
l'T^y'7*-V".'-^/V^->V*^-''V''V^ ': ••. ST*»". 

CO 
00 

NEW MATERIALS FOR INFRARED TRANSMITTING 
ELECTROOPTIC FILTERS 

v. 

>> 

CO 
Quarterly Technical Report No. 6 

For period 1 May 1979 through 31 July 1979 

Contract MDA 903-78-C-0180 

Program Code Number 8D10 

Program Element Code 61101E 

i'JC 

IB 

O 

Hughes Research Laboratories 

3011 Malibu Canyon Road 

Malibu, CA 90265 
DTIC 
ELECTE 
MAR 2 0 1984 

Sponsored by 

Defense Advanced Research Projects Agency (DoD) 

DARPA Order No. 3519 

Monitored by DARPA under Contract MDA 903-78-C-0180 

A.L. Gentile 
Principal Investigator 

(213)456-6411 

The views and conclusions contained in this document are thost of ''8 authors and should not he 
interpreted as necessarily representing the official policies, eithe xprensed or implied, of the 

Defense Advanced Research Projects Agency jr the U.S. Government 

fM 

a 

•-• 

DISTRIBUTION STATEMENT A 
Approved for public release) 

Distribution Unlimited 
1 

20 
S"A\ ^^J&J&L±:L<^^ 



•j^jTi»VJ^.''^.i".v;.v»^'.Tt•„•*.%mT]y.m.\r. •.*.•.r-*'.'.'•'.^".''.**.'•".'• V-V-V*.^*.J-'••".••'"T.r* r.'• * .'-.*<"*7 .' •'.*'•.* - * ••• • -'.' -.*'"-.' •/ - • -.' 

ARPA Order Number 

Name of Contractor 

Effective Dnte of Contract 

Contract Expiration Date 

Contract Number 

Name and Phone Number of 
Principal Investigator 

Contract Period Covered by This 
Report 

3519 

Hughes Research Laboratories 
3011 Malibu Canyon Road 
Malibu, CA 90265 

1 February 1978 

30 June 1980 

MDA 903-78-C-0180 

A.L. Gentile 
(213) 456-6411 

1 May 1979 through 31 July 1979 

.-•1 

V. 

V- 

V 

cs 

_» .. ..•.-. ..•_.• ^ •_.-. 



•••.•>. » . »   •. •!.• •: :i|.'J,>7'.''>iy>7i   ^•••yr1, r;rv r,'». »•.•», »v- '  I   I   !      •—«• • ',*• ','• 7»''.*• A*.*-" ''.Il'-'.T,r".,^*v."K* V.''!*^!• -"-T1-"^ 

•: 

E 

UNCLASSIFIED 
SCCURlTV   CLASSIFICATION   OF   THIS PAGE f*h»n D.I. Enl.frd; 

REPORT DOCUMENTATION PAGE 
I     REPORT NUMBER 

4.    TITLE f«nrf ftaWMfaj 

N , MATERIALS FOR INFRARED TRANSMITTING 
ELECTROÜPTIC FILTERS 

7.  AUTHOR«» 

A. I., ('.entile 

»      PERFORMING ORGANIZATION   NAMF   AND   ADDRESS 

Hughes Research Laboratories 
Tüll Malibu Canyon Road 
Malibu, CA 90265 

READ INSTRUCTIONS 
BEFORE COMPLETING FORM 

ti      RECIPIENT-* CATALOG NUMBER 

5     TYPE Of  RFPORT a PERIOO COVfnFO 

Quarterly Tech. Rpt. 6 
1 May 1979 - 31 Jul 1979 

6      PERFORMING ORG    REPORT   NUMBER 

8      CONjaSACa! OR  GRAN T   NUMBERMI 

MDA <A»^78-C-0180 

10      PROGRAM   ELEMENT   PROJECT.   TASK 
AREA   d   WORK   UNIT   NUMBERS 

Program Code No. 8D10 
Prog. Element Code 61101E 

11      CONTROLLING OFFICE   NAME   AND   ADDRESS 

Defense Advanced Research Projects Agency 
1400 Wilson Boulevard 
Arlington, VA 22209 

1?      R£ PORT   DA T f 

August   1979 
1?      NUMBER OP   PA^ES 

16 
14     MONITORING AGENCY  NAME  »   «DORESSnf ilillrirnl (r.«n ('•mir••Hint Ollirf} IS    SECURITY CL ASS   ro'KM* raparlj 

UNCLASSIFIED 

'S»      Of C I ASSlFlC   ATIDN    DOWNGRADING 
SI  «< DLL I 

1»      DISTRIBUTION   STATEMENT   fill th, >   Rep-ti, 

Approved for public release; distribution unlimited. 

