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AL, AT A AL OEERE ThH 27— FRILIEOEHMEIC SV TOMFZE
TREELDIZLDOTHY, 6 ENDHKINL TS, LT, FEILIHEZED.
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F1E

B 1ETIE, EFEOFERT S ZAOWHMEIZE> CETETHEMEAHE L T D 7 — M
I DEHAMEIZOWT, BREMEL & 722 o TO D HERRIIEBI L K OV — b Y — 7 &I+ %
e AR DL 2 TSR T 2. £z, AWHFEO BRY, RGOSV T 21k~ 5.

$2E

F2ETIE, MRS — MEIRIZ T DB (Soft Breakdown : SBD) %D/ —
N U — 2 BIROR IS RICEE 3 2 3 2 B R A7 7. b nm L EOEWIERIR TI, B4
fixhk#E (Hard Breakdown : HBD), SBD W OGE bkE#H O — Y — 7 B DO
IMIHRD CTRMETH Y, M & IIBRENRBRE Th L B2 b Tz, L, KiT
O THEH SN TV D L) 2iiE s — MEEEE (< 2 nm) TiE, SBD#OS— Y —27%%E
FiiX HBD O4 & Bigy, BERIAISEECNCHIINT 5. ZHUE SBD 2 & 0 sk S iz /A
H7e U — 7 NARREIIER - (T 25720 ThDH. KETIX, SBD#%DOS— Y —27 &
wREEES BRI D> TRIET 2 2 LIk 0, ZORFHIRED SBD % ORFHE O~ X FTH
bahsdZd, L CHIMEBEICHEEBEIENICREL TS Z &2 bnic L, EXLELT
9. Eiz, EIELIWA TRENRBCBESCONER T T HIRBERTFIEC OV T HIR 5.

¥3E

B 3E T, SBD#%OS — M) — 7 BRSPS REICENT 2 Z LICHEBR L, EOWERE
I DOWNWTHELE L TV 5. Mgk o7 — N LIEOER-—EEREIC O W TR I E Tl
2L OWENRINTEZN, SBD %D 7 — h U — 7 B 2 CHRIFE A 2~ RIS
OWTEERR STV W, KFETIE, SBD %47 — b U — 7 B ORI RN EE a5
BINARTET DLW E2EOERFEREEZEL, UV —7 SACHINE D EBIENREITIH
DI BT, b — 7 BRI G F IR A TEREMNITR Y, A&7 27 R’ 5 2
EHERT. V=T R CHNE N D EEORANL, 7 — F Y — 7 BIEINIES 727 /34 A
DEERPUCI T HEIERE FOBRICER LTW5. 72, MOS ¥+ /32 % K MOSFET
FOHEABPLOEIFIZONWT, TNRA ATV 2 b— g URHGRIITIC L » TOtrT 217 9.
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F4E

FAFETIE, F2, 3ECTHRAERERAZLICLT, SBD#%DOYF— U — 7 EHORH
ZEAGICBE L C—B LT VOREEITH. Kil, v 7 H o MOSFET OfftigakiE 21 ¢
72K, Fo TR TOBEEI R WHEENLSI OEEEEZEATA2ERNTHD LTy
%. AWFFETIE, SBD#% S — Y —7F mmﬁ%ﬁm%vw%ﬂﬁb LSI #h{E#E+ T T4
#4% SBD 78 MOSFET DO E&AY 2% WEPRRT 5. 7, HBRETEE & OF
ﬁf%zé_kkib,%/7£¢T®ﬁ%$ﬁkw9ﬁﬁbgfﬁfJﬁ%ﬁo

EHE

%5 W TIE, LSIEMESIE T TAR T 2 s CMOS Bl RIETHEIZOWT, ([
Ko al—yarnb Xk ERMICHET 5. %@@@Wﬁﬁwiomﬁﬁffitﬁé
% SBD Hiit 2 EBRAICHER T 5 Z &%, 10 ELL LD 2 4 5 7= D 5 HL I HETH
5. O, PERIThN T E -EEM#ER T, mkﬁ%(mﬁr*ﬁ)TEtTésm)
CENMEEIE (IREBIESEM) CTERT 5 SBD A URHEA T2 & &RifE L LT\, 22T
£7, FA4ETHRSBD 7 — b — 27 EROFMZE(LET VEISAH L, LSITEEETE T T
AR5 SBD ORHEAIMET 5. fi T, #kRikE% O MOSFET FfE 2 B4 5 a2 X7
FNETFIVEERL, ST LT SBD Ot LGRS Z & T, CMOS BV T[E#
VIalb—arETO. BIREECHEE LWV IBLEND, T — MEREOMERREEE
CMOS [EIE I R IF T B E w5 .
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1.1 FEERT/NA RO

ANx Dz a—2FHERIZY Y 2 0 KREEERER (Large-Scale-Integrated—Circuit
: LSI) o @Etkfell - MR L B L, 1960 FRIIAAM 7 L—A (A TLIHAD=2
YEa—Z &) Tholob DR, 1990 FFRON—=YF - arBa—F (1 AT1IEEM
) #T, 28X X R - ara—T 4 7 EMINGHEIMRITBVHBDOTNE., 2%
HA e ayEa—7 47 lE, K Xerox » 231 7L MFGEFTD Weiser 73 1988 A-ITHEE L
fearke 7 hT, BHlloa Vo —2 =03 T AIEROATHIB 21T > O Tlidel, &
BWbHEZAICHDIAEN TS AL Ea— X —HR Ry N —7 THAEIZHEDRSX, AM-
RO EE I - Rfa KB CEX 2252 BTV AT 20ETHL. EFEO7Tr—FR
Ny R EBRmR O TR R E RITHE, TUVFNVEE - I— L7 hr=7 X LD
BbdhoT, 2 XX AHESOIRIZIBERIETHEH TV,

LSI I3 1960 4E D4 @R i EUAB TR T P X Z (Metal-Oxide-Semiconductor
Field-Effect Transistor : MOSFET) OFEHICIAE YV, &7 — MBLEOZERREED 7 1t
AT MOS [BIFEHIF O & TR LT &7z, 20 LSI DA ESRE CTh 5 MOSFET
OEEZX 1.1 12787, MOSFET (XY — A« KU A VRIS EG 7 — MEJEIZ - THil
#4252 &£ TON/OFF 8i{E&E4T 9 T34 A TH Y, 7 — MERIEO R - T HZEINIEFICRE
W U a VR EBIET S E WO i T a v AL VBRSNS VU 2 U ER{EIE (Si0,)
0, ALFRINCLET, OREZR SIS0 REax b b, 7— Mikxike UTHELZZ &I
y)nVLﬂ@%% Lo THMEZEADIFEDOFEETH 7=, LSI O EEMRMLIE, 1965 4

(2K intel DFXNLHE Moore 2328 L 72 B R E AT OMEARZ B3 2 #8501 T8k TF » 704
FEEEIIR L2 1.5 24T 2451272251 (Moore DIEHI (1)) %, 20 0#ETIH D L OOBEIZE
D FE CTHEICTF > TET 2] HBREE EMERITZEAICHHIT 200 TlEns, I T I~A4
7 u7' vt Y (Micro Processer Unit : MPU) OMREIZIB L £ 1.5-2FT 25225 &5
PhoZlbdd. LSIOmEmERIL - Mttt 2D 5I2H 72> T, E%ﬁ%méhf%?
INA ADFHENE D BN EDNEEF L oEiE LR E Lo, MOSFET O HE TR R
EZFTIEDOLITHEN L TP NEHE LEEFRENGFET S, Mmpicix, #1112
%#iﬁu,MO%ET@%ﬁ%é@3#4f%8h%ﬁcm$kf%m¢Mﬁ,?N%x
Frtk 22 2 90, kGO EX O (FORmERENEBTE 5. ZoF#FAr—Y >
7 A (LeflfERL) &R, LSI OEFENIE - TR S 72\ 1974 4712 K IBM @ Dennard
51T k- THRIB Sz [3).

1971 12K intel 23583 L7290 MPU CToh 5 4004 137 v & A 10 pm, #& ~7 >
TR E$2,300 H T o72A%, 2004 42 AIZHER LIZEATO Pentium®) 4 (Prescott) Tl
7' a - A 90 nm (HFES— FE 50 nm), # K~ T YA X $125,000,000 HTH L. EIC
30 M T LZ 1/100 5D MOSFET Offi/ MR FEBR SN2 Z L1 d. — e 7 vt 24
Mx7r — NEZEWT 223, WHMEr’E LEATLBIETIE, WS — FRIZZENLED b/
S o TWVDHTEDEEDMLETH S, T, FEERIZ LSI ORGHIEEETITAS Moore DIERI 2 i

1
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1.1: MOSFET m##id.

# 1.1: MOSFET ® % — 1 » 7 [3]

FHE (L, W, Ty) 1/k

BEARE (X)) 1/k
BERAHDIREE (N) k

BIE (V) 1/k

i (1) 1/k

BE(C=LW/Ty) 1/k
BIERRR (VO/T) 1/k
HEES (V) 1/k
BHEE (VIJLW) 1
Ci]ig k2




1.1, MEERT A 2 ORI,

L] I L] I L] I L] I L]
----Moore's Law

@ Achieved Trend
O Prediction (ITRS2003)

IIIIM IIIIM IIIII“

Design Rule (um)

103
1970 1980 1990 2000 2010 2020

Year

4 1.2: MPU OF %A L — L OHR. o [T ERE, o 1E 2003 FFAERER LSk — K<
7" [4] OFR, WE#ERIE Moore DOIERINC X 2 MIFHEZ R T

REETEENENI &, T TIEARW. K1.212 1970 FELIED MPU OF A L L—1®
Bz RT. THA L EMEEN D RE, BEICK L UTEmR L7 r e AHMTH
D, RKFITK L IR LETOFRIECH H. = Z TEKAR AL, Moore DEH|TIX 3 4
TARFOFRFEIEMPIRE SN DIZHEADL LT, EEOT A L — /UL 3FETO.THEIT LA
fa/hSn TNzt Thab, 2F, EBEOEBEIXSET2M/HIC LN TR oT2
DTHD. ZOEFLSIF v T HBOHKIZL D N7 v P AXEOHEINC L > THlibil T
X, LZAN, HEENITFT v T OPRIHAT N T U AZEIZHEI L, OEPREE

D2FTHR D, WEOHEKIZTF v 7OIRKEEZB LT TR, HFICEREEEZ T
HIENTERPSTEZELHY, I TITHEE/IEIMBRERMEL 72> T b, 1990
FRA)D D Pentium® OVHEE 1L 10 W ERE TH 5726 D23, Pentium®) 4 TIEIEIE 100

WIZETEL TV, FRMEEBNOBRICE DAL, Ty 7 ICHBH VAT AOHEH L
ZIFEAC A BN WEEICRKREL > TN 5.

— 5T, LSIHbic L 5 mtkfelb d £72, MOSFET O#HL OMmHAIBRAR, #5iC SiO,
F— MO ERALIRFUC K> TITEREE A9 L LT0D. M1.31%, 4% D MOSFET
@%%kbvyk%fbfwém.mmﬁﬁf %ﬁ@%nmfmﬁx&ﬁT%Wéht
Pentium® 4 (Prescott) (2351} %57 — MERFEIZIL 1.2 nm TH Y, Zhid 5 FFE50
AT, BECE RN ERCE R VERICE L TR Y, B oL Blgic iéﬁ
BIATND Z LI Ko T, FE - HEBHIEMIZ T T/ <, MOSFET ® ON/OFF #h{ElC
HEENHD I ENBESILTWS. B Ly RIREIN TV D8 0 IS HERR (L ETe &
2016 1213 0.5 nm (2-3JiFJ&) ICE TH< 2D, HIT0T— ML L TlRE L 72 < 72
L ETREND. 2001 412, intel 23FFE L0 C SiOg R 0.8 nm @ MOSFET % #/{E L 7=
WE Bl XL, ERIEISND0E D 0I5 D, £ 2T, SiOg RIEICED Y, high-x
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Year

X 1.3: 2003 AL REEHEAR m— K~ 7 [4] (281 5 MOSFET O#%EL 7 — b E KOV —
I AR IS DA M b T

WL FRIE N D SRR 7 — MR LT BRI ACITDR TS, UL,
Wore R Td B 7 1 AR 45 nm £ T1E, T 17 7 A A% HE L 7= SION A
B TXD LT M 6] i D LD, high k F— MEREAER L% b, FRICE -
CHiE SiO0 AV HALS ATAEMEIE . 7 — RSO ML SRR L & 5 oAk
(AT L7 DICHE L, 2 OISR 2 3 5 TS L BTV A ONRBRTH Y, ik
B ML IE AR A AR L 22 > TN 5.

1.2 #WES— MERIEDEEM

ARFETIL, Wd s — MO EMETHIC B W TR b EEZ, EERS s ¥ — R —
7 BIRD 2 DIZHOWTHEG 2k~ %

1.2.1 47— FERRIEIRD#EZFHIE

HAERT NS AL LTSI 56, 10 2L EOEEESREE S R T T
B, EEEOBESE CEFEMEEZRIET 2 IIXRBEIZ 10 2L B 78, INEER
D—RIATPR TS, Bl2E, 7— MR OEEMEFHEE TIE, EHEELD bl
MEEA VAR OREZ A TRALEA (L2 IE L, Mg 2 5 F TORE 2 #3E
7 % (Time-Dependent-Dielectric-Breakdown : TDDB). i & EIZd51T D il REH
(Time-to-Breakdown : tgp) 1%, MMEREROKE R DIME T S D, SHE L TH — Mk
B an % KD HI121E, HERRAEREH 2 B R NRE OB L L TRT Z ENEET, LK



1.2. Wi s — b HEGEAEOE M

Thick Oxide Ultra-Thin Oxide
= High Voltage Stress Low Voltage Stress
S 4 4
o
3
" 5 -
=) s
© -~
=<
o tsp < Laiture
-

i

S

S > >

o tap = raiture tap Laiture
log(Stress Time) log(Stress Time)

1.4: JERE & R 3 ﬁéﬂﬂﬁ”éﬁfxﬁai— TDDB HIEfE RO, EEOLE, 77—
KU — 27 BN s> AT EE N B DIz , WRERECITRECICHEINT 5729, #ftk
AR RER tp 2> O BB £haiiuce DL _%z’né Lé.

BROBHEK CRDIND EETV [7-10], BALEER O %Z@?aéﬁ(%@ﬂ;ﬁ(f%%béﬂé
1/E EF /v [11-13], FINEED L& FTEDSND Power-law 7 /L [14-16] 72 &L O
buﬁ%?‘/uﬁ%%éhﬂ\é. INDHDETIOFEMICONTIE, HERAICEL &bﬂ\é.
72, tpp DIREIC LA HEMEIL 0.02 dec./C TH D Z L MWE STV [17-19].
f@f%&’i&%ﬁzﬁ\mf% v, 7> MOSFET 1 {HOkkEs LSI Oit#ifEE 5 & ke Z A1 2
OfESFEMERHMIESEH T 5. EEE, 7 — MEREXSEWNRIZIHE VLT, Etﬁ‘éf@f%ﬂi
BEDZ ATRERT— U — 27 IR O¥EINZ 1 5 S8t (Hard Breakdown HBD) IS
Hol-DT, Fv7HND 120 MOSFET 28 HBD % #2 2 L7-Ri i LSI O F i & & L CHF
WZXE X 2o Te. & T ADPERRIELRI N G Y EOER: h 3 LE {)ILﬁ’/)lLﬂéFﬁEb“_‘
NRLEEIZ BV T, D EO S — N U — 27 IR O 2~ P EE (Soft Breakdown
. SBD) [20,21], MEHEICE TIHEDS 2V ODEBREIRT Y — 27 RO 7T %
MU AFE#E Y — 7 &t (Stress Induced Leakage Current : SILC) [22-25] 72 &, JEM& Tldie
RENTEHRNRMEL 2> TL 5. £, K143 T X512, BEEOHARIZET 24
BEIL, 77— b — 7 BIROSBRIEMBBRRH R X 285 TH L Olcxt L, WEK T
7= Y — 7 ERPERLNITEINT HIEEE — ROFERIE ST 5D [26-32]. 2 Dz
€ — FIZES LTI, Progressive Breakdown & FEXN D8 L WVEEE— RTH D & R
I [26,27,32) X°, BEMICEESC ) B (b TH D Z L BBV HBD Th 5 & iL7ed 3L
85 [29,31], MEESL OBLIROET-EEFEDN SBD OFFMCH 5 & FH [33-35] 124D Z
L7nE SBD T & BT il 28,30 L b 5. O, F— kU —2% mm&éfﬁ%
Wi x 7z & PR L EFRT D b, MR I E R OMBRBIERF M L 0 bR 720, (M
%é%%f“@f%fr@rﬁiué Z b 6T, 0.18 um ok AFAMTLIBOMRE & LT, /7“~
BALNEOIRRETT v 7ORENREE D L, pl MOSFET @ L & W MEEE OHMEXHE K
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Ln(-Ln(1-F))
Failure Percentile

2.1

bouo gl 1 [ I . Lot 0.7
0.01 . 0.1 o
Normalized Qg (C/cm?)

