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Characterizations of Diamond-Like Carbon Films Prepared by
the Plasma Enhanced Chemical Vapor Deposition Method
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Abstract

Diamond-like carbon (DLC) films have been prepared by means of the plasma enhanced chemical

vapor deposition (PECVD) method using vertical-capacitor electrodes.

The deposition rate in our

experiment is relatively small compared with that in the conventional PECVD methods, which implies
that the accumulation of the neutral CH, radicals on the substrates due to the gravitational movement
may not contribute to the deposition of DLC films. The hardness and the transparency were measured
as a function of the ratio of the partial pressure of CHs~H: mixtures or the hydrogen contents of
specimens. The coefficients of friction between DLC films and a SisNs tip measured by using a lateral
force microscope are in the range of 0.024 to 0.033 which depend on the hydrogen contents in DLC,
and the surface roughness depends mainly on the deposition rate. The optical gaps increase with

increasing the hydrogen contents.

DLC films deposited on Pt-coated Si wafers show the stable

emission characteristics, and the turn-on fields are in the range of 11 to 20 V/um.
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Fig. 1. PECVD

apparatus with two vertical electrodes.

Schematic  illustration of our

2.4 3

2% 1ol e wpep o)
PECVD # e 2lsf A=
g o] WAool 40x40 crol
282 ojFoj gty =2 E
= 20 cnd] ¥H¥goz A
A AUAE Bk 1356 MES) f-ZE 7)o
o] 1, Aol 24 endl WY HAH
=3 HAH 2HE Lol E A sy
CHs®F Hpo &3 7147} 8718 £
ol g8 FUS w2 Fs Pk vt 004~03
torr MY WEFZA FHegew =y e
-100 Vel A -200 V2 Zdaidd. 7lwtez= Ao
F dol#, Corning7059 2} 18] Pt-coated Si
2 Pt(400nm)/Ti(500m)/SiO2(100m)/Si' & A}g 3o,
2 =% €o DLC e4g FAsY

i N =Y

o

8
o

o r

+

blv—'H
oy KT
fo L fo pu O

o2
J,J‘

&tz

t} uwlukel =703 Alpha Step (Tencor200)& A&
o] FAER A d g Hedde g e
M EF ~d9E"”HY =34Ee 2 UV-VIS E#ZA
(ARC Spctra Pro-275)¢} FTIR (Nicolet Impact
420)& o] &3] FAS AT BH A9 vt A

¥ Scanning Probe Microscope (PSI Autoprobe
AFM/LFM)& AH&3te] F3stgdch, DLCY e 3

S EEL T RIS S LR 5 [————

466

oy
o
¥

A e 548 2x107° o) DAFIAAM =
AEI T a9 27t AA BE SAFA Y AFEH
2oty wHYYPeEE High Voltage Supply
(Keithley, model 248)% ¢ 833, AALEHAF=
Electrometer (Keithley, model 617)& AH&3o &3
Eigsi=g

Turbo molecular
pump

'

Anode

Sample

Keithley
248

Keithley
617

Cathode
Pumping PC with | |
IEEE 488
ag 2. Ax wESAANAGY Mgl BE.

Fig. 2. A schematic diagram of electron emission

measurement system.

3. 88 & =9

CHi%t H®] E£R7IAE o] &3ked PECVDe 9 &
AZtE DLC wehe] 54 A ozye 748 $ig

£ ¥ 33 #Zeol CHy Hzol ¥ ],
PICHJ/PICHs+Hol2 Al A8t gt o 7) *1 P[CH =
70~250% 10 *torr2 WA AL PlH)E 2E A&
ol 4 40x 10 “torr2 AAEA FAAADL, A HH

¥ ulsh o] PCHIS 7P} 2589 37hg 2

et 71Ae g pBol A Hge A
& A9 2 5% Y ws sred sy
olth, 1§ 4olv AA Hgto] e ZHEY o=
A& L}EM%M. o714 P[CHL/P{CH4+ H2]=0.67 %
2AAAT FEHEL AA AL -100004 -200V
2 /M?‘Oﬂ upeb oF 3u) Fbsich oS &
G gtoll Al RdRTE A Hgto]l E=XEL A
olat=dl Al wj) W4 "ok H#e onig
oo ZA bl FAIAL -9 onle HxBe