17      DISTRIBUTION  STATEMENT   ml  thr  ml-. tried 11  m.>, k  y Krf.J 

18      SuPPL EMENTARY   NOTES 

Work on this program has been performed by personnel at the Hughes 
Research Laboratories as well as Dr. Alexander Borshchevsky, Center for 
Materials Research, Stanford University, and Professor Paul L. Richards, 
Department of Physics, University of California at Ji.ejr.k£ley.  

Electrooptic   materials Ternary  c nal ccgenides 
IR materials "Defect" ;ha lcopyrites 
Binary chalcogenides 

20      ABSTRACT  fContlnue on rrvrif  mid*  II ntcnsmrv mnd idrnlttr  hv  binrft nMH6*rJ 

nMie  objectives  of   this  program are   to   find   and develop  new  IR 
transmitting  materials  and   tc p rovide  new data on the  electrooptic (EO) 
properties   of   those  most   like lv to  have  an   E0 Z o e it telent   an   order of 
magnitude   higher   than  mater i; Is currently   in  d eve loptnent   for   tunabl e 
filters.     The main  technical problems  anticipated include   the   syntl lesis 
and   single-crystal  growth  of th ese materials: many  are  poorly  charac- 
terized  and   others   have  high me 1 L i iv,;   po ints   or me 11   i ncongruent1y. 0„r 

DD ,: FOR-    1473 EDITION  Of    '   NOV *>S IS OBSOL 1  Tf UNCLASS1 FIED 
SECirRi77c"l ASS'FIC «'ION  ot   T..-S PAGE Twh« 

s-:- 

E*ACI '-*-*- •*• •'• f.«'..-. ..'••.VJ/.'.-.-v-.... •••'••- .--*••->- T-- f Y-V.Y.V. /^AV/.-I-, A^L .-..•-..-.v. 



^vv^-vw*.-1^-• -^.»w«.1••,•> •l1'••S'V:'•'-'^•'•••'••'••-•.••v.1 ••'.-.•/.• A-^ry^Tiypr^TT'•'••• •- -r •'• <? 

• 

UNCLASSIFIED 
SCCURITV CLASSIFICATION OF THIS PAGEfifhen Oaia Knitted) 

approach will overcome these obstacles by first synthesizing approximately 
20 polycrystalline samples.  Subsequently, their dielectric constants at 
low and ambient temperatures will be determined, and the two best material; 
of the survey will be grown as single crystals (second year of the 
program). 

During ttye last quarter, several new multinary compounds were synthesized 
and evaluated.  These compounds included CdIn2Te4, Cu2GeS3, Cu2GeTe3, and 
Cu2CdGeTe4.  Among those characterized for dielectric constant and loss 
tangent, CdIn2Te4 was measured to have a low-frequency (10-kHz) dielectric 
constant of 456.9, an order of magnitude larger than those determined for 
other compounds on this program.  This makes CdIn2Te4 a clear first choice 
for single-crystal growth and further EO and electrical property evalua- 
tion.  A repeated measurement of ZnGa2SA confirmed previously measured 
values at 10 kHz; the value of the dielectric constant is essentially 
equivalent to that of a newly synthesized compound, Cu2GeS3.  Differential 
thermal analysis of physical properties as well as thermochemical proper- 
ties of both of these ternary compounds will be pursued to select the one 
that appears easier to synthesize in single-crystal form.  The quarternary 
compound Cu2CdGeTe4, which was measured to have a somewhat higher dielec- 
tric constant than the two ternary compounds ZnGa2S4 and Cu2GeS3, requires 
further investigation because of the persistent presence of uncombined 
CdTe. 

