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Operat ing pr inciples  of t h e r m o c h r o m e  displays of a new type a r e  examined.  Underlying 
these  displays is the phenomenon of a m e t a l - s e m i c o n d u c t o r  phase  t rans i t ion  observed  in 
vanadium oxides. 

An enlarged sea rch  for new methods and pr inc ip les  to produce  displays to exhibit l i te ra l ,  digital ,  and 
other informat ion has recent ly  been conducted. In addition to the so -ca l l ed  act ive  displays ( incandescent bulbs,  
ca thode- luminescent  and g a s - d i s c h a r g e  ins t ruments ) ,  pass ive  displays which change color  or  t r a n s p a r e n c y  in 
the vis ible  s p e c t r u m  range under di f ferent  external  effects a re  a t t rac t ing  spec ia l  attention. An example  of 
this kind of display which is a l ready  operat ing success fu l ly  in many ins t ruments  is the l i qu id -c rys t a l  display.  

Despite  the number  of  evident advantages ,  l iqu id-c rys ta l  displays have substant ia l  d isadvantages ,  such as 
the tendency to an i r r e v e r s i b l e  color change with t ime  and the difficulties in producing la rge  dimension i tems.  

The p rope r t i e s  of a t h e r m o c h r o m e  fi lm ma te r i a l ,  which a r e  based on the phase - t r ans i t i on  phenomenon 
occur r ing  in some  vanadium oxides [3], have been descr ibed  in a number  of recen t  papers  [1, 2]. The phase  
t rans i t ion is cha rac t e r i zed  by the fact that at a definite t e m p e r a t u r e  the e lec t ronic  p rope r t i e s  of the vanadium 
oxide layer  and, pa r t i cu la r ly ,  its opt ical  c h a r a c t e r i s t i c s ,  the index of re f rac t ion  and light absorpt ion in the 
v i s ib le -wavelength  band, change abrupt ly and r eve r s ib ly .  The t e m p e r a t u r e  of the vanadium oxide l ayer  t r a n s i -  
tion can be given in the 40-70~ band depending on the technology of l aye r  fabricat ion.  In o rde r  to magnify the 
effect re la ted  to the change in optical  p r o p e r t i e s  which occu r s  during the phase  t rans i t ion ,  the phenomenon of 
light in t e r fe rence  is used in the m a t e r i a l  produced,  where the oxide l aye r  is superposed  on a meta l  m i r r o r  
sput tered on a d ie lec t r ic  subs t ra te ,  for ins tance,  mica ,  quartz ,  etc. The thickness  of the oxide l ayer  fluctuates 
within 500-2500/~ l imits .  As a resu l t  of the in t e r fe rence  of the light re f lec ted  f rom the o x i d e - a i r  and o x i d e -  
meta l  m i r r o r  in te r faces ,  pa r t  of the waves  f rom the v is ib le  spec t rum is extinguished and does not r each  the eye 
of the o b s e r v e r .  We hence obse rve  a ma te r i a l  colored l ight-blue,  blue, g reen  and other  colors .  The f i lm color  
is in te r fe ren t i a l  in nature and depends on the optical  path length of waves of the v i s ib le  band in the oxide fi lm. 
The optical  pathlength is de termined by the init ial  th ickness  of the vanadium oxide fi lm, as well as by its 
r e f r ac t i ve  and absorp t ive  indices.  All these  p a r a m e t e r s  a r e  var ied in a control led manner  during manufac-  
tu re ,  which explains the extensive  set  of colors  obtained. A change in the optical  constants ,  and the re fo re ,  in 
the optical  path length of the light occurs  during heating of the f i lm above the phase - t r ans i t i on  t e m p e r a t u r e  
because  of r e a r r a n g e m e n t  of the e lec t ron  configurat ion of the oxide. Consequently,  the in t e r fe rence  conditions 
change and the o ther  wavelengths a r e  a l ready  subtracted f rom the s p e c t r u m  of wavelengths ref lec ted  f rom the 
ma te r i a l  and incident on the eye of the o b s e r v e r ,  as compared  with the initial s tate.  Hence, the color  of the 
m a t e r i a l  changes sharp ly  during a phase t rans i t ion .  

