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ABSTRACT

Refractive imdex data for ZnS, ZaSe, and ZaTe wezre searched, compiled, aand
snalyzed. Recommended valuwes of refractive iandex for the tramspareat speciral
region were generated in the ramges 0.5 to 14 pm and 93-1000 K for ZaS, 0.55 to
18 pm and 93-618 Kk for ZnSe, snd 0.55 to 30 ym at room temperature for ZaTe.
Goneration of these values was based on a dispersion equation which best fits
selected data sets covering wide temperature and wavelength rasges where the
available experimental dats permit. Temperatsre and waveleagth derivatives of
refractive imdex were simply caloulated from the first derivatives of the

equation with respect to temperaturs and waveleagth respectively.
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1. Iatroduction

The refractive index of a material is ome of its fumdamentsl asd sseful

optical properties. Accuzrate knowledge of refractive imdex over a vwide zange
of wavelength and temperature is indispensable for many applications. Although
this property contimues to receive attemtiom for both its industrial as well as
scieatific applications, the curremt state of the available data for many
widely used materials is less than adequate. Vhile experimental results for

the refractive index of these materials are reported by many investigators
claiming high internal accuracy and agreement, the data as a whole in many
cases are in disagreement.

In this study, an attempt is made to comsolidate all of the published
refractive index data for zinc chalcogenides and to coritically evaluate the raw
experimontal data and techniques of measurements. A modified Sellmeier type
dispersion relation is utilized to describe the available body of data. The

resultant equations are used to gonmerate the moat probable values whioch agree

with the selected experimental data to within estimated uncertainties based on
reported experimental errors.

2, Theoretical Background on Refractive Dispersion in Solids

2.1. Refractive Index

For pure substances, the wavelength or frequemcy depemdence of the optiocal
constants may be described by the classical treatment of Loremtz. The theory
assumes the solid to be composed of a series of imndepemdent oscillators, whioh
are set into forced vibrations by the incident radistion. The Lorents theory
of absorption and dispersion for both insulating and semi-conducting materials
is expressed by two fasmiliar relations:

N2 (1-a%) i
——r (1) :
(1-05)2 + aizo’

2 _.2_
a X 14+ P

i
and

W A - e % . AT | Nl T A s A = n B a it T —————— A S g A = b e v ———— T e 22 Y0 AT L e oA TR MM 8 a o i




b
’
%

2
NA, 810

(1-0%2 + 5

= \
2ak L

i

2.2 °* (2)

where n is the refractive index, Kk the absorptiomn index, Ni' Li. and 61,
respectively, the parameter associsted with the oscillator stremgth, the
resonant waveleungth, and the damping factor of the i-th oscillator, 8 = 11/1.
and A the wavelemgth of incident radiation. In the transparent wavelength
region, eq (1) cam be reduced to the well-kmown Sellmeier type equatiom by
neglecting the absorption and the line width of the oscillators, thus leading

to:
2 2
2 < fil < bjl
2 =1+ + . (3)
L lz_A 2 /L 12_1 2
‘Sl S

Terms in the first summation are comtributions from the uvltraviolet sbsorptionm
bands and those in the second are from the infrared absorption bands. From eq
(3), the optical and static dielectric constants, s, and &g of the material
under consideration are defined as:

and (4)

& = 1+ 2 L + E bj.
i 3

In an ideal applioation of eq (3), ome would need to know the waveleagths
of all of the absorption bands in the absorption regions. This is very
difficult ia practice because out of the large number of absorptiom bamds oaly
a few of them are accessible for experimental observation. It is also observed
that among the asbsorption bands, only those located closest to the tramsparent
region have noticesble effect on the refraotive index im the transparent
region. In order to simplify the calculations of the effect due to unobserved
absorption bands and those other than the ones which affect most the refractive
index in the transparent region, the following conmsideratioams are takem. Each

tezrm in the first summation from eq (3) is rewritten as:




2 2
[ 99 8.
T '1'1"'. (s)
2. 2 i 2.2
S -).1 A -li

Since ki'. are usually considerably smaller tham A’s in the tramspareat regiom,
a good approximation of the first summation is

2 2 2
A A
Qs B SR i W SO o
ST TR A B SN T A R I 6
i i i i i i 3

where L and L‘ are the effective quantities equivaleat to the total
contribution from all ultraviolet bands. The terms in the second summation
from eq (3) accownt for the effects of the absorption bands beyond the lomg
wavelength limit of the transparent regiom. It is gemerally observed that oaly
a single term due to the tramsverse optical mode (T0 mode) of fundamental
phonon at wavelength ll is sufficient to account for the effects. Therefore,
the contribution from second summation is simplified to

b + —A-L 1)

with bl and xI associated with the TO mode phonon. Since refractive index data
for zinc chalcogenides azre also available in the ramge beyond the reststrahlem
rogion from 100 up to 600 pm, this TO mode phomon should serve as the
absorption band in the short wavelength side of this wavelength region. It is,
therefore, conceivable to expect that the refractive imdex data in both of
these two spectral regions ocan be described by s single dispersiom equation
with some modification. 1In order to achieve such comnection, the first thouwght
was that the damping factor should be inoluded in that term to avoid the
singularity between these two regioms. VWith this coasiderationm, eq (7) should
be replaced by the corresponding term in eq (1):

2
bl(l—n )
)2

(8)

2,2’

(1-0%)2 + &

where 0 = LI/A. However, the real dats fitting ocalounlations for zimc
chalcogenides indicated negligibly small values for 8. Substituting eqs (6)
and (7) isto eq (3), we have the simplified dispersion equation at room
temperature as:




’ (9)

where A and B are treated as adjustable constants and B is related to the
dielectric comstants by the coadition:

e =g, - B. ‘ (10)

The parameters LY A, B, 1‘, and AI in eq (9) can be expressed in terms of
temperature based on the comsiderations given below. There are four sorts of
physical effects which influence the parameters in eq (9). Onme is the thermal
expansion; the material becomes less dense as temperature imcreases. VWere this
the only mechanism operative, it would reduce the refractive imdex as
temperature increased. The fact that the refractive index of zime
chalcogenides increases with temperature, implicates that other mechanisms are
predominant, The second is the thermal occupancies of the emergy levels of the
material as a function of temperature; the total number of the i-th oscillator
varies with temperature. It is apparent that the thermal occupancies increase
with temperature as evidenced by the observed positive values of An/AT. The
third is the change of refractive index of ambient air. Since the refractive
index of a msterial is actually measured relative to air, i.e,, n/n.. to
determine the temperature variatiom of sefractive index of the materisl it is
necessary to take into account the corresponding change in the refractive index

of the ambiemt air. In expression we have

da
4 n_ da _ _ _
dT [a‘]‘“ ar " 3T (11)

where dn.IdT is about 0.11 x 10-5 which is usvally mssked by the uncertainties
ia the data. The fourth is the thermal shifts of characteristic absorption
bands. For most materials, both lu and 11 increase vith temperature. Both of
these shifts tend to increase refractive index in the transparent region. In
the extreme limits where A is close to either lu or LI. the refractive index at
A inoreases rspidly with temperature. It is experimentally observed that 1‘ is
spproximately a linear function of temperature (1] over a wide temperature
gegion so does the ll [(82].

Since adequate expressions of thermal expansion and thermal ocompancy of
zino ohalcogenides as s function of tempersture do mot appear available aad the




correctioa dwe to index chamge of ambient air is approximately a coastaat, it

is therefore possible to treat each of the parameters in eq (9) as a polynomial
function of temperature to account for the first three effects combined. Thus,
the parameters in oq (9) are replaced by:

2 3 4
co(t) = B(t) = Bo + Blt + zzt + B3t + B‘t »
2 3 4
A(t) = Ao + Alt + Azt + Aat + A‘t .
2 3 4
B(t) Bo + Blt + th + 83t + B4t . (12)

l‘(t) - 1°o + But.

AI(t) = Alo + plt.

where t = T-293 K, and E’s, A’s, B's, and B's are constants with Bo. AD' B.,
L‘o. and Llo detormined at 293 K, i.e., t = 0, Only up to the fourth degree of
t is retained in the above expressions as it was found that the inclusion of
higher degrees or reducing to lower degroes did not yield adequate data
fitting. Witk all these considerations, eq (9) can be expressed in a gemeral
form as: '

(. t) = B(r) + AL, B (13)

A -Au A /lI -1

which is reduced to eq (9) for T = 293 Kor t = O,

Equation (13) is a preferred ompiriocal expression for the refractive index
in terms of both temperature sud wavelength as it offers advantages in
identifying the physical meaning of various constants and inm calomla.ing the
derived quantities. Among other things, the dielectric coastants at room
temperature oan be obtained by a glance of values of Bo and Bo. If sufficient
amount of acourate dats are available, the constants E's aad B’s thus
determined can be used to calculate the dielectric constants at other
temperatures. With the constants appropriately determined, dn/dT sad da/d) caa
easily be calculated by taking the first derivative of eq (13) with respect to
T and A. The choice of t, relative to 293 K, rather than the absolute
temperature T is based on the fact that data om the refractive index aand

related physical properties at room temperature are either available or caa be

ostimated with relative ease. It is, therefore, highly appropriate to choose
room temperature as the starting point on which temperature variatioa of the




refractive imdex canm be built with availadbility of adequate temperature
depeadeat data.

2.2. Temperxature Derivative of Refractive Iadex

Ramachaadraa [2] presented a semiempirical theory of thermo—opticsl
offects in orystals, in which the dispersion was fitted to experimental data,
employing a series of oscillator wavelengths and stremgths as adjustable
pacameters. A relation was found between temperature shifts of various

pazameters and fundamental oscillator waveleagths as shown below:

ax
d _ .. 2_ < 1
i

where C is effectively & constant over a limited temperature range and F(x.li)
= %022 v x

were rather numerous and often not umique; no genersl prescription was

i being a constant. However, the parameters chosen

prosented for determining their temperature variations which are necessary for
the caloulations of da/dT. Harris et al. [3] proposed an empirical relatiom |
without theoretical justification for the dispersionm of dn/dT. It relates the
observed values of dn/dT to the wavelength, A, and the wavelength corresponding
to emeszgy sap, l‘. by the expression:

da _ _g®
aT a R » (15)

where a and b are constants and R = 12/(12-1'2). This relatiom was later re-
examined by Johaston [4] in light of some phenomenological calculations of Tsay
ot a1, [5] in which the following equation was derived:

O
4 - 2. & p2
22 42 ‘2[3"’1.41‘} . (16)

by seglecting the small contributiom from lattice. For practical data
interpolation, eq (16) was simplified by Johnston to

288 L 24w, (17)
Ia eomparisoa, ome can notice that eq (14) and eq (17) can be arrived by ~

differeatisting the second term of eq (9) with respect to temperature. It
shosld be poiated ot that most of published works, imcluding referxemces [2-5]),




j
i
i
f
3

treat da/dT of semiconductors generslly sssuming that dn/dT dats are nearly
indepeadeat of temperature over a fairly wide ramge of temperature aad that
lattice coatributioms to da/dT are nmegligible. No comsideration was givea to
the effeot of thermal ocowpancies. As & result, much of the reported da/4T
data remaias nearly a constant over a temperature range of a few hundred

degrees. 1In real situation, however, all these assumptions become imasdequate
as will be discussed in a later section in dealing with the available data.

Differentiating eq (13) with respect to tempersture, we get:
da
2n oT =~ %8s * BoSy + By + Egp, ¢+ Espg + Bpp, + A (R +8 t)
+ Az(lnpz*sutz) + As(nupsi-snts) + A4(l‘p ‘+snt 4) + Bl(l!+slt) (18)

+ By(Ryp,*8,t,)) + By(Rypy+8;ty) + B (Ryp,+8,¢t,)

where P, - 2t, Py - 3t2. P 4t3. tz = tz. t, = ta, t, = t‘. R‘ - —a

3 4 22 2
)
2
dr 2 2
s'd_'rl'_zlgf-z'xx"_z—l?_'sr'dr' 3 zﬁi 2’
v a5 A" "1 A S -1)

lu = l‘o + ’nt' and ll = xIO + ﬁlt.

Either eq (13) or eq (18) cam be used for linear regression to determime the
constants E’s, A’s, and B’s depeading on the type and guality of available
data; if reliable temperature—dependent dn/dT dats are available, eq (18)
should be used after the values of E_, Ao. Bo. luO' and 110 are determined at
room temperature.

3. Presentation of Numerical Data

Reference values are generated here through critical evalmatioa, saslysis,
and synthesis of the available experimental data. The procedure involves
critical evaluation of the validity amd accuracy of the available data amd
information, roaélution. and recomciliation of disagreemeats in cases of
conflicting dats, correlation of dats in terms of various ocomtrollisg
parameters, ourve fitting with theoretical or empirical equatioms, and




comparisons of experimental valuves with predictions. No attempt was made to
analyse the data of thia films and those in the regioms of stromg absorptiom,
because of the scantiness of reliable informatioa. However, experimestal dats
of thin films and in sbsorption regions are also preseated along with those of
the transparent region in the tables reporting experimental data for the
purpose of comparison and completemess.

A number of figures and tsbles summarize the information and give dats as
a function of wavelength and temperature. The conventions used in this
presentation, and specific comments comcerning the interpretation and use of
the data are given below. The subsections for each of the substances comtain
all available information and data for a given material and cover the
following:

a. A text discussing the data, anslysis, and recommendationms,

b. A figure of experimental n values (wavelength and temperature
dependence),

¢. A figure of experimental dn/dT = f(1A),

d. A figure of experimental da/dT = £(T),

o. A tsble of experimental data on n = f(A), given in Appendix,

f. A table of experimental dats on n = f(T), given in Appendix,

g. A table of experimental data on dn/dT = f(A) givem in Appendix,
h. A table of experimental data om dn/dT = £(T) given in Appendix,
i. Figures of recommended values of n, dn/dT, and dn/dA,

j. Tables of recommended values of n, dn/dT, and dn/dA.

Since a reader may be interested im a specific substance, it is felt highly
desirable to include important information and discussion in each subsection
even if it may be repetitions of some of the subjoct matter fouwnd inm other
subsections, In figures containing experimental dats, selected data sets are
labeled by appropriate legends corresponding to those in the corresponding
tables of experimental dats given in Appendix, where specificatioas for

individual dats sets are also included. This was dome to make each subsection
self-contained,
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Theze aze a asmber of experimental methods used for the determimation of
roefractive index, amomg which the following are those commonmly used:

Deviation method

Intezfereance method

Transmission and Reflection method

Brewster angle method

Thickness determination method

Multilayer method
The methods listed above are arranged in the order of their ishereat accurscy
or popularity. The deviation method is the most popular means of determiniag
the refractive indices, but the accuracy of the results depends oa the
conditions of the prism specimen. The highest precision that can be attaimed
is a fow units in the fifth decimal place. The interferemce techaigue cam be
used to obtain dats significant to the foswrth decimal place. Traasmissioa and
reflection method yields results significant to the secoad place, while the
multilayer results are no better than the second place. For a comprehensive,
yet concise, review of all these methods, the reader is referred to references
(6] and (7].

Dispersion equations for each of the substances have beea proposed from
time to time in earlier studies. These available relatioms are collectively
presented in a table to facilitate comparison., Refractive indices for most of
selocted data sets are reported to the fourth decimal place. However, detailed
compositions and characterizations of the specimems were usually mot clearly
given, Since impurities in the sample and ocomditions of the surface are
factors sffecting the accuracy of the observed results, such highly precise
data cannot be applied to a sample chosen at random. For this reasoa mo
attempt is made to recommend aay particular set of data with the reported high
acocuracy, but to generate the most probable values for the pure samples. As a
result, the estimated uncertainties in the recommended values om the refractive

index sre higher than those reported for the data obtained by high-precision
measuroments.

3.1. Zinc Sulfide, ZnS

There are 359 sets of experimental data available for the refractive index
(waveleagth dependence + temperature dependence) of zimo sulfide as tabulated
in tables A-1 and A-2 and plotted im figures 1 and 2 where some of the data
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Refractive index, n

2801 T I T Daca T T T l |
Set Symbol A, um Ref. Set Symbol A, um Ref.
1 o 0.436 [8] * z 1.15 [17) o
2 o 0.546 [8] * Y 3.39 [17]
255 3 A 0.578 [8] * x 10.6 [17] 7
4 + 0.619 ([8] eq (20) A= 0.436 um
5 % 1.0 [181
6 'S 2.5 [18]
7 'y 7.0 [18]
8 ® 10.5 (18]
2.50 — —
2M5
2.40 —
2-35 -
2.30
2.25—
2.2
2.15 ) ] 1 ! | | 1 | |
o 100 200 300 400 500 600 700 800 800 1000
Temperature, K
Figure 2. Experimental and calculated refractive index of ZnS (temperature

dependence). Refer to table A-2 for the corresponding data sets.
Data sets "*" are derived from dn/dT data given in table A-4.




sots are for thin films or multilayers included here for the purpose of
comparison. After a careful roeview and evaluation of the available data and
information, it was found that data sets reported by Mell [8), DeVore [9],
Czyzak ot al. [10-12), Bond {15], Manabe et al. [16], Feldman et al. [17], and
Wolfe and Korniski [18) are representative for the available refractive inmdex
of zinc sulfide in the fundamental transparent region. Data sets reported by
Hattori, et al. [19] are the only available material in the wavelength range
from about 100 to 650 pm. Refractive index data of hexagonal ZaS crystals were
measured by Bieniewski and Cxyzak [14] and by Piper et al., [13].

Early measurements om the refractive index of ZnS over the visible
spectrum covering a large temperature range were reported by Mell [8] for
samples of natural crystal, a sphalerite with green hue. These data indicate
that not only is the dispersion of ZnS very large, but also the refractive
index varies appreciably with tempersture. At room temperature, n changes from
2.5240 at wavelength 0.4162 pm to 2.3263 at 0.732 um; while at wavelength 0.546
pm, n varies from 2.3867 at 273 K to 2.4452 at 977 K. Several prismatic
specimens were used, and the results were comsistent to the third decimal
place. MNell also showed that the dats at 273 K can be fitted by a Sellmeier
type formula as given in table 1, and the data at several selected wavelengths
were found to vary quadratiocally with temperature. Although the data were
obtained several decades ago and were for natural crystal with evidemt
impurity, they are quite compatible with the data obtained for samples purified
and grown by the best techmiques presently available. The differences between
Nell's data and the recent data in the overlapped region are within two units
in the third decimal place.

DeVore [9] measured refractive indices for a clear, water-white mnatural
sphalerite crystal at room temperature over a wavelength region between
0.365 and 0.578 pm and at 1.5296 um. The data points were fitted well to a
dispersion equation (see table 1) similar to that of Mell. Numerically the
data from these two sources are discrepant in the overlapped regiom by several
units in the third decimsl place which may be attributed to the impurities and
experimeatal errors. Both of the dispersion equations of Mell and of DeVore
suggest an effective ultraviolet absorption band at about 0.27 pm and did not
accouat for the contridbution from infrared absorption bands. It should be
pointed out that im spite of the fact that DeVore’s dats are represented by a
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simple equation, the predicted refractive indices at wavelengths near 1,.5296 um
aze not reliable., At that wavelength, the effect from infrared absorptiom
bands is significant and is negative; a simple dispersion equation without
taking into account the eoffect from infrared will predict a higher result as

can be seen by comparing it with the data of Czyzak et al. and Feldman et al.

at corresponding wavelength.

Bond [15] attempted precise measurement significant to the fourth decimal
place on the refractive index of ZnS using minimum deviation method. Since the
natnral specimen from San Antander, Spain was impure as evidenced that the
crystal was not transparent beyond 2.4 pm; and as a result, the values obtained
woere expected to be more uncertain than those of transparent specimens,
However, his datas were quite comsistent in comparison with the data reported by
Feldman et al., and the discrepancy in the overlapped wavelength region was
within two units in the third decimal place.

Refractive index data of synthetic single cubic crystals of ZanS covering a
spectral range from 0.365 to 4 um at room temperature were found in referemnces
[10-12,20]. These data sots were measured basically by the same group of
investigators but were reported at various periods, Spectroscopic analysis of
the crystals showed a total analyzed impurity content of less than 0.0001%,
indicating that the data obtained were supposedly to be representative for pure
single oubic crystal but for unknown reasons the data showed large
discrepancies. The data in the visible region were fitted to a Sellmeier type
dispersion equation, and for the extended wavelength region the data were
fitted to a polynomial equation of negative even powers of wavelength as shown
in table 1, When compared with the data reported by Mell and by DeVore, the
differences are in the third to second decimsl place and show a large
scattering. It is interesting to mote that the dispersion equatiomn for the
visible region is very similar to that found by DeVore and both indicate an
effective ultraviolet absorption band at 0.2755 um.

Mansbe et al. [16] studied optical constants in the reststrahlem region,
20 ym up to sbout 100 um, by means of infrared lattice reflection spectra.
Both syathetic cubic and hexagomal crystals were investigated and the spectra

were anslyzed using the Drude dispersion relation. Oscillator stremgth, N,

optiocal dielectric oconstaat, s, damping factor, §, and wavelength of
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transverse optical phonon, lI' in the Drude equations shown in table 1 were

dotormined by a least-squares fit of reflectivity data. In the case of

hexagonal corystal, the wavelength of TO mode phonon is the same for both

polarization., The TO mode phonon wavelength was also obtained directly from
transmission spectrum of an evaporated thin film and was found to be im good
agroement with that obtained from the reflection spectra anslysis. The static
dielectric constant, o0 WS determined by substituting A = «» in the resulting

Drude equation assuming zero absorption, i.e., 8y = nz =es, + Nllz.

Refractive index of CVD ZnS was measured by Feldman et al. {17] as part of
the effort in the characterization of high-power laser window materials. Two |
CVD ZnS samples were measured with high~precision minimum deviation method over }
& wide wavelength region, 0.55-10.6 pm, of laser interest. The
room—temperature datas were reported significant to the fifth decimal place and
were fitted to a three—term Sellmeier type dispersion equation (shown in table '
1), Since the parameters in their dispersion equation were not intemded to @
have physical significance but a mathematical fit to the observed data, the
parameter values determined for these two samples were considerably differeat }
though the difference in refractive indices at any wavelength was oaly about

one unit or less in the fourth decimal place. In view of the reported average

absolute residuals of n from the best fit equation of each data set, 5.4 . 10-5
and 4.6 x 10-5 respectively, the difference of one unit ‘n the fourth decimal
place should be regarded as experimental uncertainty ssa£ ;-ither of ths two data

sets closely represents the refractive index of CVD ZnS at room temperature.

Wolfe and Korniski [18) reported refractive index data for a sample of
Irtran 2, a hot-pressed microcrystalline compact of ZaS, over a spectral region
between 0,6328 and 14 pm at room temperature and at 84.9 K. The precision of
the measurement is a few parts in the fourth decimal place, namely 2.86 x 10-4
rms deviation. Intercomparison with the data of Irtram 2 reported earlier by

Eastman Kodak Co., [21], there are discrepancies of as much as 4.8 x 10-3 at the

shorter wavelengths decreasing to 2.8 x 10—3 at the longer wavelengths; this is
an order of magnitude larger than the experimental uncertainty. Such

difference is likely to be attributed to difference in the samples. Comparison
of the data sets of Irtran 2 and CVD Zn8S is shown in figure 3 where the data of

Izstzan 2 disagree with those of CVD ZanS by amounts far more than experimeatal
uncertainties.

DA ~ A e . et fe veianmie o Aj
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The indices of refraction of ZnS in the far infrared spectral ramge from
100 to 600 um wore measured by Hattori et al. [19] at temperatures 2, 80, and
300 K. The crystal used in the experiment was of mixed cubic and hexagon type.
The obtained indices of refraction were described by a simple dispersion
equation, shown in table 1, for an undamped harmonic oscillator from which the
dielectric constants and wavelength of TO mode phonom were determimed with
least-squares fit. The static dielectric constant serves as a check for the
values obtained from various optical methods. Since the n data were measured
by interference method and the value of '0 was obtained in the long wavelength
region, it is believed to be reliable and should be adopted as a known

parameter in the dispersion equation of ZnS,

Data for hexagonal ZnS crystals were reported by Bieniewski and Czyzak
[14] over a wavelength range from 0.36 to 1.4 um and by Piper et al. [13) over
& wavelength range from 0.33 to 1.8 um. In both investigations, the
birefringence of hexagonal crystals was found to be small, about 0.006, and was
fairly constant throughout the wavelength region investigated. They stated
that within experimental error the dispersion equation proposed by DeVore [9]
or by Czyzak et al. [10] was valid for both cubic and hexagonal crystals.

For ease of comparison, the deviations of above mentioned data sets from
the recommended values in the fundamental transparent region at room
temperature are plotted in figure 3. It is obvious that the disagreement among
the data sets reported by different investigators is greater tham the accuracy
claimed by each of them. Although intermal consistency was observed in each
investigation, unaccounted sources of errors are responsible for these

discrepancies.

In the present work, eq (9) is used to represent the room—temperature
refractive index of ZnS. The main task is the selection of the appropriate
parameters e, LY and LI‘ and the determination of the coefficients A, B, and
the parameter A‘. But the most important of all is the selection of reliable

data sets used for input to fit eq (9). The selected data sets are limited to

the works of Feldman et al. [17], Mell [8], and Hattori et al. [19]. The data
of Feldman et al. cover a wide spectral regionm and it is believed to be
measured with the highest accuracy for CVD ZnS which is likely to be
exclusively used for quality optios in the future. The data of Mell cover more

short wavelengths and wider temperature region tham those of Feldman et al.

o
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Mozreover, the room temperature data in the overlapped region are comsistent to
withia third decimal place with those of Feldman et al. The data set reported
by Hattori [19) is used to substantiste the correctness of the static
dielectric constant for the infrared term.

Literature values of e, ‘0‘ and AI are very discrepant as shown in table
2 vhere the room—temperature s_ values vary from 4.7 to 5.7. For refractive
index calculation accurate to the third or fourth decimal place, the variation
of available s_ is far less adequate than required. However, far better values
of s, can be obtained from available dispersion equations covering visible
region proposed by various investigators. From table 1, the &  values are:
5.1219 by Mell, 5.164 by DeVore, 5.131 and 5.047S5 by Czyzak et al., and 5.0996

by Feldman et al. Clear enough, a value in the neighborhood of 5.1 must be the
correct value of s .

The values of L from table 2 vary from 8.34 to 8.9 for cubic ZaS, not
acceptable for refractive index calculation. Neither the available dispersion
equations indicate an adequate value for L due to lack of data beyond 10.6 um
to provide adequate dispersion to substantiate the physical meaning of the
paramoters of the infrared torm. However, it is fortunate thst we have data in
the 100 to 600 um region reported by Hattori et al. [19]. Although the
dispersion equation defined by this data set predicts a low value of e  for
lack of dispersion in the data set, the value of L7 is in concordance with the
square of refractive index at long wavelength end which in definitiom is close
to the static dielectric constant., Since the refractive index values in this
data set vary from 2.95 at 100 pm to 2.89 in the wavelength range from 300 to

600 pum, there is no question that the correct value of 5 must be about 2.892
or 8.35.

Amoag the values of lI in table 2, the values reported by Manabe et al.
are chosen to be the appropriate parameter for eq (9) for the reason that ome
of the values was observed from transmission measurement for evaporated thin
film which is a direct and positive means of determinming 11. Additional
supporting evidence 1s that the similar result was observed by Mathieu and

Mathieuw [22] from Raman measurement. A correct value of xl must be within the

range from 35.46 to 36.76 pm.

R |




Table 2. Available data on €_, €,, and AI of ZnS
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Temp., K €, €y AI’ ym Ref. Remarks
300 5.7 8.9 35.46,36.76 [16] cubic
300 5.7 9.6 36.50 {16] hexagonal
300 8.37 [24)
300 5.13 [25]
300 36.90 126}
300 6,7 8.34 38.46 [19]
300 32.26 [27] cubic
300 33.33 [27] hexagonal
300 8.7 [28]
80 4.8 8.10 38.17 f19]
80 8.14 [24]
2 4.9 8.04 38.02 {19}

m
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Cizrdone and Harbeke [23] investigated band structure of cubic and
hexagonsl ZaS corystals in the spectrsl regiom below 0.41 pym. It was observed
that a strikiag similarity in the spectra of optical comstants of cubic and
hoxagonal Za8 crystals, indicating a small difference in the arrangement of the
atoms in the two modifications. Although only small differences are observed
in refractive and sbsorption indices for the crystals, there are some
differences in the fime structure im the absorption spectra. In all cases a
woesk absorption peak is located at about 0.33 um snd a strong absorptiom peak
at about 0.23 pm followed by a number of strong peaks at lower wavelengths.
This finding remders a support to the dispersion equations found eazlier by
others where the offective absorption band is about 0.27 um; and the values of
1‘ in eoq (9) should be approximately inm the range from 0.23 to 0.27 um but
closer to 0.23 pum to account for the effect from infrared term. This letter
statement is supported by the findings of Hall [34] and Cox et al. [36] from
their investigations of vacvum deposited film im which they found that

refractive index curve has its maximum at about 0.23 um.