Work during the next quarter will emphasize the growth and characteriza- 
tion of single-crystal CdIn2Te4> 
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REPORT SUMMARY 

The objectives of this program are to find and develop new IR 

transmitting materials and to provide new data on the electrooptic (EO) 

properties of those most likely to have an EO coefficient an order of 

magnitude higher than materials currently in development for tunable 

filters.  The main technical problems anticipated include the synthesis 

and single-crystal growth of these materials:  many are poorly charac- 

terized and others have high melting points or melt incongruently.  Our 

approach will overcome these obstacles by first synthesizing 20 

polycrystalline samples; subsequently, dielectric constants at low and 

ambient temperatures will be determined and the two best materials of 

the survey will be grown as single crystals (second year of the program). 

During the last quarter, several new multinary compounds were 

synthesized and evaluated.  These compounds included CdIn_Te,, Cu?GeS^, 

Cu„GeTe_, and Cu„CdGeTe,.  Among those characterized for dielectric 

constant and loss tangent, Cdln Te, was measured to have a low-frequency 

(10-k.Hz) dielectric constant of 456.9, an order of magnitude larger than 

those determined for other compounds on this program.  This makes 

CdIn„Te, a clear first choice for single-crystal growth and further 

EO and electrical property evaluation.  A repeated measurement of 

ZnGa?S, confirmed previously measured values at 10 kHz; the value of 

the dielectric constant is essentially equivalent to that of a newly 

synthesized compound, Cu GeS_.  Differential thermal analysis of physical 

properties as well as thermochemical properties of both of these ternary 

compounds will be pursued to select the one that appears easier to 

synthesize in single-crystal form.  The quarternary compound Cu^CdGeTe,, 

which was measured to have a somewhat higher dielectric constant than 

the two ternary compounds ZnGa?S, and Cu-GeS-, requires further investi- 

gation because of the persistent presence of uncombined CdTe. 

Work during the next quarter will emphasize the growth and charac- 

terization of single-crystal Cdln.Te,. 
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SECTION   1 

INTRODUCTION  AND  SUMMARY 

A. PROGRAM OBJECTIVES 

The objectives of this program are to find and develop new IR 

transmitting materials and to provide new data on the. electrooptic (EO) 

properties of those most likely to have EO coefficients an order of 

magnitude higher than materials currently in development for tunable 

filters.  The main technical problems anticipated include the synthesis 

and single-crystal growth of these materials:  many are poorly charac- 

terized and others have high melting points or melt incongruently.  Our 

approach will overcome these obstacles.  First, we will synthesize 20 

polycrystalline samples.  Then the dielectric constant of each, at both 

low and ambient temperatures, will be determined, and the two best 

materials of the survey will be grown as single crystals (second year of 

the program). 

B. SUMMARY 

During the last quarter, several new multinary compounds were 

synthesized and evaluated.  These compounds included Cdln Te,, Cu GeS , 

Cu GeTe^, and Cu CdGeTe,.  Among those characterized for dielectric 

constant and loss tangent, Cdln Te, was measured to have a low-frequency 

(10-kHz) dielectric constant of 456.9, an order of magnitude larger than 

those determined for other compounds on this program.  This makes 

Cdln.Te, a clear first choice for single-crystal growth and further EO 

and electrical property evaluation.  A repeated measurement of ZnGa S, 

confirmed previously measured values at 10 kHz; the value of the die- 

lectric constant is essentially equivalent to that of a newly synthesized 

compound, Cu GeS..  Differential thermal analysis of physical properties 

as well as thermochemical properties of both of these ternary compounds 

will be pursued to select the one that appears easier to synthesize in 

»inglt'-cryötaJ form. The quarternary compound Cu.CdUuTe,, which w.i.s 

measured to have a somewhat higher dielectric constant than the two 
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ternary compounds ZnGa„S. and Cu.GeS-, requires further investigation 

because of the persistent presence of uncombined CdTe. 

Work during the next quarter will emphasize the growth and charac- 

terization of single-crystal Cdln^Te,. 
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SECTION 2 

MATERIALS PREPARATION AND CRYSTAL GROWTH 

A. CdIn0Te. 2  4 

A small, cone-shaped ingot ^1.3 cm in length ynd %1.3 cm in maximum 

diameter was grown from solution using In Te. essentially as the solvent. 

