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1. 'ntroduction

The refractive index of a material is one of its fundamental sad useful

optical properties. Accurate knowledge of refractive index over a wide zvgo

of wavelength aid temperature is indispensable for many applications. Although

this property continues to receive attention for both its industrial as well as

scientifio applications, the current state of the available data for many

widely used materials is less than adequate. While 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 consolidate all of the published

refractive index data for zinc chalcogenide and to critically evaluate the raw

experimental 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 generate the most probable values which 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 frequency dependence of the optical

constants may be described by the classical treatment of Lorents. The theory

assume* the solid to be composed of a series of independent oscillators, which

are set into forced vibrations by the incident radiation. The Lorentz theory

of absorption and dispersion for both insulating and soni-ooaduoting materials

is expressed by two familiar relations:

an2 - 2. + 1% N I I  (1-a)

L (ag2)2+ 2

ad
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2nK - N2 22(2)
i( 1- 02)2 + 6202

whore a is the refractive index. K the absorption index, Nis kit ad bi
respectively, the parameter associated with the oscillator streagth, the

resonant wavelength, and the damping factor of the i-th oscillator, a - XI/)•

and X the wavelength of incident radiation. In the transparent wavelength

region, eq (1) can be reduced to the well-known Sellueior type equation by

neglecting the absorption and the line width of the oscillators, thus leading

to:

a 2 + ' b iX 2(3)
X £2_X2 L X 2_X,2

Terms in the first summation are contributions from the ultraviolet absorption

bands and those in the second are from the infrared absorption bands. From eq

(3). the optical and static dielectric constants, a and so# of the material

under consideration are defined as:

aL +
eeD m L°

and (4)

1 ai L j
i j

In an ideal applioation of eq (3). one would need to know the wavelengths

of all of the absorption bands in the absorption regions. This is very

difficult in practice because out of the large number of absorption bands only

a few of then are accessible for experimental observation. It is also observed

that among the absorption bands, only those located closest to the transparent

region have noticeable effect on the refractive index in 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 considerations are taken. Each

torm in the first sumation from eq (3) is rewritten as:
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a). 
ai.

xL&2 a + .2..& •

Sines ).i' are usually considerably smaller than V's in the transparent region.

a good approximation of the first sumation is

1K. +2 a % 2

% a +au'
%, I -k22012 L • 2).2

i I i I I I

where aI and I' are the effective quantities equivalent to the total

contribution from all ultraviolet bands. The terms in the second sumation
from eq (3) acout for the effects of the absorption bands beyond the lost
wavelength limit of the transparent region. It is generally observed that only

a single torm due to the transverse optical mode (TO mode) of fundamental
phonon at wavelength ).I is sufficient to account for the effects. Therefore.

the contribution from second sumantion is simplified to

I+ )2_).2 2

with bI and XI associated with the TO mode phonon. Since refractive index data
for zinc chaloogenides are also available in the range beyond the reststrahlon
region from 100 up to 600 pm, this TO mode phonon should serve as the
absorption band in the short wavelength side of this wavelength region. It is,
therefore. conceivable to expect that the refractive index data in both of
these two spectral regions can be described by a single dispersion equation
with some modification. In order to achieve such connection, the first thought
was that the damping factor should be included in that term to avoid the
singularity between these two regions. With this consideration, eq (7) should

be replaced by the corresponding term in eq (1):

b1 (1
-02 ) ()

(1- 2 ) 2 + 22

where 12 - II/.. However, the real data fitting calculations for zinc

chalcooenides indicated negligibly mall values for 6. Substituting eqs (6)
and (7) into eq (3), we have the simplified dispersion equation at room

temperature as:
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n2  + + (9)
0 2-Xu2 2/X2-

where A &ad 3 are treated as adjustable constants and B is related to the

dielectric constants by the condition:

0 - B. 
(10)

The parameters *0 , A, , u, and XI in eq (9) can be expressed in terms of

temperature based on the considerations given below. There are four sorts of

physical effects which influence the parameters in eq (9). One is the thermal

expansions the material becomes less dense as temperature increases. Were this

the only mechanism operative, it would reduce the refractive index as

temperature increased. The fact that the refractive index of zinc

chalcogenides increases with temperature, implicates that other mechanisms are

predominant. The second is the thermal occupancies of the energy 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 material is actually measured relative to air, i.e., n/n, to

determine the temperature variation of refractive index of the material it is

necessary to take into account the corresponding change in the refractive index

of the ambient air. In expression we have

dTla dT dT

where da /dT As about 0.11 x 10 - 5 which is usually masked by the uncertainties
a

in the data. The fourth is the thermal shifts of characteristic absorption

bands. For most materials, both Xu and XI increase with temperature. Both of

these shifts tend to increase refractive index in the transparent region. In

the extreme limits where X is close to either XU or X, the refractive index at

X increases rapidly with temperature. It is experimentally observed that X a is

approximately a linear function of temperature [l over a wide temperature

region so does the X1 (82].

Sine* adequate expressions of thermal expansion and thermal occupancy of

sizc shaleogeides as a function of temperature do not appear available and the
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correction due to index change of ambient air is approximately a constant, 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 eq (9) are replaced by:

s0 (t) (t) - 90 +11 t + 12 t
2 + R3 t3 + E4t

4.

2 3 4A )-A o +At +A 2t + A,3 t + At
3(t)- B + Blt + B t2 + 3 + 44 (12)

0 1 2 4t

S (t) )n0 + Ut"

t  =10 +

where t - T-293 K. and I's, A's, B's, and A's are constants with 10 . A0 , Do.

"no and 1i0 determined 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 degrees did not yield adequate data

fitting. With all these considerations, oq (9) can be expressed in a general

form as:

i2(0,t) 1(t) + t) + B(t) (13)
1 112 2 -u %

which is reduced to eq (9) for T -293 K or t - 0.

Equation (13) is a preferred empirical expression for the refractive index

in terms of both temperature and wavelength as it offers advantages in

identifying the physical meaning of various constants and in calcula.;&n8 the

derived quantities. Among other things, the dielectric constants at room

temperature can be obtained by a glance of values of £0 and B0 . If sufficient

mount of accurate data are available, the constants R's and D's thus

determined can be used to calculate the dielectric constants at other

temperatures. With the constants appropriately determined, dn/dT and da/d, can

easily be calculated by taking the first derivative of eq (13) with respect to

T and 1. The choice of t, relative to 293 K, rather than the absolute

temperature T is based on the fact that data on the refractive index and

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

estimated with relative ease. It is, therefore, highly appropriate to choose

room temperature as the starting point on which temperature variation of the
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refractive index @as be built with availability of adequate temperature

dependent data.

2.2. Temperature Derivative of Refractive Index

lamachandran [21 presented a semtompirical theory of thermo-optical

effects in crystals, in which the dispersion was fitted to experimental data,

employing a series of oscillator wavelengths and strengths as adjustable

parsmeters. A relation was found between temperature shifts of various

parameters and fundamental oscillator wavelengths as shown below:

2n k C 34(n2 _1) + MA di (14)dT G "i~(4
i

where C is effectively a constant over a limited temperature range and F( ,1 )
4 2 2 2

- 2k I L(?2- ) with k being a constant. However, the parameters chosen
i kiwere rather numerous and often not uniqul no general prescription was

presented for determining their temperature variations which are necessary for

the calculation of dn/dT. Barris at al. [31 proposed an empirical relation

without theoretical justification for the dispersion of dn/dT. It relates the

observed values of dn/dT to the wavelength. I, and the wavelength corresponding

to energy gap, Xg, by the expression:

d" a . (15)dT

where a and b are constants and a - 12/( 2- 2). This relation was later re-

examined by Johnston [4] in light of some phenomenological calculations of Tsay

ot al. [] in which the following equation was derived:

2a -K O (~o+ 2' a2--A (16)

by negleotinS the small costribution from lattice. For practical data

interpolation, eq (16) was simplified by Johnston to

2 AR + 2 (17)

In comparison, one can notice that eq (14) and eq (17) can be arrived by

differentiating the second term of eq (9) with respect to temperature. It

should be pointed out that most of published works, including references [2-51.
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treat di/dT of semiconductors generally assuming that dn/dT data ae nearly

independent of temperature over a fairly wide range of temperature and that

lattice contributions to da/dT are negligible. No consideration was given to

the offset of thermal occupancies. As a result, such of the reported d3ldT

data remains nearly a constant over a temperature range of a few hundred

degrees. In real situation, however, all these assumptions become inadequate

as will be discussed in a later section in dealing with the available data.

Differentiating eq (13) with respect to temperature, we get:

2a AR- + BoST + 2 + BP p Aj(R +8 t)4
2dTmA 0 a + 1 ~2 2 +1 ~ *3 4 p+ Z 4 +Ai +uta

+ A2( up 2 +Sut 2 )+ A 3 (RP 3 +Sut 3 + AC4 R ap 4+8ut 4) + B31(L.Sjt) (19)

+ S2 C11 p2+Sit2 ) + 33(11p3+Sit3 ) + 3d(1 1 Pd+Sit 4 )

2 3 2 3 41
where p 2  2 t, P3 -3t -P 4t , t 2 -t t t3 -t t - t , u 'a 2 2'

d- 21u~ Is Is ,L 2X2T

u dT 2 2)2#RI 12/XI2_1 IdT 3 U2 2 12'

Xu Xu +  ut , ad I -MlO 
+ 0 t.

Either eq (13) or eq (18) can be used for linear regression to determine the

constants Ea, Aa, and *B's depending on the type and quality of available

data; if reliable temporature-dependent da/dT data are available, eq (18)

should be used after the values of %0 . A0, BO' luo' and 110 are determined at

room temperature.

3. Presentation of Numerical Data

Reference values are generated here through critical evaluation, analysis.

and synthesis of the available experimental data. The procedure involves

critical evaluation of the validity and accuracy of the available data &ad

information, resolution, and reconciliation of disagreements in oases of

conflicting data, correlation of data in terms of various controlling

parameters, curve fitting with theoretical or empirical equations, and
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comparisons of experimental values with predictions. No attempt was made to

analyze the data of thin films and those in the regions of strong absorption,
because of the scantiness of reliable information. Nowever, experimental data

of thin films and in absorption regions are also presented along with those of

the transparent region in the tables reporting experimental date for the

purpose of comparison and completeness.

A number of figures and tables summarize the information and give data as

a function of wavelength and temperature. The conventions used in this

presentation, and specific comments concerning the interpretation and use of

the data are given below. The subsections for each of the substances contain

all available information and data for a given material and covet the

following:

a. A text discussing the data. analysis, and recommendations,

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

c. A figure of experimental dn/dT - f().

d. A figure of experimental da/dT - f(T),

e. A table of experimental data on n - f(.)o liven in Appendix,

f. A table of experimental data on n - f(T), given in Appendix,

S. A table of experimental data on dn/dT - fM0) given in Appendix,

h. A table of experimental data on dn/dT - f(T) given in Appendix.

i. Figures of recommended values of n, dn/dT, and dn/dX,

J. Tables of recommended values of n, dn/dT, and dn/dI.

Since a reader may be interested in 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 subject matter found in other

subsections. In figures containing experimental data, selected data sets are

labeled by appropriate legends corresponding to those in the corresponding

tables of experimental data given in Appendix, where specifications for

individual data sets are also included. This was done to make each subsection

self-contained.
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There are a amber of experimental methods used for the determination of

refractive index. among which the following are those commonly used:

Deviation method
Interference method
Transmission and Reflection method
Brewster angle method
Thickness detemination method
Jultilayer method

The methods listed above are arranged in the order of their inherent accuracy

or popularity. The deviation method is the most popular means of determining

the refractive indices, but the accuracy of the results depends on the

conditions of the prism specimen. The highest precision that can be attained

is a few units in the fifth decimal place. The interference technique can be

used to obtain data significant to the fourth decimal place. Transmission and

reflection method yields results significant to the second place, while the

nultilayer 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 been proposed from

time to tine in earlier studies. These available relations are collectively

presented in a table to facilitate comparison. Refractive indices for most of

selected data sets are reported to the fourth decimal place. lowever, detailed

compositions and characterizations of the specimens were usually not clearly

given. Since impurities in the sample and conditions of the surfao* are

factors affecting the accuracy of the observed results, such highly precise

data cannot be applied to a sample chosen at random. For this reason no

attempt is made to recommend any particular set of data with the reported high

accuracy, but to generate the most probable values for the pare smples. As a

result, the estimated uncertainties in the roeommended values on the refractive

index ato higher than those reported for the data obtained by high-proision

measurements.

3.1. Zinc Sulfide, ZnS

There are 59 sets of experimental data available for the refractive index

(wavelonsgth dependence + temperature dependence) of sine sulfide as tabulated

in tables A-1 sad A-2 and plotted in figures 1 and 2 where some of the data
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2.0 Data Data
Set Symbol X, ujm Ref.- Set SyMbol Xp Ref .

1 0 0.436 [8] z 1.15 [17]
2 0.546 [8] y 3.39 (17]

2.55 - 3 0.578 [8] * 10.6 [17]

2.50 18

S2.450

m 2.35 62 '
44I

2.30-15 
s

2.20

2. 15 I
0 100 200 300 400 500 600 700 800 900 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.
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sets are fot thin films or multilayers included here for the purpose of

comparison. After a careful review and evaluation of the available data and

information, it was found that data sets reported by Moil [8], DeVore [9],

Czyzak et al. [10-12], Bond [15], manabe et al. [16], Feldman ot al. [17], and

Wolfe and lorniski [18] are representative for the available refractive index

of zinc sulfide in the fundamental transparent region. Data sets reported by

Hattori, ot al. [19] are the only available material in the wavelength range

from about 100 to 650 pm. Refractive index data of hexagonal ZnS crystals were

measured by Bionievski and Czyzak [14] and by Piper et al. [13].

Early measurements on 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 temperature. At room temperature, n changes from

2.5240 at wavelength 0.4162 pn to 2.3263 at 0.732 pam while at wavelength 0.546

pa, n varies from 2.3867 at 273 K to 2.4452 at 977 1. Several prismatic

specimens were used, and the results were consistent to the third decimal

place. Mell also shoved that the data 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 quadratically with temperature. Although the data were

obtained several decades ago and were for natural crystal with evident

impurity, they are quite compatible with the data obtained for samples purified

and grown by the best techniques 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 natural

sphalerite crystal at room temperature over a wavelength region between

0.365 and 0.578 pm and at 1.5296 pm. The data points were fitted well to a

dispersion equation (see table 1) similar to that of Nell. Numerically the

data from those two sources are discrepant in the overlapped region by several

units in the third decimal place which may be attributed to the impurities and

experimental errors. Both of the dispersion equations of Nell and of DeVore

suggest an effective ultraviolet absorption band at about 0.27 p and did not

account for the contribution from infrared absorption bands. It should be

pointed out that in spite of the fact that DeVore's data are represented by a
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simple equation, the predicted refractive indices at wavelengths near 1.5296 Pm

ate not reliable. At that wavelength, the effect from infrared absorption

bands is significant and is negative; a simple dispersion equation without

taking into account the effect 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 ZS using minimum deviation method. Since the

natural 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

were expected to be more uncertain than those of transparent specimens.

However, his data were quite consistent 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 ZnS covering a

spectral range from 0.365 to 4 pm at room temperature were found in references

[10-12,20]. These data sets 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 cubic 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. Then compared with the data reported by Mall and by DeVore, the

differences are in the third to second decimal place and show a large

scattering. It is interesting to note that the dispersion equation for the

visible region is very similar to that found by DeVore and both indicate an

effective ultraviolet absorption band at 0.2755 pm.

Manabe et al. [16] studied optical constants in the reststrahlen region,

20 pm up to about 100 pm, by means of infrared lattice reflection spectra.

Both synthetic cubic and hexagonal crystals were investigated and the spectra

were analyzed using the Drude dispersion relation. Oscillator strength, N,

optical dielectric constant, sa, damping factor, 6. and wavelength of
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transverse optical phonon, X, in the Drude equations shown in table 1 were

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

hexagonal crystal, 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 in good

agreement with that obtained from the reflection spectra analysis. The static

dielectric constant, so& was determined by substituting A. m in the resulting

Drude equation assuming zero absorption, i.e., a0 f n2 = a + N)12 .

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 ZUS samples were measured with high-precision minimum deviation method over

a wide wavelength region, 0.55-10.6 pm, of laser interest. The

room-temperature data were reported significant to the fifth decimal place and

were fitted to a three-term Sellneier type dispersion equation (shown in table

1). 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 were considerably different

though the difference in refractive indices at any wavelength was only 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 z 10-
5

and 4.6 x 10- 5 respectively, the difference of one unit Au the fourth decimal

place should be regarded as experimental uncertainty a8. rither of thi two data

sets closely represents the refractive index of CVD ZS at root- temperature.

Wolfe and Korniski [18] reported refractive index data for a sample of

Irtran 2, a hot-pressed microcrystalline compact of ZS, 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 Irtran 2 reported earlier by

Eastman Kodak Co. [21], there are discrepancies of as such 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 ZnS is shown in figure 3 where the data of

Irtran 2 disagree with those of CVD ZnS by amounts far more than experimental

uncertainties.
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The indi~es of refraction of ZnS in the far infrared spectral rause from

100 to 600 pm were measured by Hattori et &1. [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 wore 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 phonon were determined 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 a0 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

[14i over a wavelength range from 0.36 to 1.4 pm and by Piper et &l. [13] over

a wavelength range from 0.33 to 1.8 pm. 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 than the accuracy

claimed by each of them. Although internal 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 a, s0, and XI, and the determination of the coefficients A. B. and

the parameter ). . But the most important of all is the selection of reliableu
data sets used for input to fit eq (9). The selected data sets are limited to

the works of Feldman et al. [17]. Moll [8], and Hattori et al. [19]. The data

of Feldman et al. cover a wide spectral region and it is believed to be

measured with the highest accuracy for CVD ZS which is likely to be

exclusively used for quality optics in the future. The data of Moll cover more

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

,,, , ,l,,ir ........................~.. ... . . .... .
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Moreover. the room temperature data in the overlapped region are consistent to

within third decimal place with those of Feldman et al. The data set reported

by lattorl [19] is used to substantiate the correctness of the static

dielectric constant for the infrared torm.

Literature values of s, s0, and )I are very discrepant as shown in table

2 where 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 a. is far less adequate than required. However, far better values

of a can be obtained from available dispersion equations covering visible

region proposed by various investigators. From table 1, the a. values are:

5.1219 by Mell, 5.164 by DeVore, 5.131 and 5.0475 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 s o from table 2 vary from 8.34 to 8.9 for cubic ZUS, not

acceptable for refractive index calculation. Neither the available dispersion

equations indicate an adequate value for s0 duo to lack of data beyond 10.6 pa

to provide adequate dispersion to substantiate the physical meaning of the

parameters of the infrared torm. However, it is fortunate that we have data in

the 100 to 600 pm region reported by Hattori et al. [19]. Although the

dispersion equation defined by this data set predicts a low value of a. for

lack of dispersion in the data set, the value of a0 is in concordance with the

square of refractive index at long wavelenath end which in definition 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 pro, there is no question that the correct value of s 0 must be about 2.892

or 8.35.

