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A novel semiconductor device with a transistor using an oxide semiconductor film, in which a conductive
film including Cu is used as a wiring or the like, is provided. The semiconductor device includes a first
insulating film, an oxide semiconductor over the first insulating film, a gate electrode overlapping the oxide
semiconductor with a gate insulating film positioned therebetween, a second insulating film in contact with
a side surface of the gate electrode, and a third insulating film in contact with a top surface of the gate
electrode. The gate electrode includes a Cu-X alloy film (X is Mn, Ni, Cr, Fe, Co, Mo, Ta, Ti, Zr, Mg, Ca,

or a mixture of two or more of these elements).
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Semiconductor device and method for manufacturing the same
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BHEHAYIHNEABE - TTEEM - il BENEE
MEREENMABRNE  -BENETUBEH 2 H HE
N - BENEEEESEBEANZEFEBHIEENSE BN
HESRER PN EY ESSHUER—& - #l0 > HHER
EGE BABENEZEGEGEERREEREEPREK
/_'gjl o

[0055]
(E 750 1)

EHEBEAANT ABH-—EBERITAXNZFEREEF
2EBARA -

[0056]
<IEREBEEERH>

FEIABRAZTH -BEHRAXNZFLEREE 100 By b
HE - -EEE 10l ERERETEZHEE - 55 1A H
R 4R AL-A2 JY) » B 1B - BaEAE 101 B E
BEEFEZEHBE - 5% 1ABTES A3-A4 ZH 1) > BER
RE ICEH - FEAESE IABEY » FEEBEE 100 Z— 5%
HHERTREEFEMEESRSA -

[0057] FREERERENE H Hla - &P IJFEKCE
i B TR R E AR )RR R OF i & 0K i E k) 2 R AV BE B
HbrEg(QETEES B I AR EERELERRE
MBIV HEBRERBELEES  NEREFTEREERRKESE
R LGEE THEEBY FTAEHENBEERERLM
H-#Esz —SELATEZB2BEREAEHE®E —

795572 -13-
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B Wit ZEXALHAETEERERE —EH &KE - &
MNE - RETEEPRE-BEFTHAFHEE -

[0058] MERWEHEANEZE » fl40 - H o F &M KEE
EHFTHLEAHT T RE  HPFERBEEFTEES
RESRHEEMREFER MBI )N MK E &KL E

 RREPEEPRNER FEE&ET  FEERERNE
HEERLMHEE B2 —EBFLATEEEZRERE
FEEeE—H Ak £4XARATEERTERE—HEH &
AE SN HETPEEPRE-ERFTHFHIE -

[0059] TEMBERZRBER  EHXHTEEEREP K
ZEBETHERE (UT HBAEAFUNEBERE) £ %15
MEFAEBRBEARERZELABZBERE (MT - ®B5A
B BERE) - #ld@ > £ — @R FE = 4 (three-
dimensiona)EWBZEE BT ARNBEREREARELZE
EHRERRZBEBERE STHEZEEXEFRLTA
FEHRRE - Bl E-EEE=Z4#EBIMELERE

i

i

T RRRFERBAREBIBEEESANEY  E£-LEFX

TERPERFERERAZCBEEBONEY  EEBER
7 N BEERPERERSIARNBERE AR LK E
FImZINBBERE -

[0060] E—EERF=—#E&HZEEET  FUAE
REE -SEBEXRTHUNE - fl0 - &% 5TE £E5HF R\
BREE LDAREFERANBRUOETH R EE—K -
AL - EFFEROPRWEEROENERT - REH®E

795572 , -14 -
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WwHEFMEERE
[0061] It » EAR\ETST > EEEEB LGET -

E-EERT S BEEEEREH P EYBNEGEME

BFHEEBEHR2HPREBAEGEELEHE S ZEERN
2 I3 4% % 38 & & (surrounded channel width » SCW) « Jif
4 ERRHEF > EHTPAFEERERE"HREEMEM
MERT LU RTBEBRETERNBERERE - 78
R » EARHEESR > CETHEBREEE "R EME
ARERT  —EBERTELITRREEFRNEERE - X8
EEEREWNE BEEE FUEEAEE - HNEEER
E BESEEZEESESETMUEEESA M E TEM
EGEEREE -

[0062] FEAEHFTEZEBLHRELT  EEZEEHE
BEEEERESEREHTEESN BHERBREHEREY
DRAZAE -TE@ERLT  EEAER—EEF—
ATERBEAEERUGAEMEENE -

[0063] FHEst®E 100 EABEREK 120 £ EM
110 E2 B & 101 HRE&E 120 L2 EGE 121, &
Lt ERES 131 %Dﬁuttmﬁl:?%ﬁfzﬁﬁﬂé 121 F 2 &
BB 132 MEEMoEHE Y R R 140 A
RBEMR 150 BEHRBET s Z2ELWFEER 133 FEik
T 140 IR M EMR 150 MEBEKE 160 BERILWF
B 133 MAMBEMR 170 E2HEEEH D - FEHREMK 140 &
sy~ RBEM 150 Moy~ ALY ¥ ER 133 5 5 M & E

795572 15 -
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103145517 % EE 1054 11 § 16 HEE

G 160 By ; B& MR 180 AR EMR 170 Z Al = H # 5
FEBEFMBGE 160 Mo B&E 181 EELKHE 180
EOUKEGE 182 EHEGEME T 170  HRE#BE - A
mEMSH 170 BFEHEER 171 PR & BRI IEF K
ZEHER 172 - FELYEER 131 S§MLYFER 132
SEYFERE IB3EABLEEALWELERE 130

[0064] FEE & 101 1 » EFEE 172 20 A+ Cu-
AERY  ZEEHEELTUEHEKEERMYE -4 Cu- Al
Au B Ag- B EEEMEBZEE  BEEEMBFEFAE X E
By Zibe - |

[0065] fFE &% 101 7 » ZFEFE 171 2/ B Cu-X
&4 M (X B Mo Ni~ Cr~ Fe> Co~ Mo~ Ta~ Ti~ Zr »
Mg Ca ELTEFPWEXRZENREEY) (LT - i
BH Cu-X & HEE) - il EFFE 171 LA A EE
Gz Cu-X g2HEREE Cu-X & 8ERERAASR
Itk - AL SB B EEHLELEEYW I EENHBRESEH -

[0066] B AHEHZ Cu-X éﬁ%ﬂ%@%ﬁi@ﬁﬁ@éﬁ@%ﬂ%
160 Fl4E & E 180 B o EEE 171 F - FH P FME &K
B O160 MIEEE 180 haFEANEERBRLT » £ Cu-X &
CHENE Cuv- XA EFHNELELE - X(X K Mn»
Ni- Cr-Fe- Co~ Mo~ Ta~ Ti~ Zr» Mg+ Ca B i & T &
B B B % (8 Y OR & Y0 B g RS ﬂﬁ%ffﬁ%éﬁ%ﬁ%Zﬁ
PR XBERAE - I > ;WA XBVELE > 4 Cu-
Ca-O ELYHERTUERMPERERZEE 171 IE&

795572 - 16 -
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B 180 Y AL R M EAE 171 AIMEE%E 160 28 - L
M AR RSB B L Cu-X &
CoEEE 17284 N Cu BELEEEIERLYE
ZHE 130 -

[0067] Fi41 » Cu-Mn & & MBEAREEHE 171 - &
Cu-Mn & HEMNEEE 171 TUES S MG ESM
160 R4 & B 180 55 % 1 -

[0068] Fi41 » Cu HEARMEE 172 - A LA (E
W CuE BREER 172 EMENLEBEEAS
W 165 7 4R TE R -

[0069] @[ 182 mfb B A HIBH S S M HE -
Rt BB E S 170 ¥ JH R B A 8 S 182 o] DU I
Co HHBEM 170 Y HEE®RE - B4 > SWELHE
MM RS 182 SLWBSE R E RS
W EEBELY S8 SEEEEURENDE
B BLMBSETNERRSALYESE - EELY
BUBEREBYE > TURAELEEE - GalEE
B S hEME - RALEEE - SLLEE BE(LK
W FL R - AR

[0070] E ok M & 171 71 172 £ % B MG B 170
MIE &M 182 W LR Cult A S S £ MM 1305
YR L AR EEGERY SR EEEET
DL B -

[0071] @& 120 AAHEEFE &  aFaz (e

795572 47 -
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WMREaBELZIEEAYWNE - BN &K 120857
frib| ~ KEMBEEREN 110 IR OTIE » R E&AKE
S ER 130 EENIIE - L4 EEFHMEEA
THBREEPEM 110 EZ2BERT - 8BGE 120 & F & E
LB E ( chemical mechanical polishing » CMP) %
E FHRABPFEEL - L4 EEPH-—HEMEELRE
AWERTEEZEEBZELT  B&E 12055 8H
Bl W& 110 EHRB S FEER 130 YIE -

[0072] fE @& 120 S ELEGES /LR -
S8 &1V - KELY - S8& - 1688 - &8 -
£1L85 - |18 - Eb# - |1és - KILEEEF S §1LY
BEEREELY - SV E&LY - §168E - EELEK
BFOY M EERaMB 2 ERITUEER -

[0073] @& PE 180 EFMHMRSE - & 2aF &1t E
MHEBEER LGNNI - REEZE 180 7 LIP5 (£ 1E
SILYEER 130 2 AN EHRNERRIITZa - KESE
EAZELYEER 1304 -

[0074] fERBE & 180 SEEWEGELEELE -
18 - |1W - EE LW - |1 - &L # - S -
f108k - £/ - f1bsk - &85 - EEEEE D §14Y
EEBEBAEELY  SLEWELEY - f4fH - & ER
MUY S AMELREeMBZEHETUEER -

[0075] FERALHEEERFHRERFEAEEE 120
REGE 180 REHIEE - & - AaFELEWREEE

795572 -18 -
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% 103145517 %% RE 1054 11 5 16 HEE
TLEVMEBEERENINE B Y ELTRKLLEWIHE
fEThRE B @My - Rtk > S/bsaEE T LA & HF L&
R BEEBCERUEEZLUERANRBRRIHEEALALY
FHRE 130- ELYFEER 130 THRIVNEBRREELSE

