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Provided is a transistor including an oxide semiconductor in a channel formation region in which the
threshold voltage is controlled, which is a so-called normally-off switching element. The switching element
includes a first insulating film, an oxide semiconductor layer over the first insulating film and includes a
channel formation region, a second insulating film covering the oxide semiconductor layer, a source
electrode layer and a drain electrode layer electrically connected to the oxide semiconductor layer. The
semiconductor device further includes a first gate electrode layer overlapping the channel formation region
with the first insulating film therebetween, a second gate electrode layer overlapping the channel formation
region with the second insulating film therebetween, and a third gate electrode layer overlapping a side
surface of the oxide semiconductor layer in a channel width direction with the second insulating film

therebetween.
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Provided is a transistor including an oxide semiconductor in a channel
formation region in which the threshold voltage is controlled, which is a so-called
normally-off switching element. The switching element includes a first insulating film,
an oxide semiconductor layer over the first insulating film and includes a channel
formation region, a second insulating film covering the oxide semiconductor layer, a
source electrode layer and a drain electrode layer electrically connected to the oxide

semiconductor layer. The semiconductor device further includes a first gate electrode

. layer overlapping the channel formation region with the first insulating film

therebetween, a second gate electrode layer overlapping the channel formation region
with the second insulating film therebetween, and a third gate electrode layer

overlapping a side surface of the oxide semiconductor layer in a channel width direction

with the second insulating film therebetween.
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[0072] 35X = > fl4 » In-Ga-Zn LYW ETEH
In- Ga R ZnfFEAETERITHEALY » H In> Ga &k Zn
LR L AR AR - In-Ga-Zn EE¥YW T EHF In- Ga K
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BE 1122 BARFAANXIEEZEFTGZ - EMHEE = A
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EEREKEUTERE -
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EHRimBELYWEE 208 #@ K L HRinRENEER
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- EFRBERE 210 RABEMLE 212 WEIEA A L i
GRS IEEE IM4NEZEEETURA - Bt > 5
“RBGRE 14 REERAI LR -

[0139] fEAEKRFEHEME 210 RABEHZE 212
NG A EEREASEEEREANEER S
FH (ICP) - FHmEME 210a RABEHE 2122 SR
MUTF &&=l © ICP 2000 W~ {REE 50 W~ EE S 0.67 Pa -
CF4/0, Byt # 60/40 sccm HEKRIAE 40T - R EEZE
210b R EME 2120 (B ZI R0 F : ICP 2000 W -
fREE SO W~ B ] 0.67 Pa~ CF,#Ji# 100 sccm H KB
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BHHEEOER BEVRESETRE SC BHELY
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BERELYESR 208 EREE_HMBEEMEE 116 HXE
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o MEGnRER RELERFFEABERES -
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e SAZE SCETFROGELYE® 208

(0143] % 6 BTHMEBEHESAELLWES 208
B @G 106 RECEEE 114 2/ - L4 ELEVE
B 208 AT —SLYWE 2082 SILYWEHLBE 2080 &
B =S E 208c -

[0144] S LW E 208b TR 05— F MGl &
Bt R E ALY L B EE 108 8 Ll B -
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[0145] BEE —E{LWE 208a RE_E{LWE 208c
GhEF—RNEEHMRE LY ELEEE 2080 NEBTEN
£1tmE -

[0146] EALYF EEEE 208b A4S H In-M-Zn & 14
ERWE SILWELHEBEE 2080 2HEVHE - R M
(M %&B7TE #lW Al- Ga-Ge> Y Zr~ Sn- La
Ce st Hf) - WifEfIR > LW F BB 2080 2 H M -
BESBORTRBERTRA

[0147] S5~ E{LYWE 208a RELYW L HEE 208D
T E—StLYWE 2080 B&H In-M-Zn ELUWETHE
tEg (M&BEBTE » FlW0 Al Ti~ Ga> Ge~ Y~ Zr -
Sn~La-Ce 3 Hf) » H M H R In WEFLEER &L
WK BEEE 2080 TR FL c BHE B —ELYE
208a FHMEMEBATENENRE FLEEBERELY £ 5
BIE 208b R IS BRES  BRENE 2ERNESEMH
EI3IBREL -FALAETZHERBESREELES
RNEEMGFHELLDBTHNEEHOIE - LB E  HBER
EEMEUBERE 208b ELEBBAHFELENE—ELY
j& 208a 1 o

