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AD\'ANCBD Mk:TI1ODS FOR PREP AIZATION AND 

QtARACTERIZAT10N OF INPIZAKED 1)IX"ECTC)II. IIATERZALS 

1. Under NASA C o n t r ~ ~ c t  No. NAS8-33107, c f f c c t i v c  5 Dacrmbcr 1978, tho 

>icl)onncll t)ouglas Resc;~rcll Ltlboratories i s  per f  ormitlg rcscarch  011 

il{:l,xCdsTc a l l o y s .  T\ic objcictivc of C1ii6 prOjir3111 is  t o  q ~ l a t l t l t t ~ t i v c l y  

cs  t t tblisl l  tllc ch t l rnc tor i s  t i c s  of Il~l,xCd,T~ grown on Ear th  a s  n \I:lsis 

f o r  cvtlluatinf:  cllc inq~roven~cnts  i n  spncc-proccsscd lnztcr inl  and t o  

d ~ v c l o p  the  t l i ao rc t i cn l  a n a l y t i c a l  ~llctliods rrrqulred f o r  sucll 

avnlunt ion.  The rescarch  will inc lude  t h e  e n t i r e  rnnga, 0 < s < 1, of 

llgl-vCdxTc a 1 3 9  con~posi t ionfi .  Crys t a l s  w i l l  bc prcparcd by t l ~ e  .. 
Sridgunnn R I I ~  Tc-rich-zone ~nctliods f o r  ranges of growtll r a t e s  auld 

tcnljxrnturc griidlLents ndequntc t o  s s t a b l i s l r  counpositionol gradicnks 

~ ~ n d c r  diffusion-liniited and equilibrium growth condi t ions .  The 

pseudobinary Hgtl'c-CdTc cons t i t u t i o n i ~ l  phase dingran1 w i l l  be detcrndned 

with prec is inn  and uscd t o  cnlc .ulate  t he  segregncirtn c o c f f i c i c n t  of Cd 

a s  tl func t ion  of x n ~ ~ d  t c a p s r u t u r s .  Alloy conlposicion grridicnts f o r  

d i f f e r e n t  crystal-growth cond i t i ons  l v i l l  be ca l cu ln  tcd  rind cotnpnred wit11 

experimantal dntn t o  develop e q t ~ n n t i t a t i v c  model of the crystal-growtlz 

k i n e t i c s  f o r  Hgl,xCd,Te a l l o y s .  O p t i c a l  nbsorp tance  and ref  l e c t s n c e  

spec t r a  from 4.2 t o  300 K w i l l  bc. measured n:~d analyzed t o  determine t h c  

tcmpcrature and composition dependences of ancrgy-bend parameters.  

E lec t ron  and \lolo nlo 'bi l i t ies  as Eurlctions of rompereture w i l l  be 

ar~nlyzed t o  e s t a b l i s h  cha rge -ca r r i e r  s c a t t e r i n g  p r u 3 a b i l i t i e s .  Computer 

a l g o r i t h ~ n s  s p e c i f i c  t o  Ilgl-xCdxTe a l l o y s  w i l l  be developed f o r  t h e  

ct\%culntion of c l ~ e r g e - c a r r i e r  concen t r a t i on ,  c l ~ a r g c - c a r r i e r  mob i l i t y ,  

He l l  c o e f f i c i e n t ,  o p t i c a l  absorptnnce,  and Pernd energy as a f u n c t i o n  

of x, tempera t u r c ,  ion ized  donor and eccep to r  concent ra t ion ,  and 

neutral-dcf e c t  concen t r a t i on .  

2. Progress f o r  t he  Period 5 June - 4 September 1979 

2.1 High-Tcml~era t u r c  Grndient  Di rec t io r ra l  S o l i d i f i c a t i o n  

During the r e p o r t i n g  pe r iod ,  c r y s t a l  growth runs were performed f o r  

llgl,,CdxTe with x = 0.2 a t  growtll r a t e s  of 0.31 )III~/S (LC) and 0.068 p n ~ / s  

(L7). The ingots  were grown frola a l l o y s  t h a t  were! precas t  i n  fused 

s i l i c a  ampoules of 5-111111 i.d. and lo-nun 0.d. The 1.engkhs o f  die i n g o t s  
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wcrr? nlsout 18 cm. Tho a p p l i e d  t cn~pc ra tu rc  g rad i en t s  n t  t he  growth 

i n t e r f a c e  werc i n  thc! rnngc. o f  200 t o  2t30°~/cm. 

