‘."J;'-'l"l

0—ACCEPT EﬂEHNALéJERﬂCAL

SYNC—SLAVE MOD

1—GENERATE & OUTPUT VERTICAL
SYNC—MASTER MODE

Figure 17. Vertical Sync Mode Command

ccmm:[o1oo1o1 11
N A1] BE L B (AL

P Mo o LR |=—— LINES PER CHARACTER ROW-1
[, DISPLAY CURSOR 1P
CURSOR TOP LINE NUMBER IN THE .
- Lalnllscl AR, ]' " ROW

1 0—BUINKING CURSOR
t 1—STEADY CURSOR

BUNK RATE, LOWER BITS
P3 [ , cBar | Ry ]4— BLINK RATE. UPPER BITS

[} CURSOR BOTTOM LINE NUMBER IN
THE ROW

A

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 seto 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 V2 the cursor rate but with a 3% on-'4 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 pixel within that word.

-t
[}

4

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 commanig
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

m;ﬁ‘%ﬁi Liske us

-
YT 4

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 set

‘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- i
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: [0 1,10 101 1]
:

DISPLAY BLANKING CONTROL

BCTRL: 0,0 0 0 1 1 o]og]

ZOOM FACTORS SPECIFY
Z00M: m1‘0101011‘1‘o1

m[ DISP ] GCHR
L i i L 1 1

3 THE DISPLAY IS ENABLED

BY A 1, AND BLANKED BY
A0

ZOOM FACTOR FOR GRAPHICS
CHARACTER WRITING MINUS 1

CURSOR POSITION SPECIFY
CuRs: [0 1 0,0 1,001}

DISPLAY ZOOM FACTOR MINUS 1

T W I X o

3
P l ., B ]<— EXECUTE WORD ADDRESS, LOW BYTE
P2 ]_‘ L EAID o }<— EXECUTE WORD ADDRESS, MIDDLE BYTE
P3 | , 4AD ' 00 [ Ellu?]<~ (GRAPHICS MODE ONLY)

WORD ADDRESS, TOP BITS
DOT ADDRESS WITHIN THE WORD

Figure 19. Display Control Commands
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SA

PRAM: [0, 1 1,1 4

L

’"lll']tlll]

[ STARTING ADDRESS IN
PARAMETER RAM

Pl ., , , , , |e—1T0188BYTES 10 BE LOADED

INTO THE PARAMETER RAM
STARTING AT THE RAM ADDRESS
SPECIFIED BY SA

Figure 20. Parameter RAM Load Command

Prch:fo. 4 0 0,0, 1,1,1]

i . P Je—numeer oF word aooresses

- e A e s -

IN DISPLAY MEMORY IN THE
HORIZONTAL DIRECTION

-

Figure 21. Pitch Specification Command — ~

—

WRITE DATA INTO DISPLAY MEMORY

WOAT: l)‘l 0 | 1 TYPE o MOD
3 .
L RMW MEMORY CYCLE LOGICAL
OPERATION: %,
0 0 <= REPLACE WITH PATTERN
0 1 < COMPLEMENT
1 0 -<—— RESET TO ZEROQ
1 {1 4—-SETTO1 .
DATA TRANSFER TYPE
——
0 0 *————— WORD, LOW THEN HIGH BYTE
1 0 e LOW BYTE OF THE WORD
1 1 *———e——— HIGH BYTE OF THE WORD
0 1 e INVALID
[ 4] WORD, OR BYTE |4 WORD LOW DATA BYTE OR
i 1 1 L 1 i SINGLE BYTE DATA VALUE
£2 WORD,, ¢een— WORD TRANSFER ONLY:
LS E Y i easeew) HIGH DATA BYTE

Figure 22. Write Data Command

DRAWING CONTROL COMMANDS
Write Data Command

Upon receiving a set of ‘parameters (two bytes for a
word transfer, one for a byte transfer), one RMW
cycle into Video Memory is done at the address
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
be accepted.

For byte writes, the unspecified byte is treated as all
zeros during the RMW memory cycle.

8-12

~

ey
In graphics bit-map situations, only the LSB of the
WDAT parameter bytes is used as the pattern in the
RMW operations. Therefore it is possible to have only
an all ones or all zeros pattern. in coded character
applications all the bits of the WDAT parameters are*
used to establish the drawing pattern.