B2 RO TR 6 10 (0 T B TR AT DL R 1K B
BO121 ZIENEE A - WA 0 A SR EEE ST M
BHES L LEER

[0076] R > B LRI B B% B 120 FIE
SHE 1800 - KESEASE LY EEE 130 RERESR
(LM 130 BROETURNG  ESBEEEEE
o S BB A B T DUSR 4t -

[0077] SEFEAESE 1C B b » 5B EEE T 2 853
B MEEE 170 W G0N AL B 132 X A
Bl - Bl LT E &S EEEE RSN 1000m -
BN R R 60nm > FEM AR KSR 400m Z B R
TEBRENEAGCYLEEE 132 BEAMNESRE A
7o Hlh o REER - BWERH RS EEE LR EEE
S UREBEARSSASEBRLBERS M
BE AN o LB RCE W DL B M40 c KB % B A (normally-
off) BEUTUAINNEEAS NEEEE 2 ESE -
Rt > BRBHEERNES K

[0078] it — & M 77 3 2 % 28 8 45 B A K 4 41 A% T 1
7 T A AR -
[0079]

%{if

795572 -19 -
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<E #>

EM 110 ARBNEEZRFESY  RUEREFER
EMmEEBELNEZENEMN FHERXT  ERREZHEMKE
fix 170 ~ JRHE R 140 FIRMBREMHE 150 F 09— F e 8L |
MEEEMEERFE -

[0080]
<HEEEGFE>

G 12 BEARBEEREZS LYWL ER 130 UIhEE -
NEEBEEHN SB&E 121 REMABEFEENEEE - M
FEEMEBGE 121 heABEENEEEETEEES
REFLEZBAERSY - fl0 > @G&E 121 BbEIEYES%
FEHEBLEAZ2EEEHABRER T AP HER 1.0x 10"
atoms/cm® > B £E K P B HE B 3.0x10%° atoms/cm® 7E 2R
% M 3¢ 3% 22 (thermal desorption spectroscopy » TDS)4> #f
fe TEREARKNXAEZ SN PEERBNREERE£H
RPREER 100C KMV BER 700C » AR KER
100C MR R ER 500C - b4 > B4 E 121 WE[E B
A btz @& 120 ZFF1IE#EREM 110 EE A ID
BE ©

[0081] &R 121 ERBGBEUNELLWHE - § &
bW HE - fF8EWHEE - SR ELWHEE - S/ E
B S EE - S HEE S EHEE  fSLEE
= ?ﬁﬂ:ﬁﬂ%ﬁ% R AEEEHE - S/EEEE S EE
KELEEE HNENELEEERER S - &EH

795572 -20-
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% 103145517 5% RE 105 11 A 16 H{E1E

HREREBEEGEUSLY EE - 8L EE - §/4W
%:uﬂ:% IENELYWEESENEEE8GHEZHEE -

[0082]
<@L EE>

A E LYK B 130 WE G A In-Ga £E9 -~ In-
Zn §YWM In-M-Zn (M £R Ti- Ga~ Y~ Zr»
La- Ce~ Nd-~ Sn 5 Hf)- H A E > In-M-Zn LY (M &
;R Ti~ Ga~ Y~ Zr~ La~ Ce~ Nd-~ Sn B Hf) & & £ #, % &F
REBEALYLERE 130-

[0083] FEELWEEHM 130 ARFNEE In &
It¥ - EAYFEERB 130 FlAF LR Zn-Sn &Y Ga-
Sn & 1L4¥ -

[0084] E &/ FEE 130 & In-M-Zn F1L¥HE
(M %7 Ti~ Ga~ Y- Zr~ La-~ Ce~ Nd- Sn = Hf)# H B
EHEABRNER T  &EMARER In-M-Zn §E% 2
5&%@}5%@2@%%%5@}:@%&%@ InzM F Znz M- f§
BIL B ERBMZE£BTENRTFTLEE R
In:M:Zn=1:1:1 ~ In:M:Zn=1:1:1.2 & In:M:Zn=3:1:2 « ¥ =
EELLYWH+ER B0 2B TENE FLE# LABEEMN
Zﬁ%ﬁ:?ﬁ%tb%(b%ﬁ%MOV{’EJ‘%%‘%% °

[0085] # % - S EER 130 PEREEELY F
BE IBI-133 2R RESEE s B2 EFEEEE
THRH - B ABERHGESE ICEER C1-C2 54 ZER
EREHE - L FABRHERE 0l 2 BERREZEE

795572 _9q -
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wAEEE -
[0086] Ff% 4 B & » Ec121 -~ Ecl131 ~ Ec132 + Ecl133

I Ecl60 HRIAE@BLEE 121 SWE UM 131 S5

VEEE 132 SEMLWFEER 133 IFEMELKE 160 2 &
T #% (conduction band)E L EE -

[0087] JEpE - H Z= fE F& (vacuum level) 8 & B 77 & &
WEBRBE(ZELHEBERE " & F 8 M (electron affinity) ; )
HERBEEZRERTMEER (valence band)JHE Y 5E B %=
(2 th % 7% K j7 B BE (ionization potential)BRHERZH -
FEREBR A LLGE A £ %M E R % A = £ (spectroscopic
ellipsometer) (UT-300 ff HORIBA JOBIN YVON S.A.S.#l
E) KAE  NREZEBNEETESRNEEEZ T IUME
H & 4 2 B F f i 2 (ultraviolet photoelectron
spectroscopy » (UPS))# & (VersaProbe Hf ULVAC-PHI 2
HHEE)KRHAE - |

[0088] FEFEMHEAEF In:Ga:Zn=1:3:2 K FEL AV B 88
M EZ In-Ga-Zn KL E B RE 3.5 eVHER K& 4.5
eV WEFHRM - EHEEA In:Ga:Zn=1:3:4 FFIERTE
WM Z In-Ga-Zn EEYWEABA KLY 3.4 eV IR K
45 eVRNEFHMS - FHEAF In:Ga:Zn=1:3:6 FFLEW
WM PR Z In-Ga-Zn EYWEA KL 3.3 eV HER
K 4.5eVVETRMO - EHEE In:Ga:Zn=1:6:2 L F Lk
BEEM R Z In-Ga-Zn EEWEE KXY 3.9 eV B4
PRk 43 eVHIE THANN - FHBEH In:Ga:Zn=1:6:8 [ F

795572 -922-
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% 103145517 8 BB 1054 11 A 16 HEF

LB M E K 2 In-Ga-Zn §LWEE KLY 3.5 eVH
RERR K 4.4 eV HETFHEMS - F#HEFE In:Ga:Zn=1:6:10
HFHEOBEEMERY In-Ga-Zn §1WEE KL 3.5
eV WERK 45 ¢V WNEFHRNN - EHAEFA
In:Ga:Zn=1:1:1 R FEE WY B EM B K Z In-Ga-Zn £
EEFE KL 32 eVHIKER K 4.7 eVHNETEM T - #FHR
A In:Ga:Zn=3:1:2 EFILABEEM K Z In-Ga-Zn §
IEMEBERL 2.8 e VYRR K 5.0 VB FHMN -

[0089] HHM A& 121 MR MEBLE 160 RE K
> Bcl21 Al Bc160 L5 Ec131 [k Ec132 A1 Ec133 EHEF H
NS (RARANGEFEA ) |

[0090] [E4h » Ecl31 Et Ecl32 T EZTAM - 288
#f, > Ecl33 BRfEHL AL JAEE Ecl32 £ HZZ AR 0.05 eV %
BHoR ~0.07 eVEEKXK- 0.1 eVIEEKAK- I 0.15 eV HE
KE 2 eVHEN -1 eVEEEN-05eVEHEN 5 0.4
eV B E /N o

[0091] L4 » Ec133 th Ecl32 R EZEREMR - A
ML o> Ecl33 BfEH i AEL Ecl32 FM EHZ AP 0.05 eV %
B oK ~007 eVIEEKX 0.1 eVEHEKA- I 0.15 eV HHFH
KE 2 eVEE/N~1 eVIEE/N-05 eV I EH/N I 0.4
eV B B /N -

[0092] EE LW+ ER 131 NELYWHrER 132 Z
FHRNARAREECYEER 132 WELLYWEER 133 ZHW
AEHNWE PBPHREGE: A EEFTEHXNVEEEE

o

i
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% 103145517 88 BB 1054 11 § 16 HEIE

ek AR FELEFHEHLAERHRESR D ERKM
REEFLE -

[0093] Wit - EFFEZEBEEALAAETEH
HEBEEHLALYWFrER 28R - WAk IFEERT
REFENRELYFEER 131 MEL&E 121 2 H R E %

S+ ER I3BBNHBELEE 160 MV A T > FEMN
BEFAZEBETHNER - (LI AREEFERERERD
ERAEBRBREERELYEER 131 ALY EER 132
ZHEMNELYEEE 133 NS EER 132 2R
H> FERFTFHNEFEEIHTE  -Hih S50 EBLE
RUPLEREFLESK LY L EREEREEB2ELE 101
KER -

[0094]) T EHEHNHFEERGKE BB ARIE Et300
AEFKENE 4 BEFFRZIELELYWEXER 131 UE&GE
21 TEAENEEDFEER 133 IFEBEEE 160 2[4
WHAEHET > fAEYWFER 132 TURBEHAESBEHR
SILYEER BINELYELER 1330EFE -

[0095] Ept—EM 7 XFrat 2 EE& 8 101 - £ 8
BEHEHRFE > SfLEYFrEE 132 2 EXOMNAFREEAEAS G
MAERE 133 B RELYEER 132 2 EREHSAL
VA ER 131 #BEESE ICE) - £EBEAFAP > &1t
M+ ER 132HAEYFERE BIASKLELYFERS 133 4
B > HEERERERA R ETLLE— LD -

[0096] #XT » & Ecl3l f1 Ecl32 XMW EZEH

795572 - =24 -
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Ec133 fl Ecl32 MW EEEZ®R/NH » f§1LWFEER 132
CETHOBRBEEZINEBHARE  -HNEFHEHMNK
R ECRENAHEKEREEES  ERTES
#Z HY B R %8 B (threshold voltage) X IEF @ R % -

[0097] It » B{E M Ecl3l f Ecl32 TRWEE
ZK Ecl33 f1 EcI32 XM EEEZERENRES RN KE
A 0.1eV EEMARKNIER 0.15¢V FEBEFRL T - &£
ERBUEREENNET RV EERBTNERS BRFN
BRI -

