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A brief description is provided of the measUring installation by means 
of which it is possible to analyze the temperature fields of elements 
5 x5 mm 2 in size, with a resolution on the order of 50 gm in the 
temperature interval 50-120 ~ C. The measurement results carried out 
on transistors are given. 

The breakdown of c i rcu i t s  and e lements  in t r a n -  
s i s to r ized  equipment,  in the overwhelming major i ty  
of cases ,  is a resu l t  of in tensive  the rmal  operat ional  
reg imes  or of undetected defects in the equipment,  
which lead to local overheat ing and, f inal ly,  to the 
breakdown of the unit or  to a reduct ion of its useful 
se rv ice  life. To locate these defects arid to es tab l i sh  
the levels  of re l iab i l i ty  for  s m a l l - s c a l e  e lements  in 
semiconductor  equipment ,  the study of the t emp e r -  
ature f ields in operat ional  devices by the method of 
radia t ion pyromet ry  should be looked upon as p r omi s -  
ing. Publ ished ma te r i a l  in this connection has r e -  
cently appeared both here  and abroad [ ] -5 ] .  

The measu r ing  ins ta l la t ion  being descr ibed  in this 
a r t ic le  pe rmi t s  us to obtain the rmal  photographs of 
objects 5 • 5 mm 2 in s ize ,  as well as to m e a s u r e  the 
t empera tu re  on a port ion of that object,  having a 
l inear  d imens ion  on the order  of 50 ~m. 

F igure  1 shows a schemat ic  drawing of the ins ta l -  
lat ion,  indicat ing its basic  functional units .  The con- 
ve r s ion  of the the rmal  image of the object into one 
that is vis ible  is accomplished in the unit in the fol- 
lowing manner .  Flat  and spher ica l  m i r r o r s  are used 
to project  the image of the object onto the plane of 
the radia t ion rece iver .  The mechanica l ly  modulated 
radiat ion f rom the segment  of the object projected 
onto the r ece ive r  is converted by the la t te r  into a 
var iable  e lec t r ica l  s ignal .  After pass ing through 
the measu r ing  ampl i f ie r ,  the signal  is applied to 
the br ightness  modulator  of a ca thode-ray  tube. An 
$1-4 osci l loscope was used as the indicator  unit in 
our work. The ent i re  object is examined by rocking 

the flat m i r r o r ,  thus shifting the image of the object 
re la t ive  to the r ece ive r  in the horizontal  d i rec t ion  
(line scanning),  and slowly shifting the table holding 
the object in the ver t ica l  d i rect ion,  thus scanning 
the f rame.  The movement  of the table and the rocking 
of the m i r r o r  are accomplished with two e lec t r ic  
motors  by means  of a cam sys tem which provides 
for the uniform shifting of the image over the surface 
of the radia t ion rece ive r  in the forward di rect ion,  
with a re la t ive ly  rapid r e t u r n  motion. The synchronous 
f rame  motion of the beam on the osci l loscope s c r een  
is achieved by applying a voltage f rom a c i r cu l a r  
l inear  potent iometer  onto the ver t i ca l  ampl i f ie r  of 
the osci l loscope,  with the indicator  of the potent iom- 
e te r  r igidly connected to the rotat ing lift cam of the 
table on which the object has been placed. Line syn-  
chronizat ion is achieved by shaping the t r igger  pulse 
of the dr iven  osci l loscope sweep at the instant  of the 
ini t ia l  posit ion of the flat scanning m i r r o r .  The sweep 
t ime of the e lec t ron  beam of the osci l loscope is set 
equal to the t ime of the forward motion of the scann-  
ing m i r r o r .  Thus a te lev is ion- type  r a s t e r  is formed 
on the osci l loscope sc reen .  The total t ime required  
for the format ion  of the image of the object on the 
sc reen  of the oscil loscope is 60 sec.  

The ene rgy-b r igh tness  d is t r ibut ion  pa t te rn  f rom 
the c rys ta l  of a p29A-type t r a n s i s t o r  without a pro-  
tect ive cover- -obta ined by means  of the ins ta l la t ion  
descr ibed  he re - - i s  shown in Fig. 2. The l ighter  spots 
on the photograph cor respond to the g rea te r  energy 
br igh tness  of the object.  The light cen te r  spot co r -  
responds to the indium over the emi t t e r  junction.  The 
four facets  of the c rys ta l  are  also vis ib le  in the pho- 
tograph. The hot r ing-shaped  c rys ta l  holder and its 
welded base lead can also be seen,  but these are 
weaker  in intensi ty .  The dark region sur rounding  the 
emi t t e r  indicates  a ge rman ium crys ta l  which is a 
poor absorbe r  in the wavelength in terva l  picked up by 

Fig.  1. Block d iagram of measur ing  ins ta l la t ion:  1) object 
under  study; 2) l if t ing table; 3) flat m i r r o r ;  4) spher ical  
m i r r o r ;  5) mechanical  modulator;  6} radia t ion r ece ive r ;  
7) light source;  8) n a r r o w - s t r i p  me a su r i ng  ampli f ier ;  9) 

indicator  unit; 10) s tandard  radia t ion source.  
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the radia t ion r ece ive r .  The p ic ture  of the e lec t r i ca l  
heating of the P29A t r a n s i s t o r  was taken as cu r r e n t  
was passed  through the co l l ec to r -base  c i rcui t .  

