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1.1 ARAROE=R

1.1.1 5= TRES — PBLIRDOEERIE

Dennard % MOSFET DA — ) v 7HIDRE ] D, 427070ty $R2 2E) ZHls Lz
MOS-LSI DEE R R UBRILIZ, VY7 T 7 4 —Fiifik Pl & LM THFOESIC X ZR I T
&72. CMOS 7754 Z 0fgflifbic & 2 B& i, 0.2-0.25pum NV — Wiz % & ECL(Emitter-Coupled-Logic)
*EBTHLOHMEDH2[2. 3612, HAMARRBRRE TR0 mBEDY - EE2AT 5 CMOST
NA A DEEBEOBREDZ ENBIEoTWVAS [3]-[6]. 2D X512, CMOST /N4 ADHMILIC & 5%
2k, LSIOBBLICILBEARTREEME LTEERI LTS,

MOS 7 /54 2 DEMMLDEARES L LT, BEOMAy— Y v ZAIFAVLR TS, KE/NT A—
¥ (1Y) DRy =YYy OFECE, RILIWRTIIKE, EER B, ¥EBEOAS -V v 7]l
2% 5 [7]. 0.5um DFHFA ¥ - b—NF T, TTL(Transistor-Transistor Logic) & D H % HFFT 5

Va K11 Ar—y w7l
U /4,
] R | R | BB
L L 1/k 1/& 1/&
Si02 w 1/k 1/k 1/k
Gate Tox W Tox 1/k | 1/k1/? &
‘Xj x; 1/x l/n’ 1/&
. Na K K K
Source Drain Vob 1/ 1 1/k1/?
BERE | 1/k | 1/632 | 1/k3/2
]J7 HREH | 1/s2 | kY2 1/x/?

K 1.1 MOSFET O AM %
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72wz, SVORBERF— ) v RO Tz, L L, FhUBREERFOEBBEBOBRRODIZ, #
FBEAY—Y Yy ZHEAVLND L) 2o 720, M 2FEToNRm ERELRbATWEINRE
RTwa [8],[9]. H#4DAy—1 v 7L, #ibe & bic, 7 MBRIUEZEBIL Y 2 B2 LR LT
2. ¥512, 1pm DB OMMNMOSFET Cit, BEFOREHEMESR (10| "R THREERTLDT, X7 —
Yy ZBICiE o 72— FRALIEOBEMATET NG, 5T, X5 =) ¥ ZHI o -5 MOSFET @
Btz — PO SBL N EARTRTH S,

1.1.2 KHBEHIEES — FMREEROERIEDLEM

HEEBICBIT 2 CMOS EBORAIC L D, EEbLFACHERENREABRL TS, LAL, &
EREBTBROBR I ONTELAEGOEICOBA,S, SO EHBRENMEOTEIET > T
%, ZO7=%, EBEOTR[11] Of, BFWLEY AV A7 AREEHEERENILDT7 Fu—F (12, [13]
BIFBNBEI I oTWE, FRLAWL 7T U—F L LTI, ROBFEMBRAORr—Y Y7L
i, BEEBREDNHEMLRO NAEMIZZ o TV 5 [14).

CMOSHIBDHEBEH PR U — M EERML,IX, ZhEhRk0IIIcEroN%.

P = % fCVEp (1.1)

1 1 1
4 ~ —-CV + 1.2
d 2~ 'PP (IDSAT,N IDSAT,P) (12)

I, fiRruy s AR CREWAER, VopXBIEBE, Insar,N, Ipsar,pid &4 NMOS, PMOS ®
BHIFLA CBE GRSHER) 2RT. SOEFS, ik GEERE) 2L FIERENTERY
212k, BEREBREA T AEEESHEMOSFET P L ETH 2Bhb»%. DX % MOSFET % %3
THIZIE, KDL LFEND 5.

1) ¥'— F EOMML
2) BRIEREDER
3) 7' — ML D AL

LAL, NiZ2oWwTit, YV7I 74 —HROBRBEF2THEES WM, LumAT OS5 — RO
NMOSFET T, BFOEBHMEK[10)IcX ), BB ORBEROELIEL RV, T2, 2)I
DWW, $TAV Y al FESDHE NEBESNLWOT, FERERZIHT 2121, |Vrg| = 03-04V
HTFRREZ S, BEEEY COBRRUTICT A2, BARAKLEOTER[AS-I7) M LEL LS, EoT,
) Dr— FRILEOEBLEEBRBIMLICEETH L L EX LS. EE, vfrusukyFiibBn
T, COFEMEHBENLICENTH2EIRINTNVS [18].

I7, V- PELEOMEL, EF v AVHROMHIC bR S, —#ic, BEEEOERO:
VIZF X RNVTRYBELZELT 2L, EF Y ANVHEIEINHL LS. HF ¥ FNVHRVAFTE 2
B/ADF ¥ ZFNVE Lypin i, BERHIZKO X H 1252515 [19].

Lonin = 0.4 [z Tox (Wab + Wap)?]'/3 (um) (1.3)

ZZT, Wi, W ENERY — A, FLAVRIOBRKEZRIETHS. Tz, ToxikA, Zothot
Eidpm TOETH S, ERICETCT, L=025um, Vo = IV TOEF v R VEIR BT R 2 KRR
EBEDY - MRILBER Y —X - FLA VESRIIIHT 2KEMEHELAEELH1L2I0RY. &
OEX Y, ¥— PO EEEEEEELIE ) EF ¥ ANFFOBK LT 2 L THEMTH S



1.1, XBEOER 5

Xj=0.20pm

Xj=0.15um
Xj=0.10pm
Xj=0.07um
Xj=0.05um

0.6
| s

;_: 04| /D?'/./
- 0_21,:4 /I/,;‘O;

56
Tox (nm)

WA

pd

M 1.2 R EEEREDS — P BILERERF

Blbhh. V=R - FUAVEERE ;2 B TAEVANTH 5, —RICHEB7 =— VIS R
FMPBBO7:0, ;2 BT HBREH TRV,

UEDHED»S, 7'~ PBEBEOEE/LR, BEEECIERHHE2ET L2 MOSF NN A% EHT 2 L
TEETHY), MOS-LSINEHBRBEHLICLELERTH 2 HEI DI 5.,

1.1.3 %45 — b+ B{tiEOEE

H1.3i2, 7= F B LML THOWONRTETWAY — M BILERE Tox 27T, COMLY, Tox =
20nm AR — P BRALIEOBELDSBL LT, A5 — U U F RIS S FHREINZEEIVEL ZoTWEENRD
%, Lg=05umBBE, Fv FFx ) 7HIZX2EEBOBRTO-DIC, BEBENSVUFTICFITS
NTVBIZd b o, ZOMEMIIRELTYE, COFERE LTR, XCOB@EE0ms (58
T OMHR) PEILNS,

T— P BUEL BB T 2103, MEBEREORROM, MOSFET O — FEBMLE - ) a vV RE
IZBIT B FREEMDOERPLT — PRILEICBIT 2% v ) 7HEC X 2 7RO LICIEET L LEMN
H5. HIAIRT I, FrAVOF VA VIBEBOSERERICBVWIREE TS Ry FF v U7,
Si/SIOREDTANF —FEEL B2 TY— FRALBIEASRS. 7~ FRILBEICEASR XY )T
i, TO—ErMEINY, REEMEER LTS, 208R, BEBE VDY 7+, Ea VS
78 VARG DET, 7 ALy Y a VFFEEOLIL Vo ETFHMSLEFIERIT. COFy M EY
V7L, LSIORMNEEM Y £2 2 L CRIEE 5. .

BFOHDEILL ) SBOENEREHFT DO THIINF -2 ) 23V, 0720, #35k NMOSFET
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12. FHFREOEH .

DFY FEYY THENEICHEBENTETHS, LL, 0.25um LLEO CMOS Tid, Dual Gate CMOS
MWER SR, REETIE, (EROEDARF v X IVEI PMOSFET i2fibH h REF v 2 VEI PMOSFET %%
HAwbhz, Zhid, $EROPMOSFET X0 b, ¥ 7AL v ab FERISRIFTH2HREF v A V%D
BLEEILSVWEIZY 5. REF v A NVEPMOSFET Ti3, #ERX Vb7 — 1 BRIETLZDT, v b
FoU 7Y — MLEBIIEASREL Y, HEIELL LS. T0L) ZREEEALT, PMOSFET
DF Y FE Y THROBE D HEEAITOR TV S [20]-[27].

PDEn®EX Y, CMOS BB OEIL, EEBREHLO-DIZ, 7— MEMLEZ EEL 21T 5 113, Mg
B ASRETLE, RUTNMOS & PMOSICBIT 2%k by 7HL2HBIT 2BIEE L 2 5. MOS
REOHS I L VEETH Y, HBEHIE, FREEMER, ¥v ) 7THESICEHL T, $ZHHAINRT
WRWEDE W,

BLEORGHIEHRE D MILET 2 ETT2EY b3y TOEGHTHBTELIAPEVELERDL L,
WY — FRALED R Y ¥ v ) 7HLRMRREIE, MOSFET I8} %F v b3 ¥ 1) 73R % EMHEICHE
BY25ICLY), PR DERLEDLIBENTRLEIONS.

1.1.4 N, OBM=Z{t

DIERRTERLI I, 7— FRLEOBEIE Y, BEERSETABREDY — M aREI UL E
LERBEIIEoTVAS, BEOFEHICBLT, Kbt — MORBE LT, BILE SR FARD 2L
FERLTBIZ) B VHRT 2MEMBICET BRI 22 W FTb T 5 [28]-39). BE, BE
LEOBIEBILI, Si/SIORIEHIAET 5 WAL SEN#E D70 TH S EE X 51TV 2 [301-[32),
[39],/40]. L L, THICEAL T, Z0ORBFHETLEVEIE V.

N2O % iV 72BR21bid, NH3\C X 281bX ) bAERFOMRGNLZVOTHZL STV [31]. 0%
9, NH;Z{LOBE, LBFIBTRIBHICARATISRIRDAENTET b7 v TRBRLT
L¥9. #0EMIZIE, RTP(Rapid Thermal Processing) % AW/ BWELRBET = —VILEE RS
[35],[39]. —F, N.OBRZILOHE, KERFOBRES 20T, BF 7 v FREBEINIZ W,

N,OMEL7 2L AW, FF TR L RIP O 221k SN 5. Chu%it, RTP TN,OBMEL%1T-
754, BERVEEOAY —MISECLTLEIELZRLTVS 41). 72, NoOBRZLLOATIE, HE
EEIECOT, 5-10nmBEORELE2 IR LSIRETRAEALERRZELTLT ). 0%,
HELZ N ORBIUEHR T LR L LTR, FOBEOMILEL B L2, NoORE(E B %) B
ZEZHNTWA[33], [36]. BT, MMON,OBMEIL T O LA LRET 2720, ZOMEMEEL N,OBREIL
ML L ERBICT 5.

1.2 AHAROEH

AHFEOH 10B M, BEY— MURBOGEEICIET 5% v ¥ v Y THLRRRBRERR O X
W= ANEPHALT 2 HETHD. TRICL Y, BEY— RIUROBREON EICRE LR E HRT 5
B 2B, CODICIR, Frishbividy— FBREDICBIT AY PR U TOES, &
RN LB DR EBHOREREICOWT, FRICERTIENLETHS.

AFFEOE2NEMIL, N,ORENI X 2EEROHEOER % PHICT 2ETH 5. N,OMBILR
fEBEE, Fv b TL2 POVEACL ZHEHEL RS2 EIRER T2 [33], [36]. i,
Si/SIO REHE I RREABVELET 220 EEZLNTWES, L, EETERILD L) higET
HEOMHHT LT POV TRAHTH D, E51, N0 BELMAMOBRIERH I LT
b, FELEHAE SNTRG, ARETE, NORMEIC L bEBMALEORRE, 7791 APEIC
EoWT, WHRZIRY AN,
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B 1.5 AR L OMBK.

BRIZ, F— I BLEOBE L ED L L, HEEN VAVEBRBIRNZERICASLY, ZDX ) ZER
TOMOST /A AFRIZOVTIRFT 5. ZORKRIZED, FROMOSTNARDRENWREL 2 5.

1.3 AMEOAR

ABIH EHE, H2ETIE, 7— FMUEOEEAI MOSFET 0F ¥ A VA ETTAF Y UTIL5
LB OVWTHR%, MOSFET D%y b3y V78R % EX 5 LT, Iy )7 rEERNEEILT
FLAVIZET 5 TOETER TS 2 BERMEREOIBBREELAN1IDOTH L. FAHFRICBNT,
EBERIFHIRE (Lsar) 77— + BALIRIE (Tox) DAL L L D ICE 2 2B ERIICHER L. 72,
EEERAICEE L T, EERBMER (Esar) 2V — AWM TOREIEE 2 FHOER (Eerr) B L TEIR
LEN—FVZEEE S OES AH L7

BI3FETIX, ¥~ PRI T 2 %A LAD 1 DL LT Fowler-Nordheim BETHEAA b L A2
DVTHD LI, SORAN VAL BREMMER, v ) 7HESE, ROBBESHEI O TR
7o AR % B3, Fowler-NordeimEAA b LATIX, AP LABFBHEIZX Y, Si/SIOFHETHRESNS
Fy ) THERLZENbror Fz, T THESEML VA M LAFERIIBWT, WX v ) 7HE
EAFRFEEMERE L OMIC 133 1 ORFIEHRONZEBIRHE L. ThoDERE LD, Fowler-Nordheim
EARA M VATORBEHILET NV HIRE L2, & 512, Fowler-Nordheim#EA A b L A TOBBYENH1L
KOWTEICHT LR, RECEELFHOER (Eerr) ¥~ T2 &, BEBEOUKROERIE
DVERFHEMFEEICHAT 2F 2 RH L. AERIE, MOSKER O 2RTETFHA - EFVEHW
BEIFEET VCHETE 2H LR L.
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E, - MBRILBEOEEBM LD 1 oDOFEE LT, N.OBREBILOMENERIITbILTWS, Lk
L, NJOBRZALAT LD X ) ZBBICX D, Ky FXy ) 7HASHHENE ORIV TRBEEICE-T
Wi\, $4ETIE, NMOS R UFPMOSIZBWT, NoOBEILYSH Yy FF v 78{LIC5 2 2 FBIZDOW
TEMNICEN LR ICOWTHRR S,

NOBRZEALIZ X ) NMOSFET 2813245y F ¥ % U 7HEIMFI SN2 EIconT, &y bl 2
PO VOBFREORE: LTERERYAVTEEOBRME L B L THS I L, REEMERT
ANVF—ZONVTIE, NJOBEILIZE DV RSB b3 b o7, E512, NgOBREBMIZEI ARy FHF Y Y
7 HALOIHIZIL, Si/SiOx R IR L - BEEFIAZELSFOLEENH L T 2B HES LTw
L2EERML7.

—77, NpOBZILOEREF v A NVEIPMOSFET 28155y F ¥ v ) 7THIEADEBIZOVWTIE, HiR
B EA L 7 %5 DAHE(Drain Avalanche Hot Electron) EAZfF T3 LBl S 2 4%, EFfLY— B
A 5 CHH(Channel Hot Hole) JEA Tidbd AT 2E 0 b o7z, EDEREE L LTiE, Si/SiO;
REFEDEREFIZL 2D OEAD 2 VWIEKEESFOEKIZL Y, EILHEIEAKL-ENELONS.

EHIZ, Si/SIOREMEICHFET 2EEETFINTANTE BRI EZ 282y PRy U THEA
THVWTRHEL 7. RERX ), EEFOLANVY —BEIIEAT 24, HETFH CREST 2EIbro
7z, ZOREELTR, ERFETICER LZABHISI/SIOREMEICHFELTVRIERELLNS.

E5ETIX, NoOBMBLBMILEOBERIBER I OV TRRER 2R 2. N.OBELE L OfeE
#E#%AE % (Time Dependent Dielectric Breakdown; TDDB) 4§14 % #8745 %, BRI (&R 50% T:F
i) I22WVTid, Y= ' EBBREIrOBFLEATAIA PV AIZH LTIEN,OBMEBILIC L 2 EBIZIZLAY
RoNLhoids, BFEAPOBFZEATAA N LAIZOWTIRAS LEEREETEOYESR SN,
T/, MA PVRAIZBWT, SHBEOMHIZIRISR S N,

N O BBLBRLIE OREBRBIROBERKARICE L CRD TV REFIDI R, AR TREBRA ML A%
BWTENh %ML 7. Qpp(Charge-to-breakdown) ix, #— MUl 5 DBFEAIZDOWTIERIZ ) N,O
BRECOFBIIRO N o2, BHEPS DBFEARODWTIRN,OBE/LICE 2HENRLR, &
DI L 10 L TFOBREIC 2 2 LBEEIC L 280 b o/, 72, QepPA MV ABHEBE JerressiK
FREFARIAER, Qs x Jithpss THRL, nZBEERA b L MBI EEST, BEORIKES
LZEPbrolz. ZOFER, nhFBLEPITORY b - FX ) TOREBOA TR LZELRBETLLDE
Eibns,

7— FMRIUEOERAL S ED o T, EEF Y FAVEBRIENS X D Z3nm A TOBLEICEELTY
MEFRVRA Z > TV, H6ETIE, 2.8nm DN,OMEILELE T 5 MOSFET #/ER L, A7/
ARZBITBFY P Y THRRUEBEF VRV - F— Y =7 1220 TS, 2.8nm D N,OBEL
JE% %A+ %5MOSFET 2/ L, NMOS R U'PMOS 312 1V TRIF L EE# #R L 72. NMOSFET i,
Vo = IVTHEMBRIBEB SN2, COFREBEEBHEIBNTOA 7 b - £+ LBEEND S
EEERT L. EEMRAVIZEAS— P Y—2BRICEL TR, REF v 2 VEPMOSFET ® /5 4°
NMOSFET & 9 322 WlER2RTEWNbro7z. Thid, EEF v A NVEPMOSFET D4 —F - ) —72
FELLIZBDOTHY, BFLD bSi/SIOREDIANVF—BENEVWEIZIZINEEILND.

BTETR, F2EPOB6ETI TOMRRELRIET S \

2EZ XM

(1] R. H. Dennard, F. H. Gaensslen, H. N. Yu, V. L. Rideout, E. Bassoué and A. R. LeBlanc : IEEE
J. Solid-State Circuits SC-9 (1974) 256.

[2] A. Masaki : Proc. IEEE 81 (1993) 1311.



10 2% XMW
[3] A. Toriumi, T. Mizuno, M. Iwase, M. Takahashi, H. Niiyama, M. Fukumoto, S. Inaba, 1. Mori and
M. Yoshimi : Solid State Devices and Materials, p. 487, 1992,

[4] Y. Taur, S. Wind, Y. J. Mii, Y. Lii, D. Moy, K. A. Jenkins, C. L. Chen, P. J. Coane, D. Klaus,
J. Bucchignano, M. Rosenfield, M. G. R. Thomson, and M. Polcari : International Electron Devices

Meeting, p. 127, 1993.

[5] K. F. Lee, R. H. Yan, D. Y. Jeon, G. M. Chin, Y. O. Kim, D. M. Tennant, B. Razavi, H. D. Lin,
Y. G. Wey, E. H. Westerwick, M. D. Morris, R. W. Johnson, T. M. Liu, M. Tarsia, M. Cerullo,
R. G. Swartz and A. Qurmazd : International Electron Devices Meeting, p. 131, 1993.

[6] T. Yamazaki, K. Goto, T. Fukano, Y. Nara, T. Sugii and T. Ito : International Electron Devices
Meeting, p. 906, 1993.