[0148] fh4h > EELWE 208c RELY L EEE
208b b BAE — S LWE 208a Ml BEZELWE 208c
BEH In-M-Zn EEWETRNELHE (M GLEBTE >
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208a EA In: M: Zn ZRFEE xi'yi 'z 8§81 ¥
HARE 208b BF In: M: Zn ZRFLEA x20 y20 2,0 B
EE_&ILYE 208c HEF In: M: Zn ZRFLER x;:
ys iz B yi/xi R oyi/xs BRENERR y/xoc HER
yo/x2 0 B yi/xi R yi/xsth 1S BRES - BENZ 2
HEZ FENZEIB/HNES - L RELYELERE
208b 1> F v, AARREFENR . E&BTEFERENE
TRHE BT & nHGRANR3I/E XLHNESL EEGBNEN
PHRGER - DAt > ) BBENZ NN 3 x,-

[0150] BFEE » EF—S1L¥WE 208a {% In-M-Zn &
It BWENE > In 8 MBEFEEF » In HEER/NFH 50
atomic% > H M BJEE R R P HEFER 50 atomic% » If H ¥ {#
WE In 88 MBYR FLEd > In B9EER /MY 25 atomic% > H
M BJEERRREER 75 atomic% - EE LYWL HEBE
208b {4 In-M-Zn 1LY - BMENE In @ MR FEEAOT
Bt @ In AUEE R AR E N 25 atomic% » B M # bk % /)
75 atomic% ; EEMNE > In HEEER RPN HER 34
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[0151] B — & EY/E 208a BE _K/LWE 208c B9
SR EE T EE R - R P4 K T % 7T A B B A
HAEERFEE -

[0152] Bl40 » HINE—ELWE 208a- ELYWFE
BE 208b RE_SLWE 208c TIHFAHAEEN - HEE&
NEEYEER  -HmEM  F—S/YWRE 2082 TFEFHE
B In: Ga: Zn WEFEB 1:3: 2 In-Ga-Zn &9 -
47 In: Ga:Zn WWETFESB 1:6: 4 & In-Ga-Zn &1k
M - &7 In: Ga: ZnfEFE B 1:9: 6 8 In-Ga-Zn &
EE&H In: Ga: Zn WER FELEFI M (T R FEEMEE
WEAYTER S+ ERBE 208 IFHEH In:
Ga: Zn YRFEER 1:1:1 & In-Ga-Zn &Y - &F
In: Ga: Zn WEFEE 3:1: 28 In-Ga-Zn §1LYH &
A In: Ga:Zn NERFHENKTEMNEFLEEENE LY
MK - B _SIYE 208c AIFAEH In: Ga: Zn W [H
FEERA 1:3:2H8 In-Ga-Zn &% - 258 In: Ga: Zn 1y
Tt A 1:-‘6 ' 4 8 In-Ga-Zn §1t% - €F In: Ga: Zn
WEFER 1:9:6 8 In-Ga-Zn KLY HEFH In: Ga:
Zn YR FELEFIMEM R FEEOZNEEYTE K -
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[0153] B—&LYWE 208a RE_E{LWE 208c i
EEGARRER 3 om B/ARKER 100 nm > BENE
ARFZER 3 nm BARKER 50 nm- E/LYFEEE
208b Y EE G AR KER 3 nm /AR RER 200 nm -
ENEARREN 3 am B/ARKER 100 nm> FHEHE
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[0154) BEMWE  SEE—ELYWE 2082 REZ&
LB 208c B —RESBEHRAE LWL EEE 208b 17
SBAE LEARERE—SLYE 2082 RE &L
ME 208c WAL BB ESERAEEAMOES
HBRNARYRE LY L EEE 208 WE/ALYF BB
W ENEEEAROERTEE > FEEEN KNG 0.05
eVEHEZZL »0.07 eVEHESL 0.1 eVHEZL -~ 0.15 eV 5
5% W HGB 2 eV EHED -1 eV EHED 05 eV HE
b 0.4 eVHED - HHE BENE  SEE—&LY
B 208a RE_ELYE 208c B —HNESBHURELY
FWUME 2080 WL BLE LHARKBRE—ELYE
208a RE S ALWE 208c B9 E ALY ¥ A W E 1 B
EEAERNESHESRARERELW L EEE 2080 &
Sl EmE S E R AL EERNERTRE - F#&
FEHI RN 0.05eVERESH 2eVHED -

