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Photo mask layout design example of six transistor SRAM using N channel silicon gate E/D
(Enhancement-mode for gate, Depletion-mode for load) MOS transistors for front cover of this issue

I created this graphics image in one day using uPD7220 demo system controlled by Tandy TRS-80 personal
computer I privately purchased in May, 1978, brought into laboratory in NEC for decorating front cover sheet of
this issue of Nikkei Electronics magazine.

Red (7R7) : diffusion layer (JLEY/&), Green (#%) : poly-silicon layer (F7RU>UJE), Blue (&) : Metal (aluminum) layer

(7JL=JE), Contacts between metal and diffusion layer, Contacts between poly-silicon and diffusion layer

D/ (metal) D (metal)
SEL ( o silicone)

I l VCC di u3|on)

GND (metal)

The thesis was related to computer color graphics. Therefore, it achieved distinction of printing by colors for the
first time. I specified the colors and created front page image based upon the deputy editor-in-chief Syozo
Watanabe's (Nabe-cho) request. Photographer Gengo Aida from Nippon Keizai Shinbun newspaper, came in twice
to take a photo of the front cover using 35mm camera once and using 6x9 cm Brownie large camera next day.
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Original SRAM cell mask layout I designed before manual digitizing
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1Mvh% 800 ns CIHETES
FA9EEZCRTH
574947 « 2 -Ma—5 LS|

XFERnHEBEEE, Fy MERINS T 71 v oEBEEr 4 1 Fy 7 EIcE
L, X22EFEBECRTRH®DS 57492 - F4xTLA(-a>rbtr—5
(GDC) DBIE AN L Tw 5, GDC 3 177 3000 FF 4 £/ L - MOS LSI 124°, FBaR
LEHEZLIN)IAIZEN, MREEYTHE7Z7 FLAAEHTE S, Z0kd, 2
Ay ERESMHz OB, 1 Fv F%800ns THETX%, GDCHHIHT 2 2XESE

O #Fa]
BAER SHEERBREXED
A4 /RaAYEa—2- AT LS

256KEXI6EY POBYE A EY — (3, AT LNRZABLRBWMIATWEED, EBOD
CPUM AT R/ RS X—44HTH, GDC EEFNCHBEBELEFTTE 5, (XEE)

WTCHER 58T 5777 4 v 78 EIZIE, HSER)
A & FRFMMEE & OMAADEIZ L - T, KD 3O CRT
MEH I T 5,

() Zv7nE&h)7vyaiy

(2) 7 & rERERT

(3) 7A%#ER) 7L v

7 v F AT CRT 3, FED D LAEED SIIZHEED
METERTELNT, MM, B THLEDON7 FHiHE L
BT HAE)—DAERUL LV, — ), 7AFAREMCRT
13, —EO L kT CRT L& E o B4 5 AT, 7
LEY g Y ETIERHE LTS E R L Tv B, 55,
B e~ T £ mfh, LR3I T EHFSICTE 5, I, 1
Hobl Lol E T s RERA T ) —DEL ), 32
BSOS IZ 72, Lo L, sER T iR ERiED
Mok - TRIBICIRT L C & 2, 727 EHEMCRT %
MWz 777 4 v 7REIZZERICERLODH 5,

7 2 2 #£ER CRT HO, XCFER#E7Z 2179 CRT 2>
Fe—7 (CRTC) 13, BRI EBFELKENTS, LirL, wmiF
T3, WFREMOFRBEZT TlE <, 1 Ky AT, #ih
CEOR/HEET 5 L) hlEgEEDY, £ 74 X3 E2—5H
@ CRT s KB EHKEEICL KD LN DDH B, HIZ, LF

186

FORIZOWT Y, BETLRRT —F-7obHiEREE > LT,
FERT CRTC (i vy, &) @S Lcine, SGhiEos 347
KdHL T b,

INHDEERICIEZ B 728, @ELCFRORHIBRERE, B
U1 Fy FRATTERRIC 77 7 4 v Zimli Y A8EREE, 15
TEMLL T T T4y 7 - TAAR7VvA - axy}e—7 LSl
(GDC : graphic display controller. VAP, Z@ LSI % Hiic
GDC &13s) #BH% L7z, 2 GDCIZ, REkn@EEx 777
4y 7REIIKAZIN TS L)%, B F-A74ACPUR
TTL(transistor transistor logic), PLA (programmable logic
array) XX THRINE 777 4 v 75/ mbibl %, 2o
FFEMIBRILL 72D Tld G v, N R—T7DFHEHEL EL M
DA ThEmdatETcE 2 Lo Zdmi7T T X4 % Hrizichd
%L, MOSLSIftL 7z nThHb, LSI kicit, 7774 v 7
B I130, FFORHIEER L EML Th b, T, fi
Hi 2o P RN D SR T —- 7T 7 4 7 Fors/ ]
T, KEPHICEZ 2, HiC, BT EHETICRTRE
BEMGR L KSR AT ) —ofiAE LCLRMTES (22
T, "£3 213 GDC »'BU% £ €Y —OWNA % aek 381,
CHam, & 13U A4 €Y —IcHE AL (FE#R2 2) BF2 59,
LIFLREL),
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ED LG LTI AT B EAREE TH S 5 &, P
TH5H 9 &, GDC OFBHEIL F v F OIEIEREFE % & A, i
2800ns/ ¥ M (7o 7 E¥EE S5 MHz ) TH 5, 1L,
BEfrD 777 4 » ZREDMBLELE L D L 7% ) #o B 21,
w7 et LN, R—F -} Z74 A CPU4 #l
W16t FCPU &7 — FES6E -~ @ ROM (read
only memory), RAM (random access memory) & THhik S
NAERE T T 74 v 7EREVRERENTVEY ZOHED
HEME S 1L 112 ws/ F v FTH Y, GDC H5ER L 72 sk JE 1=
(=, 4% D, fERREEEY 7 b o T CHIMALEE & 4T )
DT, fmlFEE (1, B L) O A R b &, b
WEPKECEBHLTLE I,

BIEAE) — % AT LX) NBET

GDC 12, feAk 256 Kittx16 £ b (1024X1024 F v b 2
) — - T —rTHNUUTAHT) NREFRBEAEY —%H
S TEHEGET 5, ZOMg £ £ ) —3, RED CPU A4l
HT B AT 22 baE T3 (1), DY, B
AR I L THRANL/MBEEE/EE AL ZIT) DI,
CPUTIZ%<{,GDCHETH D, ZNLHiZ, B AE) —%
CATLNDERLE, LB IBEICTE S H, XY
CRTC (548 "k CRT il#H LSI, pp. 190-191 M)
E012, PAT L NZOBRIIHL TEEZHL ) LEIZ LW,
GDC %% AT L2 X 2D RitE

#RETHEEL DD,

@ JERET— 7 2 L TEHRME . E 241w, LY =A 70
aer F/57 A7 2MEKT 5 (MiEaTaE).

