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T he w ork  d iscusses m u ltilayer in fra red  pho tode tec to rs w ith  q u an tum  dots o f  g erm an iu m  o n  silicon. It 
com pares th e  th eo re tica l ca lcu la tions resu lts o f  the dark  cu rren t density  o f  m u ltilay er pho to d e tec to r w ith  
G e/S i qu an tu m  do ts w ith  the  experim en ta l resu lts  fro m  prev ious research.

T he success o f  qu an tu m  w ell struc tu res fo r  in fra red  d e tec tio n  app lica tions has u rg ed  th e  deve lopm en t o f  q u an tum  
d o t in fra red  pho todetec to rs. In  the p a s t decades, the Q D IP s have  b ecom e a  top ic  o f  ex tensive  resea rch  no t only  fo r the 
fu ndam en ta l u n d ers tand ing  o f  fasc in a tin g  physics  th a t ex is ts  in  zero -d im ensional system s b u t also  fo r  th e ir  app lica tio n  in  
in fra red  op toelec tron ics [1]. A t p resen t, nearly  defect-free q u an tum  d o t dev ices can  be  fab rica ted  re liab ly  an d  rep roducib ly
[2].

In  the  p resen ted  w o rk  th e  th eo re tica l m odel described  in  [2] is deve loped  in  o rd e r to  take in to  accoun t the presence  
o f  m ultip le  q u an tum  do t layers in  pho todetectors. To verify  o u r m odel, w e com pared  the theo re tica l v a lu es o f  the dark  
cu rren t w ith  th e  experim en ta l resu lts  o b ta ined  in  o th e r researchers w orks [3-4].

In  [3], th e  m id -in fra red  pho tode tec to rs w ere  ve rtica l p+--f)-p+ d iodes w ith  G e Q D  layers, separa ted  by  Si o r  SiG e 
in tervals an d  enc lo sed  b e tw een  tw o  high ly  d oped  p -type  con tac t layers, opera ting  in  the m ode o f  res tric tio n  by  genera tion - 
reco m b in a tio n  noise  are investigated . T he experim en ta l dark  cu rren t-vo ltage  charac te ristics o f  a  m u ltilay er pho to d e tec to r 
w ith  g erm an ium  q uan tum  dots o n  silicon  fro m  [3] w ere  com pared  w ith  the th eo re tica l resu lts w e ach ieved  in  ou r 
ca lcu la tions an d  the theo re tica l ob ta ined  v a lu es o f  the param ete r E 0,n and  the param ete r E 0,m b e s t m atch  the experim en ta l 
da ta  w h en  se lec ting  the m odel param ete r va lues as in  tab le  1.

T able .1 : V alues o f  th e  m odel param eters  u sed  fo r the ca lcu la tions o f  d a rk  cu rren t-vo ltage  characteristics:

T em peratu re , K P a ram ete r E 0,m, m eV P aram e te r E 0,n, m eV

90 44 263

110 57 311

120 71 330

140 71 364

In  [4], m id -in fra re d  pho tode tec to rs b a sed  on  silicon  p - i - p  struc tu res d oped  w ith  b o ro n  an d  co n ta in in g  20 layers 
w ith  g erm an iu m  q u an tum  do ts in  th e ir  in trin sic  reg io n  are described , an d  a  strong  dependence  o f  th e  dark  cu rren t va lue  
o n  the d o p ing  leve l is observed. T he experim en ta l and  ca lcu la ted  resu lts  o f  the d ark  cu rren t o f  the