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To provide a transistor having a high on-state current. A semiconductor device includes a first insulator
containing excess oxygen, a first oxide semiconductor over the first insulator, a second oxide semiconductor
over the first oxide semiconductor, a first conductor and a second conductor which are over the second oxide
semiconductor and are separated from each other, a third oxide semiconductor in contact with side surfaces
of the first oxide semiconductor, a top surface and side surfaces of the second oxide semiconductor, a top
surface of the first conductor, and a top surface of the second conductor, a second insulator over the third
oxide semiconductor, and a third conductor facing a top surface and side surfaces of the second oxide
semiconductor with the second insulator and the third oxide semiconductor therebetween. The first oxide

semiconductor has a higher oxygen-transmitting property than the third oxide semiconductor.
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EFH BB ot # £ £ ( RBS:Rutherford Backscattering
Spectrometry ) Al Z K H -

[0061] z0[E 1B Frsm » FEHG 406b &Y [ 22 & F 18
416a L HER 416b BEfiF - Lot - sJLLHBEER 404 BV E
ZREBESREFER 406 (FHEERNESEERFEE
W) E R BB surrounded channel ( s-channel ) %
) -’ ARAEFER 406b FVEE (bulk) KA
i@ o f£ s-channel & > JUFEARERABETELSHEN
BBk mAE BT URSEERNER -

[0062] N PGB S HBEMR » HI s-channel &
BAULLRZESRMELCTHNERBNEE - GEMEL
THESEENIEHBEETLEESEKERSEE - f
WMo EBEEREAHBEERE®RES 40om MUT o BEER
30nm LT E—FE R 20om DL THESR  THESEBAR
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EHBEETERMES 40nm U T » TS 30om U T @ #
— %t B 20nm Bl 69 B -

[0063] EFE 'l BEREEZEEEEZBOMWHR
Bloh o kMM (REESEERFERER - £ EE s
BRADOHNS) RHEEGEELYBRRY K G EEY
BHTOES (FEEBRNEBEH) BEE (B HE R
REBEB) ZRIMIER - B4 £ EESBED > &
EEF—EEMANERTHRABEGHE - 8> —EE S
BB EEEABARAE —WE Bit > EARHES
o BEEEREVRBENERTHNE—EME - B AE -
BAERTHE -

[0064] Blin - BEEEEISEMEE T > LEge
(REBEBENHRER  ELER S ER AN
) BREIEE G E B A B R Y A A B P A R S
BOREANGRANER - B4 E-EERBET > BE
HEAFEBER TR —EAHE B> —EESBY
BEEEABFABREL—EE - Wit > GEAREET - &
EEAERVREBENERTHE—EE  BAE - B4
BT E -

[0065] B4h - RBESBUEH  EHEELBR
FRENBRTOBEEEE (TERATKNBEETRE)
FERESENREERTOBASEE (TEREANE L
BEE) (PO GEEUBEHNESET > A
ReEEumEEEREANESBOREEF N8 LY

&
Tﬁd
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BEREE FIMFAAERBERE -0 EEAFMAERXT
BEBRNEERT  AHPREFXEBAE SN EEE K
MEEPIARPREFERFEATHNEEESRNLLES - £ 1t
BAT BERILPAREEENEINBERERNNKRE
IR R EBBERE -

[0066] EFEFIIBEHENERET  ARHEUEH
BEARGHAERNBERER - fl0 > HTREREGE
BEXRNRAERE HBE—ER%X HEANFEBRBOERK -
Nt > &FEREAFAARA EER - & 2L IE E [ E T A
BERE

[0067] W2 EXBHHEFT  FRHEEZRHWHR
B HHFRFEREEAMBERESNE R IR KR HEK K
HENBINRENIIBE LN EERERL ' BEEBER
& (SCW : Surrounded Channel Width) ” o fL4p » F AR
HEP EHEHR S BEEE"RN  ERHEREERE
ARERIELNBERE HEF > - EARFEF > THE
WMERBERER > ARRXTERNEEERE - TE -
HHENGHE TEM ERELEZEZGETINE > T
AEBERE BEAE BRANWBEREE  -HBELNAE
BEEE ESBEREZENME -

[0068] 4h > EFHHFEKRKGERBOIG N H R
NEBEAEEENEREERN  FHECHBESEBEEEE
B -AUEBAT BXGHEERAERERAEXNNEE
REFERKENHE -
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[0069] St » ol LAY EH E# 413 it J0 bk JF & & 1
EBENERSLEFGEGENERMEESRGNERERE
EFRASNEBEFEEH - flo FHEESRNVEREER
EAEZEE ARINERFRGERLS OV hEmERE &R
K RIFZENRE (BEMARE) BVE BMEA ( normally-
off) - FE G MMBIEEE 413 WEEBRTRTE > X
A EEE FEHRMBEEE 413 WEBRTENERT -
e UEZEHERN EHREEER 413 EHE -

[0070] TH »SRATHRFEE 406a FEHE 406D
REHEHBE 406c ENELYFERNER - T8 £AR
HEY  NATRREBE=ZFTE&ZNETER  EFHAHF
b “EHAREMBERPRAAE LE-10°LL EH 10°L
THRE - Rib > hBEZABEA-S°ULEH SCBLTHMR
& o B “REFT"RENKERTE RO AE R -30°8
EH 30°LATHYRAE - Bhoh > “EHEEEWKEERKNAE
B 80°LLEH 100°L THHRE -Hit  tEFEZAES
85°LLEH 95U THIMRE - B4 “RBEEE’EEWHKE
WIPRHIAER 60°M £ H 120°LL FHYARBE -

[0071]

(B LM FEBHEE)

THRHALLCUFEEBENWEE -

[0072] &t EERE T HEERSALY F ERIE
BERELLWEER  EFRFEEZRELYFERSA CAAC-
OS ( C-Axis Aligned Crystalline Oxide Semiconductor @ ¢
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MERESELYIER) SEELWHER  HMEE
Tt EBRUREZELYEERE -

[0073]) REMBEER r KW FERBE I RIESR
ftYFEBNEREELYIER FLEEE1LYWESE
BEEEKECYWFEME  CAAC-OS ZE &L EBU
&S LYW+EBSE -

[0074]

(CAAC-0S)

B ¥ CAAC-0S ETHBH - 8 > UK
CAAC-0S T & E 7B CANC ( C-Axis Aligned nanocrystals
PeiicERAE) WELYEER -

[0075] CAAC-0S ZEB &% c i mN&E &8 (1
BAEBEN) NEtW+LtERBZ— -

[0076] A A FEAXNE FEMHE (TEM:
Transmission Electron Microscope) B Z 18 |/ #y CAAC-
OS WHRSGSTRERFABENESI»IMEE (LBRE
B E TEM £&) > BEINSZEFENL - A 0 £ 58
g TEM 4%  BZAFNBEMNEF N ZEANEENEB
st > Bl & 5* ( grain boundary) - HE > BB E CAAC-
OSH  AEZHERRNREANEFrBHENER

