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MOS MR ERREREASEME
BEE KX

(FEBEE LSBEVIRE L 200050)

RE AXRETEESETRDRBEIORER TS MAE MOS i, HET —170F 1000
BRI, 4% —0.3 % —10 MV/em BHIEM 1 ms 2 100 s (O ZGER AR ER
REENXRER. | E 10ns HIRNANBEREHRAUREREAREERBNEAR/LE, 77
ENARAZz— AEHFENIRER A RERN 71,558 T C X MOS Sl EREAREY
BOR N, KB SIS B, N MOS SRR AL EA 35 B L B AR T 10 ms, 03
A C-V MZRALE, HAEXM, C-V MSRAENB 0.15V £4, MTrl MOS 454,
C-V BB A ELB, SARETLX, MEHMBRNESNE MOS AR HiE
MY, HINEFIRT MOS g il B BN TRREREN NP =/ HER(RE®E.H
BT RFRE) R R, XELRABEAREREAREARFOEIEASSINE
AZFACRERER RGBSR T, RRERE—FIEER T EARS RN\
B RA AR RIRFIE. '
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MOS ZHZEHRERESS HEENNELER, & C-V MRRENE, FRESE
&, RE MOS iy s 30 T R 4R A , TR “ B ™t A B3, SR LT 80
- AREBREARTRE B (Negative Bias Temperature Instability)™, XH#BRIRFRL, X
MARERERAZESE 20 REDY, FEEEX LETF THRY, £BH &Rk
B, Hrh i R A S, SRR R ORI MR B AT, R e T
R SHERIO RS BRI, BIE, EKKVE%E??ET%EﬁﬁﬁﬁEﬁEKﬁﬁFL
SE T ORI, 0 4% SR ST S OB BR A,

25Xk Bk (Hole Hopping) MBIREME, B RERBNEH 2, HHTHEEH
BE T R RE BB R A T, SRS R A RN, S
BIB% AL G176 BT A Z EIBKER, BN e e R, SRR AT X, AT ENWITES, B
/DRI, 2T £ R IR B R B B R 4E 200°C DL b, B E 450°C F#ATY, A
B B R T4, X EE RN TE 55 AREILES T, 2 Bk
BRFH, S THRE R 2T E GURERE RRBEA MOS 251, 42 1RiE F T 14

* ERERANEREHPIE
A 199247 A 13 HEEl, 1992 £ 9 419 HE B KHE
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R R EREfTRIRE, AR RN ARERERREENR. ATIEHERERF
BRERKMARERERAREEHOLRE, BIESARRERNELHE, XEEER
i, 2EETERRGH MOS g, Z£ —170 & 100°C 22 AR EER 1 ms = 100sht
B BEENARE Y, BAME BT RERE kP ER A, 5 T X R MOS &8 iR
EREAREENENER, TRERRHA, S/ABRRKILEEAREREER R EEbHA
5y = F AL

EATERFTHANRARERMSHEEHE & THOEH MOS &1, drbE
ZRIREE S 8 X 10" cm™, EA(100)HY P HIAIN B Gk B, 25 AR e g UK 5 AR 2
BB R AW B A KB RIERGE 11500C FE 7 5%, ABEMERERS B K55
Gh, B3 46 nm BN -E/LRE., RSAMAESERETH . ERETESETHRDER
10 43%h, & FROSEBEEREY 0.2 pm, FNZIHE ARSI 0.2 8 1 mm? 79 F & % @ W0
MOS BA, HEMERETES, EFSSHEERERAE 1000Cc, BREFEHELEEL
WG, LEE, At MOS ST Zm BT S X 109 ¢/cm?,

MOS £ 22 RERE R HIER G, RS e iin, Fr, WA 5w
RO, AT{erh EEFRE Y RFTNEL, BT FREEEERE AT 2K G R M
MO BB A, XA EE HE A2 TR R R R BE S , B A TR B AR R B R H R 4. 81
ZET,EEEL, FbEEEE KSR A E #X RN, R B % B L
SERHTY, XBEL,EMNE C-V MBNAELARMBN, FERBRENMDEERER C-V
B4R R BB RO TR , B RAWF HEIE (midgap voltage) WA/ AV,, RREDS, %
BH SR R BN R E O SE Te 2 B0 , 28 B DI ROAT, e A R ARSI C-V i
8, AEREMEER, BSARORE, BNFEREE(RE), 85— 2rntE, Rk
SERE, REERBREREOHR FREADFER, FUL C-V s, RTUET
AV,,. AXETERFERBARERERREE, SR THORE, REREXIHE
HRIESE, RS C-V e, Bt E, EHMENniE, R ERBIEEN
HERLR C-V B4, XEEXENS C-V BN amaE, iiems, g
FEE—RR 1,0 T RTEER/N LS, LR C-V MR RANE/REEEER
AR/, FUREIRE, KE Rl MOS BAMIRAEE, LRERY, SN EHLYE
Wwy C-V B, HREFWESE. S C-V MBONRMAEY | MHz, 7E4%0 8
FEH TR, SEETHRARERHNENANELS E, RRGETAGHAS
FN, S FH AN BEMEFS MOS BAA, WEBFXR, AEIE— MOS BEH
BEAFIR.

