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A B S T R A C T  : 
A new class  of g lasses  has been  d i scove red  in t he  binary s y s t e m  Te-Br .  
The l imi t s  of  the  v i t r eous  domain  a re  Te2Br and TeBr. The compos i t i on  
Te3Br 2 is the  mos t  s t ab le  t oward  c r y s t a l l i z a t i o n  and the  addi t ion  of 
S or Se d e c r e a s e s  s t rongly  the  d e v i t r i f i c a t i o n  ra te .  The glass  t e m p e r a -  
tu res  a re  in the  range 70-80 ° C and, in t he  case  of Se doped glasses ,  
t h e r e  is no c r y s t a l l i z a t i o n  peak. The op t ica l  t r ansmiss ion  range  l ies 
f rom 1.9 vm to 20 lam for  Te3Br 2 glass  and makes  it t?otential  candi -  
d a t e  for  low loss f ibe r  a t  10.6 tam,~a loss as low as I0 - z  dB/km is e s t i -  
m a t e d  a t  this  wave leng th  f rom the  mul t iphonon con t r ibu t ion .  

MATERIALS INDEX:  t e l l u r i u m ,  b r o m i d e s  

INTRODUCTION 

In a previous  paper  (1), we desc r ibed  the  glass f o r m a t i o n  in t e l lu r ium chlo-  
r ide s y s t e m s  and e m p h a s i z e d  the  or ig ina l i ty  of this  new fami ly  of g lasses  c h a r a c t e r i z e d  
by a good c h e m i c a l  durabi l i ty  in normal  a t m o s p h e r e  and an i n t e r e s t i n g  t r ansmis s ion  
in t he  I.R. wi th  a mul t iphonon  edge  l oca t ed  in t he  12-14 ~m region.  

Some m e t a l l i c  ha l ides  such as ZnC12, ZnBr 2, ThC14, Cdl 2 . . . .  a r e  known 
to  be glass  f o r m e r s  but all  a re  e x t r e m e l y  hygroscop ic  and the i r  op t i ca l  p r o p e r t i e s  
a re  s t rong ly  a f f e c t e d  by mo i s tu r e  cor ros ion  (2). 

This new c lass  of  v i t r eous  m a t e r i a l  co mb i n es  the  s t rong  co v a l en t  c h a r a c t e r  
of  the  bond b e t w e e n  hal ide  and cha l cogen ide  and the  d i sorder ing  e f f e c t  p roduced  
by the  e x i s t e n c e  of  lone pairs  on te l lu r ium a toms .  

GLASS FORMATION IN THE BINARY SYSTEM Te-Br 

When c a l c u l a t e d  quan t i t i e s  of Te and Br 2 a re  h e a t e d  a t  about  300 ° C in 
sea led  g lass  tubes ,  t h e  f o r m a t i o n  of  a viscous m e l t  is obse rved .  By cool ing  the  tubes  
in air ,  t he  m e l t  so l id i f ies  as a c o m p l e t e  v i t reous  m a t e r i a l  when the  ra t io  Te/Br  is 
a p p r o x i m a t e l y  l oca t ed  b e t w e e n  1 and 2 ; Te2Br and TeBr a re  in t h e s e  cond i t ions  of 
m o d e r a t e d  quenching  the  l imi t s  of  t he  v i t reous  a rea .  The glass  Te3Br 2 l o ca t ed  just  
in t he  middle  of  the  d iag ram is cons ide red  as the  p r o t o t y p e  glass.  

In o rde r  to  p r epa re  very pure  g lasses  and due to  t he  c o n t a m i n a t i o n  of b romine  
by wa te r ,  t he  e x p e r i m e n t a l  p rocedu re  is t he  fol lowing.  The chips  a re  f i r s t  t r e a t e d  
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by HBr and  Br 2 c o n t a i n i n g  so lu t ion  for  c l e a n i n g  t h e m  f rom oxygen  s u r f a c e  co r ros ion .  
As i n d i c a t e d  on Fig. 1, t h e  Br 2 so lu t ion  a lways  c o n t a m i n a t e d  by w a t e r  is t r e a t e d  
wi th  P 2 0 5  in t h e  f i r s t  c o n t a i n e r  and  t h e n  t r a n s f e r r e d  in t he  g r a d u a t e d  t ube  w h e r e  
c a l c u l a t e d  a m o u n t  is s t o r e d  by c o n d e n s a t i o n .  F ina l ly ,  t h i s  Br 2 is t r a n s f e r r e d  aga in  
in t h e  r e a c t i o n  t u b e  c o n t a i n i n g  t he  t e l l u r i u m .  A f t e r  s ea l ing  unde r  vacuum,  t he  t ube  
is h e a t e d  two  hours  in a rock ing  f u r n a c e  a t  300 ° C and  t h e n  coo led  in a i r .  