Among the values of XI in table 2, the values reported by Manabe et al.

are chosen to be the appropriate parameter for eq (9) for the reason that one

of the values was observed from transmission measurement for evaporated thin

film which is a direct and positive means of determining X1" Additional

supporting evidence is that the similar result was observed by Nathieu and

Mathieu [221 from Roman measurement. A correct value of m must be within the

range from 35.46 to 36.76 pa.
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Table 2. Available data on coo CO, and AI of ZnS

Temp., K e F o  XI* VM Ref. Remarks

300 5.7 8.9 35.46,36.76 [161 cubic

300 5.7 9.6 36.50 [161 hexagonal

300 8.37 [24]

300 5.13 [25]

300 36.90 1261

300 4.7 8.34 38.46 [191

300 32.26 [27] cubic

300 33.33 [27] hexagonal

300 8.7 [281

80 4.8 8.10 38.17 [19]

80 8.14 [24]

2 4.9 8.04 38.02 [19]
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Cirdona and larboke [23] investigated band structure of cubic and

hexagonal ZS crystals in the spectral region below 0.41 pm. It was observed

that a striking similarity in the spectra of optical constants of cubic and

hexagonal ZS crystals, indicating a small difference in the arrangement of the

atoms in the two modifications. Although only small differences are observed

in refractive and absorption indices for the crystals, there are some

differences in the fine structure in the absorption spectra. In all cases a

weak absorption peak is located at about 0.33 pm and a strong absorption peak

at about 0.23 pm followed by a number of strong peaks at lower wavelengths.

This finding renders a support to the dispersion equations found earlier by

others where the effective absorption band is about 0.27 pa; and the values of

Iu in eq (9) should be approximately in the range from 0.23 to 0.27 Pm but

closer to 0.23 pm to account for the effect from infrared term. This t.tter

statement is supported by the findings of Ball [34] and Cox et al. [36] from

their investigations of vacuum deposited film in which they found that

refractive index curve has its maximum at about 0.23 pm.

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

2 - 8.34096 + 0.1440 +

S 2 _ (0.23979)2 + 2 /36.525 2_1

where X is in units of pm. Equation (19) is valid in the wavelength range from

0.5 to 14 pm. In figure 3. deviations of available room temperature data 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 exception of the data of Nell [8J and of Bond

[15] which show consistent deviation of less than 0.0016 and have the same

dispersion as that of eq (19). In the long wavelength region, the data of

Irtran 2 from Kodak publication U-72 [21] indicate a constant deviation of

about -0.0015 throughout the wavelength range from I to 13 pm but the data for

the same material reported by Wolfe and Korniski [18] show a constant deviation

of about +0.0025 in the region below 10 pm and a high dispersion in the region

between 10 and 14 pm. While 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 Korniski pointed out that it is likely

caused by the differences in the material from different batch.

The constant deviation of the data sets mentioned above renders a support

to the validity of eq (19) as far as the dispersion of ZnS is concerned.

Regarding the values of refractive index at room temperature, eq (19) can be

used for CVD ZnS from 0.6 to 11 pi with uncertainty about +0.0003 or lessj

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 p. Equation (19) can also be used

for cubic single crystal of ZnS in the visible region up to 1 pm with

uncertainties +0.002 based on the fact that data measured by Mell and by Bond

are consistent 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 consequence, eq (19) does not give the exact values of

refractive indices but with a constant shift of the order of two units in the

third decimal place in the region below 10 pm.

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 different

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 contributors. In

general, 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 oxidized during deposition or aging

by the undesirable residual gas or physical environment. 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 appropriate annealing. Figure 4

shows the deviations of experimental film data from the bulk data calculated

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

most of the available film data generally follow a normal dispersion curve. 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

values. In other words, the deviation should be nearly a constant as evidently

indicated in figure 4.

Equation (19) is also valid in the wavelength region 133-585 psa. 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 difference 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 resolution. Under such condition, the

reliability of the digitized values is compatible with the calculated ones.

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

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 Nell

[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. [171 (see tables A-3 and

A-4 and figures 5 and 6). Although the data sets by Nell cover a wide

temperature range from 135 up to 979 1, they cover only the visible

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

reliable for pure single crystal as it contains impurities evidenced by the

greenish 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 [orniski cover a temperature range from

84.9 to 295.9 1 and a wavelength range from 1 to 14 pm in an effort to

determine the dn/dT values. Sfnce the claimed precision of their measurement

is about ±3 x 10 - 4 in the refractive index while the dn/dT value is in the

order of +5 x 10-SK - , each dn/dT value thus determined at temperature

intervals of 10 degrees has a large error of about ±4 x 10-5 K- 1 associated with

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

temperature and wavelength; only average values could be obtained. For the

wavelengths 1.0. 2.5, 7.0, and 10.5 pa, the average dn/dT values vary linearly

with temperature from 3.5 x 10-SK- 1 at 100 K to 7.6 a 10-SK- 1 at 280 K.
Lacking in wavelength variation, these date are not 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 f or the corresponding data sets.
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Although Feldman et aI. reported only room temperature refractive index,

their dn/dT data are quite 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 three discrete laser wavelengths: 1.15, 3.39, and

10.6 pam. The shift of Fizeau interference fringes as a 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 air. 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 constants.

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 X u and XI

in eqs (13) or (18). In the study of fundamental optical 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 a wide temperature range. In terms of wavelength shift, the

corresponding proportional constant is 0.4841 x 10 - 4 pm [r- . This value is

adopted for the parameter a in eq (13) in view of that I u, 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 on the

refractive index as a whole. We have, therefore, X. M X 0 + P ut - 0.23979 +

0.484 x 10 t, where IL is determined at room temperature as indicated in eq

(19). Experimental value on the temperature shift of X does not appear to be

available 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 not vary appreciably among the member compounds [5], the experimental

value of ZnSe, 1/1I dXI1/dT - 1.3 x 10- K- l , is adopted for ZnS. From that, the

corresponding value of P, i.e., dX I/dT, for ZnS is 0.00475 pm K-1 using XI0 =

36.525 determined at room temperature and the parameter XI is. therefore.

expressed as X - 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 *.L in the infrared. The constants

determined based on these data may not be valid in the visible region and/or at
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higher temperatures. To check the validity of the results, data reported by

Mell must be in agreement with the predicted ones. As pointed out earlier, the

former are expected to have larger uncertainties at ahort wavelengths, <0.50

pa, and at high temperatures, >400 K.

The third problem is the variation of dn/dT data with temperature. A

careful review of figure 6, one notices that of all the three available data

sets, the da/dT values increase monotonically with temperature in the

temperature 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 data 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

Bellwarth [64] observed that within the experimental uncertainty, ±0.2 x

-5 -10-K - , 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 Mall; at wavelengths 0.578 and

0.619 pm 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 475 K.

With all these considerations, a least-squares fit of dn/dT data to eq

(18) yielded the following expression for the refractive index of ZnS as a

function of both wavelength and temperature:

n2(k,t) = B(t) +- + Bt (20)
I2_1 2 /2 A 2_1

uI

where k is in units of pm,

t - T-293 in units of OK,

u - 0.23979 + 0.00004841 t in units of pm,u

1. = 36.525 + 0.00475 t in units of pm,

1(t) - 8.34096 + 1.29107 x 10-3 t + 4.68388 x 10- 7 t 2 - 1.31683 x 10-9t 3

- 6.64356 x 10 1 2 t4,

AM - 0.14540 + 1.13319 x 10-5t + 1.05932 x 10-8t 2 + 1.06004 • 10-10t3

- 2.27671 x 10-13 t4,

iD
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Bt) = 3.23924 + 1.09600 x 10-3 t + 4.20092 x 10- 7 t 2 - 1.11350 x 10- 9t 3

- 7.29592 x 10 1 2 t4 .

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 and 8. To provide visual comparison of

calculated values with the experimental data, calculated values at a few

specified temperatures and wavelengths are plotted in figures 2 and 7 where

excellent agreement is observed. Table 5 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/d.

values for CVD ZnS based on the first derivative of eq (20) with respect to X

at 293 1 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 1 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. Although outstanding agreement

between Nell'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 region to

ensure such extrapolation. For single crystal ZnS, eq (20) is valid over a

wavelength region between 0.5 to 1 ps but over a wider temperature range from

93 to 1000 K. The valid wavelengths are limited in that narrow region because

of the fact that refractive index of single crystal is mostly available only in

the visible region and is obtained for the natural crystal from which data at

wavelengths <0.5 pm are not reliable.

Uncertainties of the recommended refractive index are estimated based on

the standard deviations of data fit calculations when reliable data are

available and/or by comparing the available data with predicted values when

experimental data in that region are either scanty or having large errors. For

CVD ZnS 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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2.58

2.55

Data
Set Symbol TK Ref.
1 M 193 [8]

2.52 2 0 273 [81
3 A 293 [8]
4 + 477 [81
5 x 674 [8]

46 0 295 [17]2.49

1000 K eq (20)

2.46 900 K
~/

V4 800 K
w 2.43 -

4-i

U

2.40

674 K

2.37 477 K
293 K

2.34 193 K

2.31

2.28 I I
0.4 0.5 0.6 0.7 0.8 0.9 1.0

Wavelength, pm

Figure 7. Comparison of experimental and calculated refractive indices of
ZnS at various temperatures. Refer to table A-i for the
corresponding data sets.
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Table 6. Recommended values on the wavelength derivative of

refractive index of CVD ZnS

dn
x, I m -.- lO-vim-

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
0.85 122.1
0.90 101.4
0.95 85.3
1.0 72.5
1.5 21.6
2.0 10.4
2.5 6.9
3.0 5.7
3.5 5.4
.6 5.35a

4.0 5.4
4.5 5.7
5.0 6.1
5.5 6.6
6.0 7.2
6.5 7.8
7.0 8.4
7.5 9.1
8.0 9.8
8.5 10.5
9.0 11.3
9.5 12.1

10.0 13.0
10.5 13.9
11.0 14.8
11.5 15.8
12.0 16.9
12.5 18.0
13.0 19.3
13.5 20.6
14.0 21.9

aMinimum point on the curve.

I
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Figure 10. Recomended dn/dX curve of ZnS at 293 K.
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Is, and +0.001 between 11 to 14 mu. For the single crystal Zn, 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 determine the constants of eq

(20). Their reported experimental uncertainties are +0.2 x 10- 5K- 1 for all the

three wavelengths investigated. Our least-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/dX values are estimated in the

following manner. Taking the first derivative of eq (19) with respect to X, we

have -(n/X)(dn/dX) = AoR 2 + BO1. 2/X1
2 which leads to

A + +4n 2 R (21)nL 2 i12  u 1 ;L 2

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

appropriate to adopted bn = +0.0005 for the evaluation of 6(dn/d).) for the

entire wavelength range from 0.5 to 14 "n. The uncertainties of dl/d thus

calculated are +5 x 10 - 3 PR-1 at 0.5 pm, ±4 x 10
-3 P - 1 at 0.6 a, ±2 x 10 - 3

-1 - -1 -1-

Pm at 1 Pm, ±0.4 x 10- 3 Pm at 5 Ia, ±0.2 x 10- 3 ja at 10 pm, and +0.2 x

10 - 3 im- 1 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 completeness. After a careful review and

evaluation of the available data and associated information, it was found that

the data sets reported by Marple [48,491, lambauske E50,511, Hilton and Jones

[521, Vundarlich and DeShazer [53], Feldman et al. [17], and Thompson et al.

[541 are representative of the available refractive index for zinc selenide in

the fundamastaf transparent region between 0.4 and 18.2 vib while data sets
reported by Hattori ot al. 1191 are the only available data In the wavelength
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2.625

= 0.6328 pm

2.595

Data

2.565 Set Symbol X, Pm Ref.

1 m 10.6 [54]
2 o 3.8 [54]
3 3.8 [54]
4 + 10.6 [54]

2.535 * X 0.6328 [17]
* 1.15 [17]

+ 3.39 [17]
* x 10.6 [17]

2.505 ___ eq (23)

" 1. 15 Ulm

2.475

4a

2.445- 3.39

2.415 -
1P (Pf[P 10.6 pm

2.385 
--

2.355 -

2.325 t J
0 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 pa. The data reported by /anabe et al. [161 and by Hadni

ot al. (55.561 are concerning the characteristics of the reststrahlen region;

and the data of Avon et al. [571 are for both the reststrahlen and electronic

absorption regions.

For the purpose of obtaining consistent refractive index of ZWSe over a

wavelength range from the short-wave transmission limit set by the band gap to

2.5 p, 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 ps. Tie cause of this difference is

unknown 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 balance between the two

prisms as one showed a slightly brownish tint when compared with the

lemon-yellow color of the purer ZnSe crystal. As shown in table 7, the

equation n2 . A + BX2/( 2-C 2) 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 fit the data with a .oore realistic theory of the

dielectric constants. However, the best-fit values of A, B, and C for each of

the two prisms indicate a value of 5.90 for the optical dielectric constant of

ZnSe.

Rambauske [50,511 reported refractive index data over a spectral band from

0.400 to 0.644 pm for two ZnSe specimens obtained from two suppliers. The

orange-yellow specimen from Aerospace Research Laboratory is of high purity end

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 region is less than one unit in the second

decimal place, it is significantly larger in the absorption region. For

example, the refractive index of Hershaw specimen is 2.25 at 0.4044 Pa but 2.65

for other specimens. Additional data 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 error in n was reported to be ±0.002. The

data wore fitted to a single term Sellmcier 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 Jones [52] reported data for an Irtran 4 specimen over a

wavelength range from 2.5 to 14 pa at two temperatures, 295 and 198 K, using

minimum deviation method. Although the claimed experimental error is about

+0.0003 in refractive index, the corresponding values tabulated in table A-5

should have larger uncertainties as they were extracted from a graph. Based on

the data obtained at two temperatures, the average temperature coefficient of

refractive index at 5 pm was .valuated to be 4.8 x 10 K 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 hiSh-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-temperature data were given to the fifth decimal place and were

fitted to a three-tern 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 average absolute

residuals of n from the best fit equation of each data set, 6.2 x 10- 5 and 4.1

x 10- 5, respectively, the difference of four units in the fourth decimal place

cannot be accounted for by experimental errors. The discrepancies in these two

data sets must be of impurity or crystal defect origin. It is likely that an

uncertainty of magnitude ±0.0004 will be a reasonable estimate for reference

data values. Under such circumstances, either data set of Feldman at 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. [191 at temperatures 2, 80, and

300 1. 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 mods phonon were

determined with least-squares fit. The static dielectric constant serves as a

check for the values obtained from various optical methods. Since the data

were measured by interference method and the value of a0 was obtained in long
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wavelength region, it is believed to be reliable and should be adopted as a

known parameter in the dispersion equation of ZnSo.

Nanabe et al. [16] studied optical constants in the reststrahlon region by

means of infrared lattice reflection spectra in the spectral region between 20

and 85 pm and the spectra were analyzed using Drude dispersion relation. The

oscillator strength, N, optical dielectric constant, s., damping factor, 6, and

wavelength of transverse optical phonon, I , 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, so # was

determined by letting X = - in the resulting Drude equation assuming zero
2 = +N 2

absorption, i.e., n0 = n = a + N)I . Optical constants in the reststrahlen

region were also studied by Hadni et al. [55,56] for an Irtran 4 sample at

temperatures 80 and 290 1. The various parameters, sop a., and XI" were

determined from analyzing the reflection and transmission spectra with the

[ramers-Ironig relations and with the Lorentz one-oscillator model. Avon et

al. [571 performed a similar study on a single crystal ZnSe for determining the

wavelength of optical phonon and optical dielectric constants. The static

dielectric constant was determined from capacitance measurements on a

single-crystal wafer. In 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 JAm with the first one

corresponding the energy gap.

For the purpose of ease of comparison, the above mentioned data sets for

the fundamental transparent region are plotted in figure 13. It is obVious

that the disagreement among the data sets reported by different investigators

is greater than the accuracy claimed by each of them. Although internal

consistency was observed in each investigation, unaccounted sources of errors

are responsible for these discrepancies.

In th. present work, eq (9) is used to represent the room-temperature

refractive index of ZnSe. The main problems are to select the appropriate

parameters. s. s 0 , and )XV and to determine the coefficients A, B. and the

parameters ).. Literature values of go, e0  and ).I are very diacrepant as

shown in table 8. The available room-temperature a. values vary considerably



50

0 0)
x 0 -j

44 lf
x " V

0 0 1

x0  -

x0~r-

A 0 g

0 six

Eb %-4 U

00 E
00

00

0l t. ci

E)) El0

E)) 0 17 )

~. -4 r=E3 tv ~0
+~ 

-4-

.0 q W
Nk +l El 00

0

4-0 0 0 4r er -r 4. 0
C: 0

+4 + X 0 + X N

to 4

0 0

%6.4
CcI.

CD CJ4

Two u xe U U



51

Table 8. Available data on cD, E, and X I of ZnSe

Temp., K CCo D, uJm Ref.

300 5.4 7.6 48.31,49.02 [161

300 9.12 [241

300 5.90 [481

300 49.26 [581

300 5.3 8.99 49.26 [19]

300 5.75 ± 0.1 8.1 ± 0.3 47.69 [571

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 [61]

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]

ii
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from 5.3 to 6.3, which is too much for refractive index calculation of

desirable accuracy; one has to resort to available dispersion equations which

were proposed for visible region by various investigators. From table 7, the

9 values are: 5.90 by Marple, 5.7032 by Vunderlich and DeShazer, and 5.925

by Feldman et al. It appears that the second value given above is somewhat too

low in comparison with the others. However, recalling the narrow wavelength

region coverage 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 s 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 g0 from table 6 vary from 7.6 to 9.6, far too large for

refractive index calculation. None 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 s equals the square of the refractive

index measured at long wavelengths; in fact, the values of refractive index

read from the graph are 3.063 at 156 pm and 2.999 at 540 pa. An appropriate

value of I0 is, therefore, approximately 9.0.

Among the values of A. from table 8, the values reported by Manabe et al.

[16] are ohosen to be the approximate parameter for eq (9) for the reasons that

one of the values was determined by transmission measurement on evaporated thin

film which is a direct means for determining material properties of this kind.

Therefore, the value of I must be within the range from 48.31 to 49.02 pm.

The value of X. is very uncertain in that values based on available
u

dispersion equations are: 0.325 and 0.336 pm by Narple [48], 0.26522 Pm by

Vuaderlich and DeShazer (531, and 0.192 and 0.379 pm or 0.201 and 0.392 pm by

Feldman 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 value of u should be around 0.3 jam.