Following t h e  reinaval from the  ampoules, the i ngo t s  were cu t  i n t o  

s l i c e s ,  and precision d c n s i t y  incasurcmcnts werc performed on s e l e c t e d  

s l i c e s  from ingot  146 t o  determine t h e i r  average compositions.  S imi l a r  

dens i ty  measurements on s l i c e s  cu t  from ingo t  L7 are i n  p rogress .  The 

compositiona1 p r o f i l e  .;long the  growth a x i s  f o r  ingot  L6 a s  deduced from 

t h e  dcns i ty  measurements i s  shown i n  F igu re  1. 

Densi ty  mensurements f o r  ingot  L4, grown dur ing  the  l a s t  r e p o r t i n g  

per iod ,  have been completed. The composi t ional  p r o f i l e  a long  the  growth 

a x i s  of t he  i nbo t  a s  deduced from tile d e n s i t y  d a t a  I s  shown i n  Figure 2. 

From i n g o t  L6 s e v e r a l  t h i n  s l i c e s  werc prepared f o r  i n f r a r e d  

transmission-edge mapping t o  eva lua t e  t h e  r a d i a l  composi t ional  

v a r i a t i o n s .  The a x i a l  p o s i t i o n s  of t h e  slices along t h e  i n g o t  a r e  shswn 

i n  Figure 3 (a ) .  The i n f r a r e d  measurements were imde on each slice a t  

t h e  r a d i a l  p o s i t i o n s  shown i n  F igure  3(b) .  diameter: of t h e  circles 

and t h e i r  p o s i t i o n s  correspond t o  the  width and r e l a t i v e  l o c a t i o n s  of 

t h e  i nc iden t  i n f r a r e d  beam. The th icknesses  of t h e  po l i shed  and e tched  

slices were between 200 and 210 pm. Typica l  t ransmiss ion  d a t a  f o r  a  

s l i c e  (A26) a r e  shown i n  F i g u r e  4. The r a d i a l  v a r i a t i o n  of t h e  cut-on 

wavelengths and of t h e  corresponding a l l o y  compositions f o r  a  number of 

t h e  s l i c e s  a r e  s h o w  i n  F igu re  5. F igure  6 shows t h e  r a d i a l  v a r i a t i o n  
? 

of t he  wavelength a t  50% t ransmiss ion .  The r a d i a l  composition p r o f i l e s  

suggest  concave s o l i d / l i q u i d  i n t e r f a c e s  f o r  t he  e n t i r e  growth l eng th .  

The measured l o n g i t u d i n a l  composition p r o f i l e s  f o r  t h e  i n g o t s  L4 

and L6 have been compared wi th  the expected t h e o r e t i c a l  v a r i a t i o n s  f o r  

v a r i o u s  assumed va lues  f o r  t h e  l i q u i d / l i q u i d  d i f f u s i o n  c o e f f i c i e n t  . 
I , These comparisons, a long  wi th  the r e s u l t s  repor ted  f o r  the  l a s t  q u a r t e r ,  
f 

t sugges t  a  d i f f u s i o n  c o e f f i c i e n t  between 5  x and 1 x cm2/s. 

For these  i n i t i a l  c a l c u l a t i o n s ,  we have t r e a t e d  t he  i n t e r f a c e  

s eg rega t ion  c o e f f i c i e n t  as  being cons tan t  dur ing  the  e n t i r e  i 
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s o l i d i f i c a t i o n  process .  More d e t a i l e d  c a l c u l a t i o n s  that: i nc lude  the  

v a r i a t i o n s  i n  t h c  s eg rega t ion  coefficients and o t h e r  a s p e c t s  ot;sociatcd 

w i t ' \  t he  changes i n  t h e  i n t e r f a c e  temperature  o r e  i n  progress .  

