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Pyroe lec t r i c  radiation detec tors  which make use of the abrupt tempera ture  dependence of the spontaneous 
polar izat ion in f e r roe l ec t r i c s  have a comparat ively  high sensit ivity,  a broad spectral  response,  and a low 
iner t ia  [1, 2]. Pyrode tec to rs  are  usually used to record  inf rared  radiation, 

We consider  the operation of a longitudinal-type de tec to rwhichuses  a f e r roe lec t r i c  c rys ta l .  The po la r -  
ization vector  P is directed along the x axis perpendicular  to the e lectrodes  and the radiation is absorbed by 
one of the e lectrodes .  The pyroe lec t r ic  cur ren t  produced in any element AxAyAz of the crys ta l  is determined 
by the time rate of change of the polarizat ion dq/dt  = AyAzdP/dt,  and the average current  in the c rys ta l  is p ro -  
portional to the change in the average tempera ture  

d d 

d-7- = -9- ~ tiT' ~-,~t ~--2 = , '7" .... ~ ; 7 / =  r .~ 7/--.' 
b 

where A is the a rea  of the c rys ta l  surface on which the radiation is incident, d is the thickness of the crysta l  
in the direct ion of propagation of the thermal wave, and y = dP /d t  is the pyroelec t r ic  coefficient - a constant 
over  some tempera ture  range below the Curie tempera ture .  

If we neglect  thermal  losses  in the c rys ta l ,  we can write the thermal  balance equation in the form 

cdd-T/dt = adE /d t ,  

where c is the thermal  capacity of unit volume of the c rys ta l ,  E is the radiat ion energy density, and a is the 
radiation absorption coefficient of the c rys ta l .  

The measur ing  c i rcui t  can be represented as a cur ren t  genera tor  connected in parallel  with the se l f -  
capacity of the c rys ta l  C+, the c rys ta l  res i s tance  R+, the c i rcui t  capacity C_, and the load res i s tance  R-.  The 
res i s tance  of the crys ta l  is usually much g rea te r  than the load res is tance (R+ ~ 101~ ~.  cm) and can be 
neglected. The voltage ac ross  the load res i s tance  in the case R_C 1 >> r ~ (C 1 = C- + CO is 

U = (AaT/Cldc)E .  (1) 

and when R_C 1 << ~r,~ it is 

U = ( A a ? R _ ; d c ) . d E / d t .  (2) 

The quantities ~0 and 7 .  are  the maximum and typical minimum durations of a radiation pulse.  Relationships 
(1) and (2) define two important  modes of operat ion for  a pyroelec t r ic  ~etector: the measu remen t  of the energy 
of a pulse (R_C 1 >> ~-0) and the measuremen t  of its power (R_C 1 << r .). 
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In l o n g i t u d i n a l - t y p e  d e t e c t o r s  the t i m e  r e s o l u t i o n  i s  l i m i t e d  by  the e f fec t  of the u p p e r  e l e c t r o d e  - the  one 
which  a b s o r b s  the r a d i a t i o n .  The  t ime  c o n s t a n t  of  th is  type of  d e t e c t o r  i s  g iven  by the e x p r e s s i o n  [3] 

o/ 
"~ ~ 9c~, kc ,  (3) 

w h e r e  c o i s  the  s u r f a c e  t h e r m a l  c a p a c i t y  of the a b s o r b i n g  e l e c t r o d e  and k i s  the t h e r m a l  conduc t i v i t y .  

The  t i m e  r e s o l u t i o n  of l o n g i t u d i n a l - t y p e  d e t e c t o r s  i s  u s u a l l y  a few m i c r o s e c o n d s ~  T h e r e  i s  a s o m e w h a t  
con f l i c t i ng  r e p o r t  in [4] of  30 n s e c .  The  o s c i l l o g r a m s  shown in the p a p e r  i n d i c a t e  a r e s o l v i n g  t ime which  i s  at  
l e a s t  300 n s e e .  

R a d i a t i o n  d e t e c t o r s  u s e d  to r e c o r d  s t r o n g  shock  f r o n t s  m u s t  s a t i s f y  r a t h e r  s t r i n g e n t  r e q u i r e m e n t s :  they 
m u s t  be ab le  to r e s o l v e  t i m e s  of  the o r d e r  of 100 n s e c ,  m u s t  have  a u n i f o r m  s e s n s i t i v i t y  o v e r  both the v i s i b l e  
r e g i o n  and the v a c u u m  u l t r a v i o l e t ,  and m u s t  be ab le  to r e c o r d  qu i te  s t r o n g  r a d i a t i o n  f l uxe s .  Of s o m e  i m p o r -  
t a n c e u n d e r  e x p l o s i v e  e x p e r i m e n t  cond i t i ons  a r e  s i m p l i c i t y  of d e s i g n  and a low n o i s e  l eve l .  