[7] P. K. Chatterjee, W. R. Hunter, T. C. Holloway and Y. T. Lin : IEEE Electron Device Lett. EDL-1
(1980) 220.

[8] M. Kakumu, M. Kinugawa and K. Hashimoto : IEEE Trans. Electron Devices ED-37 (1990) 1334.
[9] M. Kakumu and M. Kinugawa : IEEE Trans. Electron Devices ED-37 (1990) 1902.

[10] C. G. Sodini, P. K. Ko and J. L. Moll : IEEE Trans. Electron Devices ED-31 (1984) 1386.

[11] K. Shimohigashi and K. Seki : IEEE J. Solid-State Circuits 28 (1993) p. 408.

[12] A. P. Chandrakasan, S. Sheng ahd R. W. Brodersen : IEEE J. Solid-State Circuits 27 (1992) 473.
[13] S. Malhi and P. Chatterjee : IEEE Circuits & Devices, March 1994, p. 13.

[14] C. Hu : Proc. IEEE 81 (1993) 682.

[15] S. Mutoh et al : Proc. IEEE 1993 ASIC Conf., p. 186

[16] M. Horiguchi, T. Sakata and K. Itoh : Proc. IEEE 1993 Symposium on VLSI Circuits, p. 47.

[17] T. Kobayashi and T. Sakurai . Proc. IEEE 1994 CICC, p. 271 |

[18] K. Bernstein, J. E. Bertsch, L. G. Heller, E. J. Nowak and F. R. White : IBM J. Res. Develop. 39
(1995) 33.

[19] J. R. Brews, W. Fichtner, E. H. Nicollian and S. M. Sze : IEEE Electron Device Lett. EDL-1
(1980) 2.

[20] T. Tsuchiya, Y. Okazaki, M. Miyake and T. Kobayashi : IEEE Trans. Electron Devices ED-39
(1992) 404.

[21] 1. C. Chen and S. J. Wang : IEEE Electron Device Lett. EDL-14 (1993) 228.
[22] K. S. Yang, J. T. Park and B. R. Kim : Jpn. J. Appl. Phys. 32 (1993) 429.
[23] Y. Pan : IEEE Trans. Electron Devices ED-41 (1994) 84.

[24] M. Brox, A. Schwerin, Q. Wang and W. Weber : IEEE Trans. Electron Devices ED-41 (1994) 1184.



RN 11

[25] R. Woltjer and G. M. Paulzen : IEEE Trans. Electron Devices ED-41 (1994) 1639.
[26] A. Bravaix and D. Vuillaume : IEEE Trans. Electron Devices ED-42 (1995) 101.

[27] R. Woltjer, G. M. Paulzen, H. G. Pomp, H. Lifka and P. H. Woerlee : IEEE Trans. Electron Devices
ED-42 (1995) 109.

[28] E. Suzuki, K. Schroder and Y. Hayashi : J. Appl. Phys. 60 (1986) 3616.
[29] X. R. Cheng, Y. C. Cheng and B. Y. Liu : J. Appl. Phys. 63 (1988) 797.
[30] H. Fukuda, T. Arakawa and S. Ohno : Jpn. J. Appl. Phys. 29 (1990) 1.2333.

[31] A. Uchiyama, H. Fukuda, T. Hayashi, T. Iwabuchi and S. Ohno : International Electron Devices
Meeting, p. 425, 1990.

[32] J. Ahn, W. Ting., T. Chu, S. N. Lin and L. Kwong : J. Electrochem. Soc. 138 (1991) L39.
[33] J. Ahn, W. Ting and D. L. Kwong : IEEE Electron Device Lett. EDL-13 (1992) 117.

[34] T. Hori, T. Yasui and S. Akamatsu : IEEE Trans. Electron Devices ED-39 (1992) 134.
[35] T. Hori, S. Akamatsu and Y. Odake : IEEE Trans. Electron Devices ED-39 (1992) 118.

[36] H. Hwang, M. -Y. Hao, J. Lee, V. Mathews, P. C. Fazan and C. Dennison : Solid State Electron.
36 (1993) 749.

[37] A. B. Joshi, G. Yoon, J. Kim, G. Q. Lo and D. -L. Kwong : IEEE Trans. Electron Devices ED-40
(1993) 1437.

[38] G. W. Yoon, J. Ahn, G. Q. Lo, and D. L. Kwong : Solid State Devices and Materials, p. 143, 1993.

[39] H. S. Momose, T. Morimoto, Y. Ozawa, K. Yamabe and H. Iwai : IEEE Trans. Electron Devices
ED-41 (1994) 546. '

[40] E. C. Carr and R. A. Buhrman : Appl. Phys. Lett. 63 (1993) 54.

[41) T.Y. Chu, W. T. Ting, J. Ahn and D. L. Kwong : J. Electrochem. Soc. 138 (1991) L13.



B2E

MOSFET DRELFIEIZED
7 — MBRILIRE&TEMN

21 &

MOSFETIZBIT 2%y 3% U TOFHIANF—0OEL LT, BEREBREILHAVWSNE, Th
2, R2UIRTEI%, Ay FEFXUTREBL N7 L - A ALBERICE D RELBR L EMF ¥
UTH, BARRICENLE 0 TH S, M2.212, NMOSFET(L = 1um) 1I2BIF B4 2827 b - 4 4 /1k%)
K (Isy/Ip) D7 — FELEE (Tox) HEREZRT. ORI, 7~ FRLEOEEMLL L bIZ, Ky
FeZVZ PEYOEHIANFE—DNELET2HEIDRL.

CDEI LAY MR Y THREEHET 121, FLAUVEREOBBRERICBIT 2% v 7OEST
DIEELBBPPLEL 2D, ZOFY XY TOETZEI LT, FLAVHOEBREROES:5¥
iy 2HREETHS. CORERERICBV TR, Fv ) 7IEEEM12EILTVS. 20720,
ZOREFARL EELMER, Z0ES 2 BFHMNERE (Lsar) & 5.

RETR, 7~ MRIUEOEEILATMOSFET OEBEMAEIRE Loar 25 2 5 B M LR %k
N5, Tz, EESMCEELT, BEEHNER (Esap) 297 — MLEOHEEALL L b0k 31t
FT2PIOVTHAEL R OABRS.

2.2 MOSFET O EfRMHFEE DT — MRILIREKTFHE

HEERIAIHIB R Loar DRI H & LT, TakeuchiBDFH2 2 W R L2FHEL BV, DT, AF
EEHET 5.

K 2.312RT & 9 % Sodini 0¥ v J 7 EEMHME ) ANAEF V(]IS E T, BNERTO FLA
VBRIDIRDE IR ONS.

Ip = WCoxvsar (Vor — Vbsar) 2.1

ZZT, Var =Ve —~Vou, WIRF ¥ 2VIE, Cox ABNERB-) D7 —F - Ty ¥ VX, ¥/, F
Y7 FEEEIZIRDOEBR R VS,

e { perrE/(1+ E/Esar) (E < Esar) (2.2)
VSAT (E > ESAT)

CIT, pepridERNBEIE, vear SEFEEE, Esar = 2usar/perr RBEBMBERTH 2. KEFNVT
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Ec sio2 —

Ecsi

Ev si

Sub.
2.1 NMOSFET 2B} 3452 - 44 V{LHR
10 1 I 1 1 I ¥ I I
L=1.0um
~~ 8_ -
'752 _ W=10pum |
X Vp=25V
= 9 °
o | .
-
£ oL -
0 1 | [ } ] i .' ]
3 4 5 6 7 8 9 10 11 12
Tox (nm)

B22 4782 - A% R (Isup max/Ip) D7 — + BALIEE Tox 12T 2 K%
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I Gate

gradual
channel
region

[velpcity-saturation (VS)}
region

K 2.3 EERMET IV

2} NMOS Var=05V
VD = VDSAT +10V

Var/Ip (kQ)

" o 1 N [} ) 1 ) }
0 0.2 0.4 0.6 0.8 1
Lerr (um)

B 2.4 LsarDHIEH
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i3, FL A4 YHaMEBERE Vpsarid,

VerEsarLe (2.3)
Var + EsarLc
TH5XbNRB. ZIT, BW23CRT LI, Lo = Lerr —Lsar TH 5. R(Q21D R (@23) 2RAT 2L,

RAVTONS.

Vbsar =

Ver 2 1

In WuerrCoxVar (Lrr - Lsar) + W Coxvsar
ZORP S, Lear KD 511X, M8 Vor/Ip, B8 Lgrrk &0, BONLZERD Vo X 2 1E)
REROTNIEIRVENDPS..

Takeuchi %%, Vp X EE LT Lear X KO TS, LA L, H2305bH5 L), EEENFERON
%T@%ﬁZ%‘i VD - VDSATT%% . F Z T, 2&&%‘—6‘1, LSA’I‘ ’5_’ VD —VDSATO)EQQS(E ch;ky)fl &35,
Z D Lgar DRI A BT, ERIF YR NVE Lerp R U F VA VEMEBRE Vbsar DFHIEPLEE 2 535, Wi
#dDe La Moneda BN F4: (3], %BIZ TuB0Fik (4] x A,

E2412 Loar DREBIERT. BB L7ZZE DI, VerkK 42 RBAINTFELTB Y, RFHEEIEL
THhHENRbRPS.

B2.5(a) RUF(b) 12, %' — FERILIEE DR 7% 2 NMOSFET K& U'PMOSFET (REF v 2 VAl 2B}
% Lsar D Vp — Vosar B FER 2 RT. = FPRIEATVEHEDL0T, BRELBIFIEETH 225, ¥'—
FRALBEDOEEILE & B2 LoardVNE L 2 2 ERNDH 2EXDI 5B,

%72, Laar D Vp ~ VDSAT'ﬂ{ﬁﬁK’) WwWTit, ZZRoMmIzte L (Vb — VDSAT)1/2 Il gl g 5
[5] XHER S h ey, Vb < Vpsar + 0.5V ¥ CICRBUCEERMERIBE S h, ThUL TR Loar 3B
 RPICHKRT S, ZoMMIE, TakeuchiFiZX DEEICHRESNTVAER[ L —HK LT3,

O RETR, DLELOERERE2RTET V6] EMHIBLTWEERRT.

(2.4)

2.3 B2RTEFINEDHLS
B2RTET NV [6]1c X 1T, BERMERE Loarld, AR TERORS.

Vb — Vbsar + /(Vb — Vbsar)? + EZzp A

Lsar = \In 2.5
SAT ESAT A ( )
TIT, AR
Kg
A=, |— : .
Kox Tox .’L'_] (2 6)
ThHH, BRI,
A= 022 Tgle = : (2.7)

THExoN5. &8, R(27) T Tox, Rzl em THOETH 5.

BED Loar DWEREREYR (2.5) 2 WAL TCWEHEE2RE4:01C, HIEHREH260L) 7Ty FL
. ZORXY, EEERE, N@5)PLTRTWEIENLISE., COFERE LTIE, B|2KRTEFLT
2, Loy, FEEHRNSTOBRFEZF Y INAMICHo TWAEREL NS, #2C, HEH
METORBRFBDOF ¥ FNVFEP S OTHEBREFo2 BATIETHELA. ShIZXD, R (25)
BRERDE I IEEXRIOND.

Vo — Vbsar + \/(VD - VDSAT)2 + azEgAT A2
aFEgat A

MIELERER2TIORT. Zhi ), BREFoRBALTHET 2HICLY, W2KTLEFNVIE, Lear
DPERR L DRVHIEERTENOP 5.

LSAT = ‘A In (28)
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100 T T T 1T 7117 T L J B I
| NMOS Tox (nm)
- No=9x10"®cm™ ® 53 -
- °© 6.1 -
N | 7.9 4
] o 115 |
£
3 | .
&
[72]
-4
10-1 | Lot 1 i1l 1 ) 191311
10 10° 10

Vp - Vpsar (V)

(2)
100 I LR LR R 1 UL AL

[ PMOS i
- Np=8x10"®cm™ 7

e -

: | % )
3
_:%— Tox (nm)
i e 53
o 6.1 i
= 79
o 115
10'1 1 1 1 1 1 14tt 1 1 P 1 1111
10" 10° 10’

Vp - Vpsar (V)
(b)

B 2.5 (a) NMSOFET & UF (b) £ F ¥ % VE PMOSFET i 81} % Lsar® Vp — VpsarKAEtE.
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(oY)

Lsat(Exp.) /A
N

1} X = (Vp - Vpsar) / EsaT A
}4 =0.22 Tox1l3 Xj1/2

I 1 i i

0 1 2 3 4 5
In (X +(1+X%)"2)

& 2.6 LSAT/A”)X = (VD — VDSAT)/ESAT/\k DX, Lsyr‘iiﬂ"ﬁﬁ%m\/"(‘/‘é.

Lsar(Exp.)/ A
N

a=1/3
A= 0.2 Tox1/3 xj1/2

X = (Vp - Vpsar) / & Egat A

0 1 2 3 4 5
In(X+(1+X2)"2)

2.7 Lsat/AD X = (VD - VDSAT)/aESATA (aliﬂ:ﬁﬁﬁ?‘) & OIS, LSAT‘iiﬂ“%ﬁE%ﬁHV‘T‘/‘Z).



2.3. WARTETNVE DR
1

X 2.8 #2RTLET NV D LsprDEHERER. X = (Vb — Vosar)/EsarA e T 5.

VGT =05V
3 T T T T T T
O
» A a
Py o]
[
§ 44 s
> 2k m A0 a J
\H A
> ° a
Y Vor=30V
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1 L L | A L
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28121, BE2RITLETNVIZE B Loar DEHBEHERERT. 7'— PRIUEOERLICL D, K (2.6) 7
i (2.7) Xh, MWW ESTE. X = (VD —VDSAT)/ESAT)\}.’.';’ZJ E, X K104,

Loar ~ AX = Vb — Vpsar (2.9)
Egar
D, MIREFELEL S, —F, X > 1T,
Lgar = )\ln(2X) , (2.10)

LD, BIZINIHBAIT A IR B, 0T, Loar DMEFEMIE, XOBEIZX - TELR2EIlDLY S,
B 2.5128\vTC, NMOSFET & LT, REF + XA NVE PMOSFET D54 Lgar D7 — +BALIE Tox
EEI/N SN, ThiL, BF LD BEILOFI I Egard@mn 20, X K 1DBEIEVRSTH 5.

2.4 ZHESMMEFROIZ=/N—-YIE

FLA VRSB Vpsar ICBT 5K (2.3) KB T 5 L,

Var —1 1 VG’I“
Vbsat Egar Lerr

&%, ZOREY, Vor/Vosar® Var/LerpllLT7O Y P L, ZOMEEROLFICLY, HEHR
MBR EsarWEBRIIZRKD 5N 3, K29/ NMOSFET TORER %R

Zo7uy VEHWwL L, EEHNER Esar D7 — FEEEKEMSES S, NMOSFET I22oW T
ON7ZEREM2.101RY. 77— MR LBEEORLZ 2EZFIZOWVTIRRTWEY, ZOHERID, -1
BALEES B, Esprd®KEL 2B b1 5.

Egar = 2usar /uprr CH B DT, T TEHFICEH T 5. EBHEuerrid, MOSKREICEE LS
MDEZER EepptZt LT, BERUTLI NSV ZERCHI2HIHON TS (8], [9]. Eppridk
ARTEXOLNS,

(2.11)

1 1
Fapr = —— [ =qIN; .
BRF = (2quv + Qdep1> (2.12)

ZZT, NipyBFEEF v ) THE, Quep IRV EEDHZ) DEZREMTH 5. K2.1212, NMOSFET k&
UORET v A VE PMOSFET 12517 2 EXBEE pppr O EprrKFHEOBERRZ R TS, RET 7 XA
BELDZXEW L 2 2BERMICBNTCLoN—F V2RI H 2ENDI 5. 2B, M2.12T, KEFA
BV, - MBRUBEEPEL 25 L, BEBENEST2EAIRAL LY, ThizEVERLERRE
NP LZVEICERT 20 EZ LN,

BEED Egppll 3 222 X—F V2B 2 AWT, BEHMER Esar %V — AW TO Egppllat L
T7uy b LR, H21RIRTEEIELONR. Z2iCiE, 7— FBALEXF L TLF v A VA
BREODEZIZEFIZLOVWTORKRZHERETSOy FLTWVE, ZOMP»S, NMOSFET & *PMOSFET
IZBWT, #EEMMBR Fsar VY — AMTO Egppl2 X LTIHELoN—H VLGS b OE b5,

2.5 ®E

AYNT b AFABRHEOR Y b F v ) THRZRNS ECEETH 2 EESAEIRE Loar i U
BAMBR Esar 0T 2 77— F BRALEO BEAL O RE 2 R 7z. EEAMFIRE Lar?®, 7'~ MRILE
DERALL & b ICEL 2 MEEHER L. F72, NMOSFET & [t_T, EEF v )V E PMOSFET @
Lsar 35— FRRALIEE Tox \2xH S 2RAFEAVN SVEY Doz, Thid, BF L) b ELOEERME
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ROBEPOTHE. 2ok, BLRTETVIR, BRAFar EATIHFICL), EBRHERLORVIIEE

RITEILY 7.
HEMMER Esarid, V—AMTOMOSFHEICEHE L HFBOENBR Fepr & Lo N—Y V3 BHE T
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HB3E

Fowler-NordheimFAX bk L X
ICH 3 MOS REFH{LiSFH

3.1 &

MOS 7 /34 A DHLE 2 S R 21212, FLA VM ETRET SRy FFRr Y 712X 541t
Tid%x <, FEAY b F v U T7EAD 3\ i Fowler-Nordheim(F-N) BEFEA D & ) 12, H—IZ MOS FH
PHALECBEA P VARAVIERIYLETHS. ¥R5, MIETRRIA4IRLAL IR LA VR
TORFALTVEOT, ERZEBRRAEEVEESLHEEHNEELFMLIC VWAL THS. ZITH,
AR L DT A F-NBEFEAA N LAICBIT 2 MOS REHOLILSG 2 R R R<5.

F-NEFEAAF VRZ2WTRR, S OERERVME SN TS [1]-[6]. LrL, REEMER
CEMHEICHELT, RENELLETVERELTVIHIIRS 2, 33T, BAHECREEMER
YBRILEFTORERFORBICER LT, RENCHIBEERILHEREY RS, T/, ThEH
HLUT, BHHERVCREHOFEICOVWTY, 34THRNS,

LI, BTHEER LR, REAEMERSCRIVEERHEL F v A VBHEL OBRRIEETH 5.
INRET, FrUTBHEOALICETAHMERW L O2HE SN TWA. Sun & Plummer i3, EFBEH
L EEBMTE L OB EELIRE LT3 [7). Schwarz & Russek 12, REBIZBIT 52X ¥ V7 -
Ry =2V I HREERLABTBHEES VAREL TV (8. 72, - b BERD 2 VI FEE
5 0 Fowler~-Nordheim(F-N) &F F ¥ A NVEAZROBBEOLICET 2K L EETLR T2 [9]-[12].
EREY b - V7 Pa v EAKROBEESEIHRESI LTS [13]. LirL, ShODHIRR7 4y T 4
VTG A= HHORBRN ) BB T o Tw b,

Fx T BEELHENT AL, MOSTNAARDREBETFICHT2HEBRIMESATVS
[14],[19]). Brewsid, Si/SiO;RETORTF ¥ ¥ VDIRS X2 WY ART, MOSTNNARIZBIT 5 F %1
THBEEETVERELTVS[14]15]. LAHL, TOETFTNVTISI/SI0,REICEEZFMOEMNER
Epppll3 32 % v ) 7 BEIE ORGEE([7],[10) ¥EBHE I N TV 5. Sah%iE, BR7 ——VTRELLR
LEEF L BEFBEEL OBFELBEREZMELTVE, JICRERMZ2ATETFTVAEF VAV
5TV 2% [16]. Ando % [17] % Masaki % [18],[19] 1¥, #{EL TV ARWMOS 7 /N4 A BT BEE* B TR
W72 2RTEBFHR - BEFNVICETWTHEL, EprpllM T 2EFHERFICHBEL TS,

35T, FNEFEATREET 5 REHEMIC X 5 NMOSFET O KR BEFBEHE 0L L o#E % Ik
W95, ¥/, CREBELT, ¥ ) THEOBEELE~OEBIIOWTIRITTS. 261, EF
HOZ2LRTTBFHA - EFNVICETWTBHESLLEEL-ERO RS,
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1012_ LIRS LIRS RAALL LI LLLLL _
~ F-N Stress (Vg =-7.5V) -
- ® ANy (CP,t,=t;=50ns) ]
- 0 ANy (CP,t,=t;=500ns) .
- ® ANy (lp-Vg) i
~—~ - ] -

o -,
§ 10M| "9 -
S : ue o :
Z - mne?® ]
o -
4t - )
L 90 i

]
e (o] ~d
.
®

1010— i 1 Plolﬁl L1 0Lttt L1 1 L0LLLt =
10" 10" 10" 10%

Injected Electron Density ( cm?)

