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EFFECT OF AN UNDERLAYER OF CADMIUM TELURIDE ON THE

REFLECTION-REDUCING PROPERTIES OF ZINCE SULFIDE

ON MERCURY CADMIUM TELLURIDE

I. INTRODUCTION

For many years ZnS has been used as a passivating coating for HgCdTe photoconductive in-
frared detectors. It has served the dual purpose of passivating the surface and acting as an an- ,
tireflection coating. A recent suggestion in the Research Division, NVEOL, was to use a layer
of CdTe as the first layer on the HgCdTe surface. It is hoped that better passivation might
result because of the properties of CdTe. A final layer of ZnS would then be added to achieve
further environmental protection and low reflectance. -

The purpose of this report is to investigate, by computational means, the effect of the
underlying layer of CdTe on the reflection-reducing properties of ZnS. This will be done with
the absorption coefficient of HgCdTe as a parameter to simulate "he effect of cooling the detec-
tor to 770 K.

II. BACKGROUND

Sketches of coating designs considered in this report are shown in Figure 1, The
mathematical basis for computing the spectral response of such coatings is discussed in this
section.

The reflectance of a surface at normal incidence is given by Eq. 1.

(n.- + Eq. (1)
R (n + n)l + k2

where: no = refractive index of incident medium.
N = n - ik = the optical constant of the surface.

The reflectance of a surface similar to HgCdTe is shown in Figure 2, where: n. 1, n =
3.9, and k = 0 to 5.

If the surface has a non-absorbing layer deposited onto it, the reflectance, as a function of

wavelength, is as given by Eq. 2.

-p-
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Figure 2. Calculated reflectance of a surface with n &0 3.9an k -0 to 5.
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r1'+ + 2r~C + + )Eq. (2)

I + r~sr2 m + 2r~r2 Coe(2U + 6)

where: 9- 21 it

* TanS2n k

n.+

R.__ Eq. (3)

The computed reflectance as a function of wavelength f-Qr a simulated layer- of ZnS on
HgCdTe is shown in ]Figure 3 with k as a parameter. The thickness of the ZuS was chosen so as
to place the Rim for k =0 at a wavelength -of 10 micrometers. As the value of k changes, the
magnitude of the reflectance is greatly affected. The R.- moves toward longer wavelengths
and the reflectance increases.

The computational approach used here was based on a thin film program developed by Peter
Berning.'

Eq. 3 can be solved for n, or k to give values which result in an R... of zero. The results are
given as Eq. 4 and Eq. 5.

n no 3 +(...~i Eq. (4)

(nn - n, 2 ) (n -n)

Peter H. Deiin. "Phicsl of This Miss"~ (Gceg Hook. ed.). Vol1. p 69. Acadlemic Pmwu New York (1968).S
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From a previously staed result: 2 + 6 = "= 4w n t A + 6 for the first R.. to our. If
= - ofor 6 = 0, then one can solve for X as given in Eq. 6 to find how the minimum is

moved by the phase shift, 6.

.- ,----Eq. (6)

Using Eq. 6 and the, expression for Tan 6 from Eq. 2, one can calculate the wavelength of
R,. as a function of k. Results are shown in Figure 4 for ZnS on HgCdTe.

The thickness of the ZnS layer can be adjusted as k is varied so that the R. remains at a
*." wavelength of10 micrometers. This is shown in Figure S. Even though the minimum does not

shift, the reflectance increases as k increases (except for k = 0 to 2 where it first decreases and
then increases). For the values used in the computations (n = 1,n 1 = 2.15, and n = 3.9) the

*value of k which yields R = o (calculated from Eq. 5) is k = 1.45. A plot of Ri. as a fune-
Stion of k calculated from Eq. 3 is shown in Figure 6. The refractive index of a layer as a fune-

. tion of k which will yield R=. = 0 was calculated from Eq._4 and is plotted in Figure 7. For k
0, a layer of ZnS with an index of 2.15 is a good match, but for k = 5, for example, a

- layer with an index of 3.5 would be needed to produce R.. = 0.

- There is an interesting behavior shown in Figure 4. As k increases, the wavelength for R..
goes through a maximum then decreases toward X.. If the derivative of Tan 6 with respect to k' " :,
in Eq. 2 is set equal to uero, the following expression for the most shifted wavelength for R., is
found:

k =l {7n' (most shifted R.,j Eq. (7)

" For the example of Figure 4 with n_- 2.15 and n - 3.9, die valut of k is 3.25, However,
- even though the R., starts moving back at k = 3.25, the reflectance continues to increase as

can be seen from Figures 3 and 5.
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Figure 4. Calwlated wavelngth of the refietaeem miknm of USl It -1.163 micrrneter) on "owl'e

as a function of kt of HV~de.



10 1

C48II
T

c A N

1us
>I

GoI

3ONVI31:13
~I ID 4 Coo- C



200

nZnS *2.15

nHgCdTe =3.9

R min

10 .