As o u r  s e n s i n g  e l e m e n t  we c h o s e  T s T S - 1 9  i n d u s t r i a l  c e r a m i c  which  h a s  a p y r o e l e e t r i c  c o e f f i c i e n t  {y = 
5 . 1 0  -9 q / cm 2. ~ which i s  c o n s t a n t  in the t e m p e r a t u r e  r a n g e  up to 100~ [2]~ 

D e s i g n s  w e r e  d e v e l o p e d  f o r  t w o - s e c t i o n  and o n e - s e c t i o n  d e t e c t o r s .  With the t w o - s e c t i o n  d e t e c t o r ,  both  
the  p o w e r  and e n e r g y  in  the r a d i a t i o n  f lux  can  be m e a s u r e d  s i m u l t a n e o u s l y .  The  a r r a n g e m e n t s  a r e  shown in 
F ig .  1. The  TsTS--19 s e n s i n g  e l e m e n t  1 c a r r i e s  coa t ed  e l e c t r o d e s  2 on i t s  l o w e r  s u r f a c e  with s o l d e r e d  l e a d s  3o 
The  e l e m e n t  i s  f ixed  in epoxy  r e s i n  to the b r a s s  body  4 and p o l i s h e d  to the  r e q u i r e d  t h i c k n e s s .  A l a y e r  of s i l -  
v e r  5 of the o r d e r  of 1 p m  t h i c k n e s s  i s  a p p l i e d  to the u p p e r  p a r t  of the body and the edge  of the s e n s i n g  e l e m e n t .  
A 3 0 - n m  l a y e r  of  gold  i s  then app l i ed  to the u p p e r  s u r f a c e  to act as  the  o t h e r  e l e c t r o d e  6. In F ig .  1, 7 is  the 
epoxy  r e s i n  and 8 i s  a b r a s s  d i a p h r a g m .  

A coa t ing  of  b l a c k  i s  app l i ed  to the e l e c t r o d e  to r e d u c e  the r e f l e c t i o n  c o e f f i c i e n t .  

I t  fo l lows  f r o m  (3) that  f o r  a r e s o l v i n g  t i m e  of 10 -7 s e c  with the T s T S - 1 9  d e t e c t o r  (c = 3~ J / c m  3 .~ 
k = 0.013 W / c m .  ~ the s u r f a c e  t h e r m a l  c a p a c i t y  of the u p p e r  e l e c t r o d e  with i t s  b l a c k  coa t ing  m u s t  be l e s s  
than 2.2 ~ 10 -5 J / c m  2. ~176 It  i s  p o s s i b l e  to ge t  such  a low va lue  of t h e r m a l  c a p a c i t y  wi th  gold b l a c k  [5, 6], which 
i s  n o r m a l l y  ob t a ined  by  v a p o r i z a t i o n  of gold  in a n i t r o g e n  a t m o s p h e r e .  If the a b s o r b i n g  p o w e r  of the b l a c k  i s  to 
be u n i f o r m ,  i t  is  e s s e n t i a l  that  the oxygen  con ten t  should  not exceed  0.3%. I t  was d i f f i cu l t  u n d e r  our  cond i t i ons  
to ge t  such  h i g h - p u r i t y  n i t r o g e n  and so  we u s e d  i n d u s t r i a l l y  " p u r e "  a rgon  with an i m p u r i t y  con ten t  of  l e s s  than 
0.01%. We found the fo l lowing  o p t i m u m  va lues  f o r  the  d e p o s i t i o n  of gold  b l a c k  f r o m  a tungs ten  v a p o r i z e r  in an 
a r g o n  a t m o s p h e r e :  a rgon  p r e s s u r e  - 0.5 m m  Hg, d i s t a n c e  f r o m  v a p o r i z e r  to s u b s t r a t e  - 3.5 cm,  m a s s  of gold  
c h a r g e  - 7 mg,  and r a t e  of  v a p o r i z a t i o n -  0.5 r a g / s e e .  

