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A1, “TFT Modeling of Amorphous IGZO and Quantum Effect in Its Superlattice” (7 €/~
7 ZIGZO O TFT €7 Y > 7 L Z O FIC L 2B PR L, 8EMLHMRINTND.

AKESCTI, EATENT 7 ALY EEIR In-Ga-Zn-O (a-IGZO) #IEME LT HHE T U A
% (TFT) 122\, alGZO Frff OBBEET V& EE LI-Hii=72 TFT ET7NVEHETH L L BT,
ZTOBBICBTDEFIREBINLZ. £ TFT 7 /V1E, alGZO DX vV 7EE KT T 258
ErlnwieAd 8 er v e, ZoBBEL T v THEN 2 W ZBIE FEEE T L TR S L, TRV
i (250-393K) -+ EEFMIZH T D TFT FrtE A RE R HH T2, RIS, alGZO 2 FE L 15
B2 ERLL, ZOJFREND, alGZO 1, 7ENALTZ7 7 ATHDHICHEOLT 5 nm LIFCET
T2 HFF L, Kronig-Penny model TEEMICHIATE 2 B THNEZERTLIZEE2RHBLE. &
HIZ, ZOETHTZIGNEE &35 TFT ORI 724 v EEREZ, it TET €7 V% HWCRERT L,
aIGZO DIEEHORE L N—al—v a MRBEICLVHATEDZ LR LT,

LITIS, SEOMEZR~D.

Chapter 1 “ General Introduction (i)~ Tix, BT ENL T 7 ALY FEKZTEERE & T2
TFT &ZOEIEET L, RO, TENT 7 AEREE AT OBEOWME L Lo, RIFFEOE R
BLOWEERZLL, HREZE~Z.

Chapter 2 “a-IGZO Gated-Four-Probe TFT and Bias-Dependent Mobility (a-IGZO GFP TFT &
NA T ZABEIKAFT 2BBE)” TliX, a-IGZO %#iEMkE & 3% Gated-Four-Probe (GFP) TFT D5t
MNo, BEENS— NEEONETREAK (FEy) TRENDHIZEEZRHL, Thid HWoirts v
AR L. TOET ML, KFELTELT 7 X Si (a-SitH) TFT €7V EEFEMICRETHY, F
EICKITD FLA vEfE, Y—A - FLA CHOEESMEZHI L.

Chapter 3 “Carrier-Density Dependent Mobility Model for a-IGZO TFT (a-IGZO TFT ®%+ U 7
BEEREEE AT 5BEBEETT V)" T, a-IGZO KD Hall BEIED X v U 7 EERFED D, Fv
UTEEONE TR (B y/2) TEINIBEELZITE L, Chapter 2 DET /L & EFHINZ R 72 if
MrEeETNESR. ZOET/VIZEY, alGZO TFT O A4 55t & Hall BEHE O X v U 7 EERIFIHEZ 7
JERSHHATE 52 L& L.

Chapter 4 “TFT Modeling of a-IGZO Including Bias and Temperature Effects (/XA 7 A, KU,
REZN R A G T a-IGZO O TFT €7 V1) 7 Ti%, Chapter 3 DBBENRA LV EIfEL, TOBBIE L

b7 TEENBE TEMEZRET D TFT TV AME L. ZOETALORELE LT, (KFLA V&
FERFIZR D ST 7 v 2w (b L, TOITE7 L2 N T TFT €7 VDR T A =2 & b T v 7%
ENHizfFl. ZTOETAEANET AL AV I ab—va ik, 253-393 KT 5 TFT O BE
T~ R R BRTE .

Chapter 5 “Modeling and Electrical Instability of a-IGZO Dual-Gate TFT (a-IGZO DG TFT ®&
TIAL E BRI EM)” T, AIEE TOMEICHES X, a-IGZO dual-gate (DG) TFT ® TFT &
TNEMEL, My 77— bREEED T v TR T ZAA N ARZEEDOERFR EEZ LD
ZLAEIRLIZ.

