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Temperature Dependence of S.C.L.C. in Anthracene Crystals 

B y  J. ADOLPH, E. BALDINGER, I. GRANACHER, and  M. SCHADT, 
I n s t i t u t e  of Appl ied  Physics ,  U n i v e r s i t y  of Base l  

P rev ious  work  El, 2] 1) on  t he  d a r k  c o n d u c t i v i t y  in A n t h r a c e n e  suggests  t he  ex is tence  
of two  sor ts  of t r a p p i n g  s ta tes ,  one  h a v i n g  an  e x p o n e n t i a l  ene rgy  d i s t r i bu t ion ,  a n d  one  
a t  a d iscre te  deep  ene rgy  level.  

I n  o rder  to  exp la in  t he  v e r y  slow decay  of c u r r e n t  w i t h  t ime,  i t  was  a s sumed  t h a t  
equ i l i b r ium be tween  t he  holes  in  t he  deep t r a p s  and  those  in t he  va lence  b a n d  is n o t  
r eached  d u r i n g  t h e  m e a s u r i n g  t i m e  e.g. 300 h. I t  was  f u r t h e r  a s s u m e d  t h a t  t h e  concen t r a -  
t ion, /~,  of holes in t he  e x p o n e n t i a l l y  d i s t r i b u t e d  t r a p s  is ill equ i l i b r ium wi th  t he  n u m b e r  of 
holes,  p, in  t he  va lence  band .  

A l t h o u g h  t h e  t o t a l  space cha rge  in t h e  c rys t a l  is cons t an t ,  t h e  cha rge  held  in t he  
e x p o n e n t i a l  t r a p s  decreases  w i t h  t ime,  caus ing  a rise of t he  F e r m i  level  wh ich  is d e t e r m i n e d  
b y  t h e  equ i l i b r ium d i s t r i b u t i o n  of p a n d  /~. I t  is the re fore  expec t ed  t h a t  t he  a c t i v a t i o n  
energy,  E,  Corresponding to the  Quas i -Fe rmi  level E f  is also t i m e  d e p e n d e n t  a n d  decreases  
w i t h  t ime.  

I n  o rder  to  e l imina te  t he  inf luence  of t he  d a r k  c u r r e n t  decay  on  t he  m e a s u r e m e n *  of 
t he  a c t i v a t i o n  energy,  changes  in t he  c rys ta l  t e m p e r a t u r e  m u s t  be  b r o u g h t  a b o u t  r ap id ly  
e n o u g h  to p e r m i t  a t e m p e r a t u r e  w i t h i n  0.1 ~ of t he  new equ i l i b r ium va lue  to  be  r eached  
w i t h i n  5 minu tes .  

The  t e m p e r a t u r e  d e p e n d e n c e  of t he  S .C.L.C.  can  be  a p p r o x i m a t e d  [3] b y :  

- E  s - E  j (T)  = N O e 0 V # d -1 e x p - ~  T - ~  i0 exp  ~ ~ . (1) 

The  F e r m i  level, E l ,  is m e a s u r e d  f rom t he  t op  of the  va lence  b a n d .  The  effect  of the  
t e m p e r a t u r e  d e p e n d e n c e  [4] of /, a n d  N o is to  change  E f  b y  less t h a n  3~ a n d  can  be  
neglected.  

F o r  c o n s t a n t  va lues  of V a n d  T t he  c u r r e n t  decreases  w i t h  t i m e  a f t e r  vo l t age  is appl ied  
to t he  crys ta l .  Since E is d e t e r m i n e d  b y  E q u a t i o n  (1), t he  increase  of E m a y  be  ca lcula ted .  

Et~ -- Et~ -- k T o On ]tl(To) -- In jt2(To)J (2) 

where  T o is a c o n s t a n t  reference  t e m p e r a t u r e .  F igure  1 shows E as a f unc t i on  of t he  c u r r e n t  
m e a s u r e d  a t  a c o n s t a n t  sample  vo l tage .  The  cu rves  are in  a g r e e m e n t  w i t h  E q u a t i o n  (2). 
The  B o l t z m a n n  c o n s t a n t  ca lcu la ted  f rom t h e  slopes of t h e  s t r a i g h t  l ines in  F igure  1 agree  
w i t h  the  t a b u l a t e d  va lue  w i t h i n  10% . 

An  express ion  ana logous  to E q u a t i o n  (2) is o b t a i n e d  for t he  a c t i v a t i o n  ene rgy  a t  two 
d i f fe ren t  vo l tages  (for c o n s t a n t  j a n d  T). 

E 1 - E  2 = k  T [ l n V ~ - - l n V 2 ]  (3) 

The  resu l t s  for j = 10 -12 A m p  are  s h o w n  in F igure  2 for two  d i f f e r e n t  c rys ta l s .  
The  m e a s u r e d  va lues  for t he  a c t i v a t i o n  energies  lie b e t w e e n  0.65 eV a n d  0.95 eV; 

Smal le r  va lues  could n o t  be  m e a s u r e d  because  of the  r ap id  decay  of d a r k  c u r r e n t  w i t h  
t ime.  The  u p p e r  l imi t  is set  b y  t h e  p rac t i ca l  r e q u i r e m e n t  t h a t  t he  d a r k  c u r r e n t  decays  
s ign i f i can t ly  on ly  w i t h i n  severa l  hours .  

I) Numbers in brackets refer to References, page 329. 
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Figure 1 

Activation energy E vs. dark current j (j measured at T ~ 300 ~ 
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Figure 2 
Activation energy E vs. V, for a constant value of ]'. 