Pseudof$nory HgTe-CdTe Phase Diagram 

During t h e  p a s t  q u a r t e r ,  a  concent ra ted  e f f o r t  was undertaken t o  

reduce the  f  ree-volume i n  t h e  ampoules used f o r  t he  d i f f e r e n t i a l  thermal 

a n a l y s i s  (DTA) measurements. For t h i s  pwxpose, S-mm diameter  rods,  

e tched  irj  concent ra ted  hydso f luo r i c  a c i d  t o  ach ieve  c l o s e  f i t s ,  were 

s e a l e d  i n  t h e  capsu les  us ing  va r ious  s e a l i n g  con f igu ra t i ons .  For 

x-values of 0.3 t o  0.9, t he  procedures  r epea t ed ly  r e s u l t e d  i n  rup ture  of 

t h e  capsules  a t  t he  meosurement, temperatures .  The cause of t he se  

f a i l u r e s  is  p r e s e n t l y  unc lear .  

Figures  7 and 8 show r e s p e c t i v e l y  t h e  DTA r e s u l t s  f o r  t h e  su rv iv ing  

x = 0.1 and x = 0.2 samples. Each f i g u r e  shows t h e  DTA measurement 

c y c l e s  fo l lowing  15, 30, and 60 h annea ls  a t  t h e  temperatures  (TA) 

i n d i c a t e d  i n  t h e  f i g u r e s .  The samples are always cooled i so the rma l ly  t o  

ma in t a in  l o n g i t u d i n a l  a l l o y  homogeneity. The mel t ing  po in t  of Sb served 

a s  a temperature  c a l i b r a t i o n  p o i n t .  The d a t a  do no t  sugges t  any 

s i g n i f i c a n t  changes i n  the  DTA curves when t h e  annea l ing  times a r e  

i nc reased  from 30 t o  60 h. Apparent ly ,  30 h annea l ing  near  t h e  s o l i d u s  

temperature  adequate  t o  e l i m i n a t e  r a d i a l  inhomogenei t ies  caused by 

p r e f e r e n t i a l  s eg rega t ion  dur ing  f r e e z i n g .  

A series of experimental  DTA measurements were made t o  eva lua t e  t h e  

behavior  of Hgo,8Cdo,2Te near  t h e  Hg-Te e u t e c t i c  temperature .  For t h i s  Y 
purpose,  2.844g of Te was placed on top  of a  c a s t  Hgo,8Cd0,2Te ingot  

(-0.6 mole) conta ined  i n  a  5-mm i.d. ampule. The DTA h e a t i n g  curves 

fo l l owing  t h e  a d d i t i o n  of t h e  Te a r e  shown i n  F igure  9.  The 

d i f f e r e n t i a l  thermocouple was l oca t ed  a t  the  o r i g i n a l  HgO .8Cd0 2Te/Te 

i n t e r f a c e .  The maximum temperature  of t h e  sample at t h e  te rmina t ion  of 

each hea t ing  run  i s  shown i n  Table  1. The f i r s t  DTA curve shows a  sma l l  

exothermic peak which d id  not  occur i n  any subsequent run. A l l  curves 

shows a  w e l l  de f ined  break nea r  t h e  Hg-Te e u t e c t i c  temperature .  The 

second break i n  curves  1-4 i s  i n t e r p r e t e d  a s  be ing  due t o  t h e  melt ing of 
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n nlixturo r i c h e r  i n  Tc! t11011 the oxl tes t ic  composition. A f t e r  r a i s i n g  the  

rcnq~era turc  t o  6139"~ fo l lowing  run I t ,  only n s i n g l e  e n d o t h c r r ~ i c  brcok 

occurrcd near  tlta 118-Te e u t e c t i c  tempera t u r c  . 
2.3 Cnlcii lntion of t h e  l ' n r t i n l  l ~ e s s i i r c s  of llg, Cd, and Te Vapor i n  

Ea t ~ i l i  hrium wit11 l I g l - x ~ X T ~  Fie 1 fa 

The phase equilibria c a l c u l n t l o n s ,  based on tlia r e g u l a r  a s s o c i a t e d  

so1u';ian (R.A.S.) theory sunlinarized i n  Appendix A, have continiied. An 

updated set of R.A.S. paramaters were obtained by leas t - squares  f i t t i n g  

t o  a v a i l a b l e  phase diagram d a t a ,  both b inary  and pseudobinaty.  W-re 

r e s u l t s  of tlie c a l c u l a t i o n s  a r e  summarized i n  Table 2. Using t h e  set of 