Br 2 

FIG. 1 

A p p a r a t u s  used for  t h e  p r e p a r a t i o n  of t h e  Te-Br  g las ses  
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FIG. 2 

D.S.C. ana lys i s  of  t he  g lasses  Te3Br  2 and  Te3Br2S 
In t he  l a t t e r  glass ,  no c r y s t a l l i z a t i o n  peak  is 
d e t e c t e d .  

The b lack  p ieces  
of  g lass  a r e  no t  hyg roscop i c  
and  only t hose  c o n t a i n i n g  a 
l a rge  a m o u n t  of Br such as  
TeBr 2 show a slow a t t a c k  of 
t h e  s u r f a c e  in n o r m a l  a t m o s p h e r e .  

The Fig. 2 r e p r e s e n t s  
t h e  D.S.C. ana lys i s  of t he  glass  
Te3Br  2. The glass  t e m p e r a t u r e  
T = 68 ° C is l o c a t e d  a t  a b o u t  
1~0 ° C f rom the  c r y s t a l l i z a t i o n  
peak  a t  T x = 163 ° C and  the  
l iquidus  t e m p e r a t u r e  is e s t i m a t e d  
a round  T 1 = 245 ° C. The Te3Br  2 
g lass  has  a ve ry  b road  op t i c a l  
t r a n s m i s s i o n  r a n g e  lying f rom 
the  bandgap  a b s o r p t i o n  in the  
1.9 um region  to  t he  m u l t i p h o n o n  
edge  in t he  20-25 um region.  

The Fig. 3 r e p r e s e n t s  
t he  I.R. edge  for  t h e  glass  Te3CI 2, 
t h i c k n e s s  = 8 mm and Te3Br  2 
t h i c k n e s s  = 6 mm.  It  is c l e a r  
t h a t  r ep l ac ing  CI by Br sh i f t s  

t h e  I.R. edge  a p p r o x i m a t e l y  f rom t he  12 to  20 u region.  
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FIG. 3 

I.R. mul t iphonon  edge  of  the  two  
g lasses  Te3C12 and Te3Br 2 
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On the  Fig. 4 is 
r e p r e s e n t e d  the  e x t r a p o l a t i o n  
of t he  two  in t r ins ic  abso rp -  
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and mul t iphonon)  giving ~ 10 0 
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region of  10.6. ~m : in : ¢o e ~  

th i s  hypo thes i s ,  a t t e n u a t i o n  < 
losses  in t he  l0 dB/km range  10- E 
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FIG. 4. 

The V-shaped curve  for  the  glass Te3Br. The two 
in t r ins ic  abso rp t ion  f a c t o r s  cons ide red  a re  the  
bandgap and mul t iphonon  mechan i sms .  The Ray-  
leigh s c a t t e r i n g  is e s t i m a t e d  negl ig ible  in the  8- 
12 ~m region.  

STABILIZATION OF TELLURIUM BROMIDE GLASSES BY S OR Se 

In o rde r  to  ob ta in  good I.R. t r a n s p a r e n t  g lasses  having low s c a t t e r i n g  losses  
because  of  t he i r  high r e s i s t a n c e  to  d e v i t r i f i c a t i o n ,  sulfur  or se len ium has been  added 
to  the  binary glasses .  The v i t reous  domains  a re  r e p r e s e n t e d  on the  Fig. 5 for  the  s y s t em 
T e - B r - S  and on the  Fig. 6 for  the  TeBr-Se s y s t e m .  It can be seen  t h a t  the  l a t t e r  s y s t em 
has a very  broad g lassy  a r e a  due to  t he  f a c t  t h a t  Se i t se l f  ex i s t s  in a glassy s t a t e .  These 
two d i ag rams  have  been d e t e r m i n e d  in using the  s a m e  e x p e r i m e n t a l  p rocedure  as dis-  
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cussed  p rev ious ly  ; Se or  S a re ,  in t h e s e  cases ,  i n t r o d u c e d  t o g e t h e r  wi th  Te in t h e  
r e a c t i n g  tube .  