The WDAT command operates differently from the
other commands which initiate RMW.cycle activity. it
requires parameters- to set-up the Pattern register
while the other commands use the stored values in
the parameter RAM. Like all of these commands, the
7
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WDAT command must be preceded by a FIGS com-

mask: (0,1, 0. 0,1 0 1 0 mand and its parameters. Only the first three para-
— meters need be given following the FIGS opcode, to set
P Lx L .M J=—towsiamFicANce BYTE up the type of drawing, the DIR direction, and the DC

value. The DC parameter + 1.will be the number of

2| |, Me, | |<—HoH sioNFicance evTe RMW cycles done by the GDC with the first set of WDAT

parameters. Additional sets of WDAT parameters will

Figure 23. Mask Register Load Command see a DC value of 0 which will cause only one RMW
’ cycle to be executed. :

ms:o1oo11oo] ‘
[lllllll .

] sn.ln I A Iocll.l O l«—_nmmcnmcnonm

FIGURE TYPE SELECT BITS:

LINE (VECTOR)

GRAPHICS CHARACTER

ARC/CIRCLE

RECTANGLE - - e s s e
SLANTED GRAPHICS CHARACTER

_nd__Ll 96, |, |e—ocorawinG PARAMETER |
"[ohnlx , O c}) N ’

GRAPHICS 1 FLAG FOR USE IN
MIXED GRAPHICS AND CHARACTER MODE

pcd L1 4 %, , , J+—DORAwING PARAMETER .

;
ps [0, 0] Lo M I
ped_l L ;D2 le——D2DRAWING PARAMETER

0z,

P7 [olol - lul L P

LY I D1 DRAWING PARAMETER
P9 [alol 1 ID:MI L I

mod L, PMC Le— DMDRAWING PARAMETER

Piifo Slln < SLAOREETITRRERD L

i) -
VALID FIGURE TYPE SELECT COMBINATIONS A, —
8. R A GC' L QPERATION R
[ [ ] ] 0 CHARACTER DISPLAY MODE C e e . '
DRAWING, INDIVIDUAL DOT 2 . I LN
DRAWING, DMA, WDAT, AND
ROAT . -
0o 0 o o 1 STRAIGHT LINE DRAWING ONLY THESE BIT
COMBINATIONS - J
2 0o o 1 [] GRAPHICS CHARACTER ASSURE
DRAWING AND AREA FILLING CORRECT DRAWING . o
WITH GRAPHICS CHARACTER OPERATION
PATTERN
9 o0 1 o0 o ARC AND CIRCLE DRAWING
© 1 o o o AECTANGLE DRAWING
10 0o 1 o SLANTED GRAPHICS
CHARACTER DRAWING AND
SLANTED AREA FILLING

Figure 24. Figure Drawing Parameters Specify Command- -
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FIGD: [0 1,1,0,1,1,0,0]|

Figure 25. Figure Draw Start Command

GeHro: 0,11, 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 moditied 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 need 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 shouid be
used after the CURS command if its third parameter
byte has been output. The Mask register 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 transter 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 Q0.

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:[ 1,0 1]7vpe[ o[ mop |

O—suo

—b—— DATA TRANSFER TYPE

0 <——— WORD, LOW THEN HIGH BYTE

0 ~+—-—— LOW BYTE OF THE WORD ONLY
1 <«——— HIGH BYTE OF THE WORD ONLY
1. < INVALID

Figure 27. Read Data from Display Memory Command
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curo: |1 9,0,00,0
THE FOLLOWING BYTES ARE RETURNED BY THE GOC:
m EXECUTE ADORESS (EAD}, LOW BYTE
P2{A1S | EAD., | A8]&— exECUTE ADDRESS (EAD), MIDDLE BYTE

