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AUTO-OSCILLATIONS OF ELECTRON-HOLE DENSITY IN 
MOLECULAR SEMICONDUCTORS WITH IMPURITIES AT 
STATIONARY OPTICAL PUMPING 

SERGEY IZVEKOV AND VLADIMIR SUGAKOV 
I n s t i t u t e  f o r  Nuclear Research, Ukrainian Academy of 

Science,  Kiev 252028,Ukraine. 

Abstract  The au to -osc i l l a t ions  of e lectron-hole  dens i ty  
and temperature i n  organic semiconductors with traps 

f o r  e l ec t rons  and holes  a t  s t a t iona ry  pumping are con- 
s idered.  It is shown that a t  some cr i t ical  va lues  of 
the pumping rate and t h e  temperature of thermostat  ho- 
mogeneous dens i ty  becomes uns tab le  and t h e  auto-osci l -  
l a t i o n s  arise. The region of ex is tence  of au to-osc i l la -  
t i o n s  aga ins t  thermostat  temperature,  pumping rate, the 
dependencies of t h e  characteristics of t h a t  region (av- 
erage width and largest temperature) and frequency of 
t h e  au to -osc i l l a t ions  are found. 

INTRODUCTION 

The formation of s t r u c t u r e s  i n  nonequilibrium sys tems 
is sub jec t  of g r e a t  i n t e r e s t  '-'. I t  w i l l  be perspective t o  
observe the se l f -organiza t ion  process  i n  e lectron-hole  sys- 

3 t e m  of organic  semiconductors . 
In t h i s  ar t ic le  the au to -osc i l l a t ions  of t h e  temperatu- 

re and dens i ty  of carriers i n  organic  s o l i d s  are s tudied .  
The observation of t h i s  phenomenon may be use fu l  f o r  pro- 
duction of sources  of pe r iod ica l  o s c i l l a t i o n s  and as a te- 
chnique for the determination of var ious  k i n e t i c  parameters 
of carriers. 
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THE MODEL OF THE SYSTEM 

L e t  u s  consider a s a m p l e  of t h e  organic semiconductors 
with traps f o r  e l ec t rons  and holes  i n  t h e  form of a t h i n  
plate which is cooled by thermostat with t h e  tempera ture  T i .  
L e t  t h e  ex te rna l  i r r a d i a t i o n  create K electron-hole pairs 
per u n i t  volume of t h e  s a m p l e  per second.If t h e  condition L 
8: 3t /?J, where L is t h e  plate thickness,  X t h e  thermoconduc- 
t i v i t y  c o e f f i c i e n t ,  and U t h e  value that descr ibes  t h e  ene- 
rgy exchange with thermostat (?J e n t e r s  i n  t h e  Newton bound- 
ary condition 3 a T/ax = u ( T - T i ) ) ,  is  f u l f i l l e d  t h e  thermal 
equilibrium within t h e  crystal is reached f a r  more quickly 
than t h e  equilibrium between t h e  crystal and t h e  thermostat 
and t h e  temperature is homogeneous within t h e  crystal. 

The f r e e  e l ec t rons  and holes  can be captured by impuri- 
t y  cen ters .  A s  t h e  r e s u l t  of t h e  recombination of f r e e  ele- 
c t rons  and holes  with f r e e  o r  captured holes  and e l ec t rons  
respectively t h e  t r a n s i t i o n  of t h e  s y s t e m  t o  the highly ex- 
c i t e d  state occurs followed by nonradiative re laxa t ion  with 
t h e  energy t r a n s f e r  t o  t h e  crystal lat t ice and the re fo re ,  
by t h e  heating of t h e  crystal. The captured carriers can 
escape from t r a p s  due t o  t h e  thermal act ivi ty  o r  t h e  exter- 
n a l  l i g h t  i r r a d i a t i o n .  It is supposed t h a t  t h e  crystal 

cools down when t h e  carriers escape from traps and hea t s  up 
when t h e  reverse  process occur. The heating of t h e  crystal 

due t o  t h e  ex te rna l  i r r a d i a t i o n  is taken i n t o  account. 
In t h i s  case t h e  dynamics of t h e  s y s t e m  under considera- 

t i o n  may be described by t h e  following k i n e t i c  equations 

+ n 
nh - th + h + ;  