1.5: 77— NEBALIEE T, =1.65-7.8 nm @ Weibull 7347 [39]. Ty O#E(L & $£1Z Weibull
fHx g2 LTn5D.

HIZRE LT 7 M LTMOSFET OEESEEHE < 72 5 NBTI (Negative Bias Temperature
Instability) b5 ST\ 5 [36-38]. LLED X H 7R &b, figdEs — MRLIECITH-
IREEMEOER M Ol FIENERS LTV D,

77— MBI D RERRRERF ] O R ETHE, BRAREEPEER DR O REE T H 5 Weibull #tit 2 M
Wi STV 5. Weibull HERFOFERIZOWTIE, 8 BIZE EHTNSD. K 15IZEX
1.65-7.8 nm D% — NBRILIED Weibull 534 Z27~3 [39]. 7235, I 2 ClLBAHhI bRk £ ©
IZEALIEIC A S L7 & (Charge-to-Breakdown : Qpp) T 5723, FEEMIZA M LR
R ERICCTH D, kv, BENES 2D1FE, HitEb & 2R TE CTH 5 Weibull
HEN/NEL Lo TNDHZ D, M1.6 DXL 92, Weibull & g 2 BEDME LT
KT L, Tix=5nm D& XX 25-3 THDHHLON, 1.5 nm LA FIZ#< 785 & 12T
WD T ENRSIND [39]. OFVEMOBAICIE, FMEMTIEL RNV, Fu RO
MOSFET 2% O THAIRIZRFEICHEMEZEZ T B2 65, TRITH L,
DEEIE, EHBRLED B AR TRVBRE THaixiiE 4 i = 3 MOSFET 2MFEET 5. DD
LUV E LT, K17I28=3¢ 10 Weibull 54 Z2R~d. EHL084EY, MOSFET @
W T (=T EERE ) 1XF—TH 2 EIEL TS, MPUDEED N oD,
= MBALIEE Too= 5 nm @ & X OEFEFEIL 500 T{H, Tox=1.5nm O & = DOERBEIT1E
HEEZDE, Fv7FHND MOSFET @ 1 S HufgilE+ 2 #RI%, Toxw= 5 nm OHA 0.2
ppm TH Y, Tox= 1.5 nm DA 0.01 ppm THDH. ZDZ D, Fv7HNO MOSFET O
1 OOHEREAE S 2 £ TORRIY, Tox=1.5nm OF 20 Toe=5nm KV 6 Hrb Fu 2 &n
D ZiUE MOSFET BARD S FHMN 1000 THHELTH, Ty 72K TEZLD L,
Tpe = 1.5 nm OFAITE B THaZEE9 5 MOSFET NMFEETHZ L A2EK LTS, £0
L% F v TOBEMEZRIET 2 Z SI3IERICEE L <, RIS IENE X 5 2 & & FLlk
L7z ECofEEMEORERNITHOIL TV A, 1997 4712 Bell 0 Weir &, 2000 421X IBM @
Linder 513, #ufAE, MOSFET @ ON/OFF SifEICE L2 & 24af L [40,41], %



1.2. Wi s — b HEGEAEOE M

5 T T I T T T

- ——— Percolation Model ]
*I" Substrate Injection: |
N NFET (Inversion) ﬁ

o PFET (Accumulation) =

Weibull Slope

2 3
Oxide Thickness (nm)

1.6: Weibull & 8 D7 — MEBALIEE Ty A7 [39]. Tox = 1.5 nm UL F T B =1 &
5.

wmmmmm

0 -

E: i ]

- [ ]

£ : ]

wf -:
10-0

normalized tgp

1.7: fig7 — MER{LEE LST ofaprtt. 77— MER{UIE Tox= 1.5,5 nm (Z4E 4L Weibull 16
& [=1,3) ©F v 7HDO MOSFET 1 fE23 xmkE T 5 £ TORFHEZ T 5 &4 6 dec. D
ERHD.



H1E 7

p=11}
Ei

D% IMEC O Kaczer &%, i — MRLBEOMGREEES b 0 Yy 7 BIRIZER ICEET
D EEEBINTRLTND [42]. ZhblcfFEIND L9, Z ZHFEOBIM & LTtk
BT LI IC F v 7OEEEEZ EA LW ET2RBHm LA TETna. Lr»L, Zh
O O P RNTEFEIFERER I BV TR L 7 O RISV Tl Y, FEEO LSI #)
TESRAE T Cle 2 0 15 2 4R S IR 056 L [F) CRREZ "3 2 E B3R & o> T 5.
ZO1, FRIZIIIVEFEERWVERPLETHS.

1.2.2 Y—0BREHEEE

¥§%?N41@%%Mﬁﬁhﬁﬁﬁ,Mﬂﬁ%%bfn&v%ﬁﬂ%ﬁhé)—&%ﬁ
NRERMEL72->TWS, U —7EFIEL LSI ORIHEE SRR OE ICm < L,
HACER G R EORN E 2D, K 1.812 Intel 2353 L= MPU OEWMERE B & & %R
T, 2004 FEHLE, Pentium® 4 OWEEEINL 100 W 2 2 THEY, 2007 FFIZBEN TE S
LTV 5 20 GHz MPU Ti% 1000 W IZET 2B WTHAEE NI AL TS, U —7 &l
I E OHETTIC X U CHEEBAEIICIN T 2 2 L 2B 2 b &, EEIITZERL EE DA
BEMEASEY. 013 um 7o A E T, LSIOERHEEEHE L5 T 5008 £ A8
T, Fy 7T OEMEEEE L EREEZBICHET L2 TR L TE. L2L, LSI®
BHERILICIE U TR EE L2 X5 2 TOTETHE, 90 nm PO AT xS T& 72
W, ZOWHRTE, V2 EBBRP/SEEEIOK10 %A A EEbLTBY, V—7 8K
DRI VZE L 72> TV D

LSI F Om el 2 #5595 MOSFET 1%, 77— MIEENEMEhz XYy —2 « K
LA CRIZERA IS Z & T, ON/OFF #iff 41T > T 5. 77— MIEE M- TR
VW OFF @ & X TEMRITIMA R WIET 7228, MOSFET OME B 72 V) — 7 BIA RIS .
X 1.9 MOSFET (2B A2 FEMW ) —&ERTHD, Y7 ALy a) R —27, F—|
Y —7, GIDL (Gate Induced Drain Leakage) [43], #& U —7 Z7~7. GIDL IIAREMIZHE
BV —7EREFMUANAY RE R RV U ZICER LY —27 Th D, WHEMEIZEE S Al
f DORBFERR OHEES Y — 7 it & 7 — MERIEO R LIZ K > TRk L T& 7= GIDL
X, BURCIEEM BV KIEIZIH TE CWADIZX L, Y7 ALy g R —7 &l
3: TN =7 EIRIIRE B L o> T b, BilxiE, Intel ® Pentium®) 4 TixF v 74
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I 7 ALy g R =7 BRI & IHFRED 7200, L2 A 65 nm 7' & 28
fiielen e, ¥ 7AL vy a/)l N —7EREFAEU EOHEENICRD ETFPRINTNDS
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77— MR O#ERRAEIL LSI OfF M E2 K& < AT 5H72H, MOSFET 2398 L 7= 1960
HRPOBEIZED ETE ORI TED, BEENEN D RK T HARZH L H
EROTNRN. RSN TEREREOL L, FEEEBICE N TH O DREICE YN
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FrT7 T ROB—/V N T v TRETF o, TRENRBIETIZ ST v 7S E R OR—
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HEWIFE, KENBEMRLTCHA LT DI LIRSS, Fz, BRI mIEER
(Time-to-Breakdown : tgp) DEMMEHEET L & LTI, ﬁﬁfhﬂﬁﬁﬁ@%@&ﬁﬁf%béﬂ
% E €7V [3-6], MILIEEROWHOEHEETEbIND 1I/EE7 /v [7-9], FUNE
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K& e e SN TCnD. IO L TEEAICE LD TV S,

— 5T, PERDERETITHEGMEER AR TRIEAR 7 — F ) — 7 BRI EZ R LTV,
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BEANGE /N S WA R — RO SN D L 91072, A s eiixii®E (Hard
Breakdown : HBD) , %¥#I3#LHEHZM#E (Soft Breakdown : SBD) [13,14] &MEELS.
7— MRALIRE NS, £ LT/ — MEEMEL 72512 L, HBD L0 % SBD WA Sk
FEREL 2D T ENFERIITAS N L 225 TEBY [15-19], WS — MLz W TR
HAERMIEIXIZIIT A TN SBD THDH. Tz, BIfEZL L TRk LSIICBA L TlE, SBD
Extg L Ll fGEEmn nE e 725,

AEFETIE, SBD#%DOS — U — 27 WIS 2 Z Sk E L, RIS
KT o5 — Y — 7 EREMOE RN 2 ARG D 2179 72DIZ, EOEFARANE R O K
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e ) — 7 BRI R Y — 7 RAOIEKRICE VB ER SN TS Z L 2R L
72 T, SBD %% — kU — 2 IR O R HRRAEE K O OB OV TOERFE R %
WD, Fim, ERERAKICLTCSBD %7 — F — 7 BROBREBEEOERILEIT . B
WTC, 24 8T, EBELWORENZRBIESCINEEK - CTh HIREEZ T A —F L LT FERR
Z1T\y, SBD #%%7— b U — 2 B O KRR E OIRERFIEICOWTHET D, £ L THREIC
25HICCELEDLETD.

2.2 Hard Breakdown & Soft Breakdown

2202, 7 — MELIEIE 5 nm @ n™ poly-Si 7 — k pMOSFET CT#LH| X 7= HBD kO
SBD # O E-EEFEE KT, SBD & HBD OEWERESIT 2 WEAFEEIT R ST
W2, 5 nm FEEDRE CHIUTMIEZL O 7 — ) — 7 BIREDSHL N R 5720, #%
BRANIC YT D EMTES. LL, K23 1R TEH1T, 7— MR LIBEEN#L 725 &
SBD %7 — bV —Z&ERB#E KL, HBD %57 — U — 7 & L DEP/NS o TN D
LD, WE 2 XHT D 7O IIER OBREO K E S 7200 TIEFRS TRy, SBD #
7— MU — 27 EBRICERTH2ARE T, L0 BEICKT 20803 H 50T, KHi<THBD
& SBD ORI AR L, XBIOTH ORI AR~ %.

SBD & 5\ I HBD IZE 5 £ TOMMEITIAMNICHE U TH D Z L0, EIHERREE (Time-
Dependent Dielectric Breakdown : TDDB) #2345\ T SBD K¢l (Time—to-SBD : tgpp)
DI — NEFIEFEZRT 2 L [20), SBD At TA b U AERE AL S 7= & & HBD
I (Time—to-HBD : typp) 1A% DA b VAKFICOIMEFTH 2 & [21], e b
EINTW5D. 72, SBD%HA ML AZANMLENT S & HBD BZRETHZ L HHHNT
Wa. [X2.4102, BBERE 2.8 nm @ nt poly-Si 7 — bk pMOS F v /X ZZxf L CEEE A
LA TDDB B 21T o 72BE D7 — N U — 7 B O L &2 v T, %O Y — 7 BHA,
HBD QAT —EHTH L DIZK L, SBD OBAIL ) A ARRLND Z &3 [14,22,23]
INTWD. Fio, S OBILIEN T EiR-BERMER, HBD O5A1T4—I v 7 722tk
BIBRZ 7R3 D% L, SBD OZEIIANERANHE D Z &N MESN TN D [24-26). 2.3
\Z7r L7 HBD, SBD £ ENDOER—EEFMES, ZOZ 2R T TnD. X233 log
Ty RO THh Y #END, HBIROFHE 5 ES2EF DX 5.3 12K VARSI TNWSDT
SR I,
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Gate Leakage Current (A)

2.2. Hard Breakdown & Soft Breakdown

n* - pMOSFET
T,,=5nm

WI/L =100/10 um
J, =10 mA/cm?

Gate Voltage (V)

2.2: BA{EIEE 5 nm @ nt poly-Si 77— ~ pMOSFET CT#H| X172 HBD K& O SBD % ™

R R

Gate Leakage Current (A)

A = 20x20 pm?
V,=-3.9V

0 -1 -2 -3
Gate Voltage (V)

2.3: BRI 2.8 nm @ nt poly-Si 7 — b pMOS & v /3 & THLHl S 4172 HBD & SBD

D it B R
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e - - ]
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Stress Time (s)

2.4: 77— FER{LIE 2.8 nm @O pMOS Fv /3 X OEELEA b L ARERFE R, Hard Breakdown
(7' —) & Soft Breakdown () @ 2 fHDMIEET— KRR LS.
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——SBD
10'7 1 Lo aaaual 1 L aaaald 1 Ll 111

Gate Leakage Current (A)
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HBD {2%f L, SBD [ZIFHIAIC BRI THIN L T 5.
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2.3. Soft Breakdown & %7 — bk U — 7 & it D KF[E 58 & O fEHT

AW T, MFEIEEZ O — ) — 7 BIRONH ENVICERTS. 2.4 DEBRE
REMEEL ORFICH L THY 2y b LEbOEX 2.5 1287, HBD OB4, o7V s
L— F® 40 msec L FOFFET YU — 7 EHR AR L T2 D% LC, SBD DA 1KY
IZRESITEIIM L T, 2o Z & HBD & SBD #4371 DIRERRIENTHDH EHZ X DL
%. SBD ICHT A OB ZEME BN T, Eﬁﬂ:ﬂ%ﬁ2 nm L F O C SBD %D &7 —
U — 7 BTSN L T D [27]. ZHicxi LT, BEEE2Y 3 nm <° 5.6 nm T#l
H &5 HBD O8AIE, %@%%Eiﬁmi‘ﬁ_:ofb%/f Y — 7 EiEA g 5 F TOREH
2510 psec &ABD TRV [28]. AGFFAIERAERFICY — 7 NAEFTHLZRAF—NH D L
X\MEXBEZD L HBD &80, 2L 0 b/SWE SBD L7425, L3a8ELHD [29).
INHoZ LiE, HBD & SBD & TIAfEER AR OHILE— R R D T LR LT
BY, KUFEORIE TR, B — MY — 27 &R/ - f8Ff L= DX HBD & LT
BRI LT D

2.3 Soft Breakdown &% — k1) —2 E RO FRIFEE D FEHT

MOS F ¥ /RS> X2k L CEBEHEA b LA TDDB A 17\, SBD % ERHIZHTZ>T
T—hr ) =2 BRENET HZ LT, SBD#HDF — U — 7 B ORISR 2 0~ 7.
AEHZIE nT poly-Si 7 — b pMOS & ¥ /XU Z 2V, 77— ML 2.8, 2.1 nm OFR1{L
& 1.5 nm OFEEAIEOFE 3 FEUCOWTHIE L7z, 2O K 5 7l TIREHz ko 1vzh
RICE B = ) =2 BIRITAETH Y, 107 ALLEOKREBERN N 7 7T 7 Rz
% L SBD OHNHEE L 72 b7, F— F@ﬁl x1, 5x 5 20 x 20 pm? ORELE VT

EHE N RVEREZIA TS, ok, REICBT5METETER TITo7k.