L EXECUTE ADORESS (EAD), HIGH BITS

P3

Plj dAD, « lq_ DOT ADDRESS (dAD), LOW BYTE
‘

Ps | dAD,, Q— DOT ADDRESS (dAD), HIGN BYTE

A = Undefined

LPRD: 11 1 . 0,0 .0 0 0 0

THE FOLLOWING BYTES ARE RETURNED BY THE GDC:
A7 LAD, AD

LIGHT PEN ADDRESS, LOW BYTE

T L -
3 e o o sons, s

X = Undefined

Figure 28. Cursor Address Read Command

Figure 29. Light Pen Address Read Command

DMA READ REQUEST

omar: [ 1 o 1 [rvee] 1} oo |

0 0-«————— WORD, LOW THEN HIGH BYTE
1 0———— oW BYTE OF THE WORD
11— HIGH BYTE OF THE WORD

0 1-<——————— INVALID

OMA WRITE REQUEST

[#———————— DATA TRANSFER TYPE:

oMAw:{ 0 0 1 [Tvee| 1] Mop |

0 0-<—————— WORD. LOW THEN HIGH BYTE
- 4 0~——————— LOW BYTE OF THE WORD -
1 1~———— HIGH BYTE OF THE WORD

0 1-<e———0 INVALID

[+—— RMW MEMORY LOGICAL OPERATION:
] 71—- AEPLACE WITH PATTERN

0 1<— COMPLEMENT

1 0-=—- RESET TO ZERO

1 1<—— SET TO ONE

=eo—————— DATA TRANSFER TYPE:

Fiéure 30. DMA Control Commands

-
2
£

o Ape e iy

B

et %A




AR A 3 ol L

o o

R A

.

LAl A A

e

82720

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 70°C parmanent 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............. [T ©..—05Vto +7V absolute maximum rating conditions for extended peri-
POWES DISSIPAtIoN .. ....ovvenenenenasaeennns, 1.5 Watt ods may affect device reliability.
DC CHARACTERISTICS - T - -
TA = 0°Cto 70° C; Ve '= 5V = 10%; GND =0V
' ’ Limits
Symbol Parameter Unit Conditions
Min. Max.
ViL Input Low Voltage -0.5 08 \
ViH Input High Voltage .20 Vecc +0.5 N
Vou Output Low Voltage . 0.45 \" loL = 22 mA
VoH Output High Voltage 24 v loH = —400 wA
oz Output Leakage Current *10 A Vgs+0.45 <V <
: Vee
L "| Input Leakage Current =10 nA Vss =Vi sVge
Ve Clock Input Low Voltage -0.5 0.6 v
VcH Clock Input High Voltage as Vee + 05 v
lcc Vee Supply Current 270 mA Typical = 150 mA
? :
CAPACITANCE
Ta = 25°C; Vcc = GND = OV
Limits
Symbol Paramaeter Unit Conditions
Min. Max.
Cin Input Capacitance 107 pF )
Cio I/ Capacitance 20 pF . fe= 1 MHz
Cout Output Capacitance 20 pF . V=0
Co Clock input Capacitance 20 pF -
8-131 210855-002
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A.C. CHARACTERISTICS (T, - 0°C 1o +70°C, Vgs = OV. Voo = +5V +10%) : PR
DATA BUS READ CYCLE C -
82720 82720-1 82720-2 i
Symbol Parameter Units Test
Conditions
Min. Max. Min. Max. Min. Max,
TaR Ag setup to RD 0 0 0 ns
TRA Ag hold after RD1 ] 0 0 ns
TRR AD Pulse Width TRo +20 TRp +20 Tap +20 ns
Tro RD! to Data Qut Delay 120 80 70 ' ns -] CLwS50pF-
Tor AD! to Data Float Delay 0 120 0 100 . | % ns T
Tav RD Recovery Time . 4Ty 4 Tey 4 Tey ns
DATA BUS WRITE CYCLE - } ’ T
) 82720 827201 - | .. 82720-2
Symbol Parameter - —— Units ~Tost
Conditions
-7l Min, Max. Min. Max. Min. | Max.
Taw Ag Setup to WR! 0 0 ] ns
Twa Ag Hold after WR! 0 0 10 ns
Tww  |WR Pulse Width 120 100 %0 ns
Tow Data Setup to WR1 - 100 80 70 ns .
Two Data Hold after WR! 0 0 10 ns
Ty WR Recovery Time 4Ty 4Tey . 4Ty ns | °
DISPLAY MEMORY TIMING 4
82720 82720-1 82720-2 Teat
Symbol R Parameter Units Conditions
Min. ! Max. Min. Max, Min. Max,
Tea Address/Dala Delay from 2XWCLK? 30 |. 160 30 130 30 10 ns | CL=50pF.
Tac Address/Data Hold Time 30 160 30 . 130 30 10 ns | CL=50pF
Toc Data Setup to 2XWCLK | 0 0 o ns
Tco Data Hold Time Tig+20 Te+20 Tig+20 ng
Tig 2XWCLKI to DBIN 30 120 30 50 ) 80 ns | CL=50pF
Tcan | 2XWCLK! to ALE! 30 125 30 100 30 %0 ns | CLw=50pF
TeaL 2XWCLKI to ALE| 30 100 -30 80 30 70 ns | CL=50pF
TaL ALE Low .Time Tey+30 Ty +30 Toy+30 ns
Tan ALE High Time Tex-20 Teu-20 Tey-20 ns
Tco Video Signai Defay from 2XWCLK 150 120 100 ns