The  e x p e r i m e n t a l  resu l t s  agree w i t h  t he  t h e o r y  for vo l tages  be low VTF L "~ 800 V. 
A b o v e  th i s  l imi t  t h e  b e h a v i o u r  of E is a l tered.  Th i s  is d e m o n s t r a t e d ,  for example  in F igure  2, 
where  t he  slope of the  cu rve  changes  sign a b o v e  800 V. I t  m a y  be  t h a t  t he  space cha rge  
d i s t r i b u t i o n  changes  a b o v e  VT F L. 

R e c e n t l y  we pub l i shed  t he  s p e c t r u m  of t he  p h o t o r e s p o n s e  b e t w e e n  wave  l eng ths  2/~ 
and  0.4/~ [1, 5]. W e  found  th r ee  p h o t o p e a k s  a t  a p p r o x i m a t e l y  0.42/~, 0.6 # ( t r ip le t  peak)  
a n d  1.06 #. 

Fo r  the  t e m p e r a t u r e  d e p e n d e n c e  of t he  space  charge  l imi ted  p h o t o c u r r e n t ,  a s suming  
a n  ene rgy  i n d e p e n d e n t  a c t i v a t i o n  p r o b a b i l i t y  of a hole, we found  t he  fol lowing r e l a t i on  
to  be  va l id  [1] : 

](T)s  oc exp {A(S) T} (4) 

where  S is t he  l igh t  i n t e n s i t y  and  A is a p a r a m e t e r .  
A s s u m i n g  t h a t  on ly  holes in t he  e x p o n e n t i a l l y  d i s t r i b u t e d  t r a p s  m a y  be  a c t i v a t e d  b y  

t he  l ight,  e i t he r  d i rec t ly  w i t h  t he  aid of p rev ious  f o r m a t i o n  of exc i tons  (using w a v e l e n g t h s  
of 0.42 # or  0.6/~), t he  i n t e n s i t y  dependence  of t he  c u r r e n t  a t  c o n s t a n t  t e m p e r a t u r e  was  
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shown to be [11 : 
N0 

i (S)T or ~ - -  [No vth aJ  " (5) 

A similar  formula  was given by  HELFRICH [6] .  
l = Tc /T  is a cons t an t  descr ibing the  d i s t r ibu t ion  of the  exponen t i a l  t raps ,  in our  

case [2] l~6 2.2. a is the  cap ture  cross-sect ion of the  t r aps  for holes, vth ~ 105 cm/s  and c is 
the  p robab i l i ty  per  un i t  t ime t h a t  one t r apped  hole is ac t iva t ed  by  the  light. 

W e  have  now shown t h a t  the  relat ions (4) and (5) are val id  in all th ree  of the  men t ioned  
wave leng th  regions. 

For  mos t  of these  m e a s u r e m e n t s  the  l ight  in t ens i ty  was l imited by  our m o n o c h r o m a t o r  
and  the  50 W - t u n g s t e n  lamp.  Howeve r  for ~L = 0.6328 # we have  checked these  re la t ions  
w i th  a He-Ne- laser  up to  5 m W / c m  2. 

E x p e r i m e n t a l l y  we observed j oc SO. u, measured  at  t e m p e r a t u r e  T = 20~ W i t h  
l = 2.2 E q u a t i o n  (5) yields ]" oc S ~ 

In  Figure 3 the  p h o t o c u r r e n t  is p lo t t ed  versus 1/T.  I t  can be seen t h a t  the  re la t ion (4) 
is valid.  Using values  of A ob ta ined  f rom the  slopes in Figure  3, we g e t  the  in t ens i ty  
dependence  of A shown in Figure  4, where  T c = 660~ 

Using the  subs t i tu t ion  l = To~T, A m a y  be ca lcula ted  f rom E q u a t i o n  (5) [1~ : 

1 No Vth (~ 
A ( S ) =  T c  In )-~ (6) 

This  also indicates  a l inear re la t ionship  be tween  A and  In S. H o w ev e r  the  slope of the  
exper imen ta l ly  de t e rmined  s t ra igh t  line is abou t  five t imes  grea te r  t h a n  t h a t  ca lcula ted  
f rom E q u a t i o n  (6), which gives a T c five t imes  too small. For  th is  we do no t  have  an 
exp lana t ion  up to  now. 

The au thors  wish to t h a n k  the  Schweizerische Nat iona l fonds  for f inancial  suppor t .  
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P h o t o c u r r e n t  j vs. T for  c o n s t a n t  vahm of V. 
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Figure 4 
T c A vs. light intensity S measured at 20 ~ 
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Zus am m en / as s ung  

Aus der  T e m p e r a t u r a b h X n g i g k e i t  des L 6 c h e r s t r o m s  in A n t h r a z e n - E i n k r i s t a l l e n  wird  
die Ak t iv i e rungsene rg ie  bei  ve r sch i edenen  D u n k e l s t r o m w e r t e n  gemessen.  Die Ak t iv i e rungs -  
energien  l iegen zwischen 0,65 eV u n d  0,95 eV fiir S t r6me  yon  10 -z~ bzw. 10 -z2 Amp6re  bei  
Z i m m e r t e m p e r a t u r .  

I~erner wi rd  ffir m eh r e r e  T e m p e r a t u r w e r t e  die A k t i v i e r u n g  der  in  Ha f t s t e l l en  s i t zenden  
Ladungs t rAger  m i t  Hilfe v o n  L ich t  ve r sch iedene r  I n t e n s i t ~ t  u n t e r s u c h t .  
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1. E i n l e i t u n g  

Der  nach fo lgend  besch r i ebene  Ver such  fiber P r o t o n e n r e s o n a n z  is t  als D e m o n s t r a t i o n s -  
ve r such  im H6r saa l  g e d a c h t  u n d  soll den  Einf luss  der  m a g n e t i s c h e n  Fe lds tg rke  auf  die 
Po la r i s i e rung  der  Ke rnsp in s  ve ranschau l i chen .  