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

Feldman et al. are fitted to eq (9) for the determination of the constants A
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and B by allowing the parameters varying within their corresponding estimated

limits. The dispersion equation of ZnSe at room temperature thus obtained is

a2 -9.01536 + 0.24482 + (22)
X2 _ (0.29934)2 X2/48.382 - 1

where X is in units of pm. Equation (22) is valid in the wavelength range from

0.55 to 18 pm. In figure 13, deviations of the available room temperature data

from those calculated from eq (22) are plotted for visual comparison. It is

clear that the datK from various measurements are quite different from the

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

considerably lower than calculated values, those of Vunderlich 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

short wavelength region. To show such disagreement, a 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

wavelength region below 0.5 pm where the effects of impurity prevail as the

wavelength corresponding to the energy gap of ZnSe is about 0.48 ps. By

investigating the sample in the wavelength region near the energy gap or

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 Vunderlich 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 region >0.55 Ps

below which absorption becomes significant as it approaches the absorption edge

and eq CL) becomes invalid.

Large discrepancies are observed between the calculated values from eq

(22) and data of Narple [48]. As discussed earlier, not only the samples

measured by Narple have noticeable concentration of a large variety of

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

the wavelength region covered, it is not stcprising to see the large departures

of his data from eq (22). Comparing with other measurements it is revealed

that the samples studied by Marple are probably of similar nature as those

measured by lambausko as the data behave similarly in the overlapped region.
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Although Irtran 4 is considered a polycrystalline of ZuSe, its refractive

index is different from that of CVD ZnSe which is also a polycrystalline in

nature. As shown in figure 13, data from Eastman Kodak Publication U-72 [121]

is discrepant from eq (22) by an amount up to 0.0025 over the spectral range

from 1 to 16 pm, beyond which higher discrepancies are observed. Irtran 4 data

reported by Hilton and Jones [52J seem to be scattered evenly around the

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

is expected for Irtran 4.

Based on the considerations discussed above, it is concluded that eq (22)

is valid for CVD ZuSe 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 comparisonsi no definite trend can be

established at this time for lack of available data.

Equation (22) is also valid in the wavelength region 155-540 jl. The

averaged differences between the experimental data and the calculated values

are of the order of ±0.003. The dispersion in this region is rather small as

the difference 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 resolution. Under such condition, the

rdliability of the digitized values is compatible with the calculated ones.

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

referred to the corresponding digitized data in table A-5 for their

application.

Literature data on the temperature dependent refractive index of ZWJe is

extremely scarce. Data given in table A-6 and plotted in figure 12 are

measured by Thompson et al. [541. Additional data sets plotted in the sae

figure were derived from the dnldT data reported by Feldman et al (see tables

A-7 and A-S and figures 16 and 17).

wo Ards.-_.-
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12.5

Symbol TK Ref . +

C3 300 [52]
9. o 300 [62]

S296-358 [63]
+ 296-335 [63]
x 335-355 [63]
* 293-473 [64]
+ 298-338 [3

5593 [171].5 z 113 [17]
E4y 133 [17]
V 5 [7

X 173 [17]

N 13 (17]
- 333 [17] 0

7. 3923 [17]

1% 433 [17]
- 453 [17]

6.6 o 273 [17]

1 0300 [54]t
S23353 [65

2!~~~9 K9 11
A5 41 [17 1 & 35 K iI I

Sol 0. 57 [171 303

1ave0eng0hf541

Fiur 16. 35 Exermeta an cacltd+/To ne(aeeghdpnec)
Refe totabe A7 fo th core~ondig dta ets
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16.5

15.5

Data
14.5 Set Symbol X, vim Ref.

1 C 0.6328 (171
2 C 1.15 [17]
3 A 3.39 [17] X = 0.6328 pm

13.5 4 + 10.6 [17]

eq (23)

12.5

11.5

10.5

9.5

8.5 X = 1.15 um

7.5

6.5 -- A - 10.6 um

5.5

4.5-

3.5 1 I I I I I
0 60 120 180 240 300 360 420 480 540 600

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 et al. [54] reported refractive indices of two CVD Znae specimens

at 3.8 and 10.6 pp over the temperature range 80 to 300 K. Values for the two

specimens from different batch supplied by RCA Inc. were feud to differ by a

constant value of about 0.001 over the entire temperature range. This

difference cannot be accounted 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 both cases are equal to within the experimental error. Furthermore,
the n/dTvalus, 7z 105 1-5 -l

the dn/dT values, 7 x I0-5 fK at 3.8 pm and 6 x 10 1 at 10.6 pm, 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 1 differ

uniformly from those of Feldman et al. by about 0.005 at 10.6 Pm and by about

0.002 at 3.8 pm. These discrepancies are partly due to difference 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 et 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 pm. It appears that eq (18) is to be used for the determination

of the constants E's, Als, 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 X' and X in eqs (13) or (18) can be defined

using available literature data on temperature shift of energy gap and the TO

mode optical phonon. In the study of the theory of temperature derivative of

refractive index in transparent crystals, Tsay et al. [51 calculated do /dT

based on a pseudopotential method. In terms of wavelength shift, their result

for ZnSe is dl /dT = 1.004 x 10- 4 Pm K-1 . Based on the fact that the d) /dT of

ZnS remains a constant over a wide temperature range [1], the same is assumed

to be true for Zue. This value is adopted for the parameter I in eq (13) inu
view of that Au , though it is not exactly corresponding to energy gap, is the

effective absorption band and that the quoted shift is small enough not to

introduce significant effect on the refractive index as a whole. We have,

Ii
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therefore, ku - u0 + out "0.29934 + 1.004 x 10 t, where Xu0 is determined at

room temperature as indicated in eq (22). Experimental value on the

temperature shift of X I of ZnSe was found to be 1I/X d).idT - 1.3 x 104K1 by

LaCombe and Irwing [82]. Using Xi0 = 48.38, the corresponding value of P1 is

0.00629 am K-1 and the parameter I1 is X I M 48.38 + 0.00629 t.

A careful review of figure 16, one can discover large discrepancies

occurring at wavelength 10.6 jam at which quite a number of measurements due 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 constant

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

uncertainty, 0.2 x 10-$ -1, 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 no experimental

data at higher temperatures to support the extrapolation of such increase above

600 K. However, the discussion for the case of ZnS (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, a least-squares fit of dn/dT data 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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n2 (..t) - E(t) + A + B(t) (23)2_ u2 2/2_1

). I

where I is in units of pa,

t - T-293 in units of K,

X - 0.29934 + 0.0001004 t in units of pro,

XI . 48.38 + 0.00629 t in units of pm,

-3 -7 2-9 3
E(t) - 9.01536 + 1.44190 x 10 t + 3.32973 x 10 - 1.08158 x 10 t

- 3.88394 x 10-12t 4 ,

At) = 0.24482 + 2.77806 x 10-5 t + 1.01703 • 10 t - 4.51746 x 10 -11t 3

+ 4.18509 x 0- 1 3 t 4 ,

B(t) = 3.08889 + 1.13495 x 0-3 t + 2.89063 x 10-
7t2 - 9.55657 x 10- 10 t3

- 4.76123 x 10-t

Equation (23) was used to calculate the recommended values of the refrac-

tive index of ZnSe with the results given in table 9 and plotted in figure 18.

To provide visual comparison of calculated values with the experimental data,

calculated values of a 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/dX values based on the first derivatives of eq (23) with

respect to T and X. 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 earlier. 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 uncertainties of recom-

mended values are estimated to be ±0.0004 over the entire 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 10-5K- 1 at all the four wavelengths investigated. Our calculation.

however, indicated a higher value of +0.2 x 10-K 1 . Error bars corresponding

to the latter are indicated in figures 16 and 17 where calculations are

compared with experimental data.

9 g
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Figure 19. Recommended dn/dT-) -T diagram of ZnSe.
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Table 11. Recommended values on the wavelength derivative of
refractive index of CVD ZnSe

.. .. dn I.dn.10. n 3  1

0.55 1117.1 7.5 4.5
0.60 769.0 8.0 4.8
0.65 556.7 8.5 5.1
0.70 418.5 9.0 5.4
0.75 323.9 9.5 5.7
0.80 256.6 10.0 6.1
0.85 207.2 10.5 6.4
0.90 170.1 11.0 6.8
0.95 141.6 11.5 7.2
1.0 119.2 12.0 7.6
1.5 32.8 12.5 8.0
2.0 14.2 13.0 8.4
2.5 8.0 13.5 8.8
3.0 5.4 14.0 9.3
3.5 4.3 14.5 9.8
4.0 3.8 15.0 10.3
4.5 3.6 15.5 10.8
4.8a  3.58a 16.0 11.3
5.0 3.6 16.5 11.9
5.5 3.7 17.0 12.5
6.0 3.8 17.5 13.1
6.5 4.0 18.0 13.7
7.0 4.3

aMinimum point on the curve.
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Uncertainties of the recommended dn/dX values are estimated based on eq

(21). Using fn - ±0.0004. the 8(d/d).) values are ±4 x 10 - 3 - 1 at 0.6 prm, ±2 x

10-3 - at 1 pa, ±0.3 x 1031 at 5 pm, ±0.2 x 10311 at 10 pa, ±0.1 z

10-3K- 1 at 15 ps, and +0.1 x 10-3K 1 at 18 Pa.

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 transparent region at other temperatures are not yet available. As

a result, our data analysis is limited to room temperature. Refractive index

of bulk ZnTe in the transparent region are reported by Aten et al. [72],

Shiozawa et al. [73-75.78.79], Narple [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 ps. The data reported by anabe et al.

[16] and by Hadni et al. [55,56] concerns with the characteristics of the

reststrahlen regions and the data of Cardona [771 are in the electronic

absorption region.

In an effort to study the direct and phonon-assisted optical transitions

in zinc telluride, Aten et al. [72] measured refractive index over a wavelength

range from 0.56 to 2.34 pm to determine the necessary parameter to correlate

the energies of longitudinal and transverse phonons. 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 uncertainties 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 ZWTe 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

1M(n2-1) vs 1/12 in order to test the form of the dispersion. The measured

values did fall on a straight line in the plot, but the predicted value of 8.24

for optical dielectric constant is much higher than that for purer samples.
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The second set was obtained over an extended wavelength range from 0.569 to

1.515 am for a purer crystal, containing some twinning, out from a boule grown

by sublimation method. The reported uncertainty of the refractive index

measurements is +0.002. The optical dielectric constant predicted by this data

aet 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 psi, 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 lessl the results for

two prisms differ by up to 0.003 in the entire wavelength region consistently

within the possible combined experimental error for the two sets of data. As

shown in table 12, the equation n2  A + BC 2/( C2 ) 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 argon

atmosphere or were grown from a melt. The average values of refractive index
2by minimum deviation method were fitted to an equation of the form of n = A +

B/(. 2 -C2 ) 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. When compared with the data reported by other

investigators it is revealed that their samples correspond lcosely to one of

the samples measured by Marple as evidenced by close agreement of the constants

A, B, and C in the dispersion equations (see table 12). For the purpose of

ease of comparison, the differences between the above mentioned 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 range 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 equation, shown in

table 12, for an undamped harmonic oscillator from which the static dielectric
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constant, optical dielectric 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 s0 was obtained in long wavelength

region, it is believed to be reliable and should be adopted as a known

parameter in the dispersion equation of ZnTe.

Manabe et al. (16] studied optical constants in the reststrahlen region

by means of infrared lattice reflection spectra in the spectral region between

20 pm and 85 pm which were analyzed using Drude dispersion relation. The

oscillator strength, N, optical dielectric constant, a,, damping factor, 6, and

wavelength of transverse optical phonon, Xi, 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, so, was determined by letting I in the resulting Drude equation

assuming zero absorption, i.e., ao = n = a + NX 2 . Optical constants in the

reststrahlen region were also studied by Hadni et al. [55,56] for ZnTe pellet

sample at temperatures 80 and 290 K. The various parameters, so. a,, and X.,

were determined from analyzing the reflection and transmission spectra with the

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 a., 7.2, determined from

reflectivity peaks agree well with those from dispersion equations of other

investigators.

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

that the correct values of the parameters n0. a., and I. for eq (9) are about

9.92, 7.26, and 56.5 pm, respectively. Decision remains to be made is in
choosing the reliable data for the determination of the constants A, B, and X

u
Although it is noted in the case of ZnSe that the data sets reported by arple

are not oly discrepant significantly from the measurements of other

investigators but also larking in internal consistency for different samples

because of difference in impurity contents. Although the ZeTe samples measured
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Table 13. Available data on e., co, and XI of ZnTe

Temp., K P Po  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 55.56 119]

300 6.2 8.3 56.50 [561

300 6.7 9.1 56.50 (59]

300 52.63 [27]

300 56.50 [61]

300 7.26 [791

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)

i
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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 not 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 errorz the second

is that the data by Shiozawa et al., though for samples having crystal defects

of different nature, agree with data by larple 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 consideration 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 pm while the

transparent region of ZnTe extends up to over 30 ps, it is necessary to hold

the parameters a0 and XI at fixed values, 9.92 and 56.5 pum. This was

confidently done because in the cases of ZnS and ZnSe, the best-fit values of

a0 and XI are found in close agreement with the selected literature values. It

is reasonable to assume that uncertainties 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 X are then determined by least-square fit.

The dispersion equation for ZnTe at room temperature thus obtained is

n2 . 9.92 + 0.42530 + 2,63580 (24)

X2 _ (0.37766)2 X2/56.52 - 1

where X is in units of pm. Equation (24) is valid in the wavelength ranse from

0.57 to 30 pa. In figure 22. deviations of available data in the furdamenval

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 data set from Bausch and Lomb Inc. is consistent with eq (24) in the

spectral range from 2 to 20 pm; large departure is observed at 1 pa and beyond

20 pm. A careful examination of the data from ref. [76], one can find that the

reported data at wavelengths >20 pm are questionable. To make the point clear,

the concerned graph from ref. [76] is reproduced in figure 23 for ease of

discussions were the largely deviated data point at the upper right of the

figure not included, the curve in the wavelength raion )20 pa would be
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oonsiderably lowered and dispersion in that region would likely be consistent

with that of eq (24). The largely deviated data point was either measured with

very large uncertainty or originated from some unknown mechanisms. At any

rate, the departure from consistent dispersion behavior shown in figure 23 is

simply attributed to the decision made by the investigators on the shape of the

curve. Other film data 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 temperature. 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 pm. the estimated

uncertainties are ±0.003 based on the uncertainties reported by Marple. In the

region between 2.6 and 15 pm, larger uncertainties of the order +0.005 are

estimated because there is no experimental data available at wavelengths >2.6

pam. Since the dispersion in this region is low, the uncertainties should not

be very much different from Marple's data. In the region between 15 and 30 Pm,

larger uncertainties are expected as the dispersion increases as the wavelength

increased becoming closer to the reststrahlon region. The estimated upper

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

±Aa - 0.005 + B).2A (25)

2n 1  
/ 12-1)2

where AX, M 0.63 corresponds to the difference of the two possible values

reported by Manabe [16] (see table 13). From this expression, the

uncertainties in n are ±0.0056 at 17 pm, +0.00059 at 20 pm, ±0.0067 at 25 pm,

and ±0.0082 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 extreme refractive indices is only 0.059 but the

unoertainty in the data is rather large (of the order ±0.005) as the data eore

digitized from a graph of low resolution. Under such condition, the

reliability of the digitized values is compatible with the calculated ones.

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 3f ZnTe at 293 K

X. 1m- 10 3 m 1-  , m dn - , 10-3WM- 1

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
6.1a  2.6a  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

alfnimn point on the dn/dX curve.

I I r 1-...................-
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Figure 25. Recommended refractive index of ZnTe at 293 K.
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referred to the corresponding digitized data in table A-9 for their

application.

Uncertainties of the recommended dnl/d). values are estimated based on eq

(21). Using bn - ±0.005, the 6(da/d3) valres are ±42 x 10 - 3 ps- 1 at 0.7 pm,

:t24 x 10 - 3 am- 1 at 1 am, ±4 x 10 - 3 p - 1 at 5 pm, ±2 x 10 - 3 pm -1 at 10 pa, ±1 x

10-3 p. - 1 in the range from 15 to 30 pm.

4. Discussions and Conclusions

Experimental data on the refractive index of zinc chaloogenides and its

temperature derivative were exhaustively 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 sets. Many factors are known

to influence the accuracy of the results of refractive index determination.

Two most important ones are the method used and the characteristics of the

specimen. Although the minimum deviation method is known to be the most

accurate way in determining the refractive index which in many cases are

reported to the fifth decimal place, this reproduciblity is applicable only for

a 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. Among 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 usually not reported. As a consequence.

discrepancies among the available data cannot be reasonably resolved.

The empirical dis:persf.on equations, eqs (21) and (23), used to generate

recommended values of ZnS and ZuSe are both wavelength and temperature

dependent. At a given temperature, the wavelength dependent equation is

reduced to a Sellmeier type formula widely used to represent refractive index

in the fundamental transparent region. At a given wavelength, however, the

temperature dependent is simply a fourth degree polynomial fumction of
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temperature. This is done here for the lack of reliable data of wide
wavelength and temperature coverage and the lack of understanding of the real

physical processeas of optical properties of the materials under consideration.

The majority of reported dn/dT measurements has been centered in a temperature

region around the room temperature whioh is coincidentally a temperature range

over which the dn/dT is least dispersive. As a result, all reports made a

common statement that within the experimental 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 an/dT is relatively

independent of temperature over a fairly wide temperature range, that the

contributions to dn/dT (in the transparent regicn) from lattice are negligible,

thus the variation of occupation number of phonon is not accounted for. In

reality, however, tJke dn/dT does vary appreciably with temperature and the

lattice tern does have significant contribution particularly at long

wavelengths, 10.6 pm 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 region >400 1 is real as supported by the data of other

investigatora. The physical mechanism of such behavior is not knowni perhaps

the theory of sultiphozon process may throw a light to what really happened.

lowever, 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 dispersion equation proposed in this

work takes care both the refractive index data and the da/dT data; in other

words, n and dnl/dT maintain a relation of integration and differentiation.

Depending on 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;

each is described by an equation formulated from different starting point. As

a result, there is no bridge between n and dn/dT ixpressions.

It is noted that the present work relies heavily on the data of Feldman et

al. for their high accuracy. Unless we are satisfied with the situation of

available data which do not cover wide enough range of temperature for

providing sufficient material for theoretical studies and do not have enough
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reliable data sets for independent chkeking of the consistency of selected data

sets, serious considerations should be taken to carry out a systematic

measurement program with the following considerations:

1. Experimental method. Because minimum deviation method is not suitable
for the determination of high accurate 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 able
to yield desirable results. In this method, the sensitivity depends
on the order of interference. In order to obtain high accuracy, 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
resistivity 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 group of specimens with
systematically controlled impurities.

3. Enviromental control. Since the temperature coefficient of
refractive index of zinc chalcogsenides are rather high, in the order
of S z 10 - 5 to 10-4K- 1 , the temperature of the sample must be
carefully controlled to achieve the required accuracy.