®317— FBEISDFNEFEAANLVA (AL - F—FBEVG = =75 V) 12X 2 RN
BEAN, OEASTFHEREN. BEUMIZ, Ip - Vel o ROLCHEERTHS. HARURLE,
B30 L EXDEEM (), b TR () DSV AEHVCPRIEIC L 28#RTH 2.

3.2 =R

ARFFETIX, (100) pEY = —NEICBEOCMOS YUt AICE W R LAY — &L = 2um, 7'—}
W = 20um O NMOSFET % A\ 7z, 7 — b LI EE Tox = 7.70om T 1), 850°C, dry O,/ HCl
FHEATERLE. 44 Y EALLRYOBERIED 720, 900°C, NaBEHATI05DT7T =—VEBIio
7z, EBF v RNV Nai2, 15 x 107ecm=3Tdh 5. 28, <110>HENZF v ANV BOBTFHH
NBXIRVATIE - 288 —VOFBE .

FEFGEETH, 7'~ P BED L VIIKER P OF-NEFF VA VEATZAVT, 77— FRILEL Si/Si0;
RE 2B L ER. F-NEAFOY—FBRiAetET2HIC L), EABTFRERDA. $7, &
IEOBRELZFMT 272012, F-NEALHBIL, 2OERKICVp =50mV Tlp — VoL fllE L 7-.

HE*x v ) TEBEAN R CERFATMEMTBEAN, 2 5H M3 % HiEE & LT, McWhorter & Winokur @
FiE[20) BBV, hbid, Ip - VeREroRkREAVTELIENTES.

ANy = -C‘fTXAVMG (3.1)
C
AN = '%(AVTH“AVMG) (3.2)

ST, Cox RBENEED ) DY — FBRILBEEE, AVpg BERREEN (NMOSFET D54, 77%
TIE) RUHEBRICIA2BMEEREY 7, AVug3REBMICI2I v FX Yy JEBEV 7 TH B,



3.3. Fowler-Nordheim ¥ EA X } L A2 BiT 2 REHILDO A b U ZABEAKLFHE 27

IV FYYTBE Vyeid, Ip - VelFEL D RV TRD 72[21].

W ¢qNusL n; 2 _1 _
Iplyg=vye = ¥ 2L 2 z (N_A) x ef®F (BdF)"7 (1 —e PVP) (3.3)

:l?,Lﬂi?N4ETLD=QMQMﬂﬁY”k%§éhé.é%K,ﬂ:qMﬁRmuEﬁ%vUT
TEE, kg2 SiDHFBBR pIBTFBEE, O = (kpT/q)In(Na/ni) TH 5B, pW/L DI, Vp = 50mV
TOMEIVY 78 VADBRKEL Y ROLNE. IvFFry TRETOF LA Y B Iply, v, B
%0.01-0.1 pA DBHEATH 2 DT, $T ALy a v Filif(log Ip — Vo) ¥ TOBHRBEAT THEL T,
Vmc RO 72, AV P EHOBE, 7 — M BRILERICELIHEISN T2 E2ERT 5.

®3.142, APETHME L ERRATENBEAN, OEABTFEEEFREZRT. JORCE, BE0
72%, Fx— - Y ¥ V5 (Charge Pumping; CP) #:[22] THHl L -4 R b /RS, REHEMHRE N 12,
CPEHiIcp L WU TORZAVTROLNS.

Icp
M“’Eﬁ (3.4)

TIT, R —FIZEMNT ANRNVADOBER, ARy~ FEERTHS. NPOCPETIE, HKEE100kHz,
iR 3.5V O REEAVTEBY, IH ) EH () RELLTH) Bl (1) 2825 28z Vv Tw 5.
M3.1%0, CPETHE LERREEMEEAN, 2, 1., ; PWEHFREVEFDbPL, i, CP
BRIy FF vy 720203 VEFOTHEICHEET 2 AHEMN AL COBKAERTH2HE, &
Cty, ;B ECHPBESOFEEFSVELEX S LEMTEL. KB I - Vet vl
o EERIZCPEL G LTV A, FIENRLE LBV FEYy THOI ANV F—FHEOEVIZLY
PLEFECHERONE. 2F ), CPELRELRY, Ip - Veltts AV T2, NMOSFET OF;
EIVFFYy T INBNIRINF—HH (T 27 S A) FRBHRE L L7720 TH 2.

ENBEE uprrid Ip — Vo BHLOLXRZHVWTROO NS,

PEFF = -L— ID
W qNiny

(3.5)

Vp=const

ZZTC, gp=Ip/WpoikFx RNV - 2UF 5 YA, Nipy = (Cox/9)(Va — Vru — Vb/2) BFrrricB
AR RERETFEETH L. AFETR, BEADLDICEREME ) DT, pppr& N, ZBIERET
DHFEL TV 5. Si/SiO R EE 2 M DOERNBR Ferriz, RATH2HNAS.

1 1
Egrr = sco (é'qunv + Qdepl) (3.6)

ZZT, Quepl FHEMEED72) DEZRBEMTH A,

3.3 Fowler-NordheimiZF A X b L XIS T ZREHIED X b L X$EH
&RT1FtE '

3.2(a) RUF(b) 1, F-NEFEAA P VAROHEEX ¥ ) 7 EEAN, & ERFEEMEBEAN, OTEA
BFHRE N KM RT. H320) BT (D) CBWT, 47— FERLEEB L VBFREASNL.
K 3.2(a) KRT & 12, ERAEEMTER CHBEILEREIL, Np = 10%cm~ 2 TRBIZEML TV 2
B, Nipj 2 10*° em~2127% % LHBELBEOIEML 2 25, Zhid, HEELOBNSLVIZET
WECL2HPNDLDTHE. M3.2a) 00, EFFEECERE L BEEILERED Ny < 10'° cm™2 TR
APVR 7= BEICHT2RVEFHERIESO,Z,. —F, KERPLDOF-NBEFEAAL LR
DBE, M32b)IREND L) IC, ERAEENEER CHEETEER, Ny = 102%em™ 2% THR
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~y0'2L v 9.0V “‘\ l
' 3 X's 3
5§ F xX2 8 :
p 0o
4 XA ROU AL
5 930" e 3
g o 8%° i
Negative
Lidaaun 0ooaaeeem el
10" 10" 10" 10" 10 - 10*

Injected Electron Density ( cm? )

(@)

E AN; AN, Vg (F-N Stress)
13 [ ] [e] 7.0 \Y}
10 E u o 75V
- A A 8.0V
B v v 8.5V

< 1012
£

3 =
= i
Z 10" mé q
< R :
Zé nﬂgﬁo 3
< 410 Poge® ¥ J
E oant E
- o O . -
o Positive 7
109 L LilLi L LLLL gL i LAt L L riiiy

10" 107 10" 10" 102  10?'
Injected Electron Density (cm™?)

(b)

32(@)7—FBE(BEAXILA-F—FEE) R (b) RKEB (EAL VR -7~ BE)»LOF-NEF
EAA N VAHOHEEX v ) 7 EEAN(BE) & ERREEMFEEAN, (BE) OEABTEEREL.



3.4. BALBRPOREDLOBHIE - BubiE 29

ML TYw3. T/, K3.2(a) RU(b) 2T 2L, HEBHOI AT (BFHHVIZEL) R %3
EHibhb, 8512, RERBPODF-NEFEAR VADRES, BEFHEEEICKE2HELRITTH
HEF 7 v 7 [23],[24] 2°Si/SIO REFELICER I N TV EHS b2 5.

RIC, EAPLVABBIFLT, COREERELHBPTELRAELHLLETNVERRL, BN/ T A0H
A, H33CRT IR, BFRY-FEE,OY - FRLBICEASH, BIAVF—-2BTSiERIGE
T3, OLE, SIERICBWT, TORYF IV b rBL s - £ FU4RICKY, BF - F
Lt REXRE, 2T, FV b - d-ViES - PBBICEASRS, BEASRAEILR, BbESD
ICHES R,

O3=Si—OH+h* 5 03=Si—-0% +H" (3.7)

ORIGI L D ARFERFEBIBT 5. T OXKERFISI/SIOREIHHL, XRXORKEIZX ), REMERL
(Siz = Si*) #4EHT 5. ‘

Siz = Si — H+H° - H, + Siz = Si* (3.8)

COFIVEESTIRERMAER ST LA 20X A LIRSHEICT 2. S Ov R A REILAE T
HETRIS., EMEIBMTL2L)1h2s, BILEFOSy b - L2 b0V X 2 REEMER
PXEME LD, - N BRILECEASRABTR, BERAOSI/SIOAEFETHIINVFE—-%3D, &
DFEy b - XLz bavickh, DFOXEBREISIES 2.

O3 = Si~H — O3 = Si* + H° (3.9)

AL KR TFE, YO A A LAROBEEET, AEEMETERTS. COSOLA2 T ILAB
LIREFCT S, 2B, - FEEMICBVTIR, BFOIIF—HEVOT, BFFHEESNE ko
Tw3, Zhit, FNAFLAFOY — P BROBHEELL VBRSNS,

RIZ, ENXATADF-NEFEAR M VATOLLBELEX 5. M3.3I1C, TOBFOLHEHELRT.
COENATADF-NAF VAT, REBX D7 — FBLEDICEFINEASH, Y- EEBATET
ANVF—%dD, IOy aViR, F-LEBRBRIBWTAL VN2 - AFbEEIL, B
BELZELOPTHIANVF—2FOb 0, 7'~ BILEFICEASRS. LiL, ZOHBE, Si/Si0;
REMTREFOIANF-PENLOIBTHESRIY B, EILHBIZENICEL 2V, 0T,
ENAT7 AT, EROT 02 XBHSI/SIOREDELEFIZRIFTEELONS. 2% ), EERTHS
F—rBEAITHy b - L0 vid, K(3.9) OXKERBERICEERST. R LKER T SI/SI0,
REITHEHLT, K38 ICL ) REEMLERT 2. BNATADFNAMLADTILABLIIRL
D, ZOGE, MEELLKERTR, B2 BRIUEEGOHRELEL TS, 20k, A LVAKE
TTarLedic, REEMOERIAKERFOLBKCEESN, KEs$ts 5. oM@, 23.2(b)
THIRLNATWE., T, MlELAKERTE, Si/SIORAHEAZT T, BRILERIZBVTIRDORIES:
I3 el

0;=Si—H+H’ -5 Hy,+03=8i" (3.10)

ChiIZXy), PHETFF I v 7 (03 =Si°)PERTS. ENATADF-NALVADEE, Si/SiO.FRHE
HETEFOIANVF-FENDT, PEEFF 7y 7 ICHBEAS . 20k, H320b)ICROND
$)LHELCETFREIRI 2. .

3.4 BRLIRFOMBHOOEFHE - MHSH

AETIR, ERLL 7y 7B T Iy 70MERL 0, BROHE - BUBSEZ2AER2
bSOV
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Gate  SiO, Sub.

Process A (Hole-assisted Process) .

h+
/ H. =SHO-H + h'—=8i0"+ H’
2
@‘_lo =Si-H + HO — H, + =Si"
O
& Process B (Hot-Electron-assisted Process)
/ H, _ .0
X =Sj-H — =Si"+ H

\:1; =Si-H + H — H, +=Si'

K 3.3 8/54 7 AF-NEATCOREEMEFTEF IV,




3.4. BALEEROFEP.LOBMGHE - Bl

+

+

+
<~ @
A

o

h
o

Gate SiO, Sub.

Poly-Si
X
SiO, / H H,
.
X X
IO
Si Ni

Process B (Hot-Electron-assisted Process)
=Si-H —> =Si"+ H’

=Si-H + H— H,+ =Si

K 3.4 E/N 7 AF-NEATOREENERKET V.

31
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1-5 LILIL ) L L L ALLAL L LR A
" F-N Stress °©Vg=-5.0V 7
[ Vg=-80V ® Vg=-35V
a —
_ Ta=1000seC Y,g; fé(.)svv
S e a Vg=+50V ]
| ' 3 884838
pd L B
S L : a : H g -] (s}
a |
£05} 4
Z X A
< A
A
11l 1 Ll bt 1lll 1 Lt 11111
10 10? 10°
Time ( sec)
(a)
1-5 111 1 LLLLLEAE) ] ] LILBLELE AL
F-N Stress
Vg=-80V
Ts= 1000 sec
—_— 1_' ﬁ A
o [ ] a é
ot L. E EE E 5 §
>
A | o Vg=-50V
= 0.5} ® Vg=-35V
<} 0D Vg= 0.0V
u VG=+3.5V
a Vg=+5.0V
O Lit ] 1 Ll 11111 1 ] Ll L1l
10° 10 10°
Time (sec)

(b)

B35 BNATAF-NAMLVA (Vg = —8.0V, Ty, = 1000sec) ETINE D (a) FEIEFLFRE A Nown & TF (b)
HEFFRHEMEREAN, ORESE. EEREROZ - BER, -5.0,-3.5,0.0, 3.5, 50V LTW5S,
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T T T
VG=‘8.0V VG=+7.0V
3t 3
a .
5§ 2} o * .
- ®
° o’
x 1F { .
S
S o : :
O]
3 !
<-1s | -
‘oo , 2
L i 1 i
0 1 2 3 4

Time (x10% sec)

3.6 B/SATAF-NAF LR (Vg = —8.0V, 1.5x 10% sec) ENIIEDE/N{ TAF-NX + L X (Vg = 7.0V)
X239 F - Xy 7BEV T},

Si0,  SiSub.

Neutral o Electron Trapping
Electron Traps x@ —
?
X SE Interface Traps
‘ﬁ—
Hole Detrapping

Hole Traps
—

3.7 Bt O EBHF O BERE.
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2 |l AALI 1 LR RAL ] F T HEVINE 1
F-N Stress °© Vg=+5.0V
Ve=+75V * Ve=+35V
~ 15l Ty =4000sec ° Vo= 00V
o | st @ Vg=-35V ]
| A V=50V
=
Z 1| 6o 0000 000°°° O-
< .ﬂﬁﬁﬂﬂﬂnnnunua
~ [ . 3] ! i o ® 0o g0 ©
2 | 22
3 "u,
05: 1
0;1[11] i 1 1 Ll | Pt Lhlitl 1
10° 102 10°
Time (sec)
(a)
2 1B ARL ' LU BLALRAL I Frrnne )
F-N Stress o Vg=+5.0V ]
Vg=+75V ® Ve=+35V
[ T, =4000sec ©° Vo= 00V
1.5.‘ str = = VG= 35V -
A Vg=-50V

:"illllnn-ullg:

ANy / ANg(t=0)

0.5| 5

O-IIHI | 1t t 1l ] Lt bt hitlll I}
10’ 102 10°
Time (sec)

(b)

X 3.8 IE/XA 7 AF-NR} LA (Vg =175V, Ty, = 4000sec) ENIIE D (a) BB FHEHE AN KU (b) &
BRAHEMEREAN, O - e, % - hesidbor - BER, -5.0,-3.5,0.0,3.5,50VE L
TW5,



3.5. REBFBEEDFY FX v ) 7HILOHIT 35

X 3.5(a) ik, BNAT7AF-NA LAY o TEALERICRE BB EILOBESEEZRLTV S,
B3.5(b) iCid, SHIATHET 2 AEMBMNEEOBRMAERL TS, ThHERID, Vo =45VERVT, #
BELOBE, RUZHIIHET 2 RARNEREOBIIRONT VS, %, HEEILEEE L REEL
TR ORIC 14 1 OBIRIH 2 B ST % [25],[26],[27]. Chix, BTOREIRE T o T b
LTHHLEILNTWVE,

03=S8i—-0"+H, — 03=S8i—OH+h*+H° (3.11)
Si3=Si*+H° — Siz=Si-H (3.12)

B 3.5(a),(b) DEERIT, ZOMELFEL RV, Tz, WEEFLL FEEM L OIS, BISHORBEME
BICBIT 2T TO A ABFEOLVWBDTHEERERL TS, Vg = -3.5,-50VIcBWT, BLE
BMOEEHHFBHFIIRD L TWEY, TORETR, KEEIBRINTWE 20, BFIHEIShTY
LEFEZOLND,

M CREONLP o720, BNXATAF-NA ML AIZBWTD, BELEZKERFICX ) BBHEBETF
Ty THERINTVEIENEI LN, TP 5720, B4 TAF-NX ML RZIZENL 7 X
F-NAPVRAEBI LB EDI Y F - Fryy 7BENY 7 2 HIEL:. AEERYH36IRT. X
FUABREEERSEICTAE, BHICII VR I FEYy SEBENEICY 7 ML, FOEBRI ML
TRARHEEbDPL., TORMEAVMcY 7 M, BN 7AFP-NA M ATEICER L TW - HEETF b
Ty TV BTFEHELTCOLIELRBT S, #oT, BNAT7AFNA ML ATOHHETFII v FiRE
BENTV 22, Si/SIORETETCETIBIANE—% 070 ICHBLIZC o TV 2 ERDR S,

UEDE%, H37ICHRT 5. WEETLIZME NS 7 ATRBEIEKS FICREI ), FRICE L TRE
AOHBT 2. Lo L, ENATATE, REBHIL Y — FRILE~AD V32U ¥ 712 X 2 BFR#ED
RRZHEEZOLND, ‘

ENATAF-NAFPUVATERSNPRET T v 71, Si/SIOAETETREFEREL TN,
HEEF b7y FORE - BUBREE R K 3.8(a) ISRT. T/, FNICHBET 2 REHEMFRE DL b X 3.8(b)
WWRY. Va=5VTR, ZOPRETF I 7y T EEBOBTVE I/ AV VX0 EEENS, LiL,
Ve =5VUTF TR, HEEFSM AU U7 BRICIVKBINTVIENEL. 512, PHBT M
7y TOBTHE - BUEOBIC, REEMINIL AL LTOLRWEL, EILEEOEELIZRELY, b
BETF Iy 7OBTHE - REOBEAKIZEIAEIBE L TV LRWEIRB IR S,

3.5 RETFEEHEDKRY bx+ ) TELEOERNT

K392, 7'— FEEBILrLOP-NETHEAX ML RIZ X 2ENBEE uprr DEMNER EpppBGEH 2R
¥ BEHERICBVTE, 4+ /{AHPDBRALGXENZEEBETH 2, ZOERTOR ML AL
L 2BEELIYELVENDLPS. —F, RET 7 A ABESXRO 2 BENBRERTIE, AFLX
KX 2BEHELINEL T oTwAE. Thid, REEMLPLRIEBEPOBEEHIKEBOBFICL-T
A7) =2y TINBRPLTHE. ZOFRIE, A PLAIX 2BEELLL, Si/SiOIEH L FHDE
WER Ferrd b VWEIRGREFFEIIH L THEIIKEL TV IERRRT 5.