8-132 210655-002
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A.C. CHARACTERISTICS (Continued)

OTHER TIMING
82720 827204 82720-2 Test
Symbol |, Parameter Units Conditions
Min. Max. Min. Max. Min. Max.
Tec LPEN or VSYNC;Inpul Setup to 2XWCLK! 30 20 15 ns
Tep LPEN or VSYNC Input Pulse Width Tey Tey Tey B ns
CLOCK TIMING :
‘ 82720 82720-1 82720-2 Test
Symbol Parameter DR, S = , Units Conditions
Min. Max. Min. Max. Min. Max.
Toy Clock Period o280 | 2000 200 2000 180 2000 ns
TcH Ciock High Time 105 80 _ 70 ns
TeL Clock Low Time 105 80 70 ns
Ta Rise Time . 20 20 20 ns
T Falt Time | 20 ‘20 20 ns
DMA TIMING . = - 3 =
. 82720 82720-1 82720-2 - Test
Symbol Parameter Units Conditions
Min. Max. Min. Max. Min. Max.
Tace DACK Setup to RD! or WR1 0 0 0 ns
Teac  |DACK Hold from RDt or WRI 0 0 ‘o ] ons
Tha RD Puise Width TRD1 +20 Tap +20 - |Tapr+20 ns
TRpy  |RD! to Data Out Delay ] 15 Tey 15 Ty 15Tcy | ns | CL=500F
+120 +80 +70
Tko 2XWCLK1 to DREQ Detay 150 Y 120 . 100 ns CL = 50pF
Thoax |OREQ Setup to DACKI 0 ] 0 ns
Takra |DACK! to DREQ! Delay Tey + 150 Tey+120 Tey+100| ns | CL=50pF
Taxu  |DACK High Time - Tev Toy X Tey ns
Taki  |DACK Cycle Time, Word Mode | 4Ty 4 Toy 4Ty ns
Tax2 DACK Cycle Time, Byte Mode 5 Tey 5 Toy 5 Tey - ns
8-133 210655-002
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- A.C. TEST CONDITIONS

Input Pulse Levels (except 2XWCLK) ..............oooouienooo .. S, e 045V to 2.4v
Input Pulse Levels 2XWCLK). ...............oooooiiuienn i, L 0.3V to 38V
Timing Measurement Reference Levels (except 2XWCLK). ... 0.8V to 2.0V
Timing Measurement Reference Levels (2XWCLK) ... ..... e 06V to 35v
WAVEFORMS . . T,
DATA BUS TIMING
READ CYCLE
— el
Ag .
<—:|'Aa Trr - r'fm"i , N
ﬁ - - -\ e ]
DATA BUS _ ”
utPum T

WRITE CYCLE

X

R PV R T STV, SV —— r‘"rwr"i

- ]
| S— Too . 3
DATA BUS DATA \ DATA -
(INPUT) MAY CHANGE [+ DATA VALID —>- MAY CHANGE
. -
8-134 210885-002
[




LR c 82720 lrla LUIUNIAN Y

WAVEFORMS (Continued)

DISPLAY MEMORY TIMING
READ/MODIFY/WRITE CYCLE

st I s2 ' s3 s4 !
2XWCLK
o
ADO-15 ———{ VALID VALID .
OUTPUT ADDRESS OUTPUT DATA
| 1 . ,
. 3 . . [
)
pem: )
i<—
I
]
= Tca — - Tea |- Tca
A16A17 1 VALID INVALID
Ta {
ALE . ‘/
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PRELIMINARY :