In conclusion, it should be emphasized that the present work does not

resolve the discrepancies among the available data sets, it simply recommends

the most probable values of the refractive index that pure ZaS. ZnSe, and ZWTe

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 only within the region of

experimental data. In general, extrapolation of those 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 generally true since the

model is an oversimplification of the true dispersion relation. However, for

predictive purposes, based upon the experimental data from several authors, and

within the usable region of the data, we believe that these equations are valid

for calculation of the refractive index in the given wavelength and temperature

regions.
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AlPPMIX

The tables Included in the Appendix are available experimental data
compiled during the cours. of the present work. The collected Lmfftuation
covets the reported vorks in the last 57 years from 1923 to 1980.

The tables give for ah data set the following information: the
reference number, author's ame (or names), year of publication, wavelength
range, temperature range, the pertinent description and oharacterization of the

specimen, and information on measurement conditions contained in the original

paper.

I| :

I " I -- I ' -- . g .. d t . . . . . . . . .



98

i-Table A-1. 'Experimental data on the refractive index of zinc sulfide (wavelength dependence)

[Temperature, T. K; wavelength, A. m; refractive index, n]

Data n Specifications and remarks Author(s). year [ref.]
set

1 (T-193 K) Natural crystal; clear green sphalerite; Hell, H., 1923 18)
0.437 2.4791 prismatic specimens of apex angles about 22'
0.4938 2.4183 to 25*; refractive indices were 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; Hell, 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
%,.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 green sphalerite; Hell, M., 1923 [81
0.4162 2.5240 prismatic specimens of apex angles about 22'
0.4263 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; uncertainties less
0.4567 2.4635 than 0.001 in refractive 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 •
P.,,, VA; I3 L'. M~ t j: 1

I Ji. V ,... Av ......, MAY
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Table A-1. txpeiinental data on the ref ravCLL indeLoL zinc sulfide (vaveleasth dependesc)-
Continued

Data a Specifications and remarks Author(s). year [ret.]
-set,

3 0.5684 2.3777 Mel, M., 1923 181
coat. 0.5786 2.3732 1

0.5888 2.3683 1 ill! r' cI 1WA, ' % " Vili ,,A,, I I

0.5990 2.3637
0.6092 2.3596
0.6194 2.3560
0.6297 2.3527
0.6399 2.3493
0.6501 2.3463
0.6604. 2.3434, i,- rIc iAf. I..1;.
0.6706 2.3404
0.6808 2.3382
0.6911 2.3352
0.7013 2.3330
0.7116 2.3308
0.7218 2.3283
0.7320 2.3263

4 (T-477 K) Natural crystal; clear green aphalerite; Hell, H., 1923 (81
0.4162 2.5443 prismatic specimens of apex angles about 22"
0.4263 2.5251 to 25; refractive indices were determined
0.4364 2.5086 by the minimum deviation method; data vere
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
V.4871 2.4452
0.4971 2.4359
0.7 '.4275
0.; '.4198
C.: .4124
0.5 2.4061
0.54i. 2.3993
0.5563 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 2.3377
0.7320 2.3354
0.7423 2.3333
0.7525 2.3322
0.7628 2.3301
0.7730 2.3281
0.7832 2.3262

ill. x -, A," l... ~ * j 4'1 .- ¢
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Table A-1. Exper mental data on the refractive Index of zinc sulfide (wavelength dependence)-
Continued

Data I a Specifications and remarks Author(s), year [ref.)
set

S (T-674 K) Natural crystal; clear green sphalerite; Mell, M., 1923 183
0.4155 2.5735 prismatic specimens of apex angles about 22'
0.4256 2.5519 to 25; refractive indices were 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
0.4864 2.4654
0.4965 2.4548 ; ,, PI Lfl,, J I,' I ;V't N . 1.10 ' , 41

0.5067 2.4458 .
0.5168 2.4380
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
0.6594 2.3679
0.6697 2.3644
0.6799 2.3614
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

6 (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 cm area; refractive In-
0.3663 2.673 dices dere 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

7 (T-298 K) Thin film specimens; evaporated in vacuum of Rood, J.L., 1951 1291
0.45 2.24 1 x 10-3 to 2 x 10- 4 m Hg pressure at a rate
0.47 2.28 of 100 A/min. onto glass substrates; some
0.46 2.20 films were exposed to air as soon as made.
0.51 2.22 some were placed in a dessicator for weekn,

* ,, P. ,al*' t I 1 I ' !I I:,T ,I. '
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Table A-i. Experimental data on the refractle index of zinc sulfide (wavelength dependence)-
Continued

Data a a Specifications and remarks Authorl,), year Iref.)
set

7 0.52 2.18 and others were then heat treated at 623 K; Rood, J.L., 1951 129)
cont. 0.57 2.17 refractive indices were determined from re-

0.58 2.12 flectivity measurements after aging; data
extracted from a table.

a (T-300 K) Evaporated film ZnS specimen; refractive Heruansen, A., 1951
0.589 2.26 index at 0.589 Um was determined by a polar- 1301

imetric method based on the changes in phase
occurring by reflection of linearly polarized
light from the evaporated film.

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 pm; Isiguro, K., 1952 1311
0.440 2.22 refractive indices were determined from
0.443 2.40 measurements 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
0.594 2.33
0.660 2.31
0.680 2.26
0.685 2.27
0.740 2.30
0.900 2.23
0.980 2.27

10 (T-300 K) Thin films; evaporated onto a glass sub- Kuwabara, C. and
0.512 2.43 strate; film thickness 0.142 to 0.320 um; Isiguro, K., 1952 1311
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.
0.685 2.35

11 (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 1121
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
0.637 2.349
0.674 2.339
0.699 2.334

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 Um evaporated on a black glass sub- Ferguson, W.F.C., 1955
0.4344 2.466 strate in a vacuum of 0.1 jm pressure; sub- 1321
0.4510 2.442 strate held at room temperature at beginning
0.4751 2.418 of evaporation and at less than 373 K at

P -' P 6 ,-2 17 7"31: , ' : , , ' : ( " ' ,

I. ,.... IP6 |. h i i 7t , N V l

C.



102

.Table A-l, Experimental data on the refra~ctlyg-index'_of zinc sulfide (wavelength dependenca)--
Continued

Data I n Specifications and remarks Author(s), year [ref.)
set

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., 1955

0.5521 2.367 in a about 10.002; data extracted from a 1321
0.5793 2.352 figure.
0.6034 2.343 I
0.6275 2.333
0.6501 2.324
0.6773 2.315
0.7014 2.307
0.7256 2.301 IT LlA , I . , ,
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., 1955
0.55 2.371 gion between 0.6 Um to 2 Um and onto rock (331
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 100C 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
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; 1341
0.2172 3.537 refractive index data were determined from
0.2190 3.577 normal incident reflectance and transmittance
0.2235 3.598 measurements; estimated uncertainty in n
0.2276 3.579 about -2%; 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

I wMP-0 12 17,79I .14(I)l..

,m,% Vm.- PAht Sh o Corm-atw,,
10.b W.rmowm Avmen,. N.O
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Table A-i. Experimental data on the refractive-indax-of zinc sulfide (wavelength depeadeaco)-i
Continued

Data n n Specifications and remarks Author(s). year [rof.)
set

14 0.3625 2.620 Hall, J.F., Jr., 19561
cont. 0.3750 2.587 j [34)

0.3875 2.563 %In[ 'P,, tAAPT' , -ir f O AM TITLF

0.4000 2.546

15 (T-300 K) Single crystal; prism specimen; refractive Czyzak, S.J.. Payne,
0.365 2.677 indices were determined by minimum deviation H., Crane, R.C., and
0.404 2.516 method; data extracted from a table. Baker, W.M.. 1957 111l
0.45 2.468
0.50. 2.417 1 , . , : , , ,. , 41 (l f[ , ,

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) Synthetic single crystal; cubic crystal Czyzak, S.J., et al., -

0.44 2.488 structure with lattice constant ao-5.
4 06 A 1957 1101 1

0.46 2.458 was verified by X-ray diffraction pattern;
0.48 2.435 prism specimen was ground and polished with
0.50 2.414 the principal axis (c-axis) perpendicular to
0.52 2.395 the base of the prism; apex angle 10' to 15*;
0.55 2.384 flatness was checked by the Newton's Rings
0.57 2.375 method: refractive indices over the wavelength
0.60 2.359 range from 0.44 Um to 1.4 pm were determined
0.65 2.346 by deviation method; it was found the data
0.7 2.334 are ap;proximately fitted by the equation
0.9 2.306 n2  5.31 + 1.275 x 107/(X2-0.732 x 107);
1.05 2.293 data extracted from a table.
1.2 2.282

- 1.4 2.280

17 (T-297 K) Thin film specimens of 0.157, 0.213, and Coogan, C.K., 1957 [35)
0.241 2.619 0.474 "im thick; vacuum evaporated onto a
0.260 2.503 fused ;ilica substrate; evaporation rates of
0.300 2.500 the order 100-500 X/min. were used in a vac-
0.342 2.590 uum of 5 x 10- 5 mm 11g; refractive indices
0.361 2.625 were determined from transmittance, reflec-

0.378 2.579 tance, and thickness measurements; data ex-
0.378 2.596 tracted from a figure.
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) Thin film specimens of 0.157, 0.213, and Coogan, C.K., 1957 (351
0.239 2.452 0.474 pm thick; vacuum evaporated onto a
0.279.... 2.403 fused iilica substrate; evaporation rates of

A'.'* 0.,, . ,. N V4
" ) . 70005
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Table A-i. Expeitsental data on the refractLv. index-o zinc sulfide (wavelength dependence)--
Cont inued

Data a Specifications and remarks Author(s), year (ref.)
set

18 0.320 2.456 the order 100-500 !/ein. were used In a vae- Coogan, C.K., 1957 135)
cant. 0.340 2.632 uum of 5 x 10-s mm Hg; refractive indices

0.373 2.606 were determined from transmittance, reflec-
0.377 2.578 tance, and thickness measurements; data ex-
0.396 2.503 tracted from a figure.
0.422 2.430
0.453 2.378
0.493 2.348
0.546 2.314
0.610 2. 77 - . I.;. . .

.19 (T'-298 K) Single crystal; hexagonal; grown from vapor Piper, W.W., Harple.
0.3377 2.832 phase; refractive indices were determined by D.T.P., and Johnson,
0.3390 2.785 transmission interference method; data for P.D., 1958 1131
0.3415 2.778 ordinary ray extracted from a figure.
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 2.379
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 2.271
1.830 2.268

20 (T-298 K) Single crystal; hexagona1; grown from vapor Piper, W.11., at al.,
0.3316 2.883 phase; refractive indices were determined by 19A8 113)
0.3364 2.832 transmission interference muthod; dnta for

t , P-6,1,,2 ? 7q: I t I t . ) '. I , i , . ," . . '_ .

1Qm0p2b i Ndtnl A q 0,1 i W

D.C. txxp
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Table A-i. Eperimental data on the refract v viex -of zinc ulf de ( av leng h dep emce ,). .i ~ContiLnued

Data a Specifications and remarks Author(s), year (ref.)
set

20 0.3415 2.792 extraordinary-ray extracted from a figure. Piper, W.W., et &I.,
cont. 0.3428 2.788 ! 1958 1131

0.3468 2.748 IW, S,, . 1 ,:I V ik i ;' ; ITt i

0.3494 2.721
0.3535 2.711
0.3591 2.673
0.3619 2.660
0.3678 2.640
0.3770 2.609
0.3754 2.602 CH! ti': A:A,- 0,N \'NC I;E 1 1O IjH ,

0.3850 2.579
0.3950 2.555

* 0.3968 2.558
0.4094 2.535
0.4150 2.514
0.4208 2.508
0.4348 2.487
0.4391 2.481
0.4499 2.471
0.4686 2.451
0.4888 2.433
0.5080 2.420
0.5137 2.420
0.5380 2.400
0.5546 2.386
0.5683 2.389
0.5905 2.379
0.5985 2.369
0.6105 2.369
0.6405 2.362
0.6739 2.349

4 0.7281 2.339
0.7779 2.329
0.8511 2.312
0.9295 2.305 -

1.036 2.305
1.073 2.295
1.155 2.298
1.342 2.301
1.548 2.285
1.830 2.278

21 (T-298 K) Thin film specimen of 0.12 Um thick; vacuum Cox, J.T., Waylonis,
0.06 0.71 deposited at a rate of 30 A/sec onto a glass J.E., and Hunter, W.R.,
0.07 0.64 substrate at room temperature; refractive 1959 [361
0.08 0.63 indices were determined from reflectance data
0.09 0.69 measured at various incident angles; data ex-
0.10 0.79 tracted from a figure.
0.11 0.73
0.12 0.80
0.125 0.91
0.130 1.08
0.135 1.22
0.140 1.32
0.150 1.40
0.160 1.42
0.170 1.49

lti7 V A..'s... N %V

A ,r '. , C. ?XOOVj
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Table A-I. Experimental data on the refractive index of zinc sulfide (wavelength dependence)--
Cont inued

Data
set Specifications and remarks Author(s). year [ref.]

21 0.180 1.62 1 Cox# J.T., et al.,
cont. 0.190 1.81 1959 136)

0.200 2.09 , I/

0.210 2.59
0.220 3.11

22 (T-298 K) Thin films of 2.22 to 2.50 pm thick; evapor- Huldt, L. and Staflin,
0.833 2.403 ated in a vacuum of 4 x 10- 5 mm Hg onto glass T., 1959 (371
0.909 2.397 substrates of 50 x 60 x I mm plate; residual
1.000 2.392 gas in the evaporation chamber was air; depo-
1.111 2.38b sition rate was 30-60 A/sec and the substrate

1.250 2.379 was rotated durinzg deposition; refractive In-
1.429 2.374 dices were determined from thickness measure-
1.667 2.366 ments and interference method and also by the
2.000 2.360 Brewster angle measurement; it was found that
2.500 2.354 the refractive indices of the film specimens
3.333 2.348 deposited in air residual are higher than for

the corresponding bulk material; averaged re-
sults from three films were extracted from a
figure.

23 (T-298 K) Thin films of 2.22 to 2.50 pm thick; evapor Huldt, L. and Staflin,
0.833 2.318 ated in a vacuum of 4 x 10- sm Hg onto glass T., 1959 [371
0.909 2.312 substrites of 50 x 60 x 1 mm plate; residual
1.000 2.308 gas in the evaporation chamber was nitrogen;
1.111 2.304 deposition rate was 30-60 A/sec and the sub-
1.250 2.298 strate was rotated during deposition; refrac-
!.i29 2.293 tive indices were determined from thickness
1.667 2.288 measurements and Interference method and also
2.000 2.283 by the Brewster angle measurement; it was
2.500 2.279 found that the refractive indices of the film
3.333 2.273 specimens deposited in nitrogen residual are

closer to those of bulk crystal; averaged re-
sults from three films were extracted from a
figure.

24 (T-298 K) Synthetic single crystal; hexagonal struc- Bienievski, T.M. and
0.360 2.705 ture; prism specimen; spectroscopic analy- Czyzak, S.J., 1963 [14J
0.375 2.637 sis revealed the presence of impurities:
0.400 2.560 Mg, Si, Fe, each less than 10-4%; crystal
0.410 2.539 structure confirmed by X-ray and lattice
0.420 2.522 constaits were found to be ao-3.820 A and
0.425 2.511 co-6.260 A; Rochon prism was used to separ-
0.430 2.502 ate the ordinary and extraordinary rays;
0.440 2.486 refractive index data were determined by
0.450 2.473 deviation method; data for the ordinary ray
0.460 2.459 were extracted from a table.
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
0.625 2.354

PGI ,2tI.'J * **.;, : •I

Ft ,,*,, Pube 6 z n c' .ivo
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"Table A-1. Zx iri--ts'data on the ref . tcLe index..of 'inc s'lide .(Wvelon1

Continued a

Data n a Specifications and remarks Author(s), year (ref.)
set

24 0.650 2.346 Iienlevski, T.N. and
cont. 0.675 2.339. Czyzak, S.J., 1963 1141

0.7 2.332 r , . ..t ,.'€l/P IIItE 4 f '?.1 II

0. 8 2. 324
0. 9 2. 310

1.0 2.301
1.2 2.290
1.4 2.285

25 (T-298 K). Synthetic single crystal; hexagonal struc- Blieniewski, T.M. and
0.360 2.709 ture; prism specimen; spectroscopic analy- Czyzak. S.J., 1963 [141
0.375 2.640 sis revealed the presence of impurities:
0.400 2.564 Hg, Si, Fe, each less than l0-bZ; crystal
0.410 2.544 structure confirmed by X-ray and lattice
0.420 2.525 constants were found to be ao-3.820 X and
0.425 2.514 C0 6.260 A; Rochon prism was used to separ-
0.430 2.505 ate th- ordinary and extraordinary rays;
0.440 2.488 refractive index data were determined by 4

0.450 2.477 deviation method; data for the extraordinary 4

0.460 2.463 ray were extracted from a table.
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) Thin films on transparent substrates of glass Hacakaylo, H., 1964
0.589 2.3547 or fused silica; refractive index was deter- (381

mined by Brewster angle measurement; data
taken from a table; accuracy in refractive
index aibout ±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.