5 80
E l”é S
~ a4l 4 | ot
CE: v // /v ‘ QC_)
= Y, - 60
2 \ '8
© 3r O
o
c BT
= -
g% e
% L=
yo!
1
6 7 .8 9
P[CH4]/P[CH4+H2]
8 3. PICHJ/PICHs+Hz]9] #2 Jebd DLC

dtute) FAER Fa F§F

Plot of the deposition rate and the
hydrogen content in DLC films as a
function of P[CH4l/P[CH4+Ha).

Fig. 3.

o]
(&)
o

| =
E RS
€ .l - 45 =
= 6 z 8
Q ] <
© 240 8
4 - 3 c

- 2
[0}
S .-
5 -35 2
@] H - T
o 2 - B e
(&) i - £

] ‘ _

— o 30
100 150 200
self-bias voltage (V)
3" 4. A Hge $42 vdehd DLC uhete)
FEHEH 2 ¥F

Fig. 4. Plot of the deposition rate and the

hydrogen content in DLC films as a
function of the self-bias
Here, PICH4)/PICH4+H]=0.67.

voltage.

groundg E& wWAHUIIAE 0] SefZug g v

461

ANAA Y283 =FR Vol.ll, Nob, 1998.

Abole] = o] F& o]2 sheath® Fo] FAH &4, o
©]2 sheath® Ateld] F1 EetzvigdHwy o=
7ZY@Abolo] potential X7t Av)e=d o)w Zabznl
o] dUFoR + ol Zrige] -7} ®r} w2}y
o] & sheathd delldE AYAslz Q& A Aol
gAHEd AAAYGe EANA - oldZB sl
e gdE EIs Aol B QFAdAA Aze
DLC utete] digh $&82 dutx<el PECVD %4
o2 Ag AREY FE v|Fe zon o
T F49 CH: #iuds Ze) £9o] Zda & Ay
ZE0°] DLC #tute] Z &) Agzleg slodsta ¥
oo ZAgta Ao

1A B zA AgH 2& FF ajsf ¥
o wEF o] £ AE DLC #e) 43
of d&e 7xt 1Y 5 FTIR £342 2A¢
Az o] 4gutg DLC utehe) AFF 2900 cm ' ¥
2ol el C-H stretch FTdgE Jepdth E¢ol
e A9 (a¥sans A Hgge] e A (2
d5(b))e] DLC ®uhehell A 2870, 2930, 283 2950cm
Tol A el A A EHE §F5 Holae #zn

CHs(asymmetric), CHz(asymmetric)$} CH, Z@lx
CHa(symmetric)oll 48] o] 3 Hoez =T

sp-gHe east A AP g F e

wel = 29807} 3000cm ‘ol A EbbEd] o) zhzt
CH:(olefinic)® CH{olefinic)s] ®&o] e AL=Z
s
—_ (a)j,‘m () . 178V
3 j/,»\ s, 0.86 /K T
e Iy M W 150V
5 7. i’ "\x,v - PSSR -125v
g ¢ ’ \\l, 083" ~7 — T
5 //V/ A\ 071 /
3 A \_A L ~-100V
s [ W R
_8 [ / N i u
s /7 Q84 ||
7/ il
2800 2900 3000 2800 2900 3000 3100
freq. (cm™) freq. (cm™)
3% 5. (a) PCHJ/P[CH#Hl & (b) =3 gk
of @& C-H stretch &F5disl dad

FTIR 29 E#,

Fig. 5. FTIR spectra associated with the C-H
stretch bands for (a) P[CHJ/P[CHs+Hz] and
(b) different self-bias voltages.