Both X-ray diffraction analysis (see pattern, Figure 1) and microscopic 

observation indicated that the ingot is single phase and appears to be 

a single crystal.  The chemical composition was determined to be 13 at.% 

Cd, 29 at.% In, and 58 at.% Te, indicating an off-stoichiometric compo- 

sition of Cdln» ~-,Te. ,,   lying on the In„Te~-rich side of the existence 
2.23  4.46 2  3 

region in the pseudo-binary phase equilibrium diagram CdTe-In_Te_.  The 

crystal is tetragonal. 

B. Cu-GeS. 

A polycrystalline ingot of Cu„GeS- was obtained by quenching a melt 

of that composition.  X-ray diffraction indicated the presence of at 

least one additional phase.  Table 1, a compilation of lattice parameters 

of A9B  C  compounds with literature references (compiled by 

A. Borshchevsky, Stanford University) indicates the existence of solid 

phase transitions and a variety of opinions on crystal class of the low- 

temperature form.  The ingot and the powder were annealed.  After 

annealing, no changes were observed in the ingot that contains a second 

phase, but minor changes were observed in the powder.  Published phase 

diagrams indicate that this compound is a peritectic that is possible 

to grow using a GeS„-rich melt.  An X-ray diffraction pattern for Cu9GeS. 

(Figure 2) shows the X-ray diffraction pattern of the high-temperature 

distorted-cubic phase quenched from the melt (Figure 2(a)); the annealed 

powder pattern (450°C for 500 hr) is shown in Figure 2(b).  The phase 

transition is reported to be at 670°C.  Although there is a slight 

difference in the patterns, we have not observed any definite evidence 

o\   a low-temperature phase. 
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Table 1. Lattice Parameters of I„IV VI  Compounds 

«•» 

.%" 

Compound 
Crystal 
S ystem A A A deg 

Reference 

Cu.SiS  (H.T. ) Hex 1.684 1.044 

Cu-StS, (L.T.) IV t r 5.290 3.078 

Or the 11.21 1 2 . 04 6.01 

Mono 11.5 J i. 14 8.16 98.9 5 

Ortho 10.981 6.416 6.046 

Cu2SlSe3 Mono 12.1U 5.62 8.61 99 

HI ,Si re Mono 

Cubic 

12.0b 

5.93 

6.07 9.05 99 

i ii ,<.. !>  (H.T. ) Cubic i. ) I 7 

Cu2CeS3 (L.T.) Tetr 

Tetr 

5. 12b 

5. 120 

5.219 

10.41 

Ortho 11.J21 I. 766 3.21 

Cubic 5.30 

Mono 6.433 11.100 7.533 125.17 

Mono 7.464 22.38 10.64 91.17 

Cu^CeSe Tetr 

Tetr 

3.593 

5.590 

3.482 

10.97 

Ortho ").591 3.562 5.488 

Cubic 3.5") 

Tetr 5.591 5.485 

Ortho 11.860 3.960 5.485 

Cu2Ce-Te3 Tetr 

Tetr 

Cubic 

5.936 

5.91b 

5.95 

5.926 

11.83 

CUjSnSj Cub ic 

Tetr 

Cubic 

5.445 

3.426 

3.43 

10.88 

Cu.,SnSe Cubic 

Tetr 

Cubic 

Cubic- 

3.696 

5.689 

5.68 

5.687 7 

1 1 . 37 

CM ,Sn?e Cubic 6.047 

Tetr 6.048 12. 11 2 

Cubic 6.04 4 
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(a)     As-grown  sample 
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(b)  After annealing 

Figure 2.  X-ray diffraction pattern of Cu-GeS-, 
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C.   Cu GeTe 

• 
The structure as indicated by X-ray diffraction analysis appears to 

o 
, - be cubic with a = 5.95 + 0.02 A.  No evidence of the reported tetragonal 

•y phase is indicated in the X-ray diffraction patterns (Figure 3) for 

as-grown and annealed (450°C for 500 hr) samples.  However, differential a 
thermal analysis (DTA) indicates the existence of a solid phase trans- 

formation (exact temperature to be determined) and a congruently melting 

compound at 490°C.  The material contains a small amount of a second 

phase both before and after annealing.  The material we see appears to 

be the high-temperature cubic phase.  Although the literature (see 

Table 1) is not precise on that matter, there are reports of the obser- 

vation of a tetragonal phase.  Additional DTA work is required if the 

Ö compound appears interesting (i.e., has a high dielectric constant). 