2.3.1 Soft Breakdown @ BT DIREE

ﬂ*@N@S?N4XW?f§E®$HNmmmb&HDﬁ@:@U&%%ﬂ,7~FU~
JBMPRANHEZ TP EBZHMELHDHN, RFETIET — b Y — 7 BIROBEINT K
D SBDIZ L > TELLY =7 N ADHER « lREICERA LTS EEZ TS, [K2.610R
T LI, mFEDEL D pMOS F v /3% (1.5 nm SiON) (Zxf7 2 EEFEA L2 TDDB
RERRE RS, SBD B Z D ETOS — M — 7 EiEIES — MafIKFE L TV D OISk
LT, SBD #%®D U —7 & DEFEIL 7 — b EAEICBIR R UREFRE L 2o TV D. ETz,
SBD # OFHICK LTH 7 ry N LM 2.7 225, SBD #0457 — Y — 7 EFEINE s —
FEFEIEAE LW TRDbESND Z ENRTEIND. L SBD %O U — 7 B i
MmO SBD IC L - CHI &I S b D2 e 35 &, 100 SBD 235 Z % % TORMIX
F—NAIZE > TR =V 7 E8N5 2 &b, R—RMA7 — A Tids— MEERKE
W ISHESRNIZ SBD BB A%< 78D, £O%E, 7— M) — 7 BERENOZEE RO — 7 8
TORFIEIL Y — MEBIKFIEZ R TIE T CTH LA, K2.6, 2.71R Lo ERERITZO X
978 — MNEAEKFEZ R LTV, ZoZ &#%fﬁD%@& U — 2 SR ETHY
72120V —27 ARy &L THHILDERPIRBITIEZ TND I EB005.

FEE, X 2.8 1R LT3 BAMEE (Light Emission Microscopy : LEM) 12 X 28123C, 1o
DBIREFTNARELIRY, £ 2 &N 5 BRI & TR L TSR R T s [33].
F7, EEMF BN (Conductive Atomic Force Microscopy : C-AFM) |2 & % #8142
THRBEOERDBG LTS [34]. LLEDOZ &b, SBD %D — b U — 27 B ORH%
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% 2% Soft Breakdown %7 — kU — 27 &l O REfif 56 &

10-3 E- L} L} lllllll L} L} lllllll L} L} lllllll L} L} lllllll T T llll?

F  n* - pMOS capacitor .

- T,,=1.5 nm (SiON) .

[ Vgj =3V i

10° | .

< - A = 5x5 pm? ]
21‘” I ]
10° | -

E 1x1 pm? N E

1070 bl ol ol

10° 10" 102 108 104 10°

Stress Time (s)

2.6: #7227 — MEFEO pMOS F v /327 (57— MEfEEE 1.5 nm SiION) (2%49 % TDDB

103

E: LI | lllllll LI | lllllll LI | lllllll LI | lllllll LI | llll?

- n* - pMOS capacitor 3

[ T, = 1.5 nm (SiON) ]

Tl MG J

2 : 1x1 pm?2 ;

O) B 4

< [ 5x5 um? '

10° | -
10°

10° 10" 102 103 10% 105

t - tsgp (S)

2.7: SBD %D/ — b U — 7 EHROEE
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2.3. Soft Breakdown & %7 — bk U — 7 & it D KF[E 58 & O fEHT

Objective Lens— 20% Bl bl wie o] Sovas
Integration time (sec)-- 4.20 o B :
n analog— 4 ISSE oxide 18 Ang

ISSG oxide 18 Ang S o R

Compliance =-2mRA

CVS:Vg=-32V@125C
Compliance =2 mA

Objective Lens— 20% G gt o ]SSty
Integration time (sec)-- 4.20 e e o :
n analog-- 4 CUs @ Ug = TE3TE U @ 18T
CVvS:Vg=-3.2V@125C T L

Compliance = 5 mA

Ob]ect|ve Lens— 20% ObJEEtiUE- LEHF** 20x
Integration time (sec)- 13.26 [Fagd SISy
n analog-- 4 After T-U & =1B=Cug<e

After IV : -10<Vg<0

2.8: FEILBAMSE (Light Emission Microscopy : LEM) (2 X > Tl S 7o EEEA R L
2 FCo SBD Ok - [33]. (A) SBD Ef%, (B) 100 4%, (C) HBD #.

23



% 2% Soft Breakdown %7 — kU — 27 &l O REfif 56 &

JREW~DZLIZLY, 7= MR{EED SBD %05k, 3725 ) =7 RADKRERIZHONT
DMAEFLZENARETHLEFAD.

2.3.2 Soft Breakdown &4 — k) —) ER OB R B4

2.9 ([ZEALIEIE 1.5 nm OFRZEALIICK L CIT> 72 EBEA F LA TDDB %ﬁ%#%%f
T WITNOF— NMEESMTFIZBWTH SBD BAEHBO K — N — 7 EFRITHHE L, RE
AR L CWLSERTR R THEIND. tspp (FA ML ABEMEWZEREL 2> TEY, tspp ! ;’cEﬂ
IMBFEITESAKGFL TN D. —0F, fafncE 2 £ TORMIE, 3.8V CHEBTHL DT L
T, 29VIZBWIHE TP THSD. Fo, =33V E -3 5 V T#d 2% &, tspp 1LIEIE
FUTHDHN, UV—7ERPEMTHETORRIZAGNIC 33 VOEFRELLoTn5.
ZDOEHITSBD#HDS— MU — 7 BIOMEE HEIEIC L > T I TS Z Enb,
SBD#%D Y — 7 NAOREICET LR G E-A MV RAEEIEKFELTND EBZZHND.

Vg = =28 VOIEFEEA b LA TDDB sl TR W THIE S 7z 1.5 nm ORREALELD
I -V FREORRFZE LA X 2.10 (2779, HERN SBD EZICKIEIZ EAF L, SBD AN
50 Fht&, 4,000 %%, 10,000 B & A b L AN EL 725 & HICERITHR~ I EH LT
L. Z0ZENDY, U—IRADPEKR - RERITESCHITHEITL TWD Z R0 5. if:,
SBD [E% & U — 27 ARSI R L72RERL (10,000 F7%) COEELRZ T H L, Vo= —
VHIEDOEA RV ABETFT T, WMEOENPNIOFETHLIOIZRL, V=1 Vﬁﬁf&@fﬁ%ﬂa

JEREIRIZ BT, 100 5 0L E EBEEDE WS D, BEOT A ZAEEEL T Z OKEIE
T THDZ a2 EZDE, SBD S MOSFET ORI KT THBIIREWEEZLND.

SBD % D7 — ~ U — 7 R OFFRIZLIZEB 72572012, X 2.91280F % tsgp &2 EHEIZ
10 %DEMA LN T-BM L ERZ L, TRENORRNDG tspp 272 LSIW2 b D &K 2.11
WZoRd. E£72, HEHICIE, SBD LRI BN TWAZ A LY b b pVEREZELBIWEIE
WROBIMMMNE A, #712y hLTWS. ZOKEY, LITFD 3 DORMM R THiLS.

1. SBD %4, #1#ios7— bV — 27 B ORI, SBD % O (t — tspp) (2K L
Tloglog 7u v N THIETHS.

2. FOMXITETFITET LIV,

3. BEMEWZE, ERITAIEHATBEITS.
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2.3. Soft Breakdown & %7 — bk U — 7 & it D KF[E 58 & O fEHT

2 llllw llllmq llllml llllml llllml llllml llllﬂ;
~ n* - pMOS capacitor T =1.5 nm (SiON) |
T 10 A = 1x1 pm? -
o 3
= Vo=-38Vmw 35V 32V 3y ]
O y , 'r -
10 3.3V E
O . - 3
> 29V 3
© ]
= J
3 10°
3
Q N
-
m -
(D 10'6 ERTITT EERTTTT EECATRTTTT EREERTTT EECERTTT ERTARTTTT R RIT |

10" 10° 10" 102 10%® 10* 10° 10°

Stress Time (s)

2.9: pMOS F ¥ /3% (#— M 1.5 nm SiON) (2% L, #§EVA b L AEBETIT-
T2 EFEEA b L2 TDDB sk B 4.

~ - 10* sec after SBD
4000 sec after SBD
50 sec after SBD

n* - pMOS capacitor
just after SBD  Tox = 1.5 nm (SiON)

Gate Leakage Current (A)

Gate Voltage (V)

2.10: ‘EEEA b L ARERCHIE S 4172 SBD % OFE{bIEAEGRNE (1 — V Fetk) ORRRFZA L.
IREfH] & IRICIREBICHERR M B L TV D,
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% 2% Soft Breakdown %7 — kU — 27 &l O REfif 56 &

3
10 m T lllllq T lllllq T lllllq LBLELRLLLL B

T,. = 1.5 nm (SiON)’

A = 1x1 pm?
10-7 1] \ 1| IIIIM 1| IIIIIII | Illlu
10" 10° 10" 102 108 104
t- tspp (S)

X 2.11: SBD % D47 — kU — 7 B ORI, VU — 27 B OEINEIZRRIC ) L TRIE T
ZOMEZITEIEITEG LTS, EBEMERVIE EERRDS 2z fill 5\ g %@JLTD\%)

2.3.3 R FLRABEIZKBIEBEEGT COFHE

SBD #% DA HOWTIHHRDE, % 0 TDDB Bk Ti% SBD 282 = % £ TIC B 2 5
T HREEFEIRIC BT, WERMEREO = A b L AHEE (Two-Stage Stress i) & H
7z [35]. TOFEBROBEMZ 21217 F. —fROEEEA b LA TDDB B TI%, SBD
BHLENETERUA RN VRAEEFTY— M) — 7 ERERE Lkt 20IZxf L, A ML A
PEHETIE, PRI %xbvx WETSBD i Z L, SBD #%3 IZIEA F L AEEIZ
0 BRZ CREBEEFERICB T 25t T2 b0 THhD. ZOFEE, SBD 24T LHD
Kﬁﬁ&i@ﬁ%%%#éié@#% WA R L RAEERFICB W TR TH 5.

21312, Vo= -35VDAKNLATSBD #4# L, U—27EFH2MHHIMNL IR T
ANVAZFWL, FHEVy=-35VDOARN ZZHELEERERT. A N AFEBKO
77—~V — 2 &z, SBD F# tspp(= 8.6 B) ZNNHE L7zficxf LT ey o5&, A
U AHEETO S — h U — 7 B EEH L TR Y, —RIREBEA b LA TDDB a5
CRBEDOZEE AR LTS, £, K214 122 N L AHEEIC X AHIERE L@ o TDDB
AR ROLEZ R, Wt SBD %D 7 — hU — 7 EIROZFEHZ OV TDOHER LT
W5, AR VAFWHEICBWTE, F— M) — 7 BIRSPIME (v 7T 0 RER) O 2
FRICE LR RT—HEA MLV A (=35 V) 29l L, ZO®KEELZ -3 VICWIVEZX T
V2B L. WTNOREMRRBIZER CEBZR L TND Z 0D, xbvx@%ﬁ
WU =7 NARFAAT L BE H 2 TN ERGND. T7bbh, Mkl RRC
REND U —7 /38R 1%, A b L RAEEIZERZ < PELIZ R — ®%®T%D,%®§%$ﬁ
U—7 NADOEE (A~ VAHBEE & A B L RAEFIKRTE) ICE > TQRESND EE XD
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2.3. Soft Breakdown & %7 — bk U — 7 & it D KF[E 58 & O fEHT

A
SQD

g, Common Degradation

©

=

O

>

(] I

]

©

O

n

o

| =

A 0--

>
Stress Time
2.12: A b L AHIEEOBEEX.
10-3=_ T T lllllll T T lllllll ) lllll?
E n* - pMOS capacitor 5
[ T, =1.5 nm (SiON) ]
- A =1x1 um?2 T
104 LV, =-35V

10°

Gate Leakage Current (A)

10®

%

\

Stress
Interruption
1 1 P11 11 II 1 1 L1 1 111 1 1 L1 1 111

109

—
e

Time (s)

10’

102

2.13: Vo= 35V TSBD #4# L, A ML AZ—Ef L%, BEV,=-35V DA
MAZBHLIEEEZOF— ) — 7 BERORREN. AN VAREEOF— Y — 7 B
%, SBD W] tsgp= 8.6 B & MNEA L7=HEficxi L CF ey b 95 L (7 L—), A LAl
RO — N — 7 @i & LT\ 5.
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% 2% Soft Breakdown %7 — kU — 27 &l O REfif 56 &

—
Q
w

2 E: T T lllllll T T lllllll LI lllllll T T lllllll T T llll?
- [ ——V, = -3V (w/o Interruption) ]
s [ ——V,=-35V -3V ’
= 10
S e E
(& - ]
) [ ]
(e
g X -
s 10° E
3 - - pMOS capacitor 3
o - T = 1.5 nm (SIiON) 1
8 . i A = 1x1 um?

10

10° 10’ 102 10° 104
Post-SBD Time (s)

—
<

2.14: Vo= -3V TO SBD %7 — I U — 7 BHRIEMOERT. X b LAk (Vo= -3.5
V TSBD #4#) IZ X 2HEIR, @HEOEEE TDDB ik & 1ZIEFR— D& 2R~ L TV 5.

no.

21512, 1.5nm OFEE(LE, 2.1nm ORI W TR ML 2AHEEZ W THIE LT
SBD %% — h U — 7 @i N4 ~x3. SBD Ak 5 HEHEIE 1.5nm OFEZE(LE T V= 3.5
V, 2.1nm OFALET Vo= -3.8 V & L, WTNoizEICB W TE, SBDEDOS — Y —
7B SBD RO ERMD 221 LIS TA M2 2d+A5ZLicky, JV—r %
ANFRBEICEE LTRENO DS — N — 7 EROBMARE L. 22T 23.2HT
WA 3 ODORFHEN R TEND. ERTEDINDBERIEMOME o 1E, Tox= 1.5 nm TiX
~0.7, Tox=21nm CTlX ~ 1.0 Thotz. 7z, FB3IFTETHE LTz Tox= 2.8 nm ® pMOS
Xy N HTIE a=~2 LIFFICREREILRST. aPKRENZ LIE, SBD %D — |
V— 7 BRNBIRITIHZ D Z L2 EW L TERY, TODEWEREIE To SBD |IB#ks DfikE
RGO X HICRZD. BN 2 nm LTFIZ72 > CTL )L MigiiEg 0%y — ) — 7 &
FOWHEH SN EmL L CT& 722 & [27] X0, 5 nm Fifk OEELIE T SBD 234 A S 7= 4 4],
HBD [FIERB#RF OREEBISR 72 & B SIVTWTREN B ZE X TS, a lIREICE LRI
FLTWDEEZDBND.
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2.3. Soft Breakdown & %7 — bk U — 7 & it D KF[E 58 & O fEHT

10-3 T llll|'|'|'| T lllll|'|'| T lllll|'|'| T llll|'|'|'| T llll|'|'|'| T T
10
107° }
10 : .
n* - pMOS capacitor , 3
T,,=21nm R4 .
—_ A = 20x20 pm? 4] ~1.0 (a) :
s 107 1 |||nd 1 |||n|||‘ A |||||||I 1 ||||M IR |
D)
= 103
< 10 T llll|'|'|'| T lllll|'|'| T lllll|'|'| T lllll|'|'| T lllll|'|'| T lllll?
V,=-35V 3V :
10
107
10°
T, = 1.5 nm (SiON) , :
A = 1x1 pm?2 L A~07 (b)
10-7 1 IIIIIM 1 IIIIIM,I IIIIIM 1 IIIIIM 1 IIIII“
10" 10° 10" 10* 10° 10* 10°
Post-SBD Time (s)