The s p e c t r u m  behavior  of the light ref lec t ion coefficient  before  and a f te r  the phase  t rans i t ion ,  as well as 
the const ruct ion of the light r e f l ec to r ,  a re  shown in Fig. 1. It is c l ea r  that  such a light r e f l ec to r  p o s s e s s e s  
r eve r s ib i l i t y  because  of the r eve r s ib i l i t y  of the phase  t rans i t ion  in the oxide layer .  The t h e r m o c h r o m e  ma te r i a l  
produced has been designated FTIROS for p h a s e - t r a n s f o r m a t i o n ,  in te r fe rence ,  and r e v e r s i n g  light r e f l ec to r .  

St ructural ly ,  the re f l ec to r  is executed so that the heat to the t h e r m o c h r o m e  l aye r  comes  f rom the 
plane th in - f i lm r e s i s t ance  e lec t r i ca l  hea te r  through the d ie lec t r ic  layer .  Hence,  in t h e r m a l  r e spec t s  we deal  
with the p rob l em of heating an unbounded plate [4]. 
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Fig .  1. S p e c t r u m  b e h a v i o r  of  the  l i g h t - r e f l e c t i o n  c o e f f i c i e n t  b e f o r e  
(1) and a f t e r  (2) the  p h a s e  t r a n s i t i o n ;  R is the  coe f f i c i en t  of r e f l e c -  
t ion ,  %, and X, t he  wave l eng th  of  l ight ,  g. a) A l a y e r  with 0.25 c o l o r  
c o n t r a s t ;  b) a l a y e r  with 0.55 c o l o r  c o n t r a s t ;  c) l i g h t - r e f l e c t o r  
c o n s t r u c t i o n ;  I) t h e r m o c h r o m e  v a n a d i u m  oxide  l a y e r ;  II) r e f l e c t i n g  
m i r r o r ;  III) s u b s t r a t e .  

T A B L E  1. C o m p a r a t i v e  D i s p l a y  C h a r a c t e r i s t i c s  
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In p r a c t i c e  i t  is  r e q u i r e d  to e s t i m a t e  the  " s w i t c h - o n  ~ and " s w i t c h - o f f "  t i m e  for  the  d i s p l a y ,  as  we l l  as  
t he  p o w e r  needed  to c o m m u n i c a t e  the  p h a s e - t r a n s i t i o n  t e m p e r a t u r e  to the  t h e r m o c h r o m e  l a y e r .  S ince  the  
t h i c k n e s s  h of  the  d i e l e c t r i c  is  s m a l l ,  u s u a l l y  <_ 10 -3 m,  the  Blot  c r i t e r i o n  for  such  a p r o b l e m  is  Bi=  a h / A < 0 . 1 .  
The  c o e f f i c i e n t  of hea t  conduc t ion  for  such  d i e l e c t r i c s  as  m i c a ,  g l a s s ,  fused  q u a r t z  was t a k e n  fo r  th i s  e s t i m a t e ,  
whi l e  the  h e a t - e l i m i n a t i o n  c o e f f i c i e n t  a in a i r  was c o n s i d e r e d  equal  to 10 W/m" deg.  As is known [4], the  
s u r f a c e  t e m p e r a t u r e  in th i s  c a s e  i s  c l o s e  to the  t e m p e r a t u r e  of  the  c e n t e r  of  the  p l a t e ;  t h e r e  is  p r a c t i c a l l y  no 
t e m p e r a t u r e  d rop  be tween  the  s u r f a c e  and the  m i d d l e  of  the  p l a t e .  We d e a l  h e r e  with hea t ing  a c c o r d i n g  to the  
Newton law,  the  s o - c a l l e d  e x t e r n a l  p r o b l e m .  

The  s o l u t i o n  of the  Newton equa t ion  for  the  he a t i ng  (T O >Ti)  o r c o o l i n g  (T o <Ti)  c a s e s  will  have the  f o r m  

T - -  T o _ exp ( - -  BiF0). (1) 
Ti - -  To 

E s t i m a t e s  by m e a n s  of  the  f o r m u l a  show tha t  the  " s w i t c h - o n "  and " s w i t c h - o f f "  t i m e s  of a t h e r m o c h r o m e  
l a y e r  d e p o s i t e d  on one s ide  of  a 1 0 - t - m m - t h i c k m i c a p l a t e  hea ted  by a n i c h r o m e  e l e c t r i c a l  h e a t e r  on one s i de  of 
t he  p l a t e  is  2 s ec .  This  a g r e e s  we l l  with the  e x p e r i m e n t a l  r e s u l t s  ob t a ined .  