With all the essential parameters, discussed above, at hand the selected
data are fitted to eq (9) for the determination of the constants A and B by
letting the parameters vary within their corresponding estimated limits. The
dispersion equation for ZnS at room temperature thus obtained is

22 = 8.34096 + ——a14340 . _3.20%24 (19)

22 - (0.23979)2  2%/36.525%1

where A is in units of um. Equation (19) is valid in the wavelength range from
0.5 to 14 ym. In figure 3, deviations of available room temperature dats from
those calculated from eq (19) are plotted for visual comparison. It is clearly
shown that most of the data in the short wavelength region are scattered over a
wide range as expected with the oxception of the data of Mell [8] and of Bond
[15] whioh show consistent deviation of less than 0.0016 and have the same
dispersion as that of eq (19). 1In the long wavelength regiom, the dats of
Istran 2 from Kodak publiocation U-72 [21] indicate a constant deviatiom of
about ~0.0015 throughout the wavelength range from 1 to 13 pm but the data for
the same material reported by Wolfe and Korniski (18] show a coamstant deviation
of about +0.0025 in the region bolow 10 ym and & high dispersionm in the region
between 10 and 14 pm. Vhile the deviation of data of Nell and of Bond can be
attributed to the experimental error and impurity contents of the samples, the
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opposite deviations of data for Irtran 2 samples cannot be accounted for from
experimental origin. As Wolfe and Kormiski pointed out that it is likely
cansed by the differences in the material from different batch.

The ocomstant deviation of the data sets mentioned sbove renders a support
to the validity of eq (19) as far as the dispersion of ZnS is concermed.
Regarding the values of refractive index at room temperature, eq (19) can be
used for CVD ZaS from 0.6 to 11 pm with uncertainty about +0.0003 or less;
outside this region larger uncertainties of the order +0.0005 are expected from
0.5 to 0.6 pm and +0.001 between 11 and 14 pm, Equation (19) can also be used
for cubic single crystal of ZnS in the visible region up to 1 um with
uncertainties +0.002 based on the fact that data measured by Mell and by Bond
are consistenmt with the calculated values within the cited uncertainty.
Refractive indices of Irtran 2 can be very different for different samples as
discussed above. As a comsequence, eq (19) does not give the exact values of
refractive indices but with a constamt shift of the order of two units in the
third decimal place in the region below 10 pum.

No attempt was made to analyze the available data for thin films since
their refractive property is affected by many factors which do not permit
adequate characterization, As a result, statements made by differenmt
investigators are often conflicting and inconsistent. The pressure and type of
residue gas during deposition, the temperature the substrate maintained during
deposition, the rate of deposition, the thickness of the film, the heat
treatment after deposition, and aging are equally important comtributors. In
goneral, the refractive index data of a film deposited in a good vacuum tend to
be lower than that of the bulk because the observed data are actually the
effective index for the combination of ZnS plus possible voids which can easily
be observed under an electron microscope. On the other hand, high refractive
index is obtained for the films which are oxidixed during deposition or aging
by the undesirable residual gas or physical enviromment, However, it has been
observed that the refractive index of thin film tends to agree with the bulk if
the films are deposited under high vacuum on substrates maintained at elevated
temperatures during deposition and followed by appropriste annealing. Figure 4
shows the deviations of experimental film data from the bulk data calculated

from eq (19). Although there is s disagreement in the refractive index values,

most of the available film data gemerally follow a normal dispersion ourve. It
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can be safely said that a properly prepared film sample should have the same
dispersion as that of a bulk sample though different in refractive index

|
i
; values, In other words, the deviation should be nearly a constant as evidently i
indicated in figure 4. |

|

Equation (19) is also valid in the wavelength region 133-585 um. The
averaged differences between the experimental data and the calculated values
are of the order of +0.006. The dispersion in this region is rather small as
the differemce of two extreme refractive indices is only 0.055 but the
uncertainty in the data is rather large (of the order +0.005) as the data were ‘
digitized from a graph of low resolutionm. Under such condition, the #
reliability of the digitized values is compatible with the calculated onmes. L
Therefore, no recommended values im this region are given and the readers are k

referred to the corresponding digitized data in table A-1 for their
application.

Literature data on the temperature-dependent refractive index is very
scanty. Data reported in table A-2 and plotted in figure 2 are those of Mell
(8] and Wolfe and Korniski [18]. Additional data sets plotted in figure 2 were
derived from the dn/dT data reported by Feldman et al. [17] (see tables A-3 and
A-4 and figures 5 and 6). Although the data sets by Mell cover a wide
temperature range from 135 up to 979 K, they cover only the visible t

wavelengths. These data in the short wavelength region below 0.5 um are not

reliable for pure single crystal as it contains impurities evidenced by the :
groenish color of the sample. At high temperatures, the uncertainties are

expected to be increased as the effects of impurities are increased.

The data reported by Wolfe and Korniski cover a temperature range from
84.9 to 295.9 K and a wavelength range from 1 to 14 um in an effort to
determine the dn/dT values. Since the claimed precision of their measurement
is sbout +3 x 10-'4 in the refractive index while the dn/dT value is in the
order of +5 x 1o“’x'1, each dn/dT value thus determined at temperature
intervals of 10 degrees has a large error of about +4 x 10“51'-1 associated with

it. As a result, the large error masked the detail variation of dn/dT with

tomperature and wavelength; only average values could be obtained. For the
vavelengths 1.0, 2.5, 7.0, and 10.5 pm, the average dn/dT valuves vary linearly
with temperature from 3.5 x 10_5K'-1 at 100 K to 7.6 x 10-5l—1 at 280 K.

Lacking in wavelemgth variation, these datas are mot suitable for data analysis
but provide a rough comparison.
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Figure 5. Experimental and calculated dn/dT of ZnS (wavelength dependence).
Refer to table A-3 for the corresponding data sets.
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Figure 6. Experimental and calculated dn/dT of ZnS (temperature dependence).
Refer to table A-4 for the corresponding data sets.
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Although Feldman et al. reported only room temperature refractive index,
their dn/dT data are quite adequate to calculate the refractive index values at
other tomperatures from 93 to 473 K. The dn/dT data were measured by an
interferometric technique at three discrete laser wavelengths: 1.15, 3.39, and
10.6 um. The shift of Fizeau interference fringes as s function of
temperature, starting from room temperature, was observed and the corresponding
dn/dT value was determined with appropriate corrections for thermal expansion
of the sample and for the temperature variation of refractive index of the
ambient sir. This method is by far the most accurate means in the
determination of dn/dT, and hence used as the basis of our data analysis. It
appears that eq (18) should be used in the determination of the comstants.

However, there are problems which have to be clarified and solved before a
least square fit of data can be performed.

The first problem is the temperature variation of the parameters lu and lI
in eqs (13) or (18). In the study of fundamental opticel absorption edge of
synthetic crystal of hexagonal zinc sulfide, Piper [1] found that the
decreasing shift of band gap is approximately linearly proportional to
temperature over s wide temperature range. In terms of wavelength shift, the
corresponding proportional comstant is 0.4841 x 10-4 pm K—l. This value is
adopted for the parameter B‘ in eq (13) in view of that xu. though it does not
exactly correspond to band gap, is the effective absorption band and that the
quoted shift is small enough not to introduce sensitive effect om the
refractive index as s whole., We have, therefore, xn = lno + Bnt = 0,23979 +
0.484 x 10-‘t. where x“o is determined at room temperature as indicated in eq
(19). Experimental value on the temperature shift of 11 does not appear to be
avsilable for ZnS but that for ZnSe and ZnTe were measured by LaCombe and Irwin
(82]. Based on the fact that such shift for the compounds of the same family
does mnot vary appreciably among the member compounds {5], the experimental
value of ZnSe, 1/A; dA /dT = 1.3 x 10 'K}, is adopted for ZaS. From that, the

corresponding value of ﬁl. i.e., dlI/dT. for ZnS is 0.00475 pm K_l using lIo =

36.525 determined at room temperature and the parameter LI is, therefore,

expressed as lI = 36.525 + 0.00475 ¢t.

The second problem is that the data cf Feldman et al. is available only up

to 473 K and only at three wavelengths w.i in the infrared. The coanstants

dotermined based on these data may not be valid in the visible regiom and/or at

T e
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higher temperatures. To check the validity of the results, data reported by
Nell must be in agreement with the predicted omes. As pointed oot earlier, the
former are expected to have larger uncertainties at short wavelengths, <0.50

pm, and at high temperatures, >400 K,

The third problem is the variation of dn/dT data with tempersture. A
careful review of figure 6, one notices that of all the three available data
sets, the dn/dT values increase momotonically with temperature in the
temporature region 93-300 K and remain essentially as a constant thereafter up
to 400 K. After that the dn/dT appears to increase with increasing temperature
but there is no experimental dats at higher temperatures to ensure such
behavior at higher temperatures. The evidence that supports the continuous
increase of dn/dT versus temperature for ZnS at high temperatures is that in
the case of ZnSe Feldman et al. observed the exact behavior and Mangir and
Hellwarth [64] observed that within the experimental uncertainty, +0.2 x
10'5x'1, there is no variation of An/AT values in the temperature range from
293 to 473 K but at higher temperatures up to 600 K a small constant increase
at a rate of 0.5 x 10-5 per 100 K was observed at all wavelengths. Additional
evidence was found in the n versus T data by Mell; at wavelengths 0.578 and
0.619 um the An/AT values are found to be increasing with temperature at a rate
of about 0.4-0.6 x 10-5 per 100 K in the temperature range from 477 to 979 K.
All of the evidence suggest that the dn/dT of ZnS is continuously increasing

with temperature in the temperature range above 4735 K.

With all these considerations, s least—squares fit of dn/dT dats to eq
(18) yielded the following expression for the refractive index of ZnS as a
function of both wavelength and temperature:

22(h,t) = B(r) + AL, Bt)

(20)
32 2 a4
v I

where A is in units of pm,

t = T-293 in units of °K,

An = 0,23979 + 0.00004841 t in units of pum,

AI = 36,525 + 0.00475 t in units of um,

E(t) = 8.34096 + 1,29107 x 10 ¢ + 4.68388 x 10 't - 1.31683 x 10 't
- 6.64356 x 107124,

A(t) = 0.14540 + 1.13319 x 10 >¢ + 1,05932 x 10 %t + 1.06004 x 10 10,3
- 2.27671 x 107134
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B(t) = 3.23924 + 1.09600 x 10 >t + 4.20092 x 10 't - 1.11350 x 10 7¢3
- 7.29592 x 10 1244,

Equation (20) was used to generate the recommended values of the
refractive index of CVD ZnS and single crystal ZnS with the results given in
tables 3 and 4 and plotted in figures 7 snd 8. To provide visual comparison of
calculated values with the experimental data, calculated values at a few
specified temperatures and wvavelengths are plotted in figures 2 and 7 where
excellent agroeement is observed. Table § gives the calculated dn/dT values for
CVD ZnS based on the first derivative of eq (20) with respect to T with the
corresponding curves shown in figure 9. The calculated room temperature dn/di
values for CVD ZnS based on the first derivative of eq (20) with respect to A
at 293 K are given in table 6 and shown in figure 10,

For CVD ZnS, eq (20) is valid over a wavelength range from 0.5 to 14 pm
and a temperature range from 93 up to 618 K based entirely on the available
data and supporting evidence discussed earlier and an appropriate extrapolation
from 600 to 618 K. Extrapolation beyond 618 K is not recommended as the
temperature dependent terms are determined by empirical fit of limited
available data without real physical meaning. Altkough outstanding agreement
between Mell’s data and the prediction values at high temperatures is observed
(figures 2 and 7) encouraging extrapolation, it is the predicted high rate of
increase of dn/dT at high temperatures for infrared wavelengths (see figure 6)
that discourages the extrapolation as it may lead to erroneous results unless
there is sufficient supporting evidence in the high temperature regiom to
ensure such extrapolation. For single crystal ZnS, eq (20) is valid over a
wavelength region between 0.5 to 1 um but over a wider tempersture range from
93 to 1000 K. The valid wavelengths are limited in that narrow region because
of the fact that refractive index of simgle crystal is mostly available only in
the visible region ard is obtained for the natural crystal from which dats at
wavelengths <0.5 um are not reliable,

Uncertainties of the recommended refractive index ares ostimated based on
the standard deviations of data fit calculations when reliable data are
available and/or by comparing the aveilable datas with predicted values when
experimental data in that region are oither scanty or having large errors. For
CVD Zn8 in the recommended temperature region, the estimated uncertainties are

$0.0003 for wavelength region between 0.6 and 11 pm, +0.0005 between 0.5 to 0.6
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Figure 7. Comparison of experimental and calculated refractive indices of
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corresponding data sets.
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Recommended values (in units of 107°Kk™!) on the temperature derivative of

refractive index of CVD ZnS

Table 5.

Temperature, K

143 193 243 293 343 393 443 493 543 593 618

93

9.7

9.5
8.2

9.1
7.9

8.3 8.7

7.8
6.8
6.2

7.4
6.5
5.9
5.5

7.1
6.2
5.7

6.9
6.1

6.9

7.0
6.0
5.4
5.0
4.7

7.3
6.1

8.4
7.6

7.5
6.8
6.3
6.0
5.7
5.6
5.4
5.3
5.2

7.1
6.5
6.0

6.0
5.4
5.1

7.5
7.0
6.6
6.4
6.2
6.1

7.1
6.6

5.5

5.2

5.4
4.9

7.2

5.8
5.5

5.4
5.1

6.3
6.0
5.8
5.7
5.6
5.5
5.4

5.7

5.3

5.0
4.8
4.7

4.8
4.7
4.5
4.4
4.4

4.5

6.6
6.4
6.3
6.2
6.1
6.0

5.5
5.3
5.2
5.1
5.0
5.0
4.7

5.3
5.1
5.0
4.9
4.9
4.8
4.6

4.5

5.1
5.0
4.9
4.8
4.8
4.7
4.5

5.0
4.8
4.8
4.7

4.5
4.3
4,2

4.2

4.0
3.9
3.7

4.6
4.5
4.5
4.5
4.3

6.0
5.9
5.8
5.5

4.1
4.0
4,0

4.6
4.6
4.4

4.3
4.2
4.0

3.6
3.6

5.2
4.8

5.8
5.7
5.7
5.7

5.1
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.1
5.1
5.1
5.2

3.7

3.2

5.4
5.4
5.4
5.4
5.5
5.5

4.8
4.7
4.7
4.7
4.7
4.7
4,7
4.7

4.6
4.6
4.5

4.4
4.4
4.4

4.4
4.3
4.3
4.3

4.2
4.2
4.2
4,2

4.0
3.9
3.9
3.9

3.6
3.6
3.5

3.0

4.5
4.5
4.4
A

3.0
2.9

5.7
5.8
5.9
5.9

4.5
4.5

4.5

4.4
4.4
4.3
4.3
4.3

3.5

2.9

4.3
4.3
4.3
4.2

4.1
4.1

3.9
3.9
3.9

3.5
3.5
3.5

2.9
2.9
2.8
2.8

2.8

~T

5.6
5.6

4.5
4.5
4.5
4.5

4.4

4.1

4.4
4.4
4.3

4,1
4.1
4.1
4.1

3.9

3.5

6.1

5.7

4.7

4.3
4.3
4,2

4.2
4.2
4.2

3.9
3.8

3.8

3.5

6.2

5.8
5.9
5.9
6.1
6.2

4.7

3.4
3.4

2.8

6.3
6.4
6.6
6.7

4.7

4.5
4.5
4.4
4.4
4.4
4.4
4.4
4.5
4.5

4.3

2.8

5.2
5.3

5.3

4.7

4.3
4.3
4.3

4.2
4.2
4.2

4.2

4.1
4.0
4.0
4.0
4.0
4.0
4.0
4.0

3.8
3.8
3.8

3.4
3.4
3.4
3.4

2.8
2.7
2.7
2.7

4.8
4.8
4.8
4.8
4.9
4.9
4.9

4.2
4.1
4.1
4.1

6.9
7.0
7.2
7.4
7.7

6.3
6.4
6.6
6.7

5.4
5.5
5.5
5.6
5.7

4,3
4,2
4,2

4.2
4.2
4.1
4.1

3.8

3.8
3.8
3.8
3.8

3.4
3.4

2.7
2.7
2.7

4.1
4.1

4.2
4,2

3.4

6.9

4.1

4.1

3.4

2.7
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Figure 9. Recommended dn/dT-A-T diagram of ZnS.
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Table 6.

Recommended values on the wavelength derivative of
refractive index of CVD ZnS

A, um —g%, 10" 3 um™?
0.50 811.2
0.55 558.9
0.60 404.2
0.65 303.2
0.70 234.1
0.75 185.0
0.80 149.1

5 122.1

0 101.4

5 85.3
72.5
2
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pm, and +0.001 between 11 to 14 pm. For the single orystal ZnS, the
uncertainty of +0.002 is applied.

Estimation of uncertainties in the recommended dn/dT values are based on
the results of Feldman et al. which are used to determime the constants of eg
(20). Their reported experimental uncertainties are +0.2 x 10-5‘-1 for all the
three wavelengths investigated. Our leoast-squares calculations yielded
; basically the same uncertainties. Error bars corresponding to this value are
’ indicated in figures 5 and 6 where calculations are compared with the

experimental data.

Uncertainties of the recommended dn/dA values are ostimated in the
following manner. Taking the first derivative of eq (19) with respect to A, we
2 2,. 2
have —(n/a)(dn/dir) = AoRn + BORI /11 which leads to

2 2
BQEI 4n IEII
b do| _ Adm A-nz + +4nzn + . (21)
dxr 2 O u 2 u 2
n AI AI

Based on the quoted uncertainties for refractive index of CVD ZanS, it is

appropriate to adopted 5n = +0.0005 for the evaluation of 5(dn/dA) for the
entire wavelength range from 0.5 to 14 um, The bncertainties of dn/d)\ thus
calculated are +5 x 10-3 ul-l at 0.5 pm, +4 x 10_3 un-l at 0.6 ym, +2 x 10-3

im Y st 1 pm, 0.4 x 207> wnl 4t 5 wm, +0.2 x 10> pn ) at 10 um, and #0.2 x

1073 ym ! at 14 pm.

3.2. Zinc Selenide, ZnSe

There are 36 sets of experimental data available for the refractive index
(wavelength dependence and temperature dependence) of zinc selenide as
tabulated in tables A-5 and A~6 and plotted in figures 11 and 12 where some of

the data sets are made for thin films or multiple layers and are included here

for the purpose of comparison and completemess. After a careful review and
evaluation of the available data and associated information, it was found that
the dats sets reported by Marple [48,49], Rambauske [50,51]1, Hilton and Jomes
[52], Wuaderlich and DeShazer [S53]), Feldman et al. [17], and Thompson et al,.

[(54] are representative of the available refractive index for zinc selenide in

o T T TR T R R e

the fundamental tramsparent region betweez 0.4 2nd 18.2 um; while data sets
; roported by Hattori et al, [19] are the only available data in the wavelength

it it haiiinisane . . T - m—. oaGEli. . :
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Refractive index, n
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| | [ 1 1
A = 0.6328 um

2.595 — —
2.565 Set Symbol X, um Ref. -

1 ul 10.6 [54]

2 o 3.8 [54]

3 A 3.8 [54]

4 + 10.6 [54] |
2.536 — * X 0.6328 [17]

* ® 1.15 [17]

* . 3.39 [17]

* X 10.6 [17]
2.505 — eq (23) —
2.475 —
245 A = 3.39 um |
2.415
2.385 — —
2.385 — -
2.325 | | { 1 L | I | |
o 60 120 180 240 300 360 420 480 540 600

Temperature, K
Figure 12. Experimental and calculated refractive index of ZnSe (temperature

dependence). Refer to table A-6 for the corresponding data sets.
Data sets "*" are derived from dn/dT data given in table A-8.
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range from 83 to 1163 ym. The data reported by Manabe et al. [16] and by Hadni
ot al. [55,56] are concerning the characteristics of the reststrahlem region;
and the data of Aven et al. [57] are for both the reststrahlen and electronic

absorption regions.

For the purpose of obtaining consistent refractive index of ZnSe over a
wavelength range from the short-wave transmission limit set by the band gap to
2.5 um, Marple [48,49] carefully measured the refractive index of ZnSe prisms
with impurities less than 10-20 ppm. Experimental error of the data is +0.002
or less, however, the results for two ZnSe prisms differ by up to 0,005 in the
wavelength region between 0.496 and 0.83 pm, The cause of this difference is
uvnknown as it cannot be accounted for by the error in the prism angle
measurements alone. The possible cause of such discrepancy is due to a
difference in impurity contents or stoichiometric balence between the two
prisms as one showed a slightly brownish tist whenm compared with the
lemon—-yellow color of the purer ZnSe crystal. As shown in table 7, the

2. A+ Blzl(lz-cz) was used to fit experimental data for cach prism

equation n
with A, B, and C being adjustable parameters. Because of the limited spectral
range, A, B, and C were not fit the data with a .nore realistic theory of the

dielectric constants. However, the best-fit valumes of A, B, and C for esch of

the two prisms indicate a value of 5.90 for the optical dielectric comstant of
ZnSe.

Rambauske [50,51] reported refractive index dats over a spectral band from
0.400 to 0.644 pm for two ZnSe specimens obtasined from two suppliers. The
orange-yellov specimen from Aerospace Research Laboratory is of high purity eud
the results of which are more representative of pure ZnSe; the yellow specimen
from Harshaw Chemical Co. contains considerable impurities and the results of
which are quite discrepant from those of the former. Although the size of
discrepancy in the transparent regionm is less than one unit in the second
decimal place, it is significantly larger in the absorption regiom. For
example, the refractive index of Harshaw specimen is 2.25 at 0.4044 pm but 2.65
for other specimens. Additional dats in the visible region between 0.50 and
0.633 pm were reported by Wunderlich and DeShazer [53]. Minimum deviation

mothod was used and experimental erroxr im n was reported to be +0.002. The

data woere fitted to a single term Sellmeier formula as given in table 7.
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In an effort to measure refractive index of polycrystalline ZnSe with high
precision, Hilton and Jomes [52] reported data for an Irtran 4 specimen over a
wavelength range from 2.5 to 14 pym at two temperatures, 295 and 198 K, using
ainimum deviation method. Although the claimed experimental error is about
+0.0003 in refractive index, the corresponding values tabulated in table A-5
should hnyo larger uncertainties as they were extracted from a graph. Based on
the dats obtainmed at two temperatures, the average temperature coefficient of
refractive index at 5 pm was =valuated to be 4.8 x 10“5K-1 comparable with

those reported in other studies.

Refractive index of CVD ZnSe were measured by Feldman et al. [17] as part
of the effort in the characterization of high-power laser window materials.
Two CVD ZnSe samples were measured with high precision minimum deviation method
over a wide wavelength range from 0.54 to 18.2 pm of laser interest. The
reported room—tomperature data were given to the fifth decimal place and were
fitted to a threo—term Sellmeier type dispersion equation (shown in table 7).
Since the parameters in their dispersion equation were not intended to have
physical significance but a mathematical fit to the observed data, the
parameter values determined for these two samples are considerably different
though the difference in refractive indices at any wavelength is less than four
units in the fourth decimal place. In view of the reported sverage absolute
5 and 4.1
x 10-5, respectively, the difference of four units in the fourth decimal place

residuals of n from the best fit equation of each data set, 6.2 x 10

cannot be accounted for by experimental errors. The discrepancies in these two
dats sets must be of impurity or crystal defect origin., It is likely that an
uncertainty of magnitude +0.0004 will be a reasomable estimate for referemce

data values. Under such circumstances, either data set of Feldman et al. can

be considered as representative of the refractive index of ZnSe.

The indices of refraction of ZnSe in the far infrared spectral range from
83 to 1163 pm were measured by Hattori et al. [19] at temperstures 2, 80, amnd
300 K. The results were described by a simple dispersion equation, shown in
table 7, for an undamped harmonic oscillator from which the static dielectric
constant, optical dielectric constant, and wavelength of TO mode phonon were
determined with least-squares fit. The static dielectric comstant serves as a
check for the values obtained from various optical methods. Since the data

were measured by interference method and the value of 8, vas obtained in long
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wavelength region, it is believed to be reliable and should be adopted as s

koown parameter in the dispersion equation of ZnSe.

Manabe ot al. [16] studied optical constants in the reststrahlem region by
means of infrared lattice reflection spectra in the spectral region between 20
and 85 um and the spectra were snalyzed using Drude dispersion relation. The
oscillator stremgth, N, optical dielectric comstant, s_, damping factor, §, and
wavelength of transverse optical phonon, LI' in the Drude equations (shown in
table 7) were determined by fit of reflectivity data. The wavelength of
transverse optical phonon was also determined directly from transmission
spectrum of an evaporated thin film and was found to agree with that obtained
from the reflection spectra analysis. The static dielectric constant, 8, Wes
detormined by letting A = ® in the resulting Drude equation szssuming zero
absorption, i.0., 8, = n2 =8, + NAIZ. Optical constants in the reststrahlen
region were also studied by Hadni et al. [55,56] for an Irtren 4 sample at

temperatures 80 and 290 E. The various parameters, ¢ e, snd XI, were

determined from analyzing the reflection and trnns-issgon speotra with the
Kramexrs—-Kronig relations and with the Lorentz ome—oscillator model. Aven et
al. [57] performed a similar study on a single crystal ZnSe for determining the
wavelength of optical phomon and optical dielectric constants. The static
dielectric constant was determined from capacitance measurements on a
single—crystal wafer. 1In addition, the absorption bands in the ultraviolet
region were also observed. The wavelengths of the observed absorption bands
were determined at 0.459, 0.394, 0.261, and 0.243 xm with the first onme
corresponding the enexgy gap.

For the purpose of ease of comparison, the above mentioned data sets for
the fundamentsl transparent region are plotted in figure 13, It is obvious
that the disagreement among the data sets reported dy different investigators
is greater than the accuracy claimed by each of them. Although internal
consistency was observed in each investigation, unaccouated sources of errors

are responsible for these discrepancies.

In the present work, eq (9) is used to represeat the room—temperature
refractive index of ZnSe. The main problems are to select the appropriate
parameters, s_, e and &I. and to determine the coefficieats A, B, and the
parameters L‘. Literature values of e .0' and lI are very discrepant as

shown im table 8. The available room—temperature ¢ values vary coasiderably
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Table 8. Available data on €_, €,, and )‘I of ZnSe
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Temp., K €0 €y AI’ um Ref.
300 5.4 7.6 48.31,49.02 [16]
300 9.12 [24)
300 5.90 [48])
300 49.26 [58]
300 5.3 8.99 49.26 [19]
300 5.75 + 0.1 8.1 * 0.3 47.69 [57]
300 6.3 9.6 49.02,48.97 [56]
300 5.4 7.6 48.31 [59]
300 6.10 9.2 47.85 [60]
300 46.51 [27]
300 49.02 (613
300 5.86 [21]
300 6.3 [50]

80 5.5 8.76 48.31 [19]
80 6.3 9.53 47.44 [56]
80 5.4 7.6 47.39 [59]
80 5.4 7.6 47.39 [16]

2 5.6 8.68 47.62 [19]
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from 5.3 to 6.3, which is too much for refractive index calculation of
desizable accuracy; ome has to resort to available dispersionm equations which
were proposed for visible regionm by various imvestigators. From table 7, the
s, values are: 5.90 by Marple, $.7032 by Wunderlich and DeShazer, and 5.925
by Feldman ot al. It appears that the seocond value given above is somewhat too
low in comparison with the others., However, recalling the marrow wavelength
region coversge in the work of Wunderlich and DeShazer, one may reasonably
understand that data over that wavelength region do not have enough dispersion

to define the coefficients of a dispersion equation with certainty. Should

they investigate a wider spectral region extended toward short wavelengths, the
corresponding e¢_ from the dispersion equation would agree with the others.
Based on this consideration, a value in the neighborhood of 5.91 should be

correct for eq (9).

The values of L7 from table 6 vary from 7.6 to 9.6, far too large for
refractive index calculation. Nome of the available dispersion equations
indicates adequate value except that reported by Hattori et al., [19] whose
room-temperature measurements covered the spectral region between 165 to
540 pm. By definition, the value of &y equals the square of the refractive
index mossured at long wavelengths; in fact, the values of refractive index

read from the graph are 3.063 at 156 um and 2.999 at 540 pm. An sppropriate

value of ¢y is, therefore, approximately 9.0.

Among the values of 11 from table 8, the values reported by Mansbe et al.

[16] are chosen to be the spproximate parameter for eq (9) for the reasoms that

one of the values was determined by transmission measurement on evaporated thin
film which is a direct means for dotermining material properties of this kinad.
Therefore, the value of AI must be within the range from 48.31 to 49.02 um.

