EATH E1IM 19841 A 7/ - Vol.47, No. 1, January, 1998
1000-3290/98/47(1)/0083-06 ACTA PHYSICA SINICA ©1998 Chin. Phys. Soc.

a-C:H(N)FHREWR X 8%
St B F BEiE A B

BEM 2-F KRE F¥R #k4
(ST T 22 0 R ) R SR R AR %%, R 430074)
wLE E)¥%

(RIAEH MRS, KiL 430072)

(1997 € 3 A 17 H3;1997 &£ 4 A 21 HiR@e )

KR ER-H G B TR AL TR ER % o-CrH(N) S, A X STt TRk
MATRESAT N, SEMNHRR S EEWNEW. aCHN)ERPZEEBTE9.09%.
%t a-C: H(N) # R #) Cls 1 Nls %55 ETE B 20 7% 9] a-C: H(N) #2544 2 1 G N, H B ik
e sp” WA S M CN, BRI p. Kb CN, e NFIC R F LT 4:3, RBEBEF S N
B, W GN, AR sp’ BN BB NS BT mimiehn.

PACC: 6855; 6115]; 6170T

aii%

1 3

R, ERBTAZROBRNES RBEEMRNRZETREREREM. T
I i@, Cohen R A T+ HEAKE,

B= 1.971 — 0.220

d3.5
X BARKEER, B478 MPa; d A MR IORK, B8 4 A RICEWRE T, L
XEZBH CHF S MBI RPTIES.

R, BERBREREERNME, LAIKBETHE DN KO BBREE R T
HEPUBUE (I AR 7E B-SisN, &, H UL C AR Si, BIE R B-CN,, B REE X R

R, BOR AT CN # AR AT IR BB

XF CN B, Bif S B L M6l & 7, M SER R BE B THUSREEGE.H
VRO W 5T VB T B R IR IS R S T NV A ROt R B e v . —
FHAMRAIERS CN EE, XTHBEOFAS WL CN R TRE 77 %75 Wik 7 & F



84 7/ B S-S 47 %

A -HREE T AR ZRATTRER % oCHN)#E, i X #&tR
TRIE(XPO)FIREE AT N, S EXNEER S 5 WINE .

2 EROB R

M BRI S-SR T A EA 2RI R RS % o-C:H(N) . K HF17
W, bR, S UM B R R T AR, WRA T T RARRE. A T ERRRX
AR AR 4 AR BE, T AR A0 B ik B K& 1. S A R 8 JG-C B 500 W iz

BENEANHTESEHERN . L THRREE 50 mm, IR % & 650 V, S 44 & 5% 10 Pa, R
HACGH, 1N, SABMBESEIEARNSE. AEREMSAE SRS ESEH . 44
JEAT B 10 mm X 10 mm G Si i AR BER T ZRE N : EKEREZBRREY &
TEKER>WEEE > RERE K ~Ar BT EHER, Ar BT & & B E R 600—1000
V,E#®H 0.1—1 Pa, ¥ AT 18] 5 10 min.

Mg KaX L ENBRIE, B2 N 1253.6 eV, 5 HEH 0.91 eV, WMRAM S EE ST
41077 Pa. JH B ¥ (X AT % BO BHOML AT 2098 O SRS R b 28

3 EREXR

3.1 a-C:H(N)HEMK S

LR N, #E8S50% KR &SAHR#K a-CHIN)EER XPS 2. BT
XPS A ZIHEFNHTE, FUNESTER o-CHN)BEBEEEHR CH N FEHM TR

C
1500

units

1000 |-

£
«
3
S
| 1 | L t
500 400 300 200 100 0
R 7Y

1 a-C:H(N)#E B XPS £



14 BTEMNE o CHN)E B MK X 08 TRIE D7 85

B, ANEEDSE—EB0O0, XRERETERRR QGH, S&D &B K. #
o N & B DUAR 35 4l o Nis A0 ClLs W 9 B3 43 0 B2 LL SR 48 2. 23 EHLA BT, 3T 158
HERERELE CHN) B SEENXERD
B2 fiw. NE2hTEH, BENSERER
ERAET N, REBMABTMM. LR ES
theb N, S 4 B 5 75% B, 9 B & B 8 X
9.09%.3X 5 Amir 4 CHy 5 Ar IR &
S Ak % a-CrH(N) 78 B I 5 18 10 45 AR 401

