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In fabrication of the optical elements with clarifying coatings germanium is used in a double role — both as a
substrate in optical structure and in the form of a layer in interference coating. It is established, that even in case of
condensation on heated substrate Ge layer becomes completely amorphous. The gypsochromic shift of the edge of
absorbency from 1.8 to 0.9 micrometers is observed, and the average diameter of the nanoparticles (5.7 nm) is
estimated. It was egtablished that in the range of spectrum from 7.5 to 11.5 micrometers Fresnel reflection is
practically nullified due to clarifying coating and this has dlowed increasing transmission to more than 95 %, (till
98 % in the range of Ge maximum transparency), i.e. it exceeded value for Ge substrate more than twice. Tests of
coating operationd properties confirm its high mechanical durability (group 0), therma and climatic firmness.

K eywor ds: germanium substrate, Fresnel reflection, refractive index, clarifying coatings, nanostructure

Cmamms nocmynuna 0o pedakyii’ 25.11.2011; npuiinama oo opyky 15.12.2011.

I ntr oduction

Infrared (IR) spectrum range is an interesting and
important field for working out of photo-electronic
sensor controls, and also optically active devices, in
particular IR - lasers and their combinations. It is caused
by the existence in IR range of so-called atmosphere
Ltransparency window” (8 — 14 micrometers), in which
there ae drama events of "hotbed effect”

(1 NI 2 = 10.6 micrometers) and other global

phenomena. The passive infrared optics is based
principally on optical structures from eementad
germanium of high (semiconductor) purity and of deep
(mirror)  surface  processing.  Germanium  has
transparency domain (transmission is not below 30 % for
a plate of 2 micrometers thickness) in a range of 1.8 —
23 micrometers [1]. However, because of a high
refractive index (n=4.14 a 1=18micrometers),
transmittance of Ge plate does not exceed 50 % (at
A =5.0 micrometers) because of considerable losses on
Fresnel reflection:

_(n- 1)2 +n2k2

(n+ 1)2 + n2k 2
where « is index of absorption. Thus, entirely dielectric
reflectance equals to:
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i.e 36%

The rest of the optical losses are due to optical
absorbancein the plate.

It causes necessity of drawing on a Ge substrate (a
plane-parallel plate or a lens) special anti-reflecting
(clarifying) coatings. They consist of alternating layers of
materials with high (n,) and low (n) refractive indices
(including a substrate), and the optimum ratio between
them should satisfy the following rel ation:

N, = N2 (3)

|. Experimental and discussion

Optical eements with clarifying coatings on
germanium were created by the method of thermal
(either resistive or electron beam) evaporation in vacuum
of ZnS, Ge, complex fluoride (Yb, Ce) F;, as well as
oxides of Y,03; and HfO, (the latter are used as isolating
layers of very low thickness, which did not effect on
optical properties of the coating). The coating scheme
was as follows. Ge (substrate) | Y,O03|ZnS|Ge|ZnS |
HfO, | (Yb, Ce) F5| Y05, Coatings were evaporated
both on the cold substrate and substrate heated to 135 °C.
In the latter case Ge layers turned out in X-ray
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Fig. 1. Patterns of the X-ray diffraction spectra for
the modd of multilayered clarifying coating
Y203/ZHS/ Ge/ ZnS/ HfO, / (Yb,CE)F3/ Y,0;,
obtained by thermal evaporation in vacuum on the

heated (135 °C, a) and cold (b) substrates.

39,0 430 47,0

amorphous state, and the others—in crystalline (Fig. 1,a).
When coating deposition was made on a cold substrate
the most part of layers in coating turned out to bein X-
ray amorphous (nanostructure) state (Fig. 1,b).

Thus, germanium is used in a double role — as a
substrate in optical structure, and in the form of alayer in
interference coating. It is established, that even in case of
condensation on a heated substrate Ge layer becomes
completely amorphous. Is of interest to establish,
whether occur, and if occur, —in what direction, changes
of optical properties of specified material at transition in
nano — dtructural date. Fig. 2 represents  spectral
characteristics of reflection of Ge monolayer on optical
glass, received by condensation on a cold substrate. As
follows from the represented characterigtic, the coating is
transparent since 0.9 - 1.0 micrometers, i.e. the edge of
transparency domain of nano — structural Ge reveals
appreciable gypsochromic shift in comparison with
macro crystalline materid; change of band—gap width is
AEy =1.30-0.68 = 0.62 eV. These values correspond to
data of authors [2] for amorphous and crystallized
coatings (1.05 and 0.65 eV, respectively). As follows
from represented on Fig. 2 dispersion curve of refractive
index of coating from Ge, value of n, peculiar to single -
crystalline substance at 1 = 1.8 micrometers, is reached at
A=101micrometers a A=1.8micrometers it is
approximately 3.55. According to well-known Moss's [3]
rule, the ratio between specified values should
correspond to the following expression:
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Fig. 2. Spectral reflectance (a) and refractive
index (b) of Ge monolayer at various
wavelengths. dashed (red) line — experiment,

solid (black) line — calculation.
E g1
Eg,2
Caculation shows, that the specified ratios are
nearby 1.91 and 1.85, respectively, i.e. values are close to
each other. Thus, the appreciable dimensiona effect is
observed for Ge in a coating that confirms its nano -
structural nature. We attempted to estimate the average