27 (T-298 K) Single crystal; hexagonal structure; obtained Cardona, M. and
0.113 0.851 from Smi-Elements, Inc., Saxonburg, PA; Harbeke, G., 1965 [231
0.116 0.869 freshly cleaved prior to reflectivity meas-
0.119 0.905 urements; optical constants were deduced from
0.125 1.012 reflection spectrum by means of Kramers-Kronig
0.130 1.137 technique; data for ordinary-ray read from a
0.135 1.298 figure.
0.139 1.370
0. 43 - 1.352 , . -. -- _ i

V 9 h,fl N-4 [ Wltr
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Table A-1. Experiaental data on the refracLive-itndex of zinc sulfide (vavelength depodisce)-
Continued 1

Data X a Specificatioa and remarks Author(s). year [ref.)
set

.27 0.146 1.281 Cardona. M. and
cont. 0.149 1.281 Harbeke, G.. 1965 (231

0.155 1.281 To' 1 , ,,!i . . , "Tit
0.161 1.353
0.171 1.531
0.177 1.764
0.179 1.978
0.183 2.103
0.187 2.085
0.190 2.068 hI I. (,,

0.193 2.068
0.201 1.961
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
0.280 2.605
0.291 2.587
0.307 2.551
0.318 2.605
0.333 2.748
0.337 2.748
0.430 2.534
0.527 2.427
0.620 2.374
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 [231

- 0.124 1.101 freshly cleaved prior to reflectivity meas-
0.126 1.136 uremenLs; optical constants were deduced from
0.129 1.243 reflection spectrum by means of Kramers-Kronig
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
0.164 1.652
0.168 1.812
0.174 1.954
0.176 2.061
0.178 2.239
0.180 2.345
0.183 2.327
0.188 2.310
0.191 2.274

Fom P.61212:7.3) 1 * ,. "r & I ' T ',.. .* , ? T t

W.1 V5Wmen"t Avi'.. NW
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Table A-i. Experilental data on the refractive index of zinc sulfide (wavelength dependence)-
Continued

Daa n Specifications and remarks Author(s), year (ref.!ou~t

28 0.194 2.274 Cardona, M. and
cont. 0.198 2.203 flarbeke, G., 1965 [23f

0.201 2.203 , , P1 i: ,1 ' 1 ANO TiTI-
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 ON ::.a(,I (I 1HISLi": , 4 I
0.230 3.003 .
0.234 2.967
0.247 2.896
0.263 2.808
0.278 2.790 f?
0.302 2.7370.315 2.773 "

0.316 2.879
0.317 2.986
0.323 2.950
0.337 3.022
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

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 (231
0.067 0.669 freshly cleaved prior to reflectivity mean- 7
0.073 0.669 urements; 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
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 1.717
0.139 1.672
0.142 1.580
0.145 1.466
0.150 1.443
0.155 1.5340.161 1.671

0.165 1.831
0.167 2.014

O. .....

V. , ,d , * I '~ i V
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*Table A-I. kzpeilmetal data an the refractive lde .of zinc sulfide (wavelength dependece)-
Continued

Data I Specificatios end ruarke Author(s). year (ref.)
set

.29 0.173 2.174 i CArdoma, H. and
*mt. 0.177 2.654I Harbeke, C.. 1965 (23)

0.175 2.700 Tli,, I'f(A C1 ;'l 1: t TI. t' f

0.182 2.654
0.187 2.585
0.188 2.471
0.193 2.425
0.203 2.288
0.204 2.242
0.209 • 2.288 ., .,- : .., ,.. ' , ,: ... ', : . , .. '-

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
1.382 2.263

30 (T-300 K) Natural cubic crystal from San Antander, Bond, W.L., 1965 1151
0.45 2.4709 Spain; prism specimen; refractivo 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 Vm.
0.8 2.3146
0.9 2.3026
1.0 2.2932
1.2 2.2822
1.4 2.2762
1.6 2.2716
1.8 2,2680
2.0 2.2653
2.2 2.2637
2.4 2.2604

31 (T-300 K) Cubic crystal; grown at Aerospace Research Manabe, A., Hitsuihi,
19.845 2.117 Laboratories, Wright Patterson Air Force A., and Yoshinaga, H.,
22.009 2.046 Base, OH; sample was polished to a mirror- 1967 1161
23.308 1.829 like finish; near normal (12* incident angle)
2M.183 1.467 reflectivity was measured; refractive Indices
26.774 0.885 were deduced from reflection spectrum by
27.931 0.375 Drude dispersion theory; data extracted from
28.08 0.230 a figure.
29.63 0.158

* 31.537 0.234
32.54 .5 0.527 .. .

FoempA 4 I2 1 f ? I I .- NO ' ' '' . .. ,, . ', '
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Table A-1. Expeimental data on the refact.xIa Indez.o zinc sulfide (wavelength dependeae)--
Continued

Data a Specifications and remarks Authr(s), year (ref.)
set

31 33.120 1.039 Hanabe, A.. et &l.,
cont. 34.265 2.792 1967 (161

35.257 6.224 1141S ', F 14 01' 1 1:i i NI ll' H ANI TillI

35.435 8.341
35.531 9.071
36.116 7.612
36.700 6.153
37.858 5.352
39.015 4.623
40.604 4.187 i > i:! j.i.\i(P,' lI iNliilLiNJ1 I
43.635 3.826 .. .... .... ......
47.098 3.539
49.695 3.396
56.474 3.259
59.791 3.263
61.667 3.192

32 (T-300 K) Multilayer film; measured by transmission Heituann, W. and
0.6328 2.35 method; refractive index of bulk ZnS ob- Koppelmann, G., 1967

tained by this method for the wavelength (393
0.6328 pm at room temperature.

33 (T-300 K) Thin films; sputtered or evaporated onto Burgiel. J.C., Chem,
0.289 2.804 sapphire substrates; refractive indices were Y.S., Vratny, F., and
0.298 2.770 determined by interference method; average Smelinsky, C., 1968
0.308 2.731 index data extracted from a smooth curve. [401
0.322 2.681
0.335 2.643
0.347 2.609
0.362 2.567
0.381 2.528
0.400 2.486
0.417 2.459
0.435 2.433
0.452 2.406
0.476 2.379
0.494 2.356
0.519 2.333
0.555 2.314
0.592 2.291
0.624 2.276
0.677 2.257
0.739 2.238
0.790 2.230
0.895 2.223
1.007 2.215
1.151 2.219

34 (Ta300 K) ZnS layers deposited onto glass substrate in Shklyarevskii. I.N.,
0.4514 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 Ur/min.; refractive indices Lysova, G.V., 1971
0.4654 2.428 were determined from transmission and reflec- (411
0.4712 2.420 tion data assuming the absence of absorption
0.4816 2.407 and scattering; data extracted from a smooth
0.4908 2.393 curve which represents the average of mesas-
0.5012 2.385 urements for five different layers.

I .ri, 'G( l 2 0.5105 2.375 . ii i . . i t t

i, .. V*, I ii.,,i, , N.
e., t'nIllO,jn I, (f7()
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,Table A-1. Experimental data on the refractive index of zinc sulfide (wavelength dependece)-
Continued

Data n Specifications and remarks Author(s), year [ref.]
set

34 0.5313 2.363 Shklyarevskii, I.N.,
cont. 0.5509 2.350 et al., 1971 141)

0.5716 2.339 T,, , l, t', 2 * *nlI: , ' 1,
0.5866 2.332
0.6016 2.324
0.6212 2.316
0.6385 2.310
0.6500 2.306

35 (T=300 K). Thin films; 13.3 pm thick; evaporated onto Shklyarevskil. I.N..
0.476 2.429 antimony substrate in vacuum of 10- 5 im Hg; El-Shazly, A.F.A., and
0.499 2.398 refractive index data were determined by el- Idczak, E., 1971 1421
0.525 2.391 lipsometrical method; data extracted from a
0.549 2.364 figure.
0.574 2.341
0.600 2.339
0.625 2.310

36 (T-300 K) Thin films; 8.6 Um thick; evaporated onto Shklyarevskii, I.N.,
0.477 2.297 antimony substrate in vacuum of 10- 5 -m Hg; et al., 1971 [42)
0.501 2.263 refractive index data were determined by el-
0.525 2.245 lipsometrical method; data extracted from a
0.549 2.228 figure.
0.574 2.190
0.600 2.166
0.625 2.149

37 (T-300 K) Thin films; 4.7 1m thick; evaporated onto Shklyarevskii, I.N.,
0.476 2.189 antimony substrate in vacuum of 10- 5 mm Hg; et al., 1971 [421
0.500 2.132 ref.active index data were determined by el-
0.525 2.132 lipsometrical method; data extracted from a
0.550 2.113 figure.
0.575 2.108
0.600 2.094
0.624 2.085

38 (T-298 K) Hot-pressed polycrystalline compact, Irtran Kodak publication U-72,
1.0000 2.2907 2, product of Kodak Co.; data extracted from 1971 121)
1.2500 2.2777 a table.
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 2.2447
5.2500 2.2432
5.5000 2.2416
5.7500 2.2399

~.n P-6 12 1., 791 ~* i; *

1
0

2
5 V.m, A-f.n.,. N VV.

W.,,.,,.,,o, I C. ?O00b
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.Table A-1. Experimental data on Lhe refracitva'indeA of zinc sulfide (wavelength dependec)- i
Continued

Data
set X n Specifications and remarks Author(s). year (ref.)

38 6.0000 2.2381 Kodak publication U-72.
cont. 6.2500 2.2363 I 1971 (21]

6.5000 2.2344 1i'.: , 1. '',, . AFNITO fI

6.7500 2.2324
7.0000 2.2304
7.2500 2.2282
7.5000 2.2260
7.7500 2.2237
8.0000 2.2213
8.2500, 2.2188. . .. 'A.'.

8.5000 2.2162 .... ..
8.7500 2.2135
9.0000 2.2107
9.2500 2.2078
9.5000 2.2048
9.7500 2.2018
10.0000 2.1986
11.0000 2.1846
12.0000 2.1688
13.0000 2.1508

39 (T-300 K) Pure crystal of mixed cubic and hexagonal Hattori, T., losma, Y.,

133.989 2.947 structure; grown by Bridgiman method under Mitsuishi, A., and
137.885 2.950 high tvmperature and high pressure; speci- Tache, M., 1973 (191
146.811 2.930 mens of 500 to 1000 pm thickness with devia-
154.643 2.930 tion of surface flatness smaller than 0.4Z;
158.401 2.928 refractive indices were determined by inter-
:62.s31 2.930 ference method; data extracted from a figure.
168.098 2.933
172.548 2.923
177.841 2.915
184.118 2.911
188.783 2.912
195.137 2.909
201.159 2.910
209.223 2.907
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

40 (To80 K) Pure crystal of mixed cubic and hexagonal Hattori, T., et al.,
132.291 2.900 structuire; grown by Bridgivan method under 1973 [19]
144.774 2.898 high tumperature and high pressure; specimens

S.. .
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Table A-1. Experimental data oanthe refrdactive ..of zinc sulfide (vavolongth depundenc)-
Continued

Data 1 n Specifications and remarks Author(s), year [ref.]
set

40 148.483 2.887 of 500 to 1000 oim thickness with deviation Hattori, T., et al.,
cont. 152.386 2.889 of suriace flatness smaller than 0.4%; re- 1973 [19)

160.349 2.883 fractihe indices were determined by Interfer-
164.390 2.878 ence method; 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
198.855 2.872
205.922 2.869
212.635 2.869
221.671 2.866
230.484 2.865
238.931 2.863
250.401 2.860
261.705 2.860
275.528 2.863
287.687 2.852
300.960 2.851
319.387 2.850
340.217 2.850
358.950 2.854

382.643 2.856
409.685 2.852
440.839 2.850
477.145 2.855

525.155 2.856

577.501 2.850

41 (T-2 K) Pure crystal of mixed cubic and hexagonal lattori, T., et al.,

92.113 2.944 structure; grown by Bridgiman method under 1973 [191
93.099 2.937 high temperature and high pressure; speci-
94.791 2.938 mens of 500 to 1000 pm 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

F .. P-6 12 7,791 f, , "

I th9fl,.o)9 P.1 , W99 '. ,

102b Vvt~. t Aw.e.. N '.
Woj,.9.JIW r C, AKWC
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Table A-1. Experimental data on the refrac tive indexof zinc sulfide (wavelength dipeadence)--_j
Continued

Data a Specifications and remarks Author(s), year (ref.)
set

41 147.641 2.875 Hattori, T., at al.,
cOnt. 151.062 2.870 1 1973 1191

155.567 2.869 ri,, I, 04A!lIf: W NIti, , I I H

159.857 2.872
164.390 2.872
169.190 2.869
173.696 2.865
179.678 2.865
184.771 2.863
190.854 2.863 it;'.L I,Y ')'f :' ,A{4 4 TLJN

197.352 2.855
204.307 2.850
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 2.843
317.440 2.842
335.841 2.842
358.950 2.838
379.853 2.840
409.685 2.845
437.158 2.840
47/.145 2.841
519.940 2.841
564.972 2.835
641.396 2.841

42 (T-300 K) 99% pure ZnS; thin film spejimen of 0.16 vm; Kersten, R.Th.,
0.6328 2.381 evaporated atarate of 3.7 A/sec onto a BK7 Hahlein. H.?.. and

glass substrate maintained at 353 K in a Rauscher, W., 1975
vacuum of 5 x 10- 9 bar; refractive index was [431
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; deposition rate 500 A/min.; refractive (441
0.466 2.423 index d.2termined by interference method; 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

44 (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 1451

14 ....,1--6 -12/791 T" fi l I
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Table A-1. Experimental data on the refractive index of zinc sulfide (wavelength dipendence)--
Continued

Data A a Specifications and remarks Author(s), year [ref.)
set

44 measurements of the transmittance maxima Netterfleld, R.P.,
Pont. during deposition; average value of refrac- 1976 [451

tive indices obtained for every A/4 thickness
of the film was taken from a table.

45 (T-300 K) Thin film specimens of various thicknesses Barakat, N., EI-Shazly,
0.4461 2.455 (about I pm); coated with silver on both A.F.A., and El-Shair,
0.4783 2.413 faces; refractive index determined by inter- H.T., 1977 1461
0.5183 2.375 ference method; data extracted from a table.
0.5677 - 2.341
0.6314 2.315

46 (T-294.6 K) Polycrystalllne material grown by CVD method; Feldman, A., Horowitz.
0.55 2.38579 prismatic specimen measured on precision D., Waxler, R.M., and
0.60 2.36237 spectrometer by minimum deviation method; re- Dodge, M.J., 1978 (171
0.65 2.34509 fractive indices determined to fifth decimal
0.70 2.33189 places; average absolute residual of n from a
0.75 2.32155 best fit dispersion equation is 5.4 x 10-5;
0.80 2.31327 data extracted from a table.
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 K) Polycrystalline material grown by CVD method; Feldman, A., et al.,
0.55 2.38579 prismatic specimen measured on precision 1978 (171
0.60 2.36232 spectrometer by minimum deviation method; re-
0.65 2.34503 fractie indices determined to fifth decimal
0.70 2.33184 places; average absolute residual of n from a
0.75 2.32150 best fit dispersion equation is 4.6 x 1O';
0.80 2.31322 data extracted from a table.
0.85 2.30647
0.90 2.30089
0.95 2.29622
1.00 2.29226
1.50 , 2.27206
2.00 2.26451

.2.50. 2.26029 !

for nP-'162l2,91 1

1L)'msphVf. P|.W. Sh q Co-jimu i. ..
UtVID W,, -m AW'nur, N W.
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Table A-1. Experimental data on the ref racti'uwindex..of zinc sulfide w~avelengih dependence)--..
Continued

Data I n Specifications and remarks Author(&). year [ref.)

47 3.00 2.25719 Feldman, A., at al.,
cont. 3.50 2.25447 1978 117)

4.00 2.25182 I it1 ANI) I ITL.I

4.50 2.24907
5.00 2.24616
5.50 2.24303
6.00 2.23963
6.50 2.23595
7.00 2.23196ItIANIN % iijFI I
7.50 2.22763 ,( I )'NNr, f*rist

* 8.00 2.22296 ----

8.50 2.21791
*9.00 2.21246

9.50 2.20660

48 (T29. K) Plcytlie o pressed ZnS (Irtran 2); Wolfe, W.L. and
0.628 .354 otaied romEastman Kodak Co.; prism speci- Korniaki, R.. 1978
1. .99 mn ercieindices were determined by [8
1.5 .275 minmum eviaionmethod; data extracted from
2.0 .267 a tble;repoteduncertainty 2.86 x 10-4 rmu

4.5 2.2518 vlu-
5.0 2.246
5.5 2.254
6.0 2.245
4 .5 2.23181
7.0 2.2337
5 .5 2.2253
8.0 2.227
8.5 2.2199
9.0 2.2141
7 .5 2.2080
10.0 2.2047
10.5 2.1971
11.0 2.2141
11.5 2.2793
12.0 2.210
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 me~n; refractive indices were determined by (181
1.5 2.2755 minimum deviation method; data extracted from
2.0 2.2679 a table; reported uncertainty 2.86 x 10-4 rm
2.5 2.2635 value.
3.0 2.2600
3.5 2.2570
4.0 2.2546

PIf 2 1" 11 1. 1't1.II't\ 1

am.
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Table A-1. Expasental data on the ref ractiva. ndex of zinc sulfide (wavelength dependence)--
Continued

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

49 4.5 2.2521 Wolfe, W.L. and
coant. 5.0 2.2490 Korniski. R.. 1978

5.5 2.2455 . , ... :18

6.0 2.2429
6.5 2.2384
7.0 2.2345
7.5 2.2305
8.0 2.2252
8.5 2.2200 0

9.0 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) Polycrystalline; hot pressed ZnS (Irtran 2); Wolfe, W.L. and
0.6328 2.3375 obtained from Eastman Kodak Co.; prism speci- Korniski. R., 1978
1.0 2.2837 men; refractive indices were determined by (181
1.5 2.2643 minimum deviation method; data extracted from
2.0 2.2572 a table; reported uncertainty 2.86 x 10- rms
2.5 2.2527 value.
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) Refractive index was determined by infrared Kulakov, H.P. and
3-5 2.38 spectroscopic method; the wavetength region, Fadeev, A.V., 1980

3-5 pm, was found to be nondispersive having (471
a conbtant refractive Index of 2.380 ± 0.01.

L.,._ .. . . .. . . rt
For. P-6 1'217 .' , ,W

VIO Vir++,*or, -, N PW

VAh .. -, .'(MS
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-Table A-2. "Experimental data on the refracte index of zinc sulfide (temperature 'dependence)

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

Data T n Specifications and remarks Author(s), year (ref.)
set

1 (X-0.436 pm) Natural crystal; prismatic specimens of apex Hell, M., 1923 [81
194 2.4804 angles about 22° to 25'; refractive indices
273 2.4882 at various temperatures were determined by
293 2.4917 the minimum deviation method; data were ex-
477 2.5093 tracted from a table; uncertainties less than
637 2.5299 0.001 in refractive index value.
674 2.5332
734 2.5441
873 2.5616; 1. ^,J Tr i t %fr,,*,,. ' 1 HI',Li; 4

.... 937 2.5726 . .

2 (X-0.546 Pm) Natural crystal; prismatic specimens of apex Hell, H., 1923 [8)
135 2.3792 angles about 22' to 25'; refractive indices
195 2.3828 at various temperatures were determined by
273 2.3867 the minimum deviation method; data were ex-

. 293 2.3890 tracted from a table; uncertainties less than
477 2.4007 0.001 in refractive index value.
673 2.4177
736 2.4240
854 2.4340
874 2.4364
913 2.4399
934 2.4420
977 2.4452

3 (X0.578 um) Natural crystal; prismatic specimens of apex MelI, H., 1923 (81
195 2.3673 angles about 22' to 25'; refractive indices
273 2.3709 at various temperatures were determined by
293 2.3733 the minimum deviation method; data were ex-
478 2.3841 tracted from a table; uncertainties less than
635 2.3979 0.001 in refractive index value.
673 2.3996
735 2.4053
794 2.4103
S53 2.4148
875 2.4177
913 2.4202
934 2.4214
979 2.4258

4 (A-0.619 ijm) Natural crystal; prismatic specimens of apex Nell, N., 1923 (8)
198 2.3508 angles about 22' to 25'; refractive indices
273 2.3549 at various temperatures were determined by
294 2.3561 the minimum deviation method: data were ex-
477 2.3667 tracted from a table; uncertainties less t;ian
674 2.3813 0.001 in refractive index value.
875 2.3982

5 (A-1.0 11m) Polycrystalline; hot pressed ZnS (Irtran 2); Wolfe, W.L. and
93 2.28033 obtained from Eastman Kodak Co.; prism speci- Korniski, R., 1978
113 2.28103 men; refractive indices were determined by (18)
123 2.28146 minimum deviation method; data extracted f(om
133 2.28204 a table; reported uncertainty 2.86 x 10-4 ras
143 2.28245 value.
153 2.28270
163 2.28327

.... (,.. .