ERITIR

ELRXIN,ZZREFTAREEERETHAONE, NB MOS gixhtRREUR,
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I3 B B R EMB SEEROEEAELS/NFEZY, nRX—HARNVEA
F&T NB MOS 2B EERRE, HURREERERIRS, EXCRE, R
KN U ER —RALE, B - AR KR, BERELREREBHNEREEC
AHENTEIRE, A AELROEEFERK, BKE —170°C, &F-B7O = EH
F 0, B R E O R R RS | ms, XAMNMEBBERWARLSEHR, & 1R
SRERTXMEBN., & —160°C, TXHNBLE s, C-V HEAALTE, 60s (UL
#0.06 V, MiANELE, FHEEMABXTEFELE. RERBEHRE 10ms, £ZR
A —5MV/cm B, TR, AV,, BAROTE,FIERA —0.18V, 5 N-MOS R
FE AR, A P-MOS RAERAE R, REWFEHR /D, MARELRBRTHRW
e EAr B/ —2%, Bl 1 ms FRkEHEL, BIEREEIEH/NT 0.01V, XE[EE
RTHRASNAREHRE —LIER IR, BR5EZBH (photodepopulation)®™,

F1 ERMRBRAREEEARIEEIROEMN

av (V)

R B FRRECC) | HERG (MV/em) | BEHE (s)

X R

HER

N-MOS
N-MOS
N-MOS
P-MOS
P-MOS

— 160
- 160
25
— 160
—160

-5
-5
-5
-5
-5

60
0.01
0.001
1

—-0.00

. =—0.06

—0.00
—0.18
-0.32

—-0.30
—-0.34
—0.18
-0.17
-0.30

#2UBAEHAHNARES, WNBETEE 1ms ¥ 100s 5 MHBRERNOELER,
N-MOS ARG EERT HREMS, MNAGBEBREN 30°C, HifX —3MV/cm,
ZOER 1 ms T 10 ms WRLE, C-V HMERALE, LEHE, REMERT,REHFK
SRLPERROAE. R2ORE 75— 2, EIOINTR—KNBE R, TR
MESERWEHEEMBEZSEXRREFREMB . S8 1 RIE MOS AT H
HENARENDERPE, BRERSRRZOEE. 1 EX00, BRAZREH, 2
EX 1, ZRENF/D. HRER 2 OBE, R 2 EOR RN B EBIEE, REBE—
FLMEE RSN RS A EBRNIE R, EZRNE, MOS FRERXNEBE—
ERRTF - RRFER, HE 1 ms Z 10 ms JYERRIN £ B F- BT
K. FEENERRLBER, EE100s DIk, BIETIEM, Ry 40500k 2 47 e i gt
RHNZE, BREEKEPEEMBRFSAERNSERER, 1&8ET 0,

#2 N-MOS RHL=ERE —3MV/om AFHNEFEHTHEEEL

i 2 (]

lms

10ms

100ms

1s

10s

100s

aVn, ()

AV, ()
i

—-0.00
_Oll4

1.0

—0.01

—-0.20

0.95

—0.05
—0.30

0.83

—-0.4
_Dn?

0.43

""107
—'1095

0.13

-2.65
-2.7

0.02
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ZEEDERN AREREARREEAXEEN, EHRBMEOH hEE/RBX:T R
I 1R BE R R SRR IR BE L I R [ RO AR AR R AR i, B IR BEY P-MOS 54, —BZE X
S RO A T A5 %0 5 IR AR N-MOS o
&, NG ER —BSHBRELE TPR0 =0 =100 —130 —150 ~170
B, xR, BEGIEMEENERE 0 L\
£, {HRE P-MOS A# LI &S
BIEDL, JER R LB R/INRE] 5% . 3¢
Fr b, ERPFEAIERY N-MOS R
FREERE P-MOS RBER) & & 45
BT AR R — B, N R
£ —170°C = 100°C R H iR B, ey '
B —3MV/em B H#inT N-MOS it
P WAL 05, MR 1 K08 B s a2
B AV,,. HRME 1 RMK e ampres, ReastRERBSTRERY XA
FioR, ZE —30C DI FROBRE, HhdlE Hi% o: N-MOS %#3; gi48 : P-MOS %
i SIREEEART, 7 —10°C DLk, NIFER R L F- R8N, ZAXARBENHC
SRR R FR"IE—RBZEFH. B 1 hi% A kR EERT P-MOS i
HFamhREMBHEEESCLERIIZ 6, L TF5EEHPIT. ABRER £ M| X
1 ms, b N-MOS REER 1T
2.0 4 G4 EBER, RBEIBE
HIfE AR/, X RIAZE N-MOS
’ WHEHER o pOE R T, BT