@ a=r /T A—F &KL TWMIMT FLv 25t8 %2119
(haE 0 E).,

@uf% 4 ) —IZT FL 22 (L, 77— 7 DIEIE - KHH)
exir-H (REm%ET).

® HWhE, ART FLVAEEE L, BIEAT) —~T FL 2%
s LR T — 2 R aiathd (RR).

©® ¥rr, FEES#RELE=7 - TLrEichifd s & ki
For/imin 4 2> 7l EY T 5 (REESHEE).

SBAEL 72 GDC L, 2o h, @, @, ®, ® DL,
il % CPU MBI Y% LI2AT 9 . fERNERE T, @, @% CPU

HYRBE . T B 728, faild D K,
LS| > REBHERKL

X 2(a) i3, GDC NF - 751, (b)idEn 7oy 7HTH 5,
(M 2(b)icm"d X512, GDCIxAH FIFO (first in first out),
a-=> Filll#ll ROM, 77— RAM, iifa 7 R4, &R7T F
L A GBS, 7 By ZAREE, g2 € ) — - 7 — 2l
W, FHUZCPUA > %7 x—2Z/DMA I CHER S L5,
Fibi, RN EHIC9IE Y P EBE Y MED 2 HHONET
—F - RATHIEN T B, FORT F L AGEERCHET F L

#¥KT BNk, DMA (direct TELR

memory access) L EREETS

|#nrrea]

T ThHB, FDé, ME AT |t b ;*‘é‘K . [
B ; | 256 Kifx16 &+ b
) —i2xf L T GDC % 1 AL BE =
PETHRTH- T, CPU IEHI | N @i TR 2 :
_ ] Almmzn |l
DIFR, ] 2 XK OB O 72 8> |
DaATy FIERICEETE D r WAR
b ST 5 lﬁl!@?‘f-j' 2 B 22 BT P A
—i%iz, BEANILFRRE SO
THT T 74 v 7EKEDEF o D A5
I, kDL HICKXH5TE D, % ESYR
DT 2T AFRh b L U pmazsres —
F—5  WE (pwicriug)

DERENTWBY A PG L

LEERET— 7 2] MY (R
AN)., ok CPU H & &R
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Z IR &I, ISR 2R B TS LTI AT EN R
BULENH B, TNFNMAEDA T 7R 7 7%
FE2H T2, LUF, &R & BRI #1850 L T <.
P AT FIFO: 16 X9 v FEELA2FEL, CPUDHIEL
T Bazy B/ T 2—F 2 —kadtET 5, - CPU AL
%2 F1) = GDC OWNIL ¥ 2 ¥ DNF e aAhTHAL,
TNLNT—FIEZ D FIFO #FHL THALEINE. 2D,
DMA #2358 2 i3, CPU & GDC (3 L Umg £ £ 1) —) [
DT — FEEEY, $TTZHMRKE FIFO 4L TiTbi s,
GDC 3l £ T Y, 29 FIFO A7 » 1 Tl g,
CPUIEGDCIica=y ¥/ A —F &% b, &0, FIFOD
9w FHICE, T—F- 2t 8E v F-a—Faaws R
T A= EIRTE y FAFES LS,

b o= Ml ROM: 12855 X14 £ PREKT, 222 FD
RGP, ZoRBEIRY) ) B 2 BRICHORT B L AT A 5 RS
LD RN D AR DMIE, 7% RAM Ol 7 & %479,
DT L AHIEE 18y FoRmT KL 2 LA F
EAD %0, 777 7 4 v 7 SCTHRMIEIC 1~16 5088 2 80E T 5

K2(a) GDCF v 7. 7= FE3um D nFrHn-l)ar
<= FE/DMOS F 7P 2 g1 /43000 MEBET 5, F
7 A ZF 5.29%5.39 mm, il AEFEE 2 FEAT T Bl —
F-7A7 FamBEH5, AIEOH 2B KL OHIZE &
&, PRI LATOFERESICLTWS
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rzHOOYREEALY 27 ZW, BiCHE ST 2 —F LT
55&KN14Ey F-v227DC, D, D, D, DM %%,
RGEEEHEE T L2 XL DWE ), pp. 202-205 Tk~ 3 L5
LHEE T L) D LIRS T, ArENBEEAT, HaE#E (7 —
F) TEVZAEADBLUFY F-TFLAJAAD 25K T 5,
RO I & 3 ML (AU, ~AUL) F¥ b, BiRcOEm 7 LT
A LA KD CSE & EAD, dAD % 4 7 vy 7 TllATIC
T9,

P FERT FL R 188y PORRT FLR Ly 2¥
DAD, 8t vt 7L v 2T FL ALY A% REF ##
L ERTFLVZA, N7V a-TFVAZERT B E72,1~
16 fEDIART R EKERET 220N L P 2P ZR 28,

P EEESRAER: & T 24— L 2F (H2(b) DM
7y ZIZRYT) OREMCESTNT, KFE - FERIUESS
KREEGES L E*RET 5,

PR A E) — - T—FHIEE: 777 4 v ZHEIZLEL K
v PREDBIEZITH). 2%, BT -2 LRAHRLZ
T2k, B, R COBELZLEBTZ16E v oL PR
% PTN, BL U dAD oWNEZ L, #ik§ 2 L) % HikT
i 4 €) —OWNELXE v PR TIBET 5,

P7— % RAM: 1655 X8 & v MK T, ZRHEHBT FL 2
SAD R F/RHIRRE 7 1 > B SL, MBI S5 16 £
FOBET—%, 854 MERNDT T T 4 v 7 AL FHaEA F
v ME#EZ —RFAICECET 5 (X 3), 2 b DIENEER, CPU