[0098] & b¥p & 131 f1 133 B E —FHHEKR
S FER 12K EMEFTELER -

[0099] H RS/ ER 131 F 133 Fla - 7L
BERLEALWF+ER 132 BEFEFEZ&F Al- Ti-
Ga- Ge- Y-~ Zr~ Sn~ La~ Ce 5% Hf 894 - EBE R -
S EER 2B rReFERLEEBETRERUNRT
tE IS RBHRES REME 2EHES - EEME 3 £
B -t BrEZEAEhRBERTMAEEN LEZE
BESCWEEB T ELSNNE LRES  HBREES
L FER 1325 FEEHREL/CYWFEEH 131 1 133
B ELE -

[0100] B E&/AYWFER 131 FLYFER 132
MELWFLER 133 P —FLHLEFEDH - H#11 MM
B4 Al-~ Ti> Ga> Ge~ Y~ Zr~ Sn~ La~ Ce B Hf W&
B)ay In-M-Zn ELYE > S FER 131 EFH M

795572 _25 -
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% 103145517 5% RE 1054 11 H 16 HEE

FMgEZRERFESE xiyezo SEWFER 132 EFHA - M
FeEZRFEER xyzo MEALYEER 133 BEAH M
P ZIRFEER xsiysizao yi/xy Wl ys/xs FHE —F B EM
KF yalxa e yi/xi Kl ys/xs FINE—F R yo/xy 1.5 FEHE
% ~ BEM KT ya/x, DRERES - FEHAR yalxy 3 f&
HKEL  HFEEKE > § o ARREREE&LYWFEERE
132 F iy B BEEBIMNEESBENEREE - &K1
En3BRELRARN ' EEFEBZHNEBBRER
BB M o ANFY x2 34 -

[0101] HEHF ZnFI OREIEZEZFERLT » &1&
Y EEE 131 ISt FEER 13309 In VEEFl kR M 8Lt
Bl & /o3 BN 50 atomic% K R EEFER 50 atomic
9% ~ E{EHL 4 B/ 25 atomic®% B AN EHE N 75 atomic
% o 4N EHF Zn fl O REFIAZTEZHERT » &1k
Y EER 132 fY In BYEE GBI K M BY EE B & £E #5351 KR B¢
L 25 atomic9% K/NFY 75 atomic% - B Mo B KR
E A 34 atomic9% K /N 66 atomic9 o

[0102] &L F¥EER 131 MELYWEER 133 HE
Ea&ERRHER 3 nm R/AREFER 100nm ~ B4 H
AKREER 3 om R/ARHER 500m - EYFEER 132
MEERMREZER 3 om /AR HER 200nm - BEH K
AREER 3 nm fI/NREERR 100nm ~ FEM KRN HER
3 om FI/NREFER SOnm - L4 SALYEEE 132 &5
WERELYFEER 31 NKLCYWFERE 133 -

795572 96 -
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[0103] *BHTERABEHRIEE LY L EEPH
EEAEUFEE LY EBAAERARAE ZE& LYY
MEEREE TUEANRTESERBENERYE - FAE
TAREAE ENEEPELCYLEBBRTEEAR
1x10"/cm?® ~ & # # /N B 1x10"%/em® ~ FH £ H N B 1x
10 /cm’® B9 §R B& - |

[0104] EE (LWL EBT > FHEIETRTEZE
£ B WHEBTEARE - flu - ERNEWKGEE
MUBNBETFEE > RWEELULEBETRRIAY
B FAMEMERBEH  ETESLESBZER
B o Bh4h - BUEHRD S/ ERE 131 70 133 RELEY
EME AT EERE

[0105] B THE AW L EHBAEAERARAEE > 6

W EEYFERTEERERE LD FEREAERERL

WREE > ¥ - X FHEE S W (secondary ion mass
spectrometry > SIMS)JHl & » B/MRR 1x10" atoms/cm’® ~ B
BB H#h N Y 5x10'% atoms/em® - FE {E M /N 1x10'° atoms

m’ e LA BV IYEREEEREHELWFERR
HEEEHEREER/NARER 2x10*° atoms/cm’ ~ B £ H#
N BCE R 5x10'7 atoms/em® ~ B RN R R E R 12107
atoms/cm’ - B E E#H /R K E R 5x10'8 atoms/cm’> o [k
h o BT ERBAOEREEERE LY IFERELERZ
HOBE B /N 5x10"° atoms/cm® ~ B N A HER
5x10'% atoms/cm® > B EMH /TN K ER 1x10'® atoms/cm’ »

795572 -27 -
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FEOE AR N B B 5x10Y7 atoms/em® -

[0106] L EHK TXTF »r EMEYWFEERP Cu BER
e B /N E R 1x10'° atoms/em”’ -

[0107] ZFEF ALY L EREESBNIELT » &
NEESREYVHRZELD LTEBELESE TERKRE -
RTABRBELDELEEBNESE 0 L LEg
ERERENALYLERBRELEER I BRETENK
1x10"” atoms/cm® ~ & # /N 5x10'° atoms/em® PL K F
#/NHY 1x 10'° atoms/em® - L 4h - B0 0 B EEBEAE
HEZFEHELYWHEBELER 2 BRBE TE DR
1x10'? atoms/cm’ ~ & E# /N 5x10'% atoms/cm?® Bl & F 4
#r/N Y 1x10'° atoms/cm?® o

[0108] MM EFriir m @B R LYWL ERBERNBE
BREZE&EEERIEE KO E LR EE (off-state) B -

FESPFEBOEB ZENERBREHEHRERLY 0.1 V-5V 5
10 VI EBELRET il BEMREBEERERERREEHE

WO A (& E 4 MK £ (yoctoamperes) & A B K &
(zeptoamperes) °

[0109] 7ER ML TR TR B E WG > B 2B 101
o EBEE 170 WE R A EES AL EE 130 D&
BEEFE K> MEEHHRTEE A28 R
FHEE 130 ZHEEHFE(BEE ICB)  RAER > M
BESHENNEEELYLEE  HEEBRELBELY
LB 132 FAEBTRE  HEENE SRS EER

795572 -8 -
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% 103145517 9% BB 1054 11 § 16 HEELE

fE (on-state)E Ji -

[0110]
<#E E >

AR E AR 140 MR E K 150 5 LU g~ gk~ 88 o
g~ SR -39 -84 - $5 - H R - HUSTEREZE-YHE
CEEBEZERERNEEEYR aF—EZELAEYME
EEZSEY aF—ERZELAYWEEE 2SR
XA —HXZELAYEEE LGS - FEFEHE K
140 Fiok B E il 150 Ay LEFHEHA RN A BEHEAEY -

[O111] ptoh » 8% ~ 8% -~ 88 ~ 8% ~ & ~ 8 ~ 8k ~ 85
i SEFEFHUUERRBINE I AZJE K E K 140 f 0K & E
& 150 o

[0112] fE4h > BEFEMEMHE 140 FORBEMH 150

BEEIL— Cuo-X 6a&HEHE S flo . HEEHEHERE
EEBLC-XESHENERBELEBEB L Cuv-X a2 FENG
i 41§ (copper > Cu) ~ §a (aluminum » Al) ~ £z (gold > Au)k
iR (silver > Ag) - M EREEM 26 E - HaFELE
MEERFTEXRGZIELEYHNEREHEHM BN EER -

[0113] Cu-X EEBEEAFERIFEWMEMm 140 Mk HE
M 150 sEMBESAEYFER 130 #F - & Cu-X &
RE S EER 130 HFEF - £ Cuo-X & HEF X
(X % Mn-Ni- Cr~ Fe~ Co~ Mo~ Ta~Ti~ Zr~ Mg~ Ca
EMEXNZHEHEE LZZBEGY)IREEAE LM FEER
ZHFHEEE X fYHEE - SAWHEEST UG Cu-X &

5

795572 -29-
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%5 103145517 5 KB 105 11 B 16 HEE

SWMB TR Cul AE/LWEEE 130 .
[0114] BB 170 - FiB B 140 AR GEME 150
HE AR RBEQRRELY - B % EEE
170 ~ JFREM 140 MK MmE K 150 G5 F - 57 DLE F
EEREEGEE Y LML E

[0115]
< 5 4F 4% i >

MR 160 INERA AT BN EEALE -
e G@6W - BELY - SEBELY - 84 - &1
% - G4 G108 - EAL#E - S8 S - &b
MEALE Y BEBEBR - MBE%E 160 W 5L & F [ L
MR B - BB @ % 160 W Bl & 7 8 (lanthanum -
La) + % 50 8 (zirconium » Zn){F BEEH -

[0116] £ £ o 4 {b 8 (5 B BB S8 & B 160 &9 1% 0
T ORMASAL - B%E - GL8 ELWRELE
ELMERBRERBER  EEONEERNBEE M
BREMTUES -

[0117] B 160 BB & 2 B OIS
Wit o PSR 160 AFE BI04~ & W - A
B o MR B 160 BEMEE AL RA LY NS
Lw -

[0118] Gt A AL ELPHAE LY S 2 A EE
W o BRUL - BB 05 DS L8 o W EE R AT DL A4S bh 69 % K
SALwE E A BB o B E S R A L R N R K
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% 103145517 %% RE 1054 11 B 16 HETE

HH 10om KR KER SnmERT > BERRE KB ZF B
BERTURME - ESR ETURBEREERELEREE
MZBEBRE - W RREBEZEALCHEBERFLFEEERZ
SRS Z2NEEHR Bt RTRERABERHLERE
ERESR BEMEASRERZELHE  ZHER
ZE A EEEME %L (monoclinic) & & ~ W 77 & &
(tetragonal crystal)4E # I 17 77 & % (cubic crysta)&5 & -
ARBRAZHER T ARG R LW 8 5l - |
[0119] ZEH LK EFERBERIETLETERR
& f T B & 57 H AR #& (interface states) o ST /R A& 7] f& A fF
B BH =0 (trap centers) » Rt - HFH T &L HE M E T
BEEBCBEEMNBEL T BEEBZERUEITERAAT
Mm% - AL ATREAEREHREE > SEXE
BRATEEMEAS - EBEEERRBZIEEENARLKBZ
W REBEEBMALHEFRLESN ZEEAKEIE
EEEHYIENEYRERERBEE&E 160 PEEE
S EER 1337 - BEFER &Y - D€LV - &
It tEREETUNEALEEEEGEIIENE - Fl4
EFGRFEFARAERE Y EBRAERNFERNEEGRE T
UEERAEEEEENENRE - T&AH > flW - BAL
ERREBEEZYERBENETFRN I FERBNEGET]
UHFERAEEEEENRE - E—FTEH M > S0 -
AELFEAREBZYERBEANBRENFTERNEEE
AUEERBEEEEIENE -