2.15: A b L AHEEEZ -V CRIE SAUL2IRA L AEHETO SBD #05— U — 27 &t
DRFEZEAL. 77— b U — 7 BRI OERE S O E o 1F, (a) 2.1 nm SiOy DHE ~ 1.0,
(b) 1.5 nm SiON DA ~ 0.7.
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% 2% Soft Breakdown %7 — kU — 27 &l O REfif 56 &

2.3.4 H—F)—YEREMOETMESFEDREHT

%] 2.16 (Z, SBD f&?“‘ ~ U — 7 B ORI R OB 2777, log-log 71y MIBITS
HE o OEMD, 7F— MEEMEDIZEAITHTBEIL TV Z LI, V=27 20O/EIC
I LM PRSRoTND I EZERLTND., U —7 /320 3%52%*1”60) ZHY B IRFH,
T7ebb s — N — 27 ERBPYIHMED 35122 L= Rf % tpost—SBD EEFEL, MEMEND
FRA 72 Ve IZ8T % tpost—sBD 23K, tspp &FHITM 217127 mw h LTz, log( post—SBD) 13
Ve it LTI L 72 o T Y, BEME 2 212E, F— F U — 27\ OB
WL 72D Z &3 yinDd . LIRE, log(tposi—sBp) — Ve 7 1 v kO E Z BENHRIREL & 15,
RIEECTHE LT —#ThH, 2dec. BEDIZLSXXH DA, ZHULSBD EHEZED Y —7 X
ADFGRPERE TR E 2o TWRNWZ EITEK L7z b DB bivd. —J7, log(tsep)
b, BEMEWVIEEKRE LS 2oTW5. tggp D7 — MNEBEKFMHICHOWTIE, 21T
WA= EETIN, 1/EET IV, power-law ET ABREIN TN D, EBFRMETOM
W THWOND KO R@ENA b L AF rijT %, 1/EE7 VKO power-law £7 /LD
Thb, EET/LOLHIT1og(tspp) MYV, xTLT T L 72D (HEA ZHR). Lo T,
log(tspp) & log(t post— sgp) PEHLH ?6753 [hebs) L“C?f“%ﬁ/f&)é EEZ, TNENOELEM
WA v, v 75, 1.5 0m 0)@@4!:}1%, 2.1 nm OFALIFENTIIZIB W TS, SBD £T
DA (tspp) PEENELREIL v = 5.5 dec./V, SBD#D Y — 7 /NZADMER (tpost—sBD) P
BENER ST ’)// =44 deC./V EIFIEFELL 2o TS, tsBD & tpost—SBD THEEEIESR
BOEVME L 72> TWAD Z 025, SBD it CEALIES L O ERREIRILFE — T b 5 nlaetE
BdH5.

2.1 i Tl _7= X 91T, MRAEICE S F TORIESLET LV E LTI, BTz Z
VHERIERESNTE 8Ty TS — M & FEBUR O S &2 D7 & EITHERRAE X B
NR—alb—va rETV (L2 BIASZIT AL TS, F7z, Degraeve b, ik

4 HighV, Low V,

T x3

——: experimental data
------- : extrapolation

o'
o
o
o
0y
o
o
»
o
S
X
o
o

x3

Ve

>

log(Al)
&

n

v

h 4

FVvveYys
an
h 4

log(Post-SBD Time)

X 2.16: SBD % D7 — b U — 7 B OERFIZLOFEAIK]. A MLV AFBAREO Y — 27 &EiD 3
fHICET D ETOREMZ, U —27 NARRREICET DM thost—spp & EFHT 5.
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2.3. Soft Breakdown & %7 — bk U — 7 & it D KF[E 58 & O fEHT

1010
o t
108 ' SBD
N Y ~44 © tpost-SBD
108
10*
102 | (a)

0 n* - pMOS capacitor
10°F 7,=21nm
A =20x20 um?
1 0'2 P S WA Y RN TR TR S S NN WY AT ST T S SN SN W'

Time (s)

T, = 1.5 nm (SiON)
A = 1x1 pm2

~
1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 ) S q

2 3 4
Gate Voltage (-V)

2.17: SBD Wfi] tspp(e) & SBD #% 0D U — 2 /R AR EY 2 WM tposi—spp(0) DL
HEE. (a) 1.5nm SiON, (b) 2.1nm SiOs.

RTOFACIER O h T 7ARGEE X, RO 0.56 FIEFTDHZ Ea2REL TS 1] —
T, Hu BIFEAR Y FEx U T7IC L5500 b7 > FAEREE L, BEOFETROBEKE L
TERDLIND Z L 2O T RANHEE H L7z [36]. Ogawa b biLHHEET L&
HIZLT, AEE - @A ML A5 (Negative Bias Temperature : NBT) (Z351F 5 St b
Ty THEBGREERRE O 0.25 FIKTFTHZ E2ME LTS [37]. RFETHLNZ 2D
DHFE, SBD#HD T — b Y — 7 BIRORFHIFERA~ERANHE S Z &, SBD Ak TERLIES
ICOBEIMEPLTND Z L aBEZ DL, V=T " ZAOBHBRRIET TR REEEDS T v
THEBICKF SN TND B2 HiLD. Pey i, BiRE -BHMEE (Transmission Electron
Microscopy : TEM) #£212 LV, SBD KfZ U — 27 /SR JEIAT Si FROBREIE T ~D = &
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% 2% Soft Breakdown %7 — kU — 27 &l O REfif 56 &

2 X v LR (Dielectric Breakdown Induced Epitaxy : DBIE) 23 & T\ 5 Z & 2 i
LTW% [38]. Z#UELSBD KD U — 7 XA THE SN D =R LF—NFIK EE 2 5T
L. Thbb, K218 T X212, RFTHRBLIEOER(LO-DIci x 2 EAET - &’
EEFICEY MT o TAMMMEES L, B2, B3 DU — 7 SANRTE LEFTICER S D
ETHETNERELTCND. ZITEI»H2, HI3IDOY—27 Ak &1L, multiple SBD
ZEW LRV, 728725, multiple SBD 12815 2 H, 3[EH® SBD % 18 H® SBD %
AT E TN TH DL Z ENHEINTNDENHTHD [30]. #H-T, ZOET LY —7Z
INAREDN N7 v PHERICKE SN TS EWHIHERI E —ET 252 &b, UV —7 RAE
OYEET N E LTHIRBEMTHD.

(a) Percolation path

Gate oxide

(b)

Si epitaxy at time ¢,

2.18: HMuRMESA R = v X % v LR ORI [38]. (a) MEfRARERF O = L F— D H
(Z&D, V=7 2T SRR il = v 2 % 2 v LR (Dielectric Breakdown
Induced Epitaxy : DBIE) L, JRFTHICERLIEA < 722 7 0B RED - IRE EANEE 2.
(b) EAEES L EFICKY b Ty TAERMEES L, F2, F3DU =TI AL
EATCER SN D.
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2.3. Soft Breakdown & %7 — bk U — 7 & it D KF[E 58 & O fEHT

2.3.5 Soft Breakdown &4~ — k) —V ERDOBEEREEDERL

216 RSN X 51T, SBD#DT— MU — 7 B ORFfIFEEIL, SBD % ORFMIZxf
LTloglog 7m > NCHIETH L Z &0 b, REAORZFELIMNKY L.

Iy post () = A (61)" (2.1)

ZITC, ol FEBRICEVRODL ZENTE HMLBICEA OET, AIMTEEERTHD.
£72, 013V — 7 RAREOREIER - TH Y, K217IRshizk iz, V—27 /3
DN ES DIFH] tpost—spp 1FEEICHBBIEANEKE L TWD Z &b,

0(Vy) = B-107"z (2.2)

R NLD. T 2T, A IXEEMELRER, BIMEEER THS.
Pl 2 XEMAAEDESLZ EI2XY, SBD#OF— U — 7 EROBMZ LR D X9
ZRIND.

Iypost(t) = C (107 1) (2.3)

CITCIMEEERTHS.

21912, X (2.3) ZHWT 215 ODERT — 2T D57 40T 4 T 2ATo iR %
Y. X217 TRLEX DT, tpost—SBD X 2dec. BEDIXLSZXEFR->TWHT2®, T2
TIE—H L TRy, SBD % EORFFIFE R OR M Z RAFICKM LT 4> T 4 7k
ENELENTND. 207 4T 4TIV a, o, COfEIZE21ICE LD, v X
B 217 IZR LIZHERE R DI OB TH 5.

#F21: M2191ZBTFE7 49T 47 THWZRT A—4,

e v (dec./V) | C (AY* . sec™)

(a) 2.1 nm SiOq 1.0 4.4 1x 1072

(b) 1.5 nm SiON || 0.7 4.4 6 x 10716
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% 2% Soft Breakdown %7 — kU — 27 &l O REfif 56 &

lllll,m lllllw,,lllll

Al (A)

.- (b)
III)(IM IIIIIM IIIIIM Illlllm

10" 10° 10" 102 10° 10* 10°

Post-SBD Time (s)

2.19: 3 (2.3) Z AWK 2.15 DERT —Z ~D7 4T 4 THER.
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2.4, 7— MU — 7 BRI OWEEENNEEFE O AT

2.4 77— )= EREMOEEMERFMSEDENT

LIS OREBH LA 7 & LT, BELIRED 2 O0RF L5, 234 HTIE
SBD # D57 — kU — 7 BIREEIM O EEAEFFEZ DV CEERIC TR 7228, 25 2 OILEHE T
B HIREIZONT, i (~ 25 C) 235 140 °C £ TOIREFIPE CEBEA LA TDDB &
BRA4T\, SBD %D~ — kU — 7 BREEIMOBEERFE 2R~ BEHaik, 77— Mk
2% 1.5 nm OEEEE(LIED nT poly-Si 77— b pMOS & ¥ /X ¥ & Hu =,

B4 2.20 12K & 100 'C OFEM T Tiro7oE&EEA LA TDDB i K2 =~7. [A—X
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% 3%  Soft Breakdown %7 — K~ U — 7 B it O£ Fn 2 [K] D fEAT

EWZ B, ZORERNS, MOS ¥ /3% DiGE, SBD %M~ — b U — 7 &EHtOfufnid Si
%*ﬁlﬂ“@@fﬁ@ﬁi#_J:O“C’gl‘gt\_éﬂfb\é\_kﬁ“\?’) B.

3.4 MOSFET 28T 2 F4£EHR

7— MEALIEIE 2.2 nm, 77— MR 0.6 pm, Z— MES5 pm @ nMOSFET (ZxfL, Y —2%/
RLAg v EHREHEL, 7— MZ4V ZHML TYTo 2 EEBEA LA TDDB iR R
ZX 3.6 2R T. SBD#%OZ — R U — 7 EIRITEIITIEM L, MOS F ¥ /32 & L [ARRICE#
Pz faffEmzZmRr LT\ 5. SBD %D 5 — KU — 27 EFiOEINA 2k Bl X, MOS ¥ v
WU BZIZHARTSBD #4875 A ML AEENREL, SBDED Y — 7 RARERE DS KIEIZIN
HWINTNWDHEDTHD. 7— ) — 7 EROMIAEL D, nMOSFET NO#KHLIE 10 kQ @
F—F—ThirERELOLND.

5—FU—?ﬁm@%ﬂﬁﬂmM%SE)ﬂt%t%PWﬂO@%ﬁ%ﬁmoﬂﬁ@1ﬂ1
L, V=0 20F ¥ X)NVIFENZBITAMEDRT A —Z siIZxLT7ay LD
3.7IRT. sidkA D X 912, SBD % MOSFET @ Y — A& & RLA VEHRNSHRD S
ZLENTED ).

Iq,sBD — 14 fresh
(Ia,sBD — ILd,fresh) + (s, SBD — Is fresh)’
ZITC, Iy fesh & Isayspp [ EENEN, Vo= —15V, Vi= Vo= Vo= 0 V OZERSMT
T%ELtSEDﬁ%@/ A2 (FbAv) ERTHD. WEEITIERED Ve BRI WE 51T
0.5 1TV L 22578, SRIOEE, —05 < Vg < =2V Tsld Va [T L A SERFEL T
PNZ EERER LT BT, Vo= —1.5 VEZHW. SBD 23 Z 2 EFTIE T ¥ R IS —

WAL THEY, L lESBDRY —A/RLA U TRISTEEE (s=0,1 D& &) ITRK,
FrRXNVPRTEZ-72EE (s =05 D& &) ITHR/INE RDI/VIEIRFED B 5. LIANIC
Kaczer b bRRDOT —Z @G L TWDHA, ZOMEMRFMEIZIZER LT [9).

32ffick 7=k 5z, ' — MU —7EROMINT, %EE#RWWWT@%FVT#%
KU, Viatn DT 2221250, V=7 XAOREPBEITELS 725 2 ENFERTH .
SFY, U= 2B EOH Rpath Ix Rparasitic WOk L TR T B E/NEL, Ig,sat Ix
~ Vy/Rparasitic THZ DD, K 3.TITR LT Igga DFINY — 7 SALLEKFNED S, SBD
% ® nMOSFET NOFARPUIMERFEZ R~T O L, SREBLWE OO 2FEENFET S
LB 255, SBD #0O nMOSFET WAL E LTIE, X3.8(a) IR L7zL DT, T
FIAREL Re, T % RNV TOIEN VT Re spreads 7 — MEHL Ry, 77— FNTOIRA Y #iHL
Rg,spread’ =2 ( FLA :/) T’Kﬁf Rs(d) ﬁ’ﬁ’ﬁi#é :ﬂ%o) 5 15) Rc,spread» Rg, Rg,spread»
Ry, RqIZV =7 AN s ITHEELRWVWD T, TRbOME R 45, —J, V=78
ETNHY—A, RbA VIEBIEE TOF ¥ RUERIL Req & Res 13 s OB E L TRAT
KbEhs.

(3.3)

S =

3.4

Req = (1 - S) Ry ( )
ZIT, RqIlIV—A-KRLA VBB THD. 7— FOHRIZIEBEIEIIN S TH DR
TTIE, X 3.8(b) DX INICT ¥ RS Re 1E Res & Req PIFHEITITY, kXD L HI2FE
Enb.

{ Res = sRyq

csdled
R, = Jesfled g gp .
°= R R s( s) Rgq (3.5)
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3.4. MOSFET |Z8F A ZA 8

—
<
w

2 E- L} llllllll L} llllllll L} llllllll L} llllll-g
~— C nMOSFET T°x=2.2 nm L/W=0.5/6 um ]
c 4 [ ’
s OF 1
'5 C ]
o 10°F E|
o : ;
2 100 ]
£ 107 F E
5+ - 3
Q N N
| 10-7
9
© V,=4V  V,=V,=V, =0V
w 10'8 1 IIIIIIII 1 IIIIIIII 1 11 1111l 1 11 11111
107" 10° 10" 10? 10°

Stress Time (s)

3.6: '— MEELIEIE 2.2 nm, 4#'— FE 0.6 pm, ~'— M@ 5 pm © nMOSFET (2% %
FEIEA kL2 TDDB fi .

150 I L] L] L] L] I T T T T I

- nMOSFET .
® meas.

L T,,=2.2nm eq.(3.6) 1
| L/IW=0.5/6 pm i
i s i
~ 100 |- 8 _
- IR o8 ]

o T2, e}
~ i ® ~ o o
i Vg =4V ’
-V, =V,=V =0V .

50 | ) ) ) ) | ) ) ) ) |

0.5 1

(Source) S (Drain)

3.7: SBD &5 — b U — 7 IR OLAFIE Ly sar &V — 7 7SADT ¥ FVSANSET HALE s
DEIR. Iggar 13 s =0,1D L EIRKRERY, s=05DL TR/ ERS>TND.

49



% 3%  Soft Breakdown %7 — K~ U — 7 B it O£ Fn 2 [K] D fEAT

@ (b) Y
. G
(@ : electron / R, spread |
n* poly-Si ¢ 1R ) l i
gate (W(
Rs . = . P Rd Rcs Rcd
K R = Rg + Rg,spread
p-Si R + Rc,spread *R;+ Rp
i c,spread

Rcs + Rcd = de

4 3.8: (a) SBD % nMOSFET WO A ARSIy, U — 27 N ZAOEEL Rpagn SN, F v
IR Re, T % RN TOIEDN VI Respread, 7 — NMEHL Ry, 77— FNTOIRA Y K
# Rgspreads Y =3 (N LA ) 5L Ryq) 3FET 5. (b) SBD #% nMOSFET 55 fiffi[ml 5
TV, T v RAEPUT Y — AT Res & R LA UHEHT Req WAL E 72 5.