. WEXTE w

WAVEFORMS (Continued)
DISPLAY MEMORY TIMING (Continued)
READ CYCLE s1 l o
| . s
2XxWELK _/ N \
’ T, Tac
le-Tex:
A18A17 % x
g Tar i )
Fa=Tcac ~»i Tcan
ol Toan ’ I .
> Tan
- *rco>£ - Teo r

HSYNC

VSYNC

BLANK

i X

g‘szlluAGE

ATBLANK/CLD
OTHER TIMING

2XWCLK
- Tec
LPEN / 4 CN
[t T pp —emie|

CLOCK TIMING

2xWCLK
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WAVEFORMS (Continued)
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KM41464A NMOS DRAM

64K x 4 Bit Dynamic RAM with Page Mode
FEATURES GENERAL DESCRIPTION

« Performance range The KM41464A is a fully decoded 65,536 x 4 NMQS
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 190ns and environments where fow power dissipation and
KM41464A-12 120ns &0ns 220ns compact layout are required.

KM414B4A-15 150ns 75ns 260ns The KM41464A features page mode which allows

high speed random access of memory cells within the
same row. CAS-before-RAS refresh capability provides
on-chip auto refresh as an alternative to RAS-only re-
fresh. Multiplexed row and column address inputs per-
mit the KM41464A to be housed in a standard 18-pin DIP.

The KM41464A is fabricated using Samsung’sadvanc-

~ ed silicon gate NMOS process. This process, coupied

with single transistor memory storage cells, permits
~maximum circuit density and minimal chip size.

» Page Mode capability

« CAS-before-RAS Refresh capability

« RAS-only and Hidden Refresh capability

o TTL compatible inputs and outputs

+ Early Write or Output Enable Controlled Write
* Single +5V=10% power supply

o 256 cycle/dms refresh

+ JEDEC standard pinout in 18-pin DIP,

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- o KM41464AZ
AN, o
i [@vs g £8 003
R_Af: CONTROL & o, 4 pas (2] [17]004 ~sek D:E‘
Cg_ cLoCKS BUFFER 02 3] 18] CAS ;
- S R i R e
REFRESH CONTROL & FAS 5 Ta)A0 3
ADORESS COUNTER oana | %% ?A ARS[] 5 ufjas  NC
— out |lpg, ML A I wBar A
1 Bury R as[7] i2JA2  asf]7 12f]az  vee
= COLUMN DEGODER ae[8] filas . p- A
SENSE AMPS & /O GATINGS vee@] o 101A7 :;J L:J == o
Al o < g < o
A2l /
£18
2|3 MEMORY ARRAY Pin Name Pin Function
w|&| 282144 mEmORY CELLS
d g AgAy Address Inputs
g c ——-\\:cc RAS Row Address Strobe
AT - VsS
CAS Column Address Strobe
W Read/Write Input
OE Output Enable
DQ,-DQs Data In/Out
Vee Power (+5V)
Vss Ground
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KM41464A

ABSOLUTE MAXIMUM RATINGS*
Parameter Symbol Rating Units
Voltage on any pin relative 10 Vss Vin, Vour -1to +7.0 v
Voltage on Ve supply relative to Vgg Vee -1t0 +7.0 v
Storage Temperature Totg —-55t0 +150 - °C
Power Dissipation Po 1.0 "W
Short Circuit Output 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 CONDlTlONS (Voltages referenced to Vss, Ta=0 to 70°C)

Parameter Symbol Min Typ Max Unit
Supply Voltage Vee 45 5.0 8.5 v
Ground Vss . 0 0 0 v
Input High Voltage Vin 24 .- Vee+ 1 \
Input Low Voltage Vi -1.0 — 0.8 \

DC AND OPERATING CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.)