[0155] RUtTESEHE S » EEEHRNMR E _MEEE
B 116 BEVRRELCWER 208 P2 S (LYWL EBEE
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& R E-ELWE 208c FRRELY LS G
208b B @GR 114 2R E PS5 ES BN EEF
FRE_EgE 11408 1# -

[0156] LhpE > BRELYEBSE 208 AW EH - 8
BERELYED 208 HEWES > £ In-Ga-Zn &1LW
HAE 3.15 eV ZHERERS B HERSESE—GILYE
208a E _ &1t E 208c KE In-Ga-Zn S 1YW B AH 2.8
V ZHERER B HERELWLEBE 2080 1 8
G ERBBNESER BEE ATHI BBGS
RELVMEE ERREBNEGLETE—EILYE &
LML BBURE - SLYE -

[0157] BEE—GLYWE ELYLERBLURS
“EEMBNEES 10 nm- AALEBERES (@
HORIBA Jobin Yvon ¥/ UT-300) A EREFE - [t 4h >
S ELWERE LWL EBBNENEOERG 3 eV
TEHE S EYBRECYLEBBNENENERG 3
eV o

[0158] M TAE T » BUERE - E/WE B
S ALY B B 1 15 1 B 1 L 28 AR I O O A TE 0 T A A
RO @BRE RS EETFAEE (UPS) (M
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s TE Ik T B B P 2 R
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[0161] % 8A EH = BE—&LWE &Ly ¥E
BEERE ALY EOE SRR AR EEYSE - 29
BERAE —SILWE SLWILEBERSE _ELYWEN
EREEHINEE LA HBEHREM -

[0162] HEE > BARWE SABFHROBEY  B—
SLYEBRE _EILWEBEEHENER  $S—&LYE
RE-SLUEBTUEEEREERNELYWE - flw
W% 8B BPFT RAIB IS4 - BEcS1 B EeS3 o
2 BAKIERNE 8A K 8BE F > EcS3 B & EcS1 -

[0163] W% 7TAR 'BERE SAR SBE » &4t
MBBNESET  BEGHRARELAFSHNEA LY LS
mED - BIE FRAESENOAERGEARE &1
MBBIRTBE URH - o BESIRRBEEREE
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[0164] RASEE—GLYWE 2082 RE_ELYE
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BEXEERINEENELYESE ZREEFAHEAEBFIEXRS
NMEBNWELYEBH R BEREEWER (HE %55
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[0165] R TR EENEY T LRERMAEED
BEBMARBEZEZR FRESHBEBEEN SR EIEE
(BEL24%)  SEBEAKEENREAS EZ HEAE
71 (ZE& 1x10° Pa®E 5x107 PafVEZE ) - HE X EZ #
WERAOSAEBUBETEER KSEHREL Y L Ee
MEE -  BENE BHOTFTERALSFEE —HEEF
Ao UBERELHBNALERERS -

[0166] HTHISMAFNAEELYWFEERE  FE
EELAFEHSEZHMN  TEBERBL L EAS & F
- EERASHFREAFEH 4O0CHER > KENE
BOCHEFME » FEME-IVCKRERZERRNERES
BERE BUERIPBLEKREEASLLYLERERE -
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ERSEYEERE 208b X LH X TREUEREREREL
HBEREERBERNALCLYEE 208 B ERELYE
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FEERE 208b -
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BREBEBARE LY LEBONERTOEERES - 87T
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BERVELYWEERBETESEANEZR - EELYE B
208 P RERECLYWEERE 208 A HELARZEHRNE
tYEEBNREEWFEEREBRE 208b Z EHZ T » DUES
It EBE 2080 PRI EZEGR AR - fla0 - S F
HEEE 208b - NEHEBELENTWE & - HEEN
ERE (CPM) BAME - HENK 1x107 /em - BEH
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[0169] B4 MEHFERE 2080 HEE A E
R TE (PINEaftVENEREREEZE) WEGEDN
B -HETEZE (flOW) TEGESEARLEYEER
B 208b PHBEEBERKER - ENHEMBEESHRE TR
MERKELENNEZH  EZBENETRHEHEEREE - F
MEKEZBHNEFRERERK - > RELWES 208 &
ME—SEYWE 2080 S ERKRELHFERE 208b 89—
NEZEEBLE  "HEMBBRAGZEPHRNE—SEYE
2082 BEHE L F EHEEE 208b 2 - Rt » RBEFE — &1
Yilg 208a ARV ERENETFTRHENKE > PlOERE
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[0170] EEEBFERNE @4 114 &Y E s
BB 208 WAEMENER  NEXESERNE &
BESBOESRBHREE - > KELYWESL 208 b
E-EEWE 208c eE—NESBHRE LY L BEE
208b & BILE  ME S WE 208c RE(Y L HE
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B MBI R TR
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[0172] Bl > REREBEW K BEEERE R EELY
BE 208 MAEBNSHEE —BSHE 106 RE - BEE
114 MR REERT BLBTODRBEE T 04
SEANREASE —SLYWE 208a HE_SLWE 208c =
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BEBEAEEAER BRELEREARBLELET » M@
S LEBBITERE n &