[0077] T m » HFA A TEM BZH CAAC-0S ETH
HeB3NATHRARBEETRELAEN AEBRERSIHN
CAAC-OS E HNEMTE TEM & - JIBXE R ERK
1IE ( Spherical Aberration Corrector) IHEEH 2| & & th &
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TEM & - B ARKAGERENEMBSINSBENE
TEM E& 55 fEAE Cs RESHEME TEM 2% - flam
DEAHABEFHRAGHBUENEFENESNEE T E
% 88 JEM-ARM200F £5 5 Cs RIES#®ITE TEM £ £ -

[0078] B 31B RHEHE 31A FHEEK (1) RKH
Cs RIEEEMITE TEM £& - HE 31B =] DL 38 3 /£ B
TEBRERTFHIAER ZEBREFEEARBTEK
CAAC-OS ErmE (thiBH#EakiE ) ¢ CAAC-0S M TH
B LM ELLLFEITHR CAAC-OS BI# Ak | 3¢ T8 |
B 5 = HEA -

[0079] %01 31B fr~m » CAAC-OS EERENRFH
5 - 31C BLUEHYHENUFANEFHINE - £ E
31B fiE 31C T H > —EHBEMARKST A Inm L EH 3nm
UTEE BHENEBENHENERREENZEBEROAOR TR
0.8nm £ 4 « Bt - o U HEUEHRAKE (nc:
nanocrystal)

[0080] 7E It ' 1R Cs RIESHEMNE TEM £6 » &
E MK 5120 - f9 CAAC-OS B9fH L 5100 UMD B - 2 & #h &
TREEEEARERNSE (2BE 31D) - £H 31C F
BEINEENEBEN >MEAENNXSMEERE 31D
FiR BV @3 5161 -

[0081] 2A THRABEENEABEN T BB E
i 5189 CAAC-0S W¥EHK Cs RESHERE TEM £
# - [E 32B- B 32C f1E 32D SRl HKE 32A &
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(1) ~ B (2) B (3) WA Cs RIESBENE
TEM £ 1% - HE 32B- & 32C M1E 32D FJAIEFEN+ &
BREFHIIBA=AFERK DNAERIXAAEBEERK B &
FAENENZHESBRE FOBET EEHRENK

[0082] # % > MEHEAFH X HHEEH (XRD: X-Ray
Diffraction) £ E £ T2 M8y CAAC-0S - i - & F H
out-of-plane A7 #T & & InGaZnO, & & H CAAC-0S &
BE > ME 33AFim ) EHEHA (20) & 31°HARESH
RiEgE  -dHRZEEKRIEFER nGaZnO, & &/ (009) @& -
ML FI % CAAC-OS P& H AR c #icmM > W H c &
HEABREEREVREXNIREN A -

[0083] ¥ & > EF|F out-of-plane A4 %1 CAAC-0OS
ISR » BRT 205K 3IHIAMEELS > BARRE 205
36°fT T Bt HHIR WEE - 20/ 36°Kf M A& R CAAC-
OS M —H2BEFEEF ¢c IR EMENESR - BED
2 ' M A out-of-plane A4 #f#Y CAAC-0OS & E+F »
£ 20K 1My HIREEME 208 36°K A F A HRE
& -

[0084] S—HH ' EFARKBEEN ¢c BN H
i X 848 A B F 4 KM in-plane 3£ 5 #f CAAC-OS 4 1&
B > & 20K S6°Hf A B MR EME - ZEHEKER
InGaZnO, 45 & #) (110) B - £ CAAC-0S = » EI{E ¥ 20
ElER S AN EURATDN EZGREE i (o8 ) HEHE
BREANRGTETON (¢FHE) - WWE 33B Frm iyl
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BEZ AT HAENEHE - Btk T > & InGaZnO, B B &
SV ERES > £ 20T B S6°K T KRBT OF
B > W@ 33C TR EEEREREER (110) @
& SHEANEEHE - Rk > BFEH XRD (W& B~
LIRERE Bl CAAC-OS H#y a Ei 70 b 8 AY BC (@178 B M &E %

[0085] # % > SRAFAB TFEHET W H CAAC-

Se Bldl - E¥HBEAE InGaZnO4 &5 &Y CAAC-0S £ E 17
REAEMNFELELAFERER 300nm 9 E F 448 - 74
TESE SAFTHNESNEE (LBHREEEBRETEY
BE) EZEFBEBEPTEEELEAER InGaZnO, & & 1
(009) ERYBER: - Kt - HE FHEH T4 CAAC-0S Fy
BENENUER c#iidmt  TH c#EHEAMNERENK
ERESRIEENITE - 55— HE > B 52B & W HHEE /K
AEEENBEAEBN HE LAFERSE 300nm 89 E F &
B ESABEE - BE S2BEZIRRNEHEZE - ALt >
HE FEHNTTHM CAAC-OS FTEEMEMNA a 8B b &
AEEREE - TUERBE S2B FHNE-—BEAR
InGaZnO, 45 & # (010) @A (100) EZE - B4 » 7 LU

e E S2BHRE —RBERK (110) @FH -

[0086] 554h » CAAC-0S Bt % E KAV & L% ¥
B St IFrERNBRANAFERNEENGRE - &
BRFEE - HE - A CAAC-OS BEMEREMENSAL
MYtEBHERFBONELWFEERE -

[0087] BENELYEERVEETE ARG HE T
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fEHRETFHELER - B KREVWFERINEARBEE K
FRAEBTFREMRNRNFESMKAETHER

[0088] L4 MEREREYWFEBEBHN X E K 77 U
SR EUE CRCVNBEEBETRESE - flyw > #
SNBSS HLEBRECWFEENEBETLERNYETE
CENSLYFERITNE  AHETAEEWFERNE
THY  BEEKUETE B4 HEREBEXNBEEFNES
B & Z&SEREFANETHFE (HTFFEE) X AU
FHAELYFERNETHY  EZEEETRE -

[0089] BRfEEEER (RERED ) WEILYWFER
JLERBRBRTEE HEBENEtYTFERERASEE
AERBELSEAEARAENE LY FER - CAAC-08 By
MERENGRRBEEZEER - B2 H - CAAC-08 F 5 K
HFEEUAEAENEELSEEAENELAFERE - B
I A CAAC-OS HEERBERIVEFEBFREENER
M (ROPERERR) - SHEAENREELSEEALRE
WELEWFERBNEHTREHD  SKELCLDFERBNTHTE
HEENETFERESHEIEHEER  LTHAEGEE
ERAKESE Nt FHEERESHREEEESH
sEtMFERNEEREARERUEARE - B2 - EH
CAAC-OSHVEZEERNEESH I NETEK.S -

[0090] B &GV CAAC-OA B THEE KN
StV ER  UHENS  HFEEIJURER 8x
10" /em® » & f K& 1x10"/em® > F £ KK B Ix
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10'%cm® B 1x107%/ecm’ DL E - BEBNE LWL EBBA
SHELFTENEELEAEARAENREYWFERL - CAAC-
OS A BERENHFBEAREEM - B) » CAAC-0S 7 LL:K =2
EARBRENBENELYEER -

