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Abstract For the first time, an entire CPU has been successfully fabricated on a glass
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substrate suitable for LCD mass

production. By using the advanced CG-Silicon Thin Film Transistor (TFT) process, with a maximum processing temperature

5500C, it was possible to use Corning 1737 glass as the substrate. The fabricated 8-bit CPU contains approximately 13,000

TFTs, and occupies an area of 169 mm square. The CPU operates successfully in a system with a clock frequency of 3 MHz

and a supply voltage of 5V.
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Year 2002 2003 2005
Generation 1 Generation 2™ Generation 3" Generation
TFT Characteristics High Mobility Small Distribution Short-Channel TFTs
Mobility 200cm2/Vs 300cm2/Vs 400cm2/Vs
Design Rule 3um 1.5um 0.8um
Metalization Al wiring Multi-layer wiring Low-resistance wiring
Integrated Circuit Driver DAC, Amplifier, Controller, low-end CPU

Timing Generator

L EMLAREN
RAHBERLE TCG ¥ U Iy BRRKEME L,

ChiZvRAFAbERZBALTERTZ2DOTH S.

M EZED 2 EHICEI, a-SiTFTHRETE>T
XERMREZEANICHEET . HIE, ERIE
DEHBEBEREPTNTF - O EREBRRE
DOIWMERRE— KEHP, REEEN, 5684, &
i, SEE, SEBEREOBRMLEME, 20
FF, FVWE, Fa—rF v T LTV ATFLABBIZE

VIR ZENTES.

2B T XFLMERL OEB—-FI Vv T RTZE
DEMRTHELRZ2EREMERLIICTT. a-Sik
BFAATVADBERERA vF LEBEP SR DR
DARBHSRALIZERTERICH LT, BMRBHRD
WERSAN (RIEBRFSAN) 2EBLUERET 4
ATZVABERLEINhTCWE., ZhPHE—tRDT 2
FLBBTHD. RAB T TEEHBECREBEYIR
ZMEERRE o REFT AR TV, QR BELTVS.

WIZ, ReWBFSIN AP —=T7 2 —RABEBRL
VAT LMREE_MRLEZTHSE. BICHTX
FIEDATUN—IREIRPUTEERNRELETD S
NVESANZERLEBRES + X7V 1 DOEME 3)IC
BBLTHED, BEoHROI AT rBBEIHBEGEA
HsreEZD. 2008 EBEFCRIIERLENS.

IBIZEDRDAFT v 7T, RIA4ANLUNDRED
Mo YAHZHED D, Hild, 20~30MHz TOD
oY ZEMED, BOYAFAERI AL =D OLE
BEEZETHZLEEITVWS. TOEBERABRKDGER
TENE, BRI O —5DESUERER EDE
BLTEBLSIRD, FAATVL - h—RHP—
Fearra—ASoEMENRIGAERDY -KICER
TEERTWS. ’

TR, TCOXIRVATFLABEEERT 22014
BEREHEEIEARODTHEIP?2RINERT LD
o, YAFALOEIZ, TF TR L& RS
DEHFICH DL EZ2 2. TF THEORA LI LTI,
HEREoWwE (BHEOML) EHHELIEELRER
TH5.

a-Si Tk, ¥+ V)7 (BF) OBEEN 0.5-1cm’/Vs
ThHol-2 s, W~Btus BETHE T A Y
FERITZOPBERTH L. KERU VO
(Low-temperature Poly-Silicon: LPS) T i&, B &1 EH#
F~EH+ cm®Ns TH H, BERBEDSE MHz LT
DWE RS A NOEBLDTETHS. ThIEHLT
CG ¥V > Tk, 200-300cm?/Ns DIENE B L
TW5. CG ¥V avikx, MER2MAL RN
ThHh, VL—HY— - P2 VTERLELERS VO
> (LPS) KEAT, HEHPRKEWI L L, MNAH

