HE KRS HEE SR ZE CREST
ZEREIE R =LV ha = AT A ZAD A
&

G HEHM B 7 a2 AR
WF2e

tull

AT )T ASAZAOE TR DT IC LD
b E me/ MURRGETHEE DB %

WFGEAS T i =

e Al SRR 214E10 A ~ LRk 2543 A

WFZEAERAE - KBRS
(BB R F R E R - WeZA%)



§1 WIEEROBEE
(1) F2hEmtE

PRI DL A3 Db 48 & Sl kst L PERE MOSFET O 328113, £ DFFHEFRELE D
H 72 L CTIEARAIRE CTh D, FCHHEH ICRBINDRFHIFEOE X, 1/f T ORISR
TaBRUEIET HLZINDH DD, BUHEE O YU TIRBICH R T OARER b O F
T, B2 THDH, RUFSTERETIT, S BB LRI LED B, 7 rt Al R OHEE 2341
TETLLioexz, 22T T DREM B0 X 2 dHAIUE T 2 Je BRI CRAZE L, 2 3=
L—2ar MO MEE BN OB Tl SHICPRERBIRE 0D ¥ U 7 O B/ 42 Ml o
DT WEITT,

1.1IZMOSFET OO E I T 25t DS Th 5, ZIVETOME THES
I TETARJE I A7 (<100kHz) TO 1/t L. 10GHz Z#8 2% RF HEF O RINZIE, 5HAI4 %
FERTERWE RO B FEAE LD, F O (100kHz~%% GHz) 1da—F— & 5o
a7 [ A G e, EREAIE E4E 4 EECRDHIR CTHD, oz X, ZOE b iEE (GHz
FHIR) TOMEZT EREI 2L —var TLUTHBER T2 o7 HERMR B EICXD, #iz
TRy B A BT A E M TEIZEEZTND,

T EBRYL—T T HET 2T DR IE T L U RS D SRS O I AE
BN U, o A BRFE Lo m RS 7 n—7 v A7 ALY, 2GHz ML RIZED
MOSFET ME 5 2 st LT, v 3ol —ar -7 L—7"Tld, 0 GHz #1238\ T
PETEAL A BRI EF S, ML 7 B A LA M S IH N EECTHAELZHLNITL
7o SHIZHGRZ L —7 T, U7 OEMNRZEB 2 R VO EE W T, flilk 3%
TR LT, AAFIERRE TR0 B COMIE 2 I LED CWOKEFICLY, v afbiE
WO PR T NAAYPREAFLEL , R TREE T A AOEMERRLIZE i EBL T
=Y AN

L
F
A
| K&
Al =
i =
i
m (5]
- 2 (1s ~ 1ms
+ = )
o EFETE
= (104 ~ 179)
il
MRBEEL & 2
BFhE

1.1 MOSFET &5 X WF7EE & X EAMFIEIRBE DAL E SV, Rk 23 4F 4 A 22 HIZAT
DT ER 21 FERRGREER 5SS TOREEEL



(2) BRI

. W. Feng, R. Hettiarachchi, Y. Lee, S. Sato, K. Kakushima, M. Sato, K. Fukuda, M. Niwa, K.
Yamabe, K. Shiraishi, H. Iwai, K. Ohmori
“Fundamental origin of excellent low-noise property in 3D Si-MOSFETs ~ Impact of
charge-centroid in the channel due to quantum effect on 1/f noise ~”
International Electron Devices Meeting (IEDM), Washington DC, USA, December 5-7, 2011.
BEEE: AR IER T D REE ANWHZE T RO T —F BING L DAL HRT, #—HT
(BLAL: [A?/Hz]) OHEEARIRA R CEH LA FEREL . £ OIBA LN LTz, ZORMURIT,
(IR T DAL | BT D12 DFRGHEFHI MR R AT o 1o b D TH D,

. K. Ohmori, Ryu Hasunuma, Wei Feng, Keisaku Yamada
“Continuous characterization of MOSFET from low-frequency noise to thermal noise using a
novel measurement system up to 100 MHz”

2012 VLSI Symposium on Technology, June 12-14, 2012, Hawaii, USA.

B N ETIZEHAIT 22 LN TERD o T i AR A e & 5 HI k4 (R 7 72
=7 CHERT DR, FTRBIC LT, ZAUC KD, 150MHz £ COMEF FHliAS AT REIC 72 o7z
(BRI FBRDFET 800MHz £THHE  RFER) . ZOMEND, TNETRA ST
BLWE G2 N ATREME L &B I, BRI COHFTT R eI A< LB 2 D,

. K. Shiraishi, T. Shiokawa, G. Fujita, Y.Takada, M. Muraguchi, T. Yamamoto, T. Endoh, Y.
Hatsugai
“Theoretical study of multi-electron wave packet dynamics in semiconductor nano-structures”
2nd International Conference on Small Sciences, Orland, Florida, Dec. 16-19, 2012.
RS  WRASAE E AR T S A AT B Z W ER A DR OMHEEZH DO REL TR ->TE
DOEFEHAEL EEOBAIIHFHAIC — DD R L 72> TR T A AthZJE# L,
DEE, —ODOWHRNEF LD TELEFEITIT ERAHHIEEHONI LT, ZOREHRIE,
R /S A 2 D FAREREREOHT LWBLR DO RLICERN D LB 2 BiD,

. Takefumi Kamioka, Hiroya Imai, Yoshinari Kamakura, Kenji Ohmori, Kenji Shiraishi, Masanori
Niwa, Keisaku Yamada, Takanobu Watanabe
”Current fluctuation in sub-nano second regime in gate-all-around nanowire channels studied

with ensemble Monte Carlo/molecular dynamics simulation”
IEEE International Electron Devices Meeting (IEDM), San Francisco, USA, Dec. 11, 2012.

BEEL 20 U7 DRSS R T D ARE 7R ) A AW T ) A r— )L - Eafb il CHEEL L. B
&% 100GHz %2 2EEEIRFEL T, BIEDOT NAADEHE ) A X THLT A LT LT
F7 AR ERHZEE TR al — T a iZEVHLNI LT, T70bh YiEIET A LT
TT7 « JARDIHI DN i EEFRE THY | M OB EC N OMERLK T SH52
ER, TERINRN TV DAL | EBL DT b A S HIA LT,



§ 2. WFFEAEAR
(1) B WO FEFEAR

T IR — BT HIEPEREDE T OFE 2 il T 5 ZEIE M E A AT RITL S TWNDITEH D
DOLT ZHOFERFEIRIIHAE TORRA TH D, RIEREIITTIE, T /A X b iEk
DEAFFEARERL | BB - 220072 RV DSEET DALY VR T /3 ZADO B VR R K O
HEHEH AN T A R AR TS, 2O CIE R L1, (RS v U 7 D BELRE FnBF
(10-100 ps) 2T SAREHWED 7y 7 JE W4 (T2 GHz) O JEH] (500 ps) £ TEE TR L LT
FHLT=,

M St MOSFET 1238\ Tk, ZEBI AR —ICH R TDRHEIXD DX, RFBIRE /A X ED
RGN EEBL>oH5, ZNHOHROHEMREEL C, T/ A — VDI VHE 1B P AN L,
FNERRGE CEDBEIL, B2 P M E A T2 T —BOWS THY, TORMRITEED
ICH AW THD, HlziE, /A7 —/L MOSFET IZB WL, LAV ZBURL L Tz 9 (GEEfr
MEZEBIZANDVLERDHY) HITCT o AT — AR AL LR NI EDIRIBSILTND, FT2
F ¥ RNV HF ORI 7 MEEIZB W THEELE DN AET D0, ZORLK 72 D BEELEL G O BRI,
(R UT OFFFNREM] (10-100 ps) ThHE I TOIEY-HE 1B F ORI A AR Th
Do

AIFFRZEL T, T ANAZAROF U7, BB, A M OZE [ fE nf O 50 i % 03 58 Tl
PRWNROZEE ARG D720 DT ) A — )V DI E AR R A AR T D, £ OFERES L
T, MERRIR K O O FHI R U CIREFEIRR T D2 LT kA, 2zl ¢, Refiay-
ZE R 7 AR — M4 ETX B2 [0 b T U AZ | O EHE SRR E B 3, VU=
VT NARE AW THE AT D LI PEE R~ O BE N - I 2 B RS IR SN D, SHIT,
SO RIE, FE DD BCE - RDOIEMEL 72 DH O THY | YRR =L/ b= A%
® Beyond CMOS T /XA A~DREAL ATHETHHEE 2 D,

(2) BT IB I B IEZR B 28 B LT AP e AR

F A —v - VA BEBICE T 2 FEEE SRR AR T D LD BIRA BT T A X
—hLEART BV 27 FTHATN, MO —FERMIL, FEi B/ v Ialb—varo
HITN—T, ZOBRBIIRTHEEN R T T a—F & F— T TOEEHFEICE LT
(T, IR ZAT ORI TH o7z, B, R Iab—r g JHmTIE, Bk
D% ¥ VT OB, ENENEE T RT AL R0 Fe RERBEECS ST,
FNENH us,/E ps/ A s LRRD AT — NV TORL ERFTTH o7z,

TOHFT, K 2.1 IRTHRIC Gz TORS THGMETZ HIEL T, 37 V—7REST
Dl ) BRI BRE AN THZ LN TE e, TD 16Hz &) FEEAE (Ins & H I
MISEIR) 13, EaBE~OAY O THY, 37—t > TENETNOH LW FiEE
WEEE LTy, BUE, &7 0 — 7 3% Lol IZ BV O FEZ2 8 LT, iz 22k
ZUVHEOOHLHEEZEZTND,