[0091] HH® CAAC-OS WL RE & B K » FTA RN
WHEMEROBT RO BRIEERSE - Bt £F
CAAC-OS HEEZBTF ERNATREAREIN AN RBRE N
BEHHENEE N -

[0092]

(MEEEFER)

EESRUIMAELYFER -

[0093] EWEEKLVEESRBNSHENE TEM &+
FREMNEZIGERTNEBENEEAIAENE RHTNE
B o WMBEELYEEBFREENEEMOIRTAEZ A 1nm
PAEH 100nm BAFEL Inm L EH 10nm LR - LEZE » #
BaRTE Inm L EH 10nm A FE Inm L EH 3nm 2}
THMENRKENELDFERBES nc-0S (
nanocrystalline Oxide Semiconductor : RKE | LY £ &
) o flw o /£ nc-OS (NEMME TEM £8 9% » HIFE
EHBEWEHEINER - FEBE - RAEZHNKRER 7] 48 M
CAAC-0OS K AEE - At > TEHAEKHE nc-0S HV4&
en BN FE Ry RE AL o

[0094] f£ nc-OS & » fg/NayE&E (B4 1om LI ER
10nm L P ER > B HE lom M EH 3nm ML FH&E)
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B E TSI B BEYE o B4 nc-0S £ BB R 2
MEZFIERTENEEE Rt THEETIBEF
SR A - Ll A nc-0S EX S A BIESE
LM a2 - Pl SFAAEHLESLENA
B X 5438 XRD #£ & # B out-of-plane j£ ¥} nc-0S # 17
ERSFE > BRUFTHRAEETOEE - EERERR
thEE R A (BI40 0 Sonm B E) BIEFHGY nc-0S #A
EFaN (EEEFEH) B BEIENLEEENS
HEE - B—FE - EE R R G B RS E RN
HBETHGEY nc-0S BEFSKRETFEHE > BEIHR
2o S0 nc-OS MEKRETEHEER T AREE
BMEEBEN (BRN) RESNES - WA > £ nc-
0S EKAEFEHEET  FHEEHEIBROES
PO B9 %5 {8 BE B -

[0095) 40 » HREEH (BKE) ZHE & EM
MEEHREE MUt TLUE nc-0S BAEE RANC
( Random Aligned nanocrystals : #EHEE B RHK & ) I &
(L#) ¥ HE s 4 NANC ( Non-Aligned nanocrystals : #&
REASKE) OaE‘LLom .

[0096] nc-0S EHEEMLFELE LY L EBSTHEL
W4 EE o HHE o nc-0S W BET LIS &Ly ¥ u
B - H2 0 nc-0S P AEMER > HBEF 5 &8
BE [ B35 A& M o FF B0 0 nc-OS HIBRMARE B B th CAAC-OS

-
r—J‘-_-’ 0
=]
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[0097]
(ERELWMFEER)

ME SHHAFEEKLYEERE -

[0098] FEEMIEREZEFTHNEFHINZAER
BEAEEEEENELYFERE  -H—-EHAFAEEAU
FEFENREEEBNELCYELER -

[0099] HERAELCLMFERNSHENE TEM 2HF
mEBZHERS -

[0100] fE{# A§ XRD FEE# H out-of-plane J& ¥ JF &
SEEMIEBETEBINE  RAUAFIRTE & EOE
B HFHHIESELYWIrERETEFEFE  BEI X
EE HAHIEEELYFIrERETSAREFENETE B
ZRFEMAEEZINAEEE -

[0101] RARN FmEBESERE - P14 » AR E
FHII T2 EREENERBBE AT 2 NWIFRZE R
( completely amorphous structure ) - i A Kk 2] & # &
EFHEXFNE_BARTHEEEREE  HAEFREE
EEFNEEBLREEERE Rt REREBIESE -
BEERBMEAERFHRINBREENRAEYFERL AR
ERAFEZELYWEER ZVPAEBEREFEFNVELD
TERELAIERELCLYEERE At AR EAE &I -
Bl 40 K BE# CAAC-OS Ml nc-OS A IEHE S LY F HEiE N
TENERECLWFER -

[0102]
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(amorphous-like &L F E12)

AR CEEUFERARFREANN nc-0S B 3EE H 1
MIEERZENEE HRAEAEENEBENELYWEERS
¥f 51 # & amorphous-like & L% ¥ E 8 ( a-like OS :
amorphous-like Oxide Semiconductor) o

[0103] #£ a-like OS N E @M E TEM & b FRE
ZEZER (void) »~ 54 EEMEME TEM 2&H - F
EHNHENERIEETNERNAEEZRIEETNE
i -

[0104] B a-like OS & ZEH - IUHGEHERR
T > B THHE CAAC-0S K nc-0S L a-like OS EFH R
BRENEE  TEHRHEFRAFMERNEEBEL -

[0105] F R ETE FRHENKELX - £H a-like OS
(A A) >nc-OS (A B) f1 CAAC-OS (A& C) -
FEEAELE In-Ga-Zn 1% -

[0106] B % @ G EBEANSHEMESE TEM ¥
& BHEENMESED TEM 24980 SEELERNEFTSE
da BP e

[0107] A E » WTHAEFLERBERL S ELH—BE
emad o Bl EH InGaZnO, EE&EMNENEKEFGE=
{8 In-O @A /N{E Ga-Zn-O BHY 9 EERE c $hJTm L UUE
MEBHGERE EBEUEFHETNENERHE (009) @O
mERERERE (LELE JEH) B FHEEN  HE2EHE
SWMKEEEE 029nm - HEL > FTLAH & ELNME
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B 0.28nm L EH 0.30nm BL FTHHD B InGaZnO, & &

oo FEEBRAHER InGaZnO, & HEHY a-b | -
[0108] B S3 R FET BB ANESEH (22 ®H o

E 45 HHy) WFEHRTHPF - T8 G&ZBRTH

EREEEBGFEAORE - B 53 7 > £ a-like OS

h @RFRBETFNEERAEZFER - FREM S
WE 53 #67 (1) Fim > TRAEFMA TEM B ZHER
ThI12mm EENEEB (LB AVHEZ) T EERBEY
25 4.2x10% /nm’ A EE 2.6nm £45 - B—FE 0 A
Al nc-OS Ml CAAC-0S EHGBETRHEHFAETFTNERER
HER 42x10%/nm’ WEHEBERN  LSEENWRITHLEE
b - BHEEM S > WE 53 $# (2) & (3) fim» A&
WBEBTFNEBBHEWM > nc-0S & CAAC-0S W4
EER~TEH SR E l.4nom £EAEA K 2.1nm £ 745

[0109] Wt » AR E FRHGIE a-like OS P HY & &
HHER - B—HE > JHIE nc-OS {1 CAAC-OS o » £
PTREETRHAMGIENEEBNER - WHER » a-
like OS 1 CAAC-OS K nc-OS HLEEF AR B ENEE -

[0110] BE4h » HIRX a-like OS BEZERE  IUNEEE
tE nc-OS & CAAC-OS {& - E 82 H# > a-like OSHEE B E
FEHEBEEANEZS&LYFERDN 78.6% L £ H /R
92.3% - nc-OS B E K CAAC-OS I HEE B E B MHE 4K
E SEYEEBEN 923% EBE/KR 100% - 2 & »
BUOPREZEEIMNRERELCLYIEERNTREN 18%HNE

