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(EFAEHER, LE  100871)

BdE A9k

(LR AR, L3 100871)
(1994 4 10 A 6 H )

R T AEBRERK Coo5 n-Si M5 p-Si MY L PE R, B I-8 IR (J-V) S B % 9
P e Ak 49 S e AR PR B, EL AR LA R 98 A M RV B, % W o TR R A R T R A 7 E S LAY
HWFHEMN ERARME L. BF-EE(-T)N R R, & 585/ E RS IR
B, NGB Co/n-Si Fll Coo/p-Si RIBE M A HE LT ESFH 0.30 71 0.48 V. 5l R
BEMBHERA, T BE T LR B E, bW SR BRI L AR R RS
Bk Coo M FHEARRN3.92 eV, EWHE /NPT 1.72 eV, BHEE-HE(C- V)R ERHN.
BIRX BRGGH CVIFEREEW, B CoP M T ah Rl 7R IR T X8
£OHEHHABEFEEN A0 ecm 2. AIMHE CVRBYERTET CofIHMMEH
¥, £E 300—370 K BB A RN 3.710.1. '
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BABRAFREWE Co, CHoME TR fullerenes HHEREETEEWHR W 51E
AMEEE, SHFSRRER, AITURLEE LK. ERLLSHIES
RO —~Fhk B A 7 fullerenes BRI A KRS O MEHE T Coo B Cooyro [ 1A BEHY B HE
FAEEE R BF, EBRE K Coot n BE T, BREGFEBREK CuBARES
HELGEERRERAE ™, BULE G Co B R BRFREURL S EHER . &
FREMBMERER TS OANBRNEHMEEMIREZ -0 FRpE R T B
B(STM) B E I (ST MR T B F BB (AFM) B, BRE S CoBZ
VR R e 7 R M L A SR T A EL A 2 T A TR B AR 17 (R AT B, HAT AR A
BEEPRE A Co 5 RER AR 2 YERT.
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BEAHT A B ME XS B Coo MY RET S BUMI B E LA R Coo/ St RGBSR C-V FFHE N9 IR IR B K
HARRE.

2 IwEHZR

2.1 HaflE

FrdpEf A F R, — MR UERMIEH FE BT REER 30 Qrem Y. <111>
S n RS R R MITEM Co/n-Si 2, SR EBEEEX Y 2—4 Q- cm #,
<11L> 4 p BUEEAME R AR Coo/p-Si ¥ (E R HIERE R E— 5, ERTE W
HAHHAESERESBEUEEL R 500 nm) E W KIB M, FEMEABTHES K LBR
(LY 1000 nm), IFERSH A 500 T E &L 30 min, LAEE R B A RRIEM . H
TEBREF EENEAY, R E# HF BB R (HF: H,0=1:20) &5 20 s, }#
VREEREBFKPERTRMARASKT, BEEBERFEHBRAZEEZHT Gy
IR CeoM KL RREIIMEED, HARKCEHTEETRAEHE& EAEHE
& F(10-9) X 133.322 Pa 4 Balzers UMS-500 UHV &4, B4 5 99.9% Ceo¥t K
mAFAER ERE R EE L, BREEPEFORERREN 200 C . E#EF EER—BEY
S B8 CofE (X SHRMHMBRATCRAROLTER), HEFHEEH 1 nm/min, B
HREER - AERERGEN R R -BREZAL D, BHE N S5.03x10 % em?
B4 R (BkEL 58 ) RGBT 3 R T BUFE Coo B L, TR HE AL IR R FF0 100 T . Coo EAY B
R JEL ] — 7 18 4 H7{% (Sloan : Dektak 3030 ST)#: il 2% 200 nm.