T

[

€ | o 75 RhEsEE A RESEE
5 /T 5 i IR . |

/. i ER—EE, H—En
:ﬁggﬁgy/ c REEFTRER, $haE
o — .l Re5 ViRt 2 1) 54 3K 1
10— 10-2 109 T 193 &’ H_:\‘?‘E 2. N-MOS #i P-

B} 18] (s)
: MOS RPERYL T 25 R ML &

B2 fARERE R A Mo R S E R 0 B W tHPl N-MOS AP 4 H

%% a: N-MOS #5978 30°C 852 —3 MV/cm B/ 3 —

4 b: N-MOS ZEH7E 25°C 2 ~3 MV /em BiGMEE; fies THEZERM —3MV/em f7
¢: P-MOS $5#I7E ~160C 2% —5 MV /cm ®5/E B HE R &R o fn b,

ERXERBEENE S B, BEFLTFHPEENEESROXE, 5 1 8B RE—%
B, BEEN N FBERNIES, FTHEEMBMEER, B2 hE8 R T P-MOS
EREEABIE —160°C W3R b IR I B 2R o, Hb v A B I 25 I A0k A ) %0 B A5 108 15
N,

EREBHTEGER, AR TIERABYNER, B3 457 —160°C Ik 4= P-
MOS RA¥ | ms BRI e BB /ES M e %0 RSBk i &, % F N-
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MOS R, BEIRMUNLER, HETR, #rhBaEUBMEENEHOHEMmEn, =
2/NF 8 MV /cm B, KRS, M@ 8 MV/cm, 7 b HeAr #8136 P8 377 /0 14 n iR

EHVXEPEET SHEAY XA
BHEA-BABRTAREEERARE
H—RELRUR, AEEIGERMV/
cm DI b, XF&EHEATRLE B
5 MOS Zfathth—w & & 4. @k
[13, 4IFAFET —MRERERZE
JLEERT MOS Z5#g , %F320°C,—3MV/
cm HIZ LA HRER AL EE, BIHEE
WRENMEE, ATEhA —9IMV/cm
W, fEEEMEM S s, % MOS 4
§ C-V HEZRARMBET 08V, LR

ZB—BERmHE MOS ZRNEAMLY

EAEING, SRRELREENERE

R/ NR IR TR ER AR B R EREM, "TLIEKMNIERES

B, BB HRE.

~E{MV/cm)

A3 P-MOS HiirP R EGBREBZIEL

KRB\EN —160°C, BIFHFEFME 1 ms
e o2l

AR ETIERAERERN, ARELERRER R A RERICIEE, N R8T
NABEBRE., YMHEXHAROREN, EBEEBRIKSMERAE 2000C DLENE
BT, HBLSPEAMEE C-V MROAE. MATEHNERERETLIRI, K
IR G , 85 R ZRA TR B A R “1@ R 2K 1 B Hh s AL B M A K, 5 I BT 1]
RBHE, L 10 ms DN, EZRUTHEEEEN, BENEREBAHET, XEHFR

L~

B4 ERZAHRIPKEMEE, N-MOS ZHHAEHFLLRERE
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I, E SRR AR EAE SEELAWKE TR, Woods SWIHT Ning"® 22 jif
B SRS IEB R AE 4 X 10% B 3.1 X 108 cm ™2, 3 FRSEEERE 13mm
MR, RIS AERIEH R E RN E M E 4—5eV, BEX—ER T
He, e ERERE LA om - EAREEN, SB5R AR REM 1 TR R 23 /RS 3k
WHR, ERBRRGED, “E RN b2 RWTEBERR/N, E R S A E T s,
B, ZE R A H T, — BRERE NS NERE T BEA SR, HE5NTERNE SR
FEREZTH e B K T R 45 THAY2S /OB, X B2 N A FECERE T, X225,
WFREEUEANS, RREHASENSAEHRATUERT. XRER TIREIRE
o, HL, 825 Bt B R b L FE AL M AR S B 45 R

