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The antireflection effect of a diamond-like carbon (DLC) film in the a-C:H:N/CdZnTe
optical system in the 2—16 pum range was determined from the optical transmission spec-
tra. An investigation of the plasma treatment effect on the surface of Cd,_,Zn,Te (x ~
0.04) substrate prior to DLC films fabrication was carried out. The irradiation of semicon-
ductor substrate with argon plasma was found to be optimal for improving its optical
transmittance. Analysis of the absorption spectra of DLC films obtained by FTIR-spec-
trometry technique into the interval 1000—8000 cm™! has been done. Peaks corresponded
to deformation and stretching vibrations of C-H bonds as well as C—C and C=0 bonds were
observed.

Wsyuena poss MOHHO-ILTA3MEHHOM 06paboTku mMonokpucramros Cd,  ZnTe (x ~ 0,04) npu
HAHECEeHUH IIPOCBETJAIONIEr0 IOKPBLITHUS — aaMas3ornogo0Hoil yriaepoguoil maenkum a-C:H:N.
O0OpaboTKa IIPOBOAMIACH ILIA3MOM aproHa, asoTa W BOJOPOJA B €IMHOM BAKYYMHOM IIPOIIECCe
Ilepesi HaHeCeHWeM IOKPHITHA. KoHTpoas onrmueckux cpoiicts cucrembl a-C:H:N/Cd,_Zn Te
ToKasaj, uto Hambojiee a(PHEKTUBHON B IJIAHE MOBBLIIIEHUs MTPOCBETIEHUs SABJISETCA 00paboTKa
mrasmoli aprora. IlpoBenen aHanus crexkTpos moryomenus cucrembl a-C:H:N/Cd,_Zn Te, mo-
3BOJIUBIIUNA YCTAHOBUTL IIPUCYTCTBHE II0JIOC, COOTBETCTBYIOILUX BaJIeHTHLEIM U Je(opMaluoH-
veIM KosaeGammam C—H csaseil, a taxkse C—C um C=0 cBasam, HaJImume KOTOPBIX HEOOXOIMO
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YYUTBHIBATH IIPU KOHCTPYUPOBAHUU U CHUHTE3€ M3YYAEMbIX ONTHYECKUX ITOKPBITHM.

1. Introduction

Single crystals of Cd,_Zn,Te (x ~ 0.04)
are widely used as a substrate material in
infrared (IR) photoelectronics, in particu-
lar, in cooled back-side illuminated optical
detectors for the (3—5) um and (8-12) pum
spectral range based on Cd,Hg,_,Te epilay-
ers [1]. Cadmium-zine-tellurium immersion
lenses have been also successfully used to
improve the parameters of uncooled IR pho-
todetectors [2]. In all cases, the perform-
ance of a detector is determined by the op-
tical properties of the entire multilayer
semiconductor structure.

As is known, the reflection losses of inci-
dent radiation can be reduced using antire-
flection coatings [3]. For semiconductor
photodetectors, the optimum coating must
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combine the antireflection properties with
the ability to passivate the detector surface
so as to increase the stability, decrease the
recombination losses and leak currents, etc.
We believe that a promising technical solu-
tion is offered by diamond-like carbon
(DLC) films. Such films have been success-
fully applied as passivating, protecting, and
antireflection coatings in solar cells based
on single- and polycrystalline silicon, being
competitive in this respect with the tradi-
tional antireflection coatings [4]. The expe-
diency of using DLC films as antireflection
coatings in IR photodetectors is determined
primarily by the advantageous features of
their deposition (low substrate temperature,
simplicity and low cost of the PE-CVD
(Plasma Enhanced Chemical Vapor Deposi-
tion) technology), as well as by the possibil-
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Fig. 1. Optical micrographs of the surface of Cd,_,Zn,Te (x ~ 0.04) substrates exposed to the plasma
using various gases: H, (a), N, (b), Ar (c). Optical field (240 x 200) um.

ity to control the optical and mechanical
properties of the films by varying the depo-
sition conditions.

Before, we have studied the antireflec-
tion properties of a-C:H:N films obtained by
plasma-chemical deposition on Cd,_,Zn,Te
(x ~ 0.04) single crystals [6]. It was found
that the plasma-stimulated deposition of the
dielectric coating on the semiconductor sub-
strate provides the formation of a complex
optical system with two transition layers
and the optical transmittance amounting
80 %. It is necessary to point out that the
preparation of the CdZnTe substrate surface
to deposition of the antireflection coating
consists of a sequence of operations includ-
ing preliminary plasma treatment which is
used for surface cleaning. At the same time,
this operation may result in violation of the
stoichiometry and degradation of the prop-
erties of a near-surface layer of the sub-
strate [6—10]. Physical damage is primarily
induced by high-energy ion bombardment
during etching. Indeed, a change in the re-
gime (power, duration) of CdZnTe treatment
in an oxygen plasma may result in the sur-
face degradation (rather than to its passiva-
tion) and to a change in the resistance of a
near-surface layer [6].