EIMA1E 5 5 A 26
Leam ] [Leao ]

EART F L A EE

HE 7 F L A

REF(8)
[Zr.0) ] [Au.(®)] | zw.) |

{ R }
AEWT—5F - X2
8
e
7%
| X
a= > Fiilf 7 E
CPU4>%72—% i e B
1| 2461) 213
DMA |5 16X9 128 %14 o .
PS(16)
HFP: X¥E70 > | #—F BLINK: 7V 7(fH) ZRy, ZR:: MEKERAH T ¥ P: By F
HS:  AKCFERS CST ; H— NETBET A > DAD: £R7 FL 2 (KEFHET F v 28%)
HBP : K¥rsy 2 H—F CFI: A=V NERET T4 >~ SL: ##%74 % DIR : {4
C/R: xX7#/1r L/R: Z 4 8/ 1T REF: V7V yia-hr¥ dAD: Fv - -7FL2z
VFP: ##i7 o> b H#—F CCi: hd ZW PRl PTN: /3% —> (f4ff)
VS #EE iy LC, LC: 24>~ A ¥ ZWi, ZW. - dn kAl 7> & MOD: Fw MEEE—F
VBP: fEH/ Ny 7HK—F FC: Wi 7 77 8 EAD: f§@7 Fv 2 PS: KA
L/F: 74 > %/ ZR: ik FR D., D., D, DC, DM : #iififi’ <7 £ —% AUr~a : ISR 0] 5

B2(b) GDCAVYRF - v~r- 78y 7R, #KECRTC REMESRERLERT KL @R BLrERL Twiw, L & %

FR70 7T ATERBCRETE2. £V 2B [ CRTSRAO 1 7> FRME R HL, RST—75
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#* SCROLL 2= FiZ & » TITH . EBEO KR/ i o
13, 20”7 F L AHEIER e & oBbsr U 72 Fv— 7ol N TALBL
T a2, ZN5NT—FIFEiID -» TH 2(b) o DAD, SL,
PTN % &L P A I~NEEE NS,
» CPU A > %7 x—Z-DMA Ml : — N8 » M 2l
16y k- 7TobY rERTALONLA I 7—2H, 8F
v FOBFEWET — 2 <732 (DByor)s T FL Z-74 > (Ao,
#EXALIES (WR), #HAMLES (RD) ZHEHS XT Lo
2 bt ENns (K4), 7o, DMA Hl#EHE8Z, BY% <€)
— X Bl DMA izt % flil 3 5, Big A/ €) —D7T Fu
Z AT & S T — 210w, EillE s DR TR
Fio A €) — A € Y) —R DMA &% % w[Helc 4 %,
BEgEAE)—ICHTsME4E 4097 TITH

GDC O WiBkmlEg L, ST R ST 5870 v 7 &

?
TrFLA  MSB LSB |

0 SADi.

1 SADim

2 SLic 0 I 0 SAD:
3 0 A 0 SLix

4

TT7 T4y

SAD .. EARBMEGT FL X
SLiz: #EAT7A4 PTN: 7<% — > (#5E)
TXis: TXZMTZTF774 v 7 ZALFF > F#R)

E3 HAET—F7RAM =y 7, 32> Fick > THELZT FLr X
PhT—FERETE Do THL8 /54 FIForH, KO8 /34 it
HEE, AREEBECEMAECIXFEF  HEREERE L TERT S

190 1Fw F%800ns THEITE5 5 X2EECRTRHZ 771422 ta—7 LSl

W—REEn 2 7a .y 72NEBTEEL, £D7 0y 712
WL TEES 5, 79y 7B, TAZ0 1 KFEANE
AKX DFREEE &, £ DREDOWUGE X TY) —~DT 7 £ 28 (&
RE ey FBUCHKHETS) ok - TREZ NG, HelRLIz&

12, GDC i A € ) — I L C1EADT 742 (270
7)T16 By Sl HAMRT, Lcds-> T, #lzig, K7

| %% CRT HBFLSI

PR LEHAI LT % CRT fl#A LSI (CRTC) IE, XF
Tl ZEHRE L (3N T35, 26T, KAILT,
@O DMA Ex%-47/5» 7 78E, @ 74 RAM B EICHHHT
&b, MRS, XIRT — S 24T 5 £ €Y —13 CPUP'E
BEHET 2 FHEmo—icevy By 73 Nn5 (KA,

DMA #&2%-47-35y 7 7 B CRTC 1, %k 80 54 MFREN L
Fo—FERK20 54 FREREOFEERE 2 — F 2 EHT
51123y 7 7 & 2 RBFO, &2, BAETEH L DMA X
ENBRATEART —FHBNEE LTHERS N, TRROKRT Z
L, FOHMENFKET 5, BTE, 1725y 7 7 &m0 LR
ERICI it e b ne g X il B CHSH, O
Dized, TGS LATHIC KRR TE 53058 EAHlR
INTLE, FEXGFEOBBEEICRIT S, L2L, XRH
HEEillEs S5 CRTCICDMA #5120 T, ik 274
RAM %! CRTC D& L 13 R D, NADH RPR RPN T 7
vy aDREREZ L%\, 2L, BERATIREMI X T
L 1AToOFRTRET Z ki, 47 DMA X417 LB H 5,
147570230 7 7 LrWEL T b Th b, DMA &k
DIz CPU 2B 13 hidn 5§, X —K— Pz
Hf 7 & CPU A KRNI N T § 5, 14712 80 XF %
FoRL, CFEHE ML 72354, DMA #2512 & - T CPU #°
13 2 A3 30~40% I LET 2.7 7 7 4 v 7 Rl
LT, 2o DMA Ex RI3E & 70 v, SCFFRORHIEREIC I3,
147 Blziz16 74 >) £EMEAICEAL051 FMEED
DMA 2k 2472 1T L vds, 7777 4 v 7 FntilEgciz, 17
4 ERMBENICL 74 v FDERRT —F 2§V TEEY QI
bk, Blzix, 1 KRFERMMA 64 us D CRT 2EAL,
1742512 F» b+ (6454 F) 2RFT 54, 1M A
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I WA 315 kHz @ CRT 12 1024 X1024 F» P Af > 7 v W54, GDC I HERF & AR, B £ €Y —i2xf L TR/M