2.2 B Coo/Si RAGERIN-BEFRR- 2 EHE
B 1 7R Ti/Coo/n-Si G5H Y J-V #iZk. BB 1 7] W, Ti/Ceo/n-Si H544 4L G IRIR MY B

-7.5
ol ﬁg:
h’ ] -8.0f
g 3 -
! i :
SOF g :
) F g E = s
§ !- o £ _gs5h
3 o i
F 10 f o
] w0
F L -"j
- - - 0 2 4 B K] T P TS PETTE FTTTE PTT
° ) : 3.0 3.1 2 33 3.4 35 3.6
RE v/V 0K
B FAREI R RDP T/ Coof/n-Si 856 J-V M2 Ti/Ce/n-SiZ5HHa J-T 'HIRK EmR

M T=280 K EH0.5V



24 BRIFHF . B Coo/Si B RETH L7 RAE 267

WIER, ZERER +2 Vi, HERH AT 3x10° & EEEME/PT 0.3 VB, B £RT
PIFEL, BB MMEE RS EEEHEK. Y ERREKXT 0.3 Vi, MW S HEE
FEMK, X THERATRKEE R, SRS B EREEE RS E 18 J-V
2w LA

M}]

Fr.HP J, AESREFAXROREEMEN, ¢ YEFEMN, A, AFERGERER, n K
HIEHEF, r ABRELEFH. GBI EER(OANSBHE 1 HRH R,=2.0x10°Q,
n=23.5.

B2 RHEE 1 EREERRERNO0.5 Vi, BAXMBSRERRANER. A2 bk
HYERPEARSF, R /D R X SRR AT G, FTLAR I J,o R IR BE B Fe BeR 3, B

Jo = Jooexp(-q 8 ./ kT), (2)

He qﬁdfﬁ&ﬁ%&ﬁ%ﬁ%&%ﬁ. —RERT, B Co- - EMREFEW, UEEENH
BREERFEEXR(E), M FE 1R, ¢pul 0.30 eV.

Ti/Ceo/ p-Si G R FREWIEM, EFHBIES Ti/Coo/n-Si GBI, BIETHE
B IE [ERE R Y, IS & R N IERY . 7EIBBE 9 300 K B, Ti/Ceo/p-Si 5Ky J-V i &t &
3 Fiw, BERMEN £2 VEF, KR KT 10* & BRUTF LR 7%, BB 3 ek (1)
KIUWABHE3IHEEN R,=2.8x10'0, n=2.6.
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ERER -0.5 VI, Ti/Coo/p-Si MBI SBER R RFE 4. 1 4 TR, i
SR BRI RO T 4 COBCIETTDIR ] 3 RSB CB L BBE of ,  0.48 V.
Ti/ Coo/ n-Si P Ti/ Coo/ p-Si #5938 H FEAR P A8 S 3% — 36 S5 2 01, 16 L b 3 90 M O 1
P #08 2 RAAE T Bk TR A B Coo O MR RS, T FEE T Coo 057 1 0 T
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2.3 B Co/Si RRERETHREY

BT ERNMT AR Coo 5 BT L5 I 45 0 LA, A5 Co/Si RRA M RE
#HR, R S R, B S(a) R IR B Coo s n RIBEERAL Y BT4 B HREH, Hop
B2 EMIE 1" FR Co, “2" FREE. x, ¢bn, E, RKBRE NS RSB R BT
BE, ERESHILE TSR E, E,, Ex fKKER SN SHIE, HHT. RE-R.
AE, 1 AE, HHFT Coo ShEZ MISH AR E U RMH AR E. B 5S(a) PEEM R E
BB Er i T Coofll Epy 25 Coo/n-Si FIR4H I 53 H1 [EAR R ) . Co AT RELL AL F 25745 |-
AR T AR PR REE T RIEBLN. B SO
H oo n BUREFRASEERRAE M I8, Hop vV, F0 Vi 3R
7% B %5 [ W 8 KB Coo— M AN RE— DA PR 25 R
W 2 MR L ¢ (Vi + Vi) S F Bl 3T
MERMNLZE(ER — Er) . BT Co5 i Z 8] § 8 R EL
LB RESEREA, X RE A RIREKAE
M1 SR B T, T A IR OB Coo/n-Si
SR CEREAF AT AR, I S(c) BRR. B8 5(c) BT, fE
SHETERBI CFHBERY ¢, = (AE, +
AqV ) iR — A REBER B (A 2) . Y ICBER A
(RIERT, EFE M T Coo/p-Si TR S8 5@k 8 5
() WK Coo/p-Si SRLERIREREL. g[8 S() AT WL, p
R 2SN BRIE CoM B BmERY - M HRRL
BE, qp = AE, + q( Vi + Vi) FIFE, {2 i i 2 &
-~ B E R BUE Coo/ p-Si FIRLE B Sl AR 540