795450 -32.-



1666770

LmEEg -

[0111] iz » IR FEEE M B In:Ga:Zn=1:1:1 B9 &
ttEREd  EEZETRLAEEBNES InGaZn0, N E
Bk 6357g/em’® - B Mt > Bl - HEEFHEIEEEZ
In:Ga:Zn=1:1:1 VR IELWF EREF > a-like OS WEE &
5.0g/cm’ PLE B /N 5.9g/ecm’ - E4b o Bl 0 IR F B
WE In:Ga:Zn=1:1:1 WELYWELEE D > nc-0S WHEE M
CAAC-OS I B E & 5.9g/cm® Bl F B /N 6.3g/cm? -

[0112] B - ARAGFEHEHKOVE S - LE -
HMEOLERLIESEHRAENEESLYEER » 72U
B EHEERFAENERNESRELYEEBNEE -
1 98 4 B R ) B9 B &% B 4L b 1 66 B O MR O 9 5B M AR
RAFENHEHRANEES LY P EBNEEZENYT - X E >
REMMIURKIPAEENESEL I ERNER K
EEE -

[0113] W LAt - EIELMWALEBEELEEBRE
BRME IR StV ErERFAOTUREEREEEZELY
FEHE - a-like OS - YEELHFERBM CAAC-08 F 1
WiEL EBBE R -

[0114] LA ERFTANFER 406a - X EHE 406b K ¥
HES 406c ENELYWFERBONVEE -

[0115] T2 - RATHRFLERE 406a - ¥ HE
406b kr ¥ HEG 406c TN FHBHWEMBREER -

[0116] F EHE 406b IR B ERNNELYEER -
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Bl > EEER 4060 B HBEFBRHR (BEFE
HE) BERS - LI FEE 4060 BEKFBLETE
Me TEMBEELRSE & #XBHF - -FLHETHETE M
MEMTE AW - - 8k - 8 -~ 88 - 8% - 84 - ¢ - 36 -
o #8488 -2 - 8B5F - FE CMEFATE M FERW
AUlEESELRITE - TE M AURHENEHESD
TE - LE MBURHENRBESNAN TR - HF
TE MPINZEAEKREEYWEERENREENINENT
E o s FERB 4060 RERKRCEHF  c EELYLER
BafERn ARSES&ET -

[0117] A& > FHHE 406b FEENRSEHNE LY
FERE o FHE 406b PIMIE T UZHFH ALY HEH S
tYMEFEBEHEEEH BNINELYELERE -

[0118] fE B ¥ E B 406b - o PAfEHAER K&
¥ oo XEE 406b HVERBIME 2.5¢V U EH 4.2¢V MU
T o #ER 2.8¢VEIEH 38 VEUT »  FER3eVIUER
3.5¢eVLLTE »

[0119] Bl » FEBE 406a RFEHE 406c 2 HFE K
FEB 4060 WHEZIINTE P —BU LW EL £
RO EEWFERE - RAEFER 406a k¥ EHE 406c HIF
KEEE 406b R ZIINNTETH—BEU LW EIN L
W MUAEGEFER 406a B FEE 406b 7y /) [ DA
K EEE 4060 B L B 406c N AR KN HAEFE -

[0120] ¥ EHfS 406a FEHF 406b k¥ HAZ 406c £
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ERzEILEBEH - S/ EFER 4062 F In-M-Zn F 1k
MABERT & Infl MBJER K 100atomic%iF » & £ 89
& ' In B{EF S50atomic% > M B K 50atomic% @ &FEH
2 In B{ER 25atomic% * M & K 75atomic% - ft4h >
FEHERE 4060 2 In-M-Zn & HERLT > £ Inf1 M HY
4 M K 100atomicn B » M E B & ' In &K X R®
25atomic% ° M B E R 75atomic% > BENE ' In BAR
34atomic% * M A {K X 66atomic% o (L4 » fFF B 406¢
& In-M-Zn £/ HERLT > & In 1 M B4R &
100atomic%bfF » {EAMZE ' In H{E K 50atomic% * M & K
P> 50atomic% » EENZ  In H{EH 25atomic% * M B K
Y 75atomic% o 4 0 FEEE 406c U] DAGE B EEE
406a HEI N EHN &Y -

[0121] fERFEHR 406b FRHEEFHEU N AR EEHE
A2 406a ¥ EHES 406c W E LY - fl0 - FRFEHFE 4060
ERHOTSILLY  ZELEYHNEFRMWOLEFER 406a
KFEEF 406c K 0.07¢eV DA EH 1.3eV UT » REAK
0.1eV L EH 0.7¢eV LT » EER K 0.15¢V JLEH 0.4eV
UT -8 EFHENNIREZEBNETEZENEE
o

[0122] X E r #HESKLCYNEFRO NN HEHE
EHE - EHit > ¥ER 406c BEAEBSHEELY - &
HFHEE X [Ga/ (In+Ga) 1Hl &1 B 70%LL F > BESR 80%
LE - BEERE IO% L -
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[0123] phBF » BN FHER - AlEFEHRE 406a -
FER 406b FIF HEE 406c ETPHNEFHRM I AN FEEB
406b £ LA & E

[0124] SATRHHERE 2 FrmAYBI 42 E1-E2 /Y
BE 75 B - SA T EZEREPE (€ A& “vacuum level”) -~ &
EHWEFTENREZ (LA EBc”) UMREFHE (A
“Ev”) -

[0125] Rt - AR EFER 406a HEHE 406b 2
FMEAFER 406a IF HA 406b RS &K - 54 A
BFEFER 406b BELFHEG 406c ZE R B FEHE 406b M
FEHE 406c HEAEH - REEBNNMTEEEERE -
Rt - FEFEFE 4062 FEHE 406b [ F EHEG 406c B E
BOETES  |JEBZHEHONNE KN E N TGS & &M
B (LB AEEES) -

[0126] LftFF » EFABEFEE 406a K FHE 406¢
b EFEAEFEPE 4060 P E (2HWE 3B) o W EFR

 FEHBEFER 406a HFHE 406b B9/ H B #Y I
BHEE - FEHR 4060 L HE 406c NNHENNHEE
B FELERE 406b PUIHEFBEHAIEREKD - WA
DREeEESENERER

[0127] BBV Y HEFBHNERER » HEHRSE
mMENEABRER -0 HEREVHETITBHINERDNIE
MT Gt RUOE 4A IR EFSREHBE - A
WMo WE 4B IR EEMEEMNMBRANBEL T %

Ff—f
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S EFHEE B -

[0128]) At A THRESEZBNBEBRER » flw
FHERE 406 NEEHNEE (HPRKE > T A5FEB
406a ) HY lumxlpm B FE A #3395 | ( RMS @ Root-
Mean-Square) K E AE P Ilnm > B EBER 0.6nm - &
fEREKN 0.5nm> #E—HFE RBREK 0.4nm - BIF - F o
H lpmxlpm WHEEBE AN FHEREHEEE (LE 5 Ra) &
RN Inm- BEAEEPL 0.6nm- FEAEKK 0.5nm - #E —
SERBMBEF 0.4nm - BIF « H lumxlpm AYE B AN & K
SEZE (LER P-V) BER 10nm: &# KK 9nm
EERMEP 8om > E—FFE KEK 7nm- RMS HEEE
RaPlR P-VEILFERFEHABEE TEFRAKRE (SII Nano
Technology) AR AT HENFHE S EHM K SPA-500 &
HE -