F-NEFEAR P LATERT 2 RERMPLHEEMNIC L 2BEHE 0L, KOELDRXEHTHE

1

!Fk% kr)*‘ ”jt, “ E.
HEFF HEFF degraded HEFF

3.10(a), (b) I, #NEFN Egpr = 0.283 MV /cm & U70.621 MV /cm TOA(1/pgrr) D7 — + BABES & D
F-NBFEAA LRI & 2 SR REEMEEAN AT 2 E 27T, K3.10(a), (b) XV, AN, <

(3.13)

fresh
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) 600 I i ] 1 ¥ ] 1 ] ¥
F-N Stress Vg =-75V
® Fresh
5001 4 Ny = 2.87 x 10'° cm® -
o u Mm_973x10 cm
® 400l @ Ninj=239x10" cm™ ]
> .
o
£
(&
L 300} i
w
3
200 1 1 1 1 3 [ [ T |
0.2 0.4 06 08 1

Eerr ( MV /cm )

397 EEIrOLOF-NBFEAAMLVA(AMVA -7 FEEVG = -75 V) IZ X 2 EXHBEEE
I‘EFFo)iﬁlﬁﬁEEFFﬁ{#ﬁ. FEABTFEE Ninji’l\"'? A—=F L LT3,

4x10" cm™2 TR, A(1/perr) RAN ICHBIL TV 2B b5, L L, K3.10(a) TR, AN, = 4x10M
em2 KRB e, EIMESZOMBLLSLTRTWS, Zhid, SEHEL[29)[30] ATHE L - REHEMIC
HLTRI>TWAETHETES., o3, BEDBRTIE, REBETFEEICIZRA ) -=VIER
BNV RZ 2P THL. INLDOEBRKRIE, REBPOOFNETEAX N LAOBET
bHERING.

UTFTR, oD, Y- FEEIrOOFNEFEAAN VATOBBFEOALEZ L. K3.2(a)
OEBERTR, 108 cm 2 LR ABFFEE IO L THESHFORE)IZ, RAOENOFNLEIEIRZ-
TW3, ThicEo< L, BILEHOBEEMIZA/ uerr) KR EEBLLZVWEIERZOTONE,. Thid,
E32(a)5Bo% X 52, 10° cm 2L LOEABFEREICH LTIR, EMHEIBEMTI0H8L
T, A(Y/pprp) REFICEML TV 2B, 0B TE 5. EWBHEI BRILEDOBERMFCNLTIZL
AERELLZVWER, BEEHINEBRI BN TV IR THILEELLNS, BILEDOBEEHIL,
BREOF RV T -FFIyEYIZED, Si/SiOAER S 2-3nm PIRICIZIZ L A EHE L2 VEIHR
HIhTw3 [27)-[32).

BBELSILOEREREHIET 2720, A(1/perr)/ANo D KGR EFHRE Ny, AR ZHERHO
Si/SiO REH & DMl 2ok /87 A—% & LTERWICEHHE L7z, AFHETR, 2RTEFV R OM%ER
17] AW TW 3, F7-, BEADZD, REBETFDSI/SiO,REICER L HROKEBSKIZIE, Fang-
Howard DFATEI [28],(33] # V7. REERE TR, FEL-REEMCHEEMCL Y 7 —a VHEE
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10-2: | { | LA RAL ) |1 LR 1 L=
F F-N Stress A
[ ®Ve=-75V &
o - O VG=-8.0V 0o -
g 10-3: n VG='8.5V dﬁf -
5> EFoVg=-9.0V 3
3 - -
Q - ]
> - i
=10k .
w = oo
2 = 3
= :
Egre = 0.283 MV /cm -

10-5 1 4 1111l ] 1 1 1 0iltt [ [

1010 1011 1012
ANy (cm?)
(a)

10-2: 1 LLELULLLLAL ] LR LA I L=
F F-N Stress =
<« & \g=-75V y
£ L o Vg=-8.0V -
; 10-3= u VG='8.5V -
8 é o VG='9.0V g
> - ]
/'E — —
107
T f 5
- Eerr = 0.621 MV /cm -

10-5‘ [ Pt 0L bhit | 1 L Ltiiit { 1

10'° 10" 10'2
ANit(cm'Q)

(b)

3.10 (a) Egrr = 0.283 MV/cm & (b) 0.621 MV/ecm 1281} 2 A(1/perr) DB EEM HREA N AT
. EHIZ, ANy <4x 101! cm 2 TOERBIIN LTI 4T A V7 LIZERTH 5.
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1 LI LALELLAL ¥ L L |

L

10-15 . 3
Zy(nm) 3
~ ]
> 0 -
< 107"°E
Z -
N - 1
AE »
3 4p17L T=300K 2
% §T0X=7'7 nm . 3
[ Np=1.5x10" cm™
10-18 b1 8 11ttt Ll et i
10" 10'2 10"

Ninv ( Cm-z )

& 3.11 A(1/perr)/ AN D KGR EFHE N BEHROHERFEER. WERW O Si/Si0 REH 5 D
Wz %8 A—F L LTS,

1
10 - T T T T 1 T 1 13

© C ]
8 " ® Negatlve ]
> i o Positive 7
0 o . -
- i Calculation |
- ®

b

— 4001 © ®

—10°L o e i
z o o ® 0 ]
S \
= F ° 1
™

w L .
g- i 4
Z 1

107 ] 1 TR TR NI T O I
10° 10'

Niny (X 102 cm2)

X 3.12 A(1/perr)/ ANy D KEBBFHEEAN KFE. BARUBAR, &4«RXEBL 7 BEPL
DF-NEFEARAP VA (FNERAL VR - F— FEEPERVE) TOEREELRT. RIS, HH
BHERERLRT.
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Nod, REREFICIAAZ V-V /3R [B4 2ER LD, KEHBEOFMI, FETANTVE.
B3.1112, A(1/pprr)/ANot® Niny M % 2 2 /87 A= 5 L LTERHICHELERERT. 20
MY, 200 = 2nm Pl b2 2 HEEMIL, FELLZREEM (200 = 0) ICHART, BEIFEOHIADEE
BEPZ D AESVERbY S,

3.10(a) & OF(b) D&ERIE, ERER Epprd 5 VI REBETHERE N VHMT 2L, REBETD
A7) ==V FRBICI D HBLLREEMIC L ABEIBL T A2EERLTVS, ThICBELT, &
3.10(a), (b) D & 5 ZEROEEX DS, A(1/uerr)/ANg 2ROz, TO X IZLTRDAA(L/perr)/ AN
D Nip R EE 312107 T. SORICK, ZROBERIE RO ZA(1/uprr)/ AN D Nip HKFE SR
LTva, EBRL DROMZA(L pprr)/AN;: BIBIZNIYACHAIL TR, ChRERFEORRLE
HHIC—BL T3, Zhid, BEESILOREBRETFEREERGHR, REREFOAZ ) —=v7IiCX
B7—0v - RFVVYNVOEMPEERTH2EBRRLTVS. BRITERRLERBRCOEERNE
EZER, AFE TRV ECRERATEMEE L B/NIMELTLE I eEILNS.

3.6 ®E

FNEFEAAP LACBIT 2 REBNERRLTF v U 7HECOWTHRRZ. 208E, Efleky
P IVLZ PRIk BAERFOREY, REELLHRET 7y 7OEFEFISEITELYRBL
7z, ¥, ENXATAFPNEATE, REBRPLEFIFEASNL DI, BELEFHENRONS.

¥ 7z, EILOKHIRRTEEMOBREMNELTEY, AEIKERFOEBTHEL TWAEIMRAZ 2.
PHREBTFF T v SAOBFOHE - HICoWTR, RERM~OEBREH LT, ZoBBIIAER
FOEG LMY THLIENRBREINS.

¥/, FNBFEAAD VRIS 2ERAEEN L BFBHEOLILE OMBEL#HEN L, F— Ferr/z
iF Niny KBV TA(L/ perr) VERATEMBEAN, S BT 2 B2 HE L. BEEHFOBBESLIL~
DEBOVTINEL, THEEERISI/SIORHEL Y BN -NEBEICH 200 THS. BEELILD
HHRIEI Y, BEEOLLIR, ERATEMITFEL KO -0 Y HEERCERT 2F b o7,

15 REBEEFBBEDNHENEHT

HEBNRLHREL - RERMC L 2BEEOHLE, 7o VHEEHLRET2EICI VEHTE
5. AEHETR, 2RLBETVAOBRERNNLHVE. BHE0-D, REBTREET 7NV EO
LEEDTVWEIDET S, ZOFT NV FOBFDSI/SIOFMHICERE % I (21H) DEERIEIZ I,
Fang-Howard D FATRE % F\» % [28],[33].

BRALREH OFEEATIC X B 8L § 2 ER BB R, (k) ), RO X I 15X oN 3.

1 mig*Nee [T J(Q(8),20t)(1 — cosh)
r(F) ~ dnhORe | o Femyr@mr (314
s
.0 '
QO = 2k sin 7, (3.15)
ko= ﬁ%ﬁﬁ, (3.16)
NQJN)::|AWK@Wam@QV+%mw , (8.17)

H(Q)

_;_/Om dzy /0°° dza)6(21)11€(22)* [(1 + K":—:)exp(_lel — )



40 & XM

(1~ 22%) exp(~Qla1 + 2l | @.19)
2 *Ny €Q/32 df(E,
P@) = s+ [ /= B0+ 94, (3.19)
2 2 .
Q2 = 2% (%) : (3.20)

TH5., T, miESiOREFEEEHERE, n 3L — 0B, koxKUksit & 48i0, L Si DILFHFER,

f(E) 2 Fermi-Dirac SAMKTH 5. I T, (100) FE%HE I OT, REEFIIHLTRm) =mp &

25, X(3.19) 12, EHBEOFBRED O FRBEOFEMEL KD 51 b Maldague D [34] & AV

THEHTX 3. BILEPOBBEHFOSA L, Si/SiORECEBE LA HBERTHLLEEL TS,
HEENOBTBEE~OEEE, ARTRENAS.

g (Tot(k(e) €) (3.21)

Hot = 7n—‘_ (€> »

ZZT, m*RSINERENER (EET TNV F Bt LTt m® = my), €id Si/SiO2 548 12 PAT % F 1l
TOEFIINT 5 BB RV F—), k(e) = VZm*e/ATH Y, and eDBIEg(c) DFBI(g(e)) 1,

o= [ ot Ll (3.22)

TEEINS.
ERoOFRICESL L, HEBHIZLZBEEOLLIE, XATERINS.

A ( 1 ) _ mim*PAN,, © ¢ -
pEFr)  ATh’R2e} T _JQ0),z)(1-cos) ./
o [Q(8) + P(Q(0))H(Q(6)))?
REEMIZ X 2BBEOHIZOVTIE, ANgEANCBERE, R(3.23) 2BV Tz = 0 & THIZ
L,

(3.23)
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5 — MEMLEED N,O BRZ2ALIC & 5
Ky bE o) FRAEADHE

4.1 K

FIETORRAL ), = FRIEEOBELICE, BEEEEZA T 28ME DT — M ERED L
BLENDIIKL>TWAE, BEIVERIZBNT, kB~ MEREL LT, BIL: SRS 2
WIRERLTBI 2 ) FIC L ) BRT 2BSMEICHET 2R P2 0iTbhTn 3 [1]-[12]. RE{LED
BB, Si/SiORMICHFET 2MEALSIi-NEADDTHL LEZLNRTYS [3]-[5], [12],[13].

NoO H A% IV 72BRELIE, NH3l2 X 221X D bXRRBEFORGN L WEICL D FLL Sh T3 [4].
2% 0, NH;Z2toH4, ABPIZBVTRIEBEPIZARRFISRCMIATNTEF T v 72 BR
LTLE ) DT, #DERICHE, RTP(Rapid Thermal Processing) % FlV /2 BWELXLBET = — VA%
EL 2% [8),[12]. —H, NoORE(LDBE, KEEFOMENEVDOT, BF 7 v 7RBERINIZW.

N, OBZEb 7Ot AL, FFFOLR L RIPD22ICkKBI &5, Chu%it, RTP TN, OMZE{t2 7o
72358, BERVEBEORY—HFELTLEIBERLTNS (4. /2, NJOBREZLDATIE, HE
EEABN 2010, 5-10nmBEORE Y85 I LSINECRTEALERMEELTLEY). T0kD,
BFLEN,OBREMBEER IO LR L LT, FOREOBRILEL R LI2E, N.OREREZT) FIER
ShTwa6), 9. BT, fON,OBE{LT UL XL XHT 570, ZOME(LEL N,ORERILE
PIEREICT .

Fx AN, OBEIBLEIE, &y - TV 27 POVEAR ML AICH L THEPP R VEFRE S
hTws (6], 91, [11]. Zhid, Si/SIOREHENEREFFEBROFEN D EINRTVE. L, &Y
PV ru v bR OREASEICEL T, WEEBBHIhATYw W, 2, EEHF v AVE
PMOSFET i2 3T, NoOBEIC X ) EFLEEISEMT 2 L VO WEDL D Y [15], NoOREBILYH Y
b FY Y THICH LTETHEN TS 010200 T b SREI NS,

FHFETHE, NJOBZLICX 2Ky b - Fx ) THAORBLHE T 2ELEHME L, FITSi/SI0;
READE AT 2EERFOREEB LT, 7~ FBLE~OX v ) 7EASLY — LR TOX
FEOWROBLE PO AN,

4.2 EE

A7 THV/2 NMOSFET i, p#Si(100) MK Lic, B%EDLOCOS FF 48, HTE S poly-Sir—
MR A W TERL 72, 7' — FERLEBOEELE, nt poly-Si 7'— b B % LPCVD(Low-Pressure Chemical
Vapor Deposition) 12 & DL, 72 b - YV FI T4 —-RUREHA LY - v F U I D57 —=

43
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VT R ffol. V—=R/F LA VEBADAs A F VIEAERT o721, NoFHR, 900°C, 105707 =— WV
{7072,

—%, APFETIE, pt poly-Si¥— FBEE AT AZREF v A VEIPMOSFET b fiv7z. AFHK L, n
1 (100)Si AR b1 L7z, %' — b BMLEIBE& I LPCVD THB L7z poly-Si#g% 74 + - YV T T
T4—, FeHA+ Y - 2o F o7 IZEOVMILT, - BEE Lz, V=X FL A VEBKFpoly-Si
F—FBRBOF—EV D102, BAF VEARSIiAF VEACI Z2FSHEIOKRIT o/ BT =—
Viz, N,ZB4&, 1000°C, 108 ® RTA (Rapid Thermal Annealing) ¥ 82 %z o7z, AFK T, Koo
EEPFTRELBRENTVERVA, THIEFONAPENDS TH % [16].

WES— FBLER, dry O,/HCIEHEE, 800°C TR L7z, N,O BRE(LRRMLIEZ, BERILDK, N,O
ZHES, 950°C, 20 3 DBMEI X YK L7z, BREICHBE LB ERILER N0 REBRILEDIR
S, R (SIO DEHTE : n=146) TRELTT784£0.2 nm & 2% X 912, BH OBRILEMH % RE
LTw53, ’

AKBFET, &y b - Fv U 7HLOFEMIC AR, NMOSFET, PMOSFET T& 4 L = 0.4pum &
CL=05umTHY, #¥— MERFICW =20umTH5. & b - v T7HLORRENEFES 572
B, AMLARHHLT, BRMRAIES L. BEEE (Vin) RTI v F - Fxu 7EBE (Vme) & 7Hil
T5% 72912, Ip - Vc,ﬁﬁ% Vp = 0.1V R TF2.5V THELE. 39 F - Fyy 7°‘§EVMGli, YTAVY
YaNVFERD Ip — VeI OFM LA [17). 74, Ip - Veltl, VXL F LA VOBELXZBL
1HEEDY 0)1(Reverse Mode) b Iz L7z, 7 — F BALEHORWBEFHEREAN L, SSHHER (Vb = 2.5V)
D Reverse Mode D Viug ¥ 7 F & Y k72, X512, FHETIE, ERAEEMBEEAN, L FMET 57
WIZ, A VAHKEICIF Y —Y - RV FREITo 72 [18]. 77— MCENINT 58V AR, #&IE3.5V,
B 100kHz, 72— F 1 H50%, L5 LAY - SHETA DB 0.5usec & L7z, HBRFEEMBEEAN;
X, Fr—¥ - RVEVIBRORAMEL hRD 72,

4.3 NMOSFETIZ$17 5 N,OBZILICE DKy b F+v U T7HEDOHF]

4.3.1 EREFRE, ¥ — b BrsH

®4.112, Vp =5V TONMOSFET(L = 0.4pm, W = 20um) O K EF Isyp DEXT — M BIE (Vg —
Vou) A2 R, NoOBRELELE MOSFET Tit, B¥MILEMOSFET & 1 /M S WHERER 2R
LTWw3, Zhiz, NJOBZ{LB{LEEMOSFET D57, F¥ ANV TOEHEFIRINVF—IMEVEELR
LT3, ZOHEF, M42RT L )12, NyORENBRILIEMOSFET DETHEFEIMEVWEL h HEHET
2. 28, NyOBELBILEDSi/SIOREIBEOBRILEL Y SES P TH S0 (19, BEHER
EBWIBBEORENR O NS, N,OBRELLBILEMOSFET 0B FREIEVAVERFERTE VDT,
F LA VBREBERE Vpsarh B 5. EWEBHIL,
Aj

Isup = EIS(VD — Vbsar) exp(—

THEBENZELD, NOBEBILEMOSFET DA FERERIVNS K 22 HrEBETE 5. EXT,
AL BRA NI - A MR («(E) = Aiexp(—Bi/E)) DEHTH L. FyvF—-Tlbrtrov.
EFMR0IZE T, A7 AF VEBRROBRETZ ANV F—imp el Bi(= qbimpe/Ae ) 5 &
HEND, ARRERNFRTOLSY b - T2 PO VOPYEBTE, A (= 02252, ) i, HEH
AEROFER [20] TH S ..

M4.312, A Y%7+ - AF AR Igup [ Is D Vp — VosarDFERIIH T 2KGEHELRT. COFT
i, - FREREOBEICI 2KRELRERIR LAY, KA PS5, TOHOERDMEE D imp A/ e
THEZOND. ZORE, B—0DVe—-Vrak Vb —Vosar TH, 77— MEREEBRZEOZERNF L A ViRiE

AB;

Bt S 4.1
Vb — Vbsat (41
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-1 01 2 3 4 5 6 7
Va-Vm (V)

% 4.1 NMOSFET(L = 0.4um, W = 20um, Tox = 7.8nm) i2 B4} 5 Vi = 5V TO LB Isyp & 7' — b
B IgDER T — FBE (Vg — Vou ) K. EREBRIIE 4 BILE L N, O BRBLBRILIEE 7 — Mg
B+ aRETCORRERT.