The value of ln is very uncertain in that values based on available
dispersion equations are: 0.325 and 0.336 um by Marple [48], 0.26522 um by
Wunderlich and DeShazer (53], and 0.192 and 0.379 pm or 0.201 and 0.392 pm by
Foldman et al. [17], while absorption peaks based on reflectivity observation
[57] are at 0.243, 0.261, 0.394, and 0.459 pm. It appears, however, that a
proper valme of l‘ should bde sround 0.3 um.

s

Vith all the essential parameters as discussed above at hand the data of

Foldman et al. are fitted to eq (9) for the determination of the comstamts A
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and B by sllowing the parameters varying within their corresponding estimated
limits. The dispersion equation of ZnSe st room temperature thus obtained is

- 3.08889
n? = 9.01536 + —;—9'25-453——; + = : (22)
! 22 - (0.29934)2  2%/48.38% - 1

whore A is in units of um. Equation (22) is valid in the wavelength range from i
0.55 to 18 ym. In figore 13, deviations of the availsble room temperature data %
from those calculated from eq (22) are plotted for visual comparison. It is
clear that the dats from various measurements are quite diftereant from the

values calculated from eq (22). While most of the data of Rambauske [50] are

considerably lower than calculated values, those of Wunderlich and DeShazer

[53] are considerably higher in the corresponding spectral region. Such wide
discrepancies are of material origins, and it appears that refractive index of
ZnSe is very sensitive to impurity content of the sample, particularly in the
i short wavelength region. To show such disagroement, s figure reported by

Rambauske is reproduced in figure 14 where the two curves obtained for two

samples of different impurities disagree with each other not only in absolute

values of the property but also in the shapes of the curves particularly in the

Pmye o

wavelength region below 0.5 um where the effects of impurity prevail as the
wavelength corresponding to the energy gap of ZnSe is about 0.48 um. By
investigating the sample in the wsavelength region near the emergy gap or

e

absorption edge, the presence of impurities can be revealed. From figure 14,
it appears that sample with less impurity should have sharper dispersion curve.
Based on this consideration, the sample measured by Wunderlich and DeShazer
must be purer than those used by Rambauske. In fact, the data of the former
are in agreement with the values calculated from eq (22) in the regiom >0.55 um
below which absorption becomes significant as it approaches the absorption edge
and eq (") becomes invalid.

Large discrepancies are observed between the calculated values from eq
(22) and data of Marple [48]. As discussed earlier, not only the samples
messured by MNarple have noticeable concentration of a large variety of

impurities dut also the results for these samples differ by 0.005 in most of

the waveleagth region covered, it is not sucprising to see the large departures
of his data from eoq (22). Comparinmg with other measurements it is revealed
that the samples studied by Marple are probably of similar nature as those
measured by Rambauske as the data behave similarly inm the overlapped region,
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Although Irtran 4 is considered a polycrystalline of ZnSe, its refractive
index is different from that of CVD ZnSe which is also a polyorystalline in
nature. As shown in figure 13, data from Eastman Kodak Publicatiom U-72 ([21]
is discrepant from eq (22) by an amount up to 0.0025 over the spectral range

from 1 to 1€ pm, beyond which higher discrepancies are observed. Irtran 4 data

roported by Hilton and Jones [52] seem to be scattered evenly around the E
calculated curve but this may not be true as this data set was digitized from a
graph., As discussed earlier in subsection 3.1 for the case of ZnS that
refractive index of Irtran 2 is quite sample dependent and the same observation 1

is expected for Irtran 4.

Based on the considerations discussed above, it is concluded that eq (22)
is valid for CVD ZnSe with uncertainty +0.0004 estimated from the average
residual of least-square data fitting and the highest disagreement between the
two data sets of Feldman et al.

In figure 15 are plotted the deviations of film ZnSe data from the
calculated bulk data based on eq (22). Unlike in the case of ZnS where a
definite trend of the deviation clearly exists, such behavior does not seem to
appear in figure 15. A possible reason for this situation is that we have only
limited data sets for statistical comparisoms; mno definite trend cam be
ostablished at this time for lack of available data.

Equation (22) is also valid in the wavelength region 155-540 um. The
aversged differences betwoen the experimental data and the calculated values
are of the order of +0.003, The dispersion in this region is rather small as
the differemce of two extreme refractive indices is only 0.064 but the
uncertainty in the data is rather large (of the order +0.005) as the data were
digitized from a graph of low resolutionm. Under such condition, the
reliability of the digitized values is compstible with the calculated ones.

Therefore, no recommended values in this region are given and the readers are

referred to the corresponding digitized dats in table A-5 for their
application.

Literature dats on the temperature dependent refractive imdex of ZmSe is
extremely scarce. Data given in table A-6 aand plotted im figure 12 are
measured by Thompson et al. [54]. Additional data sets plotted im the same
figure were derived from the dn/dT dats reported by Feldman et al (see tadbles
A-7 and A-8 and figures 16 and 17).
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! 12.5 T T T T
: !1
i 4
l 11.5 =] '
t
1 b
'; 10.5 - --J
i Symbol T,K  Ref.
1
’ m 300 [52)
g5 o 300 [62] ]
@ A 296-358 [63]
+ 296-335 [63]
x 335-355 [63]
T o 293-473 [64] i
5% + 298-338 [3] :
7 S a5l x 9 17 — 5
; z 113 [17]
: ) Y 133 [17]
i {; x 153  [17]
! o % 173 [17]
? g 193 [17]
: asl ! 213 [17) ]
: : x 233 [17]
- 253 [17]
- 273 [17]
v 293 [17) 473 K
t 313 [17]
= 333 [17]
6.5— - 353  [17] -
% 373 [17]
2 393 [17]
A 413 [17] 353 K
z 433 [17] 213 K
£ 453 [17)
85— o 473  [17] 153K ]
1 80-300 [54]
2 293-353 [65]
eq (23)
93 K
q.s - | — 1 11 1 1t Ll 1 1 L 1 [} L 1.1 l S |
10! 0.5 109 5 10! 30

Wavelength, um

Figure 16. Experimental and calculated dn/dT of ZnSe (wavelength dependence).
Refer to table A-7 for the corresponding data sets. f
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15.5—
Data
.5 Set Symbol A, um Ref. _
1 ul 0.6328 ([17]
2 o 1.15 (17]
3 A 3.39  [a7] A = 0.6328 um
13.5~ 4 +  10.6 [17] ]
eq (23)
12.5+
11.5—
N
¥ 10.5|
v
)
—~{
5 95k
S~
]
9
8.5
7.5+
6.5}
SS5H
b 4.5 —
3.5 | 1 1 | ) ] | ] |
0 60 120 180 240 300 360 420 480 Su0 600
3
Temperature, K
Figure 17. Experimental and calculated dn/dT of ZnSe (temperature dependence).
Refer to table A-8 for the corresponding data sets.
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Thompson ot al. [54] reported refractive indices of two CVD ZnSe specimens
at 3,8 and 10.6 pym over the temperature range 80 to 300 K. Values for the two
specimens from differemt batch supplied by RCA Inc. were found to differ by a
constant value of about 0.001 over the entire temperature range. This
difference cannot be acconnted for by the experimental error of +0.0002 and the
possible cause may be attributed to difference in impurity contents and crystal
defects. Although the refractive index data of the two specimens differ by
more than the experimental error, the temperature coefficients of refractive
index in bothk cases are equal to within the experimental error. Furthermore,
the dn/dT values, 7 x 10'5x'1 at 3.8 um and 6 x 10-'51—1 at 10.6 um, show no
evidence of temperature dependence in that temperature region. From figure 12
it is noticed that the data of Thompson et al. from 80 to 300 K differ
uniformly from those of Feldman et al. by about 0.005 at 10.6 um and by about
0.002 at 3.8 um. These discrepancies are partly due to differemce in material
and partly due to errors in digitizing the graph given by Thompson et al, As a
result, their data are not chosen in data analysis for their large

uncertainties and for lacking in dispersion of dn/dT values.

Although Feldman ot al. reported only room temperature refractive index,
their dn/dT data are adequate to calculate the refractive index values at other
temperatures from 93 to 473 K. The dn/dT data were measured by an
interferometric technique at foar discrete laser wavelengths: 0.6328, 1.15,
3.39, and 10.6 um. It appears that eq (18) is to be used for the determination
of the constants E's, A’'s, and B's. However, before a least—square fit of data

can be carried out, the following considerations have to be made.

The temperature variation of ku and LI in eqs (13) or (18) can be defined
using avsilable literature data on temperature shift of emergy gap and the TO
mode optical phonmon. In the study of the theory of temperature derivative of
refractive index in transparent crystals, Tsay et al. [5] calculated du'/dT
based on 3 pseudopotential method. In terms of wavelength shift, their result
for ZaSe i dA /AT = 1,004 x 1074 um K. Based on the fact that the a /4T of
ZnS remains a constant over a wide temperature range [1]), the same is assumed
to be true for ZnSe. This value is sdopted for the parameter x‘ in eq (13) in
view of that A‘, though it is not exactly corresponding to energy gap, is the
effective sbsorption band and that the gquoted shift is small enough mnot to
introduce significant effect on the refractive index as a whole, We have,

- . e by v
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therefore, 1‘ - luo + But = 0,29934 + 1,004 x 10-4t. where lno is dotermined at
room temperature as indicated in eq (22). Experimental value om the
temperature shift of A; of ZnSe was found to be 1/&I d);/dT = 1.3 x 10'-‘l-1 by
LaCombe and Irwing [82]. Using LIO = 48.38, the corresponding value of By is
0.00629 yum K and the parameter A, is A = 48.38 + 0.00629 t.

A careful review of figure 16, one can discover large discrepancies
occurring at wavelength 10.6 pm at which quite a number of measurements dme to
CO2 laser interest are found. The large disagreement is best demonstrated by
the work of Skolnik and Clark [63] who measured dn/dT for two types of samples,
the Irtran 4 and the Raytheon CVD ZnSe. They found the dn/dT value of the
latter sample is twice as much as that of the former though both samples have
essentially the same density. Since the dn/dT of Irtran 4 is in agreement with
that of other investigators who reported data for CVD ZnSe, the Raytheon sample
must be of very much different nature from the other CVD ZnSe samples.
Unfortunately, however, the origin of such large discrepancy is not understood

at present.

A careful review of figure 17, one can see clearly that for all the four
curves of dn/dT versus T, the dn/dT values increase with T in the temperature
region between 93 K and room temperature and remain practically a comstant
thereafter up to 400 K. Above 400 K the dn/dT appears to increase with
increasing temperature. The increase of dn/dT with temperature is real as it
was also observed by Mangir and Hellwart [64] that within the experimental
—Sx-l

uncertainty, 0.2 x 10 ,» there is no variation of An/AT values over the

temperature range from 293 to 473 K, but at higher temperatures up to 600 K, a

small constant increase at a rate of 0.5 x 10-5

per 100 K was observed at all
wavelengths, Their observation stopped at 600 K and there is mo experimental
data at higher temperatures to support the extrapolation of such imcrease above
600 K. However, the discussion for the case of ZaS (subsection 3.1) may be
also valid for ZnSe assuming that the refractive properties of members of the

same family behave similarly.

With all these considerations, & least-—squares fit of dn/dT dats to eq
(18) yielded the following expression for the refractive index of ZnSe as a
function of both wavelength and temperature:
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F 22(h,t) = B(r) + A8, _B(t)

3242 2 A% 24
u I

, (23)

where A is in units of um,
t = T-293 in units of K,

Au = 0,29934 + 0.0001004 t in units of um,
11 = 48.38 + 0.00629 t in units of um,
E(t) = 9.01536 + 1.44190 x 10 5t + 3.32973 x 10 't2 - 1.08158 x 10”7t}
- 3.88394 x 107 12¢4,
-5 -8.2 -11.3
A(t) = 0.24482 + 2.77806 x 10 >t + 1.01703 x 10 5¢t% — 4.51746 x 10 ¢
+ 4.18509 x 10 1344,
-3 -7.2 -10.3
B(t) = 3.08889 + 1.13495 x 10 >t + 2.89063 x 10 'tZ - 9.55657 x 10 10¢

4.76123 x 10 12¢4,

Equation (23) was used to calculate the recommended values of the refrac-
tive index of ZnSe with the resvlts given in table 9 and plotted in figure 18,
To provide visual comparison of calculated values with the experimental data,
calculated values of s few specified wavelengths are plotted in figure 12 where
excellent agreement is observed. Tables 10 and 11, respectively, give the cal-
culated dn/dT and dn/dA values based on the first derivatives of eq (23) with

respect to T and A. The corresponding plots are shown in figures 19 and 20.

Equation (23) is valid over the wavelength range from 0,55 to 18 pm and
the temperature range from 93 to 618 K based on the available data and support-
ing evidence discussed oarlier. Extrapolation beyond 618 K is not recommended
as the temperature dependent terms are determined solely by data fitting calcu-
lations without any theoretical justification. The uncertainmties of recom—
mended values are estimated to be +0.0004 over the emtire wavelength and
temperature ranges based on the standard deviation of data fitting had the
possible discrepancies due to sample preparation under similar controlled
conditions.

Uncertainties in the recommended dn/dT values are estimated based on the
results of data fitting calculation and that reported by Feldman et al. which
are the primary source of the data for eq (23). Their reported uncertainties

are +0.1 x 10'"‘"K-1 at all the four wavelengths investigated. Our calculation,

however, indicated s higher value of +0.2 x 10—5‘-1. Error bars corresponding
to the latter are indicated in figures 16 and 17 where calculations are

compared with experimental data.
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Figure 18. Recommended n-A-T diagram of ZnSe.
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Recommended values (in units of 10”5K™!) on the temperature derivative of

refractive index of CVD ZnSe--Continued

Table 10.

Temperature, K
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Recommended values on the wavelength derivative of

refractive index of CVD ZnSe

Table 11.

10 3um™!
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Uncertainties of the recommended dn/dA values are estimated based om eq
(21). Using &n = +0.0004, the 8(dn/dA) values are +4 x 10“'3!—1 at 0.6 pm, +2 x
103r 4t 1 ym, $0.3 x 2073k ot 5 um, 40.2 x 10737 4t 10 pm, 20.1 x

10'"3K-1 at 15 pm, and #0.1 x 1o'3x'1 at 18 um,

3.3. Zinc Telluride, ZnTe

There are 22 sets of experimental data available for the refractive index
of zinc telluride as tabulated in table A-9 and plotted in figure 21 where some
of the data sets are for thin films included for the purpose of comparison. It
should be noted that all of these available data are at room temperature except
those of Hattori et al. [19]. Presently, refractive index data in the
fundamental transparemt region at other temperatures are not yet available. As
a result, our data analysis is limited to room temperature. Refractive index
of bulk ZaTe in the transparent region are reported by Aten et al. [72],
Shiozawa et al. (73-75,78,79], Marple (48], and Horikoshi [80]. Data sets
reported by Hattori et al. [19] are the only available data in the far infrared
wavelength range from about 102 to 583 um. The data reported by Manabe et al,
[16] and by Hadni et al. [55,56] concerns with the characteristics of the
reststrahlen regions and the data of Cardonma [77] are in the electromic

absorption region,

In an effort to study the direct and phonon-assisted optical transitiomns
in zinc telluride, Aten et al. [72] measured refractive index over a wavelength
range from 0.56 to 2.34 um to determine the necessary parameter to correlate
the enmergies of longitudinal and transverse phomons. Although the refractive
index data were obtained with the minimum deviation method for a sample of very
low impurity concentration, this data set listed in table A-9 are expected to
have uncertsinties in the second decimal place for they were digitized from a
graph.

Shiozawa et al. [73-75,78,79] reported two sets of data for synthetic
crystals of ZaTe measured with minimum deviation method. The first data set
was observed over the visible region for a small sample of apparent impurities.
The results were considered as preliminary and were plotted in the form of
1/(12-1) vs 1/12 in order to test the form of the dispersion. The measured
values did fall on a strsight line in the plot, but the predicted valme of 8.24

for optical dieleotric constant is much higher than that for purer samples.




- (eouspuadop yzBuaTsaes) 3IUZ JO XIPUT SATIDEIFAI [BIUawWliadxa ayqeTyesy 1T 2an¥; 4

wr ‘yj3usaTaaeM

00s 2 01 0s L ol S o 01 <0 ol
o ' ! ﬁq_J_ﬂw T T [FTrrr T 1 T [T T 7 1 0
3 3
-
* x ¥
B X = —e°e
Z A 17}
3
— z ! — h'c
¢> >N z
xrf” [0£] uTTwoy pue FyTednanyp ¢
P4
- XX o o g
X X X X X bYe = x °
IuI.»uJ 2 3 . o
B % [9/] *oul quo] ® yosneg & = z e@ﬁ dgz &
X O ® 5
~ [61] *T® 3@ tao3lley A = N 8
i —0E o
$ -
» (€2] °1e 39 emezoTys g
®
]
— 2 -
w..dm 4 J o
>N&o X ee
Zum— *Te 12 °aqeue ot .
— 2, (91] 't qeuey 2o IA e
:
N = 9'€
ﬁl. A X =
z%
B X - X
z =
& -
| I S | S R — J O T | i 1L 1 1 _ [ I | 1 i 1 i F. I 1 1 [ | 4 L Q-?

ot p e e e




The second set was obtained over an extendvd wavelength range from 0.569 to

1.515 ym for a purer crystal, containing some twinning, cut from a boule grown
by sublimation method. The reported umcertainty of the refractive index
measuremonts is +0.002. The optical dielectric constant predicted by this data

sot is 7.26 + 0,03, in good agreement with other literature values.

For the purpose of obtaining consistent refractive indices of ZnTe over a
wavelength range from the short-wave transmission limit set by the band gap to
2.06 pm, Marple [48,49] measured the refractive index of two ZnTe samples with
a variety of impurities, of the order 10-20 ppm, grown by sublimation in argon
atmosphere. Experimental error of the data is +0.003 or less; the results for
two prisms differ by up to 0.003 in the entire wavelength regiom comsistently
within the possible combined experimental error for the two sets of data. As
shown in table 12, the egquation n2 = A + Blzl(lz-Cz) was used to fit
experimental data for each prism with A, B, and C being adjustable parameters.
Because of the limited spectral range, A, B, and C were not fitted to the data
with a more realistic theory of the dielectric constants. However, the
best—fit values of A, B, and C for each of the two prisms indicate an average

value of 7.28 for the optical dielectric constant of ZnTe.

Similar to Marple’s work, Horikoshi et al. [80] measured refractive index
of ZnTe samples containing detectable impurities of the order of 100 ppm. The
crystals were grown by a vapor phase technique in a vacuum or an argom
atmosphere or were grown from & melt. The aversge values of refractive index

2 _ ..

by minimum deviation method were fitted to an equation of the form of n
B/(lz-Cz) as given in table 12. Although the experimental error is not
reported with the data, it is likely to be of the order +0.01 estimated from
their graphical presentation. Vhen compared with the data reported by other
investigators it is revealed that their samples correspond clcrely to ome of
the samples measured by Marple as evidenced by close agreement of the comstants
A, B, and C in the dispersion equations (see table 12). For the purpose of
ease of comparison, the differences between the above mentiomed data sets and

the recommended values for the transparent region are plotted in figure 22,

The indices of refraction of ZnTe in the far infrared spectral ramge from
102 to 584 pm were measured by Hattori, et al. [19] at temperatures 2, 80, and
300 K. The results were described by a simple dispersion equationm, shown in

table 12, for an undamped harmonic oscillator from which the static dielectrioc
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constant, optical dielectrioc constant, and wavelength of TO mode phonon were
determined with least-squares fit. The static dielectric constant serves as a
check for the values obtained from other reports. Since the data were measured
by interference method and the value of 8, vas obtained in long wavelength
rogion, it is believed to be reliable and should be adopted as s known

parameter in the dispersion equation of ZnaTe.

Manabe ot al. [16] studied optical constants in the reststrahlem region
by means of infrared lattice reflection spectra in the spectral region between
20 pm and 85 pum which were analyzed using Drude dispersion relation. The
oscillator stremgthk, N, optical dielectric constant, ¢_, damping factor, 5, and
wavelength of transverse optical phomon, AI' in the Drude equations (shown in
tables 12 and 13) were determined by least-squares fit of reflectivity data.
The wavelength of transverse optical phonon was also determined directly from
transmission spectrum of an evaporated thin film and was found to agree with
that obtained from the reflection spectra analysis. The static dielectric
constant, 8y» was determined by letting A = o in the resulting Drude equation
assuming zero absorptiomn, i,.e., &y = n2 =g, ¥+ Nllz. Optical constants in the
reststrahlen region were also studied by Hadni et al. [55,56) for ZnTe pellet

sample at tomperatures 80 and 290 K. The various parameters, & ., e, and A

s
were determined from analyzing the reflection and transmission sgectra with iho
Kramers—Kronig relations and with the Lorentz one-oscillator model as shown in
table 12, Cardona (77] investigated the optical properties in the ultraviolet
region for the determination of the optical dielectric constant, using Penn's
model, based on the observation of the peak positions in the ultraviolet
spectra of various properties. The value of &, 7.2, determined from

reflectivity peaks agree well with those from dispersion equations of other
investigators.

From the brief review of the available data sots given above, it is clear

that the correct values of the parameters .0' s, and A, for eq (9) are about

I
9.92, 7.26, and 56.5 pm, respeotively. Decision remains to be made is in

choosing the reliable data for the determination of the constants A, B, and Ln.
Although it is noted in the case of ZnSe that the data sets reported by Marple

are not omly discrepant significantly from the measurements of other

investigators but also lacking in internal consistency for different samples

because of difference in impurity contents. Although the ZeTe samples measured

TERIRTTTTT




Table 13. Available data on €, Eo» and >‘I of ZnTe

Temp., K €y €, )‘I’ Hm Ref.
300 6.7 9.1 56.50,55.87  [16]
300 10.10 [24)
300 7.28 (48]
300 56.34 (83]
300 6.0 9.92 55.56 [19]
300 6.2 8.3 56.50 (561
300 6.7 9.1 56.50 (59]
300 52.63 127
300 56.50 [61]
300 7.26 [79]
300 | 18.6 (841
300 10.1 (851

80 6.2 9.65 52.63 [19]
80 6.1 8.3 55.34 [56]
80 6.7 9.1 55.56 (59]
80 6.7 9.1 55.56 [16)

2 6.3 9.63 52.08 [19]
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by him have impurity levels as much as in his ZnSe samples, it is found that
the refractive index of ZnTe is mot so sensitive to impurity contents as in the
case of ZnSe samples. The first evidence is that the two sets of data reported
by Marple for different samples agree within the experimental error; the second
is that the dats by Shiozawa et al., though for samples having crystal defects
of different nature, agree with data by MNarple within the errors combined,
i.e., +0.005. Additional evidence was observed from the data of Horikoshi et
al. [80], whose sample had impurities five times higher than that used by
Marple, and yet the data agree within the experimental uncertainties. Based on
the conmsideration given above and its wide spectral coverage, the data set by

Marple was taken as the basis for the data fitting calculation,

The selected data set is numerically fitted to eq (9). Since the
available data is limited to the region between 0.57 and 2.6 um while the
transparent region of ZnTe extends up to over 30 um, it is necessary to hold
the parameters &0 and lI at fixed values, 9.92 and 56.5 pm. This was
confidently dome because in the cases of ZnS and ZnSe, the best—fit values of
'0 and AI are found in close agreement with the selected literature values. It
is reasonable to sssume that uncrrtainties in these types of calculation can be
held to minimum as long as the parameter values for ZnTe come from the same
sources. The constants A, B, and lu are then determined by least-square fit,

The dispersion equation for ZnTe at room temperature thus obtained is

n = 9.92 + - 0.42530 S+ 2 ‘3;3 (24)
22 - (0.37766)2  2%/56.5% - 1

where A is in units of um. Equation (24) is valid in the wavelength ranse from
0.57 to 30 ym., In figure 22, deviations of available data in the furdamenial
transparent region from those calculated from eq (24) are plotted for visual
comparison in which a data set for film from Bausch and Lomb Inc. [76] is also
included. It is interesting to note that as far as the dispersion is concerned
the dats set from Bausch and Lomb Inc. is consistent with eq (24) im the
spectral range from 2 to 20 um; large departure is observed at 1 um and beyond
20 pm. A careful examination of the data from ref. [76], one can find that the
roported dats at wavelengths >20 um are questionsble. To make the point clear,
the comcerned graph from ref, [76] is reproduced in figure 23 for ease of
discussion) were the largely deviated dats point at the upper right of the
figure mot included, the ocurve in the wavelength region >20 pm would be

i e Py = RO 2t
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considerably lowered and dispersion in that regionm would likely be comsistent
with that of eq (24). The largely deviated dats point was either measured with
very large uncertainty or originated from some unknown mechanisms. At any
rate, the departure from comsistent dispersion bebavior shown in figure 23 is
simply attributed to the decision made by the investigators on the shape of the
curve. Other film dats sets shown in figure 24 seem to support that film has

normal dispersion as its corresponding bulk material.

Equation (24) was used to calculate the recommended values of the
refractive index of ZnTe at room tempersture. The recommended values are given
in table 14 and plotted in figure 25 together with the experimental data sets
discussed before. Uncertainties in the calculated values are estimated as
follows. In the wavelength region between 0.57 to 2.6 um, the estimated
uncertainties are +0.003 bassd on the uncertainties reported by Marple. In the
region between 2.6 and 15 pum, larger uncertainties of the order +0.005 are
estimated because there is no experimentsl data available at wavelengths >2.6
pum. Since the dispersion in this region is low, the uncertainties should not
be vory much different from Marple’s data. In the region between 15 and 30 um,
larger uncertainties are oxpected as the dispersion increases as the wavelength
increased becoming closer to the reststrahlen region. The estimated upper

limit of uncertainties in this regionm can be calculated from the expression

B2
*hn = 0.008 + ——L (25)
20 (%2, %-1)

where AAI = 0.63 corresponds to the difference of the two possible values
reported by Manabe [16] (see table 13). From this expressionm, the

uncertainties in n are +0.0056 st 17 ym, +0.00059 at 20 um, +0.0067 at 25 pm,
and 40,0082 at 30 pm,

Equation (24) is also valid in the wavelength region 184-541 pm. The
averaged differences between the experimental data and the calculated values
are of the order of +0.009. The dispersion in this region is rather small as
the difference of two oxtreme refractive indices is only 0.059 but the
uscertainty in the data is rather large (of the order $0.005) as the data were
digitized from a graph of low resolution. Under such conditiom, the
reliability of the digitized values is compatible with the calculated onmes.

Therefore, no recommended values in this region are given and the readers are
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Table 14.

Recommended values on the refractive index and its wavelength
derivative of ZnTe at 293 K

dn

dn

A, um n - 10" 3um™? A, um n - 10" 3um™!?
0.55 3.153 2902.4 13.5 2.670 4.8
0.60 3.040 1776.8 14.0 2.667 5.0
0.65 2.967 1189.7 14.5 2.665 5.2
0.70 2.917 846.0 15.0 2.662 5.4
0.75 2.880 628.4 15.5 2.659 5.7
0.80 2.853 482.3 16.0 2.656 5.9
0.85 2.831 380.0 16.5 2.653 6.2
0.90 2.814 305.6 17.0 2.650 6.4
0.95 2.801 250.1 17.5 2.647 6.7
1.0 2.789 207.7 18.0 2.643 7.0
1.5 2.736 53.0 18.5 2.640 7.3
2.0 2.719 21.6 19.0 2.636 7.6
2.5 2.711 11.3 19.5 2.632 7.9
3.0 2.706 6.9 20.0 2.628 8.2
3.5 2.704 4.8 20.5 2.624 8.6
4.0 2.701 3.7 21.0 2.620 8.9
4.5 2.700 3.1 21.5 2.615 9.3
5.0 2.698 2.8 22.0 2.610 9.7
5.5 2.697 2.7 22.5 2.605 10.1
6.0 2.696 2.6 23.0 2.600 - 10.5
6.13 2.62 23.5 2.595 10.9
6.5 2.694 2.6 24.0 2.589 11.4
7.0 2.693 2.7 24.5 2.584 11.9
7.5 2.692 2.8 25.0 2.577 12.4
8.0 2.690 2.9 25.5 2.571 12.9
8.5 2.689 3.0 26.0 2.565 13.5
9.0 2.687 3.1 26.5 2.558 14.1
9.5 2.686 3.3 27.0 2.550 14.7

10.0 2.684 3.4 27.5 2.543 15.3

10.5 2.682 3.6 28.0 2.535 16.0

11.0 2.680 3.8 28.5 2.527 16.8

11.5 2.678 4.0 29.0 2.518 17.5

12.0 2.676 4,2 29.5 2.509 18.4

12.5 2.674 4.3 30.0 2.500 19.2

13.0 2.672 4.6

SMinimum point on the dn/d)\ curve.
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referred to the corresponding digitized dsta in table A-9 for their
spplication,

Uncertainties of the recommended dn/d)l values are estimated based om eq
(21). Using 8n = #0.005, the 5(dn/dA) valres are #42 x 10> pul at 0.7 ym,
242103 @l at 1 pm, +4 220 mat S um, 42 22070 a7t ot 10 ym, 21 x

1073 pl—l in the range from 15 to 30 um.