795572 .31 -
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55 103145517 9 EE 105 118 16 HET

[0120] AN - ERFELREBRBEEZA/LETRRE
HE A EAEEEH T O)WMEZES  BHEESFEZER
BEEALHWES RIEETREMTFE 0 BAL
St B ARERZEEREUEREAEEN AL HE
g WERM  BRLEELCHEBENEFHRO IO LER R
ferRIUGRE - E-TTERHM BEFLEEALHEERKX
FHRENFEENEGRETUGREL FHERENE&E
MEFHFAARERRIETNE  RNEBETITUHERE

R&E—EBHE -

[0121] BE B EHABLEALHRNAEEY - &
TEEMBREE 160 PTHAARECHEEBSERH BF
AMREEEE 130 BB EMGEH 170 /F kS8
B BMEEH 170 > BENGFHS N ELES 140 2 8
e RBES 150 YEMESEERETE > BESR
LR 125C FME R S R 450C » B8 & R 0% R
150C FIMERRER 3000)R —H R E RS - #E 3
B—OERERMNERY -

[0122] HchERIMBBEE 160 SEhWHiEERE
RECETFHEBRVESBEIERBEELE AL - %
B ETEMEEREENE)YUERFAEEHEH
170 > EENEEEEMEEZH - FEHLTEHEHE
BIENUERRAREHEESE 160 N > REEHEH
ANEEPHER EAMHMNER 2 HBEEEETEAR
B 121 3/ 4 B 180 - |
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103145517 88 EE 1054 11 B 16 H{EE

[0123]
<th [ g & & = >

BREMERREGE 181 84 181 Al UEHSFA

— B EELE  |LW - LW ELY  [&ELY -

fIEW - &1 - 16 - 18 - |8 - £4EH - &
Est ~ fEERNELCENEGE - 78Rt > E&H 181
AL Lt el 2 8 -

[0124]

<8l#E k>

BE > AERAFAZ—HEHUEEEELRE 101 2¥58
BAEE 100 7 EK2BE SA-5C B - 5 6A N 6B K
2] TA R 7B E -~ 5 8A fI 8B EE 9A F1 9B B ~ DA KE
10A f1 10B BEIE£TTRE - £5%F 5A-5C - % 6A F1 6B
B - R&E TAF 7B E - 5 SA R 8B EE 9A F 9B [E -~ B
FE IVAFI 10BE Y+ r ERBERERE T HZEE Al-
A BEELERARE  MRESFRBREEERE T EHZE @A
A3-A4 BEEHTS |

[0125] B% > @GEEPERNEM 110 EREZGHEZ
HEHEHE CMP FAFYHEAL HEFHRELGE 12002H35
SAE) - @& 120 JLAFERBEHE 7% - PECVD J5k ~ #
CVD 7k - EZ#$EH %~ PLD JEASEFER K -

[0126] #%E > W B &E 121a- @4 121a 7 LLFE
M 5% ~ PECVD J5% ~ 8 CVD ik - EZEAEDT
% ~ PLD FEAEEERE K

795572 _33-
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2 103145517 9% RE 105FE 11 H 16 H{EIE

[0127] EAURMERLE 121a UEREEBES
@G o IS W LUEE B F MM (ion implantation)Jy
kooflW o EMEEEBEARRERN 2 kV AEARS R
100kV FEE KR HE RN 5x10' ions/ecm® FE 7 2 & B
5x10'% jons/em’ - FMERFEBLEE 121 EEHREES
SALW L EE 130

[0128] #% » (LWL EE 13la RE LY L uE
132a AR (SRE SBHE)- KWL EE 131a RE 1L
B S 1322 WRIEE BB EE 7% - CVD H3% - MBE 75
%% ~ ALD 5% 3 PLD HIAKRBE -

[0129] % - (FREXBEE 145 WERERKME
WEE 155 WBHWRESLYFEEE 1322 F - fEA%HE
wERE 155 BB X B F K )l ¥ (electron beam
lithography) » B It ¥ jk 56 [ 38 2 )8 155 - |

[0130] X BEAFERNEZE 145 WE TR B E B

‘f%@@%@ﬁﬂ%%é%1Ma&§HH%¥%%1mamz

fERTESIEE G 145 008 T A U Ak B B B U 45 B R i B
BEBER 4 BENE SLUXes —E%%HE
B HRENES - TERM  BEELEE In A
Zn B E LW REE LY - B » 5 F n-Ga-Zn-0-N 2 &
MR

(01311 fEBEEIE EIE 145 &8 o b ol 3 & 1 48 -
ko Bk B M S8 M- ERMEZEEY
B aE—ERSELAMEEEZ LY 28 — X

795572 =34 -
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103145517 88 RE 1054 11 A 16 HEEE

ZE LR EBEZE&LY REF—EXZELEAME
R ESZBER2ERNBEERBER - W& RH > 1
REXNEZER 145 NETREZED Cu-X &8 HE -
M FREXEERE 45 WETEFEREERE Y Cu-X &
EHBEREBSBBERY Cu-X A4 MBEREE U E
(Cu) ~ 35 (Al) -~ & (Au) -~ iR (Ag) - EFRAEE
MEBNEGEEHEFENELEMBEAEILEZILEYMESE
RH A1 R E B E S -

[0132] fEBNXFEREEE 155 WETUFEA LR KE
FTHREHREXNEREERPR - (FAXHEHEER 155 WET
DEOREBRMGHEASEERR -

[0133] EHMEMBETURERERNXEREERE 155
MEBREBERNESE 145 (VB 2B - A % M A 3R 4t
BEREARMAEER 45 WENEAREBMBE ZHFONKE
M REBEBMAEMEREEERRE 155 WEZHEFNE
ZM > HIETURSEERTEE -

[0134] fE R AW B E > AT LLE B W SWK-T7
( TOKYO OHKA KOGYO CO., LTD &) > & K &
% {7 (bottom anti-reflective coating » BARC)# E ~ #1 AZ
AD By I (FH AZ ELECTRONIC MATERIALS ##& ) 5=
Bh & % . |

[0135] EH > EHETFTHRBHRIBETFEBEARME
o MEEE o i mERARIER 5 kV MI/ARK
ER 50 kV- BERFERER KPR HF R 5x1077°A F/N R
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% 103145517 5% EBE 105 11 H 16 HE1E

HER Ix10MA e HANBEFRRTHEME 2 nm RE
Do JANTHEBRGREREMSE 8 nm KE D -

[0136] £ EHifEME N » HEEZERE 155 TUEE A
FEE  fl4 -1 nm (REZM 30 nm MED > BEEHE
20 nm B E /D > HEEME 8 nm HHE /D -

[0137] P ZBNEFR P LHEER 155 &£ i#
MERGFESEHEHEESZRE 155 EAMBNGEE - BT}
FEEEE 1558 » FEXXHEER 155 AR E & F M B K
ST  EHEEITACHELEREEN LAY > H
PREGgE 120 EFENAHGELUEROHERMEGEN -
CMP BH) 7 G#ZN R ERE -  EFREENE
SR 120 SEMPEAEBERER ) FHIELLIHEEE T &
e ERGRBEEBETRT -

[0138] MAEREFRANETFR  FARXHEESEE
1SS B DA EREEN RS - TUER KeF 245 F
BHNX - AtF B2 FEHNE BMEINEUVIHREZEFRE
WAy - EMA M - 5 LLER K &% 8 (liquid immersion)
Kig EFEEMABRTHER 2ENEHETERE F]
KIBL AT R -

[0139] HH P HEHELENBERLT » XBEERE 155
ERHEBAERK  HbHEhEEMN 110 ZEEEEHE
PURERAEHESE ISSHEBXREERERIE T -

[0140] # % » FREXNEER 145 WEFEHXHEE
BEg 155 #hehz > WIEREAEEZERE 145(2HE 5C

S
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g 103145517 % RE 105 11 3 16 HEEE

B ) -

[0141] H % > KEABEEE 155 BER(ZEE 6A
Bl) - CHEERE 155 TUBBEHEE  LEREES
S M T B - Br AR o BB D E AL R RO TE E H B
155 o

[0142] $%E > SWLER 131a NELYESE
132a BEFAERBEER 145 6z HEERERELD
B RE 1310 A1 132b(2 8% 6B B) - LI > B4 E 121a
BEGE 121 B E TR

[0143] ERM S e WA LWL EE 131a ALY E
B 1322 A% REHRAEGNEE - ZaEE
EaAFRABEARBOARFHT - |

[0144] BZ > FAXHEEBNEVREERES
B l4s oA L REXNEIE 45 BBSER > HER
RS E S 140 RORFER 15S0(2BE TAE) - I £
BHEEEFAPANE  FELYWENEE 131 R 1320 b
WERIERE 145 HER > HEPRA LY EER 131 &
Sk meE 132

[0145] @R B ERHRANBABEABEEE 145
ZES o Bl EEHPTERETE 145 BEBOER T
HZ B ZI R B O LA TT Y & A M & {b Bk (carbon tetrafluoride)
&M AR -

[0146] 3 3 B GE i — B jE 5 R E 5 F R B E B 140
FRBES 150 BAFENEERE 4SHRZER FETR

795572
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% 103145517 3% BB 1054 11 H 16 HIE1E

B ASH—FHTARREARLRT - Sl Z—8E
BEHNEEREXNBEZEEY R © BIEEEGNRGSE
HUFERAEEERERK - i EHPFEBEEE 140 f1R
BEE ISOEEHBEER2ERT  BEXEZE 1457
D RERERENES -

[0147] 8% > S EHE 133 MBEEE 160 f
WA 1732 BMERPR(ZRE 1B B) fty¥rHEp
133 B BUEE BB 70 - CVD J3% ~ MBE J50% ~ ALD J5
kS PLD HAATU K - MG E&E 160 o LU F 45
BREBEGE 160 >2ERINBEERER - HEESE
160 T BLEE R JESE 555 ~ CVD 5% - MBE H53% -~ ALD 75
A B¢ PLD J5 A K 5K -

[0148] BB 1732 T A EMEENHEE » @
B FEBEENSEE RESEMMUZERE
RBGE 180 M@K 181 RTAEW - EHEH IR
ERBYE 173a WEAGEH  fl0 > HEYWE - 1t
Y REE—EXRSMEE 5 HKABEZAEEEK - T
B 2FES In 1 Zn WELWREE LY TLE
B - #la > o LLE R In-Ga-Zn-O-N £ J&E # 8 -