0
0 1 2 3 4 5

K

Figure 6.Calculate reflectnc minknumn as a function of It of HgCffe for UnS on Hom~e.

.--

9



ni

2 2

K

Flours 7. Refractive Index of a single transpaen layer which can yield zero, reflectance on a vulbetiato with

100



I. OPTICAL CONSTANTS OF HgCdTe FROM LITERATURE 0

In order to put the results presented so far in perspective, reference must be made to
measured valies optical constants of HgCdTe presented in the literature. The most recent
values found which include measurements at low temperature are those of Finkman and
Nemirovsky' whose measurements extended into the 8- to 12:misrometer region and down to a -
temperature of 80° K. These are the only useful results which could be found for HgCdTe at
low temperatures.- However, even these results are of limited value here because they do not
present values of k at 800 K for the region of 8 to 12 micrometers except by extrapolation from
values at higher temperatues. This is because their approach required measurement of
transmittance,, and at 800 K the samples did not transmit sufficiently. The highest absorption
constant they could measure was 1000 cmnf which corresponds to a value of k of about 0.1 in
the -8- to 12-micrometer region. If an exponential extrapolation is made using their formula,
ridiculously high values of k are predicted (more than a million). Therefore, a guess of how
high k might be was made by reference to values of Ge below its absorption edge (in the visible
to near-infrared regions). Here the value of k has been measureds to go above 4.

Therefore, the range of k for simulated HgCdTe was chosen to be from 0 to 5 to correspond
to the temperature range from 3008 K to 800 K. The value of k may be higher but there is no
experimental evidence for it.

IV. COATINGS ON HgCdTe CONTAINING AN UNDERLAYER OF CdTe

Thus far the coatings which have been described have contained only ZnS. When an
underlayer of a material such as CdTe is used (thickneas of 0.1 or 0.2 micrometer is needed for
passivation), the computations become more complicated. In order to design a two-layer a.--

coating for which the R.. will be at a specifieJ wavelength, such as was the case for ZnS in 0
Figure 5, the thicknesses of both layers must be properly adjusted. A technique was developed
some years ago by Cox4 which does just this. The resulting formula for performing this com-
putation i given as Eq. 8.

-r3(1 - r22) Sin(202 + 6) Eq.(8)Tan2O, Eq. F (8) i

r2(1 + r3l) + r3(1 + r2') Co(202 + 5)

2 L Vhm and Y. Nemiro,,ky. J. Appi. Phys. So. 4356 41979.-
.H. P hMpp and E. A. Ta04 Phys. Re,. 13. 1002 (1959" -

SJ. Thomas Con ad Georg Ha., "Phyal of This FIm" (Georg Ha ed.) Vol 2. p 262, Academic Pire, New York (1964).

S.f
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where: 0, 2Tn nitI)
r?.o + .-. -%

9, =o2un.t,/_

n,- , -n2 (n --p

wre + (n + nr +

The approach is to choose the CdTe thickness, tso that 62 can he computed. Then 9, is
plugged into Eq. 8 to allow computation of 0, from which the appropriate ZnS thickness can
be computcd. This proceqe nmt be done for each specific combination of n'& and k" chosen.
Results of computations using this approach are shown in Figure 8 and 9 for two different
thicknesses of CdTe where the wavelength used in Eq. 8 was 10 micrometers. Comparison with
Figure 5 shows that the inclusion of the CdTe layer does not increase the reflectance of the
coated HgCdTe but even provides somewhat lower reflectance than the ZnS used alone for the
higher values of k.

Figures 10 and 11 show the reflectance of the two~layer coatings presented, with t, as a
parameter and with an expanded. ordinate scale. For k = Q the inclusion of CdTe makes no
practical difference when the thicknesses of the layers are chosen by means of Eq. 8. Even
whenk = 2,asinFigure10theinclusionoftheCdTe iswentohelpratherthanhinderthe
antireflecting properties of Wzi. Comparison of Figures 5, 8, and 9 shows that this improve-
ment continues for values of k as high as 5, the highest values used in these computations.

V. CONCLUSIONS

It has been shown that the inclusion of a thin (0 to 0.2 micrometer thick) layer of CdTc under
the ZnS coating on HgCdTe not only does not spoil its antireflecting properties but actually
improves them somewhat.

Two important features are evident from the figures. When HgCdTe is cooled (k increases)
the spectral response of the-coating is shifted considerably toward longer wavelengths (Figure
3) In addition, even if the -coating is designed to provide R, at the proper wavelength when
cooled (Figure 5) the reflectance is greatly increased. If k actually becomes larger than five,
which has not yet been shown experimentally, the reflectance would rie much higher than
shown in Figure 5. Futher experimental data are needed on the optical properties of HgCdTe
at low temperatures for the 8- to 12-micrometer wavelength region before an accurate predic-
tion can he made on how high the reflectance will rie.
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