§ 3 WFFEFE A

(1) 18R 7 n—>7r

O wrgesnE
K4 P& Wk Z N HH
! S KRB i H21.10~H25.3
KBRS OB HAA HEBU
: FLE R R o i H22.6~H25.3
Wei Feng IR AR WHE
e PR KFRF B - H21.12~H25.3
I A E R R Bt
S PR FRF e - H23.4~H25.3
FPAIER Y LR R Bl
—— PR FR e N H21.10~H25.3
B AR R ERL TR HEBR
rr BB KRR e S H22.6~H25.3
T Y LR R HEB
Bp PR FRF i H21.10~H25.3
BOPET R SR b1
7= B2 B hmtIar g rr— HE H21.10~H25.3
A7/ NTE WA LAY AT L I A= A EEAFZEE | H22.3~H25.3
Al A= . H22.5~H25.3
PelfdE B s
e PE SRS O TR IE T . o | H22.6~H25.3
Dou Chunmeng KA F— AT a5 A D2 H23.10~H25.3
5O TR T —AT T A D2 H23.10~H25.3
Ranga iR N N e H22.5~H23.8
Hettiarachchi B E B E R B
s HOR TR A B T ot . H21.10~H23.3
BROE | wmmgrs arspnsgy | PEEEE
. BRSBTS o H21.10~H22.3
N==3 !\;la : ﬁ
e L TR & B
S TGRS BT o H21.10~H22.3
FF SR T SRR BL1EE

OwrgeE A

FHREIEIR D D& LM FFMEOFH S

MEEFFIMEIC B 2 D% v U TR B O 5 28
&8/ high—k HEEIEN T2 2221 HMES Fi ik
F ) A/ — )L MOSFET F % RV TCORT v VED ) T IV 2 A LB

SEAREE b T VAN K DN b T D A ARG R

ME AT LBAFEIC & B = A B o R ORI
ME AT DI K DMEE O SEARE AR AR

BT > 7D ICAL KL TNDUT @ IC NJEkIZ X % GHz #48 T o> MOSFET M 3 5 Ah

XV 2G5 AT MOSFET & itk & E7Ef




) w17 N—7

O25%® J)IEa
K4 P& Wk Z N HH
HAE B R HEEWE % vz H21.10~H25.3
#H 2251 GEil= Hfz H12.10~H25.3
2 1 A B R R 4 H21.10~H25.3
ERE B LRV HEBR
S ER N SN & o H21.10~H25.3
# BT TR R R
- B R RSB H21.10~H25.3
L ey e b3
O AR TR — H23.9~H25.3
ey YRk GESTRLEBR At =) 8
A [ e — HOR KRR P LR/ i 5e 8t e H23.6~H25.3
s B KPR H23.6~H25.3
FRA SLEL SR E RV B
Yang Moon I RF RSB D2 H23.6~H25.3
Young gLy Ly SR Y I
HE) N RER L R B SA M1 H23.6~H25.3
You\r(lfoflaek e B S B4 H23.6~H24.3
. o B KRB H23.6~H24.3
ki BRI RS R M2
EEp— LR PR H23.11~H24.3
alnisis SR R M2
ok LR PR H22.10~H23.3
AAIE BRI RS R M2
e FUBR PR B BT e H22.4~H23.3
FBESL | e G Re p o) | DR
- ER N SN & . H21.10~H23.3
[ SR N2 SR TR D HEH P
P R NSNS E I H21.10~H23.3
Cciichl SR E RV b2
ke BB R TR e e H21.10~H23.3
PP SRR R AR
EE R AN N H21.10~H23.3
LR EX TR R M2
- B R RFE H21.10~H23.3
ke SRR SRR M2
@mfgEE B
C R - Y B A S RORE O R

F— 3 v ZEOH L VIRE T L ORER




B)Iiab—varv | T —7

@ g
K4 e P Tk SN

R FE B R S TR e iz H21.10~H25.3
Fiifie] 3L AR R BT e | EAFSER | H21.10~H25.3
XIff %0 L T s = e =2 5 D1 H24.4~H25.3
mH — SRR B ORSEE TR M2 H21.10~H23.3
#HH ik R TH s s = e = 5 M2 H21.10~H23.3
HE Sk B R S TR e M2 H23.4~H25.3
R FEE AT AR NG o2 e 7 M2 H23.4~H25.3
JIRS #f -t R T s = e =2 5 M2 H23.4~H25.3
B R L T s = e =2 5 M1 H23.4~H25.3
HAR JELAK L T s = e =2 5 M1 H24.4~H25.3
A B R S R e M1 H24.4~H25.3
Eil E B R S R e M1 H24.4~H25.3
S B R S TR e M1 H24.4~H25.3
OmfgeEH

*EMC-MD EIZ L DT/ YA X« B aREIR O EIIE 5 X OfET
cF I UAYER Y 3y R —NU T R L FET (CBIY % BRI
S FEN IR X D ST o EET O T o ) v DREMNT




§4 MEEBAEROBRR

§4. 1 T /7 ARICHEITHE ARFEIR O v ) TG BN ST B R ERy v—7)
(DAJFFE S HtE PN AR B OVl S

(1-1) BREIZ D& LT Rtk O FH B

(1-2) MEB MRS 5 2. 25 ¥ U T s ikt oo

(1-3) &2 J& ' high—k #EfENENT L AFNZ I8 1T D HEE FEME

(1-4) 5 24—/ MOSFET F + XL TCORT 2 v VEALD U T2 A LB
(1-5) NeARffE BT P AXIZ K D0 b T U R XGRS

(1-6) & A B S FHll O 7= D O A > AT ABH%E

(1-7) BB o AT BT K 2 HEE O FEME AT

WHEFERANA (1-1) FFEEEH & LHEERAEDTAR]

MOSFET OWHX 137 A ADORHMUE - mERR Iz~ T DB ESNARED —>Th D,
DOEXNE, 2OV AX B OFRE XS &L B T U AXDREEIDHE (M) 12000
HIENHKD,

4.1.1 1%, HEHEDIZH DX (Pelgrom 0.20 y y y
plot) TH 5, FHFMIEEE D /NS DMEE N —o- High Neuy
NS R BEBULIZE AL D E /N -O- Low Ngp
EDOND, [K4.1.2 1%, /W = 190 nm/2um
DIT P AZNIK T HR VA B DO FRRFEIL
50% (o1/1d) D —rA— SRR IA T EEMKALE
PHTHD, EHLLO IR I TEH,
o/Id OEIZY 7T ALy a— L REEIFET
KRERMEZFFODEALDN DI, 77— NEEN
RKELRYLEMEIT SO ) T EHHE KT ]
HEICIVEFICW DT D, ZOEIE. 0.00; : y . .
MOSFET OF /UGN L& ME R[4 T
BRI R Y7 MBI 2L 5 F L k< B8 ]
LT\, F785 B3 _&mEL T, B AR 4.1.1 N-MOSFET O#HPEiEHo% (-2
IR AINSV B, LEVVETOBES kE V7 AL RV LENETORL A il
NIEREITFEND. OIS SEDOREZEFHMAL-, ¥ —F

4.1.2 THWELOLREEIOFE (L, W) 190nm ORFUPAZTHLT, 77— Mg 2
® MOSFET (T4 LT, M5 MEa1Tor, K ESET
4.1.3 1IRL AV B TR LIS A~k
ND— A — /R =R T AT EE R OFEMREE~DRAFMETH D, SIS m XL,
BENE OIK T2 L THES N RELR D, E6IT, AR EE DS/ NSW TS, FO/EE YK
T, ZOFEL, FFHEIXS O THEMISN AR, LEVWERTE TOX YU 7 B8O 1L
LBEEICE b TNAEEZ NS,

Vb, 28O N7 AR REIZ LS TROND RO IEL &L — DD U AKX FHHING
BONDHEZTRIEDITESEZ L v 7B O R HEEZ U R, Zodamo ik
A RNE T 2 Em ki,

0.10

s,ld @ V,

0.05

L) ™ um™)



1008: T 10 E : "' A o-WoHalo 3
g “e- High Now, g « : with Halo 7
4 -#- Low Ngyp -8 o 82
e 10 (High Ng) (Low Ng) 3
N =
ZE NE
o ~.“."l\ \g;
< 10t F n = o
%] 8r . |
o & s
4 “\ 2
, N
2L 190 nml Mmoo e
W: 2 ym bl ‘- 10
10-2 i I i -0.1 00 01 02 03 04 05 06
-0.4 0.0 0.4 0.8 VgV, (V)
VgVi (V)

4.1.3 BURALLI-HMES U — AT ViR
JE, A — MO 3nm B0 Sio,
BECHDHMN, 7 — NEEREE Ty 2R
T OPRPE L 3 AR NKAFT Do

[ 4.1.2 1d-Vg DI~ F A —F, ]s
LAVERIZOOEOS —NEERFE
HOXIL &V MERTHE TRESE(LL T \6_
EMDND,

g5

WEFEEMNE (1-2) MEFFFPEIC 5 X %X VT s BRI 0O 0 %8

4.1.3 TR, AL LTS AT MVBRIE D7 — A — R =R T A 7 BRI
T RV OVERGAE GERAHIRE . ~a—E ADOF ., 7 — ) Ik 5, Lé‘b\f‘lﬁﬁﬁﬁé

DHEFIRE LT L P AZ DT R IT DA B %S iflﬂ ZHEG U RS SR, X 4.1.3 128175
LEVMETOMEFIRE DL (EX) 1X, TAAZADY T ALy g— LR 20 —F 2K FT 5%
DAL 72 o702 (K] 4.1.4) , LEVMERTRZIZB W TRV A B OMRERE L, Z I E R
ORI MEETHLFEBET DL, ZORRIL, HEERER XYV T OREEBIIKFT2F%
TRIBL TS, 775, "j‘le/*y‘.‘/Elb‘/l/Fﬁfﬁf T, ARRALRCE TR LB THDHIN, F5m
MOSFET (2B W3 T v RV R I &> TRUZ MR M85, e LU FICHs 3%
DS, SEDIRIT RTZENTEZR, LU NOIEEETRITZE DT X LMD E MEE