F i g u r e  2 shows  e x p e r i m e n t a l l y  m e a s u r e d  v a l u e s  of the d i f fus ive  r e f l e c t i o n  c o e f f i c i e n t  of T s T S - 1 9  c e r a m i c  
with a 3 0 - n m  l a y e r  of gold  and gold  b l a c k  d e p o s i t e d  u n d e r  the cond i t ions  d e s c r i b e d  above .  The  m e a s u r e m e n t s  
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Fig, 3 

were made on an SF-4 spect rophotometer  with a PDO--1 attachment.  I t  can be seen that theref lec t ion coefficient 
is less than 5% over  the range 300-1100 nm. It  is shown in [7] that the reflection coefficient o fgo ldb lackva r i e s  
f rom 2.9% to 1.5% for  wavelengths f rom 220 to 4 nm. In the range 40-120 nm, energy losses  occur  in photo- 
emission.  The sensitivity of the detec tor  in this region can vary by a few percent  owing to changes in the photo- 
e lect r ic  quantum yield of gold. The maximum losses  (5%) occur  at X = 72.5 nm [7]. 

The detectors  were tested with a 1-psec  radiation pulse f rom a neodymium laser .  The signal f rom the 
pyrodetec tor  was fed through a preampl i f ie r  (input impedance 75 ~2, gain 100, passband up to 20 MHz)to the 
input of an OK-33 osci l loscope.  The time constant of the e lec t r ica l  c i rcui t  was less than 10 -7 sec.  

The second channel of the same osci l loscope displayed for  compar ison the signal f rom an FI~K-14 photo- 
cell  with a resolving t ime of tess than 10 -s sec.  

Pa r t i cu la r  attention was paid during the design of the pyrodetec tors  to the reduction of oscillations asso-  
ciated w~th piezoresonance of the ce ramic  element  result ing f rom thermal  deformations.  The s t rongest  (most 
slowly decaying) oscillations arose when the sensing element was f reely  suspended on thin wires .  When the 
ceramic  element was fixed in epoxy res in  the oscillations decayed much more  rapidly. S o m e  reduction in am- 
plitude was observed when the thickness of the element was decreased~ Tests  were made to see how the osci l -  
lation amplitude depended on the size of the lower electrode and the d iameter  of the diaphragm which limited 
the radiated surface area .  Optimim resul ts  were obtained when the d iameter  of the diaphragm was equal to 
that of the lower electrode.  It can be seen from the osc i l lograms in Fig. 3a that the detector  is able to r ep ro -  
duce sa t is factor i ly  the shape of the l a se r  pulse (the upper t race gives the signal f rom the detec tor  and the lower 
t race  that f rom the F~K-14;  the period of the sinusoid is 10 -7 sec). Since the detec tor  must  fully reproduce the 
energy of  the pulse, we can es t imate  the distort ion in the shape by drawing the signals f rom the detec tor  and 
photocell  with amplitude scales  chosen so that the a reas  under the two curves are  equal. We can then represent  
the r i s e  of the detector  signal as [!] ~(t) = ~_(t)/J1 + r2/t2,where @_(t) is the r i se  in the photocell signal and "r 
is the time constant of the detector .  

The time constant of our detectors  has been est imated as not worse  than 2 �9 10 -7 sec.  The maximum m e a -  
surable pulse length is limited by the time taken for the thermal wave to reach the lower electrode,  t~ d2c/4k. 

The sensitivity of the detectors  was calibrated by means of a standard 1~V-39 source in which the emit ter  
is a h igh-cur ren t  d ischarge  in a capi l lary  tube. The source  radiates  like a black body at a tempera ture  of 
39,000 + 1000~ The image of the capi l lary  was focused by a lens onto the detector .  The energy density at 
the de tec tor  during the pulse was f i r s t  measured  by an IMO-2 energy recorde r .  The rms  deviation f rom the 
average value of energy for  a se r i e s  of 20 measurements  with the t~V-39 source  was less than • 4% for  an 
experimental  accuracy  of • 6%. The reproduct ion of the radiation pulse f rom the I~V-39 by the two-sect ion 
detec tor  is shown in Fig. 3b (upper t race gives the power mode and lower t race ihe energy mode; period of the 
sinusoid is 10 -5 sec). The pulse sensit ivity of the energy flux measurements  for  both designs was as high as 
22 W. cm~/J. This figure agrees with the calculations made for  the TsTS-19 mater ia l .  The sensit ivity varied 
by less than 30% from one detector  to another. The varioas detector  pa rame te r s  are shown in Table 1. 

