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Diamond-like carbon(DLC) films were deposiled on buffer-layered ZnS substrates by radio frequency plasma
enhanced chemical vapor deposition (RF-PECVD) method. Ge and GeC buffer layers were used hetween DLC and
ZnS substrates to promote the adhesion of DLC on ZnS substrales Ge buffer layers were sputter deposited by RF
magnetron sputtering and GeC' buffer layers were deposited by same method except using acetylene reactive gas.
The relationship between film properties and depositon conditions was investigated using gas pressure, KF power
and de bias voltage as PECVD parameters The hardness of DLC films were measured by micro Vickers hardness
test and the adhegion of DLC films on buffer-layered Znf8 substrates were studied hy Sebastian V stud pull tester.
The optical properties of DLC films on buffer-layered ZnS substrates were characterized by ellipsometer and FTIR

spectroscopy.
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1. Introduction

iamond-like carbon(DLC) film is expected as hard
D protective coating material for mechanical and opt-
ical purposes. Because DLC has good mechanicl and opt-
jcal properties such as high hardness(3000-9000 kgfmr?)
and high transparency from visible to IR region. it can
be used to protect weak IR materials, such as =zine
sulfide(Zn3)." However the adhesion of DLC on ZnS is
poor in general. To serve as a protective film, the
adhesive force between DLC and ZnS must be large
enough to withstand the high internal stress of DLC
films, which cause {ilm delaminationa. We deposited Ge
and GeC ag buffer alyers between DLC and ZnS by RF
sputtering to promote adhesion of DLC on ZnS and to en-
sure excellent optical performance. DLC, as a hard prot-
ertive layer, was deposited on 8i and buffer-layered ZnS
substrate by PECVD. The properties of Ge, GeC buffor
layers and DLC were charactirized by X-ray diffraction,
FT-IR, Ellipsometer, Seghastian V stud-pull test, Raman
spectrum and dynamic load hardness test.

II. Experimental Procedure

1. Ge buffer layer deposition

Ge films were deposited on ZnS substrate by RF sputt-
ering method. We have fixed Ar flow rates ag 20 SCCM
and target-substrate distance as 10 cm. We have varied
the process conditions to find the variationof film pro-
perties, Pressure{l, 5, 10, 20, 50 mtorr), RF power(50,

100, 150 W), time{2, 5, 10, 15, 20 min) and substrate
temperature(no heating, 200, 250, 300, 350"C) were var-
ied. The basic condition was 10 mtorr, 150 W, § min and
no substrate heating, Ge ilarget was pre-cleaned by Ar
sputtering for 5 min.

2, Gel buffer layer deposition

We used a Ge target, Ar gas and C,H, gas as reactive
sputtering sources. Ge target was Ar plasma cleaned be-
fore C.;H, was introduced. The deposition variables for
GeC reactive sputtering were pressure(l, 5, 10, 20, 50
mtorr), RF power(80, 100, 150, 200, 250 W), time(2, 5, 10,
15, 20 min), substrate temperature(ne heating, 200, 250,
300, 350°C) and the ratio of C,H, gas to Ar gas(1/5, 1/3, 1/
2, 1/1, 2/1). The basic common condition is 10 mliorr, 150
W, 5 min, no heating of substrate and C.H; ta Ar ratio, 1/
2. In each process the basic condition was fixed except
on variable.

3. DLC film deposition

We have deposited DLC films on Si substrates by
PECVD, whose process parameters were pressure(l, 5,
10, 20, 50 mtorr), RF power(50, 100, 150, 200, 250 W),
lime(d, 10, 20, 30, 60 min), substrate dc self-bias voltage(-
300, -400, -b00, -600, -700V), C.H/Ar ratio(1/5, 1/2, 1/1, 2/
1, 5/1) and C.H/H, ratio(1/5, 1/2, 1/1, 2/1, 5/1). The basic
common conditions were 10 mtorr, 100 W, 10 min, C;H,
flow rate 20 SCCM. The base pressure of DLC coating
was below 10” mtorr and the substrates were Ar sputter-
cleaned for 1 min at 10 mtorr and 150 W hefore de-
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position.

4. Film characterization

The film structure of Ge and GeC was investigated by
X-ray diffraction. Film thickness was measured hy o-
step and refractive index by ellipsometer at 1294 nm.
Vickers hardness of DLC was obtained from dynamic ul-
tra micor hardness test(Shimadzu DUH-202). Adhesion
of filmg on ZnS substrates was ohserved by stud-pull test
using Sebastian V tester. IR transmittance of Ge, GeC
and DLC film was measured by FTIR. Through Raman
spectrometer film materials were identified.