[0149] S BHE —HEBEEMEY K E LY Hp
133 BT - E—HEEHRTRARKER 250CFH /AR
B % B 650C 0 EXEM AR RZE R 300C M AR HER
500C » 5 — R E E T EEHE R E KR (nert gas
atmosphere)st&FH 10 ppm WE L ~ 1% HE L K 10%

795572 -38 -
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5 103145517 5% RE 1054 11 H 16 HEIE

FH AL ABIARAT - F-HAEETLUERET %
5 TR ML 0 B — BEE T DL T 7E B A 69 77 20 o 3
EEATEEEREAR  BEE -—HRERRTRAA
10 ppm HEH « INKRELH 0 RES 2 /LG BE A
RERTHERNNS S BBERTURSE LY LS
B 131 132 F1 133 W& SM > B TUEROEELD
A 131 132 f 133 KW EHAKZHEE -

[0150] 32 » Mg 173 HEHBAMB T AEEH
HT RSBIEE 173(2 % SAH) -

(01511 3 - @B 1802 MBE B 181a T A7 B
G B 160 RIMEE 173b £ (2H% 8B H) - B4 M©
180a FI4E & B 181a W {E F{E AR E R BLE 180 NS
SR 181 BEHI 2 @BEBEAHR - BEE 180a MIELHE
181a o DLEE B 9% J7 5% » CVD ¥ 3% - MBE J73% + ALD 75
A B PLD FIAKRE R -

[0152] oW »r MERBTE _HREHE - F_HEH
TUEBEERE -HAEEAAZEKETHRITHTUELES
—RAREFRZBEERT F_AREELITUFERS
B B e

[0153] #E > @& 180a X H45 - B%E 181la
WaRMBHER 173b 2B EB R > HILEKE 180a 1
18la RHEHEE 1720 WIHREAEMEKY - BB KA S
BEEXEZHBHERE 173(2HE AR B2 BRZEGEE
180a 71 181a i@ E 173b (EEMEMEE K ¥ ZIERE F

795572 -39 -
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% 103145517 5% EBE 105 11 B 16 H{Z1E

MEBHmEHT - THAH > BSBBRIBEE 1802 7
181a T UFEBHT  HAOBBRZBERE 1730 TUHEBH
BT E—SHBERY BOBRIEBEE 1802 B&
B 181la R fE 173b T LA B 1T -

[0154] fERBSBRBEE 180a f1 181a R 4% % /8
173b F MO EREEARKFOHE > T L E LS
He b TP BE ( chemical mechanical polishing > CMP) B -
AEAH TURRFELCEEEESERERKTN &
22 2% ) 2] B o 48 TH 36 e %I

[0155] % > $IFHIEE 173 8% 7E & 8 A 8 %l
BB 1800 RIB G 1810 2 64 F > Bl BENEL B %
WE 173(S % 9BE)  BREBUEE 13 UEBHEBEE
B 160 Z E 43 - |

[0156] WLB5 > S FHEBEE T UL LY L EH
130 REEZEFRBEMR 140 HEMBE B 150 BH BT - &8
M O EZES  HEEHERE DR BEEERNE(LY
ke 130 B EMETUEEEMEN - A wEES
130 S EEBEEE  MELRFRES BEREER
ERRVEEH - URER  ERBEBAHBROBTE
EEEEFRE - Al BEBEENSLWEUBECE
ERMEAFECHEREERRBENEEK -

[0157] #E4h » B EHEE 130 WES - HPEE
ARG EB 140 AR ER 150 BEFHMERZEES
W Rt - AEEENALY I EB > EEBEEHEE

795572 -40 -
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£ 103145517 98 RE 1054 11 8 16 HEE

2 4 B [ (parasitic resistance)l H H 7 B B 9 % i@ It 5 1%
e -

[0158] #% > MEE 171a MM EE 1722 FEH K
(BB%E 10AB) - HERE 171a G B 1722 7 B HF
I e B B 171 A B A 172 % M 6] 2 8 8 ok Y
B o BB JT% - CVD J73% - MBE H % - ALD IR %
PLD J 3% -

[0159] #% » MEM 171a Y HHMBEE 1722 >
M BE - HEEEE 171a f1 1722 > 18 % @ £ 4 [ K
Voo vtk @B 180b 2 - BB 1816 X B -
B 17l WA REEE 1722 2 BN MM EE - Bk
W@ 180D A1 181b R MW 171a F1 172a 2 JHH & 748
FIKT  dAEEE 170 MM EE 171 IS EE 172 -
REXEEMBES 170 HE AT BEE 180 NG % HE
181 Ak (2 HE 10B B) - 5 5 A i 5 W 86 4> % 1 48
4 J% 180b Al 181b BB WM 171a A 172a £ ¥ 5 % B i
WEM 110 BETBTUME  F5E 58 T5ET N
B

[0160] & % (A » 4 MEB 171a > 255 F1 % B B
172 ZHBABLEREBCHANEEEEHEED AT > B4
B 180b ¥ H5 43 1A B 1810 2 BF 4 L 3 35 I 5 45 4B 4
180b 1 181b X THERBEAWEEERK 171a f1 172a ZTHFE
i 19 4 B K

[0161] fEREMRBEBE 171a A1 1722 R@E&E 1800

795572 -4 -
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5 103145517 3% BB 1054 11 B 16 HIEIE

A 181b Y HABEECMNEEEEARKTEH % T
FERLEEMWEE (CMP) B - T &R » CMP o I
YT — KBS TE R E K o B bk g B T LA 4 TH ER LA I
1] 6 %) 5 B AT -

[0162] % > @GE 182 BRNEBER 171 f %
TR 171 B4R 1SOFIEGE 181 M MEER 170
F(2B%S IBE ICHE)- - ¥4 8 182 o bUE i 8 7% -
CVD 75 3% + MBE 773 « ALD & 5 PLD H & KM -

[0163] BB L5 B > % 1AZ ICHFTERE
T B L -

0164] BAZEEEN LE R XN SEHE -
L EBEENERBEE T EEBE TEAREE CVD
KA BEEETMBEEL AT E B BRE2RA
¥ 37 7% 3% (thermal chemical vapor deposition » CVD)J 3% %K
W B - 75 # % B {5 % 54 U0 5% (metal orgamic chemical
vapor deposition © MOCVD) J5 3 = E F J& Ji & (atomic
layer deposition> ALD) G AR DI AERE CVD K&k
B i Bl -

[0165] 2 CVD Hi:k B A B HE R EHEIEEHEE 64
(B BE » DR T R R B R R R Y B E R

[0166] &S CVD 75 3% JL A8 B B LA B 75 =0 87T 2 B
FEAMELEE R EERE BENZEDBEDREEA
5, B S R 16 9 R 7 DL R R B 4k 1E A R BUE M L -

[0167] 3 ALD 77 3% I A% o LU B 75 2 81T 2% B 48

795572 -42 -
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TENEREERARBERBRENED ARKEZ R B
BEMEEEREREN BEABIAESWHEE - o
MEXSEREZ FREBEEMEERBRERTREY
WE ML B AES®RE) - Bl F—FBERBHEEA
EARBM  SRNER)SEABEIANEE - FBE
EABRKFREBRERBAWES  BEIAE_FRE - X8
EEPFE - FERBENIARBEABEIAZERLT XA
S BB # F R 8 (carrier gas) > AT AR B H T AL

FE_FRABHIANEE  -oFEARH > FE—FREJDUE
H H 7% #k & (vacuum evacuation) i A & & A R & M1 # &
2 OBEF _FRABEBETIA FE-FREHEEMEZER KU

MEKRSE g ZEEF_FRRKRBHRIALE -EEEN
B HER F_BHEBESF—EBL HEPEREE - ®
BEIANEF#HEESZREINESHEEREE » HETUE
RERFERSEEENEE HEZEE LFEHHFER
BEANIEFZEZEXRE S Rt > E% ALD HAREHKE
A ENEE  RAWHEMANRHERERN FET.
[0168] EEMHEBEMEEFRRERE - FEREENERES
W EENLEER 7T UFEHW MOCVD Jj k5 ALD
FHiEZF CVD FAERF R - fla > £ H 5 In-Ga-Zn-
O HEZERLT WUEHRHZ=Z=FE#H =FEEN _Z2E&
o ZHEWNZAEENS In(CH3); - ZHERZEEAXR
Ga(CHz); - ZHEHZEENR Zn(CHs), - ARFIF LAk
HE > =ZZ&FH (L2 Ga(CyHs)s) MR AKE R =

795572 -43 -
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% 103145517 88 RE 1054 11 § 16 HIEE

HE®E > DEZZEF (B2 : Zn(CyHs),) T LA XK
AR A8 o

[0169] fi# » EEH P ELBHFERFEHFER ALD 7
EZINBERERKRZERLT WMERE > Bl ERS/LH
CEREONDMNFHALEFAE KGR BYGREEBR
AR FF A (K B )SE (tetrakis(dimethylamide)
hafniuvm » TDOMAH)Z L&Y R ESH FRBHER -
MR ER)B ZIEZEXS HIN(CH;3):l,. - HEM B KE
% i 1 1 45 tetrakis(ethylmethylamide)hafnium ¢

[0170] @i » FHF ELEHE AFHFEHR ALD 7
EZINBEEERZELT  WMESRKE > Bl > EAESKLHE
Z H,0O FEFRARIECEEFAEN KB RBYILEY
(trimethylaluminum » TMAYW BB B B ERBHEH -
trimethylaluminum Z {528 X K& AI(CH;3); - EEM B ERBE
W B A& $¥E  tris(dimethylamide)aluminum -~ = 2 T 48
(triisobutylaluminum) & aluminum tris(2,2,6,6-tetramethyl-
3,5-heptanedionate) s

[0171] @i » EEFFERHEAH ALD JIEREH P KA
bW HBEABE R T » hexachlorodisilane % & o & P 5 ¥
e EERE  SEEUNUETNARERELEALRR
(Bl » O, B¢ & 1b o2 & (dinitrogen monoxide))Z 77 fg ¥ #% i
FE FB DA B % U Y %) B BB -

[0172] FEEH B EHEHE ALD I ELHEPRESEHEY
BWT - flu - WE, RESFI B.He REHEILAS R

795572 -44 -
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REEISHEE  B#E WERRARBNERABRHEEA  WELP