T T T
14+ A
Ny Ne T _
12| _(HighNy  (Low Ny | Diffusion Drift
O X A O M <© woHalo
% 10 | ® X A B M & with Halo_ - Slope o<138S
2= o s Magnitude o<1 L x g,
2> gl _ >
< w 6 5 @ v \\
> N—r
= 41 & x 7 §’ L/High N
' 2 I~ B LOW N \\\
0 | . . s oS=ssg,
60 70 80 90 100 ; >
Subthreshold Slope (mV/decade) 0 VRY
4.1.4 BIENTOFOHES HRIE D2 (B ) o

X 4.1.5 /A RGEE D7 —NE L AF PO

& S TEDBIR, 1ERERM AR, ©
Eto

Na—FAOFE F— E)EE X
MOSFET (Zx} U CRHHIL 7=,

TS TRIE DS =< BN — R A7 OBRICH HEE ABNS (K 4.1.5),



WEFEERINZ (1-3) &J8  high-k #fRIENT LV AZ I 1T DHE & RF

)& high-k #EEEIIMRE LT DKL b)) — 7 B2 3288 L THD
HILTWDDS, BT EIOBE AT =721 X0 22RO E DFRK E220155, RIS M EEAL
I H 72 FIETHLEALB I N v 7 B A RS E L FENBREINTND, [K4.1.6 [T T
BRIZ, BB O FIEICL S TUINTy T BEIL , /A XD RIZHFHE LT 5, E0HE,
high-k #EfxEH O K FazaARRSE 5L L6112, Sl g O K KaE E 2 nsw 5, PBTI(positive
bias temperature instability) & 41T o7k R, E(LAHIZ L > THMADIK FABIE 7
(X 4.1.7), ZTORER, K 4.1.8 (IR TR/ AR RIZFH G D87y A3V am  fkfE
BNCAFET DERAGLNN ST,

0.010 o] . . .
r
f=25Hz 3 1.5nm
10 f 0.8 nm
—_ 1010 :r
o 3
© r
3 0.8 nm with PN % 10°f
= 3
D\D\D\ﬂ E 10°F o8nm+PN
o 4
0.8 nm 10* ::
1.5nm r
0.001 : : ‘ : 0k
0 0.2 04 06 0.8 1 10° 3 , , ,
Vg-Vt (V) 0 05 1 15
o . Vv
4.1.6 Hooge /\7)<‘_‘§(all) O)b“—‘}\"jé’}:_‘t gst” " tini

{RAFME, REEORESIX 0.8 XY 1.5nm, 7 4.1.7 RififE o075 MOSFET @ PBTI
TR I LD MEFFEOSILN R i Vest RO Vtini 13, THEHARN-2S
S5, —hEEE, ANV ARTOLEMEEE,

IFL 1.5 nm[ IFL 0.8 nmI IFL 0.8 nm with PN [

electron
trap
decrease

RS | Nitriding HEO,
—ma &8 T

| } Nitriding IFLID

electron
trap
increase

Carrier electron(l # Electron trap

4.1.8 HEF N O PBTI F % 52 5B 187 7 R ORI,

e £ N Z (1—4) F /A% —)V MOSFET F ¥ RV DRT LY IVEALD) TV ZA L8]

A MOSFET ([ZBWTCTHHHE(LL CWBTZ LTL T T7 JA X (RIN) 1%, RL AV £2137 —hod
B BIENT AAZV—NIEBTHHL THD, TOEREL T, 7 —MERIETONT> 7l
&R BT BND, Fox it Bk EE T =22 TF Y RSO 72 O A Y R T
UAZEFWT, RUAVERO RIN B[R L7025 T v RV TO Ty T i - i I LR T v v v

- 10 -



AL Z BB T NA A L THIE T DT L (K
4.1.9), ZOFER F /UAYF v R EITSH RIN

WX, AT N T > 7 D - i I KA B A BN

T ¥ RN BIRICH > TREDZERHON o T,
F=MEDRKRENT L —F T DRI DAL, &
TR E L CGERITHZEN KD, A —IL
TRy T IRR I R 770D FHE R LT
%, (VLSI Symposia 2011 (ZT3&#)

(1-5) SEEHEE R T AKX LA EDR TV DA
ZEatiast

MOSFET 3%, FFlZ 1/f HESFHLUTT Vv H— /A
REFEXNAIRE B H R COMEE 1L, ¥V T E
DOBEE DFELE MR ONT v 728> TH
BT D, DT, EOMETREZIR T 55 1EE
LT, T RRA I T 2 F 2,7, Lol
5, Bz 1X@E 07 L —F 7 MOSFET % Fv 7=
B MRIEN T Y 7 COX YU T O RS - il HAEE A

I T 272012, TRODLEIZ T Y RV E TR
THE TS NOFENPETL, I — I NE &
DAL TR T ¥ RN R OR B fatl S
Do
Fox X, SERREE S T A R MOSFET % F
WAHET, [RIUERETHERLZEXIZT
— M MOSFET J0b M i B 235 2 &
NHEDLFEEZERMICAWVELEZ (K
4.1.10), ZHiZ, BTV RICKVTF /U147
T ¥ RIS I, MR TORNT >
THEZKE T D720 EEZLND, IHIZ,

T IUATXICBITHETHHRIT, FiLT 5%
YT BEOHRKEZLT=59 722, K
HF ¥ RIVINES ol A THELIR S
—MNEBOR TZFBCELIELERBIV
PRalb—var LML (K 4.1, 11),

14 : 14
12 = 12
»§10 §10
5 z°
2 £ 6
4

2

0

8 10 12 14
Width (nm)

(a) Vg=Vt KO Vg=Vt+0.5V IZBIF 5T/ VA ¥ F ¥ X AW dO ¥+ U 745
i, Poisson-Schrédinger FfeXick vy 32—y a v &{7o7,

X 4.1.11

- 11 -

0 Eé Vd: 1V
-] ; - 1 Wy =40nm

i
a

a5 a.} ample C
24
i
= 13
32
ET
oo os 10 15 20 25 g
Time i5)
1z
(0)
gzﬁ
T x
24
=
on [ 0 1z 20 5 3o
AE; Rvitiald

£

—_—
0

[

vz
&

no

0= 10 15 20 25 EY

119 (2) FLot S @BHo RIN 5
F O (b—c) FXUTHEBE LT=F v v

h O EFE DR REIZAL,

oo

Planar (solids)
W=2.5um
NW (opens)

Wny=50nm
Wi =90nm

Wyy=1000nm

Id (A/pm)

4.1.10 F /2 UA ¥R (affZ) KO
L— (B (2B D HET IR E O B EK
12, T U A ¥ DI NS TREE DMV 2 &
VY oYVl

8
3p uoIpe|3

-
wn

U.A
(Luo, 01T Ay

6 8 10 12 14
Width (nm)



(TEDM 2011 |ZTHF%)

WEFEF2NENA (1-6) e JE 7 i e

D= DM H T AT LBH%E

AP O b KERH DO —208, Ko &
WIRIZBIT DRI U AZ DS H SRR, T HE
S tﬁ%@fﬁ‘&ﬁ%ﬁn?ﬁ%@?gf%ﬁ THETH
B BRICHF DL OMEF 1L, T U XN T a A
BREOR =T — L — DO KELTZLL, 5
DOFRVFTIEHAMT LV BRI T 7 a—F 2k
BEMEIE A B TIRNDDN, HETE DA 72 i i &
ZOMHFIEORREIX, 4% x BHERT —~Th
Do

BEICIR 7241 M O E BRI E LT AR JE i A58k
(100kHz LA T) Tl UFf HE . & B B8 (B GHz
VI ) Tl s A B ThD (K 4.1.12), €D
ERNEAL T Do —F —EH L, Iﬁlﬁﬂm.ﬁiég
IRNTGRA=BTHLHN, FFOBEE) W Eicky,
Hﬁ%<&ofﬁ@&%@@ﬁ+ﬁ7%—hw®ﬁﬁ
IZEBWTIE, 10MHz Z#EZ 54 I/ >Tnd, L
L7 G, RO 1Uf s A7 L TlE, IMHz %
B AFHIIINEECH D, — T, @ E kI T
LEHES OFHANT HEFFEEA—F—Z2 W T
N0, embedding F D & & TEG (test element
group)Z LU F7-, $k GHz LA ECTOFHMA—
I TdH 5, 705, MOSFET M50 —F)—JF
P E° SRAM O 7 7 & AW (5ns—200MHz) % 2;
TeE B/ ChD IMHz 268 GHz I EAMEE
ST, ML L TR,

Bz, X 4.1.18 IR THRIC, TTAROHES FEATR%
ZRCIE IMHz 282 %EF% 7 (DUT) O /A X2k~

TIEIJE‘/Z—?Am&ﬁéﬁr“ PRELRY, ZNLL EOHIE T
X (1) DUT Mg 357 7 OipEE = (1GHz OFE 11X 30cm THDHN, i
ﬁECﬂ\DUTﬁ?ﬂ%ﬁ7iT¢ﬂEﬁ%H%Jﬂ;t\é%

7

; 110%
Vd_supply oo

(a ) 100%
o High Gain — o

Ve supply Buffer Amplifier £ o
B o75%

50Q up 70%

S 65%

Output & 6o%

N 55%

L \K_ 50%

%

40%

§ 35%

30%

3 %

Bipolar [.LNA

X 4.1.14 (a) JAHARHES

(b)

>

Noise spectral density

Flicker noise
f_ﬁ RTN

Thermal/shot
N\ hoise

S ————

a X
HE

f

Sy (A%MHZ)

X 4.

Frequency (Hz) >

.1.12 MOSFET 3% o W 5tk
& FDTFER,

10°

IE I 35

[
10°

10°
Frequency (Hz)

.13 FIROMET

JARIE#D ) A X7 a7 & DUT
Mo OHES,

(2)

IHEE

FHAIDS 22, E D F 78
T OW
T T IR O AR S Oy

DUT(L=120nm,W=2500nm)D /A X HF 5 &
[VD=0.05V VG=0.5V VBG=0V tline=0.1]

|
2.5MHz@90% !