DZUT, Iy FKATEDENS,

Ve

I cat = 3.6
&5 T Rt s(1—s) Ry (36)

ZZ7T, R = Regpread + Rg + Rgspread + Rs + Rqg TH 5. M 3.712, X (3.6) ZHNTIT-
TERERA~DT 4T 4 T HRT. T4 T 4 728D, R =44kQ, Ry =22kQ N
Bohi., Z0Y—A- KA UHOEP Ry = 22 kQ 13— #%#)72 MOSFET ¢ ON HiHifE
FOBHREND, ZHIET— M4V W) FEENEMSNATNDZEICTEY, U=
AETE Y=/ RA VEOBELEL 2o TEY, Ig-Vy Fittosafnfam P 2 B
boTWoehiZlEZbN5. FEBE, SEMAE L7 nMOSFET O Ig-Vy FtE K O Ig-Vy 2
SREELERGE T TOF v X NEGiE AfEb oo 25, RYRfEERoT-. DL E, Gk
F v FIAEHT R 13 (3.5) £V Re=0-55kQ ERFED, U —7 RANLE KT LR VERT
o R =44 kQ Z 0 6K 1MH/NS WD &0 D, Igga DY — 7 N ANCEEAFMEDIEF 12550
ZLENHHTES.

WIZ, V=7 NRACEIRF LRWEERIIR 055, EOEGNE S IR TH L%
BET D, Ty RMTHATHIREN TR ICRE WS —F, Y —X, FLA DS Ry, Ry,
Ry DHFEHITIMETE DT E/NEV. ZDO0, 338 Tk~ 72 MOS F v /32 % D4 LA,
7= FNTOIRB VI Ry spread & F ¥ RN TDIEN VL Re spread D XELHITH D L5
ZbD. V=7 RARER a OMFETHD ET D E, K3.9ITRLIZE DT Ry gpread 13
K (3.2) ZHWTHTHNI RO H Z LN TE D, 7ok, FEBICHWZ nMOSFET O 5 — A
FAEEEE 1 x 1020 cm ™2 £ 0, 4~ — MNEMOEHIHIL p = 0.001 Q-cm & L7z [10]. —F, Fv
VR OBERL « EA1E Si/S109 SR A HIR S F IR U CHMEZR 0 2 F5 2728, R spread 15
X (32) ok DHZEIIREETHD. £ T, ATLAS ZFHW2T R4 AV Ial—v gy
BREA 2 a \TRELTITV, RO BN Regpread 2 3.9 1R T, Respread 75 Rgspread £ 0 b
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35. £&0

103

nMOSFET

) T,=22nm
10 o ° Rc,spread (ATLAS)
o ..
10"

Rg,spread

10° (eq.(3.2))

Resistance (kQ)

10" 10° 10"

107"

Radius of Leakage Path (nm)

3.9: 3 (3.2) MBRWE Ryepread £ T/ A2 L—t 2 AT E DIRDT Respread P
P,

LHIRELS 2o TN D Z &nn, R TXBLAIZRAGET ¥ RV DILH VI Re spread TH
DT ENTND. FTe, Iggar DY =7 NAMCEKGEESHT D7 40T 4780 R =44
kKQTHDHZEND, V= Z¥F DRI ST 2mBETHLEEZOLND. ZOK
E ST MOS ¥ ¥ "X DOHHE LR —A—X—ThV, ot 5-7) &LL< —HLT
WD,

3.5 F&H

SBD # D %7— b U — 7 BISARAEHNEIFNIT 5 Z LICHEB L, T OME2 E5, BFmfRT,
TFNRA AV I 2 b— a3 KV FRZ. MOS F /80 Z 2T g 2 BB L CF
BIEA b L ARBRAIT o TR, MBI T A AR OFABSUCK T 2 A EREBIERET
WZEoT, =Y =7 EROEMNBE L LR, iz 3 2 &R gnoT.
MOS F ¥ /8 X HOFERDL, SiERNOLR VRN LENTHDL Z A2 LML
72. ¥£72, MOSFET O%HAEBPULITF v RAVNOIEN Y BN LM TH L 0D, V—7
RABE TG Y —A ) KA BOF ¥ FNMERFLOF G HIENCH D Z &%, SBD %7 — K
U — 7 BROEFUED F v RV H DV — 7 NANCEARFEN DR LTz, U —27 82 % [fE
FEEET S E, MOS F /3%, MOSFET &6 504, SBD #O% AR ~ 10
kQ T, V=20 "2¥Faldl-5mm & A Oz,

ol
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¥ 4F Soft Breakdown®4% — Y —9FR
DEFZETETIL L EEEMEETE

4.1 [XTL&IZ

Z D — MMERIEEREMEOFEE E LT, MOSFET 1 > O#ufiiEix LSIic & » T
B TR E WO WG [1-4] 37285~ T, LSIF v 7RI TOA 7 U — 7 &t &
DIHBEENN LSIFMERET H LV IERMb & D [5]. BIERM & L THGICH TV D R
SROF v T O — MEZGBIEIX 1.2 nm THD. O L5 AeiE Cldss ki (Hard
Breakdown : HBD) £V Hfil#EZ DS — b U — 27 BIROEEIMNA D72 <, I DR AICHE )
PR BRI E (Soft Breakdown : SBD) 23 3FEHIIC/R D [6-8]. L72A3 - T, MR/ — M
BIEIZBWTIE, BEEO XL 912 1 >0 MOSFET O#ffgikE=1LSI Hay & B TR T2
V. 2D, e Fm O EREBIEME DML T L o TV D.

AHFFETIX, 52, 3FWE TR/ SBD B D57 — bV — 7 Ei ORFE R & O Fn g &
DIFMTFERND, MEEZMAROEDHZ LI2LY SBD#%Y— N — 7 &z T3l - 5895
EFNEERET S, £, TOTTFAEISH L THBEENOBLEN S LSHEEMTG 217 9
FIERRRT D, 7426 T, $ 23 THESL L= SBD #% 47— b U — 7 & or R
®L, HBIECHARNEHFERIUC L DX T T4 7 74— KN 7 2BETHZ LT, SBD#%
7— Y — 7 BIRORERECET VEEET S, 438iTlE, 20T AEZFALT, FEllT
5 2 LRI AN AT EZ: LS BMEBESME T (~ 1 V) © MOSFET T/ 9% SBD #ri:
AAMET S, I, 448TIE, 4.3 HiCTHME L7 SBD Rk & MiixiERE 2 S TE 2 D
LWL, LSIF v 7 RAROWEEE I OBLE BEFEMEMI 21T 5. REZIC4A5HICTE L
eI 5.

4.2 Soft Breakdown &4 — k1) —Y ERORKEBZEILETIL

ABFFETIX, SBD #%5— R U — 7 &t DR ZAb 2 Wi ik & fafnfEiko 2 12501 T&
ié.%2%fﬁsm0%€%b9%7%M@ﬁﬁﬁﬁﬁ(t@m)éﬁib,35(# K
U — 7 Bk OfaF L AR BEFETICERLTWA Z EEHLNI L. b X
W, SBD#%7— KU —2F% {uu%ﬁfﬁﬁ—ét&b@%Tﬂ/& LT, K41 D7a—F ¥ — MIR
@‘iofixﬁ74774%b/\/7%% Lt. SBD (ZERKF 57— kU — 7 B OHEMN
FEPT Rparasitic K OFMEHEDT 7oxs | BEKETZSI XL, JV—7 3R 2Mb2EE
Voath DB 5. ZORER, /kO)EFJFFEﬁ T%V?‘ kU — 7 RO BN A FEE BB 5
bFBH, EWVWHIT 4 — KRy I BRAETLDH. SBDHRDOH DGR ENG t+ At T TOMOZF— K
U — 27 & OHENE AL (t) 1X, 3 (2.3) DRI E DR TD Voan (1) ZRALTZH D &
At LOFIZE 0 EEND. ZLT, Aly(t) BN SNIEG I (t+ At) = I () + Alg(t) 2
SMBHEIT rext & TP Rparasitic | CTELDBERTICLY, UV —27 A5 EIE
I Viatn (t+ At) = Vg — (Text + Rparasitic) - Iy (t+At) E7e D, LABEFEFRZ, 20 Vo (t+ At)
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% 4% Soft Breakdown %7 — kU — 7 B ORI LT T /L &G MR

1,(0) = I,

Voatn(0) =V — (Foxt + Roarasiic) o | pefore SBD

i ______________________________

after SBD

dl
I(t + At) = I, (£) + —22% A

dt
l — ‘scaled by eyv""““(t)l

path (t + At) V ( ext + Rparasitic ) ' lg (t + At)

4.1: SBD %D — b Y — 7 BROFHE T o —F v — .

-3
2 10 E: ) ) lllllll ) ) lllllll ) ) lllllll ) ) lllll:a
~ F n+ - pMOS capacitor 3
e - T, =2.8nm I, = 5kQ .
o 104 L A’= 20x20 pm2 10KQ Lo222=c=" <
5 E V=42V 50kQ 3
&) N Y i
—p-- 200kQ
% 10-5 E 100k - B __{ -
© - ~ ]
- - ' T i .
8 10 i ! 5 400kQ |
- E . ,
[ a —— meas.
© - ----calc.
w 10_7 1 1 IIIIIII 1 1 IIIIIII 1 1 IIIIIII 1 L1 1 111l
10° 10’ 10? 103 10*

Stress Time (s)

4.2: LR 2.8 nm D ntpoly-Si 77— F pMOS F ¥ /N ZIZEWT, FAEEIT Rparasitic
T OGN roxe B L CEIA L7 SBD #2057 — b U — 7 & ORI Z L. SERMEIXX
33IWRLIELDERIUTHA.
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4.3. LSI#{ESLM:T o MOSFET T4 #E 4% Soft Breakdown

(CHSE ST L 72 BRIT (¢ + 2At), £ OFERIC BERFETR 70—y 7 &R
T, V=7 RAZHIP 2 BED Vo (t 4 2At), ~-Jﬁ ﬁméhé ZOXITLTI, &
Vpath PR LEHETAZEICLY, SBD®%Y — R —ZEBRAPFETE 5. ISR
SBD HilCIERE F o R K VRN TWD Ny 7 7T v REifiz Ip L35 L, I,(0) = I,
Voath (0) = Vg — (rext + Rparasitic) lo TH D, A EBIL Rparasitic & L TIE, 3 E TR~/
X912, ntpoly-Si 7 — k pMOS F ¥ /3> ¥ TlI U —7 XA EFO p B Si R TOIRN
UE %M nMOSFET“Ci?‘)VZ\/V’COD DOIEPLE F v JABHPFEL TN DL A DR
PUTY =7 N ZDFBIEAF L TV D7, FFAERIUS B ICITRF M O L L TRbT X
DD, LaL, SBD U—27 /S 2ADMMAL - TRIRZR SIXRIEW SN L 2o TR BT, KD
BIE LT D 2 & IFFE EATRERICYD, T2 TIIEHRE LTHRD.

INEBHEHT roxe DNEANHE L S A7 7 — FEREEE 2.8 nm @ n™ poly-Si 77— k pMOS F v
RRUBIZxT D Vg = —42 VOEEEA N LA TDDB #Ba4 % %2, M41IRLIZET IV
ZMWTSBD %7 — h U — 7 BIRORFRZL 23R L2 R A K 4.2 10RT. 8 rex (BT
% SBD Wil tgpp 1FEHEZ COEEMAE L TTry b L. FHRICHAWE AT XA =213
FEEI L0 I S Rparasitic = 8.8 kQ, a =2, v/ =5dec./V ThHD (F3E3.2fH%
MR). £72, C=1x10"8 AY2 .sec M Z7 4o T 4 7T X O RE LT, FHERS R I
ZLSHBLTEBY, SBD#%Y— M) — 7 \EREIRET L OZYMENfER S 7.

4.3 LSI#HEEHTD MOSFET TA#E9 % Soft Breakdown

AHITIE, K41 DSBD %S — MY =27 &EREEET AV EZHNT, BERET (~-1V)
O — ML MOSFET (23317 5 SBD f#tE 0 Pl 2R A 5. £, 77— MBE(E
1.5 nm @ pMOS F ¥ N ZIZHENT, Vo = —3.2 - —2.3 V O THRIE S 7z SBD %7 —
MY — 27 (K2.15(b)) ZHBT 570 DFREEZITo72. /N T A—=HZITiE, £21I1TRL
X OICERNOHIHENSD a = 0.7, v = 4.4 dec./V, C =6x10710 A0 . sec % H]
VY, Rparasitic = L kQIXT7 4y 7 4 U ZIC K ORGE LT, K43 ISR L7CRHERR (F56) 1%
HERRE X< —BLTWD. £/, LSIEIWESRM: T CAE T 5 SBD FEAMT T 572
W, Vg=—-1V ELTSBD#%DY — ) —7 EFIZOWTEHEEIT o R Z XK 4.3 F MK
BURT. INEHREBRERE, Vo= -1V T1073 A ICETDIZLHE R Y — 7 BIROBIMMAR
WHND., ZHIFFEIETEHENZLSIE, F— M) —7ERORMA 5| EEZTIEEOEE
B FRFAERPICTHEL DT, 22X Vo= -1 VIZBWTHHEYED S — b — 7 BIRASLHL
BRI ThD. Tihbb, WRETY =7 NZARENEITT S & ~ Vy/Rparasitic (ST
LETPREND.

FEDFIE ff‘ﬁﬁ% L72 Rparasitic = L kQUIZ7 4T 4 V7R TH D, LV IEHEIZ SBD Rk
ETRTD7DIE, T4y T 4 Y TUSNDFET Rparasitic ZHRE LIRTIUT R DRV, 5
3 3.4 Enfai«ti 912, nMOSFET (28 2 FAEBHR DD 5 H, F v KV TOILM YK

PINKFHITHD Z ERH LN TND HDOD, F v RV OE T « B DEHE R 7=
DI, FEEGR ARG 2 Z L IIREETH D, —J, FI3IEIIHTRZL DT,
THRA AV I ab—ya AIERVEZ RS 2OIEFICAARFIETHD. 22T,
MOS F v /8> ¥ DA L FEE, T3 AV a b—& ATLAS [9] 12X 0 T KV TOIRN
DIPIZE R o 72, U OFERE LTUX, V=22V —Z /LA HDOF ¥
IR B ENCIFET 508, ZOHRGIIMENTH D (F3E3AHBR). Lo T, FAEK
POF v 2T ERAFETER L, SBD (ZX Y nMOSFET OF ¥ pLdide (Y —A-F
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% 4% Soft Breakdown %7 — kU — 7 B ORI LT T /L &G MR

—
Q
N

1073

-
-
-

10

10° 7 AL

IIIIM IIIIIM 1111

-6 '
10 n*- pMOS capa

A = 1x1 um?

Gate Leakage Current (A)

1077
10° 10° 1010 10'° 1020

Post-SBD Time (s)

Xl 4.3: 77— FEAZALIE 1.5 nm @ nTpoly-Si 7 — k pMOS & ¥ /X X (2815 % SBD % D7 —
N U — 2 IR ORI OFH AR R, EREIZX 2.15(0) IR LIZbDERILTH 5.