)

o
S
O L]

D
o
(@]

w
o
o

1o (cm?/V sec

20073 ' T T T 1Al3
10 Ninv ( Cm—2 ) 10

X 4.2 NMOSFET(L = 2.0um, W = 20um) 2B} 2 ENETFBHE p. VR B THEE N K. B
A BHBZEN TN L NoOBREILBLIROFE (Tox = 7.8nm) 1233 2% R
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%)

—6L1 1 ] 1 ]
10°62— 04 0.6 0.8 1
(Vp—-Vpsar)™

X 4.3 NMOSFETs (L = 0.4pm, W = 20um, Tox = 7.8nm) D 4 YRZF A4 Z VALRE [syp/Is D
1/(Vb — Vogar) ICX T 2467, BEIRUHEN, &4 BEBRILE: N,OBREMBILEOTE TCORE
WRETH.

Ve—Vp (V) 1 15 2

/ Control e =m o

Y N,O-Oxynitrided o o ¢
107° 1074 1073 1072
Isus/ Is

5 4.4 Vg — VD%1{7 A=t L7 IG/IS & ISUB/ISUJBQ%. BRRUCHEN, #hFnBbEs NZO&
LB O NMOSFET (L = 0.4um, W = 20um, Tox = 7.8nm) 134§ 2% /R T
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2

1.8
0}
Q.
E
© 1.6
-
L
.-

1.4

Control

e I

(VG-\ﬁﬂ/TED(UWVUCnﬂ

B 4.5 ¢pe/Pimpe? (Vo — %VﬂmLﬁTbﬁﬁﬁ ERIL, AL THERTVRE TRV T —EREETET
WVEDWT, EBRBEICT7 49 T4 7 LT3,

BORBRAEBRTOFY b - L7 PO VORBIIKREZEBERIZEZVWENDLIS. ZRIZ, Igys/ls
P22EOFRTOFY b - L7 PO VORI ANV —-OBOREL LTHVIENTE2HLER
T3,

H4.112B8WT, NoOBELBILEMOSFET DA VA& 27— FBHEEZRLTVWS, ITRIZIEK, kD2
DOBEIEIONS. 10, HEHANERTOFY F - V2 PRV OFHI A VT —PRVETD
5. 9121, 7~ MEBE~NOBTFEARN T2 IR NVE—BEIKEVWETH S,

Vo>V TOX— 1 BRELBRBHROMIZIZ, UTOMBRIRIT 2EIGS LTV [21).

I_G N (@)%,e/@mp,e
IS IS
ZZT, gdpeidy — MERBANDBFEACHTLEIANT—BRTH 5.

X 4.4, F¥ ARV &y b - L7 b0 Y (Channel Hot Electron) AT Ig/Igk Igyp/Is DK%
Y. CORTEZ P e/Pimp e TR LTVEDS, NORENMRILEDFFBERILEL Y X LA
LTWaEF b5, ZOHER, NOBRZIBILEOFPKRE bdp 2 HTL2HELERT 5.

4512, ¢pe/Pimpe®? FL A VIAHED T — FER (Eox = (Vo — Wb)/Tox) ot 2GR LR T.
D Eox M, kDL 25— PERIZE 26, DET [22) WEETH 2.

, (4.2)

Bo.e = Bo,00 — BB — OE L (4.3)

ZIT, B1ED 012, Si/SIOFHEOMREF DL AN F— B, 5 2HIIFRNICE 53 TET, KK
B, SIERPS S — FBLEAD F AV Y Y 7ERL TS, R OBILEICH LTI, ¢peo = 3.2¢V.
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N-rich Layer

n* poly-Si 7/ sio p Sub.
2

Drain Edge

‘& 4.6 NMOSFET 231} 5 CHEEATOBFEAZRT AV FI. #RIE, Si/SiOREMFEDERRTF
WERTAI2ABHICLYVBREINLIRT VI ¥y VERT.

ROBITIZBWT, BRILBERN,OBELBLEIIT LT, =248 x107% (V em)¥/22 0 =2x 1075
VIBem?BEREL TS, Fiz, £ U7 F A F VBRI AINVF—E LT, qdimp = 2mi+m;,)/(me+
my) = 1.8eV 27z, H45DERIE, BERME L NoOREMBRILBEDOZ N TN LT, dpeo =
3.1eV &0 = 3.6eV ZFIVTEE LTV, ¢beo/dimp PERMBE RV—HERL TV, Zhi,
N OBEMEDO SV BERIEL ) SBFEAH L TREZZIANVT-BREELETLHLBIRT 5.

H4.6iRT L9112, BEREFAERCAENIHFLETL2HFICLD, NJOREMMBILED P, HKEL Z o
TR EEXLRS, A5IZBVWT, ERGARBRICHBHVPHFETSELRT. ZOREME, PN
BB LTETFOEARZINT 205, Thdd 2 ENMHEMESEEFIL S, B, NORENLD
Si/SiO RED T AN F—BEREADEEIZOVWTIE, 45THEMICHERT 2.

4.3.2 Fv bF v U TH{EEE

H4.7(a) 2, Vp =5V, 10,0000 A F L ADEFRERVBEEDOEIHA VX - 7 — FEE (Vg — Vrn)
T AREHRERT. ANit, EEY— FEMLEE NoORBLBRILE L b2, ERERI|AL LS
Vo —Vru = IVRHEIKE—=2 % b0, M4.7(b) iKid, HEENER (BFOBAE) OFEHAPLA - F—
FEE (Vg — Veu) 1S3 2 KEH L RT. K4.7(a), (b) X 0, FEEMAER L BT HEIZ, N.OBEILIC
LVEZBCHR SN 2B b2 5. CORRD12R, H46RLAZEEEFFROEBMICL 5y D
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T T T T T T

3_ -
‘\I'E Control
1—0 2— 7]
©
=
=T l
< N>O-Oxynitrided

1 L 1 . ] . i L 1 . ]
=0~ "2 "3 4 5
Vo=V (V)
(a)

4 | T T T T T
9
-
(&)
- 2
(@]
k%
Z
0

4.7 NMOSFET(L = 0.4pm, W = 20um)(a) LA TEMNBFFE AN, & (b) HEEBHEEAN,, (ETHE
DBEIE) DEHA VA7 — FBE Vo -VirulEtE. A PV AZHE, Vb = 5V for Tyrress = 10, 000sec
Tha, BRLEBAR, #hPn@ERLE L NoOBRELBRILE (Tox = 7.8nm) DFFHI T 2EZRT.
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1012pm . & rrem
N Control
g 1011 _ .
3“: N,O-Oxynitrided
0Ll o v ooaand 0o aeeend o sl
107907 102 100 10
Stress Time ( sec)
(a)
1012:"'| T L T
- Control
IS
(&
\é 1 011 | .
=z
<
1010 NZO‘.OXY”"‘"d.ed

.1..01 —

102 10° 107

Stress Time ( sec)

(b)

4.8 NMOSFET(L = 0.4um, W = 20um) 12313 2 DAHE X b LA (Vg — Vo = 1V, Vb =5V) 12 & 3
() R AT EMFEFEAN;, & (b) HEBFHEEAN, DA b L ABBKER. Bl BiiZ, S4BERIL

L NoOBRELBRALIE (Tox = 7.8nm) 12X 2% R Y.
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1oV pr———
by i Control
g 1010_ -
= i
< I
N,O-Oxynitrided |
oLl AT R R PIT |
107407 102 103 10*
Stress Time ( sec)
(a)
1011 T T T T
N
5
~ 1010k Control _
= F
Z
<
N>O-Oxynitrided
10°

O
Stress Time ( sec)

(b)

B 4.9 NMOSFET(L = 0.4pm, W = 20pm) 12817 52 DAHE A PV A (Vg — Vo = 1V, Vp =3.5V) I &
% (a) R TR BEAN, & (b) BEETHEEAN, DX b L ARBMAEYE. BALERE, &8
BALKL L N,O B LRALE (Tox = 7.80m) 14T B R R T
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¥ LENLJ lllll ¥ Ty Lk 4 L) T I"'ll' L] L LR B -

6 2 Ve—Vy=1V

£ :
o
o
— 10 : ;
< 28
_(£ O
bo 0

102

1076 e o
Isub/Is

K 4.10 EFEBRILEEL) EN.ORZ/ILBRILE(BAL)(Tox = 7.80m) DNMOSFET(L = 0.4pm,
W =20pum) i2343254 7% 44 - 70y b (1Ig/W versus Igyp/Is). APV A -5 —FBREVG — Vrn
=1V, 5V & #h FN DAHC, CHEEASBICHAWT WS, EFHMTIX, Alcp =80pA L 2B A ML A
R & LTV B,

BmyEZONS. H4.7(a) & (b) 2 HET 2L, AN, NE—21, AN, DE—2 L h bRRPES— b
BEMICHS. hiz, BTHEELS - VRILEPTEZY, SIER~NO RV V 7 - FrIvEYS
PRI HLLEVEIITRICE, BREBTEAVLETHIOIN L, REEMAERIIFAEH TR 285050
HEIN5.

Vo—Vru=—-02VTOFLA Y- 7)NF ¥ x5k Y b - F—) (Drain Avalanche Hot Hole, DAHH) {¥
AT LTI, B4.7(a) R (D) 1R T £ 912, NoOBEBLBRILE I EFLHE T 2WEOET 2~
RET ¥ RNVEPMOSFET 28175 F ¥ %)V - &k v } - & — )V (Channel Hot Hole) /£ A Tid, N,OMZE1t
BALEDH P EERILE L ) b EfLHESL WEIRE ST 5 [15]. NoOBE/ILBRILIETOEFLIHE
AT AR ET ORI, Co®EL -T2, ZOBICOVWTE, XHOREF ¥ A VE PMOSFET
DEALDBHIZ BN T OB, :

X 4.8(a), (b)iX, Vp =5V, Vg — Vou = IVODAHE X F VAZHTDAN; &L ANy o DA b L ABFH
BIERERT. CORT, BERIEE N;OREMRIETDAN; L AN A + L RIS 245
BB LTV EERPS, MEBEBTHIBES LB TH L2FNRRENS. HuFid, AN A ML ARR O
nEnm=05-10)TREINLZELRLTVS[23]. LaL, H4.8(a) Tk, nDfHEiZ0.20-0.25 DHFFEAN
TLoZWw. Aelnid, BRINWICREECOERIEANL TR 5720 TH LB R IHETD % [24].
LyL, FBTHERTVE X, KEOUBMEN722A7 v 7 - REEMERETVIZED, TDE
BAERIHTE 5.



4.3. NMOSFET 28172 NoOBEALIZ X 2 v P ¥ v Y 7H LD 53

% 4.1 DAHC(VG — Vi = 1V) & CHE(Vg — Vi = SV) BEAKK T 254 78 445 - 709 b bR
f:¢it,e/¢imp,e (¢imp,e = 1.8eV§’f-ﬁ‘/"(3§V) kd’it,e) 0)‘[[&,

DAHC CHE
WEBLE 3.17 (5.7eV) | 2.12 (3.8¢eV)
NoOBRZ LBMLIE || 3.17 (5.7eV) | 2.38 (4.3eV)

X4.9(a), (b) i, Vb = 3.5VOHEEDAN; L AN, ZRT. D, BEBILEE N;OBRSZ(LRR(LE
TDAN; E ANy oA b L AR 2ERIRLL TV DS, n=058%oTW05. Zhid, £1t
BAPVABDOKEOUBRTCEREIN TV EH[23) 2R T 2. HLICHET 2 KAFREL LTIEICKE
SF (He) T 5 ErEwmes ST 2 [25]-27].

433 B
Hu%it, ZFFM7E, DToRBERIE) FEEZRLTWA 23]
—¢it,o/¢imp,e
rIs/W « <I—§U—B) , (4.4)
S

TIT, qpu IREENERICHELIRI VT —,RT. K410, BEMILE L N0 BRELBRILED
NMOSFET 23t U TRl L 72 K FHH 2 RT. TFHFMrE LTIR, Alcp = 80pAICES A b L AKFH
¥ LTw3, DAHC & CHEFEALAIIC, BEBLEL NoOBEBILBRILETCOEEIMITHEL Z-T
W3, ¥72, ChoiBDERMER[28) AL <{, DHHC X CHEZEALBIZL 2 WX DERIRAONS.

KANZ, FAT75A4L - 70 b PLRD i/ Gimpes KV imp,e = 1.8eV Z HIVTRD ¢y R T
DAHC#EHATIY, BHMILEE NoORBMILEIXF Uoy 2FT 5. —F, CHEEATIR, N.ORE
BRI RERILEL D b 05eVAERBEEA LTS, Z0ER, WHTRRZEFEACHT
% Si/SiORED T AN F—BEDE L IZIZ—FHLTW5.

IRG DRI, NoOMELBRILEIC B 2 BRIBE 1T 7 4 VD E—2 3Si/Si0 FRE A& Fnm
HWEANCH2ErLHBETE S, B~ FBROEES, HEANFER T L LDIFINF—%bDEy
P2 VO USREEMERICES T 5. Z0BE, Si/SiIOREFEDEERFIC L 5 ¢y NEALI
FEALZWEEZLNS, —F, PR VT TETEAVXENIE 287 — FEROBE, EA
ENLBTRBIUEBRTIE I N T, REEMERT AV F— (BRICEORET W 5# 2eV([29] ) 275
BEEZLND. D70, i elddp I EIFTH. ZOHER, NoOBRBARIBEDOHVE Vi A LEL
%5, ~
RKANIRT LT, BVPp 37— MERBENOBETEALIRT 5720, ¢yt %25, LL, B
410CRONB LI 1IC, ThRFFHEOIROZENLZERTIZ2 V. NoOBRBLRILEOBEER I,
BEZSINHAC L2 REEMNEBROEBEIICLIZ2bDLEILNS,

Griscom i3, BALIEH D 02=Si-H % 03=Si-OH %%, LLT D& ) KB 1otk K E@E ERT 5 LB
TV [25).

03=Si-H — O3;=Sie+H° (4.5)
0;=Si—-0H — O3=Si—-0Oe+H° (4.6)

T/, 5~ MBILE~NOBTFEAIXO; =SieX 03 =Si — OeNETRELXAT 5 PHET I v /% kD
FnRicheo CTHBT 2L £ 5. BBEL/KERIR, Si/SiORENERL, DT ORCA CTREHEM %
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f Vg—-Viy=10V

v ® O VG_VTH = 05 Vv

m 0 Vg-Vi=10V |

A A VG_VTH =3.0V ]

109 (b) Vl v VG—VTH=5OV-

10° 100 10" 1012
ANt (cm™)

4.11 ERRTEENFE L HEBTFEEOMZ. X L ASKR, (a) Vb = 3.5,4.0,5.0V, Vo —Vry = 1.0V
R (b) Vb =5.0V, Vg — Vo = 0.5,1.0,3.0,5.0V T 5. BFIE HENI &4 BEMILE L N,OBE/LM
ILEDOERERT.
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ERT 5.
H® + Si3=Si—-H—>Siz3=Sie + H,. (4.7)

FOREEMERET VG, ERFAEECEREFERIRETF T v TEELHMEIS 2ELRRYT 5. &
EFVOFMIL, [FETARS.

K4.11(a) 2, Vp = 3.5, 4.0, 5.0V, Vg — Vo = 1.0V O DAHCEAEH TDAN; & ANo c D %R
T, ZOEEY, AN o (ANp o)" DRI T 25, RUZOndVpD#EE & 12145 05128 T %
Hibdh b, BEICOWVTI, VoML by - IL2 POVOIRIVE-3EML, KEOM
AR S NT, FREEMERATBUEEIC R B (Si/SIOFHE X CHB L AFEOBTREINL)H
THETE S,

Vb = 5V OHEEE, At n = 05088, ANii/ANoid, N2OBREZLRILBOFIKE V. i3,
DAHCEATEA SN BF 0BT RNV F—iF, Si/SiOFAEHE CKERBECLELRIANK—%F
LTWA7:0ThHoEELLNE. ZOHA, NOBRSIBIEIIBV T, KXEFOIRLALTER
EEEBRTHESNS (PHBT I v THER) 2%, #8072 22 EREHERO 0 KFEEIER
h, SHiY Y 3 ORE (REEMER) 21288 T 5. DiMaria% 08 [30] I L i, BEEOUHE
13, —BRIXARHOHEEIE T 2 EEOMA[31,[B82)1c X B, S0 L) ZEBNY TOFEEIZED, NO
ME{LBILEIL, DAHCHEA CHBEEDEE, KEZAN;/ANo ERT.

H4.11(b) 12, Vg —Veu /X9 A =% L LT Vp =5.0VTDANE ANy DR ERT. AL X -
y— NBETIR, FLA VBEEOBFEF v AVEBROBLDIZLY, Si/SIORETHOEABFOLLE
NE-DRBPT S, LrL, BIUEPOREBRICLY, EASKLZEFIMEENS. ZD72H, AFPVA-
7— FEEOEIME, KEFREEONEY L)y — FEEMCEL T2, BERILERVTN,ORELBRILE
KBWTA LA -7~ FEEOWIE & b ICAN /AN AW T 22, KFREOUEIC L o TRHHT
X%, 0% 0, KEMBAES D Si/SIOFEE COEMIE %2120, KM Si/SI0RHE I H)E
T2ECOBMIEL LS. T2, NoOMBILMILIED 25, ANy/ANote DA FLVA - ¥— FEEMKEF
BOBREVEN bR S, oF 0, WERLE L HBL T, N,OBREBIBILEDOH S, Vo —Veg = 0.5, 1.0V,
THAEZVA, B — FBETIR/AELLZoTWwE, Thid, KEMBMEDLS Si/Si0RE T TOMIZ,
BHNV T THLEREERY DL THA.

BEDEDPS, ANt ANy DBERIZBNT, EXREHEBROEEHNY 7 L LTORFAFERTH 2.
BA VAP FBETH, Si/Si0; REMENDEEEHARTKEIHBHEINL, BREATRI, K
FEOT— FEB~NOHEHEIH L, 20#E, KEEOBREZEMNSE, Si/SIORETO M) 2~
LOREGEIRET S, —F, BA MLV R - F— FBETIR, KEFE#CEIZS— FEBRAICC T ML, 8%
EHBEROPENY 7T D120, SifSiOREICHZFT Z2AKHEOBR PR kS, ZOD, BAMLVA -
7~} BE CTHREEMAERIS R S S,

Kiz, PHEF I v TEREOHHOWEREICE L TEET 5. Yoon%id, N;OBREZ/ILBRILEICBW
THUEF IS v 7EBAIH SN 2FRME LT A [11). ZoHRETR, PHRET 7 v TER O
i3, ERHEORASTH S LARRTVE. Jhid, BERELLEABFOBRESICL), PHREFII v
THREREINDL LEZTWANILTHAS. UL, BEOHEICL T, AT v A VEPMOSFET @
CHHZEA TR N O BB EITEERILE L v b EfLEE T 2 HESMENEIRENR TV S [15].
M 4.8(b) UK 4.9(b) I21t, A ML R - FL A YBETN,OBREMBRILETOEFHEFIPH ST
BEIRENTWEY, ZORERE, EILEEORD TIIFHTE RV,

BB T v TEEOMENE, Si/SIOREAEICHEREL, AERBICHT 2N 7THIEXRE
BERICE . BEREFESTRERLICVWOT, TEr oS 2 KEEOEE &L 25, TORR,
AEEEOBERSICIZPHEF I v TOHEBMREESNRS, 0F ), NpOBMEBILRILIEICBIT 29K
BT Py TEBRINHESNE. COBRE, KEEIEBEEICRETIRA P LASFHIIBWTHET
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»aH. ZOBEMIT, H4.8(b) L K4.9(b) X LBTLETHRIAETE 5.