o] oA sp’-Ee @ae AFH AP’
P[CHJ/P[CHs+H:]=0.719F A4 A -100 VY =2
stol A AAE DLC #olA 2000cn A9 &
AsE e DLC 2ete] &4 Al 2o A &
P[CHJ/PCH:+H1=0.719F A& A -100 Vel =7
stoll A A &8 DLC whetoll A sp-deje] gia A%

of B} grhe AE 2w g
400
[ P(CHJP[CH +H.] ;
- e 064 //
~ r s 067
< 300 — 0.71
Rann L. v 079 4
'E L - & 086 /
o - — /
> L
QL 200
o L
<k
5 100 —
O L 1 J 1 L ! 1
1 2 3 4

v(eV)

a3 6. PICH./PICHs+H:]7F th& DLC #hebel of
& (al ) A me 3%,

Fig. 6. Plot of (e )7 vs. h for DLC films
with different P[CH4)/PICH4+Hz].

DLC ®#eteldel Fa83e 34 5o ANg

9 22 FTIR A#®EeEgdogRry & § U A8

WY Fa ¥R CyE e 2ol Forn
Cy=A f(a/cu)da) (1)

A71H Ax AFR 1.35x10% emlolx, et w

= 47 F5AF em D99 AFFoH, AR F
7+& C-H stretch 58 T3sh= 2800~3100
em'elth BAC)Y BE Cy = 1.77 x10% om™?

g o3y wAALY AP AE F29 U3
W % 4 §EE & 5 Ao ol2RE 7@ DLC
Yol 52 gerel Ans 3Y 3% 49 AARAG,

gatzo 8% )y FAYoE ARE - U3

468

29 3904 ®9 PICH./PICHs+H2]=0.71°1 4] DLC
urakel 424 FEto] H49) 40% AEY @& dE
e, 2y 4eAeh Zel Al HekE - 10001A
LO00VE ZAIA 7ol wet 44 dBe okp pAad
S o % glgith DLC whetelr 3 23 Fe
= ogumrd oz wmdrg 1Y 33 49 Ads
DLC were] 759 AFAYE dHehs ez £
4 Qlth

DLC ®tehe] 2xe] xSl F&3 /e 30~
1100 nm 3 HHAAN 4% FEAT2 FEg F
Asdct, DLC Wty 83 3 Enc o&e o
Adom RH T¥ & AT

ahv = B hv—Eq )* (2)
A714 e AR FxelvAeli, Be 4F
oltt, 18 6& (ah)'*& mel disted vebd 3
o2 g7t ~10° cm @9 Aol m FF
ghE "ol #atE Y Egolm, o]E  PICHL/

PICH;+Hol @ A1 A ke §42 29 7o) e
At Eodl #2 PICHJ/PICHstH2)S) 3t #7F oby

self-bias (-V)
100 120 140 160 180
2.4 —
,>\ _
q) i
~. 2.0 —
& |
W | ) ;
ol e \
1 Tl I S
B0 65 .70 75 .80 .85
P[CH,J/P[CH +H,]
718 7. PICHY/PICHs+H IS A #Hee o2
L}'E}‘iﬂ Eopt,
Fig. 7. Plot of Equ as a function of both
PICHJ/PICHs+H:] and the self-bias
voltage



71 AR &85 =8 R Vol 11, Nob, 1998

g A Hg Frhel web Zrbed E,e 27}
= sp-gue CHARY Z719s #ddo] gl 7
22 A glow, A A wheE DLC uety
Epd AEL 283 =99 dRaAn 7a9 2
Aol W& En® AEL FTIRY A#s} tja o
€ Ho &9 plasma We CH,' 9 723 270
A B Za¥s B Agd4y veux gs
74 {:Lr,]

T8 2 wE F2 dga p’-deye CH,
A2 e mA Tz 2 Are gge 4
Atk ¥ HdPAME  atomic  force microscope