90MHz@1:1

——XMDUT.M
—Q1
Q2

1

/

\!
\
\

N

HE 7 a—7 OEEE, (b)

OMRIIE T /34 Z (XMDUT) 7213600 /A KRk 4y 25 538,
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HWRICERFENTWDAZERNEITHND, D72
2 1T ET BEAE (FR) O ERIZ Al E ] 1% 4

Tu—TIHERT 8 ;J:D DUT ORI 5~ EL

1 B B REE DR Z FTRRIC T BV AT ADRFTEAT
0710 X 4.1.14@ITRTHRICR LAV BRI H AT AG
ARV EEDOE b2 KR L THREL, 2 BeORK

/4’27/7 ZHWTHIET 2, EHI2, 2OV AT AT
BEFOWEEBEAFDOT NA A LTIV G, X0
JE HHR O FH 2 FTREIC T A2 LN Sk D, EER,
4.1.14 IR THEIZ, vYIab—varilkbe
90MHz Z# 2 2#1© DUT OMETE 524 H A HE
THD, ZOMFHIFESWTE Y AT LORER AT
-7,

BOREAIIZIE, M 4.1.15 1R TARIZ DUT 25 Tem BAN

T T ERETAZENH DA T e —T DR
R OMERZIT O ZE(LER &K AT N LT )
FTAYE AW HE S AT LA LT,

4.1.16 1%, 2O &8 S 7 v —7"C(a) 7

HEid MOSFET MEEsiE 3= —a
)& () DUT #HIELIERTHS, Flt %
73 -3dB (272 % 3 bt JE I 4% T R 7=
14kHz~154MHz £ COMEFFH23 AT ﬁE&f;
o7z, FEEE (b) TROLIWDERIZIK D ) A X7
a7 R T+ 47 DUT 6 0 M »n
100MH HBETHIE TETWDIENDLND,
1. 100kHz LA T OAK B 5 ik C oo e o i
DAL T, REMS CHER R A IRHEE T
TSASLTNBZEIZE DL D TH D,
ZOTa—TERWTEE A 2 a e AT
VERLL 7= T A RERE LT, K 4.1.17 (1R
THEIZ, IRIE 3nm @ SiO2 247 — Mgz
> MOSFET 28\ Tl BV S O BELE L
(28D U HER DIEZ DR/ Dk 1038
W TxIz, LILRMG, 48 high-k #Ef/E
(ZMEAEIEIE 1.6nm) © MOSFET 28\
TIE, ZOEWERE) ) D728 12 100MHz % #
Z T VEFFEDBILTWNDZ LD D5,
itja/z WX, Zo7aY 7 R, EBr
W Rl —arm37v—7 03, 1GHz
T“O) MOSFET K H$26 X ZiimL . €O
FIHEOREERAEL LU, KIFREERNE T
X, Fx o7 Fa—FoFEHEE BEAE (HR)
DOHEFZM S AT 2T He T, K 3HT D JE i

Noise intensity (V/+Hz)

Intensity (dBm/Hz)

B R AT LT, LLZRDD, BIED 4.

Within 1cm

S ectml i
v«noﬂl L

Vmo—
Vel | ‘
Vg: 1l
‘V(GND)o—o—
Vsmc ~fsut} ‘

P | e
Slabnlvzed dc- [T pmbe card On wafer
power supply

Four probe-pins
4.1.15  (a) BAFT AT LDT
a7 & (b) MRRL 7o & AT
S 7 m— N —,

.

==

(a).

i

=54
=TT
= = LU E
E- 1 A H:E:FE i H
F-|Simulated]ir =TT
| [nFET uu L Il
o | T T i1 i
10 3 4 5 6 ) 7 8 9
10 10° 10 10 100 10 10
Frequency (Hz)
'100 LR N D A A B L IR L
=110}
-120[l
-130
-140
-150
-160

10° 10" 10° 10® 107 1 10°
Frequency (Hz)

.16 (a) ¥YI=2l—varick’s

FITIARITBNC, ZOa—F—fsE,  THRHES (b) MOSFET MR OR[T— 4
1GHz 1Zi155ELTRY, Ban o 80kHza~100MHz 12/ o S A B i) 1
BLE T, BHEOHHBARD TOEHOE, DI,

RNIY EMEE T T o e T 7 DUT
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DEENTWDHZ IR IR AL (FAR &
DIBEM) ThbH, ZHHEBGELT-FZEN IR
LTI, WHEERNA (1-8) ICB W Tk~ %,
(2012 & 6 HZ VLSI Symposium (23 T
HAR)

WFEFERNE (1-7) JEH AT DI LDMEE
D KR FE AR AP E R A

MFEFERENE (1-6) 123 T, 100MHz %
R DM COMEE R AN Z B L2 &b
ANz FHERIIL BALEETHLN, Th
IZEVBEfF O FIE TR, Bl CERWER A
WL BRI O AZ DR EHER A 55T
EN AL BEEChD,

2T, BEfFOMEE IIE LM B AR L7 e
— XD MEZ A EDEDHILIZED Hi
I RNESINTHEE ORI SV Tl 775,

R B MRS X, R v U T D3RRI
PAN Y Y NN N 5Yi) danteY AW NRa/N
FRERTHD, LNLERNRL, ThnglEkz
THEE DI AEL LT, R L F— R RO
FAIZLDXF XV T HOEALICLAELE
(number fluctuation) CE & E DOFHEH X
(mobility fluctuation) 23, #2ZEI4LTLLIK,
20 FLL RIZH S TREZEMm AL TN D,

FHE - B B OB 1 AR IE D N T 7R B
T LX —YERT, SISO i, FUINE A5
R AFT D, ZDT=8, FRBIEZFIMT 52
LIZEY | KHERSE S+ ) T O FLE 5 O B Aaf H s
AT R L (A AN 5= Y5 s e s N/
RETHD, TV 7 OMEMTIZELTX, T+
— VIR T W TR IE N T 7 DR

fili<°, BTI (bias-temperature instability) {EIZ LG FEMER T DEMNASIVTE TN, £
ZTCHBLISND N v 7 OFEFIRE I, FbIEWE O T ps DA —X —Th b, WD (Fryz—

TO) FHHI AT AT, ps LT MHz 2L E) ©
FEEEFHTHZEEIRES TIHRN 2D, us BL
T OB TR v 7 2 - it 3587
T, IEEITDIRNON, FELFHITTE T
TRODONHETT HOILREETHD,

4.1.18 |2 MOSFET M i D Job BE =
KA AT, B IC LD ME S TR T D2 AL
%, 2 100kHz LU T OARJE 1 #58 ¢ b,
ZIEOG EAER TR, RGBT A

72, LLZgn G, il g OFHAI AT LTI,

S O A S GO R RGBT
W BRI 70— (T LA R AT o 7,
4.1.19 (TR SRR R R T

1MHz ##H 2 T U HEE N R ONDIZH DT,

HEE O FEACER AR AFPEAS | B A U3 &8

-19
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107
T 107" N
“; oW EEssadie Y
3 102
! T
1T JJgj‘}f'i.j |7i
107 E==agmalf=iia=
10 il
g 2 488 2 468 2 4868
10 10 10 10
Frequency (Hz)
107
(b)
£_ 107 Hk 5EEEEEEEEEEEEEEEEEEEEEEEQEIEEEE
o B Large
%\ i 'I‘h\ i
3
s
g
]
2
[=]
4
ITH ]
-24 L L
10 s 2 4 2 4 7 2 4 68 o
10 10 10 10
Frequency (Hz)
4.1.17  (a) &J& high-k #EizEE ~

TV AL, /T RN 100MHz (280
THRLND, (b) HED/NE AR
MEE LU R0 TV 5, 100MHz
T £ CORERBILRIZEZD . 2 b
DOHGOBRINAIEE & 7r o 72,

; -
4 bt
107 “g,g\ag._r 08V
: V\‘V iy
S} J“»- .'
10
\
= )
s
“< 10
)
w
10"
107 F
[ |Vg:0.2V|
B N ]

10 10 10 10" 10t 10 10° 10’ 10
Frequency (Hz)

4.1.18 MOSFET M5 5@ i o> Hob &5 I
KA (R A ) . EAREEIZ LD
MEFBRIE O ki%, T 100kHz LR D
REEHER TR TWb Z bbb,
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107 e ey A
wf Vg (reverse)
100 E Vsub:
: 1.0V
i 0.8V
1% 06V E ¢ )
- 2 b=1.2 [
z g 1/
< =
< o| b=1
[ R
2| (forward) Corner
freq. [
100 kHz\J
~10 MHz
[ThermallT
L4
: : 3 \ Frequency Tl
10 10 10 10
Frequency (Hz) 4.1.20 MOSFET %%9§§®%*ﬁ%}£{&ﬁ
4.1.19 MOSFET 3% 3 o Ko PO,