4.4 THF+ R IVPMOSFETICHT3N,0OBZEOERy FX+UT
BN EE |
4.4.1 EWREBFE, 75— VEREE

H4.1212, BERILE & N.O BRE{LBRLE OXKEF ¥ % VEI PMOSFET D XAREH & 7' — FBHROE
By — FBE (Ve — Veu) BB ZRT. 7~ FEEEER, ERERIRAL 25K~ FEE (Kv
Ve — Vou|) &% — MALEICBETHEA SRB DI LT, &Y — FEE (B Ve — Veul) TRIERL
PEASNDZEEZRLTWVAD,
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I AT MU DERLIZETF DT — PRIUENDEARR) & Igup/Is(F v b - F—NV DA V87
b A F VALREE) OBREIRT. qdpEBFDT — FRALBEADOEN T 2 LAV F—BEE, ¢dimpn
EERY P o F—NDA NI b AF M TEIHERTANE =, MRBRPAEELTY b - F—VEFY
FeZLZ bOUvOREHHHIELETLE,

I (ISUB ) $b,eMn/ Pimp,h Ae
—
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Isyn Ig (48)

DEBEASEPIICEL L, M413DEROEE X dyeln/Pimppre X RTBVEMTE L. ZOFELD, N,O
MBI AR 2 dpen/dimppre E BT H2ENDRD. M, Ao R impnid, BILEREK 70X
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BELZVERS, TOERG JRBETELELOND. BRMEEEBLT, NoORELMILE
RAE 2o 2HTZRRAIL, Si/SIOREMENEERFOHFLELEIOLNS. ZO#HR, N.ORE
BALEDH H DAHE EARIRIMEL 5. Z ORI, WO NMOSFET 05— FBROMITHER L —
BT 5. B, NOBREILD Si/SiOFE DT RN F—BREADEEIIOVTIE, 45TEHMICHITT 5.

4.4.2 Ky bF+ ) TEHEME

[ 4.14(a), (b) 121X, A L X (Vb = —6.0V, Tsrress = 10000sec) = & 2 BB HBEA N & L BRFH
WNFEAN DEMA LA - F— NEEEERZRT. H4.14() 25, 2200FlTbr%. 121, &
rF— BETELVWETHESRON, B — FEEMTRELBENEZELLZ2FETHS. ) 124,
EEMCEE HBL T, NoOBRSBRILECRETHEI N Sh, ELHEIMEE Sh2EAYH 2F
TH5.

X4.14(b) T, KA PV R - 7= FEECREEMERIEZ IR STV LT, A ML
A= PEETREESROAL . T2, H414(c) CRENE L HIC, FLA VEfHETHORITEZ
BETHECILDFISRISNIEF vy ANVEMLD, NJOBRSLBRILEICL h IR S h 5.

®4.15(a), (b) 12, 2R ZHEERILEL NoOREMBLEOFEICH LT, DAHE R } L AEIIEED
Fr—T BUEVI7BRIpERT. TOHPLS, NOBRBIRIEICBWT, ETHERVREE
MAERIHEEICHH SN TR EEI bR 5.

M4.14ET4IBIIRENTVE X9 %, NoOBREBICBIEECOBTRECHHOERD 101, #dL
REEEHRBIZL Do DWHFEI OIS, AR, N4UKASAELBEOBAIR, ELOY—
FRRALEADEACK T 2 TRV —BREG, W EEESEBICL VB LTV EHEERL T AT RERD
Ha., ThiZ, 4.5THNS,
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B 4.15 (a) BEBILE L (b)N,O BE/LBILEOEE F ¥ % V& PMOSFET (L = 0.5um, W = 20pm)
KBIIEF Y-V  KVE VT BHilcp. Vroplt, 7= F - VA (AVe =3.5V) DBELARVOBETH
3. Fr—Y - KUYV BRI, £4ORIZBWT, A FLAEMBIE R b LA (Vg — Vag = —0.1V,
VD = —6.5V, TSTRESS = IOOOOSGC) Eﬂbﬂf(ﬁ@%%%ﬁ:\‘j—
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X 4.16 WBEBRLE L No.O BRBILBRLEOXRE T+ A VE PMOSFET (L = 0.5pm, W = 20pm) D5 4 7
AL -TOy b, EHAFVA - F— VBER, DAHEEA & CHHEA RN LTERER-0.1V, -6.0V
LLTw3, EFHGTIE, Alcp =80pA % 5T THRAFLABML LT3,

4.4.3 FEE

KEF Y RINVEPMOSFET D54 7% 4 A-70v b [24] 2K 4.1617RT. EA P LR -7"— FEHE (DAHE
Bﬁl) TDIFTATZA LTy hOEE ,i_(1+¢it,eAh/¢imp,hAe)r BAMVA - -1 BE (CHHHEA)
TH—@itn/Pimpn £ BB, TIT, ghientd, T b A=V X 2 REEERITT 2R AL F—
ERT. TRENOA M VASHIF LT, BEBRILEE N,OBRELMRIEITT 2 & i313IZE LV,
COEDL, FEEMAERTANVE -3, BIUERR O AICEEICIEE L 2WESbr S, T,
T RERMAERT AV F— T RV — BRI 2K SWE L EIRT 5.

Bi#iTHO NMOSFET 0L D@BERICE T L, M4.16TR SN2 DAHEEATOFATY 7 M, X
FEOPBNNN T L 5 ERBHERYSI/SIOFEMEIHFET 200 THLEERONS. DAHEEA
AMVATE, 77— FRLEROSIHE SR, BETHES VIR ETF T v TEBRRICUR SN S,
BB L 72K ERIL Si/SIO RE~EE L, LTORBICX ) REHEM 2 AR T 5.

Sig=Si-H+H° — Si;=Sie+H; (4.9

COREDOFMIZ, NMOSFETDF v & v ) 7HILC OV TRBTARTWLEFVERLETH S, &
FEABVER L7 KFEED Si/SiORENDEHE I LTS, ZOETMILY, H4.17(a) RS
NB X ZANE AN & DEOKEHHBETE S, M4.17(b) ISR SN2 L9 12, CHHEAKRBWT
b, EXEHEBTCOXRFROUEHONFBEIERONE, L L, TOHRIZ, N,OBRBIEBILEICEIT
5 CHHEATOHURE L AR T 2. NOBZBILBILE TO CHHEATOLIUBEDRE & LTI,
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M4.18 BN L) R EFBEOEKEE L O NS, H4E, EFLHEETORFEERICHE) REE ALK
DB LEIRE SNTVS 33, ZO0FE,S, N ORSBIEMILETRELHENSS VDT, ERKFEED
Sy, WEEHDEL O 7201, HEIMRESNIENEZONS. ZOELHEDEARDOERER
LTI, BFREFICE 5 S/SIOREMLDOEADEHN (3] REXRERTFIERT 2IEFL b 7 v 7OREN
Eionb,

Tsuchiya2$12 X tud, EFLHEEIC X 2 ETH1LiE, ¥RDOPMOSFET 2BV XERMZHLE—FL
ZBEFEBEINTVEL [35]. S ORBEHRRAT 27012, Igys/IsD 1/VpIxHT 24EF % K4.19107R
¥+, ZOMLY, BY— VBETODIgys/Isid, FLAVBEDORADL EHILRABIIEI LTV EEND
5. i, WROPMOSFET TSN 5 L) EEBEBEREICBVTHE, CHHEARXEN 4L
F—FICR O VERRBRT 5. fEoT, N.OBMEBtRLEIX, XAMZ%{LE— F(DAHETEA)IZE
WIEEEBERIEICZS.

4.5 NyOBZ{DSi/SiOI XN —EEADOLE

4.5.1 Si/Si0, I V¥ —EEE DV

INFTIZ, - FEREBHTAEICI D, Si/SiIOREDBFIEAITT 5T A0 ¥F—EEEN, NoO
BRE(LIC L D IINT 2B b o/, TOTH, Bk y b 2V POVEARAVT, ZOFEREH
WCEREET 2 L 2 i, ERAY b - F—VEAK L ) EALEACKT 5 T 300 ¥ —REAEIC O\ T b A
L7,

K420 @EHEERT. K4.20(a) IWRT &) IC, WEMRDOMOSFET (L = 100pm, W = 100um,
Tox = 7.8nm) DAD pnEAZ AT, ERPRPEF YV TEEAL TS, BASKAEFY VT

EZROBRTIMEENT, BTANVF %Y, Si/SIOREEETZ. COL) TBRIZLY,
HEREY bR XY TEAIRI 5.

B 4.20(b) \ZRT & 912, d% Si/SIOREDI AN F—BRIZELVET v Iy Ve HRZBHOM

BERINT A5 LT 5. dREREE Veup(ENATADHREZ B) &, RRTHRMFITONS.

_ /20 +Vsun| ~ /20r + [Vsus| — fb.. (4.10)
\/qNA/QEs,

TIT, mAERF Y TEBELT AL, ¢p = (kgT/q)In(Nao/m) TH 5. 7'— FBHIgR, dEAVT,

E @

LEIND[22. TIT, ML, SiTOFYYT7OIANT—BNEHTDH 5.

K4.21(a) 12, 7" — MRALEAOBFEAK L 27— B I ? dkEFHE % NMOSFET & W CHIE L
FERERT. SO, RAI) PR TN bh b, EHF v 2 VEPMOSFET ¥ AT, EfL
BAKL 27— VEBRIGDIEKEBOIHZETES, Z0BAd, K421(b) IRT L)1, R (4.11) P
THENDbP L. 2B, HM4.21(a), (b) KBWT, Si/SIOFENTANF—EEEIZIX, LTORZHNWT
w3,

b = 3.16V - FEg: — aeEgh (4.12)
$opn = 4.5V —BENE — anELy (4.13)

T, %H%uékﬁ%tmﬂwf~bM%ﬁ«@&thH%h/mW@%%ﬁ%$%k%§?%t
BDDING A=Y ThHA.
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FA2SI B AZBFRUELDOIANT BN

i EFL
A 55~ 6.5nm | 4.7 ~ 5.3 nm
C. R. Crowell et al.[36] 6.2 nm 4.7 nm

TRV —REOFHES %

®p=0}, o - B Epx'/2 - a Egx/3

Pure BMEI N0 EREE{LEMLIN
op = O (Vg) [ ®p, = O (Vg) )
d =d (Vg Pp) ‘

( d =d (Vgg Pp) }

(,G_dmj--}.-.(uﬁ-dm]

4.22 N;O BREAL DX 3 )V ¥ — EEEA DB ORFE 7 .

COREICLY, SiBITABFRUTFLOIANF —BAMMIE, K45.10L)KRDLND, 22
121, Crowell & Szel2 X D 52 b7 k%7 + / VEELOZ ANV F—EHBEH SR L TW25536], HE
EENRINLDHELIZIZHELVEIDLYS.

SiTOF Y 7OIRXVF—BHEMNT, 7~ MERERER 70 XA CIEKELZVWERBL TS
5, COBERHVLE, NJOBZLOI RN T -BREAOEELFMT2ENTEL. T2 H422IR
T, IANVK-ERESBEHTH 5EE O pure BILEEMOSFET X iV % &, MPRETE L. KIZ, N;O
MEILBILEMOSFET THO& Y & Y 7HEADY — FBRUEL S, d&FERERE Vsus & DBRITHR
Eah, R(410) 2 HVTIRNVE—REREG, ISROOND.

DXL TRDZIINF—BRO Y — VEERFELR4.23I08T. ZORLD, N,ORREIIZ

£ 0, BFICHT LA F—[EREGy, 134 0.5eV T 2 DX LT, EFLISHT 2 T30 F—EREy 1
3% 0.5eVEST 2B by %, KRBT, CORROEREARS.
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PMOSFET o Control
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D7 — FBE Vo kirtt. .
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4.5.2 N,OMZBIICLITRNLX-—[EROTEODER

BIficBWT, NJOBZEILIZX Y, Si/SiO.REOT RV —EENS, B LCidEmL, EfLx
LCRBAT 2L ko, TORERE LTI, H4.24I57RF 3912, NOBREIEIZ X b, Si/SiO,
REVCABHIELET 272012, BFOF AAVERENL, FLCRES 2Bl #2200 %. ABH
DREMBL LTI, H4.251RT LI, SiOHDSI-NBARESCMIETHEHE T LEXON
3. Zhiz, BERFR2METH 201 LT, EXEFHEIMTHE00TH 5.

NoOMELIC X 2HBHORER, 759 b - NV FEEVeOZE2L bbb, H4.26128FHkC-V
HETCOFMEELRT. SOHID, Tox = IMmUTFTTCRABHIRBELTWEEI LS. LIL,
Tox > Inm T, TEHORENRONS. ZOFEKEE LTI, BILERKOL 2 WEVRILEL RSt
ToY, BEREFIERIL2BENELLONS. BIAEPOBRMLERETIE, EOBEBHEERT 2
Hid, BEIZRugglesZEIZ X h|BF RT3 [37).

4.6 #E

AZTi2, NMOSFET k '£HEF ¥ 2 VEIPMOSFET 281} 55 v b ¥ % ) 74O N,O BRE(LIC &
BEACEANR, FOMWELEEL. NoOBELIC LD, Si/SiORETHOT RV F—[EREIL, BTFIIHL
TREML, ELCHLTRBST S, Thid, NoOBEILIZ X D Si/SiOREHIICEA S W -EFK
FHRABHEERTAETHHTES, LEL, 547944 - 70y FOERISIE, NOBZILIZX
LZRERMNAERTANE—OBLRIINVEF—BREOELLTTH D, & v bxx Y 7HLOMHR)FE
IANE—RREETE, HBETERV. 2AF Yy PREEMERETFTVICETWT, HEEMERE L £K
REOENFEOMBRLANLIEICL), EXEERISKZEOUE I TLRY, ZOMRISREMELS
PHBEFFT y TOEREFIRLCWAENRE SR, L L, EFUEECEL T, N.OBEIZE
DT 2 E b oz, ZORERE LT, Si/SIOREMMENDEZERFORA L 3 RAEEADEL
RPEERFICERTAEILFT v 7OREELOND.

142 2 X579 7 - REEMERET IV

TR, A33TRREFLOETFHILETVEERNT 5. M4.27I2, ZOETVERRT 5. Bt
JEh R OV Si/SiO RE T OLZE R IpE, BT T526N5.

0;=Si—-H "% 0O;=Sie +H°, (4.14)
H, + Os=Sie — O03=Si—-H + H° (4.15)
H° + H-Si=Sis «— oSi=Sis + H; (interface) (4.16)

ML TOXRERTF (HO)REIEDO TH 2w 25 0T, R (4.14) RUT(4.15) OB, 3L A LIRS
5. fELDZY, H4.271RT L)1, PHEF T v TRUREEMI I RET 2EHBRE &4
HRUSEERT S, TD2DDHERIL, 2o ETHEN TS, BEHEHICHT 5 Griscom DILEFUGE T
V(25| 2 oREHET B L, BERETRAERF HO)REIAKESTF M) BREICHAIL, BT X ) IcRE
ns.

NA1 = 71 MM (4.17)
nA2 = Y2 NM2 (4:18)

ZIT, nag, na A4 PEET T v FREGR(6), REEMREFR (6,) TOXER TRE, nui,
w2354 FIEBT b 7 v TRERE (5:), REELRERR (6,) COKESFRETHZ. 4B, n2 <1
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2H® - HoOFBAREZ 5 DT, 73RBS T 5. ’
(1) PHEF+ 7 v T ORE

KELSTF (Hy) IBLEPIZBVTHET 2 [25]-27] 0T, PHREF I v 7REFR (6) 1XBVT, Xk
DKRFESFOWBF RN Lo,

d 7
Et(nM’lél) = —Dwm, ML_

M, — M2 __1_ dNot,e

D2

4.19
Xum Zot,e v dt ( )

ZIT, XuiEKRGFOT — VEBANOLEIET LT, D1, & Dy iR &4 7 — F B L Si/Si0,
RENDKELFORBICOVWTORBRETH 2. KX (4.19) 2L 720 DERELL LT, 7'~ FNERT
DREDTREVPETH L LEL TS, EXORBOER, R(4.14) & Q1) PLEHTES, 251,
Zot > Xm & LT, R(4.19) OAEZADE 2T 1HEICHTERT 2. #6oT, HEHORE (£ (nm,16:) =0)
DTTIE, PHEF I v 7REERTORESFRER, DToX k526013,
~ Xm dNute

Duim dt -

(4.20)

—‘Not,e = T(NO - Not,e) - BpNot,enM,ly (4'21)



72 4% 7  RIEON,ORSELIZ L 25 v F %1 THEAOLE

CEALNE. ZIT, Nl iHOMILES D O,=Si—H OHE, B, RHHET b7 » 7 (0,=Sie) &4
EFFOBRE (R (A4.15) TRENLERE) \CBET 28R, o 3HPHETF 7 v TEROLENER,
jEBHBT O3 KRS W2 BAMEF5T 2 BREETH 5.

. Is o
_ , 4.22
jeB = CW exp ( kBTe) (4.22)

No > Neto 2 REL, K (4.20) 2R (421) 2RAT B L, XRXIHBOLND.
dNote _ jBBONo _ BpXm |

dNote
=, 4.
dt q Dyam™ " dt (4.23)
RO Bx o
Noto + g -NGo = BB (14 10) (4.24)

B, TTT, tEERETH S, Nowe > 2DMam1/BpXuDHA, Nowe R V2HBT 25, Th
i, H4.8(b) & 4.9(b) DEBRERL—KT . 4B, ERLOEBICBWTIR, PHETF 7 v /RET
BFHELTVwIbDLE TS,

(2) SEIMERL DA B
FEEAFEEFIR (6) 12BVT, ROKEFFICOWTOERBHERIE) L.
' d . PMa—nm2 (1 ) dNi
E(nM,zaz) = DM’ZT - (72 1) pras (4.25)‘

BRHBOEIE, R(4.16) DLEITIZ L 2 KRS TFOLERE, RURA1B) 2 BLTORRSFOSMERL
T3, EEHRE (L (m26) =0) DT TR, REEMREFRTORRSTFEER,

Zot,e d]vlt

= —_—— .
'nM,z nM,l ’72DM,2 dt N (4 26)
%%, T, p1ZzAVWTWVS,
FREHEN DA BRI, p
— Ny = Knp 2(Ngo — Nig) — CpNienim, 2, (4.27)

dt
TH5XZ6RB, TIT, NgoltSi/SiORMETOMMD Sis =Si—H OEE, C, dRMEHELN (Siz =Sie) £ K
ROFLOBPRESHEL 2R, KRAFEFICI 2 REEMERICHEL-ERTH 5.
3 (4.18), (4.20), (4.26) # R (4.27) ITARA L, Ngo > Nu2BKET 3 &, kKA B OB,

dNn XM dNot e Zot,e dNit
=% — (Ky2Nso — Cp,N; 2 . 4.2
dt (K72 Nso P i) (DM,I'YI dt Duoye dt ) (4.28)
5512, ERE, K9Nso> CNeDEBOFTUTFOL ) ICER S NG,
1 1 Zot.e ) Cp ] th XM dNOt e
— 2 N, = 2 4.29
[’Yz (KNso Dy 2 (K72Ngo)? | dt ~ Dyam dt (4.29)
ERA BEUTOL ) KEHT 5.
2K~2Ngo ( KNSOZOte)
A = —— > |14+ ———], 4.30
Cp Dy ( )
2XM(K’)’2N30)2
B = ——————. 4.31
CpDuaim (4.31)

Z Dy, 3N (4.29) OEIE,
ANt + Ni = BNote +C, ' (4.32)
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51 F

WMETE, REENERR S v ) 7HELZEDER Y FF v ) 7HLICBIT2 NOBREOLEBEZFFEL
TRERE BTN, AR TRAEFHIEIIBIT 5 N,ORBILOFBERN.