— AKREATORE, 7a vy 7REEIZIHSMHz 2% 5, /W EEX T 728, 4 70 7005,

MUR A E)—DT FL A -H A 703, FREEBL Y 7L Wik R/M/W i3 ko & 5 B 285, 3, fmili
vy aBRICiE2 79y 7, WERHZIZ)—F/ €T 4 774/7 T FLvZ (EAD=18t v }F) »l6E > bOT FL2A/T—%%
4 F (R/M/W) 8ifERAT) vz 4 7a y ZICEEE R Tw 5 BILH DA ADpys B LT FL AT A Ay 22
(X 5), Mg 4 €) —DNE%L GDC z#5H L T CPU HI~aiA LihaEna, 4 7nomwinl zay 7 (E) THhEN

P /B % TilAL L 72 DMA
A AT LT D B, ZOBE, Rl

FoRIR S, CPU 1358251k

LTLF ), SVEREBED ES oM T
t1r<0 = [ EEED ROM

CRT %M#H L 7-#2 12, DMA

PR & o T

57, EBEHTIE Vv, R
EIZDMAEZRHE LY L&

I Tl Do

‘I

DL :j'—' Wk,

. CERCEN | B TR P
E7 4 RAM & CRTC (4, "E‘ . : m— LR
IRT — RSN T B A E
) D7 KU 2 & Fr R B paEire oo .
faT 5, A ®)—-NELEE L DMA &% - /<5 7 7 1

§ AEZIZ, CPU RS 5T : | ’7’ Bz
FLvRET—FHAE) —| 8 <

SXNB, COLS T FLR
B ct N2 - ,‘\*Z % CPU > FEchE égzl\jﬂé":-z:# ¢
ETRLTHALTVEDT, |
NADEHEEHILT B 12d0m
EHUEL B, RBEEIHEO A
LT FUL }
TEF EOAE I RE N T, CPU - s W IR 22
ERICT7 Ty arEL T ek | i
- V) :
) —WEOEE LTS T b
CRTar}twe—7

i3y Wiz, SR T E R sy

L3 s vIC RO TRRNEAR |

DhE(, F— AR BA KO CRT HBRALSIOL 2T 4 - 70y 7H. WhR{C, BRT—FRERERICCY 7END,
’ o 22T AR B HHEERIEEEICZ Ly, AL THEMNT 5 GDC %A RIS TEE i B

TLolds. Enselisl e i

ERE LTy 7ENSL, ~—Fra THEERERELR By, AT —ETHIRMTHEMES WoOb SR,

WL LB AR Y —HRE LT hEa b e (RAS EESGHEEMEI R bL-Twd,

E74+ RAM &
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LT RFv2R I AT HAORERZREOF 2L T F v MzBEgEII N7 -7 Fv2eELTF1+ 3 v 7 RAM

[E]#%1- RAS (row address strobe) H7IA5E LV ~ILDEFIZ T BN 5. E, 225 By lo»i7 5 1 72w 72, DBIN (data
FE2Nn5(H4ER), 20 RASTEFIE, —HBBL 16> -4 busin) §5 AL, Mg A ) - LFEAMENL 16 E
F 3w 7 RAMIZHT AT -5IT FLAUINEZESHRES b T —=F%NZ -y 77 2L THYE AT — - 2SZUCEK
A3 75 LTOHELR, FMHTBERBEIC & - THE %, —#EL T GDC WicFHiArtr (read), Es D1 70y 7T,
IAITHITALAF I v 7 RAMICE > TRRBIE LB LIS Fo MEE®— FERER (X 2 0 MOD) 24~ T, FAA
FEEL 2%, ¥4+ 37 RAM ? RAS, CAS (column ad- FNfT—ZICBIEZINZ 5 (modify). E, i2BWT GDC 7 5
dress strobe) ¥ iz T 5, BIZ, TFL 27 FDihh BIE#%T— % 2L, DBIN 5 & MHT RIEKIC & - TRBE
YN EZ, GDCHHHBTHI6E Y T FL2fEH28¢L SETERTAHTAF 3 v 7 RAMBEZALES (WE) DiLh
|
LPEN I4 b
VSYNC/EXSYNC VSYNC
HSYNC-REF HSYNC
~ BLANK
' A€ —- | A5-EF
. J 77— s
ADO-ls \__ — V DIU-IS
AR T e Aoz DOo-is ?
WE @K i
;:) o ‘ RAS x16
EN OE CAS Ev}
pesl el .
252 77K D
G
I Hlirte—r—
GDC a-y+-/¢-777$ HE =y o

&l
L
.

EN(TE——{ [
[lFE—==

T ./ T )
o] }
) RAS|[—] ™™ =/
= 5
g B =
= ‘g i migmg CAS* | [~x- D_B
A
= e
v DBIN,-s el
Tr—>3
T R
W*a—a z \’
2l B EXTRA
A
70y 7 SBEEE Ta—5 U.."G/ 7(-
i E=F-
BIEAE) = 4> Pz =R B AE) — - K—F Fre

M4 A>57=2—2-70y 7[, 1024X1024 F»v F 168757 4 » JERPBEEL 2§ 72— A TERTE 5, 64K ¥4 F 3 v
7 RAM 64 B THER T 28U A T ) — 22D 1KNO 7Y > F BR EICERTE B
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TAT) ERCEUE # € 1) —Io# X AT (write). 7 F L R13, RAS
BLIUCASOVLTHNIICSZ A+ 39 7 RAMICEY A Z
na,
1 F v B oRE/fEEHFTEE