IR (R . & E
I T, MR O IR E AR A ED
AN

TR, ZOZEIE, UF HEEZAER T DB DKR 72380, TN H0 B EIK A EN B2 52
EERITRIBL TS, HZ D BRI R ET U728 R, X 4.1.20 (R THRIS, ZOEE DN
DD KE SR 5205 100kH~10MHz THY ., Z D EHETIlE., 1M DE XN
1.2 ERESRABZENHLNI ST, JOFEMZREHILY, T E Tl SiL Tz, M7
A H#% (number/mobility fluctuation) OB EIV /3T N AT HEIZ /2D 5 2.5,

e ERNE (1-10) 7 = 5 OB OV 2 Z W TF ) T3 2D ¥ a BB OffT

T TR ADE AR ERO SR IL, Sy A — T & W R c o B SEIE . HL
ITIEHIEANRT N LT F 74P 2 OB B COBRME L > THERITTh T&E e, Z
NHDOWPE TIEEIZER YV ADGRER F TOREZ OIS/ SV AMED IR0 NA L, REE 5y
FRREIZBR A DAL Tz, — 5T, SV RO FHIZATH RE [ 43 i 6 7RI E Tl AR K T
KV ADHAITINEL T = AP RO R 53 3B BV L DFFE D ME IS L OWF9E7 NV —7 T
FRESIVTND, AAFZETIEL, BHHE IR D ENL DI VAL > TEXUE 5D on, off 2179k
RE2A T H WD LTI ER VAR 2 /MU T 1l 5 OB E O A TR
72 REEREIR T DT T NA RO AR ER D kT %
AT WAREAA T 1T BRI B B 2 E N
L CHE VAN EZRF T 52 LI EFIELT T
A< NARL, \ENICESIEII 22 bSE5L0
Thbd, Ik 2 fAffirZ LI EX VL ADOE )
REE o i E DS T REE 72D, FARE ALy T H VD
E1ODNHEIRT T EIZHAREAA T LY E
BOEAFZFZVEAA TR REATZHZEND,
Bz D CHES T HZENATHET, 18 B DA LA
ZTZHED I REE T2, 4.1.28 ZODNAEEAAL v TF %
BRI, #0iRL SO MHz ODF X7 747 HAWIZEFT A ADE a i &
—REH 7 = A NP — = B0 LR 7 EHEOKX, Ko7, 7a—
TR E E o CRIERISE &
W E,
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LT —T R EITHT FEIAT — U2
T —T WO TR % TR LR IE R -
2T HURTIoizENZE N oD s
2L TR R W TRIFTIIC
R U7, OB S A B ISR E LT &
W7 TR @A a7 T
Y7 TRIILIZ, B MRREILZ NG OE
SIERSR TR EHDTIIARL, IR AA
v F DISERE TR ED, JERFHZ LD
PUEAL DR ZfEfx I GaAs 2 AV
LA T & Tz, AR T & Ak
T D ay b —EMBO AR, BRI E
TR D IR D e k&1 T -7,

K212, ZODMAREAA Y F HEHNZHE
L7256 OIS B FER 23, B
240 ps OERBEENBRISNIZ, ZOJEH
WO E AL FITHIIN LT B AT
AWV 12V ELFTlE—E ThoTz,
Vb = 10 V ITEEL ., R 7 I Fth) 0
—% 20 pW 205 10 mW, 7'e—7
RU—% 3 uW 225 1 mW IZZ{ LS ThS
VS I i N /AR S AN VAN
10 mW OfE I T r—R=7k
155 O8N AENTZ0, 20 pW 15 2.5
mW DR R0 —TlIEZEnbiE s
T, FRIREBIOE YL —ETh o7, 2Ok
RITAR T HONE) T —% 20 pW TH+-

INCRERIEFIEOIL, T /T A ADRER S ERE I Z O FENEH TR ThHZ &R LT,
WIZSERERZ Si-MOSFET Z % 8K R T 8N DD AR E AL v T LY E R G iz L
THIE L WA FEMiL7-, S MOSFET DY —R, RL A EMENAREAL Y FIZTA YR T

-200 P mp=10 mW
P =1mwW
>
E
-S0
Q
@ (b)
(3]
=
=]
S 4
g 0
P =210 yW
£ M
-4 pump
o (c) P, ...=20 yW
0.1 A A
A1 /3 ."\. Py )“N t’-\.""h
N VOV Y
O Larinnd P =20 yW
d T
0.1 ( ) probe M

. 2

(o} 1
Time delay (ns)
B44.1.29 X2, HAZEAAF OIGERHE, FT
SNATABIE V, = 10 V ICHEEL., #0iEL 80
MHz il SV AL —H—DRTH(B,,,). 77
— 7 P T —% (a) P,y = 10 mW and
Brpe=1 mW, (b) B, = 2.5 mW and 7, ,.=200
W, () Py = 210 W and £,,,=20 uW, and
(d) Py =20 uW and B,,.=3 uW &Lz,

A XV ATREZR RV HERR LT, &7 — FEBIEIRIE LI R B B 21572, Bk TIE. U A
YR T A TEHORBER ALV, K0 @O SRRSO T~ AV a AN v 7T A 4
ETA L=V ZBE L LIS ITIEN R E LN b o7, BLEICEY, 7= AN UL A
RN T A ZAOE AR O FEAT FIE DRSS,
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4.2 vafh-F IR — )L OWBEOREE LT )T A AR EHEST

(3
(»

LIRS HimT L—7)
IR S Hi PN 25 B OVl R

ML

ST L1 E T A LA — L« R BRI O M B A DR A THZ b A
BIL T2 T2 o7, BT S A — LT RA RSB R EHIINENDET /RA A
HOETFITEFmOMEE L& R E O N G 2T 5591278 pE 2 6ND, T
bbb, B i axF — N — IO MR B R T AT LA SE DX —R
AN THD, BFEEOYEIT, OFV—TF 7 /WIRESNS IR FIE ©F
VTN TRFESND B ST, @2o®ﬁ%ﬁ>%:hiﬂ%ﬁé’ac:
WS CE T, L LD, 262 0D N DO M2 o EIBITIZEA E 5T
T T, B & 72— N—fE@ikOE - MMEE 5L 3570
DR RL A FI7 A LN TN FE O TS i T ﬂ%b\%mf_fmxot77m—ﬁ
FoTH ISR T OEFDOEEEELL, F% IR TIE U CHEAE L 58T
W B S 2 BRSO T DL RIS, 2Ok RISSIL <M 27—
:'%Efajzj?ﬂﬁﬁta‘é%ﬁbw%f?&@%%%%%ﬁ L7z, BARAICIR B oo
AF— N ISR W TCE AT REL CGEEIT 28 T RENDN., TO R EF
DRI E Z BN LTz, ZHUILL T OREIR T 520 TH S,

O 12oDOHERITIZL DB HNETEHIL,

@ 1D RNNAE TELBE BT EBRRHDHL,

@ HHOQO LRI ROV AR B MM EERIKGE T8,

ZDINETFNHLEED ) T-F0 bl TR REL TEEF - TEHTIHI LT
BIHEDE X | R TRBICB T OIARENROLE DAL D T, 4 ?&
FEERT N—TLOHENZLD  FHLOELBLIR OB, FrL T BT LT 3o
A BROFESL ~EDIRDISTHLEE 2 HIND,

Fo I TR D E 2 IR THAFEEI TV A 7N I ETOE
F T NAADHFEH > T DR TIE7e<, BXBIOIE TE R TEXHILDORE
AT o T, BARPIIZIE S =y Mo —[ERE T o S MEGL 43 An . Fhim ER A il i 972
ZET, vay b —REEDNFEL ThA —I v 7#E B R A EE L TR EBISnA 2,
ZEERIIIC BN LT,

BIREAL BT d mAd — S — R ORI B O RE

§4.2.1 1ZL®HIZ

WL, ZLDOBEB D RNIEE ST R R, HT2b—o2DH DI /R 25%
BT OREL NI A=V TR LIIEZEZ D, LinL, ZLOE T OIEKRESD N
WO AT IV AT BRI I B B Clho7z, TN ETITDI CETI T
FAFIV AR DL, 1B BORH DT 2~ 3B AUTK T 2MF T
Toholz, K CREST 7'y =/ ClL, Z<DE DO IO ROAE 28 DA
Zea MR TIILD TERT, ZE RO FFOARNE W ELOMEIRIZKIIL, T/
MBI D LB S ORI R Zh L=,

RKIOT 2V INREEFIRFIIEB L ESILEEEIZROEBVTHD, T /31 A
DORBFHEDFE R FFRDONT P AL D7 — X 10nm FEE 272D LN FAESN
TW5, — T, BIREEITT — MR TEDIRE T LD EA TN, T
SR — )V OREIR I B B E DN DIRIL TR DT /T A ATENMET D 810725,



BN PIZE T SRR O I, AR D1 (B1) | OME LA
RElZ DR () | OMEEE B T 5591 f;@\ [ d iy 24— R —fEIg ) To
EAE AT ALEZLNS (K1), A7 Y=/ CiE, BF - Hiiyo 2t — R —48
WCIREOE A R | ELUTREBIL, [ROX A F IV AL 528 T, fB2kD
T TS A CHATEAL T DT LV BB R A e D2 L 2B L T R T A A
DL PRI FHESHE R~ DT D L% HIFL TR 21 T8 o7,

Crossover picture (wave packet)

//J"E’

Particle picture Wave plctu re
<« | =>

) BT

large small
System Size
4.2.1: RIOVzI PG HEA I a A4 — S —FEIR O X S R
(Wave
packet) & DRILR

A

<
D2
IS

Electric Field

low

§4.2.2 1 BRI AFTIVA

F RANATRHST=DE., Wl B IROME 2 RARD 572012, 1B ROFF-
GO U ng i LBy A= S B e € 3 G N f@%%naiﬁéw%,ﬂﬂﬁ” El’Jfoc—“ET/vé:Lf gsl
SN TCWBT U=V BT IV (R2) & 2T, TR — T VDNV =T T
KX THZLND,

- Z Z :C;,ch—l—l:c + HC} + Un{n{

i=lo=1,l

+V Y e ofo tHel+2p Y nl (D)

o=1.] o=[.]