,, , ' • 2 ~
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.Tabla A-2. Experimental data on the refractive index of zinc sulfide (temperature dependance)--
I Continued

Data T n Specifications and remarks Author(s), year [ref.J
set

5 173 2.28363 Wolfe, W.L. and
cant. 183 2.28406 I Korniski, R.. 1970

193 2.28458 Ti(1 SPA(: iH CflA1 1 B oTaiR,17
203 2.28507
213 2.28567
223 2.28651
233 2.28748
243 2.28802
253 2.28887

263 2.28961
273 2.29007
283 2.29076

6 (2.5 m) Polycrystalline; hot pressed ZnS (Irtran 2); Wolfe, W.L. and
98 2.24552 obtained from Eastman Kodak Co.; prism speci- Korniski, R., 1978

108 2.24581 men; refractive indices were determined by [181
118 2.24611 minimum deviation method; data extracted from
128 2.24640 a table; reported uncertainty 2.86 x 10" ram
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
248 2.25251
258 2.25319
268 2.25377
278 2.25477
288 2.25513

7 (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; refractive indices were determined by (181
123 2.2227 minlmum deviation method; data extracted from

133 2.2228 a table; reported uncertainty 2.86 x 10
- 4 ras

142.5 2.2233 value.
152.8 2.2237
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

O,,., P-6 .2 1,' 70' 1 7 .. 1 1

11"W4
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Table A-2. ExperiAental data on the refractive index of zinc sulfide (temperature dependence)-
Continued

a
Data T n Specifications and remarks Author(s), year (ref.)
set

8 (A=10.5 Pi) 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 wore determined by [18)
123 2.1913 minimum deviation method; data extracted from
133 2.1913 a table; reported uncertainty 2.86 x 10" 1 rus
143 2. 1919 value. i
153 2.1923
163 2.1928
173 2.1933,

. 1 8 3 2 .1 9 3 8 " v I I ( 1 ( W ! .N.. .( .A ( .. .O N I LI I I

193 2.1941
203 2.1946
213 2.1953

223 2.1958
233 2.1965
243 2.1972
253 2.1980.:
263 2.1987

F: .. n P-0. 12 12 ;,1 1 ,'') TYIL I I I 1' (Nr 1 HIS L t t

f-. ... .
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L __Table A-3.' Experimental data on the temperature derivative of refractive index of
zinc sulfide (wavelength-dependence) -

[Temperature, T, K; wavelength, A, um; temperature derivative of refractive index, dn/dT, l0SK'l

ata A dn/dT Specifications and remarks Author(s), year [ref.)
set

1 (T-298-338 K) Polycrystalline; produced by chemical-vapor- Harris. R.J., Johnson,
0.6328 6.35 deposit grown by Raytheon; plato specimen; C.T., Kepple, G.A.,
1.15 4.98 dn/dr data were determined from shifts of Krok, P.C., and Mukai,
3.39 4.59 Fizeau interference fringes; data extracted H., 1977 [3]

10.6 4.63 from a table; uncertain about 1 unit in the

first decimal place.

2 (T-93 K) Polycrystalline material grown by CVD method; Feldman, A., Horowitz,

1.15 3.5 plate specimen; dn/dT data were determined D., Waxler, R.M., and
3.39 2.8 from a knowledge of the thermal expansion co- Dodge, M.J., 1978 (171

10.6 2.7 efficient and by measuring the shift of Fizeau

(T-113 K) fringes in the heated specimen; data extracted

1.15 3.7 from a table; standard deviation about 2 units

3.39 3.1 in the first decimal place.

10.6 3.0

(T-133 K)
1.15 3.8
3.39 3.3
10.6 3.3

(T-153 K)
1.15 4.0
3.39 3.5

10.6 3.5

(T-173 K)
1.15 4.1
3.39 3.7

10.6 3.7

(T-193 K)
1.15 4.2
3.39 3.9

10.6 3.8

(T=213 K)

1.15 4.3
3.39 4.0

10.6 3.9

(T-233 K)
1.15 4.4
3.39 4.1

10.6 4.0

(T-253 K)
1.15 4.5
3.39 4.1
10.6 4.0

(T-273 K)
1.15 4.5
3.39 4.2

10.6 4.1

(T-293 K)
1.15 4.6
3.39 4.2

- 10.6 4.1

&,f., I~,q'f P.,I,' if.| co11^ r tCfo l 11-

lO7b %o ."mp- A n.u,,, N W
W Pt,,r..I,,n. i) C. uV0'
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Table .A-3., Experimental data on the'temp.rature derivative of refractive Index of
zinc sulfide (wavelength -dependence)--Continued

Data X dn/dT Specifications and remarks Author(s), year [ref.)
set
2 (T-313 K) Feldman, A., et al.,

cont. 1.15 4.6 1978 117)
3.39 4 .3 . .. , '. .

10.6 4.1

(T-333 K)
1.15 4.7
3.39 4.3

10.6 4.1

(T-353-K) I. " [V. ... r.: 0%. hI1; LI

1.15 4 .7 .. .. ... . -

3.39 4.3
10.6 4.1

_. (T-373 K)
1.15 4.7
3.39 4.3

10.6 4.2 .

(T-393 K)
1.15 4.8
3.39 4.4

10.6 4.2

(T=413 K)
1.15 4.8
3.39 4.4

10.6 4.3

(T-'433 K)
1.15 4.9
3.39 4.4
10.6 4.4

(T-453 K)
1.15 4.9

3.39 4.5

10.6 4.5

(T-473 K)

1.15 5.0
3.39 4.6

10.6 4.7

. "P t
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__ Table A-4.' .Experimental data on the temperature derivative of refractive Index of
zinc sulfide (temperature dependence)

(Temperature, T, K; wavelength, X, Vm; temperature derivative of refractive index, dn/dT. 10-5K'1

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

(A-1.15 im) Polycrystalline material grown by CVD method; Feldman, A., Horowitz,
93 3.5 plate specimen; dn/dT data were determined D., Waxier, R.H., and

113 3.7 from a knowledge of the thermal expansion co- Dodge, M.J., 1978 1171
133 3.8 efficient and by measuring the shift of Fii.eau
153 4.0 fringes in the heated specimen; data extracted
173 4.1 from a table; standard deviation about 2 units
193 4.2 in the first decimal place.
213 4.3

233 4.4
253 4.5
273 4.5
293 4.6
313 4.6
333 4.7
353 4.7
373 4.7
393 4.8
413 4.8
433 4.9
453 4.9
473 5.0

2 (X-3.39 inm) Polycrystalline material grown by CVD method; Feldman, A., et al.,
93 2.8 plate spccimen; dn/dT data were determined 1978 [171
113 3.1 from a knowledge of the thermal expansion co-
133 3.3 efficient and by measuring the shift of Fizeau
153 3.5 fringes in the heated specimen; data extracted
173 3.7 from a table; standard deviation about 2 units
193 3.9 in the first decimal place.
213 4.0
233 4.1
253 4.1
273 4.2
293 4.2
313 4.3
333 4.3
353 4.3
373 4.3
393 4.4
413 4.4
433 4.4
453 4.5
473 4.6

3 (1-10.6 Vm) Polycrystalline material grown by CVD method; Feldman, A., et al..
93 2.7 plate specimen; dn/dT data were determined 1978 [171
113 3.0 from a knowledge of the thermal expansion ro-
133 3.3 efficient and by measuring the shift of Fizeau
153 3.5 fringes in the heated specimen; data extracted
173 3.7 from a table; standard deviation about 2 units
193 3.8 in the first decimal place.
213 3.9
233 4.0
253 4.0
273 4.1
293 4.1

P- 2 17

Inn 1, ,, . A',, w: %.V
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___Table A-4." Experimental data on the 'temperature derivative of refractive index of
zinc sulfide (temperature dependence)--Continued

Data T dn/dT Specificatiorts and remarks Author(s), year (ref.)
seot

3 313 4.1 Feldman, A., et al.,
cont. 333 4.1 1978 1171

353 4.1 ,,. :.
373 4.2
393 4.2
413 4.3
433 4.4
453 4.5
473 4.7

4 4 ().0-L0.5 11m) Polycrystalline; hot pressed ZnS (Irtran 2); Wolfe, W.L. and
113 3.8 obtained from Eastman Kodak Co.; prism speci- Korniski, R., 1978

-. 134 4.3 men; refractive indices were measured by [18]
153 4.8 minimum deviation method and dn/dT values

-. 173 5.2 were determined from AnlAT; averaged data
192 5.6 extracted from a figure.
212 6.1
232 6.6
253 7.0
272 7.4
281 7.6

F - P-0. 42 1., ;91 I . . I

V*,..tht,. ,', ,~~~a~lt ',~ ~~~ V4,nl, r t
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,Table A-5. Experimental data on the refractive Index of zinc selenide (wavelength dependence)

[Temperature, T, K; wavelength, ), Vim; refractive index, n]

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

(T=300 K) Single crystals; grown by the vapor growth Aven, H., Harple,
4.429 2.40 technique; reflection spectra in various re- D.T.F., and Segall, B.,

3.875 2.40 gions (ither directly measured 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 2-k

2 and 2nk; data extracted

2.033 2.42 from the curves and converted to desired
1.824 2.44 quantities.
1.653 2.44 __

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
0.5188 2.70
0. 5000 2.74
0.4715 2.85
0.4627 2.90
0.4509 2.83
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
0.2638 3.11
0.2583 2.87
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
0.1944 2.42

0.1905 2.13

N'-f.h.v t' Put- "'4 Co¢u t, n

up, , ,, . u 1
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'able A-5. Eperimental data on the refractive index of zinc selenido (wavelength dependence)--
Con ttnued

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

1 0.1859 1.88 Aven, M., et al., 1961
cont. 0.1810 1.66 157]

0.1754 1.44 , .. .

0.1696 1.33
0.1642 1.27
0.1584 1.30
0.1550 1.33
0.1529 1.43
0.1498 1.48
0.1478 1.45 '
0.1464 1.42
0.1400 1.30

*0.1352 1.19
0.1301 1.10
0.1240 1.00

2 (T-300 K) Thin film specimen; Vacuum evaporated onto Fischer, A.G., Fonger,
0.50 2.72 Pyrex glass substrate; refractive indices W., and Mason, A.S.,
0.51 2.70 were determined from interference pattern and 1962 [66)

0.52 2.68 thickness measurements; data extracted from a
0.53 2.66 table.
0.54 2.65
0.55 2.64
0.56 2.63
0.57 2.62
0.58 2.61

0.60 2.59
0.70 2.53
0.80 2.50
0.90 2.47
1.00 2.46
1.10 2.45
1.20 2.44
1.30 2.43
1.50 2.42
1.70 2.41
1.90 2.40

3 (T=298 K) Single crystal; impurities, 0.001-0.002% Cd, P, Marple, D.T.F., 1964
0.48 2.780 0.0005-C.0OIAs, 10.0005,% Sb, Si, Al, Fe, trace [481
0.50 2.732 of A,, Au, B. Co. Cr, Cu. Ga, In, Li, 'In, 4i,
0.52 2.695 >0.0022 oxygen and halogens; crystal grown in
0.54 2.665 se.led, argon-filled quartz tube by sublima-
0.57 2.629 tion of the compound from a hot furnace zone
0.60 2.601 into a cooler zone where crystals formed;
0.63 2.580 prismatic specimen with faces flat to within
0.66 2.562 one wavelength of sodium ) line; data extrac-
0.70 2.543 tion by using the equation (given by the
0.74 2.528 .ne1thor) n -A+[B,'/(N-C

2 )J, where A-4.00,
0.78 2.516 11=1.90, C-0.113, and X in unit of Jim; the
0.82 2.506 above equation fitted experimental data
0.87 2.496 within txperiment-l error of 0.002 at each n
0.92 2.488 In the wavelength region of 0.48 to 2.5 Jim.
0.97 2.481
1.02 2.476
1.08 2.470
1.14 2.466

0 C.
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Table A-5. Experimental data on the refractive.iadex of zinc selcnide- (wavelength dependence)--
Continued

Data n Specifications and remarks Author(s). year [ref.]
set __________________________________ _______________

3 1.20 2.462 Marple, D.T.F., 1964
cont. 1.26 2.458 (481

1.33 2.455 , '. " ' I,

1.40 2.452
1.47 2.450
1.54 2.448
1.62 2.446
1.70 2.444
1.78 2.443
1.86 2.442 .

1.95 2.440
2.04 2.439
2.13 2.439
2.22 2.438
2.31 2.437
2.40 2.436
2.50 2.436

4 (T-298 K) Single crystal; less pure than above specl- Marple, D.T.F., 1964
0.48 2.781 men; crystal grown in sealed, argon-filled [48]
0.50 2.736 quartz tube by suhlimatlon of the eompound
0.52 2.700 from a hot furnact, zone Into a cooler zone
0.54 2.670 where crystals formcd; prismiatic specimen
0.57 2.635 with faces flat to within onC w.tvvlength of
0.60 2.608 sodium D line; data oxtra( ion bv ii-;ing the
0.63 2.586 equation (,jven bv the author) n'=A+[BX?/
0.66 2.568 Y-C )I, witure A = .'l, ii=2. 9, C=0.105, and
0.70 2.549 in intL at 11ira: rl!C :bove equ.-tion fitted
0.74 2.533 experitnutoil data wi thin uxperirn.tal error
0.78 2.521 of 0.002 at each n ii tie wavvlength regton
0.82 2.511 of 0.48 to 2.5 jrm.
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
2.50 2.436

Ii .

, N'a V V;
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Table A-5. Experimental data on the refractive index of zinc selenlde (wavelength dependence)--
Continued

Data n Specifications and remarks Author(s), year fref.]
sc t

5 (T-297 K) Single crystal having an orange-yellow hue; Rambauske, W.R., 1964
0.404414 2.65 impurities 0.0001% Al. Fe, Ag, and Pb; sup- (501
0.434750 2.69 plied by Aerospace Research Laboratories;
0.455535 2.82 prismatic specimen with faces of 1.5 x 1.5
0.491604 2.7493 cm and ipex 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 10 - 4 in
0.546074 2.6541 n; reflection method used in the region
0.576959 2.6219 <0.49 ji with uncertainties of ±5 x 10- 2 in n;
0.578966 2.6199 data extracted from a table.
0.587562 2.6125
0.588995 2.6113
0.589592 2.6106
0.621287 2.5875
0.636235 2.5781
0.643847 2.5735

6 (T=297 K) Polycrystalline samples having yellow hue; Rambauske, W.R., 1964'"
0.404414 2.25 0.01-0.1% Cd, 0.001% Al, Fe, Sn, Ba, Pb, and [50] 
0.434750 2.3] 0.0001% Bi; supplied by the Hanshaw Chemical
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,
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 10- 3 in region
0.576959 2.630 >0.49 v by deviation method, of ±5 x 10- 2 in
0.578966 2.628 region <0.49 pj by reflection; digitized data
0.588995 2.620 extracted from a table.
0.589592 2.620
0.643847 2.584

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]
32.2 2.06 sion theory; data extracted from a smooth
36.1 1.71 curve.
38.2 1.41
39.3 1.17
40.3 0.78
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 3.77
57.6 3.48
61.1 3.32
67.8 3.07
85.0 2.92

1 *. r 2 ", ' ,~ * * .. ,€

P 
1

,I
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Table A-5. Experimental data on the refractive index _of zinc selenide (wavelength dependence)--
Continued

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

8 (T-100 K) Crystal; grown at Aerospace Research Labora- Manabe, A., et al.,
32.2 2.06 tories, Wright-Patterson Air Force Base, 011; 1967 [161
35.2 1.62 reflection spectra analyzed by Drude diaper-
37.5 1.21 sion theory; data extracted from a smooth
38.5 0.87 curve.
39.8 0.29
40.8 0.15
43.6 0.15
44.8 0.26
45.5, 0.5-2 i 5 ,- r,.. (t,,' L . ' ': ( ,;<t .!~ < li.!

45.9 0.95
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

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 [551
37.3 1.15
41.3 0.00
43.7 0.34
45.4 1.14
46.6 1.83
47.7 8.73
48.3 9.19
49.2 8.61
50.5 6.58
51.5 5.52
52.6 4.92
55.8 4.48
61.7 4.01
70.2 3.62
104.3 3.31
124.5 3.31

10 (T-90 K) Polycrystalline, Irtran 4; reflection spec- Hlandi, A., et al., 1967
5.1 2.40 trum anilyzed by Kramer-Krontg method; d:ta [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
46.6 0.94
47.5 21.94
48.5 8.10
49.1 6.84

. ..... 49.4 6.11

. 6. 0^,uh ,n,# CO, ,1., 'on

),s ,;iO~i UC. :0001 l
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Table A-5. Expeimental data on the refractive Index of zinc aelenide '(waveilength d6pendence)-,
Continued

Data n Specifications and remarks Author(s), year (ref.]
set A

10 50.5 5.52 Handi, A., et &l., 1967
cont. 52.3 5.08 (551

54.6 4.64 T1i S'ACt IOV ' ifAI III : ANI) TITt.i I

57.1 4.29
59.8 4.00 -

66.7 3.75
119.6 3.58

11 (T-300 K) Multilayer film; measured by transmission Heltmann, W. and
0.6328 " 2.60 method; refractive index of bulk ZnSe ob- Koppeleann; C., 1967

tained by this method for tlte wavelength [39]
0.6328 pm at room temperature; uncertainty
in n ±0.03.

12 (Tt-295 K) Polycrystalline. Irtran 4; wedge specimen of Hilton, A.R. and Jones,
2.633 2.445 apex angle 15-20"'; refractive indices were C.E., 1967 [52]
3.440 2.441 determined using minimum deviation method;
4.060 2.438 experimental error about -t0.0003; data ex-
5.360 2.433 tracted from a figurei dn/dT at 5 pa was
6.165 2.430 found to be 4.8 x 10i'K - 1.