Ahn# iz X hiZ, 85 nmDEET, N,ORSB/IBMLEIIBEERILESL ) b ERAL» 5 OF-NEFEA
A FLRIZH LT, #EE#& 5 (Time Dependent Dielectric Breakdown, TDDB) ## D) L % 7R3 [1].
Joshi %12, 4.7-12nm OEIEHFET O N,O BELBEORBRHIEHELATN 5 2. L L, NOMETL
AL DOMEBBIRFHE DR R IS oV TI, EREIF RV,

AR T, TR L7 NyO MELBILE O RBBIEE O BTN 2 <7z, ABROB I,
N, O L OB B RL B ORRE PRI T 2FH TH 5.

52 ER

AR CHWFREHE, pRUnESi(100) 7 = — B2 & 4B L7z nt LU ptpoly-Si ' — BB EH
FTEIMOSF ¥ RXY ¥ Thsb. ZOMOSFy Ny %id, E¥OCMOS 70t A2 HWT, EFTHEIN
TW5, 77— MR LE~OF-NEBEFEAR, EBRIZREBETBI o7 Lo200FHEETH,
EASNABFRIIZZELVWEI AT -BELET 223, chidy— FEROBEIKS I, 22

DFHBETOF ) THEIFEUL TV I2HEERT 5.

BEOF— FRILER, dry O;/HCIEH&, 800°C THEL 7. Moﬁgw@wﬁu ZOBER
LR L2, NoOFHR, 950°C THAET 2ETHELL. ZONOBE(L 7D XAHIC, 4
EE OBALEE 24K 5 FRE S am ¥ 2. i, NoOBRZE(LATSi/SiOFE T D Kk TR &
NTCWAERRELTNWS., Z0O¥— MO, poly-Si% — b (JEE 150nm) % LPCVD (Low-Pressure
Chemical Vapor Deposition) 12 & ) B L7z, nt R U p* poly-Si ¥ — FEBMIL, &4 Ve Fa -4
FVEAMIIY F—¥ U L7, Kay A FVEAR, SiA44YEACL LA, 1B, 15keV,
3x 10¥ em2TBI kol 74 b UVFFT T4 LB BT F UV TERAVT, - VEEER /N —=
V7R BI otk 900°C, 0507 ==Lk Ny BERTBI 207z, MOS ¥ ¥/ ¥ HRIE, 0.44 mm?
Thr. MILEER, &mw@%m1maLrﬁﬁ%ﬁ%mmfvl—nmmsﬁ%ﬁmb SEXME % B
fiiL7z.

EREEC-VHEREE BT, ptpoly-SiZy— PR TR, FovoREEIFTHFARNTETH2ELHE
Bl i, 7= PEE~NOFTVEACR 7Y ROBAS VSO THS 4], T, EHOCVH

75
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N-rich Region

N-rich Region | l

l

Electron
Electron

n' poly-Si
Gate

S

Hole Hole
+*
p poly-Si " gjo
Sio, p-Sub. Gate o

B 5.1 (a) nt poly-Si¥"— F MOS * ¥ /32 ¥ T4 — FEA L (b) p* poly-SiZ"— F MOS ¥ ¥ /¥ ¥ T
DEREACKHTHIRNF— - NV FH.

D, pt poly-Si¥'— FFHK O poly-Si/SiO REAFETHZEZL b HHITE TV 2 F b HER L 72.

5.3 NoOBZ{tDMHEFHEIESEANDLE

¥7, Tox = 6.0 0.2nm DBEBERILE L N.OBRENBRILEDEEER F L X DIEBRRBIESE % HEL,
MRBRIZ BT 2 N ORE(LOZELIFHT 2. H5.1(a) KU (b) 12, Fh¥hnt poly-Si % — F MOS
FANRVEITOI— FEEBP S DF-NETEA (X~ MEA, —Vg) & pt poly-Si# — F MOS & ¥ /33 %
TOERP O DF-NEFEA (FIREA, +Ve) T2 RV F— - NV FRIZFRT. nt poly-Si%¥— b
AR LTRAMLVR - 7= VEBEZAICL, pt poly-SiZF— FRFHCH LTRIECT2ET, MHD
AMVABETERKEBICZA2XIICLTWE, T4, SOIHITAIRIZLY, BN CHENS
LOWBMLEBRICH LT, FNEAINZBETFOEI AT —BE(T72V - TAVE—E, AILEME
FE)MTZE L2 5.

5.2i2, FEEA b L A T? TDDB(Time Dependent Dielectric Breakdown) $§#:% 7R3, TORX D,
N O RELBRALIE TIZAHIERIEI IR S N TWAERbI 5. COERE LTI, BLEDORMES
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”ll | BLUBLILILLLL UL RLLL ULLILLILLLLI rrrnm
991" e o Control 6.0nm atellné |
g5l "¢ N,O- Oxynltrlded 6. 2nm n POyt
B
90 Sub. Inj. 14 i
580 ppolySi  © _-
S 70: \
2 501 U
= F o N |
3 sor oo’ O F
5 201 | § o = J
O 10 98 ]
| © =l
5[ e el
= Vgl =7V 7
1 I-l-lll Lt ittt | | lml L il Ll Lbitiil

10’ 102 10° 10*  10°
Stress Time ( sec)

5.2 EBFEX b L XD R IEEY.

¥ L] I
n* poly-Si Gate / p Sub.
e Control

0 N,O-Oxynitrided

p* poly-Si Gate / n Sub.
m Control

O N,O-Oxynitrided

Tgp (F=50%) ( sec)
o)

Sg=4.44 x 10°cm?

| 1
0.06 0.07 0.08
1/Eoy (cm/MV)

5.3 EBER F L ATORMILESG (REREE50%) OBIUEER EoxRFH.
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N, ORI VHRL TV EERREAIMES P THL2EIELLND.

¥72, BAFLVAR - NATACHNRT, EAMVR -S4 TRAOFHHENOBRELI L 2 BRBIBOUE
PAREVENDRSE. TRIZOWTIE, BToHCHEMIcR~<2.

E5.31012, BILESE (RERER50%) DBLEBR EoxFEHERT. TORIIBWT, NOBRE
LIz & 2R E LI, nt poly-SiFHHOBA LA - N4 T7TATREERATRLNS Y, BEFAT
BB LTvE, —F, pt poly-SiFBTHIEA FL X - 8 AT, X FVABRIKS T, N2O
BEbic L 2BREHNLENRORL. BAMLA - AL TATOREIZOVWTI, Fv Y 7HEFEE
LTwatELLNS, BATZ2E51Z, BX ML AR LTE, N,OBE/LIZX ) EFLHEEIE LT
W3, Z077z0, NOMEItMILETCREBEMOBRBENAE 25 2VOT, F-NEBRIEALICL
V. IS, A PLABRBENRVIES, ELOBEASEMT 20T, COMREBAFCLL. IS,
BAMVATROWZREZORRLEZONS.

5.4 EBEIRFEOBEEKTMG

7 — FEARUEBFEA TOBERILEE NoO MBS LB OMBBER A OBRERF L A7, Bl
HTRRFr ) 7THECIZFNEROLBH 2B A0, I TRERBRA MV ATHEBRBIRIEE LA
~7-.

B 5.4(a), (b) 12, nt poly-Si 7 — FRETHF— FEA L pt poly-Si 7' — FRETOEMKEAIIHT S
WEBLE L N,O MEB/LB{LEE D charge-to-breakdown (Qpp) PERILIEE Tox HKFHEERT. K 5.4(a)
5, pt poly-Si 7 — FRB TOIKIEA DB S, N,OBRBILBILED Qppid, Snm LT OBE THE LR
EVDHLIEMIHEREINS, SumP FOBILEE IZ LTI, BEBRILEIZERT Q0 b T2 #ENR
bh5, —%, H54(b)IZRENS X 912, nt poly-Siy'— FREITIX, BERLE L NoOBERILE
DM TQepPEELEZERIRONZ W,

®5.4(a), b)IcRON B X512, BEMILED Qep? Tox X, 7' — FEALBREATELLT
W3, Zhit, pt poly-SiZ— FAE L nt poly-SiZ'— FRET, ~EDF-NERFEETEASNLETF
DET I NVF—BEIITIZE L VEIC X 5 [3]. Fukuda iz X NiZ, 7'~ MEAD Qppid Tox DEEALIZD
NTWPTH01 LT, BEREATREMLTCNS (5. COFEORERD 12, S FEMREANH
Wz, nt poly-SiZ— FTH Y, pEMRKTn? poly-Si ¥ — FORBOY— FMEAL D SEARTFD
EIRANF—BEIMENPSLTHEEEILNS.

X512, Liang & Choild, X } L ABHBEDEMIZIONT, Tox DEBILIZN T2 Qpp DELA, 7—
FEARUEREA L S ICHEMPSBACENMT2ELRLTVRS (6. LirL, AFRTHVW - BREE
ﬁﬂ (I]sTREssl =1-100 mA/sz) T‘i, C@@ﬁ‘iﬁ[‘oﬂ&ﬁ’o 7z CU)EEE k Lfli, Kﬁ%'@mb\
72RO 7 — L EAE (0.44 mm?) A%, HEOFRE (1x1073 mm?) X H bREVEFBITO R L, #AET 2
X912, Qpp & Jimess PERRDOn i, ToxPEELLONTHENT S, o, —EA L ABREE
TOQep DIEEMEMIE, 7 — FERLEOEEALI X 2 n0tEhn & BILEXGE (RKFE & 7 — M E#
D) OWMORE TREENS, bL, B N ABREBECHLERBOMNELTLIZ, AFFETHN
AT LRoERERO WA TEENY D 5.

FAREATO M LT D Qup PEELUER, BILERBOMILEEKRFRICL VR o T 2] 5kE
Bab, 20, NOMEItE, Si/SiOREOBBERICBITLRMELES S, 7'~ FEATNO
BENIC L 2UBEPLZVERIR, 7¥— FEATIE, PHEF T v T OBFHESHRH I N WEICHE
BIZLEIORDL. —F, BEREATIPHEF I 7 v S OBFHESN,OBBILIC X hIIFI S 3.
ZOBERMITRT.
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J\ - 1 | 1 1 ] 1 1 1 I !
§ - J 1 mA/cm?
=-1mA/cm
~ 102 L STRESS
&) E
g F .
2 10' n* poly-Si (-Vg)
I § ® Control
w N O N,O-Oxynitrided
8100 L l ] ] ] 1 l 1 I l
C 0 2 4 6 8 10 12 14 16 18 20 22
Tox (nm)
(a)
(\T\ - ] I 1 ] 1 ] | 1 AL 1
g — JSTRESS =+1mA/ sz
) 102 E
C E /Ooxropﬁf ———
< F e
p" poly-Si (+Vg)
Q10" k o °
i = ® Control
w F O N,O-Oxynitrided
8100 i L L L 1 L ] | ] L
& 0 2 4 6 8 10 12 14 16 18 20 22

Tox (nm)

(b)

1 5.4 (a) 0t poly-Si #'— } MOS % ¥ /5% # T4 — FEA & (b) p* poly-Si 4"~ k MOS ¥ ¥ /53 ¥ T
D EMIEANET % charge-to-breakdown (Qgp) PEALEE (Tox) #KFF . Qpp i3 RBHER 50% T FFAHi
LTw3,
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my'— FPERY 7 PAVG/Tox DA + V AREEFEE. A PVABREEIRX, -10 mA/cm?*TH 5.
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S 02l 10.3 nm
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X 5.6 (a) BHEBRILER U (b) N2OBRE1 t@ﬂzﬁ%ﬁ? % pt poly-Si 7 — FREOEAEA I T BENM
- VBRY 7 PAVG/ToxP A b U ABEKGEYE. A FVABREER, +10mA/cm?TH 5.
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55 N,OBZ{LOX v ) 7HEKEAOYE

BB, F k) TR L ERLBRDGD . Si/SIORAEHEOEREFOF ¥ 7TH
BERNORBLRAL7201C, BILBCERTOX Y ) 7HESN I ERBG 2 EZR L TR,

B 5.5(a), (b) 12, BEBILEE N, OBRSILBRILED 7 — PEATOF v ) 7HESE O BLEREREY
ERT. B, CoHiE, —EF-N P RVERTONNBIEBEEROBHELTH LAV /ToxPA ML
ARRMKFFHEZ R LTV 5, HEBREVEERILE (Tox = 6.6,9.1 nm) i3, MHADZ b L ARHTIERK
DIEBHIL LRBE LTV EA, ThILSi/SiOFETHOIEFLIHEL RET 2. EFLHEIBRILERICH
BELTBY), BVBERMECREFUMEEREI/NE V. Lo%b, RTP TR L 7-#MILED 7 — ME
ACBWTAROBEREZRE LT3 [7]. BEoETFVIZINZ, BURILEFOBTI, HEsh2E
2, BUEBRICIDVBIANE BT, BRILEPTOAL VT + - £+ 02 & 2 EFLEROERE
PHIBELTVE, F—FMEAZHET S L, H55a)IKRT LI, HBEHEVCRILEICBWIEF
BEIEE 2D, BOBILE (Tox =4.8nm) T}, LoZSoBR (7T L 3EL ), BELBETHENRS
N3, F— I BILFEDEZRNFZOERTHLLEI LN, LoZitdry O.FHKTRIP 2 AV TEEK
LTWa 0z LT, ARETREBRFR AV Cdry O/HCIZHK THER L T\ 5. Fukuda®%id, RTP
TR L7210 nm OB, ERBIERE L Si/SIO REHEIC BT, BEOBLAFPICETREFT
HIFEERLTVAS 8. HEOFRIZENIZ, ZOHEHIZRTP Ti2 1000 °CUELOHETHILT 2720
12, Si/SIOREDFHERSI-O-SiDRy M7 — 27 OBEIRBEEINDL L), TOBFPLEZT, X
RTHWRHTRETF I v TEESLoBOFB LN b EZVEEILNSD,

—7%, E550b)IRENDX)ic, BERILELEBL T, NORSBIBILRZETERDEBH DL
B AERLONL VA, BERILEL Bk EROBEBHOBEIIRONS. A~ FBEY T}
BEK, B5.1(a) iSRT X 5 %, poly-Si/SiO.REfHENETF L7 v 7ICHELTWA, Thid, N.OB
S0 — FEATOBTFHEICIZIZLALEEBERIZESZVELEKRT 2. NoOMSBILIC X 2 EFLHEE
DL, Si/SiIOAEMTAETHOEBERFICLIATEL LT v TBEOBRI DD THLLEILNT VS,
Broken Bond 5V [10] I2ET< &, 3Mfiv V2 (03 =Si* % 7213 Siz =Si*) P IEFLEEOEELBZH %
ETrLEIOLNSE., ZhiZ, XOFGRTERENS,

03 =Si* +h* - 03 =Si* (5.1)
LaL, BIBOFERLY, FILHECEL T, XOREOFNWELRTH 5.
03=Si-OH+ht* —>03=8-0"+H° (5.2)

Fukuda®$id, Si/SiO:FEANA TOMBEZL SINHEEOBRICL D, MY Y 2 Y REBIIERT 2 L BT
W39, LaL, PLEoBBI, siETRRAZNOBMENICL 2 EIHEOEMEIIFETS. COFE
TR 5121, EIETRRAZL I, F— IR LEASNIBTFISI/SIOREMETHERBF T v
7T (= MEATREFEHELII( 5T 3E) EARRETERRESETVWLRIIERTS. N, OB
/LML Si/SIO REHEI I ZXEFERE b2, BESHRBOKERIIHT 2N 7HIZL D,
Si/SiO FRETEDKERE FAIEH N, N (5.2) OMFTIC X ) EFLOBEATRE h R+ %%, Ih,
N:OBRELMILIEIC BT 27— MEATOEHEORIORERTH 2 LEZ LN,

B15.6(a), (b) &, FNENRAREATOBERILE L NoOBRSBILBILED X v 1) 7THESTOBRILEE
AR RT. H5.6(a) 13, HEMEVEEBRILE (Tox = 6.6,9.1 nm) ZFHID R F L XM T/HASWE
PROEBFFELELRL, X PLAOKRE & bI12, SEELRETFRELRT. BVEERIE (Tox = 4.8 nm)
2, BREEBHRELRT. ThODERERIE, EVBIEIIELTR, BFOBIANVF—IZXAE
fLER, RUBFHENRFICREI > TV 2EE2RBET 5. M5.6(b) i, NoOBME{LRILEDOHMED X
FUARHTOEBMERIE, SFBIELEENLZVELRLTVS, L L, 20&0OEFHES,
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— =TT 1 T T TTTIT0 T 1T T ITITn
N .
e p* poly-Si (+ Vg )
(&)
~ 10 @® Control (6.0 nm)
O O N,O-Oxynitrided (6.2 nm)
g’
32 10'
(@]
(Vg

(a)
[} 1 [ I 1 LitLl ]
10° 10’ 102
2
Jstress (MA /cm®)

Qgp( F

< T T T T TT1TIT T T T 11T
g _ n* poly-Si (- Vg )

~ 10° E @ Control (6.0 nm)

8 § O N;O-Oxynitrided (6.2 nm)
o

% 10"

-
o
o

(b)
1 1 I 1 Pttt 1 1 1 1 18111
10° 10’ 10%
Jstress ( MA /cm®)

Qgp( F

5.7 (a) nt poly-Si 7' — FRHTDOF — FEA L (b) pt poly-Si 7"— FRE TOFEMEAIHT S Qrp
DA bV ABRERE (Jorress ) HAFH.



84 B5% 7 — FRIUEDO N, OBEILIZ X 2 EBIRBEANOLE

0.8 ! | 1 T
n* poly-Si (- Vg )
0.6 @ Control
ol B O N,O-Oxynitrided |
p* poly-Si (+Vg)
c 04 O H Control N
02} o 4
-n D
Qpp=A JstrRESS .
| | [l 1
0 5 10 15 20 25

Tox (nm)

B 5.8 Qpp ¢ Jorress PBIRRD n DBALEE (Tox ) EHK.

N:OBZILBMLEBEOF IR S T2, ZoBRE, Y- FMEADHEEGLIER LT >TWw5, Uchida®id,
Si/SiO REMTE DIHEIEFLIIHBETF P T v 7R ART 2B L2EHL WL 1], CoOFBBFIIv TS
X, EFLHEIC XD Si/SIOAEFEDEAZKEEVBMTIENLEIZLEONTVS, TOERIC
HTL, N, ORZIIZX 22FAAE, Si/SIORAEOEAZEEEZIHT 20T, N;ORZILBRILE
TRABRBEF T v TERIR S W32 5. LiL, S3EORERICEICE, BEEAXFLAD
B4E, poly-Si/SiO; FEM TAERFOMMIERIEZ 2F0E XL O N, Si/SiOFEfHEDOHEETF H
g v 7, '

, 03=Si-H+H° 5 03 =Si*+ H; (5.3)
O BRENZENEZONS. KFEMIX, poly-Si/SiO, FERE A5 Si/SiOFREATEL % THMT 2D
T, ZOTOLRIZBWT, KEEOHLRNY T L2 EREABIE, PHRET LT v TEROHHICL
RVDLENEFTES,

5.6 TEERBBREEDX ML ABHRBEKIFY

& 5.712, pt poly-Si 7 — PR TCOEMRFEAIIN T2 QppPD A b U ABHREE Jorress KM 2R T
CORLY, DUTOBBRRERLTL2El LIS,

QBp X Jorress (5'4)

¥/, ERXonid, BERILEL N OBRSIEBIETIZIZE LWENDP 2. K5.7(b) 12, nt poly-Si & —
FRBTOS— PEATT 5 Qpp D Jsrress RER ERT. BEBILEL N, OBRSIEBILE L TRE R
EVREVENbIS. H5.8IC, nOF — FELEE Tox EFB2RT. nDER, ToxPEElLL &b
B @m0 2E0bPrL. I, 7— MRLEPTOERN L B ETEE MIUEEE M AL
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Bl 0E)Dz0TH5[6. 20, F-NEASKALEFR, BETUTOIRINF - E2HoHIER
5.