— 100 T T T T T T T | T
G
= - nMOSFET -
o 80} Tox=15nm _
Q
% - -
% 60 .
m - E
()
Y 40} -
2 - -
=
n 20 F -
o I ]
©
n_ 0 Il | Il | Il | Il | Il

0 1 2 3 4 5

Radius of Leakage Path (nm)

44: TNRA AV I 2 b—4 ATLAS IZ XV RD7Z/— FMEE{EIE 1.5 nm @ nMOSFET (2
B WA
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4.3. LSI#{ESLM:T o MOSFET T4 #E 4% Soft Breakdown

VA VHOFD) IR a DY =7 RARBEINTZEREL, T AV Ialb—va v
1ol Ik, V= " ARa T — FRIZXH L TR/ E &, FERUTS— M
A REAF LR, 4412V =1V TOFEEIEZ RS >R E 7T, a <2nm D
EZRLY =7 RADKEITKT 2 T ABBLOBANTIREND, a >3 nm T 5 EERFEIZ 10
QIZHRELTCWn5. SBD#D Y — 7/bwﬁ%2i5mnuTT%5&u@@WtU01m%%
T HE, F— ) —7ERNSEFIZE L & XD nMOSFET O FAERSIOMEITH 10 kQ
UEThrEEZLND.
REOHEGEE LT, Rpaasitic = 10kQ &L, Va=1VEKO2VOEEEANLAFT
EELKSE&%@& KU — 7 B OREME &G LR 2 X 4.5 (R T. F— KU —
m@@ﬁv«w%ﬁé& Ve=1VRO2V ELLOHAED, [ ~107 A LigoTH
é 2T M2101TR LIz 9IS, FEOMEIZB T Vy=-28V TSBD /i L
%D 1.5 nm OBRZEAED [ -V ¥EE2 R L, V—r AR ENEfL- & Bbhd 100 B
DO HEDT, Vg=—-1V Tl ~100A Lo TnD. ZOMIFHEMED b 24/ &0,
ZhUE, V= RRAREICK L TR R AR ETE, F— N — 7 BIREMBIERFIC
RN TH - THRFEZ FHATRERFHRICH L, EEOHE TV ~H A TLNE
HTERNWEDIZ, ERIITELY =7 RAREORMP S 5B AL L THRBREK T LT
LESTWDEEZXOLND. U —7 " ADOREIZET DR MITFREBAEICE < o> T
ZENDEZDE, AWORMERE CIHEEFICE L (=Y — 7 SARERKT) LHB LT
HHRNZ ETHDH., LR, BEMFHL T &, WRETY —27 RAENET
THE, V=0 RX2%N LUIERIT ~ Ve / Rparasitic | CETETDEND DONKRFIEDFET
5.
—J7, R45ITR LIRS RO, LSIEIESE T ¢4 7 % SBD # MOSFET #4E
72 9 ATREMEIZ DWW CHE LT 5. MOSFET O % — Miif% 0.05 pm? &35 &, V=1V Kk

— 1073
< nMOSFET
-4 2V
£ 107 F 7 =15nm
= 10°
=
3 g 1V
(o]
S 107
x D.T.@2V
o 10° /
-
% 10°° D.T.@1V
(D H

10° 10° 1010 10"° 1020
Post-SBD Time (s)

X 4.5: X 4.1 DT NEHWTEE SN — Mg{LE 1.5 nm @ nMOSFET (2815 % SBD
B — N — 7 EBEROREMZAL.
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% 4% Soft Breakdown %7 — kU — 7 B ORI LT T /L &G MR

V2V CHEE bR L DN EBRITZNETN~5x 1070 ~ 1.5 x 1078 A L AR 5
b 13]. e L ZOBEIMEEBX DX EDOBEWN Y — 7 /XA % L THRALRNZ &I
I%, SBD iX MOSFET OHE HIRITT H 2 L2V, 2V OFA, SBD BAEND ~ 105 B4
(~1R)IZ, V=0 RRENLERNPERE N X VEREBLX D, Z0LX, 107"
SRR AT R T A I121E, F v DL TO MOSFET 28 10 FEMfaiaiE 2L = S22 &
AifEE 725, FHUCktL, 1V OHGEIRER b RVEREZBZ H1EEDOKETRDTEILDIT
X, ~5x 108 PR (K920 4F) 23D, LIz->T, b UIRIC %/7®ﬁ%%ﬁp%K%y
7¢@MO%ET@10<SBD#£%t&Lf%%@ﬁéﬁﬁmé@i R EREESIT (10
) L0 bEDZ &Iz, Z ORI, i MOSFET 1 DOk EIZ LSIIC & > T
BT E 35 PRl [1- 4] R XET2LDOTHD.

L2L, ZOFEITRESREEZIEL TUT22bDTHH DT, MPU D X 9 Z2EEICIE
FRLVLEIRE 2D XD 72T v 7OEBEMETIEIT O 12X, BESRELZE L2 T2
B, Fio, LIRSS ONMEEK - AFET S A brﬂ)&pé. SBD (Z#X L7=7—
UV — 7 ERN EORERNT E ZIZ MOSFET DN IEFITHEEE LR B D0y, &) LYY
BB TH Y, EEIIL VB RSN ETHD.

4.4 T—hr)—VEROBRNOH-1BET— FLLIRDEFEEETE

AT 4.3 i TlE, LSIEESRM: FIZHB W T MOSFET ®1-923SBD #i2Z L7z: LT, [
BRENEICREEN A & TII KRR N 0572012, (B LOMEIXIZEA LN ET
HEn., UL, BEMLSIF v 7IcBWTiE, SBD % 24 MOSFET X1 > Tix7a<
ZEGET HEZEZOLNDT2D, TIUTKRRK Lz U — 27 R OEMBPIEEE ) LoRELE 7
LAREMEN B D [B]. & T CARHITIE, LSIEMESM: T CAERT S SBD A LSI F v 7&K 0
HEBENH X DHBEERTD.

¥ 4.6 |27~ L72 2 @M o0 MOSFET (7" — MERRILIEIE 1.5 nm) NEMS NI LSIF v 7 (i
7 — hEAE 0.1 cm?) 25 %, MOSFET @ 121 2IZBWT, KAD KL H 7 REEHER %

F(t) 73572 % Weibull 547126 - THS7TIC SBD MR 5 LRET 5.

F(t) =1 — exp [— <2>ﬂ] (4.1)

Z 2T, 0IXFER AR, 01X Weibull & EMEIN D HEHEL D ZDIEETH D, F(t)
1%, PRIRERRAERER 0 2 FF 0B A DS B, B DM ¢ £ CITHEREEE LB oEI& % 5
Z5.

¥ 2.9 £V, EX 1.5 nm ORECEDFHFHaL, 7 — MNEfE 1 x 1 pm?, #— NEE
IVT25x 108 BLRELOND. Z0LE, HEOHAZMEEL T, KELE COMRI
BERER tpp & TS 2B LIRS (L OBEIMET T MCiT iR b BN B €5V [14-17] (£
FEA M) AEAL, ZOBEMERE v XX 217128 L7 5.5 dec./V & L=, £z, &
7 — NRCEOMIRAET G O WS (18], I OMRIEIZ R 5 £ TOBRLESLLET L &
LCcZ T AN LN TS/ S—alb—a BT/ [19,20] 205, 1.5 nm OFE{LEED
WeibullfHZX (X g = 11225 L PHlsTWa. BE L7 LSI F v 7D MOSFET @47 —
ML 0.05 pm? & L7z, i 1 O REEHFERSL F(¢) (o3t LT iR N OKE S0 R
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44. 7=V =7 BROBLEN S BTk — RGOS IR AT

OXEO000 O]
000000 00
OOmO00 - (0]
OO0000ad (k]
OXO0000 00
o o o 00
I N
OO0000d alm

2x108 MOSFETs, Total Gate Area = 0.1 cm?

X 4.6: #/4~— MHEFE 0.1 cm?, MOSFET (%' — MEB{LAE 1.5 nm) 2 &l 3£ S 7z LSI
F v FHNOME % D MOSFET Tk % & SBD 734 # L T < [,

PERAE Fiv (t) 13,

B
Fa(f) = 1 —exp [— <0/Nt1/ﬁ> ] (4.2)

LFELIND ((HEBBR) 2L %255 &, MOSFET 1 S>OEFEL 1 VEHINFTOF
HIHeia i 0 13 5 x 1010 B BH SN 5. ik BAEESEERIEL F(¢) 1Tk L 5 1ok
bIhs.

F(t) = 1—exp [— <5Xt1016>] (4.3)

LSI F v 7H D4 MOSFET 232 (4.3) IZit > TSBD 2 24 & L, SBD#%4—hVU—~
BROKRMEND 121 29%K 4.1 TRENDETADLIHFEL, TROLERXITME LT
WS ZET, FurRKR TS — M) =2 ERE AL o7& 25, MATITRT L1tk
7=, ¥£72, HHRFRINICE— MOSFET N T Z % k[E1H® SBD 1%, &KXD &L 9 72 Weibull
DATRIND Z EPHEEROITRINTND [21,22] (8 B SH).

t B k—1 1 ¢ i3
=l = FE) =l { <tSBD,63%> - LZ; il <tSBD,63%> ] } 4

FREHNDZ LI2EY, 120 MOSFET F1lz2[HH, 3[FIH, - LAETHSBDICLD
HELIME L.

72 & 2 MOSFET 1 SO V-Eiffg il ngi] 0 23 9EIc K& < &b, Weibull & g =1 &
LTEbLINAIMHEREEEOREREFEMISLOZIZL ST, WHD202® MOSFET X EH#iiz
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Soft Breakdown 1% %7 — k U — 7 B ORFEI 2T TV & A5 HEME A

H
=~
1

< 10 years

- 10°

c

£

S 10" k DT current

o In operation

(o)) , ?

g 10-2 ,A ’l' J

o 400K 71 /300K

-l ! ]

3 103 i

> Tox = 1.5 nm f ; E
U 3

- V,=1V ) ; ]

2 10

S 10° 102 10* 10° 10® 10" 10'2 10™

Time (s)

X 4.7: SBD ITHER L7z LSI F v 7KDY — 7 BN 0 31504 5.

SBD#EZF & FPHEND (F1E-K1LTBMR). 207D, MATIORT X 91, FEx
TREEIER] 5 x 1010 B (~ 15 f84F) L0 b 5HFE W 101 B (~ 3000 4F) DRET, SBD Il
K925 — U —27 B, @HEEHRIC NSy 7 7700 RTHRATWDESE b o RVE
(~25mA) D2 END0D. E, TOBEHE N RVEREIILLTO X 512 LR
Lote., Fy I iﬂﬂﬁmﬂkpMO%ET%n%M@Hﬁ%ék%zIWMMET@
7 — MEAEIXZnMOSFET 3 Th b L35 L, 47— MEMEO0.1 cm? ® 25%, 0.025 cm?
23 nMOSFET 259 % 7 — FNEfETH 5. pMOSFET O EH: b > x/VER X nMOSFET
LTI 2H/hanZ s, FRIEEHTE DL L, 77— MREEE 1.5 nm O4
nMOSFET 2V, =1V ZFIN L7 & & OBEMRBEEN 1 Afem? THD 18] 2 &0, Fv 7
IR TOESE b RNVEGR Ipr 13 Ipr = 0.025 A L7825,

IEXY, SBDICERTAF— R —27ERICE-T, LSIF v 7LD Y — 7 EHEHS i
FNZHEAL D E TORFIE ~ 1000 FLLEEIEFITREWT LR g0 o T, AimikERe i R
IMEAY 0.02 dec./'C THDHZ & [23-25] B fET 5 &, @ISR (400 K) TV — 7 &Eif)3 18
RN D £ TORMIL ~ 20 L7220, EEMEZRIET 21T L. —F, Ai4.3 8
T, ®@fESRM T ToO SBD 28 MOSFET #re 4872 9 £ TOR#IE, SBD FAEND ~ 20 4
UbETRISNTEY, Fv 72K TOHEENPBRIZL DO LIFFFRFYITHL. Z0
Z &b, MOSFET BURDEFKRETS T T <, Ty 7 RETOMEEEIOBLAENL H LSI
BEMELZERTOILNENS D Z N0 5. RIS, RETIHREEENH LT v 7 HEN
ZHELTETEY, FyAZHERINDEFITEAY THDH. KRETRELIZSBD %S — b
U — 7 B ORI ZEAE T V2RI LT EEMREHE 515X, MOSFET O EF#EED 2\
F v T RROWEEBENETNENOBRNOHFMTREIT O Z EBARER O T, IEFITAMT
Hb.
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45. F&0

%2, SBD#% 77— MU — 7 &t O HZELET V2R L7z LSHEEMERHEE O FIRZ
FLHD.

1.

RGF > T MR D MOSFET 2% L CTERBIEA b L2 TDDB iR B A 1TV, P2
TR tspp K OF OEBENERI y 2R 5. HEOLEEZHEEL, BIEELE T T
DI-LIREIFIEERF L E €7 VERWTIMET 5. 7ek/ — MmfE2 #72 5 MOSFET
DOFHL 24T 5 354, M50 MOSFET O S-Hffaiam 1L, & L7~ MOSFET
D Weibull & 706 7 — Naifatb 2 B8 LA T 5.

SBD #% %7 — b U — 7 B ORFEFER D& FIH o L BENMEEE ' 2 6RO 5.

BT S LT A AT I alb— a2k, FA— Y — 7 EFRATORK & 7
% SBD #% MOSFET F O HFAERPFIOE AR ET 5.

PLRlickvBonz "5 A—22H\, K4.11R- LEETATLSIEES: TICHBT
% SBD #% 47— F U — 7 B ORI Z L Z5H T 5.

MOSFET ICBWTHEKRARMEIZ SRR HIEEDF — U — 7 B4 g - [BIRRSR 7
EMBEETD. FAHLESBDICL A — ) =7 EBRNEOEEBZ 5 F TORM
Z RSV, MOSFET HEREDEL A HASHEMEF 21T 5 .

F v 7 H > MOSFET %% Weibull #EHZHE > TR 2> HRIZ SBD 24425 L IKE L,
SBD [ZERT 55— U — 7 EREMEANASNE L, F v 7 2ETo Y — 7 Eifia st
BT 5. 3R LETy 7RIETO Y — 7GRN, H5HLEVE—FIZITH S ORETO
U—27 @i (ThRbbEEE F o VER) RRGHER E—E D b 10% EREL o7t
EENLSIOFHFMTHD EERL, HEEIOBAID LSI OFHEMEFMIZ1T5. L
TVMHEIXT v 7 OHE (IRHEETHONA = R L) IS U TRET 5.

7o, KV EHERERETRHOLDIZE, REOTF v TORERMZEEL, FIH1-3 D
NI A= EAT O LERH 5.