4., Discussions and Conclusions

Experimental data on the refractive imdex of zimc chalcogenides snd its
temperature derivative were oxhaustively surveyed and reviewed and recommended
values for these materials were generated based on the available data., Since
the state of art of the refractive index of each of these materials has not
been well defined, our recommendations should be considered at best
representing the average values of selected data seti. Many factors are known
to influence the accuracy of the results of refractive index determinatiom.
Two most important ones are the method used and the characteristics of the
specimen., Although the minimum deviatiom method is kmown to be the most
acourate way in determining the refractive index which in many cases are
reported to the fifth decimal place, this reproduciblity is applicable omly for
a2 given specimen on a given set of apparatus. For different specimens even
from the same batch, the reproducibility of this method is at most in the
fourth decimal place as the properties of the materials are influenced by many
factors which are especially effective in the semiconductors. Amomg other
things, the single most important factor is the impurity contents of the
specimen. Although this is a well known source of error, unfortunately, this
very piece of information is wusuvally not reported. As a consequence,

discrepancies among the available data cannot be ressonably resolved.

The empirical dispersion equations, eqs (21) and (23), used to generate
recommonded values of ZnS and ZnSe are bdoth wavelength and temperature
dependent. At a given temporature, the wavelength dependent equation is
reduced to a Sellmeier type formula widely used to represent refractive index
in the fundamentsl transparent region. At a given wavelength, however, the

temperature dependent is simply s fourth degree polysmomial fumction of
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tomperature, This is dome here for the lack of reliable data of wide
wavelength and temperature coverage and the lack of understanding of the real
physical processes of optical propsrties of the materials under comsideration.
The majority of reported dn/dT measurements has been centered in a temperature
region around the room temperature which is coincidentally & temperature range
over which the dn/dT is least dispersive. As a result, all reports made a
common statoment that within the experimemtal error, the dn/dT does not vary
with temperature. Such observation has been misleading theoretical studies in
the interpretation of dn/dT data in which all assumed that dn/dT is relatively
independent of temperature over a fairly wide temperature ramge, that the
contributions to dn/dT (in the transparent regicn) from lattice are negligible,
thus the variation of occupation number of phomon is not accounted for. In
reality, bowever, thke dn/dT does vary appreciably with temperature and the
lattice term does have significant contribution particularly at long
wavelengths, 10,6 um for example, as discussed in the cases of ZnS and ZnSe.
Referring to figures 6 and 16, the monotonic increase of dn/dT with increasing
temperature in the regiom >400 X is real as supported dby the data of other
iavestigators. The physiocal mechanism of suck behavior is not kmowams perhaps
the theory of multiphomom process may throw a light to what really bhappened.
However, such theoretical treatments do not appear to exist. Presently, the n

and dn/dT data can only be best presented by the polynomial functions proposed
in this work,

It should be pointed out that the dispersiorn equation proposed in this
work takes care both the refractive index data and the dn/dT data; in other
words, n and dn/dT maintain a relation of integration and differentiationm.
Depending onm the quality and type of available data, the constants in the
dispersion equation can be determined through either expressions. As a
contrast comparison, the other investigators treat n and dn/dT data separately;
esch is described by an equation formulated from differemt starting point. As
a result, there is no bridge between n and dn/dT cxpressionms.

It is noted that the present work relies heavily on the data of Feldman et
al. for their high acouracy. Unless wo are satisfied with the situation of

availsble data which do not cover wide enough range of temperature for
providing sufficieat material for theoretical studiss and do not have emough
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zeliable dats sets for independent checking of the coamsistemcy of selected data
sets, serious considerations shoulé de takea to carry out a systematioc
messurement program with the following consideratioms:

1. Experimental method. Because minimsa deviation method is mot suitable
for the determination of high sccurate refractive index at either high
or low temperatures, it is strongly felt that the counting of
interference fringe shift as a function of temperature should be sble
to yield desirable results. In this method, the seansitivity depends

on the order of interferemce. In order to cobtaim high acouracy, thick
plate specimens should be used.

2. Sample characterization, As the impurity content of the sample
strongly affect the refractive index, the impurities in the sample
should be ascertained and reported. Merely reporting the electrical
rosistivity or carrier concentration of the sample is not adequate.
The nature and amount of impurities should specifically be reported.
In order to see the effects of impurities on the refractive index,
measurement should be carried out for a growp of specimens with
systemstically controlled impurities.

3. Eavirosmentsl control. Since the temperature coefficient of
refractive index of zinc chalcogenides are rather high, ia the order
of 5 x 1075 to 1074x"1, the temperature of the sample must be
carefully comtrolled to achieve the required accuracy.

In conclusion, it should be emphasized that the presemt work does not
resolve the discrepancies among the available dats sets, it simply recommends
the most probable values of the refractive index that pure ZnS, ZnSe, 2and ZaTe
may have with the quoted uncertainties. Also, it should be noted that, as in
any statistical study of this type, the dispersion equations, eqs (21), (23),
and (24), are valid to the reported accuracy omly vithin the regiom of
experimental data. In general, extrapolation of these equations for use
outside of this region is invalid for quantitative results., Finally, the type
of analysis presented here assumes the data to be an absolutely correct
representation of the model at hand, which is not gemerally true since the
model is anm oversimplification of the true dispersion relation. However, for
predictive purposes, based uvpon the experimental dats from several authors, and
within the usable region of the dats, we believe that these equations are valid
for calcslation of the refractive index in the gives wavelength and temperature
regions.

A kit
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APPENDIX

The tables imcluded in the Appeandix are aveilable experimeatal dats
compiled duriag the course of the present work. The collected iaformatios
covers the reported works in the last 57 years from 1923 to 1980.

The tables give for each data set the following iaformatioa: the
reference number, author’s name (or names), year of publication, waveleamgth
zange, tomperature range, the pertiment description and ocharacteriszsation of the
specimen, and information on measurement conditions comtained ia the origimal

paper.
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._Table A-1. 'Experimental data on the refractive index of zinc sulfide (wavelength dependence)
[Temperature, T, K; wavelength, A, pm; refractive index, n)

P
b
’
i

2:;? A n Specifications and remarks Author(s), yvear [ref.]
1 (T=193 K) Natural crystal; clear green sphalerite; Mell, M., 1923 [8]
0.437 2,4791 prismatic specimens of apex angles ahout 22°
0.4938 2.4183 to 25°; refractive indices werc determined
0.5487 2.3810 by the minimum deviation method; data were
0.5793 2.3666 extracted from a table; uncertainties less
0.6191 2.3508 than 0.001 in refractive index value.
2 (T=273 K) Natural crystal; clear green sphalerite; Mell, M., 1923 (8]
0.4162 2.5214 prismatic specimens of apex angles about 22°
0.4263 ©2.5037° to 25%; refractive indices were determined ) ) )
0.4364 2.4876 by the minimum deviation method; data were
0.4466 2.4731 extracted from a table; uncertainties less
0.4567 2.4605 than 0.001 in refractive index value.

0.4668 2.4486
0.4770 2.4379

0.4871 2.4290 |

0.4973 2.4204 ;

0.5074 2.4123 !

0.5176  2.4048 |

0.5277 2.3982 :

v.5379  2,3918 |

0.5481 2.3855 .

0.5583 2.3802 !

0.5684 2.3751 !

0.5786 2.3705 ‘

0.5888 2.3657 ,

0.5990 2.3622

0.6092 2.3579

0.6194 2,3547

0.6297 2.3513

0.6399 2.3474

0.6501 2.3445

0.6604 2.3417

0.6706 2.3391 {

0.6808 2.3364 '

0.6911 2.3341 |

‘ ) 0.7013 2.3315 |
= 0.7116 2.3283
0.7218 2.3265
0.7320 2.3248

3 {T=293 K) Natural crystal; clear preen sphalerite; Mell, M., 1923 (8}
0.4162 2.5240 prismatic specimens of apex angles about 22°
0.4265 2.5063 to 25°; refractive indices were determined
0.4364 2,4911 by the minimum deviation method; data were
0.4466 2.4760 extracted from a table; uncertaintics less
0.4567 2.4635 than 0.001 in rcfractive index value,

0.4668 2.4523
0.4770 2.4416
0.4871 2.4319
0.4973 2.4230
0.5074 2.4150 ;
0.5176 2.4071 ‘
0.5277 2.4001 .
, 0.5379 2.3938
' 0.5481 2.3879 '
~ = 0.5583 - 2.3824 . o : !

Fora P62 10 2 H ! ! t RIS R AT L T R A !

Hemaphe « Putitghing Curporation 1

1Y Vormong Avenae, MW
Washinon, UG, k0%




L | ]
i
i
. C e e . .
Table A-1. Experimental data on the refractive index of zinc sulfide (vavelength dependence)--~ .
: Continued f f
Data A
set n Specifications and remarks Author(s), year [ref.]
3 0.5684 2.371717 Mell, M., 1923 (8)
cont. 0,5786 2.3732
0.5888 2.3683 THIE GEACT § OB CHAL i b, Ui Al TIT0L
0.5990 2.3637 |
0.6092 2.3596 l
0.6194 2.3560
0.6297  2.3527 ! )
0.6399 2.3493 ‘
0.6501  2.3463 |
0.6604 . 2.3434. GTAE T T O T G e PAC O TS LNE H ' 4 f
0.6706 2.3404 R - ' - e . - .
0.6808  2.3382 \
0.6911 2.3352 a
0.7013  2.3330 . !
0.7116  2.3308 \ '
0.7218 2.3283 i [
0.7320  2.3263 l ST
4 (T=477 K) Natural crystal; clear green sphalerite; Mell, M., 1923 (8]
0.4162 2.5443 prismatic specimens of apex angles about 22° 9

0.4263 2.5251 to 25°; refractive indices were determined o
0.4364 2.5086 by the minimum deviation method; data were ol
0.4466 2.4933 extracted from a table; uncertainties less ’
0.4567 2.4813 than 0.001 in refractive index value. [
0.4668 2.4663
0.4770 2.4571
0.4871 2.4452
$.4537% 2.4359 ,

0.0 - 2.4215

0.2 4198 | ,
c.: 2.4124 : =
0.5 2.4061 ,

0.54h. 2.3993
0.5583 2.3938
0.5684 2,3884
0.5786 2.3838
0.5888 2.3802
0.5990 2.3751
0.6092 2.3705 '

0.6194% 2.3665

0.6297 2.3640

0.6399 2.3600

0.6501 2.3563

0.6604 2.3532

0.6706 2.3502

0.6808 2.3472

0.6911 2.3444

0.7013 2.3428

0.7116 2.3400

0.7218 2.3317 .
0.7320 2,3354 :

0.7423 2.3333

0.7525 2.3322

0.7628 2.3301

0.7730 2.3281 i

0.7832 2.3262 !

Foon P62 17 191 ' 1 ¢ ! B SR T : ! . *
o1, P Pl B Corestat on
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Vertanaes, V6 2G5
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: Table A-1. hxpcitucntai'daia'on the fefilciivc fidcx of zinc sulfide (wavalength dependence)~~ -

% Continued ,
Data A
set n Specifications and romarks Author(s), year [ref.)
5 (T=674 K) Natural crystal; clear green sphalerite; Mell, M., 1923 (8)
0.4155 2.5735 prismatic specimens of apex angles about 22°
0.4256 2.5519 to 25°; refractive indices werc determined
0.4357 2.5337 by the minimum deviation method; data were
0.4459 2.5165 extracted from a table; uncertainties less
0.4560 2.5006 than 0.001 in refractive index value,
0.4661 2,4870 ‘
0.4763 2.4762 i
0.4864 2.4654
0.4965 . 2.4548. SHATTT N PING CHAETUT D0 s b o 0 ey N . | { !
0.5067 2.4458 - — - em AR e -
0.5168 2.4380 i
0.5270 2.4309
0.5371 2.4234
0.5473 2.4168
0.5574 2.4102
0.5676 2,4050
0.5778 2,3997
0.5880 2,3956
0.5981 2.3901
0.6083 2,3857
0.6185 2,3815
0.6287 2,3774
0.6390 2,3741
0.6492 2,3711
0.659% 2.3679
0.6697  2.3644 '
0.6799 2.3614 i
0.6901  2.3588 |
0.7004 2,3559 :
0.7106 2,3528 ;
0.7208  2.3504 %
0.7311 2.3482 |
0.7413  2.3464 |
0.7516  2.3442 :
0.7619  2.3423 ;
0.7721  2.3408 ;
0.7824 2.3390 !
N (T=298 K) Natural sphalerite crystal; clear, water- DeVore, J.R., 1951 [9]
0.3650 2.679 white; polished prism specimen of 10°19'
0.3654 2.676 apex angle and 1.5 em’ area; refractive in-~
0.3663 2.673 dices were measured by the deviation method}
0.3906 2.583 data extracted from a table.
0.4047 2.549
0.4077 2.542
0.4358 2.490
0.4916 2.426
0.5461 2.390 '
0.5780 2.375 ;
1.5296 2.284 '
-1 (T=298 K) Thin film specimens; evaporated in vacuum of Rood, J.L., 1951 (29}
; 0.45 2.24 1x 10': to 2 x 10°" mm Hg pressure at a rate
: 0.47 2.28 of 100 A/min. onto glass substrates; some
. 0.48 2.20 films were exposcd to air as soon as made,
___ 031 2.22 some were placed in a dessicator for weeks,
Perm PoR 12 12 90) 1 ! 1 H o REI R P SR SN 1 1 : .

Hemaphgre Pubitistung Corpornign

102% Vermuag Averue, N.W
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Table A-). ﬁxpeélnental'data on fhé tcf:icil&e'}ndéxxof ziﬁc'nulfide k;avtlcugih dcbcndoaco)-r{

Continued | ;
Data A Specificatd ks £
sot n pecifications and remar Author(s), year [ref.)
? 0.52 2.18 and others were then heat treated at 623 K; Rood, J.L., 1951 [29)
cont, 0.57 2.17 refractive indices were determined from re-
0.58 2.12 flectivity measurements after aging; dats
extracted from a table.
8 (T=300 K) Evaporated film ZnS specimen; refractive Hermansen, A., 1951
0.589 2.26 index at 0.589 um was determined by a polar- {30])
i imetric method based on the changes in phase
occurring by reflection of linearly polarized
i . . . light from the evaporated film. «:. inini. } i i .
9 (T=300 K) Thin films; evaporated onto a glass sub~- Kuwabara, G. and
0.412 2.48 strate; film thickness 0.142 to 0.320 um; Isiguro, K., 1952 {31} ..
0.440 2.22 refractive indices were determined from
0.443 2.40 measurcments of transmittance, reflectance,
0.454 2.38 and the phase shift of the transmitted light; ”
- 0.460 2,42 data extracted from a table. ”

0.472 2.36
. 0.512 2.36
0.534 2.34
0.550 2.30 g
0.59 2.33
0.660 2.31 ‘
0.680 2.26 |
0.685 2.27 |
0.740 2.30 }
|

NI A A X PO

0.900 2,23
0.580 2.27

IEETENIE AR PO

10 (T=300 K) Thin films; evaporated onto a glass sub- Kuwabara, G. and
0.512 2.43 strate; film thickness 0.142 to 0.320 um; Isiguro, K., 1952 [31]
0.534 2,38 refractive indices were determined by inter-
0.550 2.28 ferometry method; the results show fairly -
0.594 2.47 larger fluctuation than the above data set but
0.660 2.22 agree with each other within the experimental -
0.680 2.22 error; data extracted from a table. i

0.685 2.35

1 (T=298 K) Single cubic crystals; impurity content less Czyzak, S.J.,

0.440 2.478 than 0.005% including Cu, Pb, Na, and Ca; Reynolds, D.C., Allen,
0.450 2.464 prismatic specimens of apex angle 15°; aver- R.C., and Reynolds,
0.461 2.450 aged data of four specimens were extracted c.C., 1954 [12)

0.482 2.431 from a curve, ‘

0.500 2.416
0.523 2.399
0.556 2,381 ;
0.582 2.368

0.600 2.362 4
0.637 2.349 '

0.674 2,339 . ‘ .
0.699 2,334 ' 1

12 (T=298 K) Thin film ZnS of thickness in the range 0.12 Hall, J.F., Jr. and
0.4162 2,495 to 0.6 ym evaporated on a black glass sub- Ferguson, W.F.C., 1955 :
0.4344 2,466 gtrate in a vacuum of 0.1 um pressure; sub- [32)
0.4510 2.442 strate held at room temperature at beginning

_0.4751 2,418 of evaporation and uat less than 373 K at
Fewes P 652 12 700 N M H H . AR AP S R A SRS S BN SRR ' ‘ M H
Voo preee Pulifishe g Cogestation |

T Ve n o 1 Avenge, N

Jeboraren 0 G0 Qg
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{Tnble A-1. ExpeiinentnlhdatnAon the refractive index of zinc Qulfide.(vavelength dcpendence)-- |
i Continued
)
set n Specifications and remarks Author(s), year [ref.)
12 0.5023 2.396 the conclusion; refractive indices were de~ Hall, J.F., Jr. and
cont. 0.5295 2.379 termined from reflectance data; uncertainty Ferguson, W.F.C., 195%
0.5521 2.367 in n about :0.002; data extracted from a [32)

0.5793 2.352 figure.

0.6034  2.343 |
0.6275  2.333 |
0.6501  2.324 '

0.677

3 2,315 l

0.7014 2.307
0.7256 2,301 ; CHART TR et Bt N A ey e e T ! ' . B
0.7512 2.295 - ‘ - .

13 (T=298 K) Thin film specimens; evaporated in vacuum Hall, J.F., Jr. and .
0.50 2.397 onto glass substrates for the wavelength re- Ferguson, W.F.C,, 195§
0.55 2.371 gion between 0.6 um to 2 um and onto rock {33}
0.60 2.350 salt substrate for the region between 0.6 um
0.65 2.332 to 14 pm; the substrates were ground and pol-

0.70 2.316 ished with an angle of 3° between the front
0.75 2.308 and rear surfaces to eliminate unwanted radi-
0.80 2.294 ation reflected from the rear surface; sub-
0.90 2.284 strates were held at room temperature at the
1.00 2.278 beginning of evaporation and not higher than
1.12 2.270 100°C at the conclusion; refractive index
1.25 2,265 data were determined from reflectance and
1.50 2,260 transmittance measurements; it was found that
1.75 2,257 n is independent on the rate of film deposi-
2.00 2,255 tion; X-ray diffraction pattern of the films
2.00 2,253 showed a mixture of cubic and hexagonal crys-
3.00 2,240 talline structure; data extracted from a
4.00 2.224 figure.

5.00 2,211 |

6.00 2.199 ;

7.00 2,190

8.00 2.183 |

9.00 2,174 ;
10.00 2,170 ‘

11.00 2,165

12,00 2.162 g

13.00 2,158 !
14.00 2,156

14 (T=298 K) Amorphous thin film specimens; deposited on Hall, J.F., Jr., 1956
0.2118 3.341 quartz substrates by evaporation in a vacuum; {34)
0.2172 3.537 refractive index data were determined from
0.2190 3.577 normal incident reflectance and transmittance
0.2235 3.598 measurcments; estimated uncertainty in n
0.2276 3.579 about :27; data extracted from a figure.

0.2414 3.315
0.2500 3.172
0.2625 3.047
0.2750 2.953
.0.2875 2.877 .
0.3000 2.820 '
0.3125 2.766
0.3250 2.724

0.3375 2,683
0.3500 2,653

form P-6 12 12.79)
Hormuspihre Pubi shing Corporation

1009 Vermont Avenue, NW
Wastungton, D.C. 20005
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(vavélangti dcbendcnco)--{

Specifications and remarks

Author(s), year [ref.}

Continued
Data A a
set
14 0.3625 2.620
cont. 0.3750 2.587
0.3875 2,563
0.4000 2.546
15 (T=300 K)
0.365 2.677
0.404 2.516
0.45 2.468
0.50. - 2,417 ¢
0.55 2,385
0.6 2.362
0.7 2.332
1.0 2.293
1.5 2.275
2.0 2.263
2.5 2,256
3.0 2.253
3.5 2,251
4.0 2.251
16 (T=298 K)
0.44 2.488
0.46 2,458
0.48 2,435
0.50 2.414
0.52 2.395
0.55 2.384
0.57 2.375
0.60 2.359
0.65 2.346
0.7 2.334
0.9 2.306
1.05 2.293
1.2 2,282
1.4 2,280
17 (T=297 K)
0.241 2.619
0.260 2.503
0.300 2.500
0.342 2.590
0.361 2.625
0.378 2.579
0.378 2.596
0.396 2.502
0.401 2,507
0.454 2.381
0.494 2.351
0.520 2,305
0.538 2,283
0.547 2.309
0.611 2.267
18 (T=87 K)
0.239 2,452
o 0.279 2,403
b BG0212.79) ! ¢
SEoae e Patrnting Corenratign

1 Ve et Ayenae, N WY
Woerono o, DC 20000

¥

Tris a0 ECHRAPT

Single crystal; prism specimen; refractive
indices were determined bty minimum deviation
method; data extracted from a table.
i
T R U Tk e T e RS LINE

|

NUNMBER AND TITLT

|
|
|
|

Synthetic single crystal; cubic crystal
structure with lattice constant a,=5.406 A
was verified by X-ray diffraction pattern;
prism specimen was ground and polished with
the principal axis (c-axis) perpendicular to
the base of the prism; apex angle 10° to 15°;
flatness was checked hy the Newton's Rings
method: refractive indices over the wavelength
range from 0.44 ym to 1.4 um were determined
by deviation method; it was found the data
are approximately fitted by the equation

n?a 5,131 + 1.275 x 107/(A*-0.732 x 107);
data extracted from a table.

’
’

Thin film specimens of 0.157, 0.213, and
0.474 um thick; vacuum evaporated onto a
fused silica substrate; evaporation rates of
the order 100-500 X/min, were used in a vac-
uum of 5 x 10™° mm Hg; refractive indices
were determined from transmittance, reflec~
tance, and thickness measurements; data ex-
tracted from a figure,

Thin film specimens of 0.157, 0.213, and
0.474 um thick; vacuum evaporated onto a
fused 3ilica substrate; evaporation rates of

1 RN N S T TR | ! '

o

.

Hall, J.P., Jr., 1956
[34) i
i

Ceyzsk, S.J., Payne,
H., Crane, R.C., and
Baker, W.M., 1957 [11)

f

. CEEN

Czyzak, S§.J., et al., |
1957 {10] !

A0S

R EEN

Coogan, C.K., 1957 [35]

Coogan, C.K., 1957 {35}




J Continued
Data
get A "
18 0.320 2.456
cont. 0.340 2.632
0.373 2.606
0.377 2.578
0.396 2.503
0.422 2.430
0.453 2.378
0.493 2.348
0.546 2.314
0.610 . 2.317
19 (1=298 K)
' 0.3377 2.832
0.3390 2,785
0. 3415 2.778
0.3468 2.738
0.3480 2.707
0.3508 2.694
0.3591 2,650
0.3649 2.623
0.3739 2.589
0.3834 2.562
0.3917 2.535
0.3934 2.535
0.4111 2.494
0.4168 2.487
0.4328 2.467
0.4369 2.457
0.4499 2.447
0.4662 2.420
0.4861 2.413
0.5022 2.393
0.5080 2.393
0.5317 2.3719
0.5477 2.366
0,.5613 2.366
0, 5905 2.359
0.5985 2,352
0.6064 2,345
- 0.6317 2,342
@ 0.6739  2.329
0.7168 2,315
0.7584 2,301
0.7779 2.308
0.8430 2.298
0.8757 2,298
0.9295 2,298
1,036 2.291
1,060 2.285
1.169 2,285
1.342 2.286
1.522 2.2711
1.830 2.268
20 (T=298 X)
\ 0.3316  2.883
| 0.3364 _ 2.832
Fenn PG 02 12 M0 ! !
Hermmwee Pubitintung Corg.oration

L—
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;Iablc A=, Expeélnantal data on the ieftcctly;wlndei.oi;zlnc sulfide'(uavclensth dependence)-- :
[] .

Specifications and remarks

Author(s), yesr (ref.]

1025 Vermaony Avenue N.W
Bastuneten, .0, 20004

the order 100-500 R/nin. were uscd in a vac-
uum of 5 x 1073 zm Hg; refractive indices
vere determined from transmittance, reflec~
tance, and thickness mcasurements; data ex-
tracted from a figure.

|
{

START TV 0o e by ey, AR PR
Single crystal; hexagonal; grown from vapor
phase; refractive indices were determined by
transmission interference method; data for

ordinary ray extracted from a figure,

|
|
|

1
1
Single crystal; hexagonal; grown from vapor

phase; refractive indices werc determined by
transmission interference method; data for

I S B T P RO

Coogan, C.X., 1957 [35)

x 1’ 4

Piper, W.W.,, Marple,
D.T.F., and Johnson,
P.D., 1958 (13}

Piper, W.W., et al.,
1958 [13}) ;
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'Table A-l1. Experimental dats on the refractive

; Continued

i

105 |
|
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" NP B MR EE A t H H
%ndex‘af zinc sulfide (wavalength dcpcnc.aco)---i

Data
set

A

Specification& and remarks

Author(s), year [ref.}

20 0.3415
cont. 0.3428
0.3468
0.3494
0.3535
0.3591
0.3619
0.3678
0.3770
0.3754
0.3850
0.3950
0.3968
0.4094
0.4150
0.4208
0.4348
0.4391
0.4499
0.4686
0.4888
0.5080
0.5137
0.5380
0.5546
0.5683
0.5905
0.5%85
0.6105
0.6405
0.6739
0.7281
0.7779
0.8511
0.9295
1.036
1.073
1.155
1,342
1.548
1.830

(T=298
0.06
0.07
0.08
0.09
0.10
0.11
0.12
0.125
0.130
0.135
0.140
0.150
0.160
0.170

Ferr -6 g 17 79)

2.792
2.788
2.748
2,721
2.711
2.673
2.660
2.640
2.609

. 2.602
2.579

2.555
2,558
2.535
2.514
2.508
2.487
2,481
2.471
2.451
2.433
2.420
2.420
2.400
2.386
2.389
2.379
2.369
2.369
2,362
2.349
2.339
2,329
2.312
2.305
2.305
2,295
2.298
2.301
2.285
2,278

K)

0.71
0.64
0.63
0.69
0.79
0.73
0.80
0.91
1.08
1.22
1.32
1.‘0
1.42
1.49

!

Hem o cere Putinsh A Corgraratian

10080 Vermest Aveoue, N
Were cem G0 U000

ANt 6 P Fs s i B0 = iy

extraordinary-ray extracted from a figure.

ot SRACT B0, 1 8 NUIRE L AN 1T

)
ST IV I CHARTEE OFF NG PAGT ON THIS LN

|

Thin film specimen of 0.12 um thick; vacuum
deposited at a rate of 30 A/scc onto a glass
substriate at room temperature; refractive
indices were determined from reflectance data
measured at various incident angles; data ex-
tracted from a figure.

UND "res b

Piper, W.W,., et al.,
1958 {13}

Cox, J.T., Waylonis,
J.E., and Hunter, W.R., -
1959 [36]
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‘Table A-1. Experimental data on the refractive index of zinc sulfide kuaveleng;h dependence)--

!
1

Specifications and remarks

Author(s), year {ref.]

.

i Continued
Data
set A n
21 0.180 1.62
cont. 0.190 1.81
0.200 2.09
0.210 2.59
0.220 3.11
22 (T=298 K)
0.833 2,403
0.909 2,397
1.000 2.392
1.111 2,386
1.250 2.379
1.429 2.374
1.667 2,366
2.000 2,360
2.500 2,354
3.333 2,348
23 (T=298 K)
0.833 2,318
0.909 2,312
1.000 2.308
1.111 2.304
1.250 2,298
1.429 2.293
1.667 2,288
2.000 2.283
2.500 2.279
3.333 2,273
24 (T=298 K)
0.360 2,705
0.375 2.637
0.400 2,560
0.410 2,539
0.420 2,522
0.425 2.511
0.430 2,502
0.440 2.486
0.450 2,473
0.460 2.459
0.470 2,448
0.475 2,445
0.480 2.438
0.490 2.428
0.500 2,421
0.525 2,402
0.550 2.386
0.575 2.375
0.600 2.363
N 0.625 2.356
Farm ¥ G2 1 19 ! 1
stemaptare Puppaning Corpne son
10 Verreaal Avene, NAV

Wa s DO 20,

i
!
‘

Tens SPAC b g et Ty
{

Thin films of 2.22 to 2.50 um thick; evapor-

ated in a vacuum of 4 x 107° mm Hg onto glass
substrates of 50 x 60 x 1 mm plate; residusl

gas in the ovaporatlonochamber was air; depo-
sition rate was 30-60 A/scc and the substrate
was rotated during deposition; refractive in-
dices werc determined from thickness measure-
ments and interference method and also by the
Brewster angle measurement; it was found that
the refractive indices of the film specimens

deposited in air residual are higher than for
the corresponding bulk material; averaged re-
sults from three films were extracted from a

figure.