Thus, in this study, the effect of the
plasma treatment of Cd,_,Zn,Te (x ~ 0.04)
single crystals prior to plasma-chemical
deposition of antireflection coating is inves-
tigated. In addition, the identification of
transition layers is discussed.

2. Samples and measurement
technique

During the unified technological process,
the Cd,_Zn,Te (x ~ 0.04) single crystals
were treated by Ar, H, and N, plasma and
then DLC films were deposited onto semi-
conductor substrate. The effectiveness of
the antireflection effect of a DLC film in
the a-C:H:N/CdZnTe optical system was de-
termined with IR spectroscopy method from
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the optical transmission spectra in the 2-
16 pm range. Optical parameters of the a-
C:H:N/CdZnTe was studied by ellipsometry
using a laser (A= 632.8 nm) photoelectric
compensation zero ellipsometer (LEF 3M-1,
Russia).

Prior to DLC deposition, the Cd,_.Zn,Te
(x ~ 0.04) substrates of 1.5 mm thickness
were cut into (10 mm x 10 mm) squares and
were treated for 5 min in high-frequency
(18.56 MHz) discharge Ar, H, and N,
plasma at a pressure of 25 Pa and at a dis-
charge power of W = 175 W. Then, the DLC
(a-C:H:N) films were deposited for 40 min
at a discharge power of W = 250 W. The
discharge was initiated in an ArCH4:H5:N,
(1:3:5:9) gas mixture at a total pressure of
100 Pa. The control Si plate was treated
simultaneously.

3. Results

In Fig. 1, the optical micrographs of the
Cd,_Zn,Te (x ~ 0.04) samples surface ex-
posed to the plasma action using wvarious
gases are shown. The Ar plasma clearly in-
duced a maximal surface modification as
well as caused around 200 nm thick dam-
aged layers in comparison to those of a
damaged-area thickness of around 10 nm or
less by N, and H, plasmas (see Table). Fur-
thermore, a critical effeect of plasma-in-
duced damage is the change in the optical

Table. Optical characteristics of the
Cd,,ZnTe substrate exposed to the
plasma action using various gases: k£ is an
extinction coefficient, n is a refractive
index and d is a damaged-area thickness

k n d, nm
Initial surface 0.2 2.55 -
Processed by N, 0.29 3.02 8.63
Processed by Ar 0.04 3.2 210
Processed by H, 0.08 3.2 10
177
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characteristics of semiconductor substrate.
The disturbed layer formed due to nitrogen
plasma treatment has optical parameters
that are most close to the parameters of
cadmium telluride (n = 2.98, k= 0.35 for
A =632.8 nm [11]). At the same time,
treatment with argon or hydrogen substan-
tially, by an order of magnitude, decreases
the extinction coefficient (from 0.2 to 0.04)
in the disturbed layer of samples under
study and increases the refractive index
(from 2.55 to 3.2). It is also worth noting that
these coefficients, as to their value, are close
to the optical coefficients of one of the layer
(n = 3.56-3.87; k =0.02 for A =632.8 nm
[5]), which is formed in the course of appli-
cation of a-C:H:N dielectric coating onto
Cd,_,Zn,Te (x ~ 0.04) semiconductor sub-
strate. Thus, we may assume that the na-
ture of formation of this layer is connected
exactly with ion-plasma treatment prior to
application of the DLC coating onto semi-
conductor substrate.

The antireflection effect of a DLC film in
the a-C:H:N/Cd,_Zn,Te (x ~ 0.04) optical
system pretreated by Ar, N, and H, plasma
was determined from the optical transmis-
sion spectra as illustrated in Fig. 2. It was
obtained a complex optical system with two
transition layers. The transmittance of an un-
coated CdZnTe crystal is on the average about
T ~ 55 % . The application of an a-C:H:N film
with a thickness of d ~ 0.9 pm increases the
transmittance on the average up to about T
~ 70 % . The spectral interval of maximum
clarification corresponds to a near-IR range
(3—6 pm) that coincides with the transpar-
ency window of the atmosphere. The trans-
mittance reaches T ~ 80 % and oscillations
in the transmission spectra is observed for
the a-C:H:N/Cd,_Zn,Te (x ~ 0.04) optical
system pretreated with Ar plasma. It should
be noted that, after the treatment of sub-
strate with argon plasma, the oscillations of
transmission are observed in the region of
maximal antireflection of a-C:H:N/CdZnTe
system (see inset of the Fig. 2).