[0173] o » % —E(LWE 208a RE - SLYWE
208c ERARBEKE B FlOENHF G532
GALY L EAEE B 208b > WA HIGI B EARNLE -
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— S E 208a R E _E LB 208c i » DAFTIES B &Y
B 4 ENYRBEASLEY X ERRE 208b hELE @ &
I L EBERE 208 FEENWRREERENZER/RNSE
—ELYE 208a RE_ZELYE 208c PHYRE -

[0175] FEE St FrERBESLHNHERETH
“REETFEEREEE (SIMS) M -

[0176] ZE&tWFEBREaEEXEZE KR IER
MEtER n BEE C Hit > RERFERE » IMNEIEE H#
REEgE (FINEEWE) REtWEE 208 LBk
FRAKRKIHLEA  BERB -

[0177] #1% 8A K 8B [E # Fr/~ » ¥ 'H S0k fa & K HY
TR RRE —SILtYREBREF _SLYWEEE S
B plmEEWE . 2EAONEWRE - F—SfEPEAKSE
—EtYEFEELY Y SR EAEHERENHIIRRE -
M > A EcS1 = EcS3 Kk EcS2 MW EREEZ/NNERL » &
Ittt EBEINEFOEFRERERMEZ A& MHE
e - EEFRENBGHERSE  EARABERER KN
MERENERABEBEFETARS
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MR X EHETEEEE (FREME XPS) BHMLMEE S -

[0182] %% — G LY/E 208a S A% —BEHE 106 1y
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EAGERSS REEESBONE LY ELEEE 208b
EBRAERSEHNE—S(YWE 2082 LHERN > &
LYMEBBTREAERAEREHOREEE -
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RESERDD - HREZELYWE 208c REFE ST
SHEALY E LG 2080 LEBE -E/YWE 208c EHE
SR RELER P §LyLUBE 208 HE &
LB 208c RMWEBREZH T EXNETFEMS
(TEM) WHBEBNELHNRE - FI8 S_&6LYE
208c EEWEEWIERE 208b WMEWEREE - K
It BRTHERBERE -

[0184] BifEM R ELELYEELR 208 FHWEY
FEREBE 208b 2 CAAC-0S - ) CAAC-0S HIEE 4 £
i TS EARBEEIHNE_EHEY c EE LYWL EBEE
208b EAW LM EELS SH CAAC-0S B RBHNE
REBEZLTRD BEFHETBE

[0185) M EFrit - REBE‘LWEBHE LWL Hm
EBUYRESE LWL EBRERELYNELYESR |
ho AL REANER KA RBEE YL EBEBNSG
GEPEAENBEEARLCYLERE TRRET -

[0186] 4 EAHBEELWESRE  RELURE
LI EBER SR ENERS Bt NEHENTRFH
BRAg2EgH AAESENSRABHERS - B4
WRELYEBSLY L EBTHELEEEAS (LY LY
EE UNEESStWErEBmNESRTAERENET
B

[0187] Z4h > BAELWELEBE 208b WELYE
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#E - RILWESR 258 B8 F—&KILWE 208a RE%
B 106 L AW+ EBRE 208b RE—SELYWE 208a
EFZSKAEYWE 208c REILYEERE 208b £ REF
ZEEYE 208d EEE —SLYE 208a WHIE K&
FHEEE 208bHHHE  ZEALYWFEBE 208 HE—&
L@ 208a~ FE_HKIWE 208c RE=ZS¥WE 208d
E&t - B0 F=ZALHWE 208d HBEHE_RGHE 114 B
RS _FEmEMRE 116 EE _BG&E 114 -

[0189] W% IABF M= KLYWES 258 EFFE—
MEXREXEMERHRFEENEHMRET - LERBI 0 B
VO ERE _BEE 114 WE=ZSLYWE 208d WRE
GEHRE -

[0190] B =& 1¥/E 208d B & » {0 > GIEANS
—SEYE 208a WM K - E=ZE/WE 208d LW THH
B Bl BEE—RIAEYWE 2082 EEYW L HEEE
208b REZE LB 208c HEZMZEEMZ - B — &1k
Mg 208a IREEYHMZERELYFELERE 208b RFE
S /g 208c Y@ E -