M A EY — - TS OIEIEIR, BfEAE)— - T— 7 Hl#
HICBWTH6NDLHIZL TT-> T3, 16E Y FDKRA > F
(PS) 1316 t ey —H#H (PTN) #H)H1Ey b
#iRLRL, WMHLENVERECIERR, FL7Ze & ool 7 REIC (2
RKFAE Y boay “1" 45, 1 Ky b oL, EA5m
1Ey F2EFE 7L, PINICHT 25 REELZEHT 5,
PSick > THRENLZPTNDLIE v + d& % EXOR (ex-
clusive OR), AND, OR % & F o MEEEY—FD—FDAS
ELTHERYT S, —Hh, 6Ev b Fy b - 7 FL 2 (dAD)
B16E Y FOEBERMT—F 2 LEIE2NZ 5 XXy | &4
ML, BIEY— McER T 5, dAD 0" TH B E v Moxis
TAHEIERT— 23 Fy MEEEOM R 3% 53, Bz, GDC
MN%#HHRT 2, Fv FMEE€— Fi3 REPLACE, COMPLE-

MENT, CLEAR, SET? 4% b, 2 FOMOD V¥ 2
FIAEIENFER ML CH <, B 627§ &£ 912 REPLACE
BHCIHMBEERT— S I BRI N5,

REPLACE LIADIBIEE— K Tid, 7¢7—>BRNE (PTN
LYZZHDPS TIRENDIANE) 27 “1" THBF v FizHw
TOAMEELRMZ, “07 DFAICIE, HICAE) —HNELER
LTHZEEAAEZT S (MTSK), ZOBIELF v} BALOGR
HHMEELTELZDELIE, »F—H 1" THDBFy M
DNWT, £z, PeeysmER (EXOR), &E#REEM (NAND),
WEEAD (OR) & L CEMET 5, BUubEEE—FEillaabYE
THERLRD, - NEEREL TRET S L, E¥LE
EREREELZENTE D,

WEY A 7P Th-TEH, BRT F L AHHEERIC B WTER
RBEFI TV w27 FLVAGFEEZT->TWE, KR A
TNz, ERT PV ADADME ) —icffibE s, K
4 DB TIE, 14720 16BN 4K E -4+ 3 7 RAM
THRENE AE) — - 7L — A HICEBEI NI T RTH Y

2xCCLK _l

D, D | D, e

| |
| [ [

ADouss

A, A :X

RAS —/_\ }-—REIA:D#I—H /:/—\

— _j—\ .E-fMQDIFY——.{,'_. [ \ T
= - N —WRITE— B

Z
)

- -/ \ [7 \

@ (R/M/W)H 4 7L EFRIA I

IV yia L 2N

H5 B A€)—HHSLS 27, 3EOT FLv 294 71 %2FD. CAS*, RAS* i3 &< £ #/55 RAS, DBIN % 7M$iT BIEIC
ToTHEL, R#ELXIA I TICREERD, V7V v 2 HSYNCRHCZATH
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£+ 3 v 7 RAM ot L CTH— RAS, CAS{ESo##sn
B LIzhioT, £EAE)—7L—>DF4F 3 7 RAM
N DO #LEEFC 16 By b T ONFEIRT — & H0E5 -5 2
VIAZIZELN, BURETUES 5 %155, FliY A4 7 )VEICid
DBIN & WEE5 %, ZoOflTIz A€ — /5> 74 ) %2 A
BELLTHERAESNET FLAEF A Ay itk > TFa—F
L, #&)—- 7L —rBRETH Y, RFICIEE AT —-
T LEFICERRT AR R E 5, 1D
GDC T, 1024X1024 F v F ThHIUL, #E) — 71— 414,
16 B3 (f8) %, 512X512 F v F & blE, #E)— - 7L—>
161, 6AKIEFHEHD Z & TE B, #%ikd 5 GDC Nl #)
EREE FH iU, A€ ) — 7L —> ORI HIR % <172 5%,
Mg 2 E)—XLT¥14+ 3y 7 RAM2HW2EEL %

#9425 SYNCa~=> Fick->T4T9 &, HSYNCE:iC ) 7 v
2T RV A% ADpys DTFHL8E w b3 2, 2
B, TEVRA-F9FOFMEEy rRnAaZHEHE L,
CASTEBICSEH T AT WEEAE L 4\ & 5 1 ST [#s Tl
Y5 (X4, RASA> U —- V7L viadmigrisd, £
AR ICIER L 27 FL 228UE A €) —ic 52 615D
T, V7V oy 2 3FHSAT ) BRI LW EEZ BN, ik
FIRBER { > 7 L — AR, YR X £ ) —O—BD A% FoR
TOHER LI, ¥4+ 327 RAMPEDHDLY 7V v 2 R
HIsEMEL %< b,
KRB EBRGEAE) —DKFHFROKE S EMWILICER
CPU #*GDCIC kT Mg £ €Y — - 7 F L A 246k &b
THZ5, X, Y DEEIZLBHH, TVHEENTHE LIS

LSB MSB

[ T1 ] swiir— s

L L1

lololllﬂl01010101010101()1()101()1(]' (lel;)
|

L [T |

[o,0,00. 0,0 0F]o, 00,0000 0]

] -

ST RV 7

23— H(PTN)

+4 > #(PS)

(REPLACE) 151 E— 1 (MOD)
LSB MSB
L ] ] ssiEwis—s

] 151172

Kol 7FLZ

|O|0|010|010|01010101010|0\Ii Olol (dAD)

we
ot
e

] 22y — i (PTN)

&

IOIOLOJOJEJOIOIOIOIOIO OIOIOIOI

(CLEAR)

KA > 2(PS)

i£1-€— F(MOD)

LSB —
L I . I ] ISR 7— 7

L l J —I 151 1% 7 2
[0,0,0,00]tfo 00000000, 0] (|dA[})} s

=

| res—>pimeTN)

{1]o,0,0,0,0,00.0,0,0,0,0,0,0,0] #1>2ps)

(COMPLEMENT) 51K €~ 1 (MOD)

LSB MSB

L . r—[ j 51 HT 7 — %

- []

]:../}\.7‘|;‘l,7\
lo,0,0,0,000]1Jo,0,000000] '¥

] kT2

] s —mmeeTN)

{0, 0 0of#fo,0,00,00000000] #f=5Ps)

(SET)

fiz1.€— F(MOD)

6 7774y 7-€E—FEOFy MEES, REiR, GDCICHAAZNALI6E » FOMYE A€ ) —AFICH L TEEZMZ 5, 18
EAY— FPEEEC Yy M TEEIN B TTw2DTAAD #TXT “17 2352416 € MoK L THBHIEBEZMNZIES
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W2 B, WHEECHRE A7 > TL % 9, BRI ED
EFRR, X, VBRI VISHEBIC L > TETFHILA
TWAHECEERIBESHD, ~—F7 =T L o—KEH/KRIN
To2rHTHbD, TFLRAZHENERTEH 25 LME A€ —
A HIRIZBIRTE, R E G EBEFR LD ToOKER A €
)R S L ComH LB B,