Thin films of 2.22 to 2.50 um thick; evapor
ated in a vacuum of 4 x 10”° mm Hg onto glass
substrates of 50 x 60 x 1 mm plate; residual
gas in the evaporation chamber was nitrogen;
deposition rate was 30-60 A/sec and the sub-
strate was rotated during deposition; refrac-
tive indices were dotermined from thickness
measurements and interference method and also
by the Brewster angle measurement; it was
found that the refractive indices of the film
specimens deposited in nitrogen residual are
closer to those of bulk crystal; averaged re-
sults from three films were extracted from a
figure.

Synthetic single crystal; hexagonal struc-
ture; prism specimen; spectroscopic analy-
sis rcvealed the presence of impurities:
Mg, Si, Fe, each less than 107"%; erystal
structure confirmed by X-ray and lattice
constaats were found to be 3,=3.820 A and
Cco=6.260 A; Rochon prism was used to separ-
ate the ordinary and extraordinary rays;
refractive index data were determined by
deviation method; data for the ordimary ray
were extracted from s table.

Cox, J.T., et al.,
1959 [36)

Huldt, L. and Staflinm,
T., 1959 {37]

Huldt, L. and Staflin,
T., 1959 {37])

Bieniewski, T.M. and
Czyzak, S.J., 1963 [14]

I et =Y gy

gy
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Ltablo A-1l. !xpckl-cntal.dnta on the tefiicflysfihdéilbfliiné ;ﬁlftde'(iaQéienlfh ddpcudcncn)ezi

Specifications and remarks

Author(s), year (tef.!

Continued
Data

sct A »
24 0.630 2.346
cont. 0.675 2.339
0.7 2.332
0.8 2.324
0.9 2.310
1.0 2.301
1.2 2,290
1.4 2.285

25 (T=298 K).

0.360 2,709

0.375 2.640
0.400 2.564
0.410 2. 544
0.420 2.525
0.425 2.514
0.430 2.505
0.440 2.488
0.450 2,477
0.460 2.463
0.470 2.453
0.475 2.449
0.480 2.443
0.490 2.433
0.500 2.425
0.525 2.407
0.550 2.392
0.575 2.378
0.600 2,368
0.625 2.358
0.650 2.350
0.675 2.343
0.700 2.337
0.800 2.328
0.900 2.315
1.000 2.303
1.200 2,294
1.400 2.288

26 (T=300 K)
0.589 2.3547

27 (T=298 K)

0.113 0.851
0.116 0.869
0.119 0.905
0.125 1.012
0.130 1.137
0.135 1.298
0.139 1.370
0.143 1.352

b Pt 121209 1 1

frermigt oo Pavagth Ay Ui inreation

W2 Verrgn: Avene, KW
Vessen ten Lo 0000

Tt o Eo o CHAPTER NURBLR A TIT 8

Synthetic single crystal; hexagonal.struc-
ture; prism specimen; spectroscopic analy-
sis revecaled the presence of impurities:
Mg, Si, Fe, each less than 10”“Z; crystal
structure confirmed by X-ray and lattice
constants were found to be ay=3.820 X and
€o=6.260 A; Rochon prism was used to separ-
ate th2 ordinary and extraordinary rays;
refractive index data were determined by
deviation method; data for the extraordinary
ray were extracted from a table.

Thin films on transparent substrates of glass
or fused silica; refractive index was deter-
mined by Brewster angle measuremcnt; data
taken from a table; accuracy in refractive
index about :0.0002 to $0.0006; it was found
that this technique is independent of index
of refraction of the substrate and thickness
of the film.

Single crystal; hexagonal structure; obtained
from Semi~Elements, Inc., Saxonburg, PA;
freshly cleaved prior to reflectivity meas~-
urements; optical constants were deduced from
reflection spectrum by means of Kramers-Kronig
technique; data for ordinary-ray read from a
figure.

|

! FTRRERAY NI FER IR G U S AN I £XT R L R ' H

PPN WP

Bieniewski, T.M. and '
Czyzak, S.J., 1963 [14)

I e

. Bieniewski, T.M. and

Czyzak, S.J., 1963 {14]

|

SRR |

Hacskaylo, M., 1964
[38]

Cardona, M. and
Harbeke, G., 1965 {23} ~
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Table A-1l. Expcginental data on the refractive.index of zimc sulfide (wavelength d;pcnd.nco)- i
Continued |

| | ‘
Data A !
set n Specifications and remarks Author(s), year [ref.) ;
.27 0.146 1.281 Cardona, M. and :
cont. 0.149  1.281 ! Harbeke, G., 1965 {23) i

' 0.155 1.281 THIRY, SEOCH e e Ve s o e 0 iy E
0.161 1.353 3

0.171 1.531 ’ t

0.177 1.764 . 1

0.179 1.978 E

0.183 2.103 f ;

0.187 2.085 i :

0.190 . 2.068 DR N R N S I IS N I N . H i . ;

.- 0.193 2.068 - - - ' - ' : .

j 0.201 1.961
f i ) 0.206 1.961
$ ‘ 0.210 2.032

0.217 2.318
0.220 2.532
- 0.227 2.658
0.233 2.693

| 0.241 2.640

| 0.250 2.604

! 0.266 2.604

i - 0.280 2.605

i L 0.291 2,587
i _ 0.307 2.551

| 0.318 2.605

, : 0.333  2.748 ‘
i . 0.337  2.748 :
a ‘ 0.43C  2.53 ;

0.527  2.427 9

: 0.620  2.374 i

7 0.796  2.338 |
= 1.263  2.303 ;

- 28 (T=298 K) Single crystal; hexagonal structure; obtained Cardona, M. and -
0.120 1.012 from Semi-Elements, Inc., Saxonburg, PA; Harbeke, G., 1965 [23]
—- 0.124 1.101 freshly cleaved prior to reflectivity meas-
0.126 1.136 urements; optical constants wcre deduced from
. 0.129 1.243 reflection spectrum by means of Kramecrs-Kronig

i 0.132 1.421 technique; data for extraordinary-ray read
: 0.135 1.598 from a figure.
0.139 1.669 .
0.141 1.634
0.143 1.598
0.147 1.528
0.150 1.510
0.152 1.510 |
0.157 1.546 ‘
0.161 1.581 i
0.164 1.652 .
0.168 1.812
[ ' 0.174 1.954 !
i , 0.176 2.061
i ! 0.178 2.239
. 0.180 2.343
3 ? 0.183 2,327
0.188 2.310
_ 0,191 2.274

i Form P-6 12 12.70) ! 1 H ' AL AN B A R A ! ! 1 t

«

Hemr.oyhcre Publishing Corposrat.on

1625 Vermont Avenac, NW
Wash amion. D.C. 20005
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.Table A-1. Experimental data on the refractive index of zinc suifide (wavelcngth dependence)-— .
! Continued
Data A
et n Specifications and remarks Author(s), year (rof.l
28 0.19% 2,274 Cardona, M. and
cont. 0.198 2.203 Harbeke, G., 1965 (23]
0.201 2,203 TSI CHAPTER NUSIGER ANO TITLS
0.205 2,239
0.210 2,346
0.212 2,541
0.213 2.683
0.216 2,896
0.220 2,967
0.227 . 3.020 . b G T R PALE ON THIS L H i i
0.230 3.003 ; I . Bt R
0.234 2.967
0.247 2,896 !
0.263 2,808 {
0.278 2,790 |
0.302 2,737 |
0.315 2.773 !
0.316 2,879 i
0.317 2,986 !
0.323 2,950 { '
0.337 3.022 i i
0.338 2.986 '
0.347 2.844
0.365 2.720
0.396 2,560
0.461 2.436
0.624 2.330 ! :
0.850 2.295 ! '
1.473 2.260 X
29 (T=298 K) Single crystal; cubic structure; obtained Cardona, M. and
0.062 0.670 from Semi-Elements, Inc., Saxonburg, PA; Harbeke, G., 1965 (23]
0.067 0.669 freshly cleaved prior to reflectivity meas- '
0.073 0.669 urcments; optical constants were deduced from .
0.083 0.737 reflection spectrum by means of Kramers-Kronig :
0.088 0.805 technique; data read from a figure. |
0.093 0.896 , '
0.097 0.987 {
0.100 0.987 !
0.103 0.941 1
0.105 0.873 :
0.108 0.850 ?
0.113 0.895
0.116 0.941
0.120 1.055
0.125 1.261 |
0.130 1.535 :
0.135 1.649
0.138 1.7117
0.139 1.672
0.142 1.580
0.145 1.466
0.150 1.443
0.155 1.534
0.161 1.671 '.
0.165 1.831 | |
0.167 2.014 X L ;
Vo k22 90 i H ek i e o i e R INT ! ! t 1

o Buboeng Coge

e A

bt Ty

e tn

© e m————t ey

|
}

T kS

PN X PTG
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. Table A-1. Experimental data on the refractivs

{ndex of sinc sulfide (vavelength dependence)=-

(T=300 K)

i Monnphere Putinhing Covpnvration

1076 Vermunt Avenve, NW,
Washingon, 0.C, 20006

19.845 2.117
22.009 2.046
23.308 1.829
25.18% 1.467
26.774 0.885
27.931 0.375
28,508 0.230
i 29.66) 0.158
' 31.5% 0.234
i .. 32.354% 0,527
Formn p-6 (212,79 ! !

* Continued |
Data \
set Y Specifications and remarks Author(s), year [ref.)
3 .29 0.173 2,174 ‘Cardona, M. and
; cont. 0.177 2.654 Harbeke, C., 1965 [23)
i : 0.178 2.700 THIL CoACe O CHIARTE RN <l * 750 TiTL
: 0.182 2.654
; 0.187 2.585
0.188 2.471
i 0.193 2.425
‘ 0.203 2,288
; 0.204 2,242
! 0.209 . 2,288 & AR eRINC R TR BTN AT U0 T Y '
R 0.210 2.311 - = ! :
: 0.211 2.585
0.217 3.042
: 0.221 3.179
. 0.224 3.179
0.228 3.179
- 0.229 3.088
0.236 3.042
0.285 2.744
0.304 2.676
0.310 2.721
0.311 2,767
0.318 2.836
0.334 2.858
0.342 2.767 |
0.381 2.630
0.473 2.447 :
0.654 2,332 X
- 1.382  2.263 !
30 (T=300 K) Natural cubic crystal from San Antander, Bond, W.L., 1965 [15]
: 0.45 2,.4709 Spain; prism specimen; refractive indices
0.5 2.4208 were determined by minimum deviation method;
0.6 2.3640 data extracted from a table; the crystal was
0.7 2.3333 not transparent beyond 2.4 um.
- 0.8 2,3146 !
0.9 2.3026 !
- 1.0 2,2932 ]
1.2 2.2822 i
- 1.4 2,2762 '
1.6 2.2716 .
1.8 2.2680 '
2.0 2.2653 '
- 2,2 2.2637
! 2.4 2.2604

Cubic crystal; grown at Aerospace Research
Laboratories, Wright Patterson Afr Force
Base, OH; sample was polished to a mirror-
1ike finish; near normal (12° incident angle)
reflectivity was measured; refractive indices
vere deduced from reflection spectrum by
Drude dispersion theory; data extracted from
a figure.

|
|
:

! VIR TN T T s Tear vy . '

Manabe, A., Mitsuishi,
A., and Yoshinags, H.,
1967 {16}
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"Table A-1. Expe?!neniil‘détiAon.thé:réfioaiiig'fndéiléi:ziﬁé';Jlfide‘(vavclen;th dc}endeacc)-.{

, Continued ‘ i
| : .
Data A a Specifications and ks Autho: (ref
set pecifications and remar ther(s), year [ref.)
K} | 33.120 1.039 Manabe, A., ot al.,
cont. 34.265 2,792 1967 [16) i
35.257 6.224 TINS S PO CHAFTER NDRBER AN THTE
35.435 8.341
35.531 9.071 .
36.116 7.612
36.700  6.153 '
37.858 5.352
39.015 4.623 v .
40,606 . 4,187 | ot L B ORENING PACH ON THIS LING ! i ‘ i

——  43.635  3.826 - - e e e -
47.098  3.539 :
49.695  3.396 :
56.474  3.259
59.791  3.263

i
1
- . e . . — __,i

1

*
e e 1 i g T

61.667  3.192 | = '
: |2 :
32 (T=300 KX) Multilayer film; measured by transmission Heitmann, W. and S :
- 0.6328 2.35 method; refractive index of bulk ZnS ob- Koppelmann, G., 1967 ; < :
tained by this method for the wavelength {39} ) §
0.6328 um at room temperature. = %
T !
33 (T=300 K) Thin films; sputtered or evaporated onto Burgiel, J.C., Chen, ' ~ ;
0.289 2.804 sapphire substrates; refractive indices were Y.S., Vratny, F., and 7
0.298 2,770 determined by interference method; average Smelinsky, G., 1968 I -
0.308 2.731 index data extracted from a smooth curve. (40) . i
n.322 2.681 ' L=
0.315 2,643 { b
0.347 2,609 : . ox
0.362 2.567 ! T
0.381 2,528 ‘ oo
0.400 2,486 : N
0.417 2,459 ! B
0.435  2.433 1 =
0.452 2,406 | -
- 0.476 2,379 l -
0.494 2.356 -
0.519  2.333 ! -
0.555 2.314 i
0.592 2,291 i :
0.624 2.276 ‘
0.677 2,257 i -
0.739 2.238 !
0.790 2.230 i -
0.895  2.223 {
1.007 2,215 : -
1.151 2,219 .
3% (T=300 K) ZnS lavers deposited onto glass substrate in Shklyarevskii, I.N.,
0.45146  2.449 a vacuum of about 5.0 x 10~° mm Hg at the El Shazli, A.F.A., and -
0.4549 2,442 rate of 0.050 um/min.; refractive indices Lysova, G.V., 1971
0.4656  2.428 were determined from transmission and reflec-  [41)
0.4712 2.420 tion data assuming the absence of absorption
0.4816 2,407 and scattering; data extracted from a smooth
0.4908 2.39) curve which represents the average of meas-

0.5012 2.385 urements for five different layers.
0.5105  2.375 P . ) o .

farm 9.6 (212.19) M 1 ' H PRyt oy T Tt v i T s, t ! t b

He e ohe e Pali o ing Cotpatation l

1 L Vertwnt saenue N W
Vortungign, € 20005
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.Table A-l. Experimental data on the refractive

Continued

112 :

index of zinc sulfide (wavelength dependence)-— .

Data A

set B

Specifications and remarks

Author(s), year [ref.)

34 0.5313 2.363

cont. 0.5509 2.350

0.5716 2.339
0.5866 2.332
0.6016 2.324
0.6212 2.316
0.6385 2.310
0.6500 2. 306

35 (T=300 X) .

0.476 2.429

0.499 2.398
0.525 2.391
0.549 2.364
0.574 2.341
0.600 2.339
0.625 2.310

36 (T=300 K)
0.477 2.297
0.501 2.263
0.525 2,245
0.549 2.228
0.574 2,190
0.600 2.166
0.625 2.149

37 (T=300 K)
0.476 2.189
0.500 2.132
0.525 2.132
0.550 2,113
0.575 2.108
0.600 2.094
0.624 2.085

38 (T=298 K)
1.0000 2,2907
1.2500 2.2717
1.5000 2,2706
1.7500 2.2662
2.0000 2.2631
2.2500 2.2608
2.5000 2.2589
2.7500 2.2573
3.0000 2.2558
3.2500 0.2544
3.5000 2.2531
3.7500 2.2518
4.0000 2,2504
4.2500 2.2491
4.5000 2,2477
4.7500 2.2462
5.0000 2,2647
5.2500 2.2432
5.5000 2.2416

o 5.7500  2,2399

biem P-G 12 12.19) t !

Heagitieen Putsisshung Cogrrrate n

129 Verment Avenue, N'W.
Wah.saton [ C. 2000%

]

Toor carnn PORCCHAT TS T bR L o et

i

j

!

!
Thin films; 13.3 um thick; evaporated onto
antimony substrate in vacuum of 10> mm Hgs
refractive index data were determined by el-

lipsometrical method; data extracted from a
figure. l

i

i

|

Thin films; 8.6 um thick; evaporated onto
antimony substrate in vacuum of 10”° mm Hg;
refractive index data were determined by el-
lipsometrical method; data extracted from a

figure. i
|
}

!
Thin films; 4.7 um thick; cvaporated onto
antimony substrate in vacuum of 10~ mm Hg;
ref.active index data were determined by el-

lipsometrical method; data extracted from a
figure.

}
|
!
Hot-pressed polycrystalline compact, Irtran

2, product of Kodak Co.; data extracted from
a table.

1 USRI A SCURNUEELRY L B H

Shklysrevskii, I.N.,
et al., 1971 {41}

. Shklyarevskii, I.N.,
El-3hazly, A.F.A., and .

Idczak, E., 1971 [42)

Shklyarevskii, I.N.,
et al., 1971 [42)

Shklyarevskii, I.N.,
et al., 1971 [42)

Kodak publication U-72,
1971 [21)

;
1
!
i
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l,'rable A-1. i-‘.xperi.ental data on"x.h‘e retracuve‘\indcx of zinc sulfide (wavelength dc‘poadmc)- i

! Cont inued | X
‘ : |
2:;? A n Specifications and remarks Author(s), year [ref.]}
38 6.0000 2,2381 ) Kodak publication U-72,
cont. 6.2500 2.2363 | 1971 [21)
6.5000 2.2344 SeAT TS i oAt RER AND T !

6.7500 2.2324
7.0000 2.2304 l
7.2500 2.2282 .
7.5000 2.2260 !
7.7500 2.2237
8.0000 2.2213 .
8.2500. 2,2188. . [T e I R T N I i i ' i
8.5000 2.2162 , - o — _—
8.7500 2.2135 , | |
9,0000 2.2107 . . :
9.2500 2.2078 ‘

‘ .

!

D PRI PP vy e ——

9.5000 2.2048
9.7500 2.2018 o
10.0000 2.1986 ' LT
11.0000 2.1846 :

- 12.0000 2.1688
13.0000 2.1508

"

SEOOVENA

39 (T=300 K) Pure crystal of mixed cubic and hexagonal Hattori, T., Homma, Y., . '
H 133.989 2.947 structure; grown by Bridgiman method under Mitsuishi, A., and - )
137.885 2.950 high tcmperature and high pressure; speci- Tache, M., 1973 {19] - l
146,811  2.930 mens of 500 to 1000 um thickness with devia- <
. 154.643  2.930 tion of surface flatness smaller than 0.42;
{ 158.401  2.928 refractive indices were determined by inter-
162.851 2.930 ference method; data extracted from a figure.

168.098 2.933
172.548 2.923 |
177.841  2.915 I -
! 184.118  2.911 i
| 188.783  2.912 !
195.137  2.909 l
201.159  2.910 ! o
209.223  2.907 1 .
217.061 2,906 !
225.505  2.905 ! :
232.542  2.904 ; -
243.392  2.901 :
252.825 2.898
265.703  2.900
279.963  2.900
306,260 2,891
321.357 2.888
342.454  2.889
363.954  2.892
391.252  2.891 :
416.216 2.893
444.603 2.898
490.605 2.888
535.963  2.905 :
583.942 2.892 !

i

40 {T=80 X) Pure crystal of mixed cubic and hexagonal Hattori, T., et al.,
132,291 2.900 structure; grown by Bridgiman method under 1973 {19)
144,774  2.898 high temperature and high pressure; specimens

Foom 0.6 02 37 T, H ' ¢ ’ R R EXTR S A ! ! t 1
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‘Table A-1. Experimental data on the refractive index of zinc sulfide (wavelength dependence)—- .
! t

' Continued |
Data A
set n Specifications and remarks Author(s), yecar [ref.]
40 148.483 2.887 of 500 to 1000 im thickness with deviation Hattori, T., et al.,
cont. 152.386 2.889 of surface flatncss smaller than 0.4%; re- 1973 [19])

160,349  2.883 fractive indices were determined Ly interfer-

164.390 2.878 ence mcthod; data extracted from a figure.

169.739  2.882
174.277  2.878
180.300 2.874
186.088  2.874
191.556  2.872 . 5 . P .
198.855 ° 2.872 ° v T s ‘ o
205.922  2.869 '
212.635 2.869
221,671  2.866 !
] 230.484  2.865 ‘
! - 238.931  2.863 }
§ 250.401  2.860 i
g - 261.705  2.860 e
4 275.528  2.863
| 287.687  2.852
| 300.960 2.851
i 319.387  2.850 '
¢ 340.217  2.850 ;
i : 358.950  2.854 ;
! 382.643 2.856 ,
409.685 2.852 ‘

~ 440.839  2.850

477.145  2.855

525.155 2.856

$77.501  2.850

41 (T=2 K) Pure crystal of mixed cubic and hexagonal Hattori{, T., et al.,

92.113  2.944 structure; grown by Bridgiman method under 1973 [19}
93.099 2,937 high temperature and high pressure; speci-
- 94.791 2.938 mens of 500 to 1000 uym thickness with devia-
96.367 2,933 tion of surface flatness smaller than 0.4%;
97.630 2.928 refractive indices were determined by inter-

99.302 2.935 ference method; data extracted from a figure.
100.838 2,921 .
102.421 2,923
104.263 2.918
106.174  2.921
108.155 2.918
109.978  2.911
112.347 2,914
114.067 2.909
116.358 2,901
118.202 2.900
120.942  2.893
123.229 2.896
125.601 2,889
128.069 2.882
- 131.624 2.882
134,335 2,884
137.885 2.882
| 140.485 2,879
. 144.373 2.881
M et o n e e
; Form P.G (2 12,79} i 1 ¢ ! { Lo Ty . [ e
Hermsphiere Pub ateeg Vosparation 1

102% Vermuet Avenae, NAY
Wash.agtun, (° €. 20004




_Table A-1. Expecrimental data on the refractive index of zihc';dlfiée'(wavalengtﬁ dependence)-~

\ Continued l
Dats A
set n Specifications and remarks Author(s), yesr [ref.)
41 147.641 2.875 i Hattori, T., et al., |
cont. 151.062 2,870 1973 (19) \
155.567 2.869 TULHS o O CHATEE NUNED v AND Tritt !
159.857 2.872 i
164,390 2.872 I
169.190 2,869 |
173.696 2.865 X
179.678 2.865 !
igg'g;z . g:gg $ DR CHAPT  ORE NG TALE ON THES LINE i i ' ‘ |
197.352  2.855 T T — T |
204.307 2.850 i
211.775 2.850
218.881 2.846
228.467  2.847 !
237.840 2,849 :
249,203  2.846 !
259.108  2.845 :
272.650 2.849
287.687 2.845 !
302,709 2.84) I
317.440  2.842 ‘
335.841  2.842 ;
358.950 2.838 ;
379.853 2.840 }
409.685 2.845 i .
437.158 2,840 ; f
477.145 2.84) |
519.940  2.841 l
564.972 2,835 :
641.396 2,841 1
42 (T=300 X) 99% pure ZnS; thin film spegimen of 0.16 ym; Kersten, R.Th.,
0.6328 2.381 evaporated at arate of 3.7 A/sec onto a BK? Mahlein, H.F., and
glass substrate maintained at 353 K in a Rauscher, W., 1975
' vacuum of 5 x 10”7 bar; refractive index was (43]
determined from thickness and synchronous
angle measurements; data extracted from a
table.
43 (T=298 K) Thin films; evaporated onto glass substrate Stipancic, M. and
0.420 2.490 in a vacuum of 5 x 10°° mm Hg at temperature Lugamer, S., 1976
0.445 2,448 298 K; dcposition rate 300 A/min.; refractive [44)
0.466 2.423 index d2termined by interference mcthod; data
0.489 2.404 extracted from a figure.
0.516 2.386
0.547 2.369
0.576  2.354
0.613 2.338
0.661 2,321
0.702  2.307
0.731 2,298
0.750 2,294 |
4o (T=300 K) Thin film; refractive index at wavelength Netterfield, R.P.,
0.6328 2.345 0.6328 um was determined in the vacuum by 1976 (45]
Foom P26 42 12/790 ' ! ! vt AR R TR R RN ! ' ! '
tonsanere Pubtianeng Con cration
105 Vermont As nue, NV - -
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ot

i Cont {nued
Data
set A n
&b
¢ont.
i
45 (T=300 K)
0.4461 2.455
0.4783 2.413
0.5183 2.375
0.5677 - 2,341 °
< T 0.6314 2.315
46 (T=294.6 K)
0.55 2.38579
0.60 2.36237
0.65 2.34509
0.70 2,33189
0.75 2.32155
0.80 2.31327
0.85 2.30652
0.90 2.30093
0.95 2.29626
1.00 2.29230
1.50 2.27209
2.00 2.26453
2.50 2.26030
3.00 2.25719
3.50 2.25445
4.00 2.25178
4.50 2.24903
5.00 2.24610
5.50 2.24294
6.00 2,23953
6.50 2,23583
7.00 2,23183
7.50 2,22749
8.00 2.22280
; 8.50 2.21775
. 9.00 2.21231
: 9.50 2.20645
10.00 2.20016
10.50 2.19340
47 (T=294.9 X)
0.55 2,38579
0.60 2.36232
0.65 2,34503
0.70 2.33184
0.75 2.32:50
0.80 2.31322
, 0.85 2.30647
, 0.90 2.30089
0.95 2.29622
1.00 2,29226
1.50 , 2.27206
5 2.00 2.26451
e .. - 2.50. 2.26029

'Table A-1. Experimental data on the refractive

116
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fndex of zinc sulfide (wvavelength dependence)~-

Specifications and remarks

Author(s), year [ref.}

form P-G (2 12,/

' 1

Himisphore Pubtishing Corporanion

105 Vernpny Avenue, NV,
Wahiroten {30 N0

measurements of the transmittance maxima
during deposition; average value of refrac-
tive indices obtained for every A/4 thickness
of the film was taken from a table.

Thin film specimens of various thicknesses
(about 1 um); coated with silver on both
faces; refractive index determined by inter-
ference method; data extracted from a table.

1

4

Polycrystalline material grown by CVD method;
prismatic specimen measured on precision
spectrometer by minimum deviation method; re-~
fractive indices determined to fifth decimal
places; average absolute residual of n from a
best fit dispersion equation is 5.4 x 10™%;
data extracted from a table.

Polycrystalline material grown by CVD method;
prismatic specimen measured on precision
spectrometer by minimum deviation mcthod; re-
fractive indices determined to fifth decimal
places; average absolute rcsidual of n from a
best fit dispersion equation is 4.6 x 10™%;
data extracted from a table.

Netterfield, R.P.,
1976 [45)

Barakat, N., El-Shazly,

A.F.A., and El-Shair,
H.T., 1977 [46)

i

Feldman, A., Horowitez,
D., Waxler, R.M., and
Dodge, M.J., 1978 [17]

Feldman, A., et al.,
1978 {17)
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iTnble A-l. Expciinéntal data on the reitaé:lxn”indekiofAzinc ;ﬁlfiécngl§é1608£h dépendcncc)--.f

Continued |
!
2::? A n Specifications and remarks Author(s), year [ref.)
47 3.00 2.25719 ! Feldman, A., et al.,
cont.  3.50  2.25447 ’ 1978 (17}
4.00 2.25182 CUAT RO R Y e R AND TITEE
4.50 2.24907
5.00 2,24616
5.50 2.24303
6.00 2.23963
6.50 2.23595
;:gg . ::g;;:g P LG THE OFENING P 1 Oy TS LINE 3 i i t
8.00  2.22296 o T s e
8.50 2.21791 :
9.00 2,21246 :
9.50 2.20660 %
10.00 2,20029
10.50 2.19351 |
!
48 (T=295.9 K) Polycrystalline; hot pressed ZnS (Irtran 2); Wolfe, W.L. and !
0.6328 2.3514 obtained from Eastman Kodak Co.; prism speci- Korniski, R., 1978 }
1.0 2.2949 men; refractive indices were determined by {18] 5
1.5 2.2754 minimum deviation mecthod; data extracted from H
2.0 2.2679 a table; reported uncertainty 2.86 x 10™" ras !
2.5 2.2634 value. |
3.0 2.2601
3.5 2.2574 !
4.0 2.2545 r
4.5 2.2518 ;
5.0 2,2486 ;
5.5 2.2453 ‘
6.0 2,2421 l
6.5 2.2380 |
7.0 2,2337 i
7.5 2.2295 !
8.0 2.2247 |
8.5 2.2199 i .
9.0 2.2141 ! :
9.5 2.2080 ;
10.0 2.2014 ;
10.5 2.1947 '
11.0 2.1874 ‘
11.5 2.1793 :
12.0 2.1708 ;
12.5 2.1618 :
13.0 2.1522
13.5 2.1418
14.0 2,1306
49 (T=295.8 K) Polycrystalline; hot pressed znS (Irtran 2); Wolfe, W.L. and
0.6328 2.3516 obtained from Eastman Kodak Co.; prism speci~ Korniski{, R., 1978
1.0 2.2958 men; relractive indices were determined by (18)
1.5 2,2755 minimum deviation method; data extracted from
2.0 2.2679 a table; reported uncertainty 2.86 x 10”™* rms
2,5 2,2635 value.
3.0 2,2600 .
3.5 2.2570 !
4.0 2.2546 i i
bom PR 217 ) ! ! ! RN IR K I AN I NNy 1 1 t !
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atable.Arl. Experimental data on the refractive
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flhdé; of zinc sulfide (wavelength dependence)--

Specifications and remarks

Author(s), year [ref.)