3.2 a-C:H(N)HJEM Cls &5 8% 0 20 40 60 80
N, 548/%

(b)H &-CH(N) M B () Cls £ & R 1% . M [E of 2 N TEEH WAL T
AL ) B TR R N & B 07 B Cls UB 1 45 B 7 S 30, W o o, LB IO T
R B

e gL
A -
£ 3
£ _
- =
w [ w [
% | -
C ! ! | | I L '
290 288 286 84 282 250 288 286 284 282
goHt/eV Gbt/ev
(a) & N4.79% (b) & N9.09%

B3 aC:H(N)#MEMN Cls i

a-C:H(N) BB Cls MR LB N S BTk, WHBE P E b HEERME.
£ Gaussian )l &, Cls 15 5 0 L4 i 30 76 A I, W {8 fr % 76 285 71 287 eV i . Boyd %!
e b CsHsN(sp? &,285.5 eV) Al CaHy,N(sp® #,286.9 eV Cls £ &8, W h & &
BREAR 10 W X B sp® 4R (RIAR CP &), & A RE B B X Y sp® B (HIAR C1 ). RS R
EMEBEFNREC M CEBNESRAE . LEE BTHRULAHROLENER 1R,



86 /)] # ¥ i 47 &

RIS AAE N 285.4 eV K3 285.7 eV, #BEh C'/C? Lh {8 B 0.294 1 X 3] 0.561, i
BB sp’ @EBBNSBNARMBYE AR, XRE S BB P N x sp® BT ENA
Mg RE .

#1 a-CH(N)# R Cls W H 7 g 45 7

il U ) 5 A F % 5 Uy T AR
NE&&E/% /evV /arb. units /rel. units /rel. units cl/c?
ct c? ct (o ct c? ct c?
0 287.0 285.4 16.7 91.3 2.9 1.8 22.7 77.1 0.294
4.79 287.1 285.5 31.9 91.0 2.5 1.9 30.4 67.0 0.454
9.09 287.2 285.7 32.2 85.8 3.0 2.0 35.5 63.3 0.561

3.3 a-C:H(N)HEM NLs £S5 HER

BapmrmREE 4.79%(a),9.09% (b)a-C:H(N) # B N1s & & 8%, W& 4 7]
PAE H, a-CrH(N) # B N1s I§ 5 45 & BE A0 e 55 N BE & BB &AL,

s L s |
s i
e 4
3 ki
L w [
=N w [~
C | I - | (
404 402 400 398 396 404 402 400 398 396
gAf/eV BAR/V
(a) & N4.79% (b) & N9.09%

B4 aC:H(N)BEJEH Nis i

L7 E WA Gaussian 4 il &, a-C:HN)HEHER Nls S A4 RB G 5 AN, &5
. 399.4 eV) [ Nis 2 & ik, 7T LA B 714 & B BRI W8 3 5 N—C sp® 48 (FR 9 N2 42),
MEARBEEMENN N—Csp? B(R AN 8). FRSERENMN N I N> @844 847
B, EFEUREIBENE 2 Fr.

MNR2HAUFBH N 5N @SN N BLEFEIESREDL, BN @1%



15 BTEMNE o CHN)E B MK X 08 TRIE D7 87

e 5 0 e T AR B VB R MBS T oK.
%2 o CiH(N)M B Nis i 1 5 5 4

il U ) 5 A F % 5 Uy T AR
NEE/% /eV /arb. units /rel. units /rel. units NI/N?
N! N? N! N? N! N? N! N?
4.79 400.6 399.5 38.1 73.2 2.9 2.2 40.6 59.1 0.687
9.09 400.5 399.5 37.2 72.2 3.3 2.2 42.7 57.2 0.747
4 i #