TOHBEFUPHI>TVWBI LI XY, MOTEVWE

BEERTEEEMBTHE. £, L-Y— 7=
— VPRI DERFETEIRVOT, L—Y—- =
AINX—DEEBORERZITL I EPEL, FEEKY
Bl —MeaEEIBhTnsd., ThiZHLT
MMEIE, LS W LT I EBhTB DA LD
mhRkEN., S®IE, BMt~OPTO—-FIZ T4
FBBoOTWLTHES. ,

SEO 8w M CPU DRI, B TDER
BERICH), ZORBMEBER7DEXDENRHUE
TEEDHIZfToE. :

3. CPU &3

SMmaEst L CPU &, HEMHEIES Y b CISC
ot vy, 2800 THD. Z80®ik, Mlic7Oov s
KM% -3 &SI, ALU, Resister Array, Data Bus
Interface, Instruction Decoder, CPU Timing Control,
Address Logic and Buffer €070 v 7 5K h
3. X 21250~ HBHEMH L= CG Silicon TFT DER
BHEEPRT. M2EZARTORK, V'— & L=2um, 7' —
Mg W=8um O N F ¥ X )VE TFTBL TP F ¥ X)L
BMIFTOERRETH S, LEVWEEER, NFrx
JVEL TFT T Vthn=1V BEE, P F ¥ XNV TFT T
Vthp=-15VEE L LZoTW5b. =, A ERE LT,
N F % 3 L% TFT Tlk, 7 — b BIE Vgs=5V, KL A1
VBFE Vgs=1V B WVWT, 1d=f) 9.5pA/um, P F ¥ %

1 780®11 ¥ [H Zilog #H OB EEE T,

—124—



VB TFT ¢, ¥'— MBE Vgs=-5V, FL A VEF
Vgs=-1V IZ BN T, Id=# 4.0pA/um BESHE. D
L3 UBOERBESBFELNTVWE 28, BEEE 5V
DCPUBHSXLTEBETEDLEIONS.

System Data Bus

Data Bus Interface

Halt State
Memory Request Instruction
1/0 Request Register
ngad
rite
: $?“ 4 L
ming Instruction
Control t Decorder
Interrupt Request
Wait
Bus Request
Reset ALU

Vee
(L1

Register Array

S{stem
Clock

| Address Logic and Buffer ,

System Address Bus

M1 zsoedmZuow 7K

104 Vd=-5V  Vd=sSV T
10_5 '\\ k ‘/’}/’—
106 \\\ 0 4
W7 va=-1v Ny Al V=1V
~ 10° of
< 10° \\ ¥
= \\WE
10 U 7
101 :
12—k - ','
10'135 L - - ’l\ . N —
6 -4 2 0 2 4 6
Ves (V)

K2 CG¥Vary TFT DBEHRBN

M ED XS 7% CG Silicon ® TFT K2 HE 2 T,
CPU Dt EITo =, SREHXMBEER, L1 7 it
LS 70X DB BEELZHEMNHAT 22 EHAEET
HY, AZALOEBHRIFOBERZEETLE. HUik
7o AE3.0umCG UL IO RT, TFTON
—FREL=2um TH Z. K3 CPUDL 1 7 M
RERY. WFOSIHLRMWRET A A7V (1 LRI
Flexibie Print Circuit(FPC)Z i\ /=. CPU 2 7 D ¥ 4
ZXE# 18mm ATH D, FPC 2EHTH 20mm B L
RoTWwab.

4. i 1E
BENXANVT—HBRIZERILTCWE -2 )
1737 H 5 2 (EBEE 640°C) 2 HWT, 550°CLLF

D7OEXCHERToE. KIEOBEAUHIS 20D
HAR LI LCD 2 ERICEME L, BIEMERZ2TS. 2h
EoT, RO v I R2E0LT 1 X TV A BIERK
TEBZL2MWRLE. CPUHD TFT XYY Z LR
LAVEEEL, LCORADTFTIX LDD &L L.
BRI FERBE AV IERBELEP SR BHEH
DLCD 7ot X & FAkkRBRE2EMALE.

