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%1 FEm) L. AFEON R, BLUOBMIZOWTIRRTWS, KEMBERMEI (LSD) 114 8/M b/
WEFNE N T P 2 MOSFET) O ., mERIC L v gEx ) LS TE 20, ImEBHIIC LI 5 ER S
MEREIR ENRBEIZ /2 > TE TN D, TDTD, T FNMTEBBIEMEZ AW 5 Z sl X AR EA#EFES R
TEY ., AFETITEN-X ¥ ) TEESEEEZET5 757 72 ICEB LTz, — T, 79720380 FEy
O TIFELRVMEICH B, 77720 F v 30 LEBRDR ST DA X (GFEN 134V /4 7 ehsdE
TR (2~20 F2E) < | WBMEEIEEZ RTE VI RN H Y . 2L LSI OFMBERTFHED AL v F U I HFFITGH
THBRCRE M E R D, AKX T, ZOMEERT L2700 TFEE LT F—7 L7 SiC(n-SiC) &
— R/ R A ELTHW Y 77 20 F ¥ FVERDIE ST VA (n-SiC-S/D-GFED) #i&E AR Lz, 20T
N AL, V—A/ R AT T 720 F XD a vy b —BEED S — NERICL VA /4 7%
BAHENS | RO FET BEE L AR DEEA I =X LTEEL, I a2l — g kL, RERF /47
b & BERRMEENERS I T X 5, ABFZETIE n-SiC-S/D-GFET A& & FEBRAIZ/ERL « 3R+ 5 = L lc X 0 EBEDHE T
OEEA =X LB L, mA v /A7 HDFER, ERb~DEHEZIRT2HEEHME L,

%23 [BHERLG L, BT E] 1BV T, EERZET =— VIELZ L 5 SiC E~D 7T 7 = VIR Tk,
n-SiC-S/D-GFET #1& DIERIFIEIC OWNW Tk Tz, B2, BRENTZT T 7 =V OFHEFIE. T3 ADERXFF
MDA FIEIZ DT HER L7,

B3 E [BHETICRBTL7 77 = U BRTEORT) T, —RICHRESIN TV ABEEZET =— VAL
W2& D SiC LTI 72 VBRI D b, BZERE DKW E S (1074 ~10"Pa) I T Y T 7 = VBRSO Mt &
1TV, ZOESERICEBNTCIL, T=— O F ¥ o NN—NRBENT T 7 2 OWEICEEE L5 2 A2 L 23
BRANCB DN Lie, E72, ZORBEE RS H720I2, 7T 7 = U IEEINC SiC b3 m & ZAER (L ALEE L, 10nm
FEED Si0,BEER L THET =— LT 52 LT, BEDT T 7 2 V WWE~OEFELIH T, BiLERS T
Tz PR TEDLZ EERLTE,

W4 n-SiCEY—RA/ N A e LT-7 T 72 FET ORIEELEHEA H =X LDEL ] 1B\ TIE, REL
72 n=SiC-S/D-GFET OFME L BhEA 1 = X A HOWTitgim L7=, #&1E L7 n-SiC-S/D-GFET DimEEfRFEIZ IV Tl
FPEENED TR RN B b0, BoNimAd /A 7T 2 LT e TERVMETH 72, kv 74— Mk
&N L7~ Cross Bridge Kelvin 1 (T6-CBK # )10k 52T 7 = /n-SiC 2> % 7 NERE D 2R 5 b B £
Z. BAELERTFICBWTHER LY a v hX—RESIOLFHDENA SN TW e Eii@mST7=, 2o
HRE LT, BICEETHALON ST 7 =2 /n-SiC RENHEET SH3y 7 7 & BL) LTINS R mEREDZ
BTHY BLICHEETHEEZOND N Ty AICXV T 72 /nSiCav X7 MeDF— NEFRBBITFHNT
WA ERbEmATT e,

BH5E (REFELIZS 7 7202 F Y RVICANWDEZ LICX AT T 7 = F v %) FET O EMtRElk] 280
T, KET = NWAHEIZEIVBLE S T 72~ WE L, BLELDO ST 722 /n-SiC REEAT D7
ZHWT FET Z/ER L, FMiL7=, Ny 7 7EOHEW 173 /I 720 2L TF vy A eELTHD
n=SiC-S/D-GFET IX., 1B EIC W CHMR R BMMEEIEZ R L, /7 7 = FET & LTI TEWA /4 7kt
(10°710°FLBE) 2T 5D, S 5T T6-CBK FFTid, /7 7 =>2/n-SiC ¥ A F— FEMEOBEE 27— N EEMKLE
MERER I, XA A —FEHELYV v ay P —[BEEIZREL -7 /ME, F'— MNELEOZEICEY v a y
b —FEEE X723 0.4870. T2V IREATAL TWDH I ERMER L, ZHEI N T VPR DA /4 7 DI+
BIETH T,

%6 & b Tk, AFEOREEZ F D7 LT, FFRREOMESTEZRL, S%OBZELE LT, AL
OAREME & F NI T-iREE R LT,
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This thesis entitled “A Study on Improvement of on/off Ratio in Graphene Channel Field-Effect-Transistors
for Switching Device Applications” consists of 6 chapters written in Japanese.

In chapter 1, backgrounds are described. For future LSI applications, high electron mobility materials
are required in MOSFETs’ channel. Graphene is one of the candidates, because it has excellent electron
transportation properties with very high electron mobility. However a lack of band gap of graphene causes
very low on/off ratio and ambipolar behavior of graphene field-effect—transistors (GFETs). This makes
it difficult to apply graphene to switching device applications. To realize GFET with high on/off ratio
and unipolar behavior, I have fabricated and characterized GFET with n-SiC source/drain regions
(n=SiC-S/D-GFET). In this device, high on/off ratio and unipolar behavior is expected by Schottky barrier
modulation of graphene/n-SiC contacts.

In chapter 2, experimental and characterization procedures are described.

In chapter 3, graphene formation processes on SiC in moderately vacuum conditions (10-10"'Pa) are studied.
Degradations in graphene quality by residual oxygen in a chamber and passivation effect of thermally grown
oxide silicon dioxide (Si0,) against oxygen are confirmed.

In chapter 4, n-SiC-S/D-GFETs and cross bridge Kelvin resistors with top gate structures (TG-CBKR) are
fabricated and characterized. n—-SiC-S/D-GFETs and TG-CBKRs show low on/off ratios and no significant
Schottky barrier modulations of graphene/n-SiC contacts. It is concluded that traps in a buffer layer
(BL) between graphene and SiC prevent barrier height modulation by gate voltage.

In chapter 5, n—SiC-S/D-GFETs without BL are fabricated and characterized. Graphene without BL is formed
by hydrogen anneal ing of graphene on SiC. The GFETs show significant high on/off ratios (10°-10°) and obvious
unipolar behaviors. TG-CBKRs also show significant gate modulations in current (J)-voltage (V)
characteristics of graphene/n-SiC Schottky contacts. Estimated barrier heights against electron of
graphene from the J-V characteristics changed 0.48eV to 0.72eV by gate voltage changes. This value is
reasonable to explain the high on/off ratios of n-SiC-S/D-GFETs.

In chapter 6, conclusion of this thesis is described. In addition, future prospects and tasks toward
commercialization are suggested.
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