(AFM)9] ®3<) lateral force microscope (LFM)E
olgstel W A Tz Fxe Hzzale DLC
x99 i@ ASE 2H5A0 LFME probing %
I A8 A}.o]oﬂ 22 3= iuh‘sko] 3] o & By oul
T AFE ded A" $ \
2% 8el® PI[CH4J/PICH«+H:)=0719F AA) H<t i ne o 06 08
-100Vel 272 Azd DLC ¥ete] BHo| o
(a)AFM# (b)LFM & YEFYATH Rms A&7 =
AFM 4oz Re T30, g9 opd AgE 29
8(b)e] 1Yol AAIG vl 22 LFM"“ﬂH wla 5
2o A wolR FE 7 5 Uk B A
A OAME-E AdE e v EY A4t "—}ﬁﬁ A A
%71 WiEel SiNs-EH 29 g uE A
0071”’011 ete] RAgste $HoR DLCY w7
2 AAs93Y. 19 9% rms A A 719 ob A

7ial Edel wel vERd Ao g o]F Fhx
PICH./PICHatH:)®l 3t} Z7ket w 8o F7}
¢ F St Rms A#7= 89 FiE
9]’13}‘31, g AFe AT Eud Asy
AX ot B d¥dA [2g BE DLC w2tel v}
4 A dad wYe g FErld 8% e
@ 7HAH, oleld A= £2¥Y PECVD A3
o ZiQlste] UMz e FEAFNA Y2 Ay
2 o]sfgch

DLCE w& Ax H3pE-g zt7) u&e] DLC ¥
Doz RE Y HA WEFe tisle & A7V HF

A ek & AFAAE 2x107° torrsf AF e Fig. 8. The typical (a) AFM and (b) LFM images
A 1x1 om®e) Cu-F=FT o BAS of the surface of DLC film with
Pt-coated Si #le]® $dl F& A7 DLC #de] A P{CH.)/P[CHs+H;]=0.71.

A HEE ZAEAYG $E AF-HY BEAHAL 1¥9

103 Zeon, ¥ 11& 9284 T Fowler-

Nordheim #& o3t W& 54& 387 943 J = aE exp(~b¢" BE) (3)
agolth

_{
‘U

-IN 1% B 4y
Wl rlo ey

l‘? [ \ .ﬁ | \ ‘J

RS e e

ﬁ\f 15" Al f“,ﬁ iR
0‘ 4 n i

0 L 04 08 o8 B
trace distance

) Y
i 0z i (R HAEATIE

a3 8. PICH/PICHs+Hol7} 071 DLC 29 &9
o] WA (a) AFM ¥ (b) LFM 34

4

G714 Je AF 9E (A/mdHelH, a9 bE A,

469



Exe H7F (V/m), ¢t #& A9 IH
eV), v AA BE 22 BYd &3t S5
oltt, 29 103 ¥ 112 ¥¥ 7% turn-on field
T 11~20 V/em B9 Ay gE JHAH, 19 109
AXRe] 71 €72 2 7 FE A FH g
e f=1° sty 0.07~0.16 eV P9 &
7h7ch B A= DLCY A %3 EAd o
& P[CHJ/PICH«Hz] B A4 Ats} 2o 4 o
A Ao Fggel B/48 el wsith a2
Y 2 nm/min®] W& FAEE A3y DLC we
tumm-on field®} ¢+ 24z 11 V/m, 0.07eVE v
A} e g vehisid. 8 dwise g pLC
oA AA TFE A AQ HIo) % T B
Aol dEE Rew dd o' sy B oy
HellME ojet 2 3T Ao 2% HA W& A
9 BdAMNLS JElA @) ol sRHIo
Z Pt& A8 ohmic Y& o] F7] HEg e
2 FZ5Y, ol TA=R @od PECVDe 93
o AzE DLC IHES Si-¥ FEAAAMETE Mo
% e F4-9 FEAC di$ dg+ bz wtow
ALY AE US A" dA 3E 54
o2 7]

0|

o
i
w©
ok

<— - 035
T 24—
5 ; / O/ _— t
w = / -.030 @
%] & (@)
o} L o
£ 20~ Ji o
2 ' L o8
2 0/7 g
2 -
16—/ |
= ’ - .020
.Ol : | :
60 65 .70 .75 .80
P[CH4]/P[CH4+H2]
a8 9. PICH/PICH+H)e #42 uehd DLC

¥pebel rms AR7)oh o A4,
Plot
coefficient of DLC films as a function of
PICH4l/P[CH4+Ha].