AT CPU HET D 2DOBMERRT. ERE L
TA—=2 7 1737 HSZ XMW, THEB X a-Si
% P-CVD (RIS X v EBRE L =%, &EME 25N
L, 550°CTHREBILEITVY, CG YV IVEERLE.
CDHBILIETD 550°CHSED CPURETD £

K3 CPUDLVA 7T

T

e st

X4 CG>YIAY TFT OWEKN

5 HEMECPUDHS AEKREH

—125—



ACBTI2BEEETHDL.Z0H, FYRX V-7,
P EEBEORE, VY- NEBOERK, V—XFV
A VEBOERZIBECIT> 2.V —AES A CHEEIE,
WAL EMNREBCBENRAF VEALTIDEREL
oo X5, HEROBRE, oV VHE, X5V
BEsoEREEICITY, CG Y VIV 2EEBLET S
TFT 28 1EL=. M4UHKELEY—ME L=2um @
TFTOWHE TEMEEZRT.

CH7OE XL oT CG Silicon TFT ZHWE X
FIVhr& 470 CPU BEMELE. KSIZEMELE
HOAERDEERZTT. TDOL S, CPUBEBHR
HOZAERECEREI A TWS., ZOERIIKREIH
542 F, BEXMB0.7mm OH T AERT, 1 ROER
FIZCPUFvTHEMEE, 224 0 FDOWERISFIVD
1HMA>TWS.

5. PR

ICFAE —2HAWVWTHEL ZCPUDF i 1T o 7.
X 6 & {EF v 7 DSHMOO-PLOTH 2R3 .
SHMOO-PLOTM & b, EFREESV, SMHzTDE){E %
MRS TEE. ¥ KBRSV - <
427032 ¥a—FTHBZ800DLSIF v 7L DL
BE2IRT. RERTLDIZZ800DLSIF v 7 & H#
BORWEEEERZRL, HEEBR TIEK40% DHISE
BITSZEDBTER. ThIXTFTHSOBETH 5 5,
TFTOREN NI BMERER L KEEENLICE
MLTW3eEILND. IBIC, Yy—TRHDIY
I TMZ-80Cy DY A /D70t BEMI TE
fex g, BAMICE, MMELEHS X LOCPUICHE
BRZVEO7LFY 7 VEREERREL, MZ-80CD
A7 070 YRERELTH > R40EFDIRY
ZiTERLE (KT) . ERICYREO/)NY VAT
EehEY—A - V7 N PREBPEEIEELD
%, ELE2REFIRBPBEDOYASA 7070V L
SELHMTEET R L HATEE.

g ?PPPPPFPPPPPPPFPPPFPPC‘PPPPPPPWPPP
6.000Y PFPPPPFPFFFPFPPPPPPPPPPPPPPPPPPPPPP .....

£.500% ‘”PPPPPPFPPPPPF’PPPPPPPPPPPPPPPPPPWPPPP“
5.600% PPPPPPPPPAPPRPREPPRFPPPPPPPPPPPPRPPPEPHY
B.200Y ?PPPPPPPPPPWPFPPPPPPPPE‘PWPPM’PFFPPPP,

RPPPPEP f

BLONHZICLK )

&) 28 G0 40

P=Pass .=Fail

6 HfEF v 7D SHMOO-PLOT X

£2 LSIFwTeHZA LD CPU LDLE

LS| CG-Silicon
Years 1980s 2002
Process 2.5um 3.0um(L=2.0um)
Supply 5V 5V
Threshold 0.5V/-0.5V 1.0V/-1.5V
Max. Freq. 2.5MHz 3.2MHz
Active 10mA@2.5Mhz | 3.0mA@1.25MHz
Currents )
Leak 10uA 10.8uA
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