L R Y e A A ety

|
Polycrystalline; hot presscd ZnS (Irtran 2);

obtained from Fastman Kodak Co.; prism speci-

men; refractive indices were determined by

minimum deviation method; data extracted from
a table; reported uncertainty 2,86 x 10" rms

value,

1

Refractive index was determined by infrared

spectroscopic method; the wavelength reglon,
3-5 pm, was found to be nondispersive having
a constant refractive imdex of 2.380 & 0.01.

Wolfe, W.L. and
Korniski, R., 1978
{18}

Wolfe, W.L. and
Korniski, R., 1978
(18]

Kulakov, M.P. and
Fadeev, A.V., 1980
1471

| Continued
f .
Data
set A a
" 49 4.5 2.2521
cont. 5.0 2.2490
) 5.5 2.2455
; 6.0 2.2429
. 6.5 2.2384
i 7.0 2.2345
: 7.5 2.2305
‘ 8.0 2,2252
8.5 2,2200,
9.0 T 2.2145°
- 9.5 2,2082
10.0 2.2020
10.5 2.1950
11.0 2,1877
11.5 2.1796
12,0 2.1709
12.5 2.1623
13.0 2.1521
13.5 2.1417
14.0 2.1305
50 (T=84.9 K)
0.6328 2.3375
1.0 2.2837
1.5 2.2643
2.0 2.2572
2.5 2.2527
3.0 2.2483
3.5 2.2465
4.0 2.2440
4.5 2,2412
5.0 2.2381
. 5.5 2.2345
' 6.0 2,2314
6.5 2.2275
7.0 2.2233
7.5 2.2192
8.0 2.2143
8.5 2.2093
9.0 2.2041
9.5 2,1977
10.0 2.1913
10.5 2.1846
11.0 2.1771
11.5 2.1693
12.0 2,1608
12.5 2.1516
\ 13.0 2,1420
, 13.5 2.1315
, 14.0 2.1204
|
51 (T=300 K)
I 3-5 2.38
— .- - -
Farm P.G (2 12 10 ! ! '
Shumisphere Putiahaig Carponit.on
070 Vermont sve ae, NW
Wahinge DG 20005

-
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;,Table A-2. . Experimental data on the refractive index of ziné.éulfide“(ténpernéure:dependencc)

[Temperature, T, K; wavelength, A, um; refractive index, n)

Data

Specifications and remarks

Author(s), year {ref.

b

BTN 1 e

T

set T n
1 (A=0.436 um)
194 2.4804
273 2.4882
293 2.4917
477 2.5093
637 2.5299
674 2.5332
734 2.5441
873 . . 2.5616;
.- 937 2.5726
2 (A=0.546 um)
135 2.3792
195 2.3828
273 2.3867
. 293 2,3890
477 2.4007
- 673 2.4177
736 2.4240
854 2.4340
874 2,4364
913 2.4399
934 2.4420
977 2.4452
3 (A=0.578 um)
195 2.3673
273 2.3709
293 2.3733
478 2,3841
635 2.3979
673 2,.3996
735 2.4053
794 2.4103
- 853 2.4148
875 2.4177
913 2.4202
934 2.4214
979 2.4258
4 (2=0.619 um)
198 2.3508
273 2.3549
294 2.3561
477 2.3667
674 2.3813
875 2.3982
S (A=1.0 um)
93 2.28033
113 2.28103
123 2,28146
133 2.28204
143 2.28245
153 2.28270
163 2.28327
Lol 20, M ! !
eon et Pt Corg o seon

rar. N
2 unr,

Natural crystal; prismatic specimens of apex
angles about 22° to 25°; refractive indices
at various temperatures were determined by
the minimum deviation method; data were ex-
tracted from a table; uncertainties less than
0.001 in refractive index value.

UM TR R OPENSG PR ey THIG Lt
Natural crystal; prismatic specimens of apex
angles about 22° to 25°; refractive indices
at various temperaturcs were determined by
the minimum deviation method; data were ex-

tracted from a table; uncertainties less than
0.001 in refractive index value.

'
!
i
i
l
|
i
b

Natural crystal; prismatic specimens of apex
angles about 22° to 25°; refractive indices
at various temperatures were dctermined by
the minimum deviation method; data were ex-
tracted from a table; uncertainties less than
0.001 in refractive index value.

|
!
!
i
i

Natural crystal; prismatic specimens of apex
angles about 22° to 25°; refractive indices
at various temperatures were dctermined by
the minimum deviation mecthod: data were ex-
tracted from a tablce; uncertainties less than
0.001 in refractive index value.

Polycrystalline; hot pressed ZnS (Irtran 2);
obtained from Eastman Kodak Co.; prism speci-
men; refractive indices were determined by
minimum deviation method; data extracted f-om
a table; reported uncertainty 2.86 x 10™° rms
value,

minetinbailiiniininain i

Mell, M., 1923 (8]

Mell, M., 1923 [8)

Mell, M., 1923 (8]

Mell, M., 1923 [8)

Wolfe, W.L. and
Korniski, R., 1978
(18]
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Table A-2. Expc}ineniél data on‘fhéufeifaétlvc‘lhdéi'of.éiné sulfide kteupcratdrc dependence) -~

Continued
Data T £
set n Specifications and remarks Author(s), ycar [ref.]}
5 173 2.28363 ‘ Wolfe, W.L. and
cont. 183 2.28406 o A S Korniski, R., 1978
193 2.28458 TIOG SPACT §OR CHATFEI N v T [18]
203 2,28507
213 2.28567
223 2,28651
233 2.28748 !
243 2.28802 !
gzg . . g'gggg{ ST T RING CHARTER OPENIN G T o D | i ! '
273 2.29007 !
283 2.29076 :
6 (A=2.5 um) Polycrystalline; hot pressed ZnS (Irtran 2); Wolfe, W.L. and
98 2.24552 obtajned from Eastman Kodak Co.; prism speci- Korniski, R., 1978
108 2.24581 men; refractive indices were detcrmined by [18)
118 2.24611 minimum deviation method; data extracted from
128 2.24640 a table; recported uncertainty 2,86 x 107" res
138 2.24681 value,
148 2.24717 ,
158 2.24751 !
168 2.24801 ;
178 2.24851 ;
188 2.24881
198 2.24925 !
208 2.24974
218 2.25030
228 2.25123 !
238 2.25192 i
248 2.25251 ;
258 2.25319 !
268 2.25377 t
278 2.25477 f
288 2,25513 :
7 (A=7.0 um) Polycrystalline; hot pressed ZnS (Irtran 2); Wolfe, W.L. and
103 2,2211 obtained from Eastman Kodak Co.; prism speci- Korniski, R., 1978
112 2,2223 men; roefractive indices were determined by (18}
123 2.2227 minimun deviation method; data extracted from
133 2,2228 a table; reported uncertainty 2.86 x 107" rms
142.5 2.2233 value.

152.8 2,227
162.3 2.2241 ;
172.8 2.2247

183 2.2250
193 2,2255 ;
203 2.2262 |
213 2.2265

223.1 2.2272
232.9 2,2286
243 2.2292
252.9 2.2298
263.5 2.2303
272.9 2.2308
283 2.2314
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'.'tabh A-2. Experi.nent.al da:a on thc refucuvn Lnd;x of zinc sulfide (tanpouturo dopendenco)-‘
; Continued |
| :
Data
sct T n Specifications and remarks Author(s), year [ref.)
8 (A=10.5 um) Polycrystalline; hot pressed ZnS (Irtran 2); Wolfe, W.L. and ’
103 2.1906 obtained from Eastman Kodak Co.; prism speci- Korniski, R., 1978 .
113 2,1908 men; refractive indices were determined by {18)
123 2.1913 minimum deviation method; data extracted from
: 133 2.1913 a table; rcported uncertainty 2.86 x 107" rms
; 143 2,1919 value, ¢
! 153 2,1923 ‘
; 163 2.1928 .
| [ i;g . , ;ig;g ST TYPING CHARTE R OFF NING PAGE ON THIS LINE { o !
f T 193 2.1941 - T o7 B
| 203 2.1946
: ’ 213 2.195) ;
223 2.1958 .
_ 233 2.1965 :
: 243 2.1972
i 253 2.1980 ;
3 263 2.1987 !
i H
| ;
_ | '
- t
. J
g i
;
i i
N :
! i '
{ 1
g !
!
{
!
‘ !
e - - ) l e e . o
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zinc sulfide (wavelength dependence) -

Tab;g A-3.' Experimental data on the temperature derivative of refractive ‘index of

| B
{Temperature, T, K; wavelength, A\, um; temperature derivative of refractive index, dn/dT, 1073k}

)

Data

set

A dn/dT

Specifications and remarks

Author(s), year [ref.)

1

(T=298-338 K)
0.6328 6.35

1.15 4.98
3.39 4.59
10.6 4.63
(T=93 K)
1.15 . 3.5
3.39 2.8
10.6 2.7

Form i 612 1210

Heavs here Pulit g Corpor ition

1078 Vioemont Avenue, NW
Wastinogon, () C, 000

Polycrystalline; produced by chemical-vapor-
deposit grown by Rayvthcon; plate spccimen;
dn/dT data were determined from shifts of
Fizeau Interference fringes; data extracted
from a table; uncertain about 1 unit in the
first decimal place.

Polycrystalline material grown by CVD method;
plate specimen; dn/dT data werc determined
from a knowledge of the thermal expansion co-
efficient and by measuring the shift of Fizeau
fringes in the heated specimen; data extracted
from a table; standard deviation about 2 units
in the first decimal place.

|
|
|

Harris, R.J., Johnson,
C.T., Kepple, G.A.,
Krok, P.C., and Muka{,
H., 1977 (3]

Feldman, A., lorowitz, .

D., Waxler, R.M., and
Dodge, M.J., 1978 [17)
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‘N.»“_-T’ble A-3.' Experimental data on the temperature derivative of refractive index of

zinc sulfide (wavelength dependence)--Continued T
' !

. i
H I

Data A Author(s), year [ref.]

Set dn/dT Specifications and remarks

2 (T=313 K) : Feldman, A., et al.,
cont. 1.15 4.6 | 1978 [17)
3.39 4.3 G e et AR S T ‘
10.6 4.1

(T=333 K)
1.15 4.
3.39 4.

10.6 4.
(T=353-K

4
4

3.39

7
3
1
} i . o R T e R P O TS NG i i i .
3
10.6 1

1.15
3.39

N W~

10.6 .

)
4
(T=373 K)
4
(T=393 X
4

3.39
10.6

NS

)

(T=413 X)
1.15 4,
)

4

3.39
10.6

4

4

1.15 4.
4

4

w o

4
{T=433 K
1.15
3.39 4
10.6 4
4
4

9
o4
-4

(T=453 X
1.15
3.39
10.6

)

.9

-

4.5

(T=473 K)
5

4

1.15 .0
3.39 4.6 !
10.6 7 |

——— = —

L

Fro PG 12 12 1) ! t ! 1 T R RN 2R 4 L i ! ! !
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!,.—m~ Table A~4.' Experimental data on the temperaturc derivative of refractive index of
I zinc sulfide (temperature dependence)

{Temperature, T, K; wavelength, X, um; tempcrature derivative of refractive index, dn/dT, 107°k™})

s smm e Sw W et o emma

T dn/dT Specifications and remarks Author(s), year [ref.])

Data
set

93 3.5 plate specimen; dn/dT data werc determined D., Waxler, R.M., and
113
133
153
173
193
213
233 -

: 253

; 273
: 293

313

333

353

. 373
393

413

433

453

473

from a knowledpe of the thermal cexpansion co- Dodge, M.J., 1978 (17]
cefficient and by measuring the shift of Fizeau
fringes in the heated specimen; data extracted
from a table; standard deviation about 2 units . X
in the first decimal place.

}

.

1 (A=1.15 um) Polycrystalline material grown by CVD method; Feldman, A., Horowite, ;
|
|

OWVOVORONNNINTTRTNWVNIPWUWNHO®O

[V R AP A I I I IR I R i iRl I - P o PO DA

{

2 (3=3.39 ym) Polycrystalline material grown by CVD method;  Feldman, A., et al.,
93 2 plate specimen; dn/dT data were determined 1978 {17}
113 3 from a knowledge of the thermal cxpansion co-
133 3 efficient and by measuring the shift of Fizeau
153 3 fringes 1in the heated specimen; data extracted
173 3 from a table; standard deviation about 2 units
193 3 in the first decimal place.
213 4 )
233 4
253 4
273 4,
293 4.
4
4
4
4
4
4
4
4
4

i
1
1
)
i

313
333
333
313
- 393
413
433
453
473

PWVESBESTWWWWNNME OO NUNWR®

3 (A=10.6 u
93
113
133
153
17
193
213
| 233
i 253
‘ ; 2713
— 293

(SR SO RER I : o T

) Polycrystalline mater{al rrown by CVD method; Feldman, A., et al.,
plate specimen; dn/dT data were determined 1978 {17]

from a knowledge of the thermal cxpansion co-

efficient and by measuring the shift of Fizeau

fringes in the heated specimen; data extracted

from a table; standard deviation about 2 units

in the first decimal place. 7
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,‘-TnbleAA-é.i_Experimcntai data on the!éémPerJture derivative-of féfractlve'tndéx of
zinc sulfide (temperature dependence)--Continued
|

)

a3

Specifications and remarks

Author(s), year [ref.]

[ A

Polycrystalline; hot pressed ZnS (Irtran 2);
obtained from Eastman Kodak Co.; prism speci-
men; refractive indices were measured by
minimum deviation method and dn/dT values
were determined from An/AT; averaged data
extracted from a figuFe.

|

!

}

|

|
1

'

Feldman, A., et al.,
1978 {17)

Wolfe, W.L. and -
Korniski, R., 1978
{18]

Data
st T dn/dT
k) 313 4.1

cont. 333 4.1
353 4.1
373 4.2
393 4.2
413 4.3
433 4.4
453 4.5
473 4.7

v 4 (3=1.0-10.5 um)
113 3.8
134 4.3
153 4.8
173 5.2
192 5.6
212 6.1
232 6.6
253 7.0
272 7.4
281 7.6

'

|

!

|

|
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. Table A-5. Experimental data on the refractive Index of zinc selenide (wavelength dependence)

i

[Temperature, T, K; wavelength, A, um; refractive index, n)

2:;? A n Specifications and remarks Author(s), year (ref.])
1 (T=300 K) Single crystals; grown by the vapor growth Aven, M., Marple,
4,429 2.40 technique; reflection spectra in various re- D.T.F., and Segall, B,,
3.875 2.40 gions cither directly measurcd or converted 1961 (57])
2.952 2.42 from mcasured refractive index; data reduced
2.480 2,42 by Kramer-Kronig analysis and presented in
2.102 2.43 the form of n®~k® and 2nk; data extracted
2.033 2.42 from the curves and converted to desired
1.824 2.44 quantities. i
1.653 2.44 S CHANTER OGP N ALY e | s i
1.512 2.46 . .- -
1.363 2.46
1.240 2.46
1.228 2.47
1.170 2.47
1.069 2.48
0.976 2.49
0.899 2.50
0.892 2.49
0.844 2.51
0.780 2.52
0.729 2.54
0.705 2.55
0.685 2,56
0.656 2.57
0.6200 2.58
0.5415 2.66 i
0.5188 2.70 ;
0.5000 2.74 }
0.4715 2.85 i
0.4627 2.90 !
0.4509 2.83 i
0.4336  2.83 !
0.4133  2.88 |
0.4039 2.92
0.3839 2.93
0.3647 3.00
0.3464  3.12 '
0.3255  3.20 [
0.3077 3.24 ;
0.2890 3.23 ,
0.2756 3.23 |
0.2690 3.25 i
0.2638 3.11 !
0.2583 2.87 g
0.2536 2,58
0.2480 2.57 !
0.2412 2.45 :
0.2375  2.30 %
0.2271 2.36
0.2179 2.43 :
0.2138  2.49 ’
0.2067 2,57
0.2013 2.67 {
0.1975 2.65 i
i 0.1944 2.42 ;
' 0.1905 2,13
—_ ... L0t .
Fornm P-6 12 12 10 ' * i Ve ) d ! H !
Hemoephere Putt 3 g Corperation
1620 Vermont o ue, fe W
Wb Artes D A,
iinsaiciaits it il e
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Table A-5. FExperimental data on the refractive index of zinc selenide (wavelength dependence)--
: Continued :
i i
> T ew sma TSRSV - B WA WS 2T CW 8 - » ware - i !
Data .
set P\ n Specifications and remarks Author(s), year [ref.]) ;
1 0.1859 1.88 f Aven, M., et al., 1961
cont.  0.1810 1.66 | [57]
; 0.1754 1.44 K R N R N R
5 0.1696  1.33 |
0.1642 1.27 ;
0.1584 1.30 {
0.1550 1.33 ‘ .
0.1529 1.43 I i
[ 0.1498 1.48 . r
! 0.1478 - 1.4¢5 - T T N e st T { . : i i
; - 0.1464 1.42 ! - . i
0.1400 1.30 l !
0.1352 1.19
0.1301 1.10 ‘
0.1240 1.00 . i
2 (T=300 K) Thin film specimen; vacuum cvaporated onto Fischer, A.G., Fonger, ' 5
0.50 2.72 Pyrex glass substrate; refractive indices W., and Mason, A.S., -
. 0.51 2.70 wvere determined from interference pattern and 1962 [66]) = i
0.52 2.68 thickness measurcments; data extracted from a '
0.53 2.66 table. ! ) !
0.54 2.65 i -
0.55 2.64 i 7
0.56 2.63 ! .
0.57 2.62 i =
0.58 2.61 ! _
0.60 2.59 ’ z
0.70 2.53 i
0.80 2.50 :
0.90 2.47 l
1.00 2.46 :
1.10 2.45 i
1.20 2.44 :
1.30 2.43 |
1.50 2.42 !
1.70 2,41
1.90 2.40
3 (T=298 X) Single crystal: impuritices 0.001-0.002%Cd, P, Marple, D.T.F., 1964
0.48 2.780 0.0005-C.001 % As, 70.0005% Sb, Si, Al, Fe¢, trace {48]
0.50 2.732 of Az, Au, B, Co, Cr, Cu, Ga, In, Li, “n, i,
0.52 2.695 >0.002% oxygen and halogens; crystal grown in
; 0.54 2.665 sualed, argon-filled quartz tube by sublima-
! ) 0.57 2,629 tion of the compound from a hnt furnace zone
% 0.60 2.601 into a cooler zone where crystals formed;
0.63 2.580 prismatic specimen with faces {lat to within
0.66 2.562 one wavelength of sodium D line; data extrac-
0.70 2.543 tion by using the cquation (given by the
0.74 2,528 author) n =A+[B\"/(A7-C?)}, where A=4.00,
0.78 2.516 B=1.90, C'=0.113, and X in unit of um; the : h
0.82 2.506 ahove cquation fitted experimental data
0.87 2.496 within (xperimental error of 0,002 at cach n
0.92 2.488 in the wavelength region of 0.48 to 2.5 jm,
0.97 2.481 ,
1.02 2.476 :
1.08 2,470 i
1.14 2,466 H
P 2612100 e H ' R N L B I e . . . [
Mmoo e .l'-mm'wm Carpwrestionr t
! 1o Nosent Avenue, MY :
cea tons, UL 2inkry )




Table A-5. Experimental data on the refractive.index of zinc selenide (wavelength dependence)--

Continued

|

1

|

tamm s e Sumas W EEZ 2] sy s [.
ﬁ:;? A n Specifications and remarks Author(s), year [ref.]} '
3 1.20 2.462 ] Marple, D.T.F., 1964 o
cont, 1.26 2.458 i (48]
1.33 2.455 ! ' ' et v
1.40 2,452 }
1.47 2.450 :
1.54 2,448 i
1.62 2,446 '
1.70 2.444 {
1.78 2,443 o
1.86 2.442 ° Peteogie L ST R S TR 4 . i .
1.95 2.440 !
2.04 2.439 ;
2.13 2.4139
2.22 2.438 !
2.31 2.437 &
2.40 2.436 1 i
2.50 2.436 ' ;
4 (T=298 K) Sinple crystal; less pure than above speci- Marple, D.T.F., 1964 i
0.48 2.781 men; crystal grown in sealed, argon-filled (48] {
0.50 2.736 quartz tubce by sublimation of the compound !
0.52 2.700 from a hot furnace zone into a cooler zone ;
0.54 2.670 where crystals formed; prismatic specimen !
0.57 2.635 with faces flat to within one wavelength of
0.60 2.608 sodium D line; data extraction by using the
0.63 2.586 cquation (:iven by the author) o =A+[8X7/
0.66 2.568 VeCr) i, where Ass./t, 5=2.19, €'=0.105, and
0.70 2.549 Y in unit ot um; rhe above cquation fitced
0.74 2.533 experinental data within experimental error
0.78 2.521 of 0.002 at each n in tihe wavelength regton
0.82 2.511 of 0.48 to 2.5 um.
0.87 2.500
0.92 2.492
0.97 2.485
1.02 2.479
1.08 2.473
1.14 2.468
1.20 2.464
1.26 2.460 -
1.33 2,457
1.40 2.454
1.47 2.451
1.54 2.449
1.62 2,447
1.70 2.445
1.78 2.444
1.86 2.443
1.95 2,441
2,04 2.440
2.13 2.439 : ¥
2,22 2.438 |
2.31 2,438 {
2,40 2.437 l
2.50 2.436 .
| |
BTN R AN ! ! i e ! ! ) !
oty Fon o g Larpor e '
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Table A-5. Experimental data on the refractive index of zine selenide (wavelength dependence)-- !
: Continued i
? ‘,
s Data " - .
set n Specifications and remarks Author(s), year {ref.]
5 (T=297 K) Single crystal having an orange~-ycllow hue; Rambauske, W.R., 1964
0.404414 2.65 fmpurities 0.0001%Z Al, Fe, Ag, and Pb; sup~- [50]
0.434750 2.69 plied bv Aerospace Research Laboratories; '
0.455535 2.82 prismatic specimen with faces of 1.5 x 1.5 !
0.491604 2.7493 cm and apex angle of 20°58'26"; deviation -
0.508582 2.7113 method used in the wavelength region of 0.49 '
0.535046 2.6689  to 0.65 um with uncertainties of *1 x 107" in .
0.546074 2.6541 n; reflection method used in the region
0.576959 2.6219 <0.49 3y with uncertainties of *5 x 1072 1n n;
0.578966 2.6199  data extracted from a table. AR A
0.587562 2.6125 | .
0.588995 2.6113 i '
0.589592 2.6106 ; .
0.621287 2.5875 \ f
0.636235 2.5781 i Lo
0.643847 2.5735 | v
6 (T=297 K) Polycrystalline samples having yellow hue; Rambauske, W.R., 1966i =
0.404414 2,25 0.01-0.1% cd, 0.001% Al, Fe, Sn, Ba, Pb, and [50]) o2
0.434750 2.3} 0.0001%Z Bi; supplied by the Hanshaw Chemical o
0.455535 2.52 Co.; two prismatic specimens with faces of .-
0.508582 2.724 1.5 x 1.5 cm and 1.0 x 1.0 cm, respectively, C
0.535046 2.678 and apex angles of 30°4'9" and 30°3'40"; un- :
0.546074 2.664 certainties of n are of #1 x 1073 in region -
0.576959 2.630 >0.49 1 by deviation method, of *5 x 1072 {n .
0.578966 2.628 region <0.49 y by reflection; digitized data .
0.588y95 2.620 extracted from a tabie.
0.589592 2.620 i .
0.643847 2.584 j ‘
7 {T=300 K) Crystal; grown at Aerospace Research Labora-~ Manabe, A., Mitsuishi,
20.0 2.24 tories, Wright-Patterson Air Force Base, OH; A., and Yoshinaga, H.,
28.1 2.16 reflection spectra analyzed by Drude disper~ 1967 [16] s
32.2 2.06 sion throry; data extracted from a smooth -~
36.1 1.71 curve.
38.2 1.41
39.3 1.17 ‘
40.3 0.78 i 3
41.2 0.25
43.5 0.25
44,9 0.42 !
46.0 0.66
46.5 0.90
47.0 1.22
47.4 1.72
48.8 7.73
49.7 6.13
50.6 5.18
51.4 4.71
52.6 4.31
53.7 4.02
55.1 3.7
57.6 3.48
61.1 3.32 .
67.8 3.07 :
85.0 2,92

!
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Table A-5. Experimental data on the refractive index of zinc éelenide‘(wavelength dependence)-- |

N []

Continued
T —
set n Specifications and remarks Author (s), year [ref.)
8 (T=100 K) Crystal; grown at Aerospace Rescarch Labora- Manabe, A., et al.,
32.2 2.06 tories, Wright-Patterson Air Force Base, OH; 1967 [16])
35.2 1.62 reflection spectra analyzed by Drude disper-
37.5 1.21 sion theory; data extracted from a smooth
38.5 0.87 curve, i
39.8 0.29
40.8 0.15
43.6 0.15
44.8 0.26
45.5 c0.52 ! SENT e CHADTLR OPE /NG PACH v, TS |INE | ! i :
- 45.9 0.9~ T 7 . ! - T
46.6 2.49 ',
47.8 8.82 :
48.6 6.82
49,1 5.84 '
49.9 5.20
51.0 4.66
52.5 4,22 | :
53.7 3.97 :
55.1 3.77 i
{
9 (T=300 K) Polycrystalline, Irtran 4; reflection spec- Handi, A., Henry, P.,
14.7 2.50 trum analyzed by Kramer-Kronig method; data Lambert, J.P., Morlot,
22.8 2.25 extracted from a smooth curve. G., Strimer, P., and ;
31.2 1.75 | Chanal, D., 1967 [55]) i
37.3 1.15 ‘
41.3 0.00
43.7 0.34 i :
45.4 1.14 | .
46.6 1.83 !
47.7 8.73 i
48.3 9.19 | .
49.2 8.61 -
50.5 6.58
51.5 5.52
- 52.6 4,92 i
55.8 4.48 |
61.7 4.01 |
70.2 3.62 j
104.3 3.31 i
124.5 3.31 i
10 (T=90 K) Polycrystalline, Irtran 4; reflection spec- Randi, A., et al., 1967
5.1 2,40 trum analyzed by Kramer-Kronig method; data [55) :
18.0 2,40 extracted from a smooth curve.
24.6 2,23
30.4 1.94
33.5 1.61 :
‘ 36.2 1.21
41.0 0.00
. 43.7 0.00 !
' 45.7 0.33 i
46.6 0.94
47.5 21.94 I
' 48.5 8.10 i
i 49.1 6.84 !
- - 49.4 6.11 1
1

Fores Pty 1217 7%
Hoamaagt e ee Publishung Cons rahion !
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&able A-5, Expefimeﬁéii:aéih'onjtﬁé rcfraé;igg;fﬁdcx:gf;;lnc‘ééleniaéttﬁavélength dependence)zei
|
!

o

Data

Specifications and remarks

—
Author(s), year (ref.

A n
set
10 50.5 5.52
cont. 52.3 5.08
54.6 4.64
57.1 4.29
59.8 4.00
66.7 3.75
i 119.6 3.58
11 (T=300 K)
_ . 0.6328 " 2.60
12 (T=295 K)
2.633  2.445
3.440 2.441
4.060 2.438
5.360 2.433
6.165 2.430
7.343 2.424
8.148 2.421
9.265 2.415
10.07 2.410
11.19 2.404
12.00 2.398
13.30 2.386
14.11 2.379
13 (T=198 X)
2.577 2.440
3.631 2.434
4.127 2.433
5.304 2.428
6.171 2.425
7.410 2.420
8.092 2,416
9.39 2.410
10.14 2.406
11.13 2.399
11.94 2.393
12.56 2.388
13.06 2.383
14 (T=290 X)
66.667 3.78
63.492 .73
58.207 4.06
54.437 4.79
51.760 5.84
50.302 7.54
49.751 8.38
48,780 5.53
48.473 3.11
48,008 1.96
47.393 1.22
borm P (232 1y ! !
Mo prere Pt ng Qorporation
VA At Seenoe, MY
e ety v DOV

THIC SPACY F O CHAPTE S NUSBER AND TITHE

Multilayer film; measurcd by transmission
method; refractive index of bulk ZnSe ob-
tained by this method for the wavelength
0.6328 um at room temperature; uncertainty
in n :0.03. ;

Polycrystalline, Irtran 4; wedge specimen of
apex angle 15-20°; refractive indices were
determined using minimum deviation method;
experimental error about *0.0003; data ex-
tracted from a figure; dn/dT at 5 um was
found to be 4.8 x 10-4K~1,

|
r
l

'
Polycrystalline, Irtran &4; wedge specimen of
apex argle 15-20°; vefractive indices were
determined using minimum deviation method;
experimental error about 20,0003; data ex-
tracted from a figure; dn/dT at 5 um was
found to be 4.8 x 10'?&".