N% MOS iyl EHAERERLE V,, KEINBRAAE V, (95, &
WHOBE R T 4. BORS Ep f Eps SN ERKESEREEL, V,, M
V, B4 RIGERAETE MOS S FRURE, Wh B Wow 481204 Jeid iz ek 2581
X SREREER, Wy fl Wy SEALEEM GRS ESRERLE E 1,
Ecs. Eys R EcosEyo B ESEM S WBOSH ENMNETR. AXEN,
R REE B RER, BEENEY SHELRKR, ZE8AEERGEG XYM
3R, 4 (a) FR, R B 4R A 0 I SE SR M4 B IR , 76 WL FE R A5 6% 1], MOS
EHNHERENEERER ERET RITS , ERENNE FHIE, B /B R4, X
i S LR ERE L AN AR EARN, SR ASRME 4 (b) FiRBEST 9ET
LR, BEEN IR, EREX AR ES F-SANBREE, Kha FREFHRA
BEARN, SABKEIENET, ERXEEH Wi SEIEESNE Wou, BEEHR
BRN, ZEARE LR ERERRE A, BE5E 4 (a) hTRAKMEE, ENES
o, G LA R4 N-MOS iREEZ5S fife FE B Ve R, 6% RS th i R R F A A i v
KIHE, ZE R EN—TF SR S KRR S, AR, REBTREAIR, K&
HFREAL, BEEERBESN, EALEDERERIFXE—GEL, ¥F N-
MOS i, REA N, f1 P-MOS REE—RE, 28 —10°C DL |k, FITRSIREE —0.3MV/
em YRR, bR ERRENSE, BT, XERABNETESN, HARNEIHE
2SR RBENEA ZEALRE, XA, TLIBHITER: EORERENDERTF MOS
St ERER AR RS SORE MR E. ERNEEETER,
TERRE R E N E L RE— WA S BT BSE RN TR ZS X BERE, —RALREENA R
B e, 25 B R A BB AL B A AL RE, B2 SIEHHR IR, T L RE N IE B A, W rh
B[R,

ik

REESTARBMGHOBRER-E/MAE MOS EHETENMREREARES, &
BEARE] —170°C {93rErh, HERNMEE(—03 %3] —7MV/cm #9835 )i 84b 8ix
ff MOS Z5#9 1 ms % 100s, ¥R EHHEME, XREAREEERREET & M
200°C EFRBERELENAKET B TS, REHE T DI AL 84 E e A 3
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BHUE, %ETBER 0SS ARERGHRTHRERD, N-MOS kK “B(3
PSRN BOREEERE, B USRS B, i E R4 o RUTRES.
S FAT/ERAR MOS i, ZEIREET —30°C, MRGEOERES Wi EMBY
FMAHE, EREST —10C, BENEHAE. ERESET, ¥ haEs 55N
O F1L FL 3 R SO PR O R B BR R M R U35 AR, M L i —8 MV em, ZSAKIE
B ARE, #haERAB Rk ESRN. FrEXeTRs B EARER
ERREIRNNSREATERSSREA-RAERAKARZNEESTF. Lhi
RIFSE: SESAKEHNS/CRAREENRMNEIN, SREASRRRE 2Bk
R, SAHERSEEER _AAEEETASREHERANBELE RSN
FRIE, RATEX S E 5 BB E S BN T, X EIER A G R IR,
BRI AR A 4 S KB
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Negative Bias Temperature Instability in MOS
Structures at Low Temperature

Lu Deren and Zhu Deguang
(Shanghai Institute of Merallurgy, The Chinese Academy of Sciences, Shanghkai, 200050)

Abstract Negative bias temperature instability in both n-type and p-type MOS
structures with thermal oxides exposed in oxygen plasma were studied under various
negative bias stress conditions at temperatures ranging from —170°C to 100°C, in
aging times ranging from lms to 100s and at application fields ranging from —0.3MV/
cm to —10MV/ecm. The lowest temperatures used in this work were seldom. The
aging times, 1ms and 10ms, were a few hundredth, and even a few ten thousandth
of those times used in conventional negative bias temperature instability experiments.
The effect of illumination on the surface of MOS structures during stress on the
midgap voltage shifts was investigated. It was found that if an n-type ‘MOS struc-
ture is not illuminated during stress aging period of lms or 10ms, the C-V curve
of the testing MOS structure does not really shift, and if illuminated, about 0.15V
midgap voltage shift can be observed. However, for p-type MOS structure, a midgap
voltage shift allways occurs after a similar stress to the one used in the above expe-
riment of n-type MOS structure in spite of whether or not the p-type MOS structure
is illuminated during stress. Studies were also made for the dependences of the mid-
gap voltage shift on negative bias voltage, stress aging time and temperature. It is
the key of performing these experiments to separate the hole injection from the hole
transportation to oxide bulk once holes inject into oxide hole traps in the whole
process of buildup oxide charge during negative bias stress. Our results further con-
firmed the hole hopping model of the buildup oxide charge and the hole transporta-
tion with thermal excitation characteristic.
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