FRSHEE - X R SiH, KB 7 A K E A BHe R °
[0173] fla - EHF KA FERERE > Bl > In-Ga-

Zn-O HEMEAKMA ALD HAZINERERPEHKZEN

T In(CH;):; R BB O REBBEEEEIAEEXUFE K In-

O J& » Ga(CH3);s REER O; REEK HEAUE K Gal

J& » ¥ E Zn(CH;), KAEEM O; KRBEHEB M E ALEE Zno
B - T EEEENEFARENLEREG - RSt E

4 In-Ga-O J& - In-Zn-O J8 B Ga-Zn-O J& T Ll # fi 8 & F
MELERBELRAER TEEETULFAFHEEBELE ZFE
ARBMERSZ HO KRENMR O; 7l WEMBERAL
HF H Z O0; " - 4> A #EH In(CHs); K WA
In(CH;3); & 8 - b 4h » W # F Ga(CyHs)s & #& H €
Ga(CH;); & % - b 4h » 1 £ A In(C.Hs)s R #& HL X
In(CH;); R B& - th4h > WHEH Zo(CH3), K& -

[0174] A EREHMHBEMR 170 £F 1A E 1ICETHE
FHFEHREBEMR 140 L EBEMR 150 EE2 2 EE » FEH—
B SR ABHNILELEE —EBEATHEESE 170 8
FEHFEMEBER 140 3R MEMR ISOE2TUHERA - BEF
EREERHES 1A ZE ICEZERAIETRESRE 24A M 24B
X EBEEEEHELUHFEANEMEBE S o AREINE
24A Fl 24B [H -

[0175] FIFA EREERE  BEITHIMNMELLYFE
o130 (FRAMMEBERE 170 EHREMHE 140 F K& E &

795572 _45 -



1638456

% 103145517 5% A RE 1054 11 5 16 HEE

150 ERBEEAUNRBECESR AR RMEBEEE 170 >
CHAER BEABZEBERBEROE TN - K -
CEf 55 W8 BABMTUERERNE
Sb M 130 AR EE G - AT ARE—

77 = R 40 I IR -

[0176] EEHPBESEHRAEA LW EEE T Y
B G AL R LB TR 0 A S — R W R
B o Pl 0 BB R KB &K W (silicon » Si) ~ $5
(germanium » Ge) ~ # 1k $% (silicon germanium > SiGe) - Hf
1k # (gallium arsenide » GaAs)% % > # 7 LL {5 fI 1% &
BeBENE FEEE - RBESZ -

[0177] it 8 5 75 =% 7T LU B2 {E {5 & 3 90 & o B ft 5
77 o BB E A S

[0178]

(% 5 77 7% 2) |

EHEmAR ST > LHBEE 200 BEASTE X
FRZERE 102 HSE%E 2A % 2CEEFTRY -

[0179] % 2A BIAAEH FEHHIAZOEESSE
102 2 EMAEE 200 LEE - BEE 102 BFAFE
FRIFRZELE 01 HEZEH RTS LY LEEE
133 ZHMRFAE - ABEER > S EWLEEE 133 2ABE
BENEMBESE 160 2 8 58 102

[0180] % 2B BABHEERE FAZ U EE  LEE
2A Bl ZBE4S Al-A2 BHl - 6 2C EABERE

o

b‘ﬂﬁ

ot
Tt
N
Jalig

795572 - 46 -
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£ 103145517 5 RE 1054 11 B 16 HEIE

HE > LEEE 2ABZESR A3-A4 BH - TEES 2A
o, FEEEHE 200 I -—HLEGAETEHRAEREMRIAER

[0181] MEEEZAE 101 F > Cu-X & & HEHEEH
EHRERRE 12ZEHE 171 -

[0182] #MFE &K 101 - ELHE 102 (WEBFRE 172
mEMEEEDHE -

[0183] M EHHE 101 > BEHEE 102 VE&KHE 120
EHRES - 2F&ZLbteYRERFEZLELETHY
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il 2 ¥ (flexible printed circuit » FPC)HY & 3 ¥F 43 -

[0257] f£%5 15A Bl H > & —RHEKREHERE 702
EREGEEER 703 MK GREEHER 704 BRkaEH
g EEH S 701 HHEHEZEM 700 £ - R0 52 E7E SN
BB E  WEREER > WD - B EDLUE R AR
e - DL MBS ERE IR EEM 700 BYHE » 2
GEDWEMERESBEFENHBE IR M - E 5B BB %
REAEEM 700 b FREEOBETLURME - Tl &
REXREENHESTUELER -

[0258]

(KB REE]

FISBEIENGRERIEREENERS - LK BE
VABRSEREBEZGEERERBAERERH -

[0259] HWEGZERTHERNE —EHEGEAEER
EREZEBEZ2EET BERXEBRBEREEZIEERE -
FEEBYUNEAEARMBAGESE - it #EZZEHE
= 2 (B B4 & BB YR 5 7T 2L A 2 -

[0260] EHEE 716 ZMGBER 712 IEEE 717 Z
G 713 RO o (B85 EAYE & SE A DL A &
ffE - HEH > ERE T4 EHERBE 716 1 717 £ F - £
EMEbERERATAFTAZZEESRBTUEERIERESEE
716 F1 717 - Ht S ZEREBEREE T UHEHE -
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[026]1] EMEZFEELRE 716 25— BREEBRERN
EMEFEZERRE TN ZE_BEXEBEZ RREHIL -
FoGREBENE_GEXEREHEOHEIE - 5 —&
ZEBELE VERESE REERE R R AR EGE —
GREmE - |

[0262] &M 716 I HBMEBEMEF ZRMFR 712
REHERE 71T HBEGEZERBER 713- EFEME
Ml ie M E R BER 712 MEHRBER 713 IF > EEE
716 ME &G 717 HBEFHEHITAEAAHEN - HER - K
d Y BC 3 AT DA S A

[0263] 4t RFEEFHAUERETER 710 ®
R BEBEGERFANEERE  REFEBREUHHEEZESE
—GEREBRNF_HEEER -

[0264] ZZEHEREEE—RETH 718 IFE K
L 719 E—RETH T8 BRE—BZERE - B
EBEREMZENAEERE - FZR&TH 719 BFFZ
BEEDRE  HEBEIREMAZIEHORREE -

[0265] EEAZHZGERERARHENE 15B Bt
mEY - Bl BB - BMH - EFE - E&E - Blls - B8

 EBEEUANES SBEFTZIAREE -

[0266]
[ # EL B R 5 B | ,

S ISCEHUTREEREEQE T E A - 1K
RHEEABEL T EREEN TGS -
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[MW]Tﬁ%ELm#¢ B i U B R E O T
e BFR—HEBEBPN—EIARERER —HEE TN
F—EEA BARERLARLECYNE S Bt BX
N BEFRNBRAESS Bt BXEFBLEUEH
%o BRERLAYRBBERE LS - B8 % - &
NI BERNXTHERBARERNSEETE -

[0268] & 15C @ rRGEZER I BEAEEH - thE
—EeEaENME A REESE - AEASH—FEH
RS BRI EBETUREHAEL n EENE LB E
BB E - BboAh o BOfiz BFORT R PS BE B (digital time
grayscale driving) W ML IR @ Z B -

[0269] MABEBKNEBREE ZBERNEM
B S bk PE BB &l (digital time grayscale driving)# 83t -

[0270] &% 720 AEHWESE 721  BEHE S8

2 BHTH 724 FMEE 723 HHELE 721 2 S
EMBESEERES 726 FHESEE 121 28— B/ OR
BEEBMAGEGE TN —E)EZERESE 725 Kb
WESE 721 JE_ESBFEEEBREGEEE W
S EESERSERE 722 JHAEERE - B E &
B2 CHEEEEEREES 723 BEEHREES

7 BEE &8 722 X5 —EEE ST R EE S

70 REBEEE 722 YE_SMBEBES SN ITHE 724
CE—BEGEEE) SR 724 2 E T HEHER
B 728 HFAEH 728 EHEBEE R R ELEE

>4

el
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W 728 18 F &M b 5 B -

(02711 fER IR E S8 721 MES T 8B 722 5 40t
WA TR R LS - 1 TR
b B A SE A M BL BN AEE W DUBHE 4t

[0272] 67T 4F 724 258 — W (A i 728)2 &
fir 3% 5 s 165 Ty 3% 46 P AL - 3 B RS R GL B B A b AL B B
R EG 727 Y B REEE A G - B4 5 TR
FEE AT LA GND - 0V S - 75 o % f i & i F {5 3 =
BEBMTMEREBARRENBRTE 724 X FEHE
REE REBMUENEERETELTHE 7240 DER
W FEE AT 724 WEOLEK - B¥TH 724 X F
HEBEENEEF BRERGISUEE > RAEEEDE
] B B EE |

[0273] EBEEE B 722 > M E S T A e
REE 723 2B WGBS 723 ThUE AR - MH TS
B 722 2 B A DL B E O Y B D R B
-

[0274] $% > BB ATEHESE 722 8K
oo FEE A EEEEE A2 N T o B LU 4 B A
KRS ESE 722 YEARRERASTHEYESR
7220 ATHEHESBE 722 REESEER - AR RMR
B 7 BEEERAEEESELE 722 Y MEEH
B EBEEEBEARRERBY SR ESEENEDESE
722 Y EEIRE B Vi AT E B E SR 725
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[0275] FEATTHIEEKEREB 2B X T » EEB AR K
FERREETHE 24 ZENEBENEHERE 722 ZER
BEE Vth WENMEBRMREZRBESELRE 722 ZHBEK
Jg - RBRFERSGELRRE 722 HEFEENEEHH
A A ERBEZZLTH 724 HTHEERGHEE B
722 BFEEME > IDRMEER 727 ZEULEKERNRERE
BEAE 722 ZHBEN - EHLCHRARREEHT > H
TERBEEAREEERES L THE 724 RAFTHELK
f& B& &) -