[0129] =X %E - i > W0E 4C FAIr"BAEERKRE & E
WERFTHNGREEEESNER T ER LB FBR NG
B%%o

[0130] #l4n » ¥ EAE 406b EF K &iba (L Bk
“Vor) NEER T » AR ELE S E A% S R IMmE L #
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EEREANER - B SHRENTEEEANERLS
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BERBEE 402 PHBREKBEEE 4062 BBF ¥
B 406D MIJTES - HLUE > KW 406a MERBEEEE

BUNE (FECBEXREENE)

[0132] S EHMMERE S RLBEE 402 52 5 # 3l
ABIEEME 406a 7 - B EAEBHFHREELN L LS
4062 PIEFrHRNHEESRATERL - LHEB 406a 1
FERE NETFCEMMRES > SEBESRS - i
Sho Bl (EHBE 4060 HEBRNESEBLERS
SEBBMBEBNERT > LHB 4060 WERAAFEE
EoERENE -

[0133] TFE > B ¥ W 406a 5 In-Ga-Zn & 1L 55 1
GRS BBV GETRS

[0134] FEEH T EKKE In-Ga-Zn EALYHILE & Py
EERBRE (£) BEBWERE - GHED > FHRER
ETHEARWTEELES —FEEFEHE VASP ( Vienna
ab-initio simulation package)  EE »fEEZT R » FH
GGA-PBE- B4 » I FH KB ILERRE R 400eV - [
4h > #& B PAW ( Projector Augmented Wave : #& & & i
B AEHNBEETNUM ARG EER D -

[0135] f£ bt » fEB 34 F7 7R 69 In-Ga-Zn S ALY 69 & &
b HEHBRHE (£) CESBE |- BHBEE 2 B
BREINEBBRIZDBERS LGS S ES -
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{8 EHAS 406b PR A EE - Rt » FEE 406b WEE
oA BEEREKR B EEE 4060 HE - HEEHIR
SERBENERER -flM - FEBE 406b EFEHEE A
20nm DL E > BER 40nm LLE > EELE 60nm DL £ #F—
SER 100nm L ENEHET - FE > FERBEENE
EXRFRHGTRE RE - fla FEE 4060 EFHEE
F 300nm BLF > ®ER 200nm AT - BES 150nm LLF
HY & 35 Bl =] -

[0144] 4 BTREEEENERER » ¥ EHHE
406c WE E M /NEE - a1 » ¥ EHEE 406c EFHEE S
R 10om - BER Sam PLF » EE S 3nm LT § E 5 A
iem—HE:> FEHKE 406c BEAMHEBHREMNEB&E
MEZIATE (G BWE) BARRKEREN ¥ E8E
406b FHYThAE - AL - ¥ ER 406c KEREAFA —ERE
MER - fla » FERB 406c EFAHEE SR 0.3nm L L
WESE Inm LE - F4EE 2om D EHNERKET - B4 o
HTHAIGEEEE 402 ER NN E @B > B8
406c REREFHESENHEE -
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KRB XERBEENEERTEE TR U ¥XER 406a
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£/ 80nm DL FHYE BRI -

[0146] Bl417F F EH A 4060b B HE 406a 2R A
B Z KRBT E S M E (SIMS : Secondary lon Mass
Spectrometry) B E AW B E BE KN 1x10 atoms/cm’ > &
E B ER 5x10"%atoms/cm® > FE BE P 2x10'%atoms/cm’
FIEIK - BE4h > EEFEHE 406b EE EH G 406c L[ B A #
B SIMS B E MW EE BEN 1x10%atoms/cm’ > 8 £ & K
B 5x10'%atoms/ecm® - F £ & & K 2x10'%atoms/cm’ B &
Ik

[0147] Bt > R THBREEER 4060 NERE » B fE
BREKEER 406a R L EHE 406c NERBE - F EHHE 406a
B ¥ ER 406c EAFFH SIMS BEIHNARE R 2x
102%toms/cm® BLF » 8k E B 5x10"atoms/em® LT » F{#
B 1x10"atoms/cm® LT » #E— % {E B 5x10'%atoms/cm’ L
THEE - b4 BT RHREFEER 4060 E"J%f}%fg - B fE
B S (E L EEE 406a B L B 406c WA EE - L E R 406a
B ¥ EHE 406c HAHEH SIMS REIMNARE RER
5x10"atoms/cm® » B {E B 5x10'%atoms/cm’ LT > EE 5
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Y B i -
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RATEFER 406a L - FEHE 406a T ~ FEHHE 406¢
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H- HFEHR/EEEBHNED S (H2HH) -

[0150] Z & - HER 416a (H/KEERE 416b) N E
b—Ey (L) MEHE 4060 TFEHEBHNERT - @
B THFEHXR/KEEBOEDL —H9 (N2H) #F@H -
> HERM 416a (H/REEHE 416b) WE DL —H 5 (K
2H) BYXEM 4060 EXHENEL—H S (H2H)
-

[0151] B(E » EERM 416a (H/KREBEBER 416b) WE
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EEE -
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oo BHFE > HERE 416a (H/KEBERE 416b) WED —
(2 ) REEFER 4060 EXHBNEL — o
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[0153] =#& » BER 416a (HN/ K EER 416b) NN E
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[0154] 3% - HER 416a (K/KBEHRG 416b) NWE
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H--flEm FEE/kREEBNEDL—HBs (NEH) &
£ BE - HER 416a (/R EEHR 416b) WE D —
My (REeH) REEFER 406b FFERHNED—F
g (&8 BFRLTT -

[0155] =& » EEM 416a (H/KEER 416b) (NE
h—8a (HEMW) REEFER 406b TFHEHR
H- -fEm EE/EREEBNEDL—8S (HEdH) L
J7 o W E - HER 4l16a (H/REER 416b) WED — K
S (H28) REEFER 406b EXHBHNEL -2
(=8 ) LT -
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HEEENEEREN - FABEBER > FlO T8 T
WHEN  GAHER ETLEN ZEELBEEE (K
ZEEEERSE) - HEZRS - FlH - Fhrrupa
R TUBHEBCERAY SR LBER  NE
ML - B WEE B ELEERELESH
ROEEWEEBERS - T H > BT USBEAE itk
BERNSEEFBEBERNWEEEER > 0k SOI
( Silicon on Insulator; @K RB LEW ) ERE - (F 5 E
BREAE TUBHEBRER - 2BER - 245K - ¥
EHEERS NE TUBHBELBONALYME
o BEL2BONELYNERS BE > ETUSEESD
FEBHERGIENESREEAN REASERREYLE
WEEBER REAFLUBARNELENEEREERTS .
X AU EEEER LR B THOER - 5
EERERBRBEOTE  TUBHEETHE - TETHE -
DI f - BT RBTES -