4.5 FEH

F2, SEOMREAILIZLT, SBD#%Y— N — 2 BROKRZELET V2#EE L. SBD
%7 — Y — 7 BROBRREBICET 537 A —2 [ IERRIC LY, F-BoFKF L 72
DR ERPUTHEGRIRNT « T A S ab—vaickvikEsns. LSIEEEE (~1 V)
Tizd 57— MEEREIE 1.5 nm @ nMOSFET C¢4:4 % SBD #48@& L, SBD D7 — KU —
7 EIRORFHELEFIR LTz, ZORE, SBDIZ X~ TMOSFET »\Hfe4 k9 % £ TIc

%,

SBD R4S ~ 20 EDOKM 245 Z &Ny hhoto. Fio, HulahtERE L gt TE

AHZEICEY, SBDICERT 2F v 72K TO Y —7 BNz E'IZ 7L Y, HE
B OBLENBAT O FEMERHIE ZIRE LTz, ZO#EER, MOSFET @ SBD (2 K 2[Rl ERHE)

fELd

TIFFRHIC, @R EE DGR L 22D Z LAVRIRS L.
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ET53E MBI IaL—IavItkbitiGmE
MNMCMOS BIRICERIFZTHEDIREE

5.1 [EL&HIC

%4 BT, LSIDEEMEIZOWT, fig s — M IO LG (Soft Breakdown :
SBD) 2L %5 MOSFET #feDTEL &b, F v 72K TOBRPIRMEEE LWV 2 805w L
7o LinL, X0 BUEMICHEZMEEOREZ RIS 5121%, EBRIZEEE 283 2 MOSFET
DRI A L = Lo & XIS, [FBICED L) REEREL D00, L0 I #HamS LA
KThDH. 728 t, ERETTOMOSFET (X2 THFE U&HI 2 R7- L TW\WbH b Tkl
ED MOSFET MEEN D T &> THREIEA~DEEITE DT 570 THDH. ERICK
LFRANL, FEEF O E O MOSFET M ifaii#E 2 & Z o+ 2, b Liddb oo
Mufgik g A4 f = L7 MOSFET Z Gl 2 8 UET 50 R H Y, FATIIMO THEETH 2.
FO0, BATIEEREY I 2 L—3 g 2 K o THEGREE DN BRI T T B 2 4 5 &
W RANRENTVD [1-3]. BUEE TR SN TV DA TIE, INERBRIC L > TAERL
7o MR AL & EEROBIMEET T Ot X 2EBFMEORMENRRI U Th 5 Z D3 Fite s e-> Tk
D, ZUHPANTLE D EMRBREEDD. FHA4FETIKRRZSBD %S — MY — 7 &EiRD
REEZA LT ML D TRICHE, MERERICB N T/ — ) — 27BN fafn L Tnbd koI
RZTh, EBRIZZY —7 XAREBEITH THL Z R Iz, T72bb, ZhET
@%%i%%i@%%ﬁ%ﬁ%ﬂk%z%né

AWFFE I, LSIEWESRIE FCAERT 5 SBD #itEa Tl L, Tz iixik#Es o MOSFET

*ﬁ%%é%ﬁﬁ?éﬂ/ﬂ&F%TWkﬁﬁAbﬁTE%/‘:V~Va/%ﬁ9 &
51T, BoN oA IS, HEBRRED CMOS BB KIETHEL E8RT 5. i¢52
T, HAETHRRZSBD %7 — ) —2 % m@ﬁWﬁM%Tw%%mf LST &7+
A9 % SBD FethasME Tl 5. £72, B @ﬁm@ahMBmwmmn}mD)&;m
HERBRICB W TAERT D SBD TN ENORHEIZ OV T HRR 5. RIC5.3HIT, Mgk
D MOSFET OESE M AZBHRT 57200 a0 7 NeFLEERT L. ZOFETF LTI,
BSIM4 (Berkeley Short IGFET Model, Version—4) [4] %12, #( 5.2 81 CHRiE L 7= &Ml
B Z T A—2 & LTHWA. 54HITIE, RIfICTER LI Y METAZHNT
SPICE (Simulation Program Integrated Circuit Emphasis) ¥ = L —3 3 V&7V, il
WIS BB OB ELTHE BN RIE T B E AT, RICH5HICTE LD ET 5.

5.2 LSIEEEHET Tk Z % Soft Breakdown D $51%E

AHEHITIE, B I 2L —va r&21T7H9 ETHEE D, MGEEZ O — MRLEOE
TR EOREAIT .

5112, 7 — MR 2.2 nm, 7 — ;& 0.6 pm, 77— ME5 um ® nMOSFET (Z%f
LTV, =4V K34V TITolEEEA ML X TDDB #Bp#ERE~T.  Fiz, V=4
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H5E KT I a2 b— g T K A HERAE CMOS I I % IE T RO T

O meas.
—calc.

nMOSFET
Tox=2.2nm
L/W=0.5/6 um

10° 10° 1010 1018 1020 105

Time (s)

5.1: 77— MERALIEE 2.2 nm ® MOSFET (259 2 &L A b L 2 TDDB iBRfE 5 & 3HE

2 1 O 2 T I ! I T I 1

-~ ) nMOSFET

= 10° Tx=22nm  __--"F

e 10-4 LIW=0.5/6 pm ”” ’”’««(;

= z ‘:“(’\(g(\\\\\\“

o 10°

o 10° conventional SBD

e (1= 2x107 x V65)

x 10 —— with R.=10kQ

@ sk & 0 a----

2 10

‘% 1 0_9 2 6.5

B 1o (1=1x102 x V85)
0 1 2 3 4

Gate Voltage (V)

5.2: SBD % OMAIED I —V Fetk. o SR T, ZOfiX SBD %7 — U — 7 &\ OFF
BFEENBHAHE L2 H D, conventional SBD ;. TSBDQ1V [ZFNZFNIX 5.1 D A KB
DOEFETO T =V FHEICHEYT 5.
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5.2. LSTENMESA: T Tke Z % Soft Breakdown 454

150 ) I L) I Ll
| nMOSFET

| T,,=2.2nm

L L/IW=0.5/6 um

100

50

Gate Leakage Current ( pA)

Gate Voltage (V)

5.3: HBD & Of{bfiod I — V Kk, ~&ERANZHE S SBD (Zx L, HBD 13#UE (A —3 v
7)) Lo TS,

# 5.1: SBD@1V, conventional SBD, HBD =N ZFINDER-ELERFE/ T A —4., Z I T,
I = K x (Vg — Vo) Th 5.

K (A/VP)

T

conventional SBD 2x1077 | 6.5

SBD@1V 1x1072%2 | 6.5

HBD 5% 107° 1
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FHE AT R 2 b= a AT K DAERRAEED CMOS [RIFIC M 52 B O EE

V, 34V, 1VOLEDOSBD %7 — ) —7 &k, HFA4ETHRRIZET ANGEE Lo
FHRd. 2ol ERNOMHLZ a=1.0, ¥ =44 dec./V, C=1x10"21 A -sec™!
L, TR AV I 2L =Ygl RBEL o2 Rparasitic = 10 k2 e NT A=W
7z, FHERBRIONES D tepp (X, y=5.5dec./VELTEETANBIAMELE. V=4
V&34V T, MIERELHEBECIVW—ENALN, Y— M) —ZERRIZ~ 1074 A
TRML TS, Z0Lx, V=4 VIZBWT, SBD#4MDH 1,000 % (5.1 A) I
HIE S B EIEO E - EERME A2 X 5.2 (R T. 723, SBD AN D 1,000 %0 47— b

U — 7 BRI AR TH D Z & TR L.

SBD OF#i& LT, #frhidst: O UKD B -—EEREN N Z AN Z L3 H D [5-T].
K 5.212, WEMREE_RERU [, =KV, TT AT 4 7 LIEREREBHRCRT. 22T,
K=2x10""A/V%® p=65&,L7. V<2V TEIWT 4T 47 BHLATND
N, TRUSANTIE, EIE» TN TS, ZhiE, MOSFET HICFEET 5 HAEPIC L 5
BERETZ2EAL DI EEZONS. 22T, SBD#5— M) — 7 BROFHEICH A
W72 Rparasitic = 10 kQ B EIZ AL, EI-BEFEDO T 1T 4 v T %54To72L 25, FF
WICRWT 4T 47 (38 NMELNTZ. ThETOEKY I 2 L—y g i &k 5%
EOFBO®RE T, Z OMERBR CART 5 SBD #%ICHIE S - B Lo Bk LR
P (AFHSCH Tl conventional SBD & FES) 725, BEfEEETO SBD % & HEBLT 5 & e S
nTnb., £z, Vp=1VoL&EDSBD %Y — ) —2 &b, @V, TIThhdIER
BRETFBRIC ~ 1072 A ETEL TS, 22T, Vp=4VOLExLHAULHIZ, SBD A
15 1 x 10Y B oRE (K51 1 B) T — N — 7 BIRAEDICET D ERET S, £
D& & DOLIEDE-BERMEE, M5.2H00 7 L—ERTRT. =770, ZOHALIEL
TEDO BB LRI RERANAE D & L, N REHp [IIMERROL A L HLEOp =65 &
Liz. F72, Va=1VOLXTindEBiiEl, ~101ATHL 2 EnD, K=1x1072
A/VOS L LTz, ZooZ biE, =)= BRSRFILIZ LD ICR A DREETIE, V=1V
DEEDHBEm Ve DEZTID BV =T NARZLIEELTWNDLZEZERL TS, £
ZC, Im#EERER CAE T 5 SBD (conventional SBD) & XBIT 578, 1V CTAET 5H SBD
% SBDQ1V & 5.

—J, H5.31T KDL, EekiEik#E (Hard Breakdown :HBD) # OREIEITZA— I >~
I MERT. XoT, HBD DBAEDNRT A= T K =5x10"2 A/V, p=1LRE L.
PLE, conventional SBD, SBD@1V, HBD ZALZIUI DWW TIRE SN RFENT A —F %
FKH1IZELEOD. ok, KETIEHFS— M) —ZE RS A L& 22 BE LN, 77— h
U — 7 BIRAEIBREICH o7& LTH, LEORATO SBD Rt IMTRIEETH D, Zh
X, REFIHINHERBRCELT S SBD B ERKE LT & &, [LEOS— Y — 7 EBiifl
WKL K NRETE LD THD.

5.3 #BEHIREZO MOSFETDET) VY
5.3.1 MOSFET £7/L (BSIM4)

Hukxf % o MOSFET @ 22237 NET VEEm T HENZ, ARl —va I
VW= BSIM4 ([ZOW TR T 5. BSIMA4 1%, U. C. Berkeley @ Hu 52 X - CBRZ & iz[al
By 22l —H T, WA X—AL L= MOSFET €5/ C&%%. BSIM4 % SPICE v =
L—3 g VAR Z & T, Wi 7 0 DA BEDOBRRZHETH I ENAREL R D,
COETIMIV T I v UERGHT TER S5 EMESISHIGT 5 L RIREZ, S i2-0im o3
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5.3. HafgikE% O MOSFET O€®F Y 7

REBBREINTNT, S BITHEHITICENL TS 729, RS SN 5 RO MOSFET
Offffr 72 EIC b S TN D
BSIM4 (213, ZNETOME Y I 2 L—F TREHSLTWS = b2 V&l b5
BIZANLGND LT R T LSRN TWD. K5435 — b b rVEREZFRT L v
UT7DOESZ N XY TERBREZR LD THD. MOSHEIZEBIT D M2 LVBRIT, &
WHFE - h U 7 (Electron Conduction-band Tunneling : ECB), ffifE F-#%&E 1 k>
x U 7 (Electron Valence-band Tunneling : EVB), ffif§ 7#4m—/L k> VU 7 (Hole
Valence-band Tunneling : HVB) ® 3 D3FET 5 [8]. 7 — MU —ZEHIZX L ED k>
FVEFNLE & 72500, 7751 AOFSE (pPMOSFET # 2 % nMOSFET) & #— k
é@j:@j(% SITE-oTHERRD. R521THK b RNVEROHEREREZFZMINCELDD. K
, FB2HOE b FVEFH MOSFET O & DR Z FAL TV D0 % R T Ipa, Igs
i%ﬂ%ﬂb‘ MR A UM, 7= =Y —REDA—"—=F v THEETDY — 7 &L Th
H. Fio, I 37— b Frpfz brrL, FuA rEd LY — 2B~ LR

/ ¢Kﬂmn:3lev

4

C)_____+Jm@

/

B4 5.4: BSIMA IZBEWTEBREINTWDL T — F b U RVEIRD A 71 =X L [8].

#£ 5.2 F¥ T OEEE N RVITERT D EN.

Igd s Lgs Igc Igb
Region of Operation all inversion | Vo >0 | Vo <0
pMOSFET ECB HVB ECB EVB
nMOSFET ECB ECB ECB EVB
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F5 R YL 2 L— v m S K B IR CMOS [ KIE S B 0 Fi

gate

e L N

gs 7 JARY <. 9d

=T =0

source 1

sub

5.5: BSIM4 [ZTEE SN TS b o R/LER.

nsY—7EWHT, Iy 17— h ROV — 7 EIRTH D, Ioq, Igs 37— bR O
MOEMNFETH D Z D, BEFFICHLL TIRERET XY IR BHITH
L. Fe, Ige ZTF v RV EN D IR IREOR O ZH o, pMOSFET Tl
HR—/ bR 27, nMOSFET TIImERHE T M Rr U I Lo TSNS, —,
I@mowfm,ﬁwbﬁﬁﬁm@%%fi%k)T xS % =L FRERE R X 03 b IRV MR
EHET PRV TR, FAORETIIMEEFET Mo 7 ROMIE F A — b
YRY LN, BLEORBICBH B Si Oy RE vy IS NS T, B THET
XV T RKE LT D

Wiz, LK N xVEREHETLSET VEIRRS. BSIM4 T, 7 — ~J —7 &k
BT TOXTEZLND [9)].

Toxre ntor Ve - Vaux
go= e (Tt e e e B0 VD (Ve T) (5)

TOX T02X
2
q
= 5.2
8mhaoy (5:2)
3/2
B 8T/ 2qmox @y

ZZT, Moy [ FEBEIEFR TOX ¥ U7 OFANER, ¢p 13 b RAERES S, Tox IXBRLEIE,
Toxret [ EZBRLIEIE, ntox, o, B, YIETZ7 A4y T 4 7 /X7 A—% (ntox IXBH 1), Vaux
T hrpdy VT BEZMET 570 OMMBEETH L. £5.31C, KV —27ERITHT
LA LD, XD nigbace, nigbinv, eigbinv, mgc&i74'/74 VI INT A —
2 TH5.

F72, B55 HINIRT Igeds lges 1T Lge ZREITHZETROOND. ENLENDOERITLL
TORXDOEIICET MEINTNS.

—1 + piged - Vs + exp|—piged - V] + 1074

5.4
(piged - Vas)? +2 x 104 (64)

Igcs = Igc
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5.3. HafgikE% O MOSFET O€®F Y 7

—1 4+ piged - Vs + exp[—piged - V] + 1074
(piged - Vas)? +2 x 1074

Igcs = Igc ' (55)
ZIT, pigedF Igeq & Iges DICREBIRET DT 49T A TNTA=ZTHY, @HIT1 L
REINTND

BSIM4 @7“‘ N b RIVERET VL, BEGH MOSFET OERAME S BBl I 2 L —
%m%%&wjﬁﬁﬂbéﬁﬁ FROXINCTT 4T 4 T RTGA—=FREN. ZDD
FEHE & bl D BRI, IZHW2 MOSFET O#BR) « ERIVREN G KR T A —2 & i
%@ﬁuﬁiﬁébﬁﬂké X 5.6 1%, AHFZETH = nMOSFET Okl i o> 459 1
EIEO 7 — NBIEFEOREHE R THDH. 2D nMOSFET O~ — MERLEIEIE 2.2nm, 7 —
FE 0.6 pum, 7 — ME5.0 um THDH. X 5.6 12x57 X 512, BSIM4 7= SPICE 2 =
L—a A2k, FEIEICH T D RGR 7 40T 0 703G bnTz. Zokx, A (51)F
THWES T AT AT RTA—HDOREMEEERSAICEEDD. ZOREEANSLIEZET
NA—FREHWDZ LIZL > T, MRMESOFRE, WONCHREE L7127 31 ARG
FNHEBEOEEHRREZ S 2 L—1 g USRS HEE N - 7.

# 5.3: & N RIVEMER KT 28 BIEL Vi,

Region of operation Vi
Iy, acc. nigbace - Vim - log(1 + exp [_%b
Ly | vt dep. | mighing - Vi log(1 + exp Vo —ciatine]
Ige inv. + dep. nige - Vim - log(1 + exp [%b
Igs both Vs
Iyq both V|

75



H5E KT I a2 b— g T K A HERAE CMOS I I % IE T RO T

10
10°
<
= 10°
c
. SO
5 10
&
-12
10 Tox=2.2 nm
LIW=0.6/5 um
10'14 ) | )
-2 -1 0 1 2
Gate Voltage (V)

5.6: LR 2.2nm, 4~ — b+ X L/W = 0.6 / 5.0 um ® nMOSFET (23 % 43 1
BT — MEERE. AR EEIME T, #13BSIM4 2 W2 SPICE 2L —v s
VAR
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5.3.

F 54 T 4T 4T IRT A—HDORIEN.