&=q&mk[l—am(—g%fﬁ)]+wm (5.5)

TIT, MBI TOBTFOI AN F—BHER, Eox AMILEER, gop.it Si/SiO RE OEHH
WMOZINK—REEETH 2. BB OBTETEREST IV ¥ —BNESCS L (Tox —lr & A) %25
L, FEEOBTEAVELIRY, BFTANE—OEFERITT 2EERIKE 22, BILEER
Eox D¥Miz, FYAVEI%EELL, BFETEMCE 25, JOKE, BILEER Eox OMRHIE
NOHBYKREL 2D, nH R L ABREBRIOT 2 EERNR O MR wER, RBAOP-NEFEA
A MV ADEE, nt poly-SiF— FE L pt poly-Si 7 — FEE L TEABFOFEHIANF—HEHLL
TW2HE2RET 33, LEoERrS, nid, ®5.1(a), (b)XRT L)%, F 2V 7HR, BET,
A YRy - AFVLBIR, EILEAZEOX ¥ ) THZEOYWEMEICEZICHEL TV 2Hb2 5,

57 #E

AETIE, NOMELIHWBRBIEICRIZTEEER R, 7~ MEATR, UERBEIIH IR
Yoo, EMEEIERRIRESI AR, —F, BREAH L TR, MHREEELIR S22, EY
MBRRBNEOUEENS. Co%ER, SamTOREEIC LTHEEICL S, EEBHRAM X - #&
BRI DO R } L ABREBEEERERICOVTI], Qpp & J3frpssPHBRTH Y, ZOnidF ) 7 0%
By(F RS, BT, AU AT ) COHRBERLTBY, BRILEERUR F L XBFREMR I
BT L2 WEPRE SR,

EBEACBWTIE, NJOBEICX D, PHET T v TOERPEEICIH S 2EBE s h
2, SBIDBELERWEDLL ORREFHEZRHBLTWLENDH S,

2 E X R
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Fe6=

BiEk )2 T - 5F— MBRZE{LIE
MOSFET D454

6.1 F

ULSIDEBEEEBE LIS L b, EEESETO BT #ET 22010, 7 — NBLiEo#EE(L
DERIGEL LoTWA, 1L5VUTOEBEETIE, EE MV RAVERIVINS Inm AT 07 — FBRILES
BELENB[1). 0T, BROBBEBEE®IE, 7 — FEEY — 73 Hh 2 RETEET 2 8IC%
ZEEEMA D 2. L, TOXILEBEN RV YT - — FBMLERE T 5 NMOSFET *BRE 2 F
TREBNERMREN[2). L, CMOSEIR*EB T3 L TLETHIEHE V3 V77— &
ILER AT 2XEF ¥ A NVEIPMOSFET 2oV T, ThETHEIhTwiAW, AFRETIR, Tnk)
RS S — PREOEER YR T 5720, NJOBEL7O A ZHAWTY — MEEELZ TR L, &
DNLO % — FRZESLIE A AT % Dual Gate CMOS DE 2 37l L 72 R 2 B 5.

6.2 EEI XYY -H— MEZ2{LEMOSFET

6.2.1 {ERAE

AR THW- NMOS EFRURETF ¥ A VEPMOSETF (FET RUR ¥ 8 #) i3, #hEhpB R
UpEID Si(100) EMH L2, BEDLOCOS KT8, HOES poly-Sir— Me AW TERLL. E
BFNRYVT X MEBEETERT A 72010, NoOBERZEAL (900°C, 24, Tox = 2.8nm) & A7z, 7%
B, EEFEVOT, BEOBL2TbTICEEREMEBI 2o Tn5a, 7' — MEREIEE#&IZ LPCVD
TR L7zpoly-Si#EZ2 74+ - YV rI 74—, ItAt v - 2y F 72k hpMILT, ¥ &
e L7z, poly-Si DFUEHA > - T v F 7, BILEL O3 2BRIEIBLNLREZHVTNS.
PMOSFET 12BWT, V—X - FL A YRR Fpoly-Si7— FEED F—E Y 707012, BA 4 ViEA
2SiAF VEAL ZEFEMOBTBI oz, A OFEMRALIE, NoEBS TRTA(Rapid Thermal
Annealing) 2 WIIE7 =—VICEk Y B ko7,

COERTOER - TU—-E200F— - KAV FeFoTWAE, 121, BRI R VT - 7= ME
BIEE TR T % 72012, Nzoﬁkgw%mwtgvab% EEA#ECDT, BEOBRILEITHLTICRELE
BIZoTwa, b9 121, BSitof+VYEACL2ESEILO®KIC, EETF v X VEIPMOSFET
VERTYRELRTRTH S, 77— b poly-Si BE~NDOpt A A Y EAZUBTRZAVTUTIETHS. TD2R
BRO OEXFITEART 2 ETEREZEZLNEDS, TRIZDWTIZ6.2.3THERT 5.

- 87



88 CB6F EEIAYYY - - FRE(LBEMOSFET Rt

6.2.2 IR

JRIE 2.8nm O N,O BBLEABR EN TV A BELHRT 5720, HETEM RUXPSHEL B ko,
ZTORFEEZ TN TAKG6. IR UR6.2IR Y. H61OWE TEM&X 1, FBE L7z N,OME(LEA2.8nm #2
BEOEETHY, 15 2%Si/SIOREEAE L TR 2EXNbI5, T2, H6.20XPSANRY Mvik, B
RERETFIFFINTVIE, RUSIEEISOREFIREIN T 2EL ), EEFEETORBE
EH3m) AT THEEERL TS, . :

X6.3(a), (b)iz, ZhEhn SiERERFp SiEK EDn* poly-SiZy’— FMOSF ¥ 5v ¥ DT - Vi
BERT. EXATARTENSATALBIC, 2.8nm NJOBMRBILELEE M V2 Y V7 2RLTWAES
bbb, ZOREIR, FAEREORE®D pure L0 LEML TS,

MBRHEIC BT A BAE - EFLEA TR X [5]licBVw T}, 7— FMLEICEA Sh-BFi3, Si/SiOf
HOELD I AN F— B G, P EDIINF— % SO ERTERITNITR L2V, Thid, BF
PH%LE bdpn(R4.5eV) LD AN F— % Bz I ITE 6 R VWELERT 5. K641, 2.8nm
No O FRZ2{UIEAS S0%AEMRBEIET 2 E TOX P LA Tap % A b L AMLEERE [Vox| DM Bicxt LT
Oy bLZERTHE. TOHID, |Vox| <45VIEBWT I BHEIRE S o TV HENDRE. 20
FRICOWTE, 64THFRTIEIL - ERF RV VAL oT, ¢pnATFOZRNF—DEILTH S —
FRALBEICEASNEZ RO L EZOND, HoT, BBV XY VY - ¥— FRMLETIX, FIL- HiE
FARY YT DI, BEETOEBRBEIREE 2 5.

6.2.3 FOrmnExikiy

77— b poly-Si BE~DptA + VEADOTER, V=X - FLA VHBER2ERT2-00pt/ >
EALFARIT)BIEL, EOBREGRS ;2B TH0, BEOBFIPSHENS. LirL, 9BFf
27— MCEALLEE, 79F07— FBREERIIAAL, “FuroEiigii LipiZn 258 28K
SETLE ) [3]. 6.5, pEISIiEMED pt poly-Siy— FEB/E L OMOSF ¥ /83 ¥ DT5 v kXY
FEEVERD 7 =— VEHEKEUEZRT. CORT, VepPHEAY, RU OREXFTIFEI > TWIESE
RLTWE, ZOEID, FuroREsiklr 2+ 2104,

1) AL F VEICIBY RV S,
2) RTA %' 5.

VPETH2E LIS, 7F— RBILEOBEAZEZ 2L, NFROADTHELEEZLNS. B,
UBtZAWVZBE, VR - FLA VBB OBARS o, 20, BF v AVHIRIZEL 5. &
T, AFVEATORI Y DF YR Y Y TRUTERALT ==V TORT »ORBMEPNET 272012, ptA
ZYEADBNCIBSIT 2 A 4 VIEAT HBTHELEETV, EHRERILT = —VIZRTA 2 AW 338
BwWweEZONS.

2.8nm NO BE L2 WA BA0R 0 Y ORXIRT ¥ ALEREFK6.61RT. 2T, Fido
ptAFVEN - 7av X, BIBBGHA F U EAIC X 2IEEZEIOBRIZIBY R A + VIEAT 2 HiER B
T3, X6.6(a)id, n SiFARK Lo pt poly-Si 7 — F MOS F ¥ /33 ¥ DI — VEHED 7 = — L 4KTE
BERLTVD, ZhED, 900°C, 1005DFET7 =—VTit, BEETOERNFNLTBY, ForongEx
FITZ L 2 Ve DETIEI o T 2H b2 5. K6.6(b) IiE, KEF v 2 NVEPMOSFET O Ip — Vg
FHOT =— VEBKERZRLTVWA, ZORTH, 900°C, 105307 =— T, FurnExikitic
LBENYF - ANV-BRIFEEICRONTWE, SO2008FIL, BELN VXY V7357 L9 2#8E
HERETR, 7vBBMELLEZLTCORO Y OREXFIIFEI Y, NoOBMEICL W EERE T4 ad
WEBALTY, ZRIZEMHTELVWERZERLTWS, toT, £EF ¥ A VE PMOSFET BV,
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2.8 nm

& 6.1 2.8nm N, O BZ/LEOME TEM EXE

- o s
0 N2O-Oxynitride b 1o6lectron
= Tox=2.8 nm from Si Sub.
= | e
-E. ~ Slzp(SPSl)
i Nitrogen Incorporation
@ Slzp(Sl-O)
2
=
N
o
x

1

1 L)Y 1
90 100 110 120 (C 300 400

Binding Energy ( eV)

X 6.2 2.8nm NoO BRZE LIED XPS AR b L
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104 ] I ] I ] I I I )
n*-poly Si(P Diff.) / n-Si Sub
10°F * A
"B
100 C
N o D
5 s E FN
< 102 .l.
10%g &
10—6 R | L i 1 i 1 L L
0 2 4 6 8 10
Va (V)

(a)

104 1 1 H I I 1 I 4 L
n*-poly Si(P Diff.) / p-Si Sub
102
i;100
o FN s
3 10-2 4—|—> .:Fu
0

o » B e

moow>

>

10

Ve (V)
(b)

6.3 (a) n SIER ER U (b) p SIERLEDOnT poly-SiZy— FMOSF ¥/ 3> ¥ DT - ViFH. A, B, C,
D, E, FiZ#hZh, NoOBMELE (BE 2.80m), NoOBRZ/LBRLE (E 4.70m & U56.2nm), @EBRIL
JE (FEE 4.70m K U8 6.2nm) TH 5.



6.2. EEFIRY T F— FBREEMOSFET

I ! I
n* poly-Si Gate/ p-Sub.
N,O-Oxynitrides

)
@ 10* E Tox=2.8nm
)
5 10°
‘©
& ,
R 10
o
D |
8 10 ¢, P Diff. n" Doping
- b,h . _
900C, 10min
10° 1 N !
0.2 y 0.3
' 1/ Vox | (V')
B 6.4 2.8nm N,O BELE OB EAGRBIRIS .
1 T T
p*-poly Si Gate / p Si Sub.
2L Tox =6.2 nm _
oo Bt |/l
| e m BRI/ 1
3 Fumace 30 min
f1F i
>
I RTA 10 sec 7
o ¢ ' . _
800 900 1000

Annealing Temperature (C)

B 6.5 K0y OEEKFICELTT v b - NV FBE VepD 7 = — VBRI

91



92 W6 EHNRY VY - 4~ RSB MOSFET 0%

-t
o
N

1 ] ) T I

p* poly-Si Gate (B I/1) / n Sub.

RTA (1000C, 10sec)
---- Fumace (900°C, 10min)

-t
o
[=]

Ja (A/cm?)
=
N

—h
<
E-S

Furnace
900C, 10min

RTA
1000°C, 10sec

< 108

e PMOS
10_10 L = 10|J,m

W = 10pm
Vp=-1V
10'12 1 ) [ [ [] [ 1 1 1 1 I
0.5 0 -0.5 -1
Ve (V)
(b)

10° . : :

T, p* poly-Si Gate/ n-Sub.

@ 10 N,O-Oxynitrides

g 103 Tox =2.8nm

=

TR

2 102

o

(2

2 10 e 900°C, 10min

- o RTA 1000C, 10sec

10° ' - -
0.2 0.3
1/Vox (V')

6.6 XY DEEHITICL B (a) MOS F /33 ¥ DLV EHE, (b) XKEF ¥ #VE PMOSFET @ Ip — Vi
¥, RO (c) EEETDDB 5t n%1t.



64. BEEFRYV VT V- FREMEMOSFET DS —F - V=2 93

3% 6.1 2.8nm N;O %" — FRZE(LEEMOSFET (L = 0.5um) DEAF 5. TFERICE, FuroRs
4 2 #H L 72 Dual Gate CMOS 70t A 2 HVwT W3,

NMOS PMOS
Immaz (VD = 0.1V) 99.3mS/mm 9m,maz (VD = —=0.1V) | 27.3mS/mm
Gmmaz (Vb = 1.0V) | 453.1mS/mm || Gp masz (Vo = —1.0V) | 160.7mS/mm

S (Vo = 0.1V) 69.6mV/dec S (Vp = —0.1V) 71.7mV/dec
S (Vp = 1.0V) 70.2mV /dec S (Vp = -1.0V) 74.7mV /dec

DX LBEEES— VRLEE AV EE, RO VORXKTOMEIIEECEETH), 0k,
EHAL7 = — VICERTADER T 5.

ROV OREFTIFEE o 7356, BEBIEFESEILT 2D 2 [6]. H6.6(c)icix, nBl Si%
B LD p* poly-Si 7'~ F MOS ¥ ¥/33 ¥ ORRERBESF T2 RT. COMTR, FuroREkiTIck
BERELERBIBEEREOLILRRAO 2. ZORRR, AFETHAVEEFER ST LATR, 7vE
VY — FREMEIIAALZVWILTHEEEXONE. (EoT, REF v FNVEPMOSFETI2HW\WT,
BEEEY— FRILELZAVIBE, 79 R AT ICpoly-Sikpt F— ¥V /T 2HIEETHL L E
ZbN%,

6.2.4 EAFETIM

X 6.7, 6.8/ U 6.112, 2.8nm 7 — + N,OB2{LED NMOSFET & 'PMOSFET 0§t % R, Th
50ETFR, FuryoEXFIOENTUL APV TERLTYE, Thb0ETR, SREHL AT
LBHTAL vy a )l FEREEEE-TVE, TOEEL D, BEEEHEI® Dual Gate CMOS £FIcBw
T, BEF RV VT - = FRILESBECEDR 2 EOENbY 5.

6.3 EEbxYT T MRZ{ERMOSFET DKy &+ YU TR

0.1 um % — F ONMOSFET 2B W T, IVBIFTO A V527 b - A F VLSRRI 2 BRI T
% [7]. ARFET, Tox = 2.8nm DNMOSFET Ti, L =05umTb Vp = IV TA v237 k- £+ L%
MERCTELHEPETL:. COBRPEEICRT. ZOEPS, V=1V T, Igys — VolFHEISEED
Lo E RTENDLR2 5. ZOFR, Tox = 2.8nm D NMOSFET Tid, L=05umTb Vp =1V
TA VNI b AF VAR 2ELEBEIRLTWS, Thid, BBLEBRICL) FLA ViREED
FrAIVBROELRIZENERD1>THL. ZOBHRIIZ, IVMUTTELZNMOSFET D&y b - v 1)
THREIBEETHLIELXBHRL TS, —F, H6.10i2RT & 512, PMOSFET Ti, 1VDIFTidA >~
NI b AFALRBERTE R P o7, INE, FILOBHEIMRVETHS.

6.4 EEb V2T 75— MREBIEMOSFET O — k- V=7

EENAY YT - FBRILEENMOSFET TiE, SAEZ 7~ - V=2 BRONWIZHFEIFESAT
W52l LrL, 20X %y VRILEEET A2REF v A VEIPMOSFET I20oWTid, ¥ 7258
RN, AFETHOWZREF ¥ A VEPMOSFET 0% — F - V=27 2 AR 61UIRT. &



94 HmeE EEEF AU VY - ¥ — FBRE{LEMOSFET 045k

I/ W (mA/um)

o
—
1

Ip/ W (mA/pum)
o
o
(9}

-0.4V

-0.2V

1 | OLOIV | [

0 -0.5 -1
Vp (V)

6.7 2.8nm N,O 7" — FERZM{LEMOSFET (L = 0.5um) @ Ip — Vpf§tk. FFiE, KuororEsikirz
%) L 72 Dual Gate CMOS 70t X % FHWT W3, :



64. BEIRY VY - F— BREIVEMOSFET DS~ b - V=7 95

—_ -6
2 10
2107

1010

12 B
10 0.5

6.8 2.8nm N0 7' — F BRZH{EE MOSFET (L = 0.5um) & Ip — Voli§th. FFERICIX, KU g
$K\F % #%I L 72 Dual Gate CMOS 70t X % T3,



96 ' #wmeE EBIN XY VT - F— FBRE{LEMOSFET 0t

-
-

Z
< .
O |
)

L L LI O L LB O L L

-0.5 : 1.5

6.9 2.8nm 7" — F M2 {LE NMOSFET (L = 0.5um, W = 20um) ® Igyp — Ve 1.

10-8 '; T T T ?
107 = Ec/q NMOS :
< F ]
10
107 PMOS " 3
2 [ ;
10" q
-12 1 | l ]
197%5 1 1.5 2

Vpl (V)

& 6.10 2.8nm " — M RZELE MOSFET (L = 0.5um, W = 20pm) ORATERER Isup max D VoK.



64. BEINRAY VT - P FREMEMOSFET DY —F - ) —2 97

9 I R AR LL TV T T TTTTI
5 f
< 10"} NMOS
= - |
2 10™ PMOS
10'12 IR A R RNt
107 10° 10’ 10
La (pm)

B 6.11 1VEIMEIZ BT 5 2.8nm NoOBRE{LEMOSFET /A% — b - V=27 D4 — & Lo K%,

\

Electron
=3 Direc’r.
§ Tunneling
Hole S
Direct <
Tunneling

I T T

Hole I Electron

o
©
‘U-
=
O
w

A/
—r
o

)

e G

Current Density ( Alcm?)
o
i

10° o S/D (Hole)
m SUB (Electron)
10-8 - L 1
0 -1 -2 -3
Ve (V)

HE ik, (b) #NICHTE2IRINT— - NV FR, R (c) BiEkR.
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DL Y, REF ¥ *NVEPMOSFET i NMOSFET It RTH — b - U= 2302 nEibr s, 28,
=t ) =2 ORAER, [Vo|=1V, |Vb| =0V TEI 5.

KREF ¥ ANVEPMOSFET TO¥ — F - V=27 OB OBIC, H6.12 () iSRT LI ¥ v ) THHD
EBEITo7. EBRERLYE6.12(0b) IRT. ORI D, REF v 2 VEPMOSFET 28T, Bt
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