[0157] BLoh - {5 B B4R 400 4 BT BA(F FH 4 1% 2 4R -
B EREBUEREBSBEEREN S E > LT LB Y
MTHE: EREEEMENERLPRELB % 5
EEBTMEZESSBEBIBEEERNER 400 £ - F 1
BERT BEACFAEEEMWEREESE YL E 4
BB o UL AN 0 fEB AR 400 ] LA (E DA S 44 0 E
Foo HMBRESE - B4 £iK 400 T NATHEYE - K
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H 300pm UTFHER - FHAGER 400 Bl AHE - 7L
ERFEBEENKRE.L -S4 FHBEER 400 BKE
HONFEEFEAEEENEATELAREEA B EMENE
FEEmMRUBEREREROEROEE - AL - 7L
SNRNEXEMEN 400 LI EREETINEHEESE -
Bl e R —RENAMSNFrERBEE -

[0158] fE R @M AERANEIR 400 GO LIEMHE
B-a¢ B HHEXNHEEEF  BEHEEROVENR 400
MGEEFEGERE RBEMSENER RS ME
FIUABEEN - EREEERIENR 400 flAFEH KK
BWHEEGE R 1x10%K LT ~ 5x107°%/K LA T8 1x107°/K LA
THMBEET - fERBE  AlOTLBEDERE - FEE -
i (ERE - PREZEEES) ~ EECkK - FREE -
REBEESE  LHEESFTERZFEEORMER R GHBTRE
R ERBEEERNEROGOBERER T EREIER -

[0159] fEREBEEHE 413 PINTLEREEW - & »
S & W - B -8 8k - 8% - g~ 85 - 3R - 8@ - 8
§% - 80 - s~ fH - 47 R -8R - - HAMSHSFHH-EIULE
MEERPREEXNEE - il WELUERES LT
ZHNEe&RtEY BUUFERABEEENEER @2
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FHNEER Bk ENEER  E2a# HRED
ZBER - B2unkENEERSE -

[0160] fERE%®E 402 Pl LUERB S -~ % -
-FH & # 8w W B & % 8 8-
B BNENEBEERTHREENEE - B4 B
e 402 LN IEafE&tY ALV EEEENESL
B

[0161] & &% A 402 WA LAEFEH EHEEREMR 400
FREAHIThEE - 54 EF B 406b HRELW L EBNE
M B&de 402 AR BEEFERE 406b ftEFA I
RE °

[0162] fFREER 416a R EER 416b > Bl A LU{E
AESW S-S & - B - 88 88 88 - 88 - 8 -
SR8 B & - 80 - #5 - 8H - 87 - R - - 85 - EHAK
T -BU L EERBEXRERBRERE - il > HEUE
AEestiltiENeceXbteyw BUUERAEaENH
ERE - HelRkRNEER SR ENEER 84
W BRENEERE  BEHRKENEERE -

[0163] {ER@E&EE 412 DI UFERAEBEW - K -
fH E - -HE-8B W B & 85 2
PR HHENEEBYREREREE -

[0164] {EREBER 404 PN UERBEW - & -
&AW - B 82 8K 88 8- 85 - 82 - 8 - B
% - 8~ 85~ $H - 87 - SR -8R - 85 - RSB —FEU L
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WEHERBPVRERBNERE - flW > o UEMAES LT
ZHNEERtEY BYEACcsEZNEEERE 220
R EEE S3@flkEaNWNEER  E23# GREH
HER HBaksWEBRE -

[0165] fEA@4&HE 408 BIMTJLAER G W ~ i
S F & -8B W & & & ¥ 8
# o M N ENEGEPREEXNERE - E4& 8
408 mEAEHEBE&LHE - S&8EY > LW - &1t
% - 81bdl - fMb#E - EEH - S > S HEALE
WEGETRERXNEE -

[0166] fER@E&KER 418 PN TLLERE =W - &
S & F 8| W B & & -8 $# - 8
Bt W - B HNENELEPREEXNBE - E& %
418 MEAFERHESERLYREREYNEBEELRKERE
HBE -

[0167] X8 @ HAKEE 1A FIE 1B P rRETHERE
ERANE—HBESNEER 44 FTHERE_HBER
MEER 43 EERNP T BEEREFFHH —EF
MERBNEBEBARERNLE - 610 WE SA Fron > H]
UIRABER 404 HEER 43 EBNERE - FHRAE
fEEE HEBIINEERIABHEHEEAENEL - B
KoM RESESREHRBEE - =& WE SB Fim - W
HJLUAERFEEER 413 -

[0168] 554 » 6A ZBERENHEEN—@H T -
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B 6B ;R4 B FERE 6A WIE B4 B1-B2 K B &4 B3-B4
WEEEN—@EHF - B4 FEBE 6A & BT HER
R 4B —SCEREZNBLES -

[0169] Z4h Bl 7TA RERBHWHKEEN— @6 F -
B 7B R EERE TA BB G C1-C2 REBIH C3-C4
NEEEN—EHF - -S4 FE 7A b FTHIEIRL
R 2B SEHERNEZNREEE -

[0170] 54 Bl SA REEZBEBNINEEN — @B F -
B 8B m"HHENE SA EE 4 DI-D2 K E &4 D3-D4
NEHBEN—@EHF - B4 B 8A - B T HER
R EFB-LEBEREZNEBEESE -

[0171) X% > BEAKEE 1A 1@ 1B P rRETHEES
WEBHE 1A hEEE 406c BEHE 412 REEE 404
BEEMHENER BREZz AFERAIEENE 1B $ Lit
SENBEAREOMF ERERBASHN—E AW
ESHEOEETBERNL - fla WE 6A NHEERE
6B%%Eﬁﬁﬂ’mﬂuﬁﬁﬁ%ﬂﬁﬁﬁﬁiﬁﬁ#
S 4060 BB 412 R E - WE A WHRE R
UL BEEERENBEPRKERREFAENERNT H
AREFER 406c WHUBZEZ L ER 406c WHARE
BEEaRNBEROBLXERER 412 B4 £EH 7B 1
HEEYT > FERE 406c EFIRMEEBEER 404 BEHME
oo BE  E A WIHREMR Lo UNEBEEERE
NMBEEFTHKEBEREFAENESZN AAREFXEHE 406c
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F@&a 412 Lot FE 8B WWEIEEF » FEHAE 406¢c
KEGRE 4122 EAmELLEER 404 ZEHNE H -

[0172] #FHEEZRLEAE 6A KE 6B B 7A R HE
7B B EE 8A KE 8B FrnMVAHE » A o LAIFE(E LB F
His 406c EGR 412 VREAFHWARER - B > 7T
fEEEZBHEEE M (off-state current) - 4 B 5
FERGE 412 Y EE 406c WEZGd >  FEEGHERE
fFREER 404 FILEER 404 FERENEH - F
A ESEERGURFSIENESENFERE  #®
MEALSEmRUEYLHEEEE - BS54 HRFERE
ENxEEBIRS  MUZERREANRERERSG
¥ #J LSI ( Large Scale Integration : K EIfFHE B K ) ;|
VLSI ( Very Large Scale Integration : 8 & % 7% B2 B 8 )
FHEEER -