!

Polycrystalline, Irtran 4; plate specimen;
reflection spectrum analyzed by Kramer-Kronig
analysis; data cxtracted from a smooth curve.

|
Handi, A., et al., 1967
{55]) !

|
-

i
) e
]
i

Heitmann, W. and [ -

" Koppelmann; GC., 1967 .

(39] _—
|

|-

Hilton, A.R. and Jones;
C.E., 1967 [52] 1

i

[
|
!
l
|

o THE L CHARACTHE S

ALY,

IRl

Hilton, A.R. and Jones, .
C.E., 1967 [52)

PG

DU B B

Handi, A., Claudel, J.,
and Strimer, P., 1968
{56]

I
|
1
4




bnblg,A—S. Experimental data on the refractive index of zinc sclenide (wavelength dependence)--!
Cont inued i |
Data N
“set n Specifications and remarks Author(s), yecar [ref.])
t14 45.269 0.40 Handi, A., et al., 1968
cont. 43.365 0.28 | [s6] i
; 40.339 0.29 THIGC SPACL FUR CHAPTER NI e A, TiTos !
5 39.032 0.74 !
5 37.951 1.22 ( ;
, 36.860  1.42 , ; l
; 28,843 1.82 i . '
- !
15 (T=290 K) Polycrystalline, Irtran 4; plate specimen; Handi, A., et al., 1968 .
' 66.667 - 3.80 reflection spectrum analyzed by Lorentz ‘[561 '
<7777 61.958°  3.89 oscillator model (one oscillator only); data
59.032 4.14 extracted from a smooth curve.
56.786 4.44
54.765 4.85
- 52,99 5.48 i
51.626 6.22 .
- 50.942 7.04
49.677  9.81 |
: 49.092 9.42
48,123 2.29 ; i
47.755 1.67 ; ;
47.192 1.06 l
45.956 0.53
40.950 0.27
39.635 0.57
- 38.625 1.17
37.300  1.48 i
N 35.524 1.67 |
> 29.985 2.02 |
= H e
16 (T=80 K) Polycrystalline, Irtran 4; plate specimen; Handi, A., et al., 1968
- 66.667 3.78 reflection spectrum analyzed by Kramer-Kronig [56]
64.103 3.54 analysis; data extracted from a smooth curve.
60.060 3.53
; 57.176  3.80 ’
- 54.437 4.15
; 52.549  4.66 \
: 51.361 5.15
k 50.226 5.92 !
- 49.432 7.08 i
48.356 10.05
: 47.962  10.48 !
47.461 10.15 ; ¢
- 46.598 1.68 i
45.788 0.58
44,170 0.24 |
39.139 0.16 i
! 38.417  0.51 ! ]
i 37.750 1.03
36.590 1.34 .
: 28.843 1.82 i
, 17 (T=80 X) Polycrystalline, Irtran 4; plate specimen; Handt, A., 1968
| 65.331 3.5%9 reflection spectrum analyzed by Lorente (56]
: 59.773  3.84 oscillator model (onc oscillator only); data
55.617 4,28 extracted from a smooth curve.
— - -53,648 - 4,62 ' - -

Form P-8 1212,

!
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Table A-5. Experimental data on the refractive index of zinc selenide (wavelength dependence)::{

Cont inued
l ‘ |
gi;? A n Specifications and remarks Author (s), year [tef.t

17 52.056 5.01
cont. S51.046 5.41
49.776 6.30

48.780 7.49
47.529  14.67

47.103 5.15
46.970 2.54

46.642 1.60

45,788 0.63

43.197 0.30
- 39.793 0.00

38.865 0.23
37.258 1.02
36.630 1.32
34.977 1.57
29,985 2.02

18 (T=300 X)
0.633 2.57

19 (T=300 K)
0.633 2.54

20 (T=300 K)
0.50 2.65

21 (T=298 K)

1.0000 2.485
1.2500 2.466
1.5000 2.456
1.7500 2.450
2.0000 2.447
2.2500 2.444
2.5000 2.442
2.7500 2.441
3.0000 2.440
3.2500 2.438
3.5000 2.437
3.7500 2.436
4.0000 2.435
4.2500 2.43%4
4.5000 2.433
4.7500 2,433
5.0000 2.432
5.2500 2.431
5.5000 2.430
5.7500 2,429
6.0000 2.428
' 6.2500 2.426

6.5000 2,425
fFormu b 21D 0 H ¢
Heme e Patntang Corporstion
T, Verme e v nue, N W

Wasbiregtan, V6 TS

Teas b AC O CHAPTER NUMBER AND NITLE

ST TN N OHARTEE OFEINING PAC s ON THIS LiNE

ZnSe film deposited on aluminum layer; re-
fractive index was determined from transmit-
tance and thickness measurement; data ex-
tracted from a table.é

2nSe film deposited on silver layer; refrac-
tive index was determined from transmittance
and thickness measurements; data extracted
from a table. )

Handi, A., et al., 1968

[56])

Heitmann, W., 1968
(67)

Heltmann, W., 1968
(67)

|
|
|
|
|
!
[
|
|
!

Vacuum deposited thin layer specimen; 1.06 ym  Kot, M.V. and Tyrziu, |

thick; vacuum anncaled for 50 hr. at 623 K; re-
fractive index at 0,50 um determined by in-
terference method; data extracted from a
table.

Hot-pressed polycrystalline compact, Irtran
43 product of Kodak Co.; data extracted from
a table. i

! o L R K T AN ! *

V.G., 1970 [68)

|

¢

CHARALT

THR{S

.
ATy
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MR 15

Kodak publication U-72, -

1971 (21)

'
'
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Table A-5. Experimental data on the refractive index of zinc selenide (wavelength dependence)-- .
i . .
i Continued i {
! | !
Data .
set ) n Specifications and remarks Author(s), year (ref.]
v 21 6.7500  2.424 l Kodak publication U-72, !
cont. 7.0000 2,423 1971 {21] !
7.2500 2.422 TeHS SPACT L CAPTE S Sy 0 i AT T :
4 7.5000 2,421 f 4
7.7500 2,419 ' !
8.0000 2.418 ‘
8.2500 2,417 i f
8.5000 2,416 ‘ {
3:3)(5)(0)3 g:z%g i \1- "».u‘.\ CHATTT R ey o [N i 17 i i f
9.2500  2.411 ) i
9.5000 2.410 .
9.7500 2,409 |
10.0000 2.407 {
11.0000 2.401
12,0000 2,394
13.0000 2.386
14.0000 2,378 L |
15.0000 2.370 :
16.0000 2.361 : -
17.0000 2.352 oo
18.0000 2,343 : !
19.0000 2.333 . f
20.0000 2.323 i '
22 (T=300 K) Crystals; pure; grown by Bridgiman method Hattori, T., Homma, Y.,
540.54 2.999 under high temperature and high pressurc; Mitsuishi, A., and
502.51 3.012 specimens of thicknesses ranging from 500 Tacke, M., 1973 (19]
460.83 3.011 to 1000 um; measured by interference method;
425.53 3.006 data extracted from a figure.

400.00 3,010 ;
374.53 3.018 }
349. 65 3.012
333.33 3.012
316.46 3,017
300. 30 3.014
286.53 3.016
273.97 3.021 j
261.78 3.019 '
250.63 3.025

240.96 3.026 :
232.02 3.028 i
223.71 3.028

215.52 3.030 .
207.90 3,027 i
201.61 3.046 :
194.93 3.035 I
188.68 3.039

183.82 3.034 .
168.92 3.047 i
164,20 3.049 : 1
160,26 3.055 |

156,25 3.063 ;

i
{
H
}
i
!

! |
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Table A-5. Experimental data on the refractive index of zinc sclenide ‘(wavelength dependence)--

Continued i
! t
Data A :
set n Specifications and remarks Author (8), year [ref.]
23 (T=80 K) Crystals; pure; grown by Bridgiman method Rattori, T., et al.,
421.94 2,971 under high temperature and high pressure; 1973 (19} i
396.8)3 2.969 specimens of thicknesses ranging from 500 i
370.37 2.971 to 1000 um; measured by interference method; '
350.88 2,976 data extracted from a.figure, -
330.03 2,975
311,53 2.976 bl
297.62 2,979
283.29 2.977
270.27 +2.981 TN OHARTEE (i EEaNG EAGE ON THIS LINE ) { | [}
258.40 2,980 - - ) T T . - .
248.14 2,986
238.10 2.986 -
228.83 2,989
220.75 2,988
213.68 2.989
205.76 2.990
198.41 2,995 i
192.68 2.995 i
187.27 2.998 S
181.49 3.001 :
175.75 3.000 =
171.23 3.001 -
166.11 3.006
24 (T=2 K) Crystals; pure; grown by Bridgiman method Hattori, T., et al.,
1162.79 2.949 under high temperature and high pressure; 1973 [19)
980.39 2.954 specimens of thicknesses ranging from 500
833.33 2.938 to 1000 um; measured by interference method;
735.29 2.944 data extracted from a figure.
657.89 2.954 |
591.72 2.949 .
534.76 2.948 E
492,61 2.960 -
454.55 2.947
420.17 2,951 :
392.16 2,954
369.00 2.959
347.22 2.950
328.95 2.962 |
309.60 2.960 .
294.12 2,962 i
280.11  2.960 ;
268.10 2.963 i
257.07  2.966 ;
246.91 2.970 ,
238.10 2.972 ;
228.31 2,971 ‘
218.82  2.975 :
208.77 2.978 |
192.68 2,985 |
179.21 2.988 i
168.07  2.995 l
157.48  3.001 - '
148.81 3.008 l
' 140,06 3.013 1
. 133.51 3.021 l - . i
Foem Pab g o, L. B NN R XL RAE I TTES ! 1 1 1
Heonag-eoe Toannsh ng Consoation ’
1005 Vet dve o oV oot
W s v 2000
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Table A-5. Experimental data on the refractive index of zinc selenide {wavelength dependence)~-
: Continued [ T :
| |
Data
set A n Specifications and remarks Author (s), year [ref.]
24 127.55 3.031 l Mattori, T., ct al.,
cont. 121.65 3.041 1973 [19] |
116.41 3.049 Tt SEACL FORCHANTLE Y, s o0 i
111,98 3.064
107.53 3.on
103.63 3.082
100,10 3.092
96,62 3.105 ;
93.72 3.122
90.74 - 3,132 ¢ START INTING CHAPTOR Qs s 0 Ty, 0t i i i
- T 88.34 3.149 ¢ T T
85.76 3.165
- 83.54 3.181
1
25 (T=300 K) Polycrystalline; chemical vapor deposited; Franzen, D.L., 1975
10.6 2.41 refractive index determined by deviation [69)
- method; data extracted from a table.
- 26 (T=300 K) Thin film; cubic crystal; specimens of thick-  Thutupalli, G.K.M. and
0.342 3.011 ness 0.75 to 3.50 um; substrate held at room Tomlin, S.G., 1976
0.353 2.952 temperature during deposition; refractive in- {70]
) 0.376 2.893 dex data determined by interference method;
<, 0.409 2.848 data extracted from a figure.
0.451 2.804
- 0.475 2.804
z 0.486 2.789 i
= 0.492  2.757 [
§ 0.550 2.624
~. 0.618 2.543
T 0.701  2.495
S 0.826 2.452
= 1.022 2.430
1.233 2.420
1.660 2.414
2.070 2.408
27 (T=300 K) Thin film; cubic crystal; specimens of thick~  Thutupalli, G.K.M. and
- 0.344 3.100 ness 0.75 to 3.50 um; substrate held at 773 K Tomlin, S.G., 1976
0.353 3.056 during deposition; refractive indcx data de- {70)
- 0.369 2.996 termined by interference method; data ex-
0.392 2.952 tracted from a flgure,
- 0.415 2,907 {
0.442 2.907 :
: 0.459 2.878
0.469 2.863 '
0.492 2,797 !
0.512 2.741 !
0.546 2.660
0.618 2.587 '
0.709 2.533 |
; 0.82Fr  2.499 i
; 1.031  2.475 i
1,235 2,467 ‘
1.660 2,456 |
: 2,070 2.455 |
|
e o e e e = {
Form P-G (212,10 t t ! 1 [ Dyan NN e ' ' ! ¢

Hemaphere Publahing Corturation

LD Vet Avenue, N W,
Wa iAot 1Y 1Y 9rene
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Table A-5. Experimental data on the refractive index of zinc sclcnide (vavelength dependence)-- |
Continued

i

Spucifications and remarks

Author(s), year [ref.}

Data
set A "
28 (T=300 K)
0.4765 2.826
0.4880 2.784
0.4965 2,759
0.5017 2.746
0.5145 2.721
0.5676 2.645
0.5868 2.627
0.6072 2.611
0.6328 - 2,592 !
29 (T=300 X)
10.6 2.46
30 (T=293.3 K)
0.55 2.66246
0.60 2.61380
0.65 2.58054
0.70 2.55636
0.75 2,53804
0.80 2.52373
0.85 2,51230
0.90 2.50298
0.95 2,49528
1.00 2.48882
1.50 2.45708
2,00 2.44620
2.50 2.44087
3.00 2.43758
3.50 2.43517
4,00 2.43316
4.50 2.43132
5.00 2,42953
5.50 2.42772
6.00 2.42584
6.50 2.42388
7.00 2.42181
7.50 2,41961
8.00 2.41728
8.50 2.41481
9.00 2.41218
9.50 2.40939
10,00 2,.40644
10.50 2,40331
11.00 2,40000
11,50 2.39650
12.00 2.39281
12.50 2,38892
13.00 2.38481
13.50 2.38048
14.00 2,37593
14.50 2,37114
Ve P02 12,791 ! !
ten e Pt o her g e i0n
VoL N Ry dwenge Py

Ven o e Ve,

Prism specimen having faces 14 mm x 5 mm and
apex angle 16°; refractive index determined
using the minimum deviation mcethod; data ex-
tracted from a table; reported uncertainty

10,002.

SNOAL T TN TER OPENING AL

- ¢

Specimens of crystals and films; refractive
indices at 10.6 ym were determined by a modu-
lated light cllipsometer; averaged value of

n was extracted from a table; average uncer-
tainty for bulk crystal :0.02, for film

+0.09. |

Polycrystalline material grown by CVD method;
prismatic specimen measured on precision
spectromcter by minimum deviation method;
refractive indices detcrmined to fifth deci-
mal places; data extracted from a table.

|
l;
l
!
!
i
|
|
|
!
l
i
|
!
|

VN T HIES Lt

Wunderlich, J.A. and
DeShazer, L.G., 1977 |
(53)

] i ‘

Pedinoff, M.E., P

Braunstein, M., and
Stafsudd, 0.M., 1977
(nj |

Feldman, A., Horowitz,
D., Waxler, R.M., and
Dodge, M.J., 1978 {17)
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A-5. Expetimental data on the réfractive indéx of zinc

Continued
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selenide (wavelength depcndcrce):fj

Specifications and remarks

Author(s), year [ref.]

Data
set A n
30 15.00 2.36610
cont. 15.50 2.36080
: 16.00 2.35523
16.50 2.34937
17.00 2.34322
17.50 2.33675
18.00 2.32996
k3 (T=293.8 K)
0.55 © 2.66278
- 0.60 2.61409
0.65 2.58090
- 0.70 2.55676
0.75 2,53846
0.80 2.52415
0.85 2,51270
0.90 2.50336
0.95 2.49563
1.00 2.48915
1.50 2.45721
2.00 2.44624
2.50 2.564086
3.00 2.43755
3.50 2.43513
. 4.00 2,43312
- 4.50 2.43128
5.00 2.42949
5.50 2.42769
6.00 2.42582
6.50 2.42387
. 7.00 2.42181
- 7.50 2.41962
8.00 2,41731
8.50 2.41485
9.00 2.41224
- 9.50 2.40947
10.00 2.40653
10.50 2,40342
11.00 2.40014
11.50 2.39666
12.00 2.39299
12.50 2.38913
13.00 2,.38505
- 13.50 2.38075
14.00 2.37623
14.50 2.37148
15.00 2.36647
15.50 2.36121
16.00 2.35568
16.50 2.34987
17.00 2.34376
17.50 2.33735
18.00 2.33060
Form P.6 12 12/79) i t

tiemisphere Publishing Carporeton

1029 vermont Avwnue, NW
Warinntnn D C 2000%

TS SPACE FOR CHAPTER N YHi v AND 1R

Polycrystalline material grown by CVD method;
prismatic specimen measured on precision
spectrometer by minimum deviation method;™ ™ -~
refractive indices determined to fifth deci-
mal places; data extracted from a table.

!
1
'

!

i
'
' AL B Y LT B I TR P R A ! 1

Feldman, A., et al.,
1978 {17}

Feldman, A.,, et al.,
1978 {17]:
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s . Y O N PP Y LN ¥ B TR RSN ETE [ ' R
data on the rcf:ac:iue-index.nfwkinc ‘Elenide (v;veiength dependence)-e4

|

Data

set A n

Specifications and remarks Author(s), year (ref.]

32 (T=300 K)
3-5 2.408

Refractive index was determined by infrared

spectroscopic method; the wavelength region,
3-5 um, was found to be nondispersive having
a constcnt refractive index of 2.408 : 0.008.

Kulakov, M.P. and
Fadeev, A.V., 1980 :
[47)

[T T > S I ! !

[T R DR AN LIETLUITE B R IR [T, 13}

tog o Lerneant e, Ty
Voo 2 Auten DL 20D,

T DT e AR TR OPE NG R ON THIES LN ] i i i

1

U BY MORBRE THad THREE CHARACTE RS

ENCEETY Tran
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|
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! . . iy X . i i y : !
. Table_A-6. Experimental data on the refractive index of zinc sclenide (tcmpcraturc'dependcnce);

|
[Temperature, T, K; wavelength, A, um; refractive index, n} :

2:;? T n Specifications and remarks Authpr(s), year [ref.]
1 (A=10.5 um) CVD ZnSe product of RCA Inc.; prism (sample Thompson, C.J.C.,
80 2.3955 No. 1) specimen of 15° apex angle and the DeBell, A.G., and '
100 2.3966 face flat to M4 in the visible; refractive Wolfe, W.L., 1979 [54]
125 2.3980 indices were determined by a minimum devia- (
150 2.3993 tion method and accurate to approximately )
175 2.4007 32 x 107"; data extracted from a figure.
200 2.4021 : -
225 2.4035 !
250 C2.6048 et e, o [ SR T
- 275 2,4062 - . } i
306G 2.4076 i P
2 (A=3.8 um) CVD ZnSe product of RCA Inc.; prism (sample Thompson, C.J.C., et |
80 2.4236 No. 2) specimen of 15° apex angle and the al., 1979 [54] .
100 2.4247 face flat to A/4 in the visible; refractive .
125 24,261 indices were determined by a minimum devia- -
150 2,4276 tion method and accurate to approximately voZ
175 2.4290 +2 x 10™"; data extracted from a figure. L
200 2.4304 )
225 2.4318 : ,
250 2.4333 ! L
275 2.4347 | -
300 2.4361 : =
3 (A=3.8 um) CVD ZnSe product of RCA Inc.; prism (sample Thompson, C.J.C., et
80 2.4245 No. 1) specimen of 15° apex angle and the al., 1979 [54]
100 2.4253 face flat to A/4 in the visible; refractive
125 2.4268 indices were determined by a minimum devia- ..
150 2.4285 tion method and accurate to approximately v
175 2.4299 +2 x 10°"; data extracted from a figure.
200 2.4313 '
225 2,4327
250 2.4342 {
275 2.4356 |
300 2.4370 {
4 {(A=10.6 um) CVD ZInSe product of RCA Inc.; prism (sample Thompson, C.J.C., et -
80 2.3946 No. 2) specimen of 15* apex angle aand the al., 1979 [54] -
100 2.3957 face flat to A/4 in the visible; refractive
125 2.3971 indices were determined by a minimum devia-
150 2.3984 tion method and accurate to approximately
175 2.3998 $2 x 107°; data extracted from a figure.
200 2.4012
225 2.4026 '
250 2.4039 ;
275 2.4053
300 2.4067 - -
1
t
}
; ]
Form P 12 12501 t ! t ' v, N R I H ' ' *
Hemeg e Pol oy Coprarai s !
1024 Ve nunt A W T i

Wasinon (1o Jinky,
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zinc selenide (wavelength dependence)

Experimental data on the tcmpérétuPo derivative of }éfraéiivelindéx of -..-.-.1

i

t

[Temperature, T, K; wavelength, A, um; temperature derivative of refractive index, dn/dT, 1073K7}%)

|

Specifications and remarks

BRI
Author(s), year [ref. ]J‘

Data
set A dn/dT
1 (T=300 K)
5.0 4.8
2 (T=300 K)

10.6 | 5.9

3 (T=296-358 K)
10.6 5.8

4 (T=296-335 K)
10.6 10.0

5 (T=335-355 k)
10.6 12,0

6 (T=293-473 K)
3.51 6.9

6.32 6.7
7.53 6.66
8.67 6.57
9.73 6.56

13.15 6.5
15.07 6.4

7 (T=298-338 K)
0.6328 9.11

1.15 5.97

3.39 5.34
10.6 5.20

For o 0 292 1
Pt e Pat, e 0

wratenn

ATERTEY e v
Vi ot e doinh

Polycrystalline wedge sample (Lrtranm 4); re-
fractive indices in the wavelength region
between 2.5 and 14 um were measured at two
temperatures by deviation wethod; dn/dT at
5.0 um was determined.

]
Plate specimen; dn/dT determined based on
the change of specimen thickness with tem-~
perature and known values of refractive
inuerx, thickness of specimen, and linear
exransion coefficient; data extracted from a
table., i
Polycrystalline specimen (Irtran 4); the
temperature derivative of the refractive
index was measured by a modified interfer-
ometry using a laser Doppler interferometer
for accurate monitoring of the sample tem—~
perature change in the temperature range from
296 K to 358 K.
Polycrystaliine specimen (Raytheon CVD); the
temperature derivative of the refractive
index was measured by a modified interfer-
ometry using a laser Doppler interferometer
for accurate monitoring of the sample tem—
purature change in the temperature range from
296 K to 335 K. .

Polycrystalline speci;cn (Raytheon CVD); the
temperature derivative of the refractive
index was measured by a modified interfer-
ometry using a laser Doppler interferometer
for accurate monitoring of the sample tem—-
perature change in thc temperature range from
335 K to 355 K. .

Polycrystalline CVD, grown by Raytheon Co.;
prism specimen of 22.5° apex angle; dn/dT
determined based on refractive index data
measured at various temperatures; small cor-
rection to dn due to expansion of alr was
included in the calculation; data extracted
from a table.

Polycrystalline; produced by chemical-vapor-
deposit grown by Raytheon; plate specimens
dn/dT data were determined from shifts of
Fizeau interference fringes; data extracted
from a table; uncertainty about onc unit in
the first decimal placg.

|
|
1 e
tao Tl TR EE

ENCRLUN NN ! !

_ - il"-'-»"l’dﬂ*}-'-:;‘ L

i,

Hilton, A.R. and Jonesﬁ
C.E., 1967 [52]

{ -

Kolosovskii, 0.A. and‘
Ustimenko, .L.N., 1972
[62) -

e e —— _>__?

i

t

Skolnik, L.H. and
Clark, O0.M., 1974 [63);
i

Skolnik, L.H. and
Clark, 0.M., 1974 [63]

FeIAN THREE CHARACIT RS

Skolnik, L.H. and !
Clark, O.M., 1974 [63)

YT EACEE s THIS UINE BY MOnst

0

Mangir, M.S. and i
Hellwarth, R.W., 1977
{64} !

1

.

Harris, R.J., Johnson,
G.T., Kepple, G.A., -
Krok, P.C., and Mukal,’

H., 1977 [3)




142=

_ Table A-7. Experimental data on the temperature dertvative of refractive index of
zinc selenide (wavelength dependence)--Continued
[}

Data
set

A dn/dT

Specifications and remarks Author(s), year [ref.)

i

]

(T=93 K
0.6328
1.15
3.39 .

10.6 4.

5
5
(T~113 X
0.6328 8
1.15 5
3.39 5
10,6 5
(T=133 X
0.6328 8
1.15 6
1.39
10.6 5

(T=153 K
0.6328
1.15
3.39

10.6

9
(T=173 K
0.6328 9
1.15 6.

3.39
10.6
9
b
5

(T=193 X
0.6328
1.15 6.
3.39

10.6

(T=213 X
0.6328 10.0
1.15 6.7
3.39 6.0

10.6 5.9
(T=233 X)
0.6328 10.
1.15 6.
3.39 6
10.6 6.
(T=253 K)
0.6328 10.3
1.15 6.9
3.39 6.1
10.6 6.0
(T=273 K)
0.6328 10.
1.15 7
3.39 6

6

Foem PG 12 32/79) 1

Hmsphere Publutung Corporation

1.5 Vermont Aveous, I W,
Wastagtnn, U.C. 20005

Polycrystalline materfal grown by CVD method; Feldman, A., Horowitz,
plate specimen; dn/dT data were determined D., Waxler, R.M., and
from a knowledge of the thermal expansion Dodge, M.J., 1978 {17}
coefficient and by measuring the shift of

Fizeau fringes in the heated specimen; data

extracted from a table; standard deviation

about one unit in tihe first decimal place.
1
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. . _ Table A-T. Expcriﬁcn'tnl data on the'_"t'cmpé;‘a'tgje_:_Ad'crlva't'i\'l-e of ll'éfréét'ive, Yndéx of I,
‘ zinc selenide (wavelength dependence)~--Continued
D::: A dn/dT Specifications and remarks Author(s), year (ref.]i'
8 (T=293 K) Feldman, A., et al.,
cont. 0.6328 10.6 1978 (17]
1.15 7.0 THIS SeAZE FOR CHASTEE NU W Ao 1Y
3.39 6.2
10.6 6.1 -
(T=313 K)
0.6328 10.7 -
1.15 7.0 ;
3.39, . 6.2 DT RN CHARPTER OFF LING BAGE 0 THIS LiNE I T S T
10.6 6.1 et U VU
(T=333 K)
0.6328 10.8 -
1.15 7.1
3.39 6.3 A
10.6 6.1 E
(T=353 K) z
0.6328 10.9 2
1.15 7.1 5
3.39 6.3 -
10.6 6.2 =
(T=373 K) _
0.6328 11.0 <
1.15 7.2 =
3.39 6.3 b
10.6 6.2 5:
(1=393 K) >
0.6328 11.1 o
1.15 7.2 £
3.39 6.4 "
10.6 6.3 =
(T=413 X) a
0.6328 11.3 =
1.15 7.3 2
3.39 6.4 =
10.6 6.3 2
(T=433 X) &
0.6328 11.5 -
1.15 7.4 -
3.39 6.5
10.6 6.4 -
(T=453 K) . i
0.6328 11.8 ! be
1.15 7.6 f v
3.39 6.6 ' .
10.6 6.6 .
(T=473 X) | X
0.6328 12.1 i |
1.1% 1.8 | ‘
3.29 6.7 i
10.6 6.7 :
Ferm PG 21, ') H R ? ' St IR BENT B Y VIS 1 t t
PR st e Futinchuitg Commeation :

T veraenat Avenue, NAY

Veomn oen, L, 20000

PR R
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‘ Table A-7." Experimental data on the temperature derivative of refractive ‘index of o
! zinc selcnide (wavelength dependence)-~Continued |
i
Data
set A dn/dT Specifications and remarks Author(s), year [ref.L
9 (T=80-300 K) CVD ZnSe produced by RCA Inc.; two prism Thompson, C.J.C., .
3.8 7.0 specimens of 15° apex angle and the faces DeBell, A.C., and Wolfe,
10.6 6.0 flat to A/4 in the visible; refractive in- W.L., 1979 [54])
dices over temperature range 80 K to 300 K .
were measured by minfimum deviation method; | -
. the dn/dT values determined are independent
| of temperature. i ; .
10 (T=293-353 KX) Single crystal grown from the melt under Afanas'ev, I.7. and .
0.63- ‘11.1 © argon atmospherc by the Bridgiman methods:  Nosov, V.B., 1979 [65)
T disk-shaped specimen with a thickness of ’ ) -
: 4-10 mm and a diameter of 35~50 mm; dn/dT ;
was determined from interference fringe i -
’ shifting observation; data extracted from a /
- table; accuracy #5-10%. A
P
1o
| -4
1 Do
R -~
- i p
S -
; y I
L P2
: P
- G
| :
i -
| [
! -
. i
: -
1 : B
! ' !
| H
' :
U I S - : i 1}
Form P.6 (2 12/79! 1 Tt DOMOT YRR TENT BeYoreh Thas ke t ottt i
Mennshere Putiining Corporsion L

1079 Vermung Avenue, N WY
vaasangton, L.C. 20000
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_Table A-8.' Experimental data on the temperature derivative of refractive ‘index of .. .. |

zinc sclenide (temperature dependence)

[ Temperature, T, K; wavelength, A, um; temperature derivative of refractive index, dn/dT, IO'SK-’]

_

Data

set T dn/d4T

Specificationi and remarks

Author(s), year [ref.)