(4)

4

N2
4

N

diameter (5) of the nano - particles of the Ge coating,
using the following relation:
D= )

2m'neDEg

where h is Planck’s constant, me is electron’s mass, u is
effective electron — hole mass, which is defined by

relation: xt=m* b+, where mre, m*, — effective
masses of electron and hole, respectively [4]. Value of

D isdetermined to be equal to 5.7 nm.

Fig. 3 represents spectral transmission curves of a
plane—parallel Ge plate and reflection curves from one of
germanium wedge surfaces with clarifying coatings. As
follows from represented characteristics, in the range of
spectrum from 7.5 to 11.5 micrometers Fresnel reflection
is practicaly nullified, and this has allowed increasing
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Fig. 3. Spectral characteristics of trangparency for
germanium paralel-sided plate (2 mm thick) with
clarifying coatings on both sides (a) and reflection
from one of the surfaces of germanium wedge with
clarifying coating (b).

transmission to more than 95 %, i.e. to exceed more than
twice value for Ge plate without clarifying coating. In the
region of Ge maximum transparency, transmission of
plate with coating exceeds 98 %. Tests of operationa
properties of the coating confirm its high mechanica
durability (group 0) and adequate therma and climatic

firmness.

We have also investigated the possibility of usage
zinc sdenide, ZnSe in the coating instead of ZnS as the
latter possesses insufficiently high transparency in IR
range of a spectrum because of presence of oxide
impurities [5]. Higher purity and transparency of ZnSe
allows using it as a material for obtaining transparent
(optical) ceramics. At the same time, the optical ceramics
from ZnS, which producing was begun in the late
eighties of last century, is tranducent in a visible range
because of various impurities. Coatings of ZnSe on
germanium substrate were obtained by a thermal
evaporation in vacuum. The coatings received from
additionally purified ZnSe [6] possess absorption factor
k=(05-11)-10", i.e 10-20 times lower in
comparison with initial, crude samples.

Conclusions

1. The main material for IR optics, Germanium due
to high optical losses on Fresnel reflection (more than
36%) needsin anti-reflecting (clarifying) coating.

2. Therma evaporation of Ge in vacuum and its
condensation either on cold or heated substrate produces
an amorphous (nano-crystalline) coating, that results in
gypsochromic shift of a band-gap energy about 0.6 eV
and to respective decrease of the refractive index (from
4.14t0 3.55 at 1 = 1.8 micrometers)

3. Use of darifying coating alows increasing
transmittance of the Ge plate from 45-50 % to 95-98 %
in therange 7.5+ 11.5 micrometers.
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IIpn BUroTOBJICHHI ONTUYHUX €IEMEHTIB TepMaHiii BUKOPUCTAHO Y MOABIHHI poii — SK MiIKIaJKy B ONTHYHIH
CTpYKTypi Ta y ¢opmi mapy B iHTepdepeHUiiiHOMYy NMOKpUTTi. BcTaHOBIEHO, IO HaBiTh NpH KOHAEHcAlil Ha
miairpity nmigkanky map 3 Ge crae ninkom amoppuuM. Crioctepiraerbes rilcOXpOMHHIA 3CYB OPOr'Y HOIJIMHAHHS 3
1,8 1o 0,9 MKM, Ha OCHOBI 4Oro OLIHEHO cepeiHiil niamerp Hanouactok (5,7 HM). BeranosneHo, 1o y giana3oHi
criektpy Bix 7,5 1o 11,5 MM (peHeneBcbke BiIOWTTS NMPAKTUYHO 3BEAEHO 1O HYJS 3aBISKH HPOCBITIIOIOYOMY
HOKPUTTIO, 1110 JO3BOJIMIIO MiABUIUTH HPOMyCKaHHs 10 Oinbm Hixk 95 %, (10 98% B obnacTi MakcCUMyMy IpO30pOCTi
Ge), ToOTO Horo mepeBMINCHO IOnO mHigkianku 3 Ge Oimpmr HiK ynBiui. BumpoOyBaHHS eKcIUTyaTalidHUX
BJIACTUBOCTEH IMOKPHUTTS HiATBEPAWINM HOro BHCOKY MeXaHiuHy MinHicTb (rpyma 0), TepMiuHy Ta KIiMaTH4YHY
CTiHKICTb.

KirouoBi ciioBa: repmanieBa mifkianka, (QpeHENIBCbKE BITOWTTS, MOKAa3HUK 3aJIOMIICHHS, IPOCBITIIOIOYE
MOKPUTTS; HAHOCTPYKTYpa
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