Te Te 

7 \ 

Br 2 0  4 0  6 0  8 0  ~ 20 40 60 80 8e  

FIG. 5 FIG. 6 

Vi t r eous  d o m a i n  in t h e  Te-Br -S  Vi t r eous  d o m a i n  in t he  Te -Br -Se  
d i a g r a m  d i a g r a m .  

All t h e s e  g las ses  and  spec i a l l y  t h o s e  h a v i n g  t he  l o w e s t  c o n t e n t  in Br a r e  
ve ry  s t a b l e  in n o r m a l  h u m i d i t y  c o n d i t i o n s  and  a r e  no t  hyg roscop i c .  

THERMAL A N D  OPTICAL PROPERTIES OF STABILIZED TELLURIUM 
BROMIDE GLASSES 

As i n d i c a t e d  on Fig. 2, add i t i on  of  su l fu r  to  t h e  glass  Te3Br  2 has  a s t r o n g  
e f f e c t  on t h e  d e v i t r i f i c a t i o n  r a t e .  For  i n s t a n c e ,  t h e  glass  Te3Br  2 has  a Tg = 71 ° C, 
bu t  i t  is imposs ib l e  wi th  a h e a t i n g  r a t e  of  10 ° C / m i n u t e  to  d e t e c t  any  c r y s t a l l i z a t i o n  
peak.  

The a d d i t i o n  of  t h e  l igh t  e l e m e n t  S to  t e l l u r i u m  b r o m i d e  g lasses  has  a s t r o n g  
e f f e c t  on t h e  I.R. e d g e  and  one  o b s e r v e d  t h a t  t h e  m u l t i p h o n o n  edge  of  t h e  glass  Te3Br2S 
is t he  s a m e  as  Te3C12 S which  is r e p r e s e n t e d  in r e f e r e n c e  (2). The f o r m a t i o n  of Te -S  
bonds  s h i f t s  t h e  m u l t i p h o n o n  edge  in t he  12 ]Jm reg ion  l ike o b s e r v e d  wi th  t h e  T e - C I  
g lasses .  

In o rde r  to  keep  t h e  good I.R. t r a n s p a r e n c y  un t i l  t h e  20 ~m reg ion  
and  d e c r e a s e  t h e  c r y s t a l l i z a t i o n  r a t e ,  t h e  v i t r e o u s  m a t e r i a l s  of t h e  Te -Br -Se  s y s t e m  
h a v e  been  e x a m i n e d .  As i n d i c a t e d  on t he  Fig. 6, t h e  midd le  of  t h e  g lassy  d o m a i n  is 
a p p r o x i m a t e l y  e x t e n d i n g  a long  t h e  Te3Br  2 + Se l ine .  

The e x a m i n a t i o n  of a g lass  hav ing  t he  c o m p o s i t i o n  Te3Br2Se  by D.S.C.  ana lys i s  
shows t h a t  t he  Tg of such  g lass  is a round  70 ° C and  t h a t  no c r y s t a l l i z a t i o n  peak  is 
d e t e c t e d  for  a h e a t i n g  r a t e  of  10 ° C / m i n u t e .  

On t h e  Fig. 7 is r e p r e s e n t e d  t h e  o p t i c a l  t r a n s m i s s i o n  s p e c t r a  of t h e  glass  
Te3Br2Se  which  i n d i c a t e s  t h a t  t h e s e  Se c o n t a i n i n g  g las ses  h a v e  t h e  s a m e  o p t i c a l  window 
t h a n  t h e  Te3Br  2 g lass  lying f r o m  2 ]Jm to  20 ~m. 

The a d d i t i o n  of  Se to  t h e  b ina ry  g lass  has  a ve ry  i m p o r t a n t  e f f e c t  on t he  
s t a b i l i t y  of  t he  g lass  t o w a r d s  c r y s t a l l i z a t i o n  and  keeps in t h e  s a m e  t i m e  t h e  e x c e p t i o n a l  
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t r a n s p a r e n c y  in t h e  20 ~m reg ion .  

The  g lass  be long ing  to  t he  Te3Br2Se  s y s t e m ,  and  even  those  c o n t a i n i n g  a 
sma l l  a m o u n t  of  Se, a p p e a r  to  be t he  be s t  c o m p r o m i s e  in t h e s e  t e l l u r i u m  ha l ide  g lasses  
for  hav ing  good o p t i c a l  p r o p e r t i e s  and  r e s i s t a n c e  to  d e v i t r i f i c a t i o n .  
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FIG. 7 

O p t i c a l  t r a n s m i s s i o n  s p e c t r a  of t he  g lass  Te3Br2Se.  