€ 5 B R RRAEE SR M HL oV, TLUE
5 R 8 A P BB L Coo/ SRR C Rl
Co ~MATFERBHRE Co, MEE—MARRBEE Cult
HE T B, B '

1/C = I/C{_‘.W +1/Cg. (3) Eu

—HRTE R4 H RIS T, JEE (200 nm) 1R i 4F
BB CoBR T 2R (NEX), B C FTA M FBREK Co/Si 5L R
FHinN REE (a) AEMAT Cofl n BEEM
Co. = Awe, coldy. . (4) @%um»ggcw?&ﬁm%@
o w 0 #5(c) HERR Coo/n-Si 52 IR 45 B 5
Hof d A CooRERE, HANDME R Coo BT (D Cao/psi R

W¥ e, K3.720.1(RE3) . MAX LR T HHY
Coo I LA BB AL By AR A At (4)3UR M C A 82.4 pF. BERE K 2 AL d R
B g (ERENER, g,= Vi) REM (LD BEW T 7T LA ZBE B F, 3T p Ak
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Sk, B UERRH
Csi = Acegeoll —e ¥ ]/ 2L F(B4,) | (5)
1
F(Bp) = [P + By, — 1] (6)
MR
Lp = (eSienkT/Nqu)m' (7)

Hep L, REFERE, B=q/kT, Ny HEEPRRZERE. AREEH C-V & m it
Br 480, B 3 Ti/Coo/p-Si FEREEL R PHRZ EWRE N 6.8 X 10" em ™, BIREX R Y
HaMmERAN 74.5 pF, REXLEHRWMEAE Cc 1)) —(DATUHEE ¢V
0.01 eV. R I BE I IEGBIE 1 Ti/Coo/n-Si HERBELFEPHRBEERER 5.1 ¥
10" om ™, BREFEM AT B2 4 19.9 pF, il AT I & 3040 F1 [R] BE 09 77 36 0T LA ST B S Y
gV, M 0.17 eV,

W R BRI 5 89 Coo/Si FRGWIRET MBI W LIRER h B ik CooREW MR
ETFBH, N Ti/Coo/n-Si 1] qVi, MIE R LB E A, B Co M HIKMAERE
AE. H0.13 eV, AREIK Cof B FHEERE x,0 1, = 1, - AE.=3.92 eV, KPRM KA
AE x, 71 4.05 eV. i Ti/Ceo/p-Si # ¢V, 17 B 42 1 BE AT AN B fd Coo 14 0 45 TH 19
8% AE,<0.47 eV, i~ S B HEE CoWI W RE £, <1.72 eV, HHAF 300 K
B EER BRI 1.12 V.

2.4 Nb(8¥ Ti)/Ce/Si B RHB A

Nb(E% Ti)/Ceo/Si HHWHI B (1 MHz) C-V FithE 5 R EE R — 1B E M E—afH
i) 88 P9 e s O (TR RRIRIR) B 5% [ 6 R B B 360 K B, IR R AT Nb/Cgo/ p-Si 89 C-
VAR PR o HIRMZATA CV B, #1ZR 6 AEMERIBMR(-3.0V,
10 min) ZJEEFAH C-V LK, #2R ¢ HEHMZ o KT HALIERR(40 V, 10 min)J5H
Bl C-V B4, 4R b T4 FRE 4 0—23 V i 8 FE G B P, 45+ 25 i 728 7 B 1 R 7
. X—FERH, B CoBLTERREURBRERALTFZEIU(EF)REBFRS. &
Coo B ERERMFIT, Nb/Co/ p-Siith 5 MIS G5 2L, RAF — &K BIst, Bi a7 & 1 5E
R AL B, B A 55589 5w B A . B TR X R, o AR MIS 454
it IR 6 AR MY . AR HE MIS G5 FE iR, Nb/ Cyo/ p-Si V-4 B FEW] LA KR
Vip == A Qc, + Q)/Cc, + traso (8)
AR