TR = T BT, On-Site 77— A EAER U BAREWEEITIL,
AT ANTEICLE SARETHY, 28 EAREIIFAEEE TEXHEEZILNT
W5, [X4.2.2 DINTT o E—V T VO >6{BZ%%‘B‘£)\L7‘:3@&®)%’E%%
D 2 B EBOHEROIERFERBEZRLUIZOMNK 4.2.3 THDH, ZOELRTIHEFEICERT
ARE UL, R EOBIC2E S AIRIENE 2 B T528ThdH, 20Tl R
ILRDEARRE TIX e SROBPER R IEZFLR T LD THHEFIFIC, FEH A
RSB DE N RV —IRIEL Z DR E L TEHA TV, ZD7=8 il LT
TN —MRIETH LT, T CELH28E 5F ORREL /Y AT I7RATBWTELK
XN EE AT AZENA R THOLNE T2, RO RIL. EF PR FEESL D,
WRANIRDERm RN T —DIRIEL ROF AT IV AEBE 5 2 HZ L R
LTEY, FHREATIVADOEDDOFHEAE M EIZRTRER THDH,A)1 JPSL,



wave packet

v <8 N

*—o—90o—0 9 o o o ¢
|
|

® X

& Local spin
4.2.2: T =) BT M DB AV EA T DRI

§4.2.3 2B RS AFIVA

WP R AT IV AD SR T OREFEE DN T D70 B RS A
I ADK RSN LT, BAREIC iﬁ;ﬁ’*’?‘aﬁumﬁ%ﬁumﬁ%né ki
DEANSA LT 4 7N E I RO 7 —a A8 EAERAZBIAZIRDOAT
H 2 5NAHAE HHEAER LI AIVR=T U 2 S 5R A T o T2,

Z(( Cix 1+h( +Ziert "A Z

1<j

|fz_'f;?|

)

o]

=

c. I
72 L
3 3F
= i
2 L
= i
S 2
2 _
S i

S 10 umels 20 25

4.2.3: 7= T INIRBITDREAE YA O 2E 5 H OREIENE, 72
721, eI E B AL TH D,

ARFFETIZ LR T R 2R TED eI S=T o 2 IR R s 2L 7
T — T RRRE AN IR L I k> TEF R AAER N RS A FI7 2| '51715
HEZHERICE R U, BARMIZIEg AR ey 2 — AU TE S 70 2 (R A
BAE AT &G U AR 2 DR R AR N — N — 7 o7 H R L%Jxﬁﬂﬁ%
1T7po70, ZORER, FEK T N— ) —7 v 7 TR UL 72 B 7 A B O B0
AT ST D EIEF LN —B AR L | RS A FI7RIZB T DR AT~ — ) —
7 7 ITRERO BN OH H ‘rﬁz%/%?“%@&foaof:o

4 4.2.4 (a), OIZREEHEAF~N—R)—7 4> 73Tl TETERIATIVA

IZRBITDE THEEORRIFELZ RLIZLOTHD, X 4. 2 4 (a) TE AR AEER R



FIWEGA ., X 4.2.4 ODITE A AIER SRS SIS 95, K 4.2.4 (a),(b)5
WSO NDINT, B RO RN E WM A ERA PR RELRDEMHISNDZE
WD, ZOMEAIT IR ITRTZT TS, 2R IER THIARRIZ A BND, Ziud, &
T BAE A O RIAK > TEA DR E 2 R T EF SN D2 7R
3 2iERTHH2 @l JJAPL BLEOFERIL, Bkl s B 52k RO EE
MEIRT LIS WRLAFIVADERDT )T A ADEGHEEHT SR DHT L
WL SIS TS ECIERICHE 17— L ThHZEZRL TN,

§4.2.6. L

MG N —7TIET S A — b - B EIRO B Ik OM B E XL 5L E A D
NDLEA WY AT IV ADET LNV EIBE R DOREFUT RN Uz, AR EE IR
WCFT /A=A OB Tk RLE 28T, R R T/ T AL ADFLE 2 F L L
THHLNT ANAZFE O ALK T 0 = VDO R 2L SISO 2D 5
FifE Chod,

M2 Ay O L T T L OISR

§4.2.7. IZL®HIZ

& B &R DA — Iy VT EEAMERLT B4 72T NARR B TR — VIR EOY)
PEEBR BV TROERWEINTTH D, FRZ, FFRD LSHIE ADHIFFSIL T DA
J&Y —AIRL AL DER O34 BV ar O R mict /A r— Vo4 —3Iv 7
Pafih AR D BN | 20D & &A= S D HIE 2SR DR 2 S RE T D, BT
g F JUAYFET TR LSBT OB ANAR AR THHEE 2 HILTEY, Ykt
DL U EELE T NV EAEET D LIIBRORE TH D, AWFTE TldA —
RVvIHEEOH LV ET VERE T D Z L2 ERICEEITo T,

§4.2.8. ZNFETOA—I v I HfDFE 2 )7

FT. INFETOL—I v IEMOE Z FIZHONTH—_—F25, —I v 7
BT, HHERT S RO ERICB W CHFICEERBEMTHY, A—I v
B AEAERR T D 7o DIZIE B CH D4R & B IR 2 SR R T X 51F
ENSLK D X0 I s ENEBELEZONTE L, 2R —I v 7
B OBERIENRERTH D,

F— v 7 I TSR — 8RS T, B — EEAE A — 2 DRI
WZHEWEIZIZ 72D, ZNETI O X D et 2 T 5 72O Ik A 7o 9E DM T
NT&7, AT, Goktag LRV T I 7 v A XDA— v 7 Ffih (ERL
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REDE G Z /R LTz, ZOHEAMTIE, n BPEEERO 7 2 VI LULRERO 7
VI LIV E D ENT2D | RN D BRA~OETOBBNE 5, ZhUT L
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EFEARDORETIIY 3 v PF—EEENGFIEL TWDHTD, 4 — 3 v 7 e 5
BRI 572010, va v b3 —[EEEE X OREAEERFREIC/R S, LnLan
5. HETYa vy b —[EEEE S 2HEd 2 RN TEIZRSh - TR BT,
R i SRR ICEE LW E 7> TV D, ZOMEEZ#E L <+ 25— DHE
KT, 7=V I LW =0T Thoh, 7z I =07 0d, & —F
WREEAIZB W Ty g v M —REO R IPEMT2E&BOMEIC LT &
WZRDHDBRTHD, ZOBRGOERFEEZHHTHET L E LT, Tersoff DIREL
FETANLLELNATWD, ZDOET VT, 4.2.10 IZRT X oI m%x
L7z (a) &E0EAERRE L HEROIESFIREOPIERRK E (b) &EOIES
AIRKE & B8R D EAREOHEIRK., &9 2 DOHLEIRRIC L > TS
FREOEBEFBENE = 7ORETHLZEEREL TN,

DX ) REERR ORI, Bk X o TR Z 548 0B Bk o kE
BAHA~D LATE LT D, Hl 2 1L 4R D = 3 )L X — )N L8R O FusiZ i
BAE, (a) o HAERE L BEEROIESEARRED R BLEiRK L, B2
EBRPOPEEABETH LB LD, M7, B0 R L =2 5RO
B EESIEOEEITE, (b) &R OIEEAIRE & 8RO SAIRRE 58 < L
HIRER L, PEENOEBA~SETRIBHTLIEEZLOND, LEB-T, 20O
DDEA TDEFOBI:NE OV &H O =R LX—DENFET H I ENEZ LI
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b5 A YEN OBLIE IR DN R R0 E - DN BB BRI BB L& B DL~
TH5, () BREOLV-IVRERFERIC—ELZ5E, 2 >OHERKIZES
BARIOBENNR DVH-TND, (o) BBOL VR ERFMEREIVIRWGE, -
BARDDEBA~ETOBEL, SBBOL LB R~
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BERLTWD,
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TREAAMNR A — S v T BV 3 v B —ERE L IAREMNIC R 2D, ZTDET
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BB R, Rl ERnEoRFETHDLEEZTWD, £, F—EU 7R
FEDERNA— I v 7 B OERITAE TR ER TR SN TWnWDH EE L
NTEE, LOLERLEET, HA5WEvay hr—ERESIN 7o /LI L
A= Ko THY REWEEAICE, BVEF I X D EF0BENIH
HTERR, ZOD, Far PMERLEZET L TIET R —L~UL & D4tg
MRV E S TEFNRBEINTHEE T, BANRELT-ET VL, vay
b —[EEE XA L CWDN, va v bR —[EEEHIC O T RILF — LU
TFELEEEEZF->T0D, ZHOZ ALY —L-ULORRIL, B 2 I XEMmIE
FRIE DBVGLVER|Z & » TR S N D B, 8RR E O T N7 7 AJBETH

- 292 .



e TENT 7 AT, BEARAELRY FEOFADHFIZ, £ DXL
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Flo, ZOETATIE, Ya vy bR —EEFOZ R L —L~ULEg LIz
FoANV(RT T e TVAR s hRWVIZE > TETBIBETDHEE T,
DX RETOBENL, HEEKEF CIFFICEREICRD EBZXTNWD, 72
s, WEAKIRETIE, 3y P —[EELZB= L -2 Lo TR X
DT ENTE RN, I h o RV ME—DF %@%%ﬁ& IRHEEZD
NnNoMHTHDH, Rl ﬁ%VTF vy an R BicEb oA — v
RIS HOT ) UA YT AL AERICIERFICEETHY ., ZOL IR T
HEBAMEL R4 — v VOB TR0 EERET D, ZOXHBLE
O, AW TIIER THEONDIA — Iy VT HfM L5 — R R TE LR LR
KR OT7 2 VLS =2 T BIG O WIFIZF DR, Filzled —v 7 il
DET V(X 4.2.9 C)ERELTZ, ZOET NV TIE, vayhd—[EEED L l@
TRVF— RIS SO KL~V FEL TR, EFILZ DO XML~ v z24r
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0.2 0z 04 06 08 1 0 o0z 04 068 08 1
Voltage (V) Voltage (V)
0.1
0.0
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TERUZ BB R A R TE L 725,
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metal Nano wire
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ODfF@i%i WHER S BT RO B AL — R —FHI THY, BRI — 7o THI= 2
FRE G RSN A ATREM O HAE THHMN, 232 —2 a7 —7 Tl H<K<ET
GG N— AL, BRI BRI HOW I EAACIAD R R LI VS B
TEEBL, AT ER D 5 o7, ZOXIREHE CELNA Y 2L —
Tar OfERE | TR N —T OFRERER L ZOEIIER T528 T, RS L —
THBRT DT LRGN —FHIRERE A OB R AT ERLVIZT AR HD,