KB IO KPR MR A ® ) —DKREE L&, BOLISHEK
257 FLAETa2y FIZE»TERTED, ZNRZH, TR
WX 2 ®) —DKE X E,512X512 % 1024 X1024 D L 5 12 256
F7213 512 F v AL TERT LB v, ACEHIAIC AL
TIF2TFLVRA32 Py FHEALT255 7 FL 24064 Fv T

| r—-——"7"7"7"7
| 1
| |
[ [
‘ [ |
[ I I
[ [
[ I |
| e — J
3 il <5 — >
HHRT WG 4 £ ) —

REPLACE COMPLEMENT

R e . e 3
| | | I
| ] 1 |
! ! 1 |
1 T
: I I I
I 1 1
| | 1 1
o] | S S ST e J

|
!
% e
|
J

[ CLEAR . SET

 ——— —

7 ARy MEIEE—F,. 70 75 A CHZICHRETE B4
N — > T, 4N F Y MEE®R—F 2 RIRTE 3,
EXOR, NAND, ORIt B b M BfumBEE L L TE 52155
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BETE, BEKAO K FEIIBE A £ Y —ORAEE I v b RERL LR, BEHICEARAL08 F o FREECTE

S TRESHD, MSITRT L5 e £ ) 4K, For B, —MIHAE NS CRT ORI (727 F-L o) 1
HWEENTE S, B2, 8(b) D & 312, KEFMIZ 4064 F #13:4THE5, ZDCRTICSIZXB12DER*FTHIE1 Fv b
00000H (2047, 2047)
q 0007FH 00000H (4063, 1027)

1024 X800

GDC GDC
3FF80H (0,0) 3FFFFH
(0,0) (a) 3FFFFH (b)
00000H (1023, 1023) 10000H (1023,1023) 20000H (1023,1023) 30000H (1023, 1023)

(c)
GDC R G B J EXTRA J
(0,0) OFFFFH (0,0) 1FFFFH (0,0) 2FFFFH (0,0) 3FFFFH
00000H (2047,2047)  00000H (2047,2047)  00000H (2047,2047) 00000H (2047, 2047)
1024 x 1024 (e)
R G B EXTRA
(0,0) 3FFFFH  (0,0) SFFFFH  (0,0) 3FFFFH (0,0) 3FFFFH
EA i
GDC, GDC, GDC; GDCs
00000H (4063, 4112)
00000H (255, 16383)
00000H b 3FFFFH
] —256x256
GDC I
I
00000H 3FFFFH :
00000H d 3FFFFH
|
BT 3FFFFH
3FFFFH
(0,0) () (d)

E8 mg AT —HKE RTBORES, MEA T —F i BREEA BT FORETE20TCHEZ L, BEl» b
5, GDC ol FlgEhfEIz & - T, FIchiRMEA S
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PIEHFE 2 LT, MM E L TERENDE, ZOR, R
BER LM IIC S bE T, BI21F480X640 F v b & T UL,
Mz E L TCERRTES, ZRBHET FLAZEET L a2
Fizk D, R EEHEIC Y PHEAIT =L, BB
FRIFRBERRTEIEL TS, X, YV EEMH &M
Hok DL HIIBE A ) — KIS > TCPUTHY 7 b7 x
Tliok > TR L D ICHBLEETIIZ 5,

(8(a) Dk iz, MRS (0,00 24 E)—=y 7ETIC
WY, X, Y EERKEE Xuw Yuax ET5. w0 7hELE
0 FHos LA bAaA~ERZN, T L2271 $OMINY 5,

AEHET F L 28 P i3

P=INT {(Xuax +1)/16}

»BHE (X,Y) »7—F-TFLvZ (EAD) 8L F» b

7 Fvz (dAD) i3
EAD=P*(Yyax— Y) +INT(X/16)
dAD=REM (X/16)

22T, INT (3%, REM 3E&H%42xRT, 7 FL 22
MBREB L 7 P RIBICE DB HICERTE 5, INT(X/
16 i3 X044y FAZ7 2D, REM(X/16) i3 X »F
frae v %L, Bty b2 07Tk snd, &
iZ, P OED “2ONEE” ThHILUE PR (Yuax— Y) 13 (Viax
—Y) k7 M RECE - TH/LNS,

i FEEnav Y FAERIRT 5

GDClZ, £ 1llicht 21 a~y FERIRT A, a2 F
(18t v P THEREN, LEICIGL TT7 A—F 28T
AT L N8y FE212 16 By Fo7 a2 THIEH
Tx25, CPUNPHBT LT FL2ES (X4Ho Ay i, #HE
AAES (WR), #ailLES (RD) &oMlabbict-T,
T =232 {E%5 (DB,.,) OHEZE2DL JICEHKT b, 2
<> F/7%7 A — Z %K B & O FIFO W& a4 M LR IZ 13,
CPU I3Hi b - T A,=0, RD=0, WR=1i2k »TF—F /32
Pz T a2 T—2 277 7 &KL, FIFO OKEEX{EiE
LT UESH L, 8ENAT—F 2-7 7 7 HESI T
5(F2, 3=y P37 A= mBEITITRDFEDH ), HiE
Wk L CEIRY 5,

@ FIFOFULL #* “0" Tk 5 Z & # ka2 L Tk T %,

@ FIFO EMPTY #* “1” Th5H I L ##EEL T, &Kk 16°
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A b 2GR EYT 5, ZOR, FELE-GDC i DMA $2%ic &
S TEEEEL T L v,