1 d

Hob Q. WEERE AT TR, $ALH A Co/p-Si T H BRI MELH, b, H EMEERI T
Y%, Q. HHMTR Colleh MBS RERNHRAHN, o % CoRRIE T

B, IR Coo P & A W 3 REF, NI 6 AT 7R i 38R B BT LA A B 175 9 e 1, B
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TERMACIE 2 AT, A3 M F A TRFES, FESFERRER M, EMXERER
R BN, M PR B R ET R RN . FRIRRIET, AT
Coo/p-Si FEFHE, A p BEEREZHASHERK T (7O BRBA R, BEERRE N
C-V ik m Em KA mBa), HFRAERYEFFEE28.0 VOFHHEZA Cp=56.2 pF).
EREENERMLE S, i) 8 FH0E RS B R T, € xR ZE
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6 iRk Nb/Co/ p-Si R 8 C- vl B 7 Coold o 8T O] 3 T -F AL AT JIE
BN TR Y 25 /s MEER A IE R FE &R 4 i CofM WP TRERH R DR

Bh 1 B s A7 < I A R A R

WA /N, M C-V R E R E R M BB R L « WEAED, FHEEN-2.5V.
¥ hB AR S 454 B9 - B R RUE IR RS B T L E, AT 18
AVpg = - AcﬁQL:SD/Ccms (10)
Bt AQc, WENMER Coo B RMIF BN A B OB T H AT X T 6 FrRabEdh, AV =
30.5 V, # (10) XFT1§ AQc, =3.1X10" cm™ 2. B 1 {5 110 8 368 8 ) WEAIK, 38 IRSK R
e/, ) B2 B K IE T B B AR, W 7 S LA EE. R 7 AR, 4R
FEARTF 260 K BF, RA R84 71 3 8 -F R RKIE I Ry 39 87 3, 7 260 5] 310 K #Y
REEE N, RETS R FHRE LR REREYS LAWY, EREST 350 K VUE,
AT 3 B 50 A E N FA SRS ARBE B 7 ob B R DA B B Coo P AT 3 1 3 78 80
fE R 0.365 eV.
WRETET R, FURMIS, Nb/Ce/p-Si 458 C-V M T ER Co ZHRE. FIAX —HE
1 (4) AT DU 5 Coo @ 4H XS A 823 3 e, WE 7L CHEEE . BE 7 oI, &

300-370 K (9B ETEE N, Cot XN E B SBE LR, HEEHN3.7+0.1.
3 it %

EfA Coo/Si RRMARERMEAM RN, UREEK ColB FRABMBHREH LR
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B, 3T — 2 B A B Saylt 8 F452 \ Coo SR S AT 15 FI (I 3756 58 LR
sewg%%ngﬁﬁ%m%@mﬂ.%iﬁﬁ%@ﬁﬁ%ﬁé’%—%ﬁﬁxm - Rfw
BB Coolty B F RS HE 3.92 eV H A% 46 B T BE% (UPS) M B 698 7 88 49 3L Coo b
FHBEIE 2.6-2.8 e VEIKBE | (F CoA FRESHEEE BTk Coofy i3
ZEMBRMED, BEip LET A0EE, TR FHH T SR RER(ZER X AKX
HL T RE A A 5 SD B L1 S Ot i T B ) 3047 00 B, 7R UK B B0 BUBR B B S NRY %
Z,HBRBRTFEAETE, BTG LT X6,

AT B LI FRAI B Co M BWRE Ex<1.72 eV, 5EE Co N F
W 1.7 eV LI R EGE Coo BN TRULBRIRY 1.64 VI R—F Y, HR S TaER
%3 (EELS) MBS 3IH 1.8 eV, 55 X BB FREBM BB EIH 1.9 eV, UK
SHEmRCH RN 2.3 VO SERERAN . EHHEHERNEGREMBHEE.