F igure  3a shows a photograph of a powerful P202- 
type t r a n s i s t o r  without a metal  cover ,  whose col lector  
junct ion exhibits a hidden defect r e su l t ing  in local  
overheat ing on passage of cu r ren t .  The osc i l log rams  
of the s ignals  cor responding  to three scanning l ines 
over  the region of the c rys ta l  in which the local 
overheat ing is talcing place are shown in Fig. 3b. The 
s t a r t  of each line is shown in the photograph by a 
posi t ive t r i gge r  pulse against  the background of a 
b ipolar  signal .  A third l ine passes  d i rec t ly  through 
the segment  with the elevated t empera tu re .  In Fig.  
3a this point is marked  with a white t r iangle .  We used 
a point light source  which could be placed in the pos i -  
t ion of the rad ia t ion  r ece ive r  by means  of a revolving 
sys tem to de te rmine  that segment  of the object whose 
signal  at a given ins tant  of t ime  is incident  on the 
rece ive r .  The image of this light source - -p ro jec ted  
by the optical sys tem of the measu r ing  unit onto the 
objec t - - indica tes  the point on the object which is 
projected onto the r ece ive r  at a given posi t ion of 
the scanning m i r r o r  and the object,  when the r ece ive r  
again r e tu rn s  to the locat ion of the light source .  It is 
object,  when the r ece ive r  again r e tu rns  to the locat ion 

Fig. 2. Thermal picture of tran- 
sistor P29A. 

prec i se ly  this image which makes it poss ib le  to regulate  
p rope r  focusing. 

An uncooled lead-sulf ide  photores is tanee  was used 
as the radia t ion r ece ive r .  Its max imum spect ra l  sen-  
s i t ivi ty  va r ies  f rom 2.2 to 2.4 ttm, and its long-wave 
spec t ra l  sens i t iv i ty  l imit  va r ies  f rom 3.5 to 4.0 #m. 

A regulated r e f e r e n c e - r a d i a t i o n  sou ree - - a  compar i -  
son source - -has  been  incorpora ted  into the sys t em being 
descr ibed  here.  The radia t ion f rom the compar i son  
source  impinges on the r ece ive r  and is ref lected 
f rom the m i r r o r  surface of the vane of the mechanica l  
modulator .  The signal f rom the compar i son  source  
to the ampl i f ie r  output tu rns  out to have been shifted 
relative to the signal being studied through an angle 
of 180 ~ . This radiation source is calibrated with 
respect to blackbody radiation. 

To determine the temperature at a given spot on 
the surface of the object, after amplitude detection 
the signal from the amplifier ouput is applied to a 
pointer-type instrument. The minimum instrument 
reading corresponds to equality between the test and 
reference signals. In the course of the measurements, 

we mus t  bear  in mind that the optical cha rac te r i s t i c s  
of actual objects differ f rom the cha rac te r i s t i c s  of 
a black body. 

Fig.  3. Photograph of t r a n s i s t o r  with meta l  
cyl inder  taken off (a) and d is t r ibut ion  of out- 
put signal in the region of local overheat ing 

of the col lector  junct ion in t r a n s i s t o r  (b). 

The signal  on the radia t ion r ece ive r  as a function 
of the supplied e lec t r ic  power for P27A, P13, P401, 
and P101 t r a n s i s t o r s  is shown in Fig.  4. The t r an -  
s i s to r s  were heated by means  of the co l l ec to r -base  
cu r ren t .  We recorded the radia t ion in the vicini ty of 
the max imum heating of the surface of the c rys ta l  
which was positioned above the col lector  junction.  
The i r rad ia ted  region of the t r a n s i s t o r  c rys ta l s  was 
f i r s t  coated with kerosene carbon black. 

For  the specified supplied power it is possible  to 
de te rmine  the surface t empera tu re  of the t r a n s i s t o r  
c rys ta l  f rom the t empera tu re  scale  shown in this 
graph. The t empera tu re  scale was obtained by m e a s u r -  
ing the signal on the rece ive r  for  var ious t empera tu re s  
of a body with an emit tance  of 0.97-0.98.  The graph 
shows that this ins ta l la t ion makes it possible to record  
t empe ra tu r e s  up to 50 ~ C. 

The ins ta l la t ion  descr ibed  here  thus makes  it pos- 
sible to moni tor  the the rmal  r eg imes  of e lements  in 
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Fig. 4. Signal on radia t ion r e c e i v e r  (#V) and tr iode 
t empera tu re  (~ ve r sus  supplied e lec t r ic  power (~W): 

l) P27A; 2) P401; 3) P13; 4) P42B; 5) P101. 

semiconductor  equipment,  to me a su r e  the thermal  
cha rac t e r i s t i c s  of these e lements ,  and also to reveal  
hidden defects.  
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