FIFO W# A M LECIZ, KDk 512 LT,

O DATAREADY 7 “1” ThH 5 Z & #HRE L THAMT,

@FIFOFULL 2:“1" Th 5 2 & 2B L T, 16 4 | %34
BRI T T, 2 OB, GDC-F it & DMA #3512 & - T

HFEAHL LT kv,

FIFO 13 CPU#* 5 AT, #HAHL/EEALHME L TEMKE
T 5, WML ENMELISE, FEEAZERHE LCEEL, @7 ¥
L Z e HIE ROM A9 2 DULEE % 24T Th 13 2
2 R/ T A e —BEHC BT B, LA T T B &
Bz FTFO AIEHLY & L, Hl# ROM 13 % O fEHRALEE %
Fth 5. READ % & DAl L 3= > FH FIFO 7 5B H
SN, BSREND L, CPURLLALPDI=Y FARITEN

1 a=rF- Yzt r@fEolNE, 21w FEFL, 1
LS FEDST A—F ML THAT %, Vo2 A FIFO 0¥
R ek, 80 ROM % BRE) L CHBITIMERE 2 B0k T 5

B eI
RESET W LB
SYNC BMiEE—F, WHEESEFEOER
MASTER/SLAVE = 2 ZEE, 2L — TEEDER
il
START FROFIROFETR
STOP RRDFIEDFETR
ZOOM AT, IEAREREROKE
SCROLL FZBBT FL A, ETVEi&m-""’
CSRFORM WFERREDH— WKL & Dk
PITCH BLg A £ —KEHMT — F%IV)‘”‘*
LPEN FA4 2y - TRV 2DFHABLOER
i [ )
VECTW HENC B FHE/ ST A — T DRE
VECTE HAR, LK, FOMSEOFETOET
TEXTW Za 7y gz oy ke Rehey
TEXTE T77 4 v 7 A - T XX b EETIER
CSRW HET KL ADEE
CSRR HE7T FLv 2054 L DIFR
MASK PAY - VI AIHDERE
mLg A T 1) — il
WRITE 28T A — T DG A F ) — D E X AL
READ Mg T — - T—FDFAH LR
DM AW B £ 1) —~ DMA % BtE0fs T
DMAR - Mg 2 £ 1) —72 5 O DMA ERBENIE R
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5% T, FIFOIX CPUMA & RTHAMUEMRE L CafET
5, 2FY, BUEAE) —HNEXHEL ¥ 2 T ONEE LT
ICEWT 5, FRRZ, RYICEES LT — 213 FIFO 22 5 i
DiE, GDC Lo 28 (K2i2idmL Twin) 2y
PENd, 2Hic k> T, AT—F 2-7 7 7 (DATA READY)
p 1 S B, BN LEHIC, 2TF—FR-T7F7 AR &
fhx e T 218%, T4bb, A,=0, RD=0, WR=1 % (GDC
HIIEEIRKE ) M T RIMIc L > THZ B &, ZAT—F 277
713 DB W2 LA M NG5 & L TRD e 3, 1=
#DIAA(VSYNC), 74 F~<#itEl DAL (LPEN), FIFO
BUSY (FIFOFULL) & o ~—F 72T "> Fix— 78
BE e L THERATES,
SYNCaAZ > FIZL>TEEE—F %8S

SYNC 2= FOBE%#X9ICRT, ZHSYNCa=w> F
DEL1T2A—FHDCHRBI U GHL v MEEIC L - T,
KO IEOBEE— F D) LOEEN 1 4 EIRT 5,

(1) 777492 «®—F

(2) XF/T777 4 7IREE—F

(3) XFE—F

BEE— FERIC L - ¢, MEFOET FLv 25t8E &
K2 T—F9 - "2EENEERT—FA-T7F7, 4HENHY

v MERDT—F - 2G5 EHRABL/BEEALT S, T3
o bR T—F 277 7%a=>F - v_XnThCPU-

GDC 17— # &k RFIC T 5
T

RD=0 ' WR=0

Ac=0 1—?»—71-7—77’%‘%%&5L RS A—FEERA
Ao=1 |FIFO7—7#AhL a2 FHZAAL
1‘7'"._?1,_‘:&.?."7: . .

DB | & e

0 DATA READY HAMLT—F DLy T
1 FIFO FULL FIFO W% ik

2 FIFO EMPTY FIFO NBZH

3 DRAWING S SEAT P

4 DMA EXECUTE DMA §z3%

5 VERTICAL SYNC FE T 13005 5 101

6 HORIZONTAL BLANK | A Fi4%Hi

7 LIGHT PEN DETECT | 71 F-~ bbb T
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UFERT — F DIBEEESR ADo1ss A Ay OV FHEEEICZ L
5.2 3, FRT Fv AFI#EBCREESRERDOBEIAET
bbb, 79747 FT—FTi2Fv b BAHEGIEZTH 2
&, HB7—F - T FLVREADZIFTHSC Fy b - TFVL A
dAD # L T A2 LENH B, GDCNLHIC16 E v b §XT
OWE 2 Y —NEEF v TRICHAAAR, BIEZMZ 5%
o5&, Fub  TFLRBMRIZHANEINL DT, EKilK
AHEF Y FT PV ADEEICOWT, Bl TL L,

A7 F L 2B 10 ofEE A EEIRICIE - T, £33 D &
SICLTiTbi s, HA (DIR) #“3", T¥%bb, AThrbh
45 EH N HEE S AFRES LTV S8, Y—F-T FL 2
FAKFEHET Fv 2T EEL, Fy b TFLA- L2
ZFZOWNELESE (EArFm) 218y FEEET %5, i,
Fork, 1K LDOEERTE Y MLEXAICL F FHB#HLZ

MSB

N
P
Ps
P.
Ps
Ps
Ps

o ®3 HEE N KT KRBT L REE, 757 4 v 7 e

BHCDAATH Fo b - 7 FLr 2 (dAD) 4 K~
WEENEIC & - T T 5. MSB & 7213 LSB #°°17 OR¥, i
7—F -7 FuvZEAD #@EAEMENS

EM9 SYNCawrF, a=>F/x7A4A—%138E v MEKTH
N, 3=y FIRABOETLHEMFT 21T, /57 A —FIIv I A

FMOBEL Kb DIR | 7574 7iames S S
0 | EAD+P—EAD , EAD+P——EAD
EAD+P——EAD
1 | dAD(MSB)=1: EAD+1—EAD | EAD+P+1—EAD
dAD—LR

dAD(MSB)=1: EAD+1—EAD | EAD+1—EAD
dAD— LR

EAD-P— EAD
3 dAD(MSB)=1: EAD+1-—EAD | EAD-P+1—EAD
dAD— LR

4 EAD—P—EAD EAD-P—EAD

EAD-P—EAD
5 dAD(LSB)=1: EAD—1—EAD EAD—P—-1—EAD
dAD—RR

dAD(LSB)=1: EAD—1—EAD
gl EAD—1—EAD

EAD+P—EAD
7 dAD(LSB)=1: EAD—1—EAD EAD+P~1—EAD
dAD—RR :