IR Liu o R 78 3 CN, BAG i, 84 sp® 244k C JB T2 — /2 % i Y T 4
FE5NANBRTEE, B sp? ZUNEBETE=AFAALE=ACETEZS,}HC—N
BELTHEMAEN. LEERIMR2TURI, X FAMARE &SRB BB, H sp? BN
FETAMsp UM CETHERETEAEEIIN]: [CLIHE) BEHEAE, # B#iE -GN,
AR EAR R 43, HB ARE RN 0.13. M sp U NETHEsp> HUL CETHE
FEALEIING][CP])H 0.882 3 0.904. X ¥ 8 a-C:H(N) B M A ik : N B F
FCETFHMK CN, #, LR N2 JEFf C R FARK CN, b BRESE+F N4

aCHN)HEEMNETH s 58BN SENTAMNE(E45R), RH a-
CHN)BEGPCENRFZRAGFEEMER,CE5N R TP BRI 0#,
5 Liu i b RAR R, 9t —BER T D &H CN, M8,

RLOBEER, aCHN)MEK Cls ERBN SETHIERC RN s 44
RMEMNER, MC BN s G4RERATHSABNRENEE. BT C ETE N B
FHEEBRTRIER, BB CNy M, FTUHE 1s ZARBRERENE, TN RTFE C BB
BT AR, BRR SR A BB sp® SR IBE T, 51 Em M B RRN C
QAOETHRAEBERKHNG)ETER, BEC ETHABNEATEE. UELHER
C—CHERI C—NERAN, SRCHHNEEREFRA NS ST W 3. Mansour
&I mM L NBETEHR CHs T CETM A CsHsN B, B Cls £ & 3% 1.8
eV, KB EmIRm 40%, XL B N B TFxt sp? BE T 1s & & B2 B0 0.

5 & %

1. ARSCRTh A G- RSB T A8 A R TTR B AR F & 1 a-C:H(N) # .
HEMNEREMESSATN, SENARTHN, BEEGSET N, FBE 75% 6, #&
RS EREN9.09%.

2.XPSHREMW,a-CHN) BB M E M R i CN, BT sp” B4 A1 CN, ik
AR, o CGN, P CHN R FHER3:4, HATHEET NESBENE.



88 Hm ' % # 47 %

3.aC:HN) BB N S BEF FRE CN, M op’ & & HEFED N &

[1] A.Y.Liu,M.L.Cohen, Science, 245(1989),841.

[2] A.Y.Liu,M.L.Cohen, Phys. Rev.,B41(1990),10727.

[3] BFH.R—F.FEEEF, HH5R,6(10)(1996),40.

[4] O.Amir, R.Kalish, J. Appl. Phys.,70(1991), 4958.

[5] K.J.Boyd,D.Marton,S.S. Todorov, J. Vac. Sci. Technol., A13(1995),2110.
[6] T.A.Yeh,C.L.Lin, J.M.Sivertsen, IEEE Trams. Magn.,27(1991),5163.
[7] D.Marton,K.J.Boyd, A.L.Bayati, Phys. Rev. Lett.,73(1994),118.

[8] C.Liu,Y.Z.Lu, C.M.Lieber, Science, 261(1993),334.

[9] A.Mansour, D.Ugolini, Phys. Rev. , B47(1993),10201.

STUDY ON THE STRUCTURE OF a-C:H(N) FILMS BY XPS

CHENG YU-HANG WU YI.PING CHEN JIAN-GUO QIAO XUE-LIANG XIE CHANG-SHENG
( State Key Laboratory of Plastic Forming Simulation and Model Technology,
Huazhong University of Science and Technology, Wuhan 430074)
YANG YE-ZHI MUO SHAO-BO

( The Center of Research and Analysis, Wuhan University, Wuhan 430072)
(Received 17 March 1997 ;revised manuscript received 21 April 1997)

ABSTRACT

The a-C: H(N) films was deposited from the mixture of C,H, and N, by rf-dc plasma enhanced
chemical vapor deposition. The influence of N, percentage in the mixture on the composition and
structure of a-C: H(N) films was studied by XPS. As the N, percentage in the feed gas was
increased from 0% to 75%, up tc 9.09% N was incorporated in the film. The results of analysing
Cls and Nls core level indicated that a-C: H(N) films are consisted of stoichiometry C;N, phase and
CH, matrix which is identified as predominantly sp? bonded structure. The N/C ratio of C;N, phase
is near 4/3. The N atoms incorporated in the films is useful to increase the content of C;N, phase

and sp’/sp® ratio.
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