MafhiEs o MOSFET &7 Y 7

Current (nFET) Region a [(F-s?/g~H)Y2/m] | B [(F-s?/g)'/2/(V-m)] | v [V7]
acc. 0.0182 0.0030 0.002
Iy,
inv. 4+ dep. 0.0180 0.0040 0.002
Iy inv. 4+ dep. 0.0142 0.0018 0.002
Iyq all 0.0142 0.0018 0.002
Iy all 0.0142 0.0018 0.002
Current (pFET) Region a [(Fs?/g™)? /m] | B [(F-s*/g)'/2/(V-m)] | v [V7]
acc. 0.0125 0.0013 0.002
Iy
inv. + dep. 0.0110 0.0012 0.002
Iy inv. + dep. 0.0074 0.0009 0.002
Isq all 0.0065 0.0005 0.002
Igs all 0.0065 0.0005 0.002
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FH5E AT I 2 L— g N L DRREEED CMOS BRI KT RO MG

5.3.2 $@BHIES MOSFET Qa2 /\9 FETIL

MOSFET |Z8\) A #fxik#Ex, 7 — LA (VY ) MClt &7 & T b e
REENND. REOLAEEEEL, F— b %V4/( )Wfﬁ@ﬁ@ﬂt%tkﬁw
MOSFET OERKWFELZ BET 22037 NET ALV EZZRTD.

K 5.712, 77— h=RbA A —"—TF v THIBICE T Diftfaik#E% O MOSFET B ET
NERT. ZOET AT, 7— b= N A UIICEEREEREZ AT 5. fRidEsz o
PRI D BB ERFE DR E RANHE S Z & 0D, Z OEEFIEBEGIITZE O M oOE
fr7e (Vg — Vo) ORERIHHIT 2 LIET D, 22T, PO V1%, V=2 RAETDOE
MThHD. ZHED, RELIRTHMEMBIED T A= NEOEEMHTED. HIT,
A XY A F AT K DRSO B BRI b S TE D K D, F— AR
& [FIER O BB I i 2 pe e L 7-.

EBEA RV ARRICEL 5T/ — b~ A HIZ SBD (conventional SBD) 234 L 7=
nMOSFET OBt ERIE A K 5.8 1T-d. 72k, MBRIFO{/mFELEITV, =4V,
Va=Ve=Vor =0V TH%. £72, M5TICRTEFAEHANTSPICEY I 2L —vay
EATolfRb 7oy ML, B FERORE, RN A UEELZHNED S — Y —
JEROTT b av Ry FETFAERAWEY I 2b—va V) BIHFICHERTE TV,
&Y, ar Ry FETFAOZEENHER SN, K5.7(a) IR TEIIZ, Vg=0VIiZk
WTH Ig BN TS, ZHUTHESROMBE T, Y —A- R LA CBICIFEET D72 B0
7 (V) DD TH D, LoT, vIalb—varofEb Yy —A-RLA Ui bl &
b~V OENENFIET DL LTz, ZDEE, Iy IZIF3 5.1 77 L 72 conventional SBD @
NTGA=2 5, Ly TR LT, K=1x10"1 A/VIZ p=12 L LT

72, HBD OFEH, £5ILIRLE AT A= 2, FEROFENFIH TE -,
YoT, Ms.70a X7 bEFNEFESLIRLIZ/NT A—X %\, conventional SBD,
SBD@1V, HBD ZiZhns CMOS [FIIC KIETHEIZONWT, B I 2L —v a2 itk
0RRFET .

v Gate

, 9 [ lge = Kx (Vg -V, P

gb

Source V., Drain

5.7: 77— b= N LA R CHEGRAIE N & 72 & O MOSFET © =37 MET L.
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5.3. HafgikE% O MOSFET O€®F Y 7

-4 L] I L] I L] I L] I L]
10 meas. sim. (@) Vg=0V

Current (A)

VvvVVvVy

v

L v

0 0.2v 0.4 0.6 0.8 1
Gate Voltage (V)

5.8: 7' — b= F LA [ CHafkiEE N & 7= & & D nMOSFET O - 0 F2 Il & o
Salb—yg URER.
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F5E AT R 2 L= g A K DHERREED CMOS [EIEIC S E T B OMRE

5.4 CMOS BIRENE & FEBIE~NDEZE DRI

HEFRAIE DB 2 RES 2728, K 5.918F 2 B CMOS A > /3= b7 DRI 2 fHE
L7z, 2BEH DA =X 24T 2 nMOSFET (N2) 04— h—> — A B CHuRRIE AL = -
Tl ET H. Fio, 7— = R A U HOMRIEEIZOWT G, [FIFRICE 2 72, conventional
SBD, SBD@1V, HBD Zi1vZUcxiL, 1BEH DA A= F DM ATIFEEZ Y I 21— g
v LTERER %X 5.10 12777, conventional SBD ¥4, 7 — bV —A, ¥—hr-FLA
YHOELLTREZE LTS, WERORMEEED> T LT, A /=2 RE~DRE
TR.eZ2. LL, SBDQLV OGATE, ' — Y —X[, =LA VHDOELS
HHADEHICERNR BN, /A RXA—V 0 BRI LTWES, A RA~—2 0 ORI
T Y =AM THENEE L DR REWV. 612, ANEENO0 VAT, HL<
F1VAHEor Yy ZHEROIHDELEIZIZNAEN 1V, 0V &2o TR, 2tV —
7 BB TND ZE2FRLTEY, HEEHOWNPEE TWD L PSS, HBD

DA, EHITH LWL « ) A A~v—Y 0 ORDBIEE TWD. 2 ERHER S
ToHL, vV EEETDHI ENREEL 2 BERREMEIC O Y ORERN L EHIEND.

WIZ, ZOREFEOHEEINZONWTEZXD. KMb5111E, 1BEAOA =2 DAIEEDN
OVDLxiz, BRETL Vpop DV — KRN OINDIERERLIZHbDTHD., 7—h-V—
Af#]C conventional SBD 753 U726, EWREITIERT L 1ZE A ELD->TELT, HE
BINIKITT BTN N nD. EZAN, F— Y —ABO%AE, conventional
SBD TohH-> THH SHOBEMOBMMA A S5 TWD. LLEDZ L5, conventional SBD 13
FIENE~DOEEITIZ L A E720D, F— Y — A TR & 755 EEE N E 5| &k
Z4. —JF, SBDQIV OHA, #'— V=R« F— b FLAUBELBIZBNTY,
%ﬁﬁkﬂf/{f%ﬁ5*??%?ﬁﬁ§i§j]ﬂbfb\é. ZOZ EiE, SBDQIV L/ A RA~—T DD TE
J T, RAREEBNMBEICORNALZ EEZERLTWDS. £z, 2BEEHDOA 3 —4
RS % pMOSFET (P1) THEMENE X 7258120 TOv I ab—ra sy, ARk

DFEF &7

VDD=1V.24€ 24[ °

|
I
==
c
m\
73
o=

59: L2 b—a rE&fTo7- CMOS B, 2BH DA 3 —X% 24T 5 nMOSFET
(N2) THEfkEE? = - 7= & UE L7z,



5.4. CMOS [BIEEEHE & A HENE~ DB D IRGE

1 (a) source BD -

ideal
o SBD
A SBD@1V
o HBD

0.5

| Tox=2.2nm N
nFET)
- L/W=0.6/5 um B
o lwFET) ]
S ='0.6/10 um
< et —t—t—
5 1 -
o
>

0.5

0 0.5 1
Vin (V)

5.10: 1 B&H D CMOS A "= Z DHANFED Y I 2 L —a URER. () F— h—Y—
A [EIHERRAEE, (b) 7 — h— N LA AR
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FHHE Y 2 b— g A K DHEBREED CMOS RIS S IE 3 B O REE

ABS(lypp) (Vis=0V) (A)

511: 1EBEH D CMOS A X=X Dy vy I RHEEL TWD EED Y — 7 EifE.

vout(vin=ov) (V)

104

106

108

10-10

10-12
104

106

108

10-10

10-12

|(a) source BD

1

(b) drain BD I E
ideal SBD SBD@1V HBD

Tox=2.2nm ]
® W,=12um ]
0.5 o "=30um ]
X =5.0 um
(Wo=2W,)
o R .
V.. = BD V,, —
0} e RBD+L/IW><Rpx oo ]
10° 10" 102 103
w,/L
5.12: MOSFET ® W/L liZxtd 2w ¥y 7 fg@Ekt D U — 7 B &.
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5.5, £&®

X 5.1212, 1BEHOA v =2 EEORLES %, HixleF— MEL 7 — NEDO W/ L%t
L CRd. nMOSFET (25 L 1.2, 3.0, 5.0 pm &\ 9 3FEEED 7 — MEZEE L, pMOSFET
D7 — MEIZnMOSFET ® 25 Th D LIRE L. £, HLOFEEE LT, ANEENO
V OO DEEOM (B : 1 V) ZH0W72. W/LESI0UTOEE, HABEN1LV
LV HNEL TS, F, W/LHNEBIT/NEL 72D L HaES ORESIE A L
K72oTWAh. FIZ, W/LD5 2 THEl5H & ANEED OV THHAEED 0.5V £TERL
RUNE EDORRES LB b, DA, AEENRED LS RkEETH->TH, CMOS
DOHINTFEIZOFFIRIEL 725728, HITRA A= DEFEIZRT L TR NENZS.

ZOA =2 RSO W/L kT, 1773 rW&¢ﬂhMEFEF@??ZUWﬁ#
WIKGF L TCWATDTHD. Z0EX, Vo TR L IcEDbIND.

Rpp
Vous = V4 — .
v = Vpp X Rop + R, (5.6)
ZIT, RyF1EADA =2 2+ % pMOSFET (P1) OF v XU HHITH Y, Rep
IXERRAEE 2 = L7z L7z nMOSFET (N2) 12815 % U —27 R 2 OHL & FAEROMTH
%. Rpp 13 MOSFET ¥+ RIT&AF L7272 [10], "ot b R, 720003 W/L HITRAF L

feD (5.7)

‘/ou:V
R N

tFEbansd. FXTRgp=15kQ, R, =60kQ 352 Licky, K512 HIRT LD
RBIFR T 40T 4 ITRELNTZ. ZDOZ G, V—2 Z208HiEI MOSFET O#
PUE L FRRED & X2, FREMEICRIETRENRESRDEEXLND. 20 LI,
TR IR 2N RIS RT3 B, MelgiE 4 = L7- MOSFET & BEANC B S iz ok
FLTWDI0, AR S BB L CREEMETM AT O RERD 5.

55 F&H

AREE T, LSTEWEEE N CHERT S SBD Feiha Tl L, fkxik#E% o MOSFET OEX
WREZ BT 52037 VETLVEER L. MFEHAGDECHK Y I 2L —v g v
EITH 2 LT XY, MafRakEE s CMOS [BIIZ KT THBIZOWT, EFRESECHEE &V
IBLEDDIRFE LTz, EOFKEE, HBD (XRIFREME L HEE WIS ER R EE T &
Boyinote. iz, MERER TR LD SBD MNEEEE~RITTHEITRMTH L3,
AL CUIHBEE M EZ S 23RN H 5. CMOS A 3 —X DA, HulkhkiE
DT — =Y =AM TIE7e<, F—F-FLA VTR L EOHFPIEEEIHEMNNE L.
—77, BEEBE T AT 5 SBD X, 1HEE &V R THBD & [RIRREOREEL KT
F77, BIKEEE WD Snbd, /A RXA—0RNEAD L, vy 7 EERO M ITEEME
TLT.

717U, MRS G 2 D RIEEE~OF X, MOSFET 7 CHa N = 5 50T &
@@%:ﬁ%éhfwéMOﬁET@f R A ZNUEFELTWD Z Enn, X0 IEMERME
FMEFHm O 7= 121X, T v T ORIBEMEREZBE L2 T LR 570,
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AT, MR - FEERE LSI O FEMEMCR O 7= D O EEFE & 72 5 150% 7 — N ER (LR
DOREFFIIEHRSICEH L, RN L OERICHEEEESR O 7 — N — 7 BFICBET 287
MR EST-. £72, MOSFET H{AkDOWE7Z 1) T, Fv 72K TOWEEEIME N D
BED, B EEETHIEDREEITo 2. TOEKNNEEZ LD LEUTOL I
b,

2 B TIE, MRS — MBI 31T D BRLME R (Soft Breakdown : SBD) %D —
~ YU — 7 B ORI RICE T 23R ERE R4~ 7. 5 nm ML EOREWIEREECIE, B4
fafxk#E (Hard Breakdown : HBD), SBD W OH4& blkE#E#Z O — Y — 7 B OHY
IIHRD TR TH Y, HfxiEE & 3R RBR L E 2 bWz, Zhiixt L, filf
S Cn ol s — ML TIE, SBD %D — U — 7 EiIFEenIcin+Ts. 2
1% SBD 23 BB Z 5720 Tl <, FFTHIZR SBD ARy FMEK - lET S Z
SRR LTWS. SBD#%DOS — U — 7 B ORI REIT, BEEORROREFTERD
INHZ L, ROEEICHEEBEEMIEF L TnD Z 26T LE. SBD#EDO Y — 27
AR DY EEAEL, MRRENMOMLIES L L R, T v 7AERGERE T 5 TR &
W, 7, SBD#HOS— KU — 7 BIRORHIFERIL, 990V 6 bIREERFEZFFOZ &N
oM E o7z,

H3FETIX, SBD%DSF— b — 7 BIROFFERIZOWT, EER - BEERAT - 7314 X
Vial—varynbBLRLE. TORE, FEBIUIRB T LEER TR Y — 7 RRUTHh0n
% FEIE Vot ZREID &8, 2017 — Y — 7 BROEMPE L AESERD,
IR 2R 2 E AL E e oT-. U, SBD#EDS — kU — 7 B O
IR () — 2 NADRE) 1 Voarn (CHEBEENICHH SN0 THDH. T AV I 2
L— g UROHEGRIENT N D, MOS ¥ XU H OFARBUT Y — 7 X AE T OJAN Y #iPin %
B TH D Z LN yhoT-. £7-, MOSFET O HAERPULT v R BT DIEA Y HHLHR
KB TH DD, LR LTF v FUBHOFG LR b7,

FAETIE, F2, 3ETHRANZERBEREEIC, SBD %07 — kU — 7 BROFERZ(L
WAL T B LEETAEEZER L., ERICLD NI A—FHMHEBRLEEET LV EMAS
bEbZlicky, BOPHEMTF B 21X LSIEMEELE F—I12H D MOSFET (281) 5
B DR Z B THIT D Z ENTTREL fe o7, & 61T, MBMERG L TE LD 2
LIZEY, SBDIZLATF v 7 REToY — 7 EiREMEE&ICREL Y, HEEOBR
DNHAT O EREMEREA A 2 22 LT-. #elgikii2s MOSFET Of&fE %87 o "lRENE, ROVF v
TR TOE LVIHEB I Z G &8 2 JmREMEIC DUV TRET L7268, BIfED LSI o
RTIX, T ZHERHBLED DIZIZ R RS LRI, Zhb 2 SORMENBEELLT S 2 &
DI T-.

HHETIE, FA4ETHKALST— M) — 7 BROFEMEET NG, LSIEEELE FT
# = % SBD OrEZSMETRIL, B I 2L —3 3 %979 2 LT, MBIRENRKIC K
ETREAE L EHICKREE L. F£7, #iEdE% O MOSFET OEXBREE HELT 25
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St S G3A
96 B fhim

oD NETNVEER L. HERITOR TGRSR T, BMEEE T ol
% SBD HRBR OIS LRI UEE L 705 Z L 2RHRE LTV, & 2 A, ERRICEEE
JERTEZ2 SBD Itk EZ DN TV EOM L WAL E R Z L 25E/ML, ¥ — Mg
{ERE D SRR X9~ 2 Friz e A 4 L=, Z4ud, SBD %4 — b U — 27 @3 fafn
EMEZRLTNTE, EERICIEY — 7 RRAREDIEFITERLN RN D T L TNDH 72T
bbH. T, EBET L, LEOEMT CTAET 5 SBD OFf% T3 2501k %
BELL. £72, THILZEMEZECHEE Y S 2 b— 3 2170, #EaE s CMOS (a1
ICRAETRBIZOWTELR L. TOME, LSIEEEE F AT 5 SBD X, WHEN &
WO RTTEIE ISR L TR B L RITT 2 L, EOICHEHELWIRT/ A Av—V
YO, ROm Yy JEEROHIIERK N EOMELS I SR Engnol. —
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