The power range over which the detector  has a l inear response is determined by the temperature  range 
(below the Curie point) for  which the pyroelec t r ic  coefficient remains  more  or  less constant.  For  an infinite 
ha l f -space  whose surface receives  a constant thermal flux a# start ing .at the instant t = 0, the increase  in su r -  
face temperature  is given by 

h T(~L t) =: (2aq)/Vac/~')a/t  , 

i.e., the maximum power flux 

@,~= A T - V ~ / 2 a ~ / ' C /  
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T A B L E  1 

P a r a m e t e r s  O n e - s e c t i o n  d e t e c t o r  T v c o - s e e t i o n  d e t e c t o r  

D e c t e c t o r  s i z e  
S ize  of c e r a m i c  e l e m e n t  
S ize  of e f f ec t ive  a b s o r b i n g  s u r f a c e  
S e l f - c a p a c i t y  of one s e c t i o n  
P u l s e  s e n s i t i v i t y  f o r  e n e r g y  
P u l s e  s e n s i t i v i t y  f o r  p o w e r  in to  R _ =  75 i2 
Range  of  p u l s e  l eng ths  
S p e c t r a l  r a n g e  o v e r  which the r e f l e c t i o n  

c o e f f i c i e n t  i s  l e s s  than 670 

0 2 . 5  x 3 m m  
q) 1.8 x 0.03 m m  
1.7 m m  -2 

600 p F  
1300 v/J 
4.1" 10 -s  V/W 

0.2- 500 # s e c  

0 7  }< 7 m m  
q) 5 • 0 . 0 7 m m  
10o6 m m  z 

600 p F  
21o v /J  
6.6" 10 -6 V / W  
0 . 2 - 3 0 0 0  # s e c  

4 0 - 1 1 0 0  nm 

a ! /' 
t 6 "~ 5 

I 

1~ 9 ,7 ,~r r / 3  /2  
? ,' l ~ I ' "  ~2"/"}F72-/~ 

,,o '1i I I /A 
To SFR Ae 

Fig. 4 

The  s e n s i t i v i t y  of the  p r e s e n t  d e t e c t o r s  r e m a i n e d  Constant  r i g h t  up to va lues  of ~0 = 20/~/[ W / c m  2, w h e r e  
t i s  the  p u l s e  length  in s e c o n d s .  At  h i g h e r  p o w e r  f luxes  the  b l a c k  s t a r t e d  to b e c o m e  t r a n s p a r e n t  a s  a r e s u l t  of  
c o a g u l a t i o n .  

The  d e t e c t o r s  have  been  u s e d  to m e a s u r e  the  r a d i a t i o n  f r o m  shock  f ron t s  in a i r  and a r g o n .  A shock  wave 
with a v e l o c i t y  of  13.6 k m / s e c  in  a i r  was g e n e r a t e d  in the  8 - m m - d i a m e t e r  c u m u l a t i o n  tube of a s t a n d a r d  b l a s t  
s o u r c e  [8] and was  r e l e a s e d  in to  a g l a s s  tube of  8 m m  d i a m e t e r  and 10 cm length  where  i t  p r o p a g a t e d  ~ i t h o u t  
a t t enua t ion  (Fig .  4a)o The  s h o c k  wave  5 in th is  s o u r c e  r a d i a t e s  l i ke  a b l a c k  body with a b r i g h t n e s s  t e m p e r a t u r e  
of 24,000 • 1000~ r i g h t  up to the t r a n s m i s s i o n  l i m i t  of a i r  a t  186 n m  [8, 9]. Thin  b l a c k  c a r b o n  p a p e r  6 was 
p l a c e d  at  a d i s t a n c e  of 5 c m  f r o m  the end of  the g l a s s  tube 4 in o r d e r  to cut  off the s t a r t  of the c u m u l a t i o n  w h e r e  
the  s h o c k  wave  i s  u n s t a b l e .  At the end of the tube t h e r e  was a s t e e l  d i a p h r a g m  9 which  could  cut  out the l ight  
r e f l e c t e d  f r o m  the tube w a l l s .  Rad i a t i on  f r o m  the e x p l o s i o n  p r o d u c t s  was r e m o v e d  b y  the opaque  s c r e e n  11o 
A o n e - s e c t i o n  d e t e c t o r  10 o p e r a t i n g  in  the p o w e r  mode  was  p l a c e d  along the tube ax i s  (1 i s  the d e t o n a t o r ,  2 i s  
an e x p l o s i v e  l e n s ,  and 7 i s  a m i r r o r ) ~  F i g u r e  5a shows  o s e i l l o g r a m s  of s i g n a l s  r e c o r d e d  f r o m  the d e t e c t o r .  
The  s h a r p  r i s e  in  the s i g n a l  at the end of the t r a c e  i s  due to the e x p a n s i o n  of  the shock  wave  as  i t  p a s s e s  th rough  
the d i a p h r a g m .  The p o w e r  of the r a d i a t i o n  f lux  i n c i d e n t  on the d e t e c t o r  th rough  the d i a p h r a g m  is  

q~ = q~+r~/(r 2 + b~), 

w h e r e  ~+ i s  the p o w e r  of the r a d i a t i o n  f lux  f r o m  the shock  f ron t ,  r i s  the r a d i u s  of  the d i a p h r a g m ,  and b i s  the 
d i s t a n c e  f r o m  the d i a p h r a g m  to the d e t e c t o r .  