[0173] 554b - A BEE&BE N EE /Y — EFF -
9B mH B ERNE 9A AUBLEI4R FI1-F2 KRB HI4 F3-F4
NEEBEN—BHF - 54 EE 9A F - KT HHEIE
R 4B -—SCBREENELRT -

[0174] LA EE 1A MIE 1B EPRETREREMHE
REBEBREEBEBRNEELR 416a R EER 4160 B HF
FMHREROEERE 404 EENEHNERE  BEE2RELSR
B —E AN ESENEELSARRRILE - flw > WE
OA fiE 9B Frm > h Al DIAREEER 416a REEFR
416b HIEER 404 EEHNEE - BHXHEEEHE © &
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[0175] S4h 3B HEEER 416a REER 416b K
HEER 404 58 > HER 416a HHER 416b ZHNE
fRERGHES - L EEZENERBERARFISE /)
DUEBEEAMABEREKZENE - flo FEE®R 416a (HE
B 416b) BT 404 ZHAMEBEE/NET - fld > &
HER 416a (HER 416b) HHEBER 404 ZHENERS
E R Opm L EH 1lpm AT > & A Opm L EH 0.5um B
T EESE Oum ML EHR 02um MUTF > #—HER Opm B
£H 0.lpm BLF -

[0176] B & » EML N EER 416a (HEEHR 416b)
HER 404 T FEHE 406b H/RFHE 4062 T
KEMHEEE 4232 (EKEBEFH@E B 423b) BIT - B4 > KE
PHEE I 423a REBHEER 4230 RGN EFTEHEFEE
tE £ E A8 406b /K FEHFE 406 WEMEBRSHNER -
E > KRBEEH 423a REEHERK 423b 2 E B HL &
BRELLFEE 406b H/RFHE 406a HNEMEH SN
B3 - HKE - KREHEE 4232 R{EFEMEEIK 423b 55 &
BEHBFBHRIEFER 406b /K FEEHE 406a 09 H
EREHEE - EEHEE 423a REEHEE K 423b §l@
ALLEHGEER 404 HER 416a- HER 416b £F
fEEELW ¥+ HEE 406b W/ RFHB 406a FMBEERFY
o
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[0177] S4b > e LA{EEEHR 416a (HEEFHR 416b)
Bl ER 404 ZRIMERSBENAEULNREER 4162 ( FH
TS 4lob) BHEER 404 ZEHF EHE 4060 /R FEHE
406a P v BB H &5 423a (R EH &, 423b) -

[0178] 55 4b - 10A 2 & & fe 0y ¥ 18 & 59 — & #
F - 10B /R W FE R B 10A BB &I 48 G1-G2 K B &l 4
G3-GAW B EEHN—EBHF - 54 FE 10AH - B TEH
AR 2B —LEBREEZONELESE -

[0179] BATE 1A 1B 1B EF T HERGE
BREEBEMAEERE 416a R EELE 416b £33} H 58
406b MIEEERME - B4 8 402 NEHEHEEBOGE F
BEERBAZLHN —EFANEEBNEBERARBRNLIL -
Bl4n - @@ 10A FOE 10B Fim > A LASR A EE R 416a
BB 416b EFH L EHR 406bMIHEEBOIEE -

[0180] S 4h > 1@ 10B Fiom > th I AIER G EE 418
FEAEBRGE 428- B4 48 RNELBHEE A FHNSE
G B FREGRE 428 FIWALIEREE W -
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$2 - 8% - -t BHEENBEEREXERNEE -
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EE T FHEEREHE -
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fg 428 EAMOM U UEEHZMAOWMEEER 416a
BB 4242 EEHE - B &R 428 EAHMEAD
B WA LAREBRZMAOEEEER 416b BB ER 4240 B
HE Ul CHLLEZIFROERNSHNEFEHER 426a
& EER 426b -

[0183] fER BB 424a R HE R 424b > B 40 77 LU &
AEasl 5 S & W B - 55 - 8k 88 8 8
BB B - 80 85 80 0 87 - 3R 8 - 85 - SHAES
TH—RBULELNBEERPRERKEE - fl40 - Lo UF
AEaLtdtENGENtew EYUERESENE
EE HelksfWEER S GENEER 88
W RENEER  H3RRENEERE -

[0184] F£[E 10A F[E 10B iV E RS »r BER
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406b I ES A B HHBER 416a R EER 4160 [H
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BTHESER 416a R EER 4160 ELTHE - B2 ' B
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[0185] 55 4b » 1A 2 EESEENNEEBELN — @& BF
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HBER 4B -—ULUEREZNEBEEBSE

[0186] & 11A FME 11B Frx » &S0 5 DUER A
FEEEERE 416a R EHEH 416b HEEHE 42060 R EE
B 4260 B Y E AR 406b MO ERE - LK KELKELE
B8 406b /R FEHE 406a NEVHEER 4260 R H BB
4260 A EHBEMREMMERG B 423a (K EH & 5
423b) - REBMHE K 423a KK EHE B 423b Fl a1 9] D #
MG EER 404 SHEEZS N H L EE 4060 (/K ¥ Hi
406a RNINFEBRERK - Hob» LA UEFERE 406b 7Y Fl
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(EEBEHE 1 WEREFX)

BETER HHE 1A 1B 1B Fr e E & BEAY & & 5%
AT -

[0188] B 5t » £ E M| 400 -

[0189] # ¥ > BB A EER 413 WEEE - LB
HER 413 NEERBTUEHBHNE LC2EENHE
( CVD : Chemical Vapor Deposition) % - 4 F H & &
( MBE : Molecular Beam Epitaxy ) % - & & & & ) &
( PLD : Pulsed Laser Deposition) % ~ [HE F & Jl & %
( ALD : Atomic Layer Deposition) EE B K -

[0190] X8 » CVD ZEZH U2 E AR B EHNEHF
CVD ( PECVD : Plasma Enhanced CVD) % & F| A & 1y 24
CVD ( TCVD : Thermal CVD) %% - % » CVD % # B/
MEBEEHANERE > REE CVD (MCVD : Metal CVD)
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HEmENE -HRH CVD X EHBH  FTUTELE
EHREG RMILUESRHBEERIDOE -
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[0193] #E » HEK KAEER 413 WEEZEREN — I &
# 17 B 20 SR B A8 413 |
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402 WTEE FHEALN BN - EHEGBGE 402 (IEE FH
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B CMP AHWEELYWBENETEST FELEE - 4
RBLHEEERNFEESLCYENERE® 12nm £46 A% L
FEHFHRAHEBEES 0.2nm LT -