Ralb—arOHELLT, I T A AR L TRBLT LT T VRS T
ﬁ/m/is(EMc 1) L5815 (MD ¥E) ATV REED T EE R L, BIED

FHERER/AARBEREIpDTNDT A LT LT T7« JARX(RTN) Z bl R el v
V7 OBEFNEICE RN T DARE R 2 /AR (B AR 2y b A R) BEELT DT SAAY
ARSLENVE B BRI A TR A LT, T OREE., vV 7 ORI K 325 /4 X136 XL
% 100 GHz VL LD R 5 E CHTE(L 352, RTN L8720 T /A 2T A—H THill )
RHEZR . RE RN T O/ AR THHZENH BN /25T,

Fo, T IA—MVAT — L - B IR T LT D & ARSI OER # 7o D& A |
THEMKOREEEHEL T,

OF ¥ RNIARDIERFM I LD B HE O]

@7 rER XL OEA~DOMEN RIS NS ay b —FREEN RVFET

@F IV A RSLETEAR T 73 A A2 I HEVFFME D il 1)
D3EADT AT TIZONT, FNENI a2l — 1 a Nl kbbata To7-, Z0fEHE. O
clob\T&;’cy—Xﬁ%PV%‘/&ZFSJ73>oTv’“)v*/“l@?ﬁi‘%fmi‘%{m”\~‘/ﬂ%90%75‘37ﬁﬂT“é?pé:}:\
OIZHOWTIEAS 5nm LU FOF /U A YR THIVUIHE KT MOSFET OVEREA#EE TS
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Tk, KBS BN 1RO R, T /T RAZANICBIT D74/ DY H B OZFEL
VMR, FEBVIROZE L WE TR FRISH, 4% . BRI R T2 0B S
HEBEIRE LD [ REMED VRIB ST,

*EMC-MD ¥zt 2T )3 AR afbER D BEFIEL X DT
(DGate-all-around Si J~/UAVIZBIT DB LB B BRI LD BIREB DT
FGUH KT LT 5T« JARRTNIE, [

BEF DONTy AT v FAHOXFXIT e N P
BHESNDBE, HEVERTYT DD o ”"”°“‘*b\oznm
HHE BB TA L BE S 2 Hh, I o N
7Rt A B 25| K 2 RK 72> T 22 % .

WD, ZIET, L —FRITF AR n,)

3% RTN (Z W TIES O WE 1S RN . 2 g

N N 7.07, 14.1 nm
TAHNARKE S T XA A2 DN TIE, RTN
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KFFETIE, Gate—all-around(GAA)VRI T /DAY HIFT SN ZAGFBHTRALIETT DR 71
GEEFPHESNTBHRHICE-T, POREOBRELH NG XEINLINE
EMC/MD 322l —3a A FHEL-(K4.3.1). F¥ /L P OIREE AT, TSR
© Coulomb X3 /) %521 T 5728, @il CEHEEM 2T v /Wi 235242 L(K 4.3.2), -
PIBRME T35, OB FREE RIN IBIE)IX, Fv 1RO/ M EL RN
5H(K 4.3.3) 28035, B—HiEmOEEITMAN T UAVIEE AT 5. ZhuE, Hin
FIUAXIEE, B S ) T ORI FREEN LR, BEIVE R RKREK T 5720
ThHD.

WAL AED RTN 3R OB TR T 232, F 2T A PRI /e BIEE BT 1151
REACIAD N BN 72D, 2SI v U 7 OHiER SO HERME T 42555135
HEEZBND. EEE, T —F RO TIL, 7 /U ARG T /AR T =R+ %
ZENEBRIN RSN TOD(RER T — LD REE ).

w/o trapped

with trapped e

\ @®:¢=7.07nm
charge charge 03} M:j-14.1nm
= 'w\\ '.J
e = 02¢f = aoIR BN
S 0 £ ~ L /
= £ 2 Yy
N N 3 / R
ot )7 W,
-4 -4
-4 0 -4 0 =
x (nm) x(nm) u
¢:7.07 nm, E,:5 kV/cm Low High 0.0 ~ — .
N:30 (1.:1.53x101° cm3) 10 10 10

Carrier density Current, I, (A)

4.3.2. FEBROAEICLDLF Y
T AR DE. Coulomb [ 3EAR A AE
FINZXY, vV T DM a3 55 %38
T TCWDEETF 23005,

@ XXVT OREBEICERE T EREDLE DT

Si CMOS 7 A AD AL CAR B AL
WZEBR, Bray Z H#CT NAANE
Wil HF ¥ VT OMERHEE B35
728, XX U7 ORERMEIZE K 3 5B
HENMCXRRY, ZHRT NAAD
EYVESE I B R A 2R D B RTHEMEN B 2.5
N5. #ZT, L _—2ADx ¥ 7 ik
332l —a(EMC/MD E)Z1T\, &
TFED X D BALEAL 32 JE I Boa & '
TRILT=.

Gate—all-around(GAA) IS V=5 U
AXF XY RNET RARAETILELT, F
YA VA B LT E A O LB, fE
R A2 2 TREEDY, Zhaia b
K7 7" B A DA B K0 AU B imiE B Anf

4.3.3. BEHAK TG RTN HRIE). Ffu
F X RNBEDFT ITAY DI N ERK T
PR EL, FHEEM ORZELZRIZT
5.

by T ERHUN

RTN ( > ps)

B, ¢
4.3.4, G KT 757« )AL RX(RTN)
&, XU T OB IR TAE (G ay
R) A X O],

BOEEME, 37205 RIN ICE-> THIEEZSNDZEMES L L7-(X 4.3.4). FOHEE,
X U7 QBB R 92 1818 AT & O 28 BhiE X -2 i w0 AR B,
RTN (LA BRI L @i A I T2 2 endbhotz, 3700, Ml b - &l
{fLEBIE i E R B/ NS LT E, RINIZEAEENIGIL TS D, vV
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T OBEBIEIC LD EB O T RIS, BT ETDTHERR /AR BRI DI LA
T5H. RI2lb—ar T, FrvU7 OBERMEICE N T2BMELE N AL RDHDIT,
FBLZ 100 GHz LA EOJE A Ik ChH 2 Ln3on>7-(1X 4.3.5).

E5IZ, RTN (CX D@ E A O L BEILTF ¥ RV BRIUKIET DD L, Ty U7 O
BRI R T 2 8RIET SAA A XK T, il B & OB E TR ELZ LN
BTS2 (1%] 4.3.6). ZAUE, VT OBEBIEICER T2 /A XD, THSAANTA—ZT
FHEIAREETHY, REHNET DN AR THLZEEBEWT 5. (REEIT IEDM2012
\ZTHETE)

Frequency, f, (GHz)

— 1000 500100 ~50 10 5 1 _
O
- | Qe E.: 5 kVicm IRt
S1016 |y c 1:7.06LA
2 = S 10-18F -
= Es) = §c7.07nm  Spe1a.tnm
R © 1:0.561uA i
= = . o8 A 1T 6TpA
- > ¢-\1'4.1'nm -"." .4"
o 00 LA ° TO.S51uAS "
5 (.t 3.82%107 cm-9) = oy & #1.07:14.1nm
£1077 ‘ a7k i 1:0,561-7.67,
510 x S107f s
E ,1/ . g P
& 1 I: 0.567 pA E S HiE 0

.2 2.55x10'8 cm =
z ISR 1 ,g;_". ,:T(;} § I /"5 \f o fAQI'I.l ic
Si08 | o D AQmyp S0l lu L it
= (= 1017 1016 1015 1014

1 10 100 1000 Transported Charge, Q (C)
Integrated Time, Az, (ps)

4.3.5. WIBEHELTIIRAQDREE 4.3.6. i E A A EEAQL, 1Hik
RERIA DB AENE. FEEIRERI AL ps fRfE  FEWROFRE (Q) LOBIR. Bi—fiEE
(#1100 GHz WA ENCE T enl, B WSS DB BN FOZBIEA Q. 5
B IC LA mRE R o alE BRI, T AR A KR DDA,
AQiaps BVEVY, BIESR Ik pihE  FBILHEOS (LD i By B o LB
EBFROLEIIEAQ, oo, ) FEBZE  AGhue, TREIE, T/ 3A AT ARIYKALT
NTAEXNS. BT, EMORE Q TIRED.

@ FERAHFrRVICBITDFY) TR Ial—av
Trigate N7V RE D EFEAVBIAREHINT

L FEY, SHIICZEDHDOT NNARAELT
Gate—all-around %Y, ISIOWERIZ2 L, T IAHE
1ENT VAR DRFFEBR D3 A THESD B3 T
WD, ZOIINTTF v /ARG D KIRIZ LB S
NHRBICBNTIE, Y —AERL A D%
PMEDRRET I S 7e s, L, ftiloe o —8
N7 D AZ DA D L7 R IR E
SND. FERTFRTF v R AE OB L LSI @
BX R — TR AR 7R 28 B A0 D R e &7
D, ZNET NAAOHT ek B hEL S . 5
%2, 55/\/1’7\0)‘@%@J:Glﬁéf@[ﬁ"]ﬁlﬂﬁﬁ'ﬁ‘ 4.3.7. (a)ﬁ?%;‘ﬁ, (b)/_\k_‘.‘/, (C)@/_\]—\“—‘:/
V7 O RATREFREICRDE, VY —R
MHEASIIZ ) 7 N ERIE I T v RV RS £ CRIFEETHI L7, Kif,/ FRHGEL
DX EL 7RG LG 272 5. LTaD3 > T, T W BIROBIICE > TR U 7 O L1708
B A HIECED RTREME N E 2 HD.
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THIEIZOWTIE, A Az /&;M)Eﬁhfﬁkf 6.5 iﬂ?ﬁ—:/ ‘Eﬁ, Uil h

LN BB 72 A S BRI TR Bt 60 | g

SN RRET, aw)n%w\/wﬁuﬁimﬁ@ =55 s ]