;Yhthnhnh + Z't - rhtenhnte+ a Kn th 
dt = K - p e n h  - 
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AUTO-OSCILLATIONS OF ELECTRON-HOLE DENSITY [243]/3 

+ h +  n - a K n  ; ;yet n 
- 

dt- ;Yhthnhnh - 7 - h th th th 

-I- where ne , n are respec t ive ly  t h e  density of f r e e  and 

captured e lec t rons ,  nh , n are t h e  d e n s i t i e s  of f r e e  and 

captured holes,  T i s  t h e  tempera ture  of t h e  crystal, y is 

the  probabi l i ty  of both f r e e  e lec t ron  and hole t o  recombine, 

te + 
th 

is  t h e  energy that t r a n s f e r s  t o  t h e  lat t ice during t h e  
process,  yete,yhth are t h e  p r o b a b i l i t i e s  of t h e  capture of 

an e lec t ron  and a hole respec t ive ly ,  yeth,yhteare t h e  reco- 

mbination p r o b a b i l i t i e s  of a f r e e  e lec t ron  with a captured 
hole  and a f r e e  hole  with a captured e lec t ron ,  respec t ive ly ,  

l / T t  - - ;yeteN exp(-St /T) is t h e  p robab i l i t y  of a captured 

l / Z h  - - yhthN exp(-S /TI 
e e 

e lec t ron  t o  escape from a t r a p ,  

is t h e  s a m e  f o r  t h e  release of t h e  captured holes,  N = 

= 4 ~ 1 0 ' ~  is  t h e  number of molecules per u n i t  volume of 
c r y s t a l ,  aeK, OfiK are t h e  p r o b a b i l i t i e s  of both captured 
e lec t ron  and hole t o  escape from a trap due t o  t h e  ex te rna l  
i r r a d i a t i o n ,  respec t ive ly ;  8, , 8, are t h e  depths of t h e  

th 

- o +  "e "h 
traps f o r  e l ec t rons  and holes  respec t ive ly ,  n = (ne- nt ) ,  
- te e 

n = (nh- n ) are t h e  d e n s i t i e s  of f r e e  traps f o r  elec- 
th th 

o +  

0 t r o n s  and holes,  nh and nz are t h e  d e n s i t i e s  of t r a p s  f o r  

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

4:
10

 1
8 

Fe
br

ua
ry

 2
01

3 



4/[244] S. IZVEKOV AND V. SUGAKOV 

e l e c t r o n s  and holes ,  cp = 

of t h e  crystal, E-gehK is t h e  energy that t r a n s f e r s  t o  the 

crystal la t t ice  due t o  t h e  ex te rna l  i r r a d i a t i o n ,  p = 2 IV/L. 

T3 is t h e  s p e c i f i c  heat capacity 

CALCULATIONS AND DISCUSSIONS 

+- + is s a t i s f i e d  due t o  the 

e l e c t r o n e u t r a l i t y  of t h e  e lectron-hole  plasma . Therefore 
t h e  s y s t e m  (1) a c t u a l l y  conta ins  only four equat ions f o r  

va r i ab le s  ne, 

The equation ne + rite- nh + n 
th 

+ +  
nte’nth’T* 

To study t h e  dependence of t h e  behavior of t h e  s y s t e m  

on the parameters one should f ind  t h e  s t a t iona ry  po in t s  of 
t h e  s y s t e m  and inves t iga t e  t h e i r  s t a b i l i t y .  The numerical 
a n a l y s i s  shows tha t  the system (1) has only one s t a t iona ry  
poin t .  The b i s t a b l e  and mul t i s t ab le  states of t h a t  s y s t e m  

are not  found. 