R.A.S. parameters l i s t e d  I n  Table  2, t h e  a c t i v i t i e s  of Hg, Cd, and Te2 

and t h e i r  p a r t i a l  p r e s su re s  over t he  pseudobinary inelt were cn l cu l a t ed  

by the  method descr ibed  i n  Appendix B .  Table  3 l i s t s  t h e  l a t e s t  

r e s u l t s ,  a s  well a s  some experimental  p a r t i a l  p ressures  based on 
\ 1 

X measurements by S t e i n i n g e r  . y 
4 

The ca l cu l a t ed  mercury p a r t i a l  p r e s su re s  a r e  i n  reasonable  I 
1 agreement wi th  S t e i n i n g e r  's exper imenta l  r e s u l t s  . However, t h e  va lues  

of t he  R.A. S . parameters ,  and consequent ly  t he  c a l c u l a t e d  p a r t i a l  

p r e s su re s ,  a r e  extremely s e n s i t i v e  t o  t h e  d e t a i l e d  c o m p o s i t i o n ~ l  

dependences of t h e  pseudobinary l i q u i d u s  and s o l i d u s  temperatures .  We 

f e e l ,  t he re fo re ,  tlt,,t f u r t h e r  improvements i n  t h e  accuracy of the 

l i q u i d u s  and s o l i d u s  temperature vnlues f o r  t he  h igher  x reg ion  w i l l  

r e s u l t  i n  s i g n i f i c a n t  improvement i n  t he  cons is tency  of t h e  va r ious  

c a l c u l a t e d  and measured r e s u l t s .  

P r i n c i p a l  I n v e s t i g a t w  
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Appendix A: Rogulnr Associnted So lu t ion  (R.A'S.) Theory 

For 011k ~ ' 1 1 8 ~ ~  e q u i l i b r i a  c a l c u l a t i o n s ,  we ~ssumne t h a t  t he  s o l u t i o n s  

llgl-ilk, and Cd l_xTex n r e  c i t h e r  r e R u l a r 2 * 3  p 4  o r  r e g u l a r  ansocinCed 
5 6 7  s o l u t i o n s  * . Tile tern1 " regular  so lu t ion"  was in t roduced  by 

1lildebmnd2 t o  dcsc r ibc  rnlxtures wl~ose hehnvior was Pound expcrintantal ly  

t o  htwe c e r t a i n  regularities. The d e f i n i t i o n  was e s s e n t i a l l y  an  

empirical. onc. ~ u g g e n l ~ e i n ~ ~  used the  term t o  deac r ibe  any mixture of 

molecules s a t i s f y i n g  the conditi .ons f o r  forming an i d e a l  n ~ i x t u r e  ( i d e a l  

i n  t hc  scnsa of an i d e a l  gas) except that: the in te rchange  enerfiy (or  

i n t e r a c t i o n  parameter  a s  i t  is  sometimes c a l l e d  is  not  zero.  The 

i n t e r a c t i o n  parameter  i s  r e l a t e d  t o  t he  neares  t neighbor pa i rwise  

i n t e r a c t i o u  ene rg i e s  between atoms. 

5 Subsequently,  Jordan d iscussed  a s s o c i a t i o n  i n  t he  l i q u i d  phase of 

t ype  A a t o m  wi th  type  B atoms, i.c., t h e  formakton of M.3 spec i e s .  If 

the  l i f e t i m e  of t h e  spec i e s  is  long i n  comparison t o  t he  per iod of 

v i b r a t i o n s  of t he  atoms, then one can speak of a s s o c i a t i o n  i n  t h e  

l i q u i d .  Jordan did a thermodynamic t rea tment  of a s s o c i a t e d  s o l u t i o n s  

without  cons ide r ing  i n  d e t a i l  t he  type of t h e  bonds involved.  Th i s  

t reatment  involved an a s s o c i a t i o n  parameter 6, where f o r  a completely 

a s soc i a t ed  s o l u t i o n ,  B = 0, whi le  f o r  a completely d i s s o c i a t e d  o r  

r e g u l a r  s o l u t i o n ,  I3 = 1. Jordan labe led  h i s  t rea tment  r e g u l a r  

a s soc i a t ed  s o l u t i o n  (R.A.S.) theory.  