The  r a d i a t i o n  f lux  i n t e n s i t y  f r o m  the shock  f ron t  m e a s u r e d  in th is  e x p e r i m e n t  was  0082 o 106 W/em 2 ~- 12%; 
th is  c o r r e s p o n d s  to a b r i g h t n e s s  t e m p e r a t u r e  of 23,700 * 1200~ and i s  in good a g r e e m e n t  wi th  the s p e c t r a l  
m e a s u r e m e n t s  [8]. 

The  o p e r a t i o n  of the d e t e c t o r  in the vacuum u l t r a v i o l e t  was t e s t e d  by  m e a s u r e m e n t s  of the  r a d i a t i o n  f r o m  
a shock  f ron t  in a rgon ,  which t r a n s m i t s  r a d i a t i o n  r i gh t  up to 79.8 nm.  The  s h o c k  wave  was  g e n e r a t e d  by  the 
e m e r g e n c e  of a p l a n e  de tona t i on  wave  onto a c h a r g e  r i ng  3 of  c o m p r e s s e d  Hexogen .  T h e w a v e  then p r o p a g a t e d  
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along a 3 0 - m m - d i a m e t e r  g lass  tube 4 (Fig~ 4b). A two--section de tec to r  was placed in a copper  tube 8 which 
had a groove  cut in the inside su r face .  The whole tube was oxidized to a black color  in o rde r  to e l iminate  wall 
re f lec t ions .  The field of view of the de tec to r  was l imited by a s tee l  d iaphragm.  Indust r ia l ly  "pure"  argon 
was blown through the tube during the exper iment .  One sect ion of the de tec to r  operated in the power  mode 
(Fig. 5b, upper  t race)  and the o ther  in the energy  mode (Fig~ 5b, lower  t race) .  Simultaneous m e a s u r e m e n t s  
were  also made of the velocity of motion and the br igh tness  t empe ra tu r e  of the shock wave in the blue pa r t  of 
the spec t rum (430 nm f i l te r  with a half-width of 20 rim) by means  of an SFR-2M gra t ing  pho to recorde r  which 
had been ca l ib ra ted  with an EV-45 s tandard  source .  The veloci ty of the shock wave was constant during the 
f i r s t  6 #sec  at 8.8 k i n / s e e  + 5%; the br igh tness  t e m p e r a t u r e  was 24,200 • 1200~ The flux intensi ty  measured  
by the pyrode tec to r  f r o m  the shock wave was 1.59 "10 G ~}/cm 2 �9 12%; this co r r e sponds  to a br ightness  t e m p e r a -  
ture  of 23,400 • 700~ 

Thus m e a s u r e m e n t s  of the br igh tness  t e m p e r a t u r e  in the blue par t  of the spec t rum and over  the whole 
s p e c t r a l  range  of the shock-wave  radia t ion are  in c lose  ag reement  with each o ther  and co r re spond  to the Hugo- 
niot curve for  argon.  It should be noted that at a t e m p e r a t u r e  of 24,000~ about half the radiat ion energy l ies  
in the vacuum ul t raviole t .  The r i s e  t ime of the signal f rom the de tec tor  is assoc ia ted  with the r i s e  in the "plug" 
of the s h o c k - c o m p r e s s e d  gas .  The high accuracy  of the br ightness  t e m p e r a t u r e  m e a s u r e m e n t s  in argon made 
by the de tec to r  (3%) is  due to the p a r t i c u l a r  dependence of the in tensi ty  flux f r o m  the shock front  in this spec -  
t ra l  region,  ~+ ~ T 4. 

The de tec tors  desc r ibed  h e r e  could be used to r e co rd  o the r  p r o c e s s e s  which produce radiat ion ove r  a 
wide spec t r a l  range.  

The authors would like to exp re s s  the i r  grat i tude to B. Do Khr i s to forov  fo r  a useful  d iscuss ion .  
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