Thus, the deposition of a a-C:H:N dielec-
tric film onto a Cd,_,Zn,Te semiconductor
substrate (x ~ 0.04) results in the formation
of a multilayer system with the optical
properties different from those of the in-
itial substrate. At that, the layer nearest to
the substrate is formed as a consequence of
the plasma treatment of the semiconductor
surface. As to antireflection, treatment
with argon plasma is the most efficient.
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Fig. 2. Optical transmission spectra of a-
C:H:N/Cd,_,Zn, Te (x ~ 0.04) structures pre-
treated by Ar, N, and H, plasma. Insert: The
oscillations of transmission observed for the
a-C:H:N/Cd,_Zn,Te (x ~ 0.04) optical system
pretreated by Ar plasma.

However, it is worth noting that, in the
case of application of a-C:H:N dielectric
films as antireflection coatings for the in-
frared region, one should take into account
the presence of absorption bands charac-
teristic of their vibration spectra. As is
seen in Fig. 2, the transmission spectra of
a-C:H:N/CdZnTe structure contain regions
of absorption, characterized by deformation
and stretching vibrations of C—H bonds. A
detailed analysis of the infrared absorption
spectrum of the synthesized structure has
shown also the presence of C-C, C=0 and
OH bonds.

Spectra of infrared absorption of a-
C:H:N/CdZnTe structure were recalculated
from the transmission spectra of the sample
with regard for the thickness of coating
being obtained, the reflection and the an-
tireflection effect. The fraction of incident
light reflected from the CdZnTe/air inter-
face was determined using the formula [4]:

2
ny —n

R:[l oj’ (1)
n{+ngy

which yielded R ~21-27 % for the

(3-16) pm spectral range. Here n; = 2.7-
3.15 is the refractive index of substrate ma-
terial, ng =1 is the refractive index of air.
For the CdZnTe/a-C:H:N/air system, the re-
flection coefficient can be calculated as fol-
lows [4]:

nqn —n22
R:{IO 2) (2)

2
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Fig. 8. Spectra of infrared absorption of a-C:H:N/Cd,_,Zn,Te (x ~ 0.04) structure.

The R value given by this formula is less
than 1 % for ny =1.55-1.8 and increases
to 3 % for ny =1.95.

In Fig. 3a, the absorption peaks in the
range of 2700-3100 c¢m™! for C—H stretch-
ing vibrations are shown. Fig. 8b displays
the absorption peaks in the range of 1300—
1700 ecm~1 for C—H deformation vibrations.
The broad absorption peak at 2750 cm™1
(Fig. 3a) was O-H vibrational mode. The
peak positions were obtained from the cor-
responding Lorentz curves fitted to the ex-
perimental ones [12].

Considering the spectrum, one can obtain
that the DLC film was mostly composed of
sp3 hybridized bonding and has high bonded
hydrogen content. The band of the C-H
stretching vibrations includes sp3 CH; sym-
metrical absorption at 2865 em™!, sp3 CH
absorption at 2902 cm™!, the asymmetrical
sp® CH, absorption at 2926 cm™! as well as
the asymmetrical sp? CH; absorption at
2960 cm™l. A great occurrence of the CHj
radical in deposited film is evidence of the
methyl mechanism of the formation of the
one. Methyl radicals included in the film
formation are produced as a consequence of
dissociation of methane molecules by elec-
tron impact. The presence of CH, and CH

groups in the film is produced by the re-
moval of the bonded hydrogen from the film
surface: CH,<>CHj3 + H; CH3<>CH3’; CH3™ +
H(%CHZ* + Hz; CHZ* + He CH* + H2 (* —
radicals incorporated in the film).

It is established that the optical charac-
teristics of the a-C:H:N films are stable with
respect to thermal cycling and ultrasonic
treatment [5]. According to [13], the cavita-
tion charging in cryogenic liquid was used
for testing the mechanical properties of dia-
mond-like carbon film. It was obtained that
at least the first 10—-15 min of the cavita-
tion charging, DLC film exhibited negligible
surface damage. After about 30 min of
treatment, diamond film show significant
surface swelling and breaking of the coating
continuity. Fig. 4a, b, ¢ show the optical
micrographs of the samples irradiated dur-
ing varying time. It is necessary to point
out the local variation of the film color in
the interaction region, which can point out
changes in its thickness.