I n  t he  con tex t  of R.A.S, t he  l i qu idus  and s o l i d u s  t e r n a r y  equa t ions  

f o r  an A-B-C system are given by7: 

and 
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IJIICITC y i s  the  mole f r n c t i o n  of tllc complex UG i n  t he  s o l i d  phnsc,  x l ,  

9, and x3 a r e  the atom f r a c t i o n s  of the th ree  components A, U ,  and C ,  

r e s p e c t i v e l y ,  xAC and xgc a r e  tllc mole f r a c t i o n s  of the  corresponding 

l i q u i d  phase spec i e s ,  nnd the o the r  pornmeters arc defined in the l i s t  

of sytirbols of Appandix C. 

For thc  psevdabinnry case.. x? * 0.9 + xl 4- x2, so  t h a t  Eqs. (Al)  

and (A2) become 

* * 
The vtlluoti for :il\C, xAc , xBCi and %C a r e  obtained a s  fol lows.  

The mole f r a c t i o n s  of t h e  spec ies  i n  t he  liquid phase a r e  G 

and 

The equ i l i b r ium cons t an t s  K1 ( f o r  the  b inary  system AC) and 

t h e  binary system BC) a r e  r e l a t e d  t o  t he  R.A.S. 

L 
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K2 ( fo r  

0 8 )  
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Using these cquiltio~ls atld the, r c l n t i c n s  given by Eq6 ,  (A5)-(A7), we 

obta in  c x p l i r i r  expressions f o r  t l ~ r  molc f r n c e i o ~ l s  x ~ ,  xg, xc, xhc and 

xDC i n  term8 of x l ,  x2, "3 and the binary parnlnetcrs R1 and K2. This 
involves  so lv ing  tlre fol lowing rubic  cquntian i n  a (E xAC + xDC): 

The lmle f r n c t i o n s  xC, XAC, and xnC a r e  then obtained from the c?quntions 

The o the r  male f r a c t i o n s  xb, and 3 a r e  then obtained from Eqs. (A5)- 

(A71 

* * The va lues  of the s to i ch iome t r i c  compositions xnC and xgC a r e  

obta ined  from the  binary R.A.S. parameters:  
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Appcnclix C: : L i s t  of Sy~nhols 

T tcmpcim t u r c  

AS1, AS, = c n t r o p i a s  of f u s i o n  of t l ~ c  b inary  s y s t c n s  AC and UC 
L. 

AII1,  At$ han t s  of f u ~ i o n  of the b inary  systems AC and B6 

R tho un ivc r sn l  gas c o n ~ t n n t  - the i n t e r n s t i o n  parameter  for  thc l i q u i d  binnry system 

AC 

ar t h e  i t ~ t c c n c t i o n  parameter for  the l i q u i d  binary system 2 
BC 

u = t h c  i n t e r a c t i o n  parnlneter between spec i e s  A and B 

W = the  i n t e r a c t i o n  paraincter between s p e c i e s  AC and RC i n  
the s o l i d  

* = This s ~ ~ p c r s c r i p t  i s  used to denote  s tandard  sta tes  of 

the l i q u i d  phase ( s t o i c h i o m c t r i c  compositions i n  t h e  

b ina ry  systems AC and BC). 
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Appendix R: Comlronent I ' n r r i n l  Presnt l re  Ovcr the  P s r u d o b i n a r y  Melt 

For  o ternary r e g u l a r  a s n o c i n t e d  s o l u t i o n  of s ~ e o i r s  A, R ,  and C ,  

the n c t i v i t i e a  nl\, nn, and i l ~  a r c  ~ i v a n  by t h e  o x p r a s a i o n s :  

and 

where YAP yB,  and Ye a r e  t h e  a c t i v i t y  coef  f i c i e n t s ,  which are, f o r  t h e  

pseudobinary case : 

and 

and t h e  o t h e r  pa ramete rs  a r e  d e f i n e d  i n  Appendix A. For t h e  c a s e  ot 
HglmxCdXTe, t h e  p a r t i a l  p r e s s u r e s  of the  components o v e r  t h e  

pseudobinary melt, PHg, PCd, and PTe2, a r e  g iven  by 
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Table 1. :"tximuol temperature ac the cnd of carh llcntinfi run i n  

Fig* 9, 

Run Maximum temperature 
( O c >  

MCDONNELL DOUOLA* eISEARCH L & I O m A I O R # L I  

1 1  



Tahlc 2 K*AeS. nnd tt~crmodynamic da ta  f o r  tlic llg-Cd-Tc syetcm. 
TIIP subscript: 1 r e f e r e  t o  IlgTc while tllc s u b s c r i p t  2 
r c f ~ r s  t o  CdTc. 