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 K) Polycrystalline, Irtran 4; wedge specimen of Hilton, A.R. and Jones,
2.577 2.440 apex argle 15-20; refractive indices were C.E., 1967 [52)
3.631 2.434 determined using minimum deviation method;
4.127 2.433 experinental error about ±0.0003; data ex-
5.304 2.428 tracted from a figure; dn/dT at 5 U'm was
6.171 2.425 found to be 4.8 x 10-$K- 1.
7.410 2.420
8.092 2.416
9.394 2.410

10.14 2.406
11.13 2.399
!1.94 2.393
12.56 2.388
13.06 2.383

14 (T-290 X) Polycrystalline, Irtran 4; plate specimen; Handi, A., Claudel, J.,
66.667 3.78 reflection spectrum analyzed by Kramer-Kronig and Strimer, P., 1968
63.492 3.73 analysis; data extracted from a smooth curve. (561
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 -

t P 2 6 1 I 2,, MiI l

',, ~ ~ m .. ..,. l , ' .st
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able.A-5. £xpex'iental data on tfe refractive index of zinc sclenide (wavelength dependence)--
Continued

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

14 45.269 0.40 Handi, A., et al., 1968
cont. 43.365 0.28 [561

40.339 0.29 '14. ,PAC( I )R CHA 'I[ IT Nw! If t II 1
39.032 0.74
37.951 1.22 I
36.860 1.42
28.843 1.82

15 (T-290 K) Polycrystalline, Irtran 4; plate specimen; Handi, A., et al., 1968.
66.667 • 3.80 reflection spectrum analyzed by Lorentz ' [561
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
52.994 5.48
51.626 6.22
50.942 7.04
49.677 9.81
49.092 9.42
48.123 2.29
47.755 1.67
47.192 1.06
45.956 0.53
40.950 0.27
39.635 0.57
38.625 1.17
37.300 1.48
35.524 1.67
29.985 2.02

16 (T-80 K) Polycrystalline, Irtran 4; plate specimen; Handi, A., et al., 1968
- 66.667 3.78 reflection spectrum analyzed by Kramcr-Kronig (561

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
50.226 5.92
49.432 7.08
48.356 10.05
47.962 10.48
47.461 10.15
46.598 1.68
45.788 0.58
44.170 0.24
39.139 0.16
38.417 0.51
37.750 1.03
36.590 1.34
28.843 1.82

17 (T80 K) Polycrystalline, Irtran 4; plate specimen; Handi, A., et al., 1968
65.531 3.59 reflection spectrum analyzed by lorentz 1561
59.773 3.84 oscillator model (one oscillator only); data
55.617 4.28 extracted from a smooth curve.

....... 53."S - 4.62 -

F'' ,nP-6 1 ,,, 41 A, ! TN 'I !--I,

I w iw~tr M.,|0Htt,,nq Cwt-mat~ofn

1026S Vws, mtmt A, -weu. NOV- . .
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Table A-5. Experimental !data on the refractive__ index of'ziac selenide (wavelength dependence)--]
Continued j

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

17 52.056 5.01 Handi, A., et al., 1968
cont. 51.046 5.41 1561

49.776 6.30 TfIl ,',C: I k)P CHIAP11 k NtIMRLR AND rITL[
48.780 7.49
47.529 14.67
47.103 5.15
46.970 2.54
46.642 1.60
45.788 0.63 i
43.197 "0.3b0 ' , '.. I /, fii,)I'I 'I ( IN IHISLIJ a
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 K) ZnSe film deposited on aluminum layer; re- Heitmann, W., 1968
0.633 2.57 fractive index was determined from transmit- [671

tance and thickness measurement; data ex-
tracted from a table.!

19 (T-300 K) ZnSe film deposited on silver layer; refrac- Heltmann, W., 1968
0.633 2.54 tive index was determined from transmittance (67] "

and thickness measurements; data extracted

from a table.

20 (T-300 K) Vacuum deposited thin layer specimen; 1.06 ijm Kot, H.V. and Tyrziu,
0.50 2.65 thick; vacuum annealed for 50 hr. at 623 K; re- V.G., 1970 [681

* fractive index at 0.50 pm determined by in-
terference method; data extracted from a
table.

21 (T-298 K) Hot-pressed polycrystalline compact, Irtran Kodak publication U-72,
1.0000 2.485 4; product of Kodak Co.; data extracted from 1971 (21]
1.2500 2.466 a table.
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 2.4403.2500 2.438

3.5000 2.437
3. 7500 2.436
4.0000 2.435
4.2500 2.434
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 ..

n. ,,, .* ,0*. . N)%
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i~ableA-). Experimental:
Table A-5. Continued data on the refractive Indux of zinc selenide (wavelength dcpendence)--( Continued

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

21 6.7500 2.424 Kodak publication 0-72,
cont. 7.0000 2.423 1971 (211

7.2500 2.422 ),?Wl SPA, I C14AlP! H HA'. TITll
7.5000 2.421

7.7500 2.419
8.0000 2.418
8.2500 2.417
8.5000 2.416
8.7500 2.415

9,0000 2.413 ~ ''*~''~ .~*ii.

9.2500 2.411 •
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
15.0000 2.370
16.0000 2.361
17.0000 2.352
18.0000 2.343
19.0000 2.333
20.0000 2.323

22 (T=300 K) Crystals; pure; grown by Bridgiman method Hattori, T., Homma, Y.,
540.54 2.999 under high temperature and high pressure; Mitsuishl, A., and
502.51 3.012 specimens of thicknesses ranging from 500 Tacke, M., 1973 (191
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
261.78 3.019
250.63 3.025
240.96 3.026
232.02 3.028
223.71 3.028
215.52 3.030
207.90 3.027
201.61 3.046
194.93 3.035
188.68 3.039
183.82 3.034
168.92 3.047
164.20 3.049
160.26 3.055
156.25 3.063

tAirO, V C. A n,,S. .W.
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:Table A-5.eExperimental data 'on the refractive index'of'zinc selenide (wavelength dependence)-
TableA-S.Continued dpnec)-

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

23 (T-80 K) Crystals; pure; grown by Bridgiman method Iattori. T., et al.,
421.94 2.971 under high temperature and high pressure; 1973 (191
396.83 2.969 specimens of thicknesses ranging from 500
370.37 2.971 to 1000 Vm; measured by interference method;
350.88 2.976 data extracted from a figure.
330.03 2.975
311.53 2.976
297.62 2.979
283.29 2.977
270.27 2.981 . u, ; TI ,1%4!- PA( I ON THIS LINE I 1 4 1

258.40 2.980 ... . . ..
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
192.68 2.995
187.27 2.998
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 pm; 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
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
280.11 2.960
268.10 2.963
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
168.07 2.995
157.48 3.001
148.81 3.008
140.06 3.013
133.51 3.021

V .," .'. " .t ?0'$
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Table A-5. Experimental data "on the refractive index of zinc selenide '(wavelength dependence)--
Continued . . _ . ..

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

24 127.55 3.031 Hattori, T., et al..
cont. 121.65 3.041 1973 [191

116.41 3.049 Tr I '. " ' 11
111.98 3.064
107.53 3.071
103.63 3.082
100.10 3.092
96.62 3.105
93.72 3.122
90 .74 3.1-32 4 'I . I,i1\,"CIV ,t, f k i 'V'' " t , ' " 4

88.34 3.149 --
85.76 3.165
83.54 3.181

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 prm; substrate held at room Tomlin, S.G., 1976

. 0.353 2.952 temperature during deposition; refractive in- (701
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'- 0.486 2.789
0.492 2.757
0.550 2.b24
0.618 2.543

- 0.701 2.495
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 wm; substrate held at 773 K Tomlin, S.C., 1976
0.353 3.056 during deposition; refractive index data de- (70]
0.369 2.996 termined by interference method; data ex-
0.392 2.952 tracted from a figure.
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
0.821 2.499
1.031 2.475
1.235 2.467
1.660 2.456
2.070 2.455

Frn, P-G 1 1,2 70)f f I , . '*',I' •, ,

M-,' PWh C P,.,l*hsng C l,.ttOn -. j
1U.* V-..'I AV',,nu. N W.
IV.. .-. r , rev ,
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Table A-5. Experimental data'on the refractive'index of'zinc selenide (vavelength dependence)--
Continued

Data n n Specifications and remarks Author(s), year (ref.1
SQ t

28 (T-300 K) Prism specimen having faces 14 mm x 5 mm and Wunderlich. J.A. and
0.4765 2.826 apex angle 16; refractive index determined DeShazer, L.G., 1977
0.4880 2.784 using the minimum deviation method; data ex- (531
0.4965 2.759 tracted from a table; reported uncertainty
0.5017 2.746 ±0.002.
0.5145 2.721
0.5676 2.645
0.5868 2.627
0.6072 2.611
0.6328 2.592 ,t1.', Ti *(l'i NA( ' A ,'4 ItiS L',t I

29 (T-300 K) Specimens of crystals and films; refractive Pedinoff, I.K.,
10.6 2.46 indices at 10.6 jim wcre determined by a modu- Braunstein, M.. and

lated light ellipsometer; averaged value of Stafsudd, O.M., 1977
" n was extracted from a table; average uncer- 1711

tainty for bulk crystal ±0.02, for film
±0.09.

30 (T-293.3 K) Polycrystalline material grown by CVD method; Feldman, A., Horowitz,
0.55 2.66246 prismatic specimen measured on precision D., Waxier, R.M., and
0.60 2.61380 spectrometer by minimum deviation method; Dodge, M.J., 1978 1171
0.65 2.58054 refractive indices determined to fifth deci-
0.70 2.55636 mal places; data extracted from a table.
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

'2 , , 17.7Wt 7' " ! " ' " :,

.n. . . j ., , ''lf,, ,t o I'J
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*Table A-5. Experimental 'dataon the refractive Index of zInc selenide (wavelength dependerce)--I
Continued

Data n Specification, and remarks Author(s), year (ref.)
set

30 15.00 2.36610 I Feldman, A., et al..
cont. 15.50 2.36080{ 1978 [17)

16.00 2.35523 tq S.PACE 101 (" PTI "1 V N .1h I? .j)IIr I
16.50 2.34937
17.00 2.34322
17.50 2.33675

18.00 2.32996

31 (T-293.8 K) Polycrystalline material grown by CVD method; Feldman, A., et al.,
0.55 2.66278 prismatic specimen measured on precision 1978 [171
0.60 2.61409 spectrometer by minimum deviation method;--
0.65 2.58090 refractive indices determined to fifth deci-
0.70 2.55676 mal places; data extracted from a table.
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 2.44086
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

P.bl4Jh,na Coi0.,,',On

101, Vr..onl Awn,, NW
n r )i~nnn,
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Table A-S. Experimental data on the rcfract~ie-iideiD.L-ziuc selenide (wavelength dipendence)..Continued 7

Data X n Specifications and remarks Author(s). year (ref.)-
set

32 (T-300 K) Refractive index was determined by infrared Kulakov, M.P. and
3-5 2.408 spectro.copic method; the wavelength region, Fadeev, A.V.. 1980

3-5 tm, was found to be nondispersive having [47)
a constant refractive index of 2.408 ± 0.003.

<

-?-

_ . . . .._ . . .. . .- .. . .. . .. ... -j

P *. hit, tgflof r 612 I

Itw,- 1))"'
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TableA-6. Experimental data on the refraqt~ygindcxof zinc sclunide (tcmperature'depemdcnce)

(Temperature, T, K; wavelength, X, um; refractive index, a]

set T n Specifications and remarks Authgr(s), year [ref.1

(A-10.6 Pm) 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 X/4 in the visible; refractive Wolfe, W.L., 1979 [54]
125 2.3980 indices iere determined by a minimum devia-
150 2.3993 lion mechud and accurate to approximately
175 2.4007 -2 x 10- ' data extracted from a figure.
200 2.4021
225 2.4035
250 2.4048 %
275 2.4062

300 2.4076

2 (-3.8 Pm) 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 -

175 2.4290 ±2 x 10-4; data extracted from a figure.
200 2.4304
225 2.4318
250 2.4333

275 2.4347
300 2.4361

3 (X=3.8 pm) CVD ZnSe product of RCA Inc.; prism (sample Thompson, C.J.C., et
80 2.4'245 No. 1) specimen of 15* apex angle and the al., 1979 [54]
100 ?,A.253 face flat ?n X/4 in the visible; refractive
125 2.4268 indices were determined by a minimum devia-
150 2.4285 tion method and accurate to approximately
175 2.4299 ±2 x 10"4; data extracted from a figure.
200 2.4313
225 2.4327
290 2.4342
275 2.4356
300 2.4370

4 (A-10.6 pm) CVD ZnSe product of RCA Inc.; prism (sample Thompson, C.J.C., et
80 2.3946 No. 2) specimen of 15" apex angle and the al.. 1979 [54]

100 2.3957 face flat to X/4 in the visible; refractive
125 2.392± indices were determined by a minimum devia-
150 2.3984 tion method and accurate to approximately
175 2.3998 !2 x 10-4; data extracted from a figure.
200 2.4012
225 2.4026
250 2.4039
275 2.4053
300 2.4067

Waon,., 12 ' ,

1 4. . . L. . . . . . . . . . . . .!. . . . -" . . . . .I . . .I 
+ "

' - = " - ]f lll 'f I.. . . . . . . . . . . .
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Table A-7.' Experimental data on the temperature derivative of refractive index of
zinc selenide (wavelength dependence)

[Temperature, T. K; wavelength, X, pm; temperature derivative of refractive index, dn/dT, l0'SK'1]

Data A dn/dT IA dn/dT Specifications and remarks Author(s), year [ref.jU2et

1 (T300 K) Polycrystalline wedge sample (Irtran 4); re- Hilton, A.R. and Jones,
5.0 4.8 fractive indices in the wavelength region C.E., 1967 [521

between 2.5 and 14 lrm were measured at two
temperat-ires by deviation method; dn/dT at
5.0 Pm was determined.

2 (T=300 K) Plate specimen; dn/dT determined based on Kolosovskii, O.A. and
10.6 5.9 the change of specimen thickness with tem- ,Ustimenko,.L.N., 1972

perature and known values of refractive [623
inuc-x, thickness of specimen, and linear

exransion coefficient; data extracted from a
table.

3 (T-296-358 K) Polycrystalline specimen (Irtran 4); the Skolnik, L.H. and

10.6 5.8 temperature derivative of the refractive Clark, O.M., 1974 [63)
index was measured by a modified interfer-

ometry using a laser Doppler interferometer -

for accurate monitoring of the sample tem- U

perature change in the temperature range from
296 K to 358 K.

4 (T-296-335 K) Polycrystalline specimen (Raytheon CVD); the Skolnik, L.H. and
10.6 10.0 temperature derivative of the refractive Clark, O.M., 1974 [6311

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 335 K.

5 (T-335-355 K) Polycrystalline specimen (Raytheon CVD); the Skolnik, L.H. and
10.6 12.0 temperature derivative of the refractive Clark, O.M., 1974 [63]

index was measured by a modified interfer-
ometry using a laset Doppler interferometer
for accuiate monitoring of the sample tem-
perature change in the temperature range from
335 K to 355 K.

6 (T=293-473 K) Polycrystalline CVD, grown by Raytheon Co.; Mangir, H.S. and
3.51 6.9 prism specimen of 22.5* apex angle; dn/dT Hellwarth, R.W., 1977
6.32 6.7 determined based on refractive Index data (641
7.53 6.66 measured at various temperatures; small cor-
8.67 6.57 rection to dn due to expansion of air was
9.73 6.56 included in the calculation; data extracted

13.15 6.5 from a table.
15.07 6.4

7 (T-298-338 K) Polycrystalline; produced by chemical-vapor- Harris, R.J., Johnson,
0.6328 9.11 deposit grown by %iytheon; plate specimen; G.T., Kepple, G.A.,
1.15 5.97 dn/dT data were determined from shifts of Krok. P.C., and Mukai,'
3.39 5.34 Fizeau interference fringes; data extracted H., 1977 131

10.6 5.20 from a table; uncertainty about one unit in
the first decimal place.

I t t
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__ Table'A-7.. Experimental data on the temperatuire derivative of refractive Index of
zinc selenide (wavelength'dependence)--Continued

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

8 (T-93 K) Polycrystalline material grown by CVD method; Feldman, A., Horowitz,
0.6328 7.6 plate specimen; dn/dT data were determined D., Waxler, R.M., and
1.15 5.4 from a knowledge of the thermal expansion Dodge, M.J., 1978 1171
3.39 5.0 coefficient and by measuring the shift of

10.6 4.9 Fizeau fringes in the heated specimen; data

(T-113 K) extracted from a table; standard deviation

0.6328 8.2 about one unit in the first decimal place.

1.15 5.7
3.394 1 5.2 1, (.4i, R Of,( %1(" P-V, ( N H ' 1 4

10.6 5.f

(T-133 X)
*0.6328 8.7

1.15 6.0
3.39 5.4
10.6 5.4

(T'-153 K)
0.6328 9.1 .
1.15 6.3
3.39 5.6

10.6 5.5

(T-173 K)
0.6328 9.4
1.15 6.5
3.39 5.8
10.6 5.7

(T-193 K)
0.6328 9.7
1.15 6.6
3.39 5.9

10.6 5.8

(T-213 K)
0.6328 10.0

1.15 6.7
3.39 6.0

10.6 5.9 7

(T-233 K)
0.6328 10.2
1.15 6.8
3.39 6.1

10.6 6.0

(T-253 K)
0.6328 10.3
1.15 6.9
3.39 6.1

10.6 6.0

(T-273 K)
0.6328 10.5
1.15 7.0
3.39 6.2

10.6 6.1

F .. '. P-6I2 t791 t ! %O 1 P t n ,i '*. . f*

04 "n, q *lt Publi..hmq Cool ,olovlOO

IW f Vemnut Avt . 2n , 'I W.
Ai.h^,m. U.C.20 5
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Table A-7. Experimnntal data on the. cemp ra'cu'e derivative of ....ract.veinddx of __

zinc selenide (wavelength depcndence)--Continued

Data dn/dT Specifications and remarks Author(s), year [ref.3]
set

8 (T=293 K) Feldman, A.. ec &I.,
cont. 0.6328 10.6 1978 [171

1.15 7.0 T II 41! I FUR Cf*i.. ' I .'!J I? I if

3.39 6.2
10.6 6.1

(T-313 K)
0.6328 10.7
1.15 7.0
3.39. , 6.? ,;I;. " (tIAPTf H OP' I!N- , I, , III I S L I' i I I 1

10.6 6.1------------------...... ..

(T-333 K)
0.6328 10.8
1.15 7.1
3.39 6.3

10.6 6.1

(T=353 K)
, 0.6328 10.9 <

1.15 7.1
3.39 6.3

10.6 6.2

(T-373 K)
0.6328 11.0
1.15 7.2
3.39 6.3

10.6 6.2

(T-393 K)
0.6328 11.1
1.15 7.2
3.39 6.4

10.6 6.3 1

(T-413 K) -

0.6328 11.3
1.15 7.3
3.39 6.4
10.6 6.3

(T-433 K)
0.6328 11.5 "
1.15 7.4
3.39 6.5

10.6 6.4

(T-453 K)
0.6328 11.8
1.15 7.6
3.39 6.6

10.6 6.6

(T,473 K)
0.6328 12.1 1
1.15 7.8
3.39 6.7 I

10.6 6.7

1 -. '.-

I.i , , ",,.', I..n ' ,\ ',t, NW

*....,w,, A',,, ..~.. NO
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Table A-7.' Expe.rimental dati on the temperature derIvative of rtfractive 1indOx of
zinc selenide (wavelength dependence)--Continued

Data dn/dT Specifications and remarks Author(s), year Iref.)'

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 /I4 in the visible; refractive in- W.L., 1979 [54)
dices over temperature range 80 K to 300 K
were measured by minimum deviation method;
the dn/dT values determineO are independent

of temperature.

10 (T-293-353 K) Single crystal grown from the melt under Afanas'ev, I.1. and
0.63 11.1 argon atmosphere by the Bridgiman method; Nosov, V.B., 1979 [65)

. . disk-shaped specimen with a thickness of -
4-10 mm and a diameter of 35-50 mm; dn/dT
was determined from interference fringe
shifting observation; data extracted from a
table; accuracy ±5-10%.