Chapter 6 “Optical Evidence of Quantization in a-IGZO Superlattice (a-IGZO B IZB T 5 &
FALDIEFRIIRFERL) " TiE, a-IGZO (Tauc gap=3.1eV) ZH 8, a-Ga:0s (Tauc gap=4.3eV) %
FElEfg & 9 5 MR TS A BIRA NNy # ) U EICTERL L, ZORFREEZTAT-. ORI, D,
a-IGZO H B, REFIZBWTES 5 nm £ TR TFUMEL#F L, Kronig-Penny €7 /L CTE&EMN
WA TE & FHEM AR T2 Z L2 A LT,



Chapter 7 “Quantum Effects in a-IGZO Single-Well TFT (¥ —H:7 a-IGZO TFT (281 5 & 1%h
) 7 TIE, alGZO H—HH7 (a-Gaz03/a-1GZ0/a-Gaz03) ZiEM/EIZE&te TFT OBENERHEND
E AL LT a-IGZO H D * v U 7k FtE 2 it L. B—HFE o a-IGZO HFB/E S 723 5 nm LA
TIZBNWT, 20 TFT B#E &7 — NEEOBRIE, FHERAE S, HFBEIIKFT 2R
tHL7z. Chapter 4 ® TFT E7 V& W IZBEN G, BT L D REH ORFBRI 2R RBH L OTE Rk &
N—alb—=a MREETMICLY, ZOBBEOREI LR ZHATE 5 2 L 2R L.

Chapter 8 “ General Conclusions (ffa@)” Ti, AFEOREEREZRIEL, bR ZREE L
7z.

ZHHOWFIZE Y, a-IGZO @ TFT €7V v 7/ & Z DK FOREFIROMIENTE, ZORE,
FRTENT 7 AW EEROEFIRIE L v U 7 s B 2 B 2 RO LTz,

This thesis is entitled “TFT Modeling of Amorphous IGZO and Quantum Effect in Its Superlattice,”
and consists of 8 chapters.

In Chapter 1 “General Introduction,” backgrounds and objectives of this thesis were described.

In Chapter 2 “a-IGZO Gated-Four-Probe TFT and Bias-Dependent Mobility,” an analytical model
with a bias-dependent mobility, which reproduces electrical properties of gated-four-probe a-IGZO
TFTs under on-operation, was developed.

In Chapter 3 “Carrier-Density Dependent Mobility Model for a-IGZO TFT,” a mobility model
represented by a power function of the carrier density was proposed. The model can explain both the
on operation of a-IGZO TFTs and the carrier-density dependence of Hall mobility of a-IGZO films.

In Chapter 4 “TFT Modeling of a-IGZO Including Bias and Temperature Effects,” a TFT model with
the subgap traps and the carrier-density dependent mobility was developed. Device simulation
employing the model reproduced the TFT characteristics over a wide range of bias voltage and
temperature (253-393 K).

In Chapter 5 “Modeling and Electrical Instability of a-IGZO Dual-Gate TFT,” an operation of a-IGZO
dual-gate TFT was studied based on the above TFT model. It suggested that the electrical instability
was dominated by subgap traps near the top-gate interface.

In Chapter 6 “Optical Evidence of Quantization in a-IGZO Superlattice,”optical properties of a-1IGZO
superlattices with a-IGZO well and a-Ga20s3 barrier layers were investigated. An energy quantization
of the a-IGZO well with the thickness at < 5 nm was observed in the Tauc gap shifts, which were
quantitatively explained by the Krénig-Penny model.

In Chapter 7 “Quantum Effects in a-IGZO Single-Well TFT,” a carrier transport in the quantized
a-IGZO well of a-IGZO single-well TFTs was discussed. Novel relations between the field-effect
mobility and the gate voltage for the TFTs were observed. An investigation with the TFT model in
chapter 4 indicated that the relations can be explained by the quantized DOS and the percolation
conduction model.

In Chapter 8 “General Conclusion,” all conclusions were summarized.

The studies grew further understandings on electronic structure and carrier transport of a-IGZO.



