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A descript ion is given of an experimental  setup and we present  the resul ts  f rom the m e a s u r e -  
ment of the coefficient e = ~ for dielectr ic  mater ia ls  and thin films by the method of ap- 
plying heat in pulses to a film the rmomete r  in contact with the mater ia l  being investigated. 

A promis ing method of determining the complex ~ is the pulse method which essential ly involves 
the following. A thin-fi lm the rmomete r ,  functioning as a res is tance  the rmomete r ,  is applied to the surface 
of a specimen or  a thin coating. A cur ren t  pulse, s t r ic t ly  rec tangular  in shape and of a specific duration, 
is passed through the the rmomete r .  The change in the tempera ture  of this sensor  or,  in other words,  in 
the specimen surface,  is recorded  by means of electronic osci l lographic equipment [1]. 

To eliminate f rom these calculations the area  of the film - a quantity that is difficult to measure  - a 
comparat ive  method is proposed in [2] to measure  the thermophysical  constants of the backing for the film 
the rmomete r s .  

In this event, a cur ren t  pulse is also passed through the the rmomete r  in an air  a tmosphere  and we 
determine the change in the sensor  tempera ture  in the form of a curve on the sc reen  of an oscil loscope.  
Since the thermal  conductivity of the air  is many t imes smal le r  than the thermal  conductivity of the backing 
material ,  for the duration of the pulse we can neglect  the t r ans fe r  of heat between the medium and the back-  
ing, and the backing can be t reated as a semi-infini te  body at whose end, for some short  period of time (in 
hundredths of microseconds) a constant heat flux is to be found. The surface tempera ture  then var ies  as a 
function of t ime, according to the parabolic law [3] 

2 | /  a~ (1) 
T a = ~  - q r n 

If the specimen (the backing) with the the rmomete r  is placed into a liquid of known thermal  proper t ies  
such as, for example, alcohol, on passage through that film of a current  pulse of the same magnitude, be-  
cause the heat flux is propagated both through the backing and through the liquid, the tempera ture  of the 
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Fig. 1. Circuit d iagram for the installation 
used to pe r fo rm measurements  by the 
pulse method. 

contact between the two semi-infini te  media can be r e p r e -  
sented [3] as follows: 

2 V a~ K~ TI =-X- q -~-  I + K . '  (2) 

where K~ = gx/~ = ~cy/)~lCl71 is the ratio of the coeffi-  
cients of thermal  activity for the backing and the liquid. 

As a result ,  for corresponding instants of time 

TZ K~ (3) 
T a 1 + K ,  

From (3) we easily determine e x = ~ in t e rms  of 
the experimental ly derived t empera tu res .  
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TABLE I. Coefficient  X4X-~ for  Cer t a in  Substances 

Material 

Melted quartz  
BD-I glass 
$48- 3 glass 
Glass- ceramic 

I/~cy , 
J/m 2. deg. sec i/z 

Mater ia l  V~7-. I/12q2" deg. sec t/z 

1530 
1570 
1880 
2160 

Plasticine 
Silicate glue 
Lacquer- acetone solution 
Rosin 

628 
640 
378 
310 

This method can be developed to de t e rmine  the complex  e for  d i e l e c t r i c  f luids,  r e s i n s ,  pa in ts ,  g lues ,  
l ub r i can t s ,  p o l y m e r  and organic  coat ings ,  i .e . ,  subs tances  capable  of wett ing a f i lm s e n s o r  o r  which can 
be in t ight t h e r m a l  contact  with that s enso r .  

In this case ,  the composi t ion  or  coating under  inves t igat ion is appl ied to a h e a t - s e n s i n g  device  that  is 
combined with a backing,  with this  s y s t e m  making up a t h r e e - l a y e r  [sandwich] combinat ion.  

On the bas i s  of cons ide ra t ions  analogous to those  d e s c r i b e d  above, we can demons t r a t e  that 

e~ (T a - -  TxA ex~- , (4) 
Txx 

where  axx is the coeff ic ient  of t h e r m a l  ac t iv i ty  for  the m a t e r i a l  being inves t iga ted ,  sa id  m a t e r i a l  in contact  
with the f i lm t h e r m o m e t e r ;  Txx is the in t e rmi t t en t  (pulse) r i s e  in the contact  t e m p e r a t u r e  between the b a c k -  
ing and the m a t e r i a l  being s tudied.  

The exper imen t  is a l so  c a r r i e d  out twice: once in a i r ,  and once in contact  with the composi t ion  of in-  
t e r e s t  to us.  

This method makes  it poss ib le  to de t e rmine  the values of ~ for  thin d i e l e c t r i c  f i lm coat ings and l a y e r s  
with a th ickness  of 10 #m and more ,  appl ied to a s y s t e m  made up of a heat  s e n s o r  and a backing.  Fo r  pulses  
las t ing  f rom 100 to 500 psec such coatings and f i lms  can be t r e a t e d  as s e m i - i n f i n i t e  bod ies .  Calcula t ions  
have shown that  with an e r r o r  of l e s s  than 10% this condition is s a t i s f i ed  for  Fo ~ 0.36. Fo r  example ,  for  
Alundum (a = 4 �9 10 -3 m2/h) for  ~'pulse = 100 #see the min imum f i lm th ickness  is 10 pro. 