[0276] EEAFTHZBRERERBRZIHEBARHERE
15C B Frx - B4 > GARE - B - EF - BRIz - E&H
B EBEEERNAES 1SC BRMRZIARANEGRERSE

[0277] EHE P LHMEMBERE AAZERBEREHAR
% 1SAE ISCEFTZERUOBERT  BEEHGE B
BOEMEREEREMALEBERGE _EB)EEEESE
SEMM - A F-ERER BN IREHERES
Rk L FREBERA ZEA > Bl > EBAUEREEZIRE
ElRzEMN WEBEAWAPAINZEGWAZE _HEBE

fsi -
(0278] #iim » EARPEEE S > EAkE BE
BRI EREE BT ENEEQE S
R EBUENEERA R TGS WL o BT
S EREE BATARBALBEGEUTES
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Bl - EL(EE % %) (Bl EL T & &7 A %A &K T
k- B EL TS &M EL ST4) > LED(EI > A5 LED -
&)t LED -~ %kJ% LED ECE LED)- EEZB(RBERE
HZERE) - BEFrEHE HBETHE - BEFEK - BEXx)
7T > Ml JE R (grating light valve » GLV) ~ & % B/~ B R
(plasma display panel » PDP)  # & F # %l % % (micro
electro mechanical system > MEMS) - #{ il 14 & £ &
(digital micromirror device * DMD) - fi 8 fir #% #% (digital
micro shutter » DMS) - MIRASOL(E g ) ~ F % 38 8! &5
7~ (interferometric modulator display » IMOD) )t & ~ & &
% (electrowetting) T 4 ~ B B 5 Mg & B /R 25 (piezoelectric
ceramic display) R{E AT R EZE R TH - BR T Lt >
EHENERMEFRNEYH =E KiaMH ZFEMHESE
ZERNERBTHEE - TEBEEA EL thZEBEREEE K
PlEtE EL Birs EEETENISZEREEEREIN A
1% & 5f B 7} 28 (field emission display » FED)I SED #I g
B s~ % (SED:surface-conduction  electron-emitter
display) - BEFERE THZBETNEEER A G E K& BT
HREAERESE NS EHRSETRS - L H A
BEETSE KAAREETSEAREE TS NEE A
KB ne) BRETFEAKLEARHBZCEREEETR
] A ¥ & 4K -

[0279] HLEHMAAXNTUNHEEMARBE P EME R
TRAMEBEMES -
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[0280]
(E B 77 = 8) |

AZEH-—ERITIAZIFEREETRFANRERE

- EANERNRERREERB IR ERLEE (A
HREERLOHKERS NS O &% T8 L (digital
versatile discs - DVDs ) EE AR BEREHR E & W E
T) BYFREIZHEERAZTEFEEALAZTHERF X
ZHBREERTHES HBREEBFTAEREZER G ZEE
% ETAENRE BETFrERES UEREZHAOEMME
e RERE  BHHAEABETS (BFRAERSE) - Efi K
G  BETEHREE . RETELRGANERMETHEK
) EER - EERE  ZRHRE - BFR

A ATMRIREH - 55 16A £ 16F B /RE L E 7R H

Z BB E B - |

[0281] 25 16A El & ~#w A\ E R &Im & 1F 40 &%
9m‘%%i%2wérﬁﬁ~%3~%%%ﬁ‘%4‘%%@
905 ~ BIW\ 906 ~ #E/EdE 907 ~ fEFEFE 908 FE - 5 16A [H
o HIEEE RS AEREERSS 903 f1 904 4
ﬁﬁ%%ﬁﬁ%%ﬁ%@mﬁﬁZ%axﬁﬁﬁﬁo

[0282] %5 16B [E B R ES AR RBEAEE B
911~ BTSN RR 912 BE—EERE oy 913 BT E S

914 ~ BB 915~ B AEE 916 FF - F—HrEm 913 &
HES BRI KN REZERES 914 Z2HESE — 4
912 - F—HhRR 911 A5 ZHhR 912 HHEEH 915 # ik
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TAIER: > B4R 911 RSB T HNE 912 Z R A T B
HH IS HE  EE—EBEITD O3 NEZEITHUBRRE
FEREEE 915 2 — 4R 911 I 4 912 A E -
EEFAEMANECEREETREREREY —F —H
TRERAY 913 FIE —HET T4 914 SE B B8 A Ih g 0 4
RMBEHEBEEEETREBEER  -TE&ERHE > IE®W
ANBETHARMEHERBELCRABZ LEH B THE
BTAEEZBEH S -
[0283] % 16C B4 R4k 921 BERES & 922 #&
3CHBHEERE 924 55 o
[0284] %5 16D E@RETFABE-L AEZBEINR
931~ AR ABMENF] 932 ANARENF] 933 %% -
[0285] %5 16E B & ~HMEMH > HEEE — I8 941
55 4h 942~ BEOREDSY 943 - HR{E#E 944 - HIE 945
BE 946 £%F o #E/EHE 944 U 945 WREEE —HR
941 B RER T 943 WIWMFEFE 4 AL 942 - 55—
941 M5 "4k 942 FEH T 946 I ER » RE— IR
041 MIE Z 43 942 Z I AE T DI B H 946 i & - &
RIEBETRE D 943 T2 B REBEFE T 946 2 5F — 403k 941
FE B4 2N AERE IR -
[0286] % 16F BEléean LT EEHOTEEYE 951 - g T
2 BRI 953 B 954 FE -
| 102871 B B 5 7 5% T LA SR AT AR BB b AL i B O
TAMBEEMWLES -
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[0288]
(F 3 75 = 9)

FHBERFRST » A8H - FH X2 RFIC EAE
Bl G2 EE 17A T 17F B ETHRE - RFIC B3 BT W
BERAETRES  flo > ERMIEE - 8% . 85 . o
A {8 % (bearer bonds) ~ X (Hl - ERRERE » 2BE
17A B) - ©HEEE DVDs - BB  ZHEE 28BS
17B @) HEE  WRE > S2B% 17D BH) GLE5%
(B - BEE@NIE > 28BS 17C B) - B ABS Y& E
BREHE) AW BY -8 AR XY FZRAY
BOBRALUELANGBEESNETEE W > &S E
B BLETER  BERAHANTFERERS LNEES
2% 17E M1 17F H& )

[0289] 7 & B — B jE 5 % > RFIC 4000 ¥ B & & &
Bl EHBEWNEEFAONRERBALS - fla
RFIC4000 % it A 2 A 2 4538 W B0 e A £ 37 45 2 75 1%
METEEAER L - BRKASH —BH AR Z RFIC
4000 MRV H R - EEMERE - F7 UL T UEE A
B LTI REEER RS - 4 IRE - 80 - B% -
B A {8 % (bearer bonds) ~ U % % W LB A W I AR 5
iR AR S — B 522 RFIC 4000 - H 9% 5% o0 & 7 1)
WAL EBE - H > 252 MROWH LG T L EE
ME BERSEASEH -EHARXZ RFIC EREESR
BEHEE BASTDE AV ®Y - FAWE -
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BEFEESS HEECTUEHBEEASH TR
RFICTIAAEH EHERGHEERES -

[0290] 4 EFrut » B E A AR —Fi 5 X >
RFIC £AEW AR ZGEER > U8 ARERE R 2 3
ERTUERD  EERMNBE RERERE - 4 &
HEU#REEEEEWNEEL PR EHE & EZR

; Wit > RFIC Bif AR BN FE RS AR ENG
EF -

[0291] fh B § 77 =% 5 bL B2 {5 0] A 3R 09 & oh H f % 56
O S

[0292]

(Z I 77 = 10)

EHEH AT TEARASHE B TA 2SS
BB (19 4, 15 1) = B B B M AR

[0293] fEEMAE D - E FHF, ENERRE
MEGZEAERRRER-10° FARRER 10° 14
it EERE P EERRRER-SORMARRER 5° 01
Mo FHE TEHE, ENEFRARNEGYEAERRRE
B 80° RI/NFY B H 1000 3t AR FE bt 1 45 H A oA
5% 8SO RN R SR 95O R -

(0204] EARHAET T » S HAEVLABEE AN
RN

[0295] S L BEE S EARERE LY EEBR
FESELWEEE  FESELVEEB B0 AR

795572 -75-



1638456

5 103145517 9% RE 1054 11 H 16 HEBIE

HE c i@ &ELYWEER(CAAC-08) Z EELWF
B O MEESLYIErERBANFEZELYLER -

[0296] EZ—EHAE  f|LtYFERBREIHELIES
SV FLERANERZELYEER SRELYFEEREY
EMOBEERELYWEER - CAAC-0S- Z B &Y ¥E
BRMMB|LCLHFEES -

[0297] B4 » CAAC-0S B #4ai - x5 CAAC-0S
THBERERE c MEERKEBCANOZEALYESE
g% 0

[0298] CAAC-0S K —HEAEAEHEME c #hHH4E &M
B AEBFRRNE LY EERE -

[0299] GE&HESME(LER =M E TEM B)Z
w E M CAAC-0S Z@EHE  AEMAFEANE FEME
(transmission electron microscope » TEM)E F 4y » ¥ & (B
MR TUHEZES - AW ESHEFE TEM B F
MR ENRYZEHER B BFRBEAEREEZEE -
th > /£ CAAC-OS h AR EREFBBERZERER
KAREBEERN -

[0300] B TEM B ZH CAAC-OS BMETHEHAMML - 5
18A B 4" CAAC-OS B I HNESMEME TEM B E
Bl BERUEALALFETHRARRDZIAEEE - S8BH
E TEM BHRXEGREREDREMERS HEREGERE
HEEFMEGSZEEBME TEM BB R Cs RES @&
1 E TEM - Cs MIEE B E TEM B H L - #la -

B
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H JEOL Ltd. 8 i& ¥ [R 7 @M & 70 #r 2\ & T B il 8% (atomic
resolution analytical electron microscope)JEM-ARM200F -

[0301] %5 18B E R 5% 18A EHFEBM(1ZHA Cs &
EEME TEM B - 55 18B BEREBR FUELRY
HAEEY  BHEBREFEEARBEFAFTRERZEERERE
CAAC-OS iRz KM L (U T » R REH B BT K @)%
CAAC-OS ZJH*xH » HEEE K F1TH CAAC-0S Z B k&
HEHEEE -

[0302] 4015 18B [E F » CAAC-0S EAREIE FK
B o BUETEE#ASE 1ISCETHNEEEETR -5 18B
M ISCESHBN MR IR T RS 1 nm 2 3 nm > fH
ARSI ENEMNZEBARYER 0.8 om- FitL > R ARY
"] DL #E 8 R = oK & B8 (nc) o