'„•. 

!•'.; D.   Cu CdCeTe 

As-grown and annealed samples of the reported quaternary compound 

| both show by X-ray diffraction analysis (Figure 4) free CdTe.  The 

annealed sample (450°C for 500 hr) shows (Figure 4(b)) reduced CdTe peaks 

•>' and a shift (change in lattice parameters) from the as-grown sample 

(Figure 4(a)), which may indicate that continued annealing will yield 

9 the quaternary from a composition that looks (as-synthesized, Figure 4(a)) 

like the ternary Cu-GeTe  plus CdTe.   The presence of additional phases 

fij in the material also was observed both before and after annealing; per- 

• haps this indicates two additional phases plus CdTe.  DTA data showed 

at least three phase transformations:  786, 523, and 513°C. 
«•9 

:••• 

:•:• 

-•- 

•s 

E.   ZnGa.S. 
I   4 

Initial DTA investigation of ZnGa S, indicated a melting point in 

excess of 1200°C (limit of current DTA apparatus) and a possible phase 

transition above 1000°C.  Attempts at single-crystal growth by vapor 

transport have shown extremely slow transport and tendencies toward poly- 

crystalline growth.  We will investigate, by DTA, suitable solution 

growth conditions for ZnGa„S, using zinc as solvent. 
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• (b)     After annealing                                                                                          ~& 

,     * Figure  4.     X-ray diffraction  pattern  of   Cu„CdGeTu, .                                                          S-*«N 

•     * 
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SECTION 3 

MATERIALS EVALUATION 

A.   DIELECTRIC CONSTANT MEASUREMENTS 

Dielectric constants and loss tangents (tan 6) were determined for 

several of the recently synthesized compounds.  The data are shown in 

Table 2. 

y 

Table 2.  Dielectric Constant and Loss 
Tangent at 10 kHz 

Material E 
s 

tan 6 

Cu2GeS3 49 0.00028 

Cu„CdGeTe. 
2     4 

60.3 0.00364 

CdIn„Te. 
2  4 

456.9 0.00515 

ZnGa2S, 46.3 0.499 

v. 
*1 

The recent data indicate an order-of-magnitude increase in dielectric 

constant (the largest that we have yet observed) over previously selected 

samples (e.g., ZnGa~S,).  This large dielectric constant was measured in 

a sample of tetragonal Cdln Te, as described earlier in this report.  We 

plan to pursue single-crystal growth and subsequent evaluation of the 

EO and possible ferroelectric properties of this material.  The ternary 

compound ZnGa„S, (previously measured and reported in Quarterly Report 

No. 5) and Cu„GeS„ have essentially equivalent dielectric constants. 

The repeated measurement on ZnGa.S, was in good agreement with measure- 

ments reported earlier.  We have started DTA measurements on ZnGa„S. 
2 4 

to determine its melting point as well as to evaluate the possibility of 

growth from zinc solution.  We plan to use DTA to make similar determina- 

tions for Cu„GeS_.  The latter crystal, Cu„GeS~, as reported above has 

shown solid transitions.  Initially, the compound which appears to be 

more amenable to single-crystal growth will be pursued. 
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The quarternary compound Cu CdGeTe,  is derived from the 

tetragonal chalcopyrite  Cu (Ga or In) Te  by substitution of a Group II 

and a Group IV atom (Cd and Ge, respectively) for two Group III atoms 

(Ga or In) in the lattice.  However, there is evidence (see Figure 4) of 

the presence of free CdTe, which persists even after long-term annealing, 

~ ~ although at a significantly diminished level.  This material requires 

additional investigation before any valid conclusions can be drawn. 
,s 

I * .  > . 
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