1 (A=0.6328 um)
93
113
133
153
173
193
213
.- - 233
253
273
293
313
333
353
373
393
413
433
453
473

Pt bt ot ot ek b b b (et b et |t P ek

2 (A=1.15 p

93

113

133

153

173

193

213

233

253

273

- 293
313

- 333
353

373

393

413

433

453

473

)

sSMeNNNSNNSNSNSNYNSNSNOOCOOOOPROT AN E
. © .

.
DAL WNNFFOOOWVWONOWVWO IS

3 (A=3.39 v
93
113
133
153
173
193
213
233
253
273

)

-
N2 OWVWO®RSNO

[ X - - BV RV ET BT RV RV "]
-

Polycrystalline na:erfal grown by CVD mecthod;
plate specimen; dn/dT data were determined
from a knowledge of the expansion coefficient
and by measuring the shift of Fizeau fringes
in the heated specimen; data extracted from a
table; standard deviation about one unit in
the first decimal place.

SEAHT TYF v, CHARTE R OFF NINC PAGE ON THIS LINF

Polycrystalline material grown by CVD method;
plate specimen; dn/dT data were determined
from a knowledge of the expansion coefficient
and by measuring the shift of Fizeau fringes
in the heated specimen; data extracted from a
table; standard deviation about one unit ia
the first decimal place.

Polycrystalline material grown by CVD method:
plate specimen; dn/dT data were determined
from a knowledge of the expansion coefficient
and by measuring the shift of Fizcau fringes
in the heated specimen; data extracted from u
table; standard deviation about one unit in
the first decimal place,

Toon P 6122 !
Hemphere Put ooy Carpernation

1022 Venuont avnue, NW
wWa-magtar, (0 C 20006

A —— =X

PNOQT IV TR T EEYOND THS UINF ! 1

S

Feldman, A., Horowitz,
D., Waxler, R.M., and
Dodge, M.J., 1978 [17]

1

Feldman, A., et al.,
1978 {17]

AGCEE THAN THRLE CHABRACTLES

Lilne 3y

O NOT EXCHED Tie

!

Feldman, A., ct al.,
1978 ([17)

[AR)
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zinc selenide (temperature dependerce)--Continued !

|

) S s T Ce . o
t~___p Table A-8. Experimental data on the temperature derivatlve of refractive ‘index of ~ _J
!

Data

set T dn/dT Specifications and remarks Author(s), year Iref.ﬂ
3 293 6.2 Feldmn, A., et al., |
cont. 313 6.2 1978 (17}
333 6.3 THIS SPACL FOR CHAPTLH NutAKE B AND TITLE
353 6.3
373 6.3 .
393 6.4 |
413 6.4 [
433 6.5
453 6.6 -
473 4 ‘6.7‘ i START THPING CHAPTLR OPENING £AGE ON THIS LINE | } i i
4 (A=10.6 um) Polycrystalline material grown by CVD method; Feldman, A., et al., f
- 93 4,9 plate specimen; dn/dT data were determined 1978 [17] .
113 5.1 from a knowledge of the expansion coefficient
133 5.4 and by measuring the shift of Fizeau fringes .
153 5.5 in the heated specimen; data extracted from a col
173 5.7 table; standard deviation about one unit in : ;
193 5.8 the first decimal place. s
3 - 213 5.9 |
! 233 6.0 g
K 253 6.0 | =
: 273 6.1 Do
; 293 6.1 [ =
313 6.1 t %
k| 333 6.1 ;o=
! z 353 6.2 -
- 373 6.2 ;o
' 393 6.3 o
413 6.3 L2
o 433 6.4 b=
= 453 6.6 i =
- 473 6.7 1o
i PO
[ .4

‘ . e e meemmm e e e b aae .. . e e ae e e [SPOR |

} Fotm P-G 12 12°79) ! 1 t t DONOT ivPE TE X RESOLD THIS LS ' 1 t t
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{ 0120 Vermons Avenane, W o
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]
(Temperature, T, K; wavelcength, A, um; refractive index, n}

S

2:;: A n Specifications and remarks Author(s), year [ref.)
1 (T=300 K) Crystal grown by vacuum sublimation method; Aten, A.C., Van Doorn,
0.563 3.162 prismatic specimen; refractive indices deter- C.Z,, and Vink, A.T.,
0.588 3.09 mined by minimum deviation method; data ex- 1962 [72)
0.624 3.026 tracted from a figure.
0.667 2,966
0.723 2,913
0.801 2,868
0.908 2,831
1.069. [ 2.786 [ Siakieoors CHARTLE OPENING PAGL ON THIS LINF T Y
1.329 2.756 Ce e e . - S U T
1.739 2,73
2,335 2,727
2 (T=300 K) Small crystal; cut into a prism with apex Shiozawa, L.R., Devlin
0.518 3.184 angle 15°43' und optically polished; refrac- $.S., Barrett, J.L.,
0.520 3.174 tive indices were determined by minimum devi- Jost, J.M., and
0.522 3.166 ation method; data extracted from a figure. Chotkevys, G.P.,, 1962
0.526 3.160 {73)
0.540 3.135
0.553 3.120
0.559 3.114
0.568 3.106
0.574 3.100
0.579 3.096
0.589 3.089
C.500 3.082
0.620 3.069
0.640 3.056
0.659 3.044
0.680 3.032
0.700 3.020
3 (T=297 K) Single crystal; cubtc;'grovn from vapor depo- Shiozawa, L.R., Jost,
0.569 3.111 sition; prism specimen of apex angle 22°15'; J.M., Chotkevys, G.P.,
0.577 3.085 refractive indices were determined by minimum Devlin, §.S., Barrett,
0.579 3.079 deviation method; data extracted from a table. J.L., and Sliker, T.R.
0.589 3.054 i 1963 {74]
0.600 3.035
0.600 3.035
0.616 3.005 i
0.650 2,962 !
0.700 2.912
0.700 2.914
0.725 2.893
0.750 2.878
0.750 2.880 !
0.760 2.871 J
0.770 2,866 } !
0.800 2,853 | J
1.000 2.790
1.200 2,758
1.300 2.748
1.400 2,741 |
‘ 1.515 2.7336 I
[ET Y RE R T} ! 1 t i 0 T e T REYOG TS LINE 1 t 1 t
s e e Puty s taeg Coss cration 1
D et ol damge N TR

e n D.C RN

0O %OT EXCLED THIS LINE 8Y SURE THAN (iHiItCE CHARACTERS 1

t

L
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table A-9. Experimental data ‘on_the refraétive {ndex of zinc telluride

(wavelength dependence)~-

‘
1
i
l

i Continued
Data 3
set A n Specifications and remarks Author(s), year [ref.])
4 (T=298 X) Single cryvstal; impurities 0.001-0.002% P, Marple, D.T.F., 1964
' 0.57 3.101 0.0005-0,001% As, Fe, Si, <0.0005% Cd, Sb, [48)
: 0.6 3.040 trace of Ag, Al, Au, B, Co, Cu, Ga, In, Li,
: 0.7 2.917 Mn, Ni, »0,002% oxygen and halogens; crystal
0.8 2.853 grown in sealed, argon-filled, quartz tube by
1.0 2.789 sublimation of the compound from a hot fur-
1.1 2,771 nace zone into a cooler zone where crystals
1.2 2.759 formed; prism specimen consisted of two to
1.3 2.749 four single crystal grains strongly bonded
i 1.4 - 2,741 together In optical contact; data extraction ! ' ' y
S . 2.736 by using the equation n2=A+[BA?/(A%-C¥)], - o !
1.7 2.727 where A=4.27, B=3.01, C’=0.142, and A in
1.9 2.721 units of um; uncertainties in refractive in-
2.0 2.719 dices about *0.003, i
' 2,2 2.715
: 2.4 2.712
2.6 2,710
5 (T=300 K) Thin films of varying thickness deposited on Bausch & Lomb Inc., !
1.321 2.660 KRS-5 substrate with back surface roughened 1964 [76)
2.317 2.654 to eliminate second surface reflection; re-
3.254 2.650 fractive indices of ZnTe were from reflectance
4.717 2.646 measurements; data extracted from a figure.
6.531 2,645
8.754 2.642
10.569 2.635
1z.077 2.627
14.668 2,617
16.719 2.603
18.770 2,590
20.763 2.576
22.931 2.560
24,749 2.545
26.800 2,529
29.028 2,511
31.081 2.492
32.606 2,478
34.071 2.467
f
6 (T=297 K) Optical constants werc obtained by the Cardona, M., 1965 [77)
0.062 0.803 Kramers-Kronig analysis of the normal-inci-
0.064 0.835 dence reflection spectrum; data extracted
0.069 0.883 from a figure, !
0.076 0.914 :
0.084  1.012 !
0,092 1.093
0.098 1.125
0.101 1.142
0.104 1.108
0.111 1.074
. 0.124 1.023
' 0.135 0,989
0.144 0.955
0.153 0.905
. 0.158 0.855
; 0.160 0.904

B s e e e e p—— e
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fable A-9. Expetlncnfél ééta 6n Ehe‘iefraqﬁigg:ihﬁéglg(:éfhé:Eélluridé”(waéélcngth dependence)--

Specifications and remarks

Author (s), year [ref.ﬂ

PHIS COACT FOR CHAPTER NUNBLR AND TITLE

START TVHINCG CHAP T R OPERING PAGE O THIS LING

Thin £film specimen of 0.07 um thickness;

vacuum evaporated onto a fused silica sub-
strate from 99.999% pure ZnTe; also a quasi-
single crystal from commercial; one face of

the crystal was polished with 0,05 um

alumina; refractive indices were determined

from the reflectances measured at angles

20° and 70°; data extracted from a figure.

,‘{ J N

Cardona, M., 1965 [77)
f

i ! { )

Crandell, M.E. and
Linton, R.C., 1974
{81]

; Continued
Data A n
set
6 0.164 0.954
cont. 0.167 1.020
0.180 1.069
0.182 1.119
0.187 1.152
0.191 1.151
0.202 1.018
0.213 0.952
0.220 0.985
0.226° ‘'1.0i8 ‘
- 0.234 1.448° 7
0.255 1.978
0.269 2.127
0.279 2.14)
0.290 2.160
0.303 2.591
0.316 2.755
0.323 2,723
0.337 2.673
0.345 2.723
0.346 2.822
0.347 3.303
0.356 3.402
0.393 3.368
0.440 3.302
0.467 3.235
0.515 3.169
0.553 3.119
0.574 3.069
0.648 2.969
0.744 2,853
1.061 2.753
1.853 2.719
7 (T=300 K)
' 0.0550 0.7564
0.0570 0.7697
: 0.0590 0.7760
‘ 0.0618 0.7962
0.0653 0.8163
0.0663 0.8231
0.0684 0.8224
0.0711 0.8217
0.0729 0.8212
0.0766 0.8345
0.0801 0.8337
0.0814 0.8405
0.0824 0.8476
0.0842 0.8541
0.0872 0.8465
0.0913 0.8457
0.0950 0.8309
0.0988 0.8304
0.1021 0.8299
0.1045 0.8438
0.1071 0.8222
brom P62 1270 ‘ H
[ U RVE RN AW AR LT RN W IS TR )
Koa s aent Avee o NW
Wa e DL 2R

1 VOO TN TEXT @ vORDY TIS LN H H ? H

I
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&able A-9. Experlnenthl'd‘ﬁi,§n~£h§t;efracf1Ve’iﬁﬁq;ibfizinc telluride (wavelength dependence)--.

Continued ! i
@ |
Data
set

7 0.1108 0.8146
cont. 0.1126 0.8215

A n Specifications and remarks Author(s), year [ref.)

Crandell, M.E. and
Linton, K.C., 1974

Ju———

0.1196 0.8563 THHE CCACH PO AT NE N R A T [81] ‘
0.1229 0.8702 |
0.1266 0.9338 i
0.1294 1.005
0.1299 1.026 Coe
0.1344 1.068
0.1371 1.089 ) -
0.1399 - 1.117 SUART TG CHART LB OFE NING Pt ON THIS LisL i { | 4 ;

- T 0.1416 1.153 Tt B T - - ..

0.1428 1.167
0.1445 1.181
0.1470 1.174 ‘
0.1495 1.131 oot
0.1508 1.081
0.1521 1.024 oy
0.1547 1.010
0.1583 1.010
0.1605 1.038
0.1628 1.095
0.1635 1.109
0.1667 1.102
0.1699 1.109
0.1769 1.186
0.1885 1.314
0.1927 1.328
0.1948 1.335
0.1993 1.313
0.2016 1,285
0.2039 1.285
0.2064 1.299
0.2089 1.320
0.2142 1.512
0.2226 1.618 ’ .
o 0.2286 1.781 <
0.2364 1.816 X
0.2397 1.845
0.2468 2.008
0.2504 2.079 |
! 0.2505 2.150

K} '
s A1 2

FOER SR B GO R TP

SO T

Tetr . Lt 80!

S

! . 0.2507  2.256 T
i 0.2508  2.320 b
3 ' 0.2545  2.349
! 0.2580  2.157 '

0.2620  2.249

0.2726  2.490

; 0.2866  2.732 ;
' 0.2940  2.795 !
' 0.2992  2.873 i
0.3045  2.930

0.3047  3.001 ,

0.3082  3.378 i

0.3159  3.065

0.3158  3.001

; 0.3283 3.257

: -~ - .. 0,335 3.470 C e e e e B - R
Form @ 642 12 79 ! ! t t VR, 37 TVEE T v Y by TG e ! 1 t 1
Memeaitere Putinatin, Corfwieisan i

10 oot Avea . NW,
Wi tune sa IV o MW,
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Table A-9. Experimental data on the refractive {ndex'of 'zinc' telluride ‘(wavelength dependence)--
Continued

]

Data N S

sot n pecifications and remarks Author(s), year [ref.]

8 (T=300 X) Crystal (structure not given); grown at the Manabe, A., Mitsuishi,

24,747 2.488 Aerospace Research Laboratorics, Wright~- A., and Yoshinaga, H.,
29,795 2,494 Patterson Alr Force Base, ‘OH; samplo was: 1967 (16}
29.796 2.421 polished to a mirror-like finish; near normal

39.749 2.069
42.346 1.927
45.233 1.565
46.965 1.203
48.700 0.329
49.855 - 0.111

o 52.018 0.260°

53.459 0.481
54.611 0.848
54.898 1.140
55.608 3.3
56.175 5.375
56.738 8.223
56.876 9.464
57.606 71.561
58.769 5.889
59.493 5.306
61.371 4.579
63.682 4.071
67.001 3.710
68.588 3.566
72.916 3.426

8v.272 3.362
85.176 3.369
9 (T=100 K)
42.202 1.853
45.234 1.346
46.534 0.910
47.690 0.401
48.701 0.110
49.711 0.038
52.018 0.187
53.601 1.065
54.604 2,234
55.310 5.374
55.729 8.002
55.717 10.411
56,448 8.368
57.323 6.544
58,627 5.305
59.639 4.796
63.250 3.924
66.568 3.710
10 (T=300 X)
7.538 2,424
20.346 2.422
29.703 2.370
36.590 2.219
40.026 2,019
66,436 1.643
- ‘.u J“ 1.2“ :
bom P a2V { !

tion e P hung Corpmigtion

1L vttt Avna, NAY
Wbt ten b

. 20004

(12° incident angle) reflectivity was meas-
ured; refractive indices were deduced from
reflection spectrum by Drude dispersion
theory; data extracted from a figure.

|

VOATE R TING CHATTE B OPENING PAaGE ON THIS LINE

t
Crystal (structure not' given); grown at the
Aerospace Research Laboratories, Wright-
Patterson Air Force Base, OH; sample was
polished to a mirror-like finish; near normal
(12° incident angle) reflectivity was meas-
ured; refractive indices were deduced from
reflection spectrum by Drude dispersion
theory; data extracted from a figure.

!

Specimen prepared from ZnTe pellet; optical
constants were determined from reflection
spectrum by lorentz oscillator fitting; data
extracted from a figure.

¢

Manabe, A., et al.,
1967 [16]

Handi, A., Henry, P., !
Lamberet, J.P., Morlot,
G., Strimwer, P., and
Chanal, D., 1967 [35)

{

[
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Table A-9. Experimental data on the refractive index of zinc telluride (wavelength dependence)--

Continued

N

ﬁ;;? A n Specificationé and remarks

Author (s), year [ref.)

10 47.341  0.817 |
cont. 48.319 0.692 |
47.334  0.692 THLT SOACL T CHARTURD N &0 12 AN "1
50.288 0.667
51.284 0.842
53.291 1.442
54.327 2.266
54.370 2.966
55.382 3.39 o L
55.428 ‘4.141 ! ST I PING CHARTE R GREAING PACE ON THEG LLE
56.438 4.541 -
55.960 4.791
57.934  4.841
58.417 4.691
62.332  4.265
66.741 3.864
70.671  3.689
74.602 3.538
79.521 3.412
89.861 3.336
101.188 3.284
113.997  3.307
125.818 3.280

11 (1=90 K)
21.713  2.447
26.639  2.446
32.547  2.245
39.932  1.944
44.848  1.343
46.812  0.893
47.795 0.742
49.764  0.692
50.259  0.842
51.746  1.392
53.739  2.891
54.254  4.291
55.257  5.491
55.762  6.291
55.774  7.041
56.268  7.141
57.245  6.641
58.213  5.491
58.697  4.941
62.138  4.440 ;
66.565  4.039 ]
73.948  3.638 i
87.737  3.386 ;

101.037  3.334 i
|

Specimen prepared from ZnTe pellet; optical
constants were determined from reflecction
spectrum by Lorentz oscillator fitting; data
extracted from a figure.

115.322 3.282

124.681 3.230

12 (T=290 K) Specimen prepared from ZnTe pellet; optical

35.187 2.174

37.185 2.114

39.746 2,053 Lorentz oscillator model; it was found that
.. |

formP 6§21, 10 ! ¢ 1 H R O TS N T S B PO R T °
Herr Lt e Pubitivnnyg Corgsoniion : ‘
1005 4+ rnant Avonan, NAY o

Wartunton, D E 2000

constants were determined by transmission and
reflection measurcments in the infrared using

Handi, A., et al., 1967
{551

|
Handi, A., et al,, 1967
[55]

Handi, A., Claudel, J.,
and Strimer, P., 1968

(56}
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Experimental data on the refractive fndex of zinc telluride '(wavelength dependence)=~-!

specifications and remarks

Author(s), year [ref.li

Table A-9.
Continued
Data
set A n
12 42.684 1.902
cont. 44,565 1.781
45,827 1.601
46,351 1,510
46.888 1.390
47.434  1.119
47.994 0.908
48,279 0.788
48.861 0.668
51.022 -0.728
- 52,009 0.818 i
53.038 1.088
54,477 1.539
55.614 2,140
56.014 2.832
56.818 3,614
57.639 4.065
58.055 4.155
59.331 4.035
60.213 3.914%
61.583 3.674
66.655 3.342
77.515 3.041
92.619 3.010
136.395 3.008
13 (=80 K)
34,636 Z2.205
36.025 2.174
38.423 2.113
40.748 2.023
42,910 1.902
44,565 1.751
45.826 1.570
46,886 1.270
47.154 0.909
48,278 0.728
49,159 0,668
50.702 0.728
52.693 1.148
53.758 1.840
54.502 2.802
55.267 3.795
56,052 4.667
56.845 4.847
56.843 4.787
57.651 4.606
58.903 4.215
60.659 3.704
65.572 3.312
71.357 3.131
76.056 3.041
83.095 3.040
98.252 3.040
143,672 3.008

boam P-6 1213 Ph

J !

at 290 K v;=177 cm~! and v;4=205 ca”'; data
extracted from a figure.
Thit, SPACT F OB CHAPTEE NURBER AND 11T

Ao NN CHART LB (GFENING PAGE ON THIS LGt

Specimen prepared from 2nTe pellet; optical

constunts were determined by transmission and
reflection measurements in the infrared using

lorentz oscillator model; it was found that
at 290 K v,;=181 cm™ ! and v,,=209 cm™'; data
extracted from a figure.

ST INPE e R VaRD TS LN 1

Yheme gt e tutacthuryg Corimsation

1.0 Vermaot Ageruy, N
woenoaton D C 20000

Handi, A., et al., 1968
(56]

1

|

Handi, A., et al., 196b
[56] ‘
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A-9, Experimental data on the‘rctracgiyg;lﬁaoonf zinc telluride (wavelength dependence)--

|

I

!

Lo B S B X

Specifications and remarks

3

Author{s), year {[ref.}

Table
f Continued
Data
set A »
‘14 (T=300 K)
0.50 2.80
15 (T=300 X)
0.55 3.148
0.56 3.11¢9
0.57 3.094 -
N 0.58 3.071
0.59 3.050
0.60 3.031
0.62 2.998
0.63 2.984
0.64 2.970
0.65 2,958
0.66 2.946
0.67 2.936
0.69 2.917
0.71 2.900
0.72 2.892
0.75 2.872
16 (T=97 K)
0.533 3.156
0.536 3.145
0.545 3.113
0.552 3.094
0.555 3.082
0.564 3.059
0.575 3.037
0.586 3.017
0.593 3.001
0.608 2.980
0.621 2.959
0.634 2.942
0.648 2.927
0.66} 2.913
0.678 2.896
0.695 2.883
0.713 2.869
0.730 2.858
0.749 2.847
0.761 2.840
17 (T=300 K)
184.118 3.213
195.137 3.197
209,222 3.200
217.964 3.209
224,532 3.196
232,541 3.188
240,032 3.181
251.610 3.191
261.704 3.186
- 287.687 3.168
Fraee P o 121 700 ' !
e Pere Putinsh 1 Coneuration

TN ot A,

NW

Vacuum deposited thin layer specimen; 1-1.3 um
thick; vacuum anncaled for 80 hr. at 623 K;
refractive index at 0.50 um determined by in-
terference method; data extracted from a
table, !

Single crystals; grown by a vapor phase
method in vacuum and in Ar atmosphere of
about 1 atm, and grown from a melt; impuri-
ties Cu, Al, and Fe were Introduced inte

some specimens but the cffvct on the optical
properties ncgligible; refractive index
dcetermined by prism method; data calculated
from a best fit dispersion cquation.

1
|
|

l
i

Single crystals; grown by a vapor phase
method in vacuum and in Ar atmosphere of
about 1 atm, and grown from a melt; impuri-
ties Cu, Al, and Fe were introduced into
some specimens but the effect on the optical
properties negligible; refractive index
determined by prism method; average values
of the results extracted from a figure.

I

Crystal; pure; gprown by Bridgiman method
under high tempecrature and high pressurc;
specimens of 500 to 1000 um thick; deviation
of surface flatness smaller than 0.4%; re-
fractive indices were determined by inter=-
ference method; data extracted from a figure.

!
|
! T ST o T T R N A ' .

i
.

Kot, M.V. and Tyrziu,
V.G., 1970 (e8]}

Horikoshi, Y., Ebina,
A., and Takahashi, T.,
1971 (80}

Horikoshi, Y., et al.q
1971 [80)

Hattori, T., Homma, Y.,

Mitsuishi, A., and
Tacke, M., 1973 [19)

[ G PN
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: : : [ Vlent oLt et ©tegs :
“able A-9. Experimental data on the refractive index of. zinc telluride (wavelength dependence)--
: Continued
bata !
set A n Specifications and remarks Author(s), year [ref.)
17 302.709 3.169 Rattori, T., et al.,
cont. 317.440 3,167 o , 1973 {19)
333.689 3.165 it G FOR CHAPTER NURBE I AND T
354.070 3.167
374.405 3.160
400.256  3.151 |
429.941 3.158 |
460.299 3,155 i
500.000 3.162 .
) : ST i WU CHARTE i GRCIESE PALE O8N THIS LIl | i 4 | '
__ 541.535 © 3.154 T e e e L
18 (T=80 K) Crystal; pure; grown by Bridgiman method Hattori, T., et al.,
161.339 3.167 under high temperature and high pressure; 1973 (19)
165.434 3.159 specimens of 500 to 1000 um thick; deviation
- 170.852 3.159 of surface {latness smaller than 0.4%; re-
176.040 3.158 fractive indices were determined by inter-
180.923 3.155 ference method; data extracted from a figure.
186.088 3.151
192,259 3.150
198.854 3.146
205.111  3.145
212.634  3.145
219.804 3.135
, 229.473 3.140
- 237.840 3.133
: 248.022 3.132
257.825 3.129
269.825 3.132
281.476 3.128
295,840 3.126
311.749  3.126
331,565 3.127
349.332 3.121
369.099 3.119
394,213  3.123
- 419.568 3.110
452,306 3.117
19 (T=2 K) Crystal; pure; grown by Bridgiman method Hattori, T., et al.,
102,021  3.278 under high temperature and high pressure; 1973 [19]
103.437 3.272 specimens of 500 to 1000 um thick; deviation
105.529  3.269 of surface flatness smaller than 0.4%; re-
107.044  3.265 fractive indices were determined by inter-~
108.831 3.265 ference method; data extracted from a figure.
110.679 3.252 .
112,346  3.246 !
113.965 3.242
116.357 3.232
118.470 3.228
120.942 3.220
122,937 3.218
125.300 3.213
127.754  3.209
130.308 3,204
132.964 3.199 :
135.733  3.195 l J
Coner BP0 12 12 T ! ' ! et Vet v T ! t t t
1ot e Pt Coprrtufion :
R T N F R ) T
Wetn o DG 2000

i
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r‘able A-9., Experimental data on the refractive index of zinc telluride (wavelength dependence)--,
Continued i
!
Data A '
set n Specifications and rcemarks Author(s), vear [ref.)
19 138.987 3.190 Hattori, T., et al.,
cont. 142,015 3,181 1973 [19)
145.175 13.181 DG CEAC FOR CHATTER N B0 AN TITL . '
148.482 3.177
151.941 3.169 -
156.033 3.169
159.856 3,165 -
164.389 3.164
i?g':gg | g:igg ] START TN OINT CHAFTER OPENING o000t 08 THIS it i i i .
178.450 3.149 T T T Tt T - boe
184.118 3.148 ;
190.157 3.148 v
195.871  3.144 :
- 202.720 3.140 7
209.222 3.139 _—
o 217.964 3.136 4
225.504  3.134 | =
234.631  3.128 .
244.528  3.127 L
255.303  3.127 [
265.703 3.123 1 é
276.993 3.125 =
g 294.169 3.121 N
308.071 3.118 bz
- 323.342  3.117 Vo
- 342.454 3.114 -
363.954  3.109 ' "
391.251  3.116 | =
416.215 3.111 i
4648.430 3.108 "
490.604 3.111 Lo
530.504 3.098 .
583.941 3.099 b
20 (T=300 K) Thin film; specimens of thickness 0.75 to Thutupalli, G.K.M. and
0.354 3.862 3.50 um; substrate held at room temperature Tomlin, S.G., 1976
0.381 3.610 during deposition; refractive index data [70) :
0.409 3.416 determined by interference method; data
0.438 3.298 extracted from a figure. '
0.472 3.224
0.504 3.164 :
0.533 3.135 |
0.547 3.090
0.570 - 3,016 ¢ S I BN e A T . | i i f
T 0.595 2,956 T T T CooT o .
0.645 2,867
- 0.744 2,793 .-
0.859 2.734 :
. 1.057 2,705 o
1.393 2.660 -
- 1.996 2,661 -
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Table A-9. Expcerimental data on the rettactlyg;jhdg5:g£~zinc telluride (wavelength dcpendence)_—J
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i

i

Speciiications and remarks

i
Author(s), year [ref.ﬁ

i
Thin film; specimcns of thickness 0.75 to
3.50 um; substrate held at 598 K during
deposition; refractive index data deter-
mined by interference method; data ex-
tracted from a figureq.

Thutupalli, G.K.M. ;;;1
Tomlin, S.G., 1976 |
[70)

Continued

Data

set A »

21 (T=300 K)
0.349 3.937
0.368 3.788
0.396 3.580
0.424 3.431
0.467 3.283
0.498 3.239
0.520 3.239
0.533 3.209
0.555 3.150
0.578 3.075
0.626 3.001
0.688 2.942
0.809 2.838
1.018 2,764
1.306 2.735
1.904 2.720
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