[0303] g » R Cs RESBEHIE TEM  fE &

M 5120 2 CAAC-0OS LR 5100 W ERKEFHH

EFETEIEREHEBNEELEBETHHA(ZRE 18D
B)  £EFWE 18C BEREEZHURYZEM B H
FERE ISDEIFTRZE K 5161 -

[0304] % 19A Bl;RH CAAC-OS FTHEHRAHEHER
RAERENTHEEN C RIESHEWE TEM °
19B~ 19C #1 19D Bl 73 5l &% 19A B f &= (1) ~ (2)F1(3)
ZHAKR Cs RIEEMETE TEM ° % 19B -~ 19C N 19D
ETEBRTU=ZAR  NEBEAHANBREBERIEIEE
AP - Rl EREERNRYZENESBREFEEHR
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Il B Bk 91 -

[0305] # % > CAAC-0S [l X % & 5 (X-ray
diffraction » XRD) % #7 §6 % & it - #l &0 > % & £
InGaZnO, & B8 > CAAC-OS & i # i [ 51 77 3% 4 45 W7 % -
W R AL 20A BT 2 BB A (2005 31°. ki
# InGaznO, & H ~ (009)F & 74 » %= CAAC-0S
WEMER c MBE H c MANGEARBREE X
CAAC-OS HEHZ /7 IM H % -

[0306] 3 7 7E 3 M 4 77 & = CAAC-0S & # %)
o LT HEE T HEEE 20 B 36°H > MAREEE 20
B 31° IE{ETE 260 K 36° R B FEME CAAC-0S HiaF A
Him o MBS - REMEREENTEY CAAC-
OS 43 #r - UE{H L BAE & 20 % 31°0% » i K &2 U {8 F 20
B 36° o

[0307] B—FH » & X AABHEEAR ¢ #HEA
SIS H 2 B G N A2 CAAC-0S GBS - ik
B BEE 20 B S6°NF o I {E £ InGaZnO, & 8 2 (110)
EHEFT4 - £ CAAC-OS M T » & £ 47 (¢ scan) i # 77
£ 20 EER 56 REARHAEEZ — R EEFRE(o
scan)fi Bt H B # - 415 20B [B FToR - U6 4T RO 28 8 5
5 o fA R # > 7 InGaZnO, B B LW ESBBERT » %
b scan BFIE 20 B E K 56° 5 - 405 20C B 0 L
BEE S EAER (110) B4 4 1~ 0 e -

B o E M XRD Z & BB RE CAAC-0S & a B fl c &
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HEZEREE - |
[0308] # % » CAAC-OS #HE FE&H o T & # MK
oo flan > BEEEHRMER 300om X E T HUFTMRE
FFxHEHZFHEANEESRE InGaZnO, & # 2 CAAC-0S
BT UBEE 2IA B TZEFAEMEREFEREE
FEABETEHFE) TEEHEF » BFER InGaZnO, &
BMZO) VT EITAZKE Rt EFEHFETRTE
T CAAC-OS ZHENAWEE c MHEE R ¢c BT KEE
ERERFHEZN CAAC-0S X EEEW HFAYHE - @
% 2B EE@cGEHBEUNEFRAEAFFRMER 300nm pLE
ERBRZITBANZEEBRRREZITAGEE - WE
21B BEFin  BIRSRFEHREET - Bt EF&EH R
B CAAC-OS H1Ey a BAFD b BEAM AR YA BAHA
HE - -F 20B EPHNE -—BEIASZR InGaZnO, FHR Z
(010)E H ~ (100)FHEFELTAE - 55 21B BHFHE B
e R (1) EHEFNTE -
[0309] }E4h » CAAC-08S HEEEREBEE ZHREANREN
SEYMEERE  -EER/LELVWEERFTNGRE > Bl HR
BRNAZEGRZGHE - AL > CAAC-08 T # E /K EAFK
E%EZ%%%*%%&EﬁwiﬁﬁﬁZ%h%¥§

$‘J

X

ﬁéﬁ

[0310) HEeE&tWFERBTHNEETUMFERE T
PR ETELER - B EEREYUFERBITHEAZERE
SEBEENAETRAIUIEAETRHMIUBETELETR
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(0311] T HEERRA UL ERERD SO T
LoWE B BRBELBELEL - HlM - LEEERL
MIBEGBRRAANAERERS Z TR (RS
o WEE)RA LYW EERMER > HERETHR
ARBERLH L SR ERE B BORARE - & -
SEREBESABERRTRERITFHE) LERNKLE
ATRLYELEBBY T RIS S -

(0312] EAEEEHRKEREZAGY LSBT A
AERTHE - WEALYLEBERBARMEET R
KB B M EARE ALY E BB - CAAC-0S BH B4 K »
FE G 8% W2 ik 46 5 [ B © CAAC-OS Al ne-0S WARH
MEFAEAABSCEFEA LY LESE - KA
CAAC-0S > B &MV B H AR EE (R E KLY
) BAEAHNABBAEFTACYEBBARR
LE T - HIL > B CAAC-0S = nc-0S B & B A
HERMERIECRATHEE RARZETTURRS
G- EEENEE - HIL > B%EH TR
EEZACVESBNESABTEAETBETRE - &
> &% CAAC-0S Y BEMAHTHMBR A BLEET
5 B -

[0313] & CAAC-0S & A {6 % [ 8 Kk AR - # 18
B S SE SN TR R TR R BRE - B
EEE CAAC-0S X B &Mt » i WA o Rt s %40k
ZEWEBLREMNY -
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[0314] #%F » BRAME KLY ELERE -

[0315] MEEEVWFERAESENE TEM B+ AF
HPSENM o WEZ2EBEHUE IR EREEEZEL -
ERZBEXT BEEMEELYXERBTERIE SN
RTARRER 1 nm RARHER 100 nm > 8k 7 505
B Inm FI/NRARER 10om- GBS REBEB Sl
BMEMBEARTANRHER 1 nm RI/PNREHER 10
nm> HRFTAREER 1 nm FI/NREER 3 om > B H
WHEAERAEREELYWFEER (nc-05) - £ nc-0S 7 5#
TE TEM B F > FEEBELTEAREEEHME R -
FREE—EUJEMHNRKEBNERENRMERE CAAC-0S #
SRR Y - Rt > ne-0S 2 BB E S AWM A T | T &
iz FERL AR -

[0316] F£ nc-OS W B EH MWW -  EREA R
ARREBEER 1 om AI/NRHEFER 10 nm > FHIZ » EBEHEA
ERTAREER lom /PR ER 3m)EFBHHMEN
HFEE - £ nc-0S FAEBEN R ZELAERANMEN S
R  H EEABEIEEEREN M - Rt &£—
EENT > ne-08S MERFEZELWLEBYR S REN
PriE - fldl > & nc-OS BETE&BoMBEHEIIN T EEHR
X NEFERAPRENRAYMWZR T2 XRD £EFF > R~
mEVTHIEBEEIAEHRR - It GAXEESENE THE
Z > E ne-OS FHEAFAHKAMERGEI > 50 nm HER)KI
BMBHRYRTNEFRETETFTERH(ETEFT B R E
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BERETHH) A EETFRABENARERS
JNFS R R 2 R BB RS 0 % B B TE no-0S ¥ %K
RETEHERSE - 5 - nc-0S Y EARBETEH @
Mo EAEEREZEY(BERERE - SERT -
SAME nc-0S JB X 2k R E TS B o 4 — N T
1 3¢ B BT 4 B R B B P -

(03171 41 F R4 50 » B 5 42 BAL Bk (350K & B8) 2 1
YA E RS ne-0S M LUBAGIEEEHES
S 65 B (RANC) 2 4 {0 7 3 25 8 S0 4 55 0% B 75 %% oK &5 4
(NANC)Z & 15 77 2 B g -

[0318] PE Ut nc-0S B —BEAHMAM Y &y %
WE S R ERACY LSS - Wit ne-0S WAERL
EEEL YL MM EEREREEE < EBIE nc-0S B
ER R R E RSB E - B nc-0S b CAAC-
0S B & i 5 05 2 1 R A5 -

(03191 #: 2 > I & & 1L 1 3 2 38 46 3 At -

[0320] SE@E L E MM A HERE EHUET R
BRELSESSZEEMLEE - il ALY LY
BB R EL 7S 405 B P RO BB R

(03211 JE S AL L BB ES WA E TEM B 0 &
B R W BB -

[0322] % 9k & & 1L ¥ 2 #8387 i1 XRD 2 [ 4 (out-
of-plane) HE MM AW » GH LB SBTFE Y &E -
N REREEFSE LY SR ETETEHN S REE - Ik
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bh BEELMEERETRAKRETENE - R FHEE
FoEREE - RAEXEHB -

[0323] HAERBE T HNFERERE - ol HFEF
MEABEERKEHAUZEBEBATE2NIERERE - H
o BARAZEBEIRANOCRE FERRNSE _AER
TFHERE EFEAERERANTHEBAIELER - Bt >
EBRBEEFMANAFELY T EREBRAIFEZE LTI E
e BIERAZATRZABAEFEFEREFEERN - 22 41k
MEEREEREFAAUNSCNEEBLAEZELFEER -
It #1410 0 CAAC-OS FI nc-OS H & & B SN EMLE R A
HHE A ERELYFERUZT2FLE LD FER -

[0324] EES/LVFERTEEERTHBENTN nc-
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Semiconductor device and method for manufacturing the same

[ 3]

Rt —EFEtEREEAAFERE LY LB
ZEREE O HTHEE Co 2HERERERFAERES -
Z+HERBEEQATESE B4R ESE - E&ELZE&MLY
FEE EE2STLYFEEZHBEBERSE -—HHRELK
BPUREMZE - HEMEEE Y BRENE - BEER
FHEABEB L HERONF=ZC&E  FHHBEHREHE —
Cu-X 54 EEX & Mn- Ni> Cr~ Fe~ Co~ Mo~ Ta~»
Ti~Zr~ Mg  CaBiMERZEELTRZEEY) -

[ 5]

A novel semiconductor device with a transistor using an oxide semiconductor
film, in which a conductive film including Cu is used as a wiring or the like, is provided.
The semiconductor device includes a first insulating ﬁlm,\ an oxide semiconductor over
the first insulating film, a gate electrode overlapping the oxide semiconductor with a
gate insulating film positioned therebetween, a second insulating film in contact with a
side surface of the gate electrode, and a third insulating film in contact with a top
surface of the gate electrode. The gate electrode includes a Cu-X alloy film (X is Mn,
Ni, Cr, Fe, Co, Mo, Ta, Ti, Zr, Mg, Ca, or a mixture of two or more of these elements).
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