Nb/Cqo/ p-Si 2545 B TERRBCR 48 7 s B K Coo B A H N BARL B TH BT XF
X B B AR IR AR (115 LAY (1B /RIS 2B AR Coo B MR e 25 - Y 25 1), 76 2 18 Y
S, R 5L G, SRR BON 1.4 nm, BOESRE R R 1 nm(CelI2£2 Y 0.35 nm) .
EA PR EELURIB M A RS KBTS T S %R o T i Bk Co
SREME, T EELRETRTEHM, ERBESLEREHENEE. WK HANE
7 Coo MY A B 7 8 R 7E LA RHEAT I, Coo B9 M0 ACHE S5 4T BLE 3595, T EL 011 900 R 78
BR IR, ST R AT AR . T R T AR B R TR

FRATTI R G B K CooBIAE T A BB H ¥ 3.7 £ 0.1 H Hebard % B Al/Cgo/ Al 253 K55
B2 o A 4.4 2% LK Hansen %5 FH 6 50 R 35 O 3 18t 51 1 G i 1 1) WL T BB 180490 S 326 1)
BEGER 4.62Y/MEBZ, (HR S Ren 4 F i B R 15 Y B B ik CopBEBY L4 3R 3,612 — 3.
Hebard %751 B BHE AL 522 49 Bk Coolh N 484K, SR o IR 61 4 5 0, B0 45 Bt ok
RARE R . ERNTH T, KRB Co/p-Si 5B GEH R ERMONY, BI85
2500 8 i) 5 0 R 228 i, BT A ARG ol A BRHETRAY .

4 % ®

BB T BB Coo/Si RIREWERERIER, BARRLEH J-V, - THCV SH
BURREHE R B Co BB TFREMN3.92 e VHMBEFREN E4<1.72 eV.
Nb/ Cgo/ p-Sich 1) 7 18 I S0 48 7% i [ ik Coo BES76 WT RO W 3 0 B8 F WL 707, LA BB 1
# 0.365 eV. FIF Nb/Ceo/ p-Si %5 44 1 B 55 o A HE R 1 52 [ & Coo YRS A s 0 3.7
+0.1. FRGERMTFH— S HFREE Co PP B R LK B Coo/Si SRS SR T
SE R

TAERRITMEGMBEET L+ 28 BRITHE U AR E WM T ZRES, ERERHE.
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ELECTRICAL CHARACTERIZATION OF SOLID

Cgo/Si HETEROJUNCTIONS

RECTIFYING PROPERTIES, ENERGY-BAND MODELS,
AND BIAS-TEMPERATURE EFFECT

CHEN KAI-MAO JIA YONG-QIANG JIN SEXUAN WU KE Li CHUAN-YI
{ Department of Physics, Peking University, Beijing 100871)

Gu ZHEN-NAN ZHOU XI-HUANG
( Department of Chemistry, Peking Unicersity, Beijing 100871)
(Received 6 October 1994)

ABSTRACT

This work investigates electrical properties of contacts between undoped solid Cgpand n-
or p-type Si. Current-voltage measurements show that the two contacts result in strong recti-
fication with opposite conduction directions, indicating two different kinds of barriers for car-
rier transportation at the interface of the two contacts. Current-temperature measurements
show that the current is an exponential function of reciprocal temperature, from which we es-
timate the effective barrier height to be 0.30 and 0.48 eV for Cg/n-Si and Cgq/ p-Si, respec-
tively. Within energy-band models we interpret successfully the above experimental results.
Based on the energy-band model and experimental data we derived the electron affinity of sol-
id Cg film to be 3.92 eV and its energy gap to be below 1.72 eV. Highfrequency capaci-
tance-voltage measurements show that biastemperature treatments have considerable effect on
the C-V characteristics of the heterojunction. Assuming the existence of mobile negative
charges in the solid Cg film we explain the effect successfully and estimate the density of the
negative charges to be 3.1 % 10'2 cm ™ 2. By use of the C-V results we determine the dielectric
constant of the solid Cgp film to be 3.7 0.1 in the temperature range of 300 — 370 K.

PACC: 7340L; 7220]; 7360F