[0404] HEZ > FEEMA AR Sonm By g o (@
A In-Ga-Zn &% (In:Ga:Zn=1:3:4[[R F& L)) LM ¥
REEE - FZF ETHRESENGEGEBROT  EHREEA
100°C ~ 200C ~ 250C 3 300C s S /R EBELEXR[0,/ ( O,+ATr
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B 0.5kW o
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[0410] ft4h » E(I3H)F W AR 0 WEEHE LY
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[%& 2]
RRRE SRR BRARE [nm]

bR as-depo 350°C  400°C  450°C
100°C 33% 2.2 4.4 7.3 124
200°C 33% 2.9 3.6 5.8 8.7
250°C 33% 2.9 3.9 4.8 8.7
300°C 33% 2.9 2.9 4.8 7.7
200°C 11% 1.8 3.6 54 9.6
200°C 33% 2.4 3.0 4.8 7.8
200°C 50% 2.4 3.0 3.6 7.2
200°C 100% 2.4 3.0 4.2 6.0
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BEE]) EMEREERELER 406b 09 EHME - LI B
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ENBEEEEENEER 404 L4 0 £ In-Ga-Zn &
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SRETNHEGER Ve ZEUE#HRTIEAMER Vg H MU
MEERRKBER Id W FEAHB MEEEEERNKRERK
Y B R (Ve-VId 8 )P > R A &K A E Y] &4 i
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FRRE +GBT -GBT
W/L EE# | AVth[V] AShift [V]| AVth[V]  AShift [V]
11% 0.49 0.46 0.12 0.13
W lum 33% 0.45 0.47 0.12 0.08
L0.45um 500, 0.51 0.56 0.17 0.13
100% 0.49 0.47 0.17 0.08
11% 0.16 0.17 -0.01 -0.01
W 10um 33% 0.20 0.19 0.01 -0.01
L045pm 500, 0.20 0.21 -0.06 -0.04
100% 0.21 0.22 -0.06 -0.03
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[0449] A T HaEfE: * BHEEP RK(I34)KHVERE
EERE > g ENIDRAQAID T EHRE EE > HIEA
RMEGIERS -

[ 5% 5% B9 ]

[0450]
400 : B 1R
402 : B % RS
404 : HE
406a @ ¥ 38
406b @ ¥ E §

795450 -120 -



1666770

406¢

408 :
412 :
413 :
416a :
416b :
418 :
423a :
4230
42434 :
4240 :
426a :
426D :
428 :
500 :
502 :
504 :
506a :
506b :
506c¢ :
508 :
512
513

516a

795450

1
B 1%
B 1%
8 A
A
4 A
B 1%

HERE
HEBRE
HER
HE
8%
R

B 4% fe
HER
FEE
FEE
+E B
G R
BGg R
HE K
C HER

{& 2 [H & 5
& & [H & =%

-121 -



1666770

518 :
600 :
604 :
606a :
606D :
606¢c :
612 :
613 :
616a :
6160 :
618 :
620 :
800 :
801 :
802 :
803 :
804 :
805 :
806 :
807 :
808 :
809 : j
810 :

516b :

795450

5B
€ 4% e
B R
SR
HER
HEE
HE R
SERC
RF 1Z %
{3 28
K 4R

i 4% (5 5%
R &R
BN E B
5 B & B
R EE R

{14
W

g

@H n” 4
O
& &
R OY

?lLl]
i
i
il
oe

-122 -



1666770

811
901 :
902 :
903 :
904 :
905
906 :
907 :
908 :
911
912 :
913 :
914 :
915 :
916 :
921 :
922
923 ¢
924 :
931 :
932 :
933
941
942 :

795450

ROM

s 7%

A 7

B R &
7 R 5
%5 R
%2
& fF 58
= 2
I 7%

S 7%

# Bh
BN B
# % 5
i {F 98
Sh 7
N
9 8
mEEE
Ih 7
7 E P
< R EFT
I 7

Ih R

-123 -



1666770

943 :
944 :
945 :
946 :
951 :
952 :
953 :
954 :
1189 :
1190 :
1191 :
1192 :
1193 :
1194 :
1195 :
1196 :
1197 :
1198 :
1199 :
1200 :
1201 :
1202 :
1203 :
1204 :

795450

BN B

B A1F
il

# 7% 5

E

N

& R )

¥&
ROM 7 @&
2=

ALU

ALU #% #l] 5
5 < B2 25
o B % A S8
B 7 3% il 28
HFes

Y 725 1% 28
b it 7k
ROM

ac 18 T
T

B

e 5

B B

- 124 -



1666770

1206 : #& &8 jT (4
1207 : EETH
1208 : A T
1209 : & & 58
1210 : B8 & 88
1213 : % & 8
1214 : & & 8
1220 : B
2100 : & &8
2200 : B & B
2201 B4
2202 HEE
2203 ¢ HEE
2204 : B4R
2205 HE S
2206 : EE R

2207 : B4 B8

2208 : B4 BB
2211 ¥ HBEIR
2212 BE B
2213 [ 1 B R

2214 - WM E KK

2215 @ R iR & I &Rk R &
3001 : fffi 43

795450 -125 -



1666770

3002 :
3003 :
3004 :
3005 :
3200 :
3300 -
3400 :
4000 -
5000 :
5001 :
5002 :
5003 :
5004 :
5010 :
5012 :
5013 :
5014 :
5016 :
5017 -
5018 :
5019
5020 :
5021 :

5022 :

795450

BAE T
RF & %

R

& & &R

i 1t 4% 5 B) | S
i i 4% BE B B
{5 5% 4% BE 8) | B8
B A i 4R

[ R i 4R

[ ik i 4%

K R
G

E & A

R & 7T 1F

R & TT 5

& &

BH B & & e

BE B 8 & A2

-126 -



1666770

5023 :
5024 :
5025
5026 :
5027 ¢
5028 :
5120 ¢
5161 :
8000
8001 :
8002 :
8003 :
8004 :
8005 :
8006 -
8007 :
8008 :
8009 :
8010 :
8011 :

795450

B E T
%ot T
{3 7t &
i Tt 4R
A & fi
£ 1R

& 3K
B~ iR
&
TE
FPC

i 1% T R
FPC
BT
=t E T
p e

fE 28

EN il 2B & 1R
&t

- 127 -



. 2EA

1666770

W EREEEESR ¢ 103143320
MEGEH 1 103412 11 H MIPC 43 :

(B2 ] (P X/EEX)
FERERE

Semiconductor device
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X ]

To provide a transistor having a high on-state current. A semiconductor
device includes a first insulator containing excess oxygen, a first oxide semiconductor
over the first insulator, a second oxide semiconductor over the first oxide semiconductor,
a first conductor and a second conductor which are over the second oxide
semiconductor and are separated from each other, a third oxide semiconductor in
contact with side surfaces of the first oxide semiconductor, a top surface and side
surfaces of the second oxide semiconductor, a top surface of the first conductor, and a
top surface of the second conductor, a second insulator over the third oxide
semiconductor, and a third conductor facing a top surface and side surfaces of the
second oxide semiconductor with the second insulator and the third oxide
semiconductor therebetween. The first oxide semiconductor has a higher

oxygen-transmitting property than the third oxide semiconductor.
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REfE EBUEZR R[1/sec]
[eV] 350°C 450°C
B | 050 9.0x10° 3.3x10°
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B3 0.53 5.2x10° 2.0x10°

BRIP4 0.56 3.0x108 1.3x10°
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