IIl. Results

L. Ge films

Table 1. shows the variations of film thicknesses, re-
Iractive indices and IR transmittances according to the
deposition parameters. The thicknesses of Ge meagsured
by o-step was used as a guide to determine the film re-
fractive index and thickness with an ellipsometer. The re-
fractive index of Ge is 4.1 and itz melting point is 1210
K. In this table the refractive index of Ge is not always
the original value of about 4.1, which indicates that the
film is porous at the deposition conditions. The value of
FTIR transmiltance at 10 pm is obtained by extracting
the effect of zinc sulfide substrate. The right end column
shows the values normalized to the film thickness of
1000 A using the following equation.

I=Lexp(—ox) (1)

I=Intensity of the ray passed the film
Ii=Intengity of the incident ray
a=Absorption coeficient of the film
x=Film thickness

To find out the crystal structure of the film deposited
by RF sputtering from Ge target, we used the X-ary dift
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Fig. L. (a) X-ray diffraction pattern of Ge/ZnS with sub-
strate heating at 350°C and (b) X-ray diffraction pattern of
Ge/ZnS with change of substrate heating temperature.

fraction method. Fig. 1(a) is the X-ray diffraction pattern
of Ge on ZnS substrate which was heated at 350°C dur-
ing depogition (Table 1. No.8-16). There are high ZnS
peaks alang with very low peaks. Fig. 1(b) is the mag-
nified picture of Fig. 1(a). Because the film thickness is

Table 1. Ge Film Propetties According 1o the Deposition Conditions

No. Condition Film Substrate “'?EFP Elllp?ﬁneter Eﬂzpﬁiljneter i‘til‘lllz} f’:ﬁ F}fg;lfm;"/f)
81 1 mtorr Ge ZnS 1535 2063 2.3256 88.2 94.1
S2  5mtor Ge ZnS 1715 1713 3.3416 91.7 95.1
S5 10 mtorr  Ge ZnS 1500 1622 2 9058 97.3 98.3
S-4 20 mtorr  Ge 7nS 1658 1629 2.3707 98.2 98.9
S5 50 mtorr Ge 7nS 840 767 2.1096 97,6 96.9
S-6 50 W Ge 7nS 1622 21722 99.0 99.4
87  10W  Ge 7nS 1203 2.5759 97 8 98.2
58  200W Qe 7n8 2850 1306 2.2115 93.3 94.8
58  2min  Ge ZnS 719 776 28031 99.3 99.1
$10 10 min  Ge ZnS 3081 3438 4.0407 94.9 98.5
811 15 min  Ge 7nS 5236 4919 2.2787 84.9 96.7
$12 20 min  Ge 7S 6364 6633 2.7351 90 4 98.5
813 200°C  Ge ZnS 1250 1389 41871 95.1 96.4
S14  250°C Ge VAR 1250 1667 7.5207 91.5 94.8
815 800°C Ge 7nS 1100 1287 9.9198 90.4 92.5
816  850°C  Ge InS 1200 1279 42714 93.4 94.8
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1279 A and the intensity of Ge peak is weak compared
to ZnS peaks, Ge film peak was difficult to detect clearly.
3till, we could find Ge peaks as the substrate tem-
perature was increaged, which means that Ge thin films
were crystallized by substrate heating.

Fig. 2 is the Raman spectrum of $-16. The thin curve
iz Raman spectrum of Ge bulk sample and the thick one
is Ge/ZnS sample(S-16). Both curve have the same peak
at same wave number 308 cm’. From the Xray dif-
fraction and Raman spectrum we could confirm that the
Ge film deposited at 350°C has crystalline phase,

Fig. 3 shows the result of stud pull test of Ge/ZnS sam-
ple. The thickness of germanium film was 604 A and the
deposition was done at 2 min, 150 W, 20 mterr and
200"C. As indicated in this photograph the Ge film dis-
played a very good adhesion to the ZnS substrate. The
adhesive force between Ge film and ZnS substrate is
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Fig. 2. Raman spectrum of Ge/ZnS(S-16, 350°C).
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higher than the cohesion of the ZnS, as evidencec by the
fracture in the substrate. In the stud surface the pulled-

3. The result of stud pull test of Ge/ZnS sample.
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Fig. 4. The IR transmittance of Ge/ZnS(S-4, 20 mtorr, 150
W, 5 min. t=1629 &),