10,, W, Mw q on W

Ovatni ',". .Cc. 20oW..
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Table A-8.' Experimental data on the It.emperature Xderivative of" a i ot'. .
-re rivtiv ofrefractive'Ld

zinc selenide (temperature dependence)

ITemperature, T, K; wavelength, ), wru; temperature derivative of refractive index, dn/dT, 10"K-1

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

1 (X0.6328 un) Polycrystalline material grown by CVD method; Feldman, A., Horowitz,
93 7.6 plate specimen; dn/dT data were determined D., Waxier, R.M., and

113 8.2 from a knowledge of the expansion coefficient Dodge, N.J., 1978 1171
133 8.7 and by measuring the shift of Fizeau fringes
153 9.1 in the heated specimen; data extracted from a
173 9.4 table; standard deviation about one unit in
193 9.7 the first decimal place.
213 10.9 1 I V, IAIl - (Cl 'I N(" I'A(E O,% THISI.NF 4 4 , 4
233 10.2.--. .. . .. . ..
253 10.3
273 10.5
293 10.6
313 10.7
333 10.8 "
353 10.9

373 11.0
393 11.1 <
413 11.3
433 11.5
453 11.8
473 12.1

7
2 (X=I.15 Pm) Polycrystalline material grown by CVD method; Feldman, A., et al.,

93 5.4 plate specimen; dn/dT data were determined 1978 1171
113 5.7 from a knowledge of the expansion coefficient
133 6.0 and by measuring the shift of Fizeau fringes
153 6.3 in the heated specimen; data extracted from a
173 6.5 table; standard deviation about one unit in
193 6.6 the first decimal place.
213 6.7
233 6.8
253 6.9
273 7.0
293 7.0
313 7.0
333 7.1
353 7.1
373 7.2
393 7.2
413 7.3
433 7.4
453 7.6
473 7.8

3 (A-3.39 ijm) Polycrystalline material grown by CVD method: Feldman, A., at al.,
93 5.0 plate specimen; dn/dT data were determined 1978 [171

113 5.2 from a knowledge of the expansion coefficient
133 5.4 and by measuring the shift of Fizeau fringes
153 5.6 in the heated specimen; data extracted from
173 5.8 table; standard deviation about one unit in
193 5.9 the first decimal place.
213 6.0
233 6.1
253 6.1
273 _ 6.2 _

". n 122,,1, M t I t N1 "',f. 1I.r ,'t)' 4 , IC,. I t t

Vj~t, IC 70005
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.... Table A-B.: Experimuntal dataon the tmpe ature derivative of refractive index of
zinc selenide (temperature dependerce)--Continued

Data T dn/dT Specifications a Author(s). year Iref .jset

3 293 6.2 Feldman, A., et al.,
cont. 313 6.2 1978 1171

333 6.3 THsS SPACL FOR CHAPTLR Tjo".'hi !i ANt) Til _i
353 6.3
373 6.3
393 6.4
413 6.4
433 6.5
453 6.6
473 4 '6.71 1 SIAHTT', PING CHAPTLR Or'jF.INN ,', IN( I HIS L1\4 4

4 (X=10.6 Pm) Polycrystalline material grown by CVD method; Feldman, A., et al.,
93 4.9 plate specimen; dn/dT data were determined 1978 [171

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
173 5.7 table; standard deviation about one unit in
193 5.8 the first decimal place.
213 5.9
233 6.0
253 6.0
273 6.1
293 6.1
313 6.1 Z

333 6.1
353 6.2
373 6.2
393 6.3
413 6.3
433 6.4
453 6.6
473 6.7 --

F,w m P- 2 12 79) n) NOT 'l 11 XI p :1 "c 114iL .; f t T t

l w , N ,A'
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Table A-9. Experimental data on the refracve index zinc telluride (wavelen'gth dependence)

(Temperature, T, K; wavelength A, jim; refractive index, nI

Data A n Specifications and remarks Author(s), year Iref.J
set

I (T-300 K) Crystal grown by vacuum sublimation method; Aten, A.C., Van Doom,
0.563 3.162 prismatic specimen; refractive indices ,duter- C.Z., and Vink, A.T.,
0.588 3.094 mined by minimum deviation method; data ex- 1962 1721
0.624 3.026 tracted from a figure.
0.667 2.966
0.723 2.913
0.801 2.8680.908 2.831
1.069. ,2.786 ; .'T! 1 :-W! ,l'N , PAL L 0N TIS LIF 4 , , 1

1.329 2.756
1.739 2.734
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' and optically polished; refrac- S.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, C.P., 1962
0.526 3.160 (733
0.540 3.135 I
0.553 3.120
0.559 3.114
0.568 3.106
0.574 3.100 z
0.579 3.096
0.589 3.089
0.600 3.082 Z

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; cubic;' grown from vapor depo- Shiozava, 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.S., Iarrett,
0.579 3.079 deviation method; data extracted from a table. J.L., and Sliker, T.R.
0.589 3.054 1963 (741
0.600 3.035 .
0.600 3.035
0.616 3.005
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
0.770 2.866
0.800 2.853
1.000 2.790
1.200 2.758
1.300 2.748
1.400 2.741
1.500 2.7342
1.515 2.7336

P " 2 1,'., , * '.} T 1 RI , I', I, ()t.i h14,i 1,INf I t t t
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iable A-9. Experimental data on the refractive"lhdex of zinc telluride (wavelength dependence)--
Continued I

Data n Specifications and remarks Author(s), year [ref.):
set

4 (T-298 K) Single crystal; 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, 1481
0.6 3.040 trace of Ag, Al, Au, R, Cd, 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
1.4 2.741 together in optical contact; data extraction
1.5 2.736 by using the equation i2-A+[BX'/(X 2-C)),
1.7 2.727 where A=4.27, B-3.01, C2=0.142, and X in
1.9 2.721 units of um; uncertainties in refractive in-
2.0 2.719 dices about ±0.003.
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 176)
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.b77 2.627
14.66b 2.617
16.719 2.603
18.770 2.590
20.763 2.576
22.931 2.360 f
24.749 2.545
26.800 2.529
29.028 2.511
31.081 2.492
32.606 2.478
34.071 2.467

6 (T-297 K) Optical constants were obtained by the Cardona, H., 1965 177)
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

F-,m 612 I.l ? V ". 7 'I H1. L V
t|,m. Ilt(po P~hqc( Cu. so'.ulan I

h.fl. ,. A,, U IA , NVV
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iable A-9. Exper tmen't~a1data on the refractive 1indexof zinc telluride '(wavel cngth dependence)-I Continued

Data n Specification and remarks Author(s). year (ref.]
set

6 0.164 0.954 j Cardona, M., 1965 [7711
cont. 0.167 1.020

0.180 1.069 i1* - 'WC. 11, t'Al", RI N(1'.'BLr AN) 1ITL.
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 1.018 N 1,, t i( CHkt i I ii ,f rINC(. PAct- o'% rHIS I I N- A J
0.234 1.448 -
0.255 1.978
0.269 2.127
0.279 2.143
0.290 2.160
0.303 2.591
0.316 2.756
0.323 2.723 "
0.337 2.673
0.345 2.723 0
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) Thin film specimen of 0.07 um thickness; Crandell, M.E. and
0.0550 0.7564 vacuum evaporated onto a fused silica sub- Linton, R.C., 19740.0570 0.7697 strate from 99.999Z pure ZnTe; also a quasi- [811 C

0.0590 0.7760 single crystal from commercial; one face of c
0.0618 0.7962 the crystal was polished with 0.05 p-
0.0653 0.8163 alumina; refractive indices were determined
0.0663 0.8231 from the reflectances measured at angles
0.0684 0.8224 20* and 70"; data extracted from a figure.
0.0711 0.8217

0.0729 0.8212
0.0766 0.8345
0.0801 0.8337
0.0814 0.8405
0.0824 0.8474
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 .j....

0 2 1 ? I 7 ;T'i[ If.,T it ,'r.). 4 A r tL f T t I

A . . .. .N V
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table A-9. Experimental data on the refractive indexof zinc telluride (wavelength dependence)--.
Continued

Data n Specifications and remarks Author(s). year fref.]set

7 0.1108 0.8146 1 Crandell. H.E. and
cont. 0.1126 0.8215 I Linton. R.C., 1974

0.1196 0.8563 TI ,( (1! (1A1', ; N i ,, liT' [81]
0.1229 0.8702
0.1266 0.9338
0.1294 1.005
0.1299 1.026
0.1344 1.068
0.1371 1.089
0.1399 1.117 ' . T, I I T '( 1'T' ,0HT N IN ' 1%,.. , 1 HIS Li ,;

0.1416 1.153
0.1428 1.167
0.1445 1.181
0.1470 1.174
0.1495 1.131
0.1508 1.081
0.1521 1.024
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
0.2286 1.781
0.2364 1.816
0.2397 1.845
0.2468 2.008
0.2504 2.079
0.2505 2.150
0.2507 2.256
0.2508 2.320
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
0.3045 2.930
0.3047 3.001
0.3082 3.378
0.3159 3.065
0.3158 3.001
0.3283 3.257
0.3351 3.470 ....

N



Experimental data on the refractie zinc telluride '(wavolength dependence)--

Table A-9. conetn d ao ierfa iiIndex of Zct
, Continued

Data A Specifications and remarks Author(s). year (ref.]actn

8 (T-300 K) Crystal (structure not given); grown at the Manabe, A.., Mitsuishi,
24.747 2.488 Aerospace Research Laboratories, Wright- A., and Yoshinaga, H.,
29.795 2.494 Patterson Air Force Base, OH; samplo was 1967 (161
29.796 2.421 polished to a mirror-like finish; near normal
39.749 2.069 (12* incident angle) reflectivity was meas-
42.346 1.927 ured; refractive indices were deduced from
45.233 1.565 reflection spectrum by Drude dispersion
46.965 1.203 theory; data extracted from a figure.
48.700 0.329 1
49.855 0.111 1 IV k HA I. OP' NIN'; PAL ONTMISUtNE t 1
52.018 0.260- -.. . .....
53.459 0.481
54.611 0.848
54.898 1.140
55.608 3.331
56.175 5.375
56.738 8.223
56.876 9.464 <

57.606 7. 567
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
8u.272 3.362
85.176 3.369

>-

9 (T-100 K) Crystal (structure not' given); grown at the Manabe, A., et al., Z
42.202 1.853 Aerospace Research Laboratories, Wright- 1967 1161
45.234 1.346 Patterson Air Force Base, OH; sample was
46.534 0.910 polished to a mirror-like finish; near normal
47.690 0.401 (12* incident angle) reflectivity was seas-
48.701 0.110 ured; refractive indices were deduced from
49.711 0.038 reflection spectrum by Drude dispersion X
52.018 0.187 theory; data extracted from a figure.
53.601 1.065 I
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 K) Specimen prepared from ZnTe pellet; optical Nandi, A., Henry, P.,
7.538 2.424 constants were determined from reflection Lambert, J.P. Horlot

20.346 2.422 spectrum by Lorentz oscillator fitting; data G., Strimer, P., and
29.703 2.370 extracted from a figure. Chanal, D., 1967 1551
36.590 2.219
40.026 2.019
44.436 1.643
46.384 1.2"

01 v,42 oI , Mo t t t t th 'ATTNPE V 91 YOND ThISLINE I t t
P.On , ., h,'. C&Itu10.0mo |

t if . - ,4.11
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Table A-9. Fxperimental data on the refracti'y .indexof zinc telluride (wavelength dcpcndence)--Continued I

Data-- -- -

set n Specifications and remarks Author(s), year Iref.]

10 47.341 0.817 Handl, A.. et al., 1967
cont. 48.319 0.692 [551

47.334 0.692 T I. ,'Act I fiH (:. ,P I',,. 'I

50.288 0.667
51.284 0.842
53.291 1.442
54.327 2.266
54.370 2.966
55.382 .3.391

-. 55.428 '4.141_ It Idt ( .'iF( S

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 (T-90 K) Specimen prepared fro ZnTe pellet; optical Handi, A., et al., 1967
21.713 2.447 constants were determined from reflection 1551
26.639 2.446 spectrum by Lorentz oscillator fitting; data
32.547 2.245 extracted from a figure.
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
87.737 3.386
101.037 3.334
115.322 3.282
124.681 3.230

12 (T-290 K) Specimen prepared from ZnTe pellet; optical Handl, A., Claudel, J.,
35.187 2.174 constants were determined by tr:nsmission and and Strimer, P., 1968
37.185 2.114 reflection measurements in the infrared usin; (561
39.746 2.053 Lorentz oscillator model; it waa found that

l.. . A.. nNi

~ ii Cjnot1
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Table A-9. Experimental data on the;refractive fndcxf'zin tellurlde'(wavelength dependence)--I
Continued I

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

12 42.684 1.902 at 290 K VI-177 cm-1 and v2 0=205 cma-; data Handi, A., at al., 1968
cont. 44.565 1.781 extracted from a figure. 1561

45.827 1.601 i,i , 11. 1 0i , C1.i,f I 11: N -,! p 1 ,NI, 1171
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 - , ' :. (H, pr , i t ; I AG(ONTHIS ..d
52.009 0.818 -.....

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 i

61.583 3.674
66.655 3.342
77.515 3.041
92.619 3.010
136.395 3.008

13 (1-60 K) Specimen prepared from ZnTc pellet; optical Handi, A., et al., 1968
34.636 2.205 constants were determined by transmissiun and (561
36.025 2.174 reflection measurements in the infrared using
38.423 2.113 Lorentz oscillator model; it was found that
40.748 2.023 at 290 K v1-181 cm and V2 0-209 cm-; data
42.910 1.902 extracted from a figure.
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

..... ..... ...... .... ........ j

0'.. P-G 2 1? .11 t I iiIv,%c I' t 1~. ' i II Nj t I t

1 ...., ) C. XWO05
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Table A-9. Experimental data on the refractiLyp Index of zinc telluride (wavelength dependence)--
Continued

Data.... "sat n Specifications and remarks Author(s), year [ref.)
set

14 (T-300 K) Vacuum deposited thin layer specimen; 1-1.3tim Kot, M.V. and Tyrziu,
0.50 2.80 thick; vacuum annealed for 80 hr. at 623 K; V.G., 1970 168]

refractive index at 0.50 Jim determined by in-
terference method; data extracted from a
table.

15 (T-300 K) Single crystals; grown by a vapor phase Horikoshi, Y., Ebina,
0.55 3.148 method in vacuum and in Ar atmosphere of A., and Takahashi, T.,
0.56 3.119 about I atm, and grown from a melt; Impuri- 1971 180]
0.57 3.094 ties Cu, Al, and Fe wer. Introduced into
0.58 3.071 some specimens but the effect on the optical
0.59 3.050 properties negligible; refractive index
0.60 3.031 determined by prism method; data calculated
0.62 2.998 from a best fit dispersion equation.
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) Single crystals; grown by a vapor phase Horikoshi, Y., et al.,
0.533 3.156 method in vacuum and in Ar atmosphere of 1971 [80)
0.536 3.145 about 1 atm, and grown from a melt; impuri-
0.545 3.113 ties Cu, Al, and Fe were introduced into
0.552 3.094 some specimens but the effect on the optical
0.555 3.082 properties negligible; refractive index,
0.564 3.059 determined by prism method; average values
0.575 3.037 of the results extracted from a figure.
0.586 3.017
0.593 3.001
0.608 2.980
0.621 2.959
0.634 2.942
0.648 2.927
0.661 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) Crystal; pure; grown by Bridgiman method Hattori, T., Homma, Y.,
184.118 3.213 under high temperature and high pressure; Mitsuishi. A., and
195.137 3.197 specimens of 500 to 1000 Jim thick; deviation Tacke, 1., 1973 119]
209.222 3.200 of surface flatness smaller than 0.4%; re-
217.964 3.209 fractive indices were determined by inter-
224.532 3.196 ference method; data extracted from a figure.
232.541 3.188 1
240.032 3.181
251.610 3.191
261.704 3.186

- 287.687 3.168 I
P' 12 79 1 7 P.. ' 1 I

l. ' .'" V l-wt Av. . W.
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Table A-9. ExperiLmental data on the refractive ndexz of-zinc telluride (wavelength dependence)--I
Continued

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

17 302.709 3.169 i Hattori, T., et a.,
Lont. 317.440 3.167 I 1973 (191

333.689 3.165 ',( iOH (I4,P11tI N ^Aj TIM I

354.070 3.167
374.405 3.160
400.256 3.151
429.941 3.158
460.299 3.155
500.000 3.162 j I

541.535 3.154 4,, ,. I r . 'Af.. rni-, - I

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 flatness 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
452.304 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 119)
103.437 3.272 specimens of 500 to 1000 jim 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
130.309 3.204
132.964 3.199
135.733 3.195

* C 2Mh,0'.



156

~able A-9. Experimental data on Ithe-refracliu-windexgzinc telluride (wavelenith dependence)--
Continued

Data
sta n Specifications and remarks Author(s), year (ref.J

19 138.987 3.190 Hattori, T., et &l.,
cont. 142.015 3.181 1973 1191

145.175 3.181
148.482 3.177
151.941 3.169
156.033 3.169
159.856 3.165 I
164.389 3.164
169.190 3.159
173.695 3.153 , ', I V, .V 01-V TL R PL , i HiS -'j

178.450 3.149
184.118 3.148
190.157 3.148
195.871 3.144

~202-720 3.140 i:

209.222 3.139
217.964 3.136
225.504 3.134
234.631 3.128
244.528 3.127
255.303 3.127
265.703 3.123
276.993 3.125 z
294.169 3.121
308.071 3.118 -
323.342 3.117

342.454 3.114
363.954 3.109
391.251 3.116
416.215 3.111
448.430 3.108
490.604 3.111
530.504 3.098
583.941 3.099

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.C., 1976
0.381 3.610 during deposition; refractive index data [701
0.409 3.416 determined by interference method; data
0.438 3.298 extracted from a fig re.
0.472 3.224
0.504 3.164
0.533 3.135
0.547 3.090
0.570 3.016 " ( ,.; 1 I , '. ,

*0.595 2.956
0.645 2.867

- 0.744 2.793
0.859 2.734

- 1.057 2.705
1.393 2.660
1.996 2.661

1A
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fable A-9. Experimental data on the refractiveindexof znc telluride (wavelength dependence)r--
1

Continued 1

se a Specifications and remarks Author(s), year ref.]
21 (T-300 K) Thin film; specimens of thickness 0.75 to Thutupalli, G.K.M. and.

0.349 3.937 3.50 um; substrate held at 598 K during Tomlin, S.G., 1976

0.368 3.788 deposition; refractive index data deter- 170) 7

0.396 3.580 mined by interference method; data ex-
0.424 3.431 tracted from a figure .  <

0.467 3.283 <iur
0.498 3.239
0.520 3.239
0.533 3.209
0.555 3.150 >I
0.578 3.075 L-

0.626 3.001
0.688 2.942
0.809 2.838
1.018 2.764
1.306 2.735
1.904 2.720

t-

-Il-