It i s  a l so  e a s y  to show tha t  the  hea t  f lux S needed  to hea t  the  l a y e r  to the  p h a s e - t r a n s i t i o n  t e m p e r a t u r e  is  

S = r  T i ) (2) 

and has the  v a l u e  ~ 50 mW/cm 2, which a l so  a g r e e s  s a t i s f a c t o r i l y  with e x p e r i m e n t a l  r e s u l t s .  H ighe r  v a l u e s  of  
the  t h e r m a l  f luxes  ~ 100-150 mW/cm 2 ob t a ined  in e x p e r i m e n t  a r e  exp l a ined  by heat  f lowing away  on the c u r r e n t -  
d e l i v e r i n g  c o n t a c t s  and a l so  by the  fac t  tha t  a p o w e r  ~ 10 mW/cm 2 l e aves  the  s u r f a c e  of the hea ted  l a y e r  b e c a u s e  
of  r a d i a t i o n .  

One of the  m o s t  i m p o r t a n t  d i s p l a y  p a r a m e t e r s  i s  the  c o l o r  c o n t r a s t .  D i f f e r en t  me thods  of d e t e r m i n i n g  
the c o l o r  u sed  in c o l o r i m e t r y  [5] can  be  u s e d  and then  the concep t  of  c o l o r  c o n t r a s t  can  be a c o m b i n a t i o n  of t hem.  
H o w e v e r ,  the  m o s t  r i g o r o u s  me thod  of  e s t i m a t i n g  the  c o l o r  c o n t r a s t  is  a p p a r e n t l y  the  method  for  which the 
c o l o r s  a r e  d e t e r m i n e d  by us ing  m e a s u r e m e n t s  of the  s p e c t r u m  b e h a v i o r  of the  r e f l e c t i o n s  f r o m  the  c o l o r e d  
s u r f a c e  [6]. C o l o r  c o n t r a s t  is  hence  d e t e r m i n e d  by ana logy  with b r i g h t n e s s  c o n t r a s t  fo r  b l a c k - a n d - w h i t e  
o b j e c t s  [7]. 
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Fig. 2. Display face of operat ing e lec t ronic  c locks  with displays 
f r o m  the ma te r i a l  FTIROS. 

The con t ras t s  calculated in this manner  lie within the l imits  0.25-0.6 for different color  t r ans i t i ons  in the 
FTI~OS fi lms.  These numbers  a re  close to the corresponding con t ras t s  rea l izab le  in many industr ial  t h e r m a l  
dyes  of single uti l ization [8]. Because  the t h e r m o c h r o m e  layer  is deposited on a la rge  sur face ,  we have the 
opportunity to produce  la rge  s ize  displays of the l a r g e - s c r e e n  type for col lect ive and group utilization. The 
large  angle of view of the t h e r m o c h r o m e  display also contr ibutes  to this .  

The use of such displays is also poss ib le  in o ther  units with digital readout.  Thermodisp lays  of the 
r e v e r s i b l e  the rmoco lo r  type for different  kinds of visual  t e m p e r a t u r e  control  are  of in teres t .  

Different  displays of s i m i l a r  purpose  are  compared  in Table 1. 

It is the re fo re  seen that  the the rmodisp lays  developed on the basis  of the phase  t rans i t ion  in vana-  
dium oxides a re  p rospec t ive  for uti l ization in display engineering.  

A photograph of the display face of  a clock executed f r o m  the t h e r m o c h r o m e  ma te r i a l  FTIROS is 
presented  in lJig. 2. 

N O T A T I O N  

T, body t e m p e r a t u r e ;  To, ambient  t e m p e r a t u r e ;  Ti, init ial  t e m p e r a t u r e ;  Fo, Four i e r  c r i t e r ion .  
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