4 

o 

FIGURE 1 Region of au to -osc i l l a t ions  aga ins t  t h e  ther- 
mostat temperature Ti and pumping rate K.  T h e  d e n s i t i e s  of 
f r e e  and captured carriers and temperature f o r  t h e  statio- 

nary po in t  A ( T i  = 4.2 K, K = 3 . 8 ~ 1 0 ~ ~ c m - ~ s - ~  ) of the sys- 

tern are n 9 -3 = 2 . 5 9 ~ 1 0  11cm-3 , nh = 5 . 4 0 ~ 1 0  c m  , e 
4- n = 1 . 4 2 ~ 1 0 ~ ~ c m - ~ ,  n+ = 1 . 4 2 ~ 1 0 ~ ~ c r n - ~ .  T = 6.55 K. 
te th 
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AUTO-OSCILLATIONS OF ELECTRON-HOLE DENSITY [245]/5 

The r e s u l t s  of t h e  a n a l y s i s  of t h e  s t a b i l i t y  of t h e  
s t a t i o n a r y  p o i n t s  are p l o t t e d  i n  f i g -  1. A l l  c a l cu la t ions  
w e r e  c a r r i e d  out  a t  t h e  following parameters: 

-7 3 -1 -3 K-ls-l -3 K-4, = 10 c m  s , p = loloerg c m  ,u = 114 erg c m  

e th 
Seh= 3.6 ev,  St = 9.7~10 -3 ev,  9 = 1.29x10-2e~,  01,- - 

= 0.003, n: = nh 0 = 8 ~ 1 0 ~ ~  ~ m - ~ ,  

h- 

= 0.2. 

These parameters are characteristic for t h e  c r y s t a l  of 
anthracene. 

S ta t ionary  po in t s  of t h e  system are s t a b l e  f o r  t h e  re- 

gion 1 i n  f i g . 1 .  No au to -osc i l l a t ions  are expected i n  t h i s  

case. I f  t h e  parameters change from the region 1 t o  t h e  re- 
gion 2 t h e  Hopf b i fu rca t ion  occurs  i n  t h e  system, so t h e  
au to -osc i l l a t ions  should appear. 

The dependencies of t h e  width of t h e  au to -osc i l l a t ion  

region w i t h  regard t o  t h e  pumping rate AK and l a r g e s t  ther- 

mostat temperature Timx i n  t h e  au to -osc i l l a t ion  region 
a g a i n s t  depths  of t h e  t r a p s  are found ( f i g . 2 , 3 ) .  

For t h e  c r y s t a l  with large band gap t h e  Timax increases .  

FIGURE 2 Dependence of the average width of the auto- 
o s c i l l a t i o n  region aga ins t  the pumping rate #C on t h e  

depths  of the traps. 9 = 0.75~9 . 
te th 
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6112461 S. IZVEKOV AND V. SUGAKOV 

F I G U R E  3 Dependence of the largest thermostat temperatu- 
re Tiwx in auto-oscillation region on the depths of the 
traps. Bt = 0.75~3 . 

e th 

The dependence of the frequency of arising auto-oscil- 
lations in case of parameters nearby the boundary of the 
auto-oscillation region on the traps are shown in fig.4. 

3 
5 

I 
-2 0 ev 

F I G U R E  4 Dependence of the frequency of the auto-oscil- 
lations nearby the auto-oscillations region on the depths 
of the traps. St = 0.75~8 . 

e th 
REFFBENCES 
1. G .  Nicolis and I .  Prigogine, Selforganization in 

nonequilibrium system (Wiley, New York, 1977). 
2. H-Haken, Synergetics (Springer, Berlin, 1975). 
3. V.I.Sugakov, Fiz.Tverd.Tela., 28, 6(1986) p.2441. 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

4:
10

 1
8 

Fe
br

ua
ry

 2
01

3 