Parameter Symbol Min Max Units
OPERATING CURRENT* KM41464A-12 ; — 75 mA
(RAS and TAS cycling; @tac=min.) KM41464A-15 ok - 65 mA
STANDBY CURRENT | i 45 mA
(RAS = CAS = V)4 after 8 RAS cycles min.) R .
RAS-ONLY REFRESH CURRENT* KM41464A-12 11, - 65 mA
(CAS =V, RAS cycling; @trc =min.) KM41464A-15 > - 60 mA
PAGE MODE CURRENT* KM41464A-12 " - . 55 mA
(RAS =V, CAS cycling; @tec =min.) KM41464A-15 cca = 45 mA
CAS-BEFORE-RAS REFRESH CURRENT KM41464A-12 | - 65 mA
(RAS cycling; @tac = min.,) ) KM41464A-15 £es — 60 mA
INPUT LEAKAGE CURRENT
(Any input 05 Vin<5.5V, Vee=5.5V, Vgs =0V, e -10 10 A
all other pins not under test =0 volts.)
OUTPUT LEAKAGE CURRENT I —10 10 A
(Data out is disabled, OV<gVour<5.5V oo
OUTPUT HIGH VOLTAGE LEVEL (Ion=—5mA) Vou 24 - \
OUTPUT LOW VOLTAGE LEVEL (lo, = 4.2mA) Vou - 0.4 v

“Note: cc is dependent on output loading and cycle rates. Specified values are obtained with the output open.

lec is specified as an average current.
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KM41464A

NMOS DRAM

CAPACITANCE (1.=25°C)

Parameter Symbol Min Max Unit
Input Capacitance (Aq-A7) Cins —_ 7 pF
Input Capacitance (RAS, CAS, W, OF) Cinz - 10 pF
Output Capacitance (DQ;-DQJ) Coa —_ 7 pF

AC CHARACTERISTICS (0°C<T,<70°C, Ve =5.0V + 10%. See notes 1,2)
KM41464A STANDARD OPERATION
KM41464A-12 | KM41464A-15 .
Parameter Symbol Unit | Notes
Min Max Min Max

Random read or write cycle time tac 220 260 ns
Read-modify-write cycle time tawe 305 355 ns
Access time from RAS taac 120 150 | ns 3,4
Access time from CAS teac 60 7%| ns | 3,5
Output buffer turn-off delay time torr 0 30 0 40 | ns 6
Transition time (rise and fall) tr 3 50 3 50 | ns
RAS precharge time tae 90 1 100 ns
RAS pulse width tras 120 | 10,000 | 150 | 10,000 | ns
RAS hold time tesn 60 65 ns
CAS precharge time (all cycles except page mode) feen 30 35 ns
CAS pulse width teas 60 | 10,000 | 75| 10,000 | ns
CAS hold time tesu 120 150 ns
RAS to CAS delay time taco 25 60 | 25 75| ns 4
CAS to RAS precharge time tcap 10 10 ns
Row address set-up time tasn 0 0 ns
Row address hold time taan 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 tan 80 100 ns
Read command set-up time tres 0 0 ns
Read command hold time referenced to CAS tack ] -0 ns
Read command hold time referenced to RAS tran 20 20 ns
Write command set-up time twes 0 0 ns 7
Write command hold time twen 40 45 ns
Write command puise width twe 40 45 ns
Write command to RAS lead time tawe 40 45 ns
Write command to CAS lead time towe 40 45 ns
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KM41464A

NMOS DRAM

KM41464A STANDARD OPERATION (Continued)

Parameter Symbol KM41464A.12 | 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 town 100 | 120 “l ns

RAS to write enable delay time tawo 160 195 ns 7

Write command hold time referenced to RAS twer 100 120 ns

Data-in hold time referenced to RAS tonr 100 120 ns

Access time from OE - toea 30 4 | ns

OE to Data in delay time toeo 30 " 40 ns

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

OE hold time referenced to W toen 25 25- ns

OE to RAS inactive setup time toes 0 0 ns -

Din to CAS delay time tozc 0 0 ns 8

Din to OE delay time tozo 0 ns 8

Refresh period (256 cycles) trer 4 4| ms
KM41464A CAS-BEFORE-RAS REFRESH

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

CAS hold time (CAS-before-RAS Refresh) teun 55 60 ns

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

Page mode cycle time tre 120 145 ns

CAS precharge time (page mode only) tep 50 60 ns
NOTES g
1. An initial pause of 100us is required after power-up 6. This parameter defines the time at which the output

followed by any 8 RAS cycles before proper dévice—__

operation is achieved.