- - - 

Thcrmadynamic da ta  

* 
The values of K1, a l ,  K2,  and a2 were obtained from the metal. rick 

sides of the binary phnse diagrams f o r  HglmxTeX and C;dl,,Te,, as p a r t  
of an IRAD i n v e s t i g a t i o n .  

MCDONNELL DOUGLAS RESEARCH LAEORArORlElD 

1 2  



Table 3 Calculated values of component partial pressures i n  the 
Hgl-xCdxTe system using R.A.S. theory 

3 
90 
0 * a z p ~ g  'cd p ~ e 2  p ~ g  'Cd 'xe2 

C! T x 
a~~ a ~ d  a ~ e  

atm. 

r (K) 

* 
For the act ivi ty  coefficient of Hg, steiriingerl obtained the value of 0.345 2 O.02U from experimental 
data. The partial pressures in parentheses were calculated using this  value. 

- -  - - 



D i s  tnl lcc a long i n g o t  ( ~ 1 1 1 )  

Figure 1. Bsperi~l lcntol  virrinkion o f  t h e  a x i a l  co~iiposi Lion o f  
i n g o t  16 f o r  n  growth r a t e  o f  R = 0 .31  ~ I I I / S .  
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Figure 2. Experimental variation of the ax ia l  composition of 
ingot L4 for  a growth rate of R = 1.12 pm/s, 



Figure 3. Location o f  wafers along the  growth a x i s  o f  ingot  
L6 (a) and the  I R  measurement pos i t i ons  f o r  a wafer (b) . 



-1 Wavenumber (cm ) 

Figure 4 .  Typica l  t ransmiss ion  s p e c t r a  f o r  a wafer (A26) from i n g o t  L6 .  
The t h i c k n e s s  o f  t h e  p o l i s h e d  s l i c e  was 200 pm. The numbers 
i n  t h e  f i g u r e  i n d i c a t e  t h e  measurement- p o s i t i o n s  a s  def ined  
i n  f i g u r e  3b. 



Radia l  p o s i t i o n  (mm) Radia l  p o s i t i o n  (mm) 

Figure  5. Va r i a t i on  o f  cut-on wavelength and composition 
ac ros s  slices from i n g o t  L6. The l o c a t i o n  of  t h e  
s l i c e s  a r e  def ined  i n  f i g u r e  3a. 



Radial p o s i t  i on  (mm) Radia l  pas: i i o n  (mm) 

Figure 6. Radia l  v a r i a t i o n  of wavelength a t  50% r e l a t i v e  
t ransmiss ion  across  s l i c e s  from i n g o t  L6. The 
l o c a t i o n  of t h e  s l i c e s  a r e  de f ined  i n  f i g u r e  3a. 
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F igu re  7. Diff  e r e n t i a l  thermal  a n a l y s i s  d a t a  f o r  
Hgo . Cdo 100Te. The Sb me l t i ng  p o i n t  shown 
i n  t h e  f i g u r e  is  used a s  a  c a l i b r a t i o n  p o i n t .  
TA is  t h e  annea l ing  temperature and TL t h e  
l i q u i d u s .  Curves 1, 2, and 3 fol lowed 1 5  h ,  30 h ,  
and 60 h ,  anneal ing t imes ,  r e s p e c t i v e l y .  



HgO. 8Cd0. 2 Tc DTA 
dT/dt = 2'C/min 

F i g u r e  8. D i f f e r e n t i a l  the rmal  a n a l y s i s  d a t a  f o r  l l g 0 , ~ ~ ~ C d 0 , 2 0 0 T e .  
The Sb n ie l t ing  p o i n t  shown i n  t h e  f i g u r e  is  used a s  a 
c a l i b r a t i o n  p o i n t .  TI( i s  t h e  a n n e a l i n g  t e m p e r a t u r e ,  and 
TL t h e  l i q u i d u s .  Curve 1 fo l lowed  42  h a t  T1. Curves 2, 
3 ,  and 4 fo l lowed 1 5  h ,  30 11, and 60 h a n n e a l i n g  times 
a t  TA. 



Chrt)t:it~l-;l I urnthl tl~c~rmlccrupli~ vol tnp,c* (m!' 

Temperature (OC) 

Figure 9. Differential thermal analysis data for Hgo.8Cd0.2Te with 
excess Te added. 
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