F o r  the purposes  of this  r e s e a r c h  we developed a p iece  of equipment  using s t andard  appara tus ,  r a d i o -  
engineer ing  components ,  and measu r ing  e l emen t s .  A G5-2A pulse  g e n e r a t o r  was used to shape the pulse ,  
and the s ignal  f rom this g e n e r a t o r  cont ro l led  the c u r r e n t  in the anode c i r cu i t  of the 6N5S t r iode .  

F igure  1 shows the bas i c  c i r c u i t r y  for  the expe r imen t .  

In the absence  of a pulse ,  no c u r r e n t  pa s sed  through s e n s o r  Rs, s ince in the no- load  posi t ion the C 
ba t t e ry  (Bc) blocked the t r iode .  When a r e c t a n g u l a r  pulse  of pos i t ive  po la r i ty  is appl ied to the gr id  f rom 
the g e n e r a t o r ,  the t r iode  opens and a cu r r en t  is pas sed  through the f i lm heat  s e ns o r ,  the magnitude and 
durat ion of this  pulse  being governed by the p a r a m e t e r s  of the g e n e r a t o r  and the t r iode .  In our expe r imen t s  
the dura t ion of the pulse  va r i ed  f rom 100-400 #see.  The magnitude of the c u r r e n t  pulse  in this  case  v a r i e d  
f rom 0.05 A -< t -< 0.1 A. 

We know that  when a vol tage pulse is appl ied  to the gr id  the anode c u r r e n t  i n c r e a s e s  exponent ia l ly  b e -  
cause  of the capac i tance  charge  Cac (the a n o d e - c a t h o d e  sys t em) .  The t ime  for the i n c r e a s e  in the expo-  
nent has a r e s u l t  of a low value for  RaCac of ~1 #see; the c u r r e n t  pulse is t he re fo re  v i r tua l ly  r e c t a n g u l a r  
in shape.  Since the vol tage  to the f i lm heat  s e n s o r  is p ropor t iona l  to R 0 and R0aT , in the r e c o r d i n g  of this  
vol tage it is n e c e s s a r y  to offset  the constant  component iRsR0. We used a b r idge  c i r cu i t  for  this  purpose ,  
and t h e b a l a n c i n g o f t h a t  c i r cu i t  was accompl i shed  with a po ten t iomete r .  The osc i l l og raph  was s t a r t e d  with 
the G5-2A gene ra to r .  Since the sweep p roceded  the instant  at which the pulse was appl ied by only 0.15 #see,  
these  ins tants  were  v i r tua l ly  coincident .  The r e s i s t a n c e  R 3 was de l i be r a t e l y  made s m a l l  (~5 ~) for  the fo l -  
lowing r e a s o n s .  On appl ica t ion  of the pulse ,  at the ini t ia l  instant  of t ime ,  the r e s i s t a n c e  R 4 (~2 m~) is 
shunted by capac i t ance  Cg c (gr id-ca thode) ,  as a r e su l t  of which a c u r r e n t  va ry ing  exponent ia l ly  pa s se s  
through R 3. This c u r r e n t  d i s t o r t s  the r e c o r d e d  changes in the potent ia l  d i f ference .  To reduce  the charging  
t ime  for  capac i tance  Cg c the total  r e s i s t a n c e  R 3 and the C ba t t e r y  B C were  made as s m a l l  as poss ib l e .  

In our  expe r imen t s  the s ignal  f lash  resu l t ing  f rom the charge  of capac i tance  Cg e in t e r m s  of t ime  
amounted to ~2 psee,  i .e . ,  it  v i r tua l ly  degenera ted  into a s t r a igh t  l ine.  

225 



The resul ts  f rom the measurement  of the coefficient of thermal  activity for the dielectr ic  mater ia ls  
are  presented in Table 1. 

The quartz data are  in good agreement  withthosepubl ished in [1]. The data for the BD-1 glass ,  f rom 
which the backing is usually made for thin-fi lm the rmomete r s ,  coincide within the l imits of e r r o r  (to 5-8%) 
with the resul ts  of [4]. 

To determine the values of e for  the substances applied to a sys tem made up of the heat sensor  and a 
backing, we used the BD-1 glass as a standard backing material .  The value of e in this case was calculated 
f rom formula (4). 

In reference  [5] the relative e r r o r  in the determination of e (~e/e  ~ 5%) is evaluated. The use of 
standard equipment to shape the pulse and the use of a bridge compensation circui t  makes it possible, in 
this case as well, to take into considerat ion only those e r r o r s  associated with the recording of the sigvml, 
and these amount to no more  than 5%. 

The use of a s tandard rectangular  pulse shaper  eliminates the need for the development of a special  
electronic circui t .  

The method is distinguished by its s implici ty and high sensit ivity in the rapid determination of the 
coefficient of thermal  activity for mater ia ls  - i n s u l a t o r s ,  c rys ta l s ,  dielectr ic  coatings, and polymer  f i l m s -  
which exhibit thicknesses of the o rder  of 10 pm and higher,  i.e., thiclalesses which are  used extensively in 
radio e lectronics  and metrology.  
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N O T A T I O N  

thermal  conductivity; 
specific heat capacity; 
density of the material ;  
coefficient of thermal  activity; 
thermal  diffusivity; 
heat flux; 
time; 
temperature ;  
cur rent  pulse; 
res i s tance  of the film the rmomete r  at the initial temperature ;  
tempera ture  coefficient of res is tance  for the film sensor ;  
capacitance.  

1. 
2. 
3. 
4. 
5. 
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