Table 2. GeC Film Properties According to the Deposition Conditions

Nao. condition Film Substrate u-?E)E P E]llp?gl)neter Elllp?gl)neter };TIIRD S/Q Fﬁiﬁmﬁ)
5-29 1 mtorr GeC Zn3 1229 1162 1.6856 100.5 100.4
5-30 b mtorr GeC ZnS 1452 1545 1.6634 39.6 99.8
5-31 10 mtorr GeC ZnS 1378 1338 1.6603 100.8 100.6
5-32 20 mtorr GeC ZnS 1170 1436 1.6589 97.4 98.2
5-33 50 mtorr GeC n3 1499 1592 1.6037 101.3 100.8
5-34 50 W GeC Zn3 01 714 1.6096 101 .4 10240
5-35 100 W GeC ZnS 1174 1118 1.6430 100.3 100.3
3-36 C.H, : Ar=1:5 GeC ZnS 1331 1224 1.6574 101.3 101.1
5-37 C.H,: Ar=1:3 GeC ZnS 1113 1234 1.6618 949.5 99.6
3-38 CH,:Ar=1:1 GeC Zns 1771 1889 1.70777 101.5 100.8
S-40 200°C GeC nS 1083 1002 1.6151 100.2 100.2
S5-41 250°C GeC ZnsS 101.2

5-42 300°C GeC nS 683 1 B827 100.9 101.3
5-43 I50°C GeC ZnS 101.2

5-44 2 min GeC ZnS 602 100.4

5-45 10 min GeC Zn3 2539 1004

S5-46 15 min Gel ZnS 4047 1009

S-47 20 min GeC ZnS 4841 99.8
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off ZnS piece stuck together with Ge film. In this test
the adhesion value measured by the Sebastian V tester
was 195.1 kg/em®.

Fig. 4 shows the IR transmittance curve of Ge film de-
posited by sputtering at 20 mtorr, 5 min and 150 W. The
thickness of Ge film was 1629 A This transmittance value
wag obtained by extracting the effect of ZnS substrate

Table 2 shows the refractive indices and IR transmit-
tance of GeC deposited by reactive sputtering using Ar
and C,H, gas. The FTIR transmittance of GeC which
was obtained extracting the effect of ZnS was excellent.
In other papers the refractive Index of (eC was found to
be in the range of 2 to 4 depending on the deposition pro-
cess.” In our experiment we have ohtained the GeC re-
fractive index values in 1.6 to 1.7 range. In our results
the refractive index of (GeC decreased as the reactive
sputtering pressures increased. Alse the increase of C.H,
to Ar ratio increased refractive index.

Fig. 5 shows the XRD pattern of GeC film that was de-
posited by reactive sputtering with substrate heating at
350°C(5-43). We could not find clean GeC peaks.

Fig. 6 is Raman spectra of ZnS substrate and GeC film
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Fig. 5. X-ray diffraction pattern of GeC/ZnS with substrate
heating of 350°C.
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Fig. 6. Raman spectrum of GeC/ZeS(8-31, 10 metorr}.
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Fig. 7. The result of stud pull test of Ge(/ZnS sample.

deposited on ZnS substrate. The two curve seems to be
identical and there seems to be no unique crystalline
phase peak of GeC film. From the result of X-ray dif-
fraction and Raman speetra, we can conclude that this
GeC film has amorphous phase.

Fig. 7 is the result of GeC film adhesion test using Se-
bastian V. The deposition condition for this sample was 2
min, 150 W, 10 mtorr and C,H,: Ar=1:2. As indicated in
this figure, the GeC film displayed a very good adhesion

Table, 3. DLC Film Deposition Results (substrate : Si)

No. condition o-STEP (4) ]E,ltlgs?ﬂ— E;]%gsc():lr)l-
S-bé 1 mtorr 546 675 2.22R3
3-h7 5 mtorr 1443 1591 2.2735
3-58 10 mtorr 2976 3803 3.1020
3-56 20 mtorr 4756 4752 23189
S5-60 50 mtorr 11360 11040 2.2296
S5-61 50 W 1579 1735 2.2237
S-62 100 W 3021 2800 3.2977
35-63 180 W 4137 4199 2.3309
S-64 200 W 5294 6443 2.8255
3-65 250 W 7102 6314 2.6620
5-66 -300 V 1969 1836 2.2493
S-68 -400 YV 2688 1827 29239
3-69 -500 V 3287 3421 23718
3170 600 V 4370 4323 2.3703
271 Bl 4925 4281 2.6513
5-7¢ 5 min 1358 1372 2.2343
8-73 20 min 6111 7116 3.1462
5-74 30 min 8167 8459 2.0763
5-75 60 min 19097 18074 2.4745
S8-76  C,HypAr=1:5 1647 1616 2.3998
5-77 CHyAr=1:2 2608 1682 2.9590
978 CHyAr=1:1 3495 3016 2.6902
8-70  C,H,:Ar=2:1 2361 2063 27277
8-80 C,H,:Ar=5:1 2899 2087 3.2503
5-82 C,H.:H.,=1:5 879 857 1.8696
5-83  CyHyH.=1:2 1003 1313 2.1753
S84 CHyHs=1.1 1806 1825 2 2475
5-85 C,HgH.=2.1 1829 1873 2,2698
S5-86 C.H.H.=5:1 2472 2264 2.4898
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to the ZnS substrate. The adhesive force between the
GeC film and the ZnS substrate is higger than the cohe-
sion of ZnS, as evidenced by the accurrence of fracture in
the ZnS substrate. In this test the fracture force in ZnS
substrate was 240 kgfem®.