HALIZ I AT CRLSIELE PR, 250 a ©

ZTCRIIE T, ABBLOHRFEEOT B as | &

YR TEYITOEICEDOIIRERNEL | 40 s

273% EMC/MD SRzl —ia it koL B 3s g

(X 4.3.7). 3.0 ©
R e Ly T 7 T S :

DT xRV LY, T RVIER A OB A 15 <10 5 0 5 10 15

173> TR % (IR DS DIERRA — U TR T+ % IEAYY £ (°)

N CERBENEIT LML (K X 4.3.8. FHE mb@f“#@ﬁm‘ifé N
4.3.8). ZhUE, R—rBRF ¥ I DOF ¥ 3L —UIBRF 2T, F7RACEDL
BIBEIC BT DR ESELIC LT, Sy U7 iES) T R nayrcEs.
Eﬁﬁiﬁﬁﬁk 75>i%bﬂﬁ“5:l)%~/a/xﬁ% ZEBLDEEZ NS, Fr R BEDT T
Z\Z%ﬁékéﬁtzﬁu, ERENCEIREBENE TR TT5L00, A—rOEEKET
W E BRI T AE AT D77,
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< F )IAX R ay b —Y T ho )V FET (B3 A E RSt
(DGate-all-around # T gy b —[EBER RV FET @ 3 IRILY =2l —av

YavhF— U7 RN 3V FET(SBTFETIE, v R ~DARHM R —E 7 NARE I
RETHDHZE, V—ABILOR VA8 O FARGUAIH CE52 L, HF vy RO K
&7 S BIFF CEDZ LT, YA LT e AR A LG A OV —~ /L3P =y k
PMEL high—k/AX V7 — T a AL FMER m LR, PERER] EEREIZS > &k o
Bl CTELDOAHEMEZ D TWS. 12771, Tay e —[EREA LI~ RV ERE WD
EMD, YT ALy a— L RERESA BT DMER D MOSFET (2 &7\ s i fE s
7> CUN=,

ABFFETIX, 20 SBTFET A3kt LIZGE DFRHEIZ DN TT NA AT alb—var %
FAWTHEH L. ZOREE, K 4.3.9 [TRTINTT /UAVIBIRICTHZET, 7 —F R
AP T ALy a— VREEVELA U BB TUE D) 9 D2 LA L 2o, Fv /LA
Z 5 nm LA FISHIK95E, [RIERO MOSFET X0 & W BRENGE SN 5 ATREME S H D2
EL MUK 4.3.10). 7 —NZEDT ay b —FEEEE DO ZE T T v /L & B CRR S D
D, FNF UL IIE B O ENBAEAL LT % 255, SBTRET 13k
RUFEZS MOSFET 06 2L, BEOLXNZHRWEFDTIRT AR ELTH IR T NAATHLHES
2D,

Source 0.008 0.008
v \ ‘Ri=10cm :Rg=10cm
Gate 0.006 Ry . C Ry

/\A

2:1;“."2“ 0 Drain o000 0.0 0.5 1.-0 1,.5 2.0 0.0 0..5 1.0 15 2.0
VeVl VelV]
(apifiig s (b)BTEn X B (a)MOSFET (b)SBTFET
4.3.9. GAA i 3 %o 4.3.10. 1d-Vg FHEDT v FNARLATFIE. (AGAA
SBTFET OE7 /L. 7 MOSFET, $XU(b)GAA % SBTFET.
@7 /U4 HEED STM #1482

FITAX 0 E OSARHEET SAATIE, BROMOTZV T RENBEECL, 222 JEhE
DR EMMFEFT TR IAEEZOLND. ZHLT-ZEZ IR CARMM AL MEDRT %
V% STM CHEAEBIETHHEBRLRAT-. EF, AR T A 2D L7 REREZEDH DI
YEIZk3 % STM BERICELZx, 16 1 um DANTA TR T U7 SRR 2 8 2212 %
LTz, BT, ZONARBRERHI R L CTA A
ERREL, MBIy O LI TAA VRS X
TONDLYR =W BEDZ D STM BE|T i
RCHIOTREILZ. K 4.3.11 1%, iR TU
AF L (PORWRE ST ST A E RO STM 4
THHN, MR L LZE o DZFIXT, 44
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“Effectiveness of Time-Dependent Hartree-Fock Approaches for Multi-Electron Wave Packet
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31st International Conference on the Physics of Semiconductors, Zurich, Switzerland, July
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31st International Conference on the Physics of Semiconductors, Zurich, Switzerland, July
29-August 3, 2012.

13. K. Ohtaki, K. Ohmori, and S. Nomura
“Time resolved measurements of ultrafast transport pulses using photoconductive switches”
2012 International Conference on Solid State Devices and Materials, Kyoto, Japan,
September 25-27, 2012.

14. Taro Shiokawa, Genki Fujita, Yukihiro Takada, Satoru Konabe, Masakazu Muraguchi,
Takahiro Yamamoto, Tetsuo Endoh, Yasuhiro Hatsugai, Kenji Shiraishi
“Effect of Coulomb Interaction in Electron Wave Packet Dynamics in Nanoscale Devices”
2012 International Conference on Solid State Devices and Materials, Kyoto, Japan,
September 25-27, 2012.

(4) 205 HiRA

OEWNHEE (21)
1. KEFIETR
BRI, /U A YT DA e OO fE 71 )
(FHEH Rk 22 4E7H 7H  HEE 5 FFA 2010-155135)

2. REFIFE, HEAMKE
[ a—T h—R & A R ESEE )
(HFEH Rk 234510 A 3 H., HFEE 5 FFFE 2011-219654)

@uFsHRE (21F)
1. KREFEE, HBME
[T —T =R kO AR EEE |
PCT HrarHifE (HHFE H SRk 24 45 10 A 1 B, A% = PCT/IP2012/75407)

2. KRERIIA, MK
T =R RO A R
FEFTFLHIE (I F < 5 24 4210 11 2 B B 101136299)

@F DD EN I FEME
(B)% H - Wi %

O =H
1. BARAEBFERTzn—
HAE
http://www.sssj.org/SSSJ-Fellows.htm

2. Best Paper Award
Wei Feng

- 50 -


http://www.sssj.org/SSSJ-Fellows.htm

The 8th International Nanotechnology Conference on Communication and Cooperation
(INC-8), May 8-11, 2012, Tsukuba, Japan.

@~ A= (B - TVS) Bl

1. Corifads) Bl 2011481 A 1 B, Tay b —EREOHIFEIZEIL T IEDM &
FRIZEHTHT LA =25,

2. (Bri4E#) B T3, [T A& MRS b S K238 R 20114212 H 8 A

3. (Bri4E#E) 201 24F 12 A2 7V 235 (Fi 30, IEDM B RNE)

§6 MU

AWFFERBEOFRZNRIT, WA FEE THHREFD, il MOSFET OFRHEIZH X 20T
ZEL QWX EOFEBER LS TNWETUH LR — XU N7 T F ax—ra PN, En ko
IRBERPASZIAEL L TLDIEAIME, A E Tho A AbE#Eima BT\ H 2« OHT
AFEiTo, YR (2008 F1£H-~2009 FH)0D) | FRTREENIRT —~ Thol ARV —R )/
high—k FkxED FEREIFIE — B IE L DO H D L, B2 1T RFTHFEEITHEEL T IRDK
EIpWFIET —~H R QOB CHL - 72,

ZDXHRA F DRI (P —RAZ ) TG, BT () — AR A FARBL, RLAv
I RE) ~EBRIIZ, Ls B ARTEAERNCHIBR O G 3> TV Tt FHE B TWND, Lo
TRWAIEIZ XD, R —F S RE0E TR @ NS K E R B E CE A BFEN 35 Si R
MOSFET Eh{EIZxd5 T2 - BRI FLl 2 TS ZE L BrLWEIRZ PR T Bl T TEROMMEREL
BWEHED T, FAEINT, T =R R A | ETERIEDE | D2 DZBBR ST 7223,
ARIERBEO LS ZRVIRDE, [BIRFELE ICZED ., 7 A M L0iE, FHlE R, 2
eIl =i al V) BHING | [T D AZ | ORFHEEHER 2 B 5 @RS k2
FX, TETHTZEH L TND,

SRR I CTHIFEZ LI SRR 3 TOnE RSN e O B LA THRL . 728
DBIET 3 THI R o Te b B TH R NWL  EWSSDAREH AR EL 22 T2 35
DAZ—RNToh T, FFEHEPICBEL T, Y8R T A A TR BRI EESE TH D,
International Electron Devices Meeting (IEDM)3 TN VLSI Symposium (VL) ~D#&fa a2 J4E7F
DAR—ANR— T — L UTo, e DA T E R L7228, 2011 48 VL, IEDM, 2012 4 VL, [EDM X4
FERIROENETHIENTEZ, bHAA, WAk T 5 L TOMAIN R, TRNELE, £
LCRVDHORE % RIS ZEECTHHA, Zh CREST W) T REBAEOAIZE T 0y =7 M2
SZEHRZEVI IR OIRNEE THD,

ATy NIEIRE I, AT T AR TAT =800 T, EB- ool —var Bl
DET N—T 1L, MIZIZROI A O FIEABFEL | HEORERE T2 FCE-, HEOEW
L., 8L TV TWAJEVOFESEAE T L RE ITLIVEHEZ B L B 720, F7o, EERAgE
FFGEZ I U8 | FEIK T R ASAW — DR, JST DY D7 2 121%, FE & ORreifiha\ 72X 4
tLEHRL B ET, RO, PEEFHMTR AT OIEH FEEME AL T To7,
PEXAIFBILRE DOERRICHAL L I E9, i, B3, K¥, MNLEADDARAFFE~D SN
ERFENTZ TN AT S 7R OB RE . RARZIFFE B AR . T LT RSB ONS
FRRE KD RS 7 OO 0B S L1 7172 LIS A E D A ISR EH AT
LTz HUMMEITIWNET,