4. Conclusion

Thus, the deposition of a dielectric film
a-C:H:N onto a semiconductor substrate
Cd,_Zn,Te (x ~ 0.04) causes the formation
of a multilayer system with the layer near-

Fig. 4. Optical micrographs of a-C:H:N sample exposed to the acoustic cavitation in liquid nitrogen
during: (a) and (b) — 30 min, (¢) — 45 min. Optical field (150 x 180) pum.
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est to the substrate is formed due to the
plasma treatment of the semiconductor sur-
face. At that, the Ar plasma clearly induced
a maximal surface modification and a maxi-
mal antireflection effect for the
a-C:H:N/Cd,_,Zn,Te (x ~ 0.04) optical sys-
tem pretreated by Ar plasma is attained in
comparison with those with N, and H, plas-
mas. The spectral interval of maximum
clarification (where the transmittance
reaches T ~ 80 %) corresponds to a near-IR
range (3+6 um) that coincides with the
transparency window of the atmosphere.
Considering the a-C:H:N absorption spec-
tra, one can obtain that the DLC film was
mostly composed of sp® hybridized bonding of
the carbon. We have shown that, due to the
presence of absorption bands in the vibration
spectra of a-C:H:N, there arise losses, which
have to be taken into account in designing
and synthesizing optical coatings for detec-
tors of the infrared region of the spectrum.

References

1. A.Rogalski, Infrared Photon Detectors, WA:
SPIE Optical Engineering Press, Bellingham
(2002).

2.

3.

10.

11.
12.

13.

. N.I.Klyui,

. D.Bhattacharyya,

J.Piotrowski, A.Rogalski, Infrared Phys. Techn.,
46, 115 (2004).

V.A.Kiesel, Reflection of Light, Nauka, Moscow,
(1973) [in Russian].

V.G.Litovchenko, A.G.Rozhin et
al., Solar Energy Mater. Solar Cells, 72, 597
(2002).

. F.F.Sizov, N.I.Klyui, A.N.Luk’yanov et al.,

Techn. Phys. Lett., 34, 377 (2008).

. M.J.Mescher, J. Electron.Mater., 28, 700 (1999).

K.D.Mynbaev, V.I.Ivanov-Omskii, Semiconduc-
tors, 37, 1127 (2003).

. A.V.Dvurechensky, V.G Remesnik, I.A.Ryazant-

sev, N.C.Talipov, Fiz. Techn. Poluprov., 27, 168
(1993).

S.Chaudhuria,
Vacuum, 46, 309 (1995).

Suk-Ho Hong, Jorg Winter, in: 33" Conf.
Plasma Phys., ECA, Rome (2006).
www.filmetrics.com

S.P.Bugaev, A.D.Korotaev, K.V.Oskomov,
N.S.Sochugov, Techn. Physics, 42, 945 (1997).
R.K.Savkina, A.B.Smirnov, J. Phys.D: Appl. Phys.,
43, 425301 (2010).

A.K.Pal,

Ionno-nm1a3smoBa 00poOKa MOHOKPMCTAIIB
Cd,_,Zn,Te (x ~ 0.04)

O.B.Cmipnos

Busueno posb ioHHO-mIa3MoOBOi 06po6ku Momokpuctaxis Cd,_ Zn Te (x ~ 0,04) npu Ha-
HEeCeHHI MPOCBITII0I0YOro MOKPUTTA — aamasononibuoi Byrienesoi miiBku a-C:H:N. O6pobra
mpoBoAMJACA y IJIAasMi aproHy, asoTy Ta BOJHIO B €IMHOMY BaKyyMHOMY IIpolieci Iepen Hame-
ceHHAM IOKPUTTA. KoHTpons onrmunmx Bracrusocreii cucremu a-C:H:N/Cd,_Zn Te nokasas,
o HaNWOiAbmI e(EeKTHBHOI I 30iJbIIeHHS MIPOIYyCKAaHHS € 00poOKa IIJ1a3sMOI0 aproHy.
IIposemenuit ananis cuexkTpis mornuuanus cucremu a-C:H:N/Cd,_ Zn Te nossonmus BcTaHOBHU-
TH NPUCYTHiCTH CMYTr, IO BiAmOBigarThL BaseHTHHUM i gedopmariiiumm KoguBaHuam C—H
3B’a3KiB, a Takoxx C—-C rta C=0 3B’askaM, HasgBHICTh SKMX HeOOXiHO BpaxOBYBATHU IIPU
KOHCTPYIOBAHHI Ta CUHTE31 ONTUYHUX MOKPUTTIB, IO JAOCJiIKyBaJUCH.
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