10 Hbii 5 o0 E 3. 45 FEHAL T 8 3 1) opfim b hhiey HAR 5 16 & ) EAD: 7—F-TFL A LR: % Al
EFT 5. GDC W TORET I L ZHERF, fiimm ) mZEbr gl S dAD: FvF-TFL2Z RR: 4 al#z
nar—mIc i x 22 e T, TPV 2AHMT 2 P: KFHEHET FL A&
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HOT FLv 22 EWT 5, CPU »HBBBEBNFMZREL 2
1%, ISERICIE GDC ASET L) ZACiE-> TRy b2k

/T
NZAN

l
11 EREEOB, X HENZEEEE oy A TREIT 5, YV #
BN IS AR 2 W T 5 &, YV LRI 5, Kl )
% 180 BEET S L, BRA (@D F v M) T Y EEMEDHIL
MDD, V772 TIck > CRIBETE 2

WCHEEFMmAREH T 5, K11 oEEEE TlE, CPU X AM
“2" 2525, BIMIHTET FL REER, —ROIC 37
WERINHLELEDSEET FL AT 5,
TEE-FRHBVRLF/TT7 74 v 7REE—FRETT
57 4 v 7 AW E T VE, Fo b - T FLZ (dAD) 3
oy bz Z7BELTEEL, KA > F (PS) DHRhEITHEH
ENd, Py PRAOT FL ZHBERZAETHY, »¥XF—> -
LY A (PTN) 2T 2 0Fa—F22nd g 2 €
—2RBTF L w5 TH S, 1272, REPLACE 4 & 4 #
D F ey MEEEREIZES SN T B, SUTHMEECIE, K121
BT k912, dAD 241" DB v MG 2IEERTT— 7 (Bt
BAE)—HE) L PTN 7—2icx L THHEIES T 5,
dAD WX MASK 2= Fick» T, K129 & 5 iCEEH

LSB MSB

| EmT—s

FovbeT7FLA
(dAD)

73 g — 5 (PTN)

HA > 5 (PS)

fgiE€— F(MOD)

loooooo00000000 0fi

1BIERT— 2

Koy b -TFLA
(dAD)

[tT1 111111111111 235 — i (PTN)

L ___1 ®vsmS
(CLEAR) f5iE € — I (MOD)

LSB 1/0 MSB
| tsERIT—

L

| tsEmT—s

O] Fob-TFra
(dAD)

ft1 110111 1 afffr 111 1] sr—simeErNn
P T 1 ®1>5(PS)
e e e e e e ——————— J

fEIE€— F(MOD)

LSB MSB
' | sEiT—s

1BIE®RT— %

Fob-7FLz
(dAD)

reF— iR (PTN)

b 1 ®4>7(PS)
(SET) {53 € — F (MOD)

B12 XFE—FEoOFy MEFHE, Fyb-TFLZ-LZZ2ZdADY “1” Oy MEHIET 2T —FICOAMEEEMZ 5. KA

I OBREITERIND
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WCERETE D, B2, XFE—FTCRXFRUFEL v Mot
T5HE b2 A 7BIES LA/ T4 P oYB i &Iz, 72,
7274v7 - E—FRICIX, £Ev }F%E “1" EL16F v b
FEEEZ TG A ) —DEE 7 ) Th EICHNTH 5,
72747 - E—FRTH->TH, dAD » MSB (most sig-
nificant bit) & LSB (least significant bit) #%#i= “1" THh
b2y, 7— FHALTHET FLv ZAGHHETHN0LS (K3 ZH),

SYNC a=> FOHE1/37 A —F Tl3EIEE— FRENIZ
miz, DIZN 7v oy v FiEEE, 1134 > 5 v —2EkfEE,

Fi3falis 4 2> 7n@ER%475, F£2 1" CHRET L L, K
Fp rvREDFREEMMIcoABBBEZE-TOT, £
RIC7 7 vakhklhn, 2720, FRBIIC L HEE %479
“F=0"DHAI1C T, FE b L - falins T4 1/5E L 7%«
L, 2T A—FUBOEET Ty P R—F, %y 7 R—F

 BE7LIVXLONE

FAIEBZRCRT #2757 4 v 7 %8B CHEHKLHIK
wEERWET A2 3, 1EESU EOFEELFOBE A€
—iMLC Ey FENTT—ZBEZMZ 52 L #HKT 5,

- KFEREICHL TUIE » P EAL, EEAEICH L TZELERE
ey s iz Torsa ki, Fuv b 2iEL, RROEE
2, ToOBYEAE) —%HALL TRTT S, TR, ERPH
K7 XIS EYIERET 2T e V&L NT, TNEBETF
DEREDF Y FELTEBLEFLYT 272612, MEHKER
TALPOMEZR T EULENHD (AP 11 ZH), Zh
RERT L —HME LR, Hor LOBBEEMAT -7V
ZHAEL T %, HENBEICH-> TT—7NVBROTEE
TEL AP LT 2 FETH S, L L, MERR

AL ENET EEENEL, HEL (LW,

HERSE % 1 E 28 51213, AREADEL KD L ks —%F
HETH D, @%, KEZREEEHACOWTRDEF Y M
Pis 4 THR X BB L 2 H° 5, %)5—750) A ST 2,
Bl 11 »fICiE, XSGR 1" $OBB L 2%2's Y #
BEEET 5, X2BOLHERELNERERIELE LD T,
IR AU EAT 5 Z LIC & ) BEEEAE N 5, &
#13 0.5 ERELINICINE 5, L72h%-> T, BEESBFICNT
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EFREOACE/EEEPYE SRS L O RRHIE 2 ERT 5. 2015
D ATERE 2 70y 7, EEBGREY 1 AR TESR
T& 5N T, NTSC(National Television System Committee)
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