. Vi{min) and V(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 5ns for all inputs.

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

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

. Assumes that tacp > taco(max).

achieves the open circuit condition and is not
referenced to Vou or Vo

- towo and tawo 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 cycte.
If town > tewn(min) and tewo > tawo(miny, the cycle is 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 V) is indeter-
minate.

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

i SAMSUNG

50




KM41464A

NMOS DRAM

TIMING DIAGRAMS
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KM41464A NMOS DRAM

TIMING DIAGRAMS (Continued)
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KM41464A NMOS DRAM

TIMING DIAGRAMS (Continued)
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KM41464A NMOS DRAM

TIMING DIAGRAMS (Continued)

RAS-ONLY REFRESH CYCLE
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KM41464A

NMOS DRAM

KM41464A OPERATION

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
controlled by the timing retationship 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 (tap) requirement.

RAS and CAS Timing

The minimum RAS and CAS pulse width are specified
by taas{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, tse, has been satisfied. Once a cycle
begins, internal clocks and other circuits within the
KM41464A begin a complex sequence of events. If the
sequence i3 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 KM41464A hascommon
data /O 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 tom. If CAS goes low before taco(max), the
access time to valid data is specified by tac. If CAS
goes low after taco{max), the access time is measured
from CAS and is specified by tcac. In order to achieve
the minimum access time, taag{min), it is necessary to
bring CAS low before taco(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, %ta-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 regardless of the state of the OE input.

Read-Modify-Write: In 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 toez for data to
appear at the outputs. If tcwo and tawo 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 OF. When either CAS or OE is high
(Va), the output are in the high impedance (Hi-Z) state.
In any cycle in which valid data appears at the outputs,
the outputs first remains in the Hi-Z state unti! 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 Qutput State: Delayed Write (towp OF trwo
are not met)

Refresh

The datdin the KM41464A is stored on atiny 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.

RAS-Only Refresh: This is the most common method
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KM41464A

NMOS DRAM

KM41464A OPERATION (Continued)

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
(A¢-A;) every 4ms.

CAS-Before-RAS Refresh: TheKM41464A has CAS-before-
RAS on-chip refreshing capability that eliminates the
need for external refresh addresses. If CAS is held low
for the specified set up time (tcsr) before RAS goes low,
the on-chip refresh circuitry is enabled. An internal
refresh operation automatically occurs and the on-chip
refresh address counter is 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
KM41484A 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 BAS 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 Vs 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 signiticant 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 centraily located
on large memory boards to facilitate the shortest possi-
ble address and control tines to all the DRAMs.

Decoupling

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

A high frequency 0.3:F ceramic decoupling capacitor

should be connected between the Vec and ground pins
of each KM41464A using the shortest possible traces.

& SAMSUNG

Electronics

56




KM41464A

NMOS DRAM

KM41464A OPERATION (continued)

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

recharge the 0.3xF 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.

Units: Inches (millimeters)
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PACKAGE DIMENSIONS (Continued)

18-PIN PLASTIC LEADED CHIP CARRIER

0.320 {8.13)
0.327 (8.31)
0.285 (7.24)
0.295 (7.49)
o I o I e |
9 N
. P
58 815 H
2|2 figd N
818 8180 5
ol o |o
0 |
\, J
PR S | i A B |

0.140 (3.56)

[ 0.020 (0.51)
MIN
0.026 (0.66)

MAX
0.080 (2.03)
0.084 (2.13)

L

1
10.013 (0.45)

TYP

20-PIN PLASTIC ZIGZAG-IN-LINE PACKAGE

1.025 (26.04)

0.070 (1.78)

| 0150 3.81)

1.035 (26.29)

TYP

|o.145(3.68)

! 0.200 (5.08)

0.050 (1.27)

TYP

0.113 (2.87)

J‘—INDEX

0.325 (8.26)
0.335 (8.51)

T

IBtRURbebRbb

0.400(10.16)
MAX

|

|

0.123 3.12)

0.008 (0.20)

0.012 (0.30)

0.018 {0.46) L 0.050(1.27) § z 0.100(2.54)

0022 10.56)‘ v R v
S

58

¢ SAMSUNG