Fig. 9. of rms roughness and friction

%E}Z‘_D} j].'g]— 7])2} %_;1}%\_0__;_ ;ﬂ;_q.g e e s s

470

BEH

3 _ P{CH J/P{CH,+H,]

‘e~ 0.54
-~e-— 0.67
-~ 0.69
-—v— 0.71

current(HA/cm?)

Wﬁﬁ-‘; ., .
poig— s
T

5 10 15 20
electric field(V/um)

a3 10 PICH4/PICH«+Hz)oll W& DLC 2hete) A
HH AA WE A
Typical emission characteristics of DLC

films with different P[CH,}/P[CH4+H:].

Fig. 10.

1078

P(CH JPICH,*H,]

—ad AT 8

" 054

1o

108

10-17

JIEZ (AV?)

10

IHII B | IYHH[?' T I‘I‘ll T II]Hl

A2

o
B

1/E (V/um)’

a3 11. P[CHJ/P[CHs+Hsle] t& DLC
Fowler-Nordheim 1§,
Fowler-Nordheim plot for DLC films

with different P[CH4J/P[CHs+H:].

shote)

Fig. 11.



4.4 &

AP AFL AHEF PECVD FiHe= A3
DLC etse CH, Agdel 717 HoM o
Z2RE8 71AY, old skldte FEY FIEX
Zh=t} CHy-He EE7)189 B3 A8 Ade
HslAalzle 24 DLC WeHEy F483E 40% ©
a2 @& & gdslow, 25 evel BHA HL e
7#xrt 2 4 A3 4 At Ptcoated Sidl
ol® o] Z3¢ DLC d¥oE9 4AS AAYLE
AE EALS DLC woo] F4-y FEAY 4%+
Wz duo g Agsicti Fgch

uy rlo e

1. J. Robertson, in proceedings of E-MRS sym-
posium B, 1(1996).

2 K. C. Park, J. H. Moon, S. J. Chung, J. H
Jung, B. K. Ju, M. H. Oh, W. 1. Milne, M. K
Han, and J. Jang, “Field emission properties of
ta~C films with nitrogen doping”, J. Vac. Sci.
Technol, B 15, pp. 431-433, 1997,

3. N. Musukura, S. and Y. Machi,
Deposition mechanism of hydrogenated hard-
carbon films in a CHs rf discharge plasma’, J.

Inoue,

m

A7 A4 833 =g A Vol1l, Nob, 1998,

Appl. Phys., 72, pp. 43-53, 1992.

4. ol o), o|HE, "7 Pox(ZreaTionOs 2
=) H71H B4, $8848, 7, pp. 471-476, 1934,

5. M. Toguchi, A. Higa, T. Shima and .M.
Miyazato, "Configuration of Hydrogen in Sp*-
Rich Amophous Hydrogenated Carbon Films
Prepared by RF Magnetron Sputtering of
Graphite”, Jpn. J. Appl. Phys., 33, pp. L747-750,
1994,

6. A. A. Langford, M. L. Fleet, B. P. Nelson, W.
A. Lanford and N. Maley, “Infrared absorption
strength and hydrogen content of hydrogenated
amorphous silicon”, Phys. Rev., B 45, pp. 367~
377, 1992.

7. J. Tauc, Optical Properties of Solids, edited by
F. Abeles, North-Holland, pp. 279, (1972).

8. P. Couderc and Y, Catherine, Thin Solid Films,
146, 93 (1987).

9. C. Putman, M. Igarashi and R. Kaneko,”
Quantitative Determination of Friction Coeffi-
cients by Friction Force Microscope”, Jpn. J.
Appl. Phys,, 34, pp. L264-267, 1995,

10. K. B. Lee, ” Atomic force microscopy inves-
tigation of the surface characterization of sol-

- gel derived SrBi;Ta;0¢ thin film”, ]J. Vac. Sci.
Technol B, (1997) submitted.

11. L. S. Pan, "Diamond sensors and vacuum
microelectronics”, MRS Proceedings, Vol 416,
pp. 407-418, 1995.