P O T E N T I A L  FOR U L T R A T R A N S P A R E N C Y  

As i n d i c a t e d  on Fig. 4, in a b s e n c e  of i n f o r m a t i o n s  on s c a t t e r i n g  abso rp t i on ,  
t h e  two  i m p o r t a n t  loss f a c t o r s  a r e  : t h e  bandgap  a b s o r p t i o n  which  o r i g i n a t e s  f rom 
t h e  poss ib le  d e l o c a l i z a t i o n  of  t h e  e l e c t r o n  be long ing  to  t h e  lone  pair  l o c a t e d  on t he  
Te a t o m ,  and  t h e  m u l t i p h o n o n  a b s o r p t i o n  which  is m o r e  easy  to  d e f i n e  and  which  is 
d e t e r m i n e d  by t he  v i b r a t i o n a l  modes  of  t he  Te-Br ,  Te-C1, TeS or TeSe bond s t r e n g t h .  

The Fig. 8 r e p r e s e n t s  t he  e x t r a p o l a t i o n  of t he  a b s o r p t i o n  c o e f f i c i e n t s  
m e a s u r e d  f r o m  t h e  I.R. edge  for  t h e  t h r e e  g las ses  Te3C12, Te3Br2Se  e t  Te3Br  2. The 
s t r a t e g i c  reg ion  c o r r e s p o n d i n g  to t h e  emi s s ion  of t h e  CO 2 l a se r  a t  10.6 um is i n d i c a t e d  
for  e v a l u a t i n g  t h e  m u l t i p h o n o n  losses  in th i s  s p e c i f i c  region.  I t  is c l e a r  t h a t  t he  g lasses  
c o n t a i n i n g  C1 or  S, such  as Te3C12 or Te3Br2S h a v i n g  t h e i r  I.R. edge  in t h e  13 um 
reg ion  a r e  no t  p o t e n t i a l l y  ve ry  t r a n s p a r e n t  a t  10.6 pm w h e r e  t he  a t t e n u a t i o n  is e s t i -  
m a t e d  to be a round  1 dB/m.  

On t he  o t h e r  hand ,  t h e  Br or  Se c o n t a i n i n g  g las ses  such  as  Te3Br  2 or Te3Br2Se  
h a v e  a p o t e n t i a l  m u l t i p h o n o n  loss c lose  to  0.1 dB/km,  four  o rde r  of m a g n i t u d e  more  
t r a n s p a r e n t  t h a n  t h e  C1 or S c o n t a i n i n g  m a t e r i a l s .  

D e s p i t e s  t he  d i f f i c u l t y  to  e s t i m a t e  t h e  bandgap  a b s o r p t i o n  a t  10.6 um, 
one  can  c o n c l u d e  t h a t  th i s  f a c t o r  will be t h e  m o r e  c r i t i c a l  for  t h e  p r e p a r a t i o n  of h ighly  
t r a n s p a r e n t  w a v e g u i d e  a t  10.6 ~ in add i t i on  to  t he  Ray le igh  s c a t t e r i n g .  

These  new g lasses  could  be c o m p a r e d  wi th  t h e  bes t  c h a l c o g e n i d e  g lasses  
for  t he  10.6 u t r a n s m i s s i o n  as  d i scussed  by Wehr and  Le S e r g e n t  (3). Acco rd ing  to  
t h e s e  a u t h o r s ,  t h e  q u a t e r n a r y  g lass  A s G e S e T e  is t he  m a t e r i a l  hav ing  t h e  bes t  
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transparency at 10.6 ~m es t imated  around 2-3 dB/m. The comparison of the I.R. edge 
of this glass with the tellurium halide glass shows that  they are very comparable to 
the CI or S containing glasses. 
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FIG. 8 

Evolution of the absorption coef-  
f ic ient  and optical loss versus ~, 
for Te3C12 and Te3Br 2 and 
Te3Br2Se. 

In conclusion, the Br or Se containing- te l lur ium glasses appear to be very 
promising candidates for the preparation of highly transparent  I.R. optical  fibers 
operating at  10.6 lJm and in the 8-12 um optical  window. 
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