[0191] REELERL  EXRE=ZSLYWE 208d #
BehZIE B4 106 KB ERET -

[0192] FARE  RELEEBERL  F—&S1L%WE 208a-
F_EILYE 208c RE=ZHLYE 208d FEHREHEEE
S - RNBEALMELEERE 208 TREHELEE -

791310 -49 -

teD



1605593

[0193] B2 > §1LYWEE 258 ST EFWE 9B B+ Fr
MR - WE IBEPFIAHNEALYESE 258 R RIKA
EEMEHE (#FA8) B - AR RKGEREHRER (/) &
W B _REE N4 NBEETRA  -HE > TREODE
CCETF- ' BoERERVENERE -

[0194]) M LAtk » AEHROMFEEREERLE &L
MER HGEBSELWIEEREBERELYEEERREL
MIERBEN LR THES2  ERELYEEBNEE > &
LtYRERBEEEHRAXNMENRE  -HELLWEENWE T
EECHREBABENEHEET  E@LYERNEEEEY
Whn - Rt B —HHMERRELCYWESR L Wit 7
EHREEZEXNLSEFERFRNERZSLYER PR
BEAR EWMTURBLYERBREENEFHMESLL - Bt o
TREREFRBREEFREENFEREER

[0195) MM EFritt - RBAZHEN —EHROUNE R E
EFREFBERE HAMEBESBNERAEEHEES K
LR ERBAEEMENUIRTHE - LI TRHESE K
EEEBENIEREE -

[0196] AEHA TEARASTHNEEERKG B H
Ea -
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AEREGF  HENE=ZFHREFAPL2ESE SA £ 5C
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[0198] % 10A - 10B K 10C BB RAZHEH — &
ANEREN ERAEREEE - % I0ABGEEBN L
RE > Bt 10A B RIESR AS-A6 WEHEHESNE 10B
B oo 10A B HIE 4 BS-B6 WEHEHB RNE 10C F
B FEAEARE HREBMEEN > —&R 10AEBEPH LEEFH
HeF LERHNATAERRHNARER - FEE EE—FH
PIFE =PI EANELREAET >N EFTHUNEDN
Moy TFTHE2ZHEE  BEEBEENL -

[0199] 3B > % 10B BAEBERE T O EET
B - % I0CEABERETEANEEE -

[0200] 4028 10A £ 10C EBF AN IERBEES
R —REE 106 fFEVWESR 308 RE—-BLKEKE 106
LHEBESRBEPRES  F_E@&E 114 RELYES
308 0 MEMEMRE 210 RAGERLRE 212 BEEFEE S
t7ESE 308 - ¥ EREEFEHFRBELE 104 EER
BRHREHBESE - BGE 106 RBERNEM » £ Z R IEE K
Bl ERFENKRERAF —RBE&E 14 RENEH
DR F=HBEHRE 118 EEARILYES 308 YA H N BE

BERENEHFE_EGHE I14RERHERM -
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(EREBRNEH -

[0203] RABEHAI PR ZEHFERBEENER
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FEEZE-HBEBE 118 WBNTAE - EELEMHE
ZE—HBEBRE 14 RE=ZFHEEHRE 118 EEEN
ERARBEEBRUFESRARYS -

[0204] W% 10A Z 10C B AATHNFEEEEHY
%2 5SAZE SCEYFRNYLERBEENELYERNERE
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10C BHFANYERBEENSLYESE 308 JHUT
FERK - BHRE —SLYWE 3082 KLY FEHEE
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BERE 212 LRZBREHRB=ZELYE 308d REZE
L& 308c - B EME 210 R KB EEZE 212 £ -

[0205] AR E —ELYWE 3082 RILYWFERE
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ME 308d EHERFHEHE -SLLYWE 308a RE_S1LLYE
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[0206] #l4a0 - F— K1 E 308a R FEEREE
308b FE_HKIWE 308c RE=ZFAYE 308d AI{EH
SHEMN - HERENSLELYFER - -#HEM - F-SLYE
308a B]{FFHEH In: Ga: Zn WEFEEAE 1:3: 2 # In-
Ga-Zn §1&¥ - &%F In: Ga: Zn (EFLER 1:6: 4 By
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