Table 3. shows the result of DLC film deposition by
PECVD. When the H,/C.H, ratio was increased, the re-
fractive index of DLC decreased.

Fig. 8 shows the Raman spectrum of 1.8 ym thick DLC
film deposited for 60 minutes.

To check the adhesions of DLC films on various huffer
layered ZnS substrates, we have made samples of DLC/
GefZnS, DLC/GeC/ZnS and DLC/GeC/GefZnS. Ge and
GeC buffer layers were deposited with substrate heat-
ing at 200°C. The thickness of DLC film was 3500 A. As
it was witnessed in Fig. 94, 10 and 11, they all showed
very good adhesion te ZnS substrate. In all three cases
the fracture oecurred in the ZnS substrate, which in-
dicates excellent adhesion between DLC and Ge and
GeC buffer layers the depth which the indenter dis-
placed during loading. At the maximum load the in-
denter stops for § seconds. After 5 second unloading
time, the displacement recovered as much of elastic de-
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Fig. 8. Raman spectrum of DLC/Si {8-75,60 min).

Fig. 9. The result of stud pull test of DLC/Ge/ZnS sample
{fracture force : 39.1 kgfem”)
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Fig. 10. The result of stud pull test of DLC/GeC/ZnS sam-
ple (fracture force : 37.7 kg/em®).

Fig. 11. The result of stud pull test of DLC/GeC/Ge/ZnS
sample,

formation. D2 is the length of displacement not re-
coverad. From this value the computer calculates the
Vickers Hardness of films. That was found to have 6389
kg/mm® Vickers hardness.
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Fig. 12. The dynamic ultra micro hardness test result.
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Fig. 13. The IR transmittance of DLC/GeC/Ge/ZnS system.

To find out the mechanical hardness of DLC film, we
used the Dynamic Ultra Micro Hardness Tester ai 3.00
gf load and 0.135 gf/sec loading speed. Fig. 12 shows the
load depth chart of our 1.8 pm-thick DLC film. In a load
depth chart, D1 shows the depth which the indenter dis-
placed during loading. At the maximum load the in-
denter stops for 5 seconds. After 5 second unloading time,
the displacement recovered as much of elastic de-
formation. D2 is the length of displacement not re-
covered. From this value the computer calculates the
Vickers Hardness of films. that was found to have 6389
kg/mm® Vickers hardness.

Fig. 13 shows the TR transmittance of a DLC (3500 Ay
Ge(650 A)Ge(600 AYZnS sample. Thin line curve
represents the IR transmittance of uncoated Zn3 sub-
strate. The thick curve, the IR transmittance of DLC on
GeC/Ge/ZnS substrate, is very close to the transmittance
of uncoated ZnS substrate.
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IV. Summary

We could deposit high hardness DLC film that has ex-
cellent adhesion on Ge and GeC buffer layered ZnS sub-
strale. The main summaries are as follows :

1) Sputter coated Ge and GeC buffer layers show ex-
cellent IR transmittance. When they were deposited at
200°C or highter, their adhesive forces on ZnS substrate
are higher than the cohesion of ZnS

2) The adhesion force of DLC films on the Ge and GeC
buffer layers is strong enought that the fracture occured
in Zn8 during the adhesion test.

3} The hardness of DLC film deposited by PECVD us-
ing C,H, as a source gas is as high as 6389 kg/mm’,
which is enought to be used as a wear resistant pro-
tective coating on ZnS

4) The FTIR results show that the DLC/GeC/Ge/ZnS
gystem has transmittance spectrum very close to that of
bare ZnS3 substrate.

5) DLC/Ge and DLC/GeC coatings are hard and strong-
ly adherent to ZnS and have high IR transmittance.
Therefore, they can be used successfully as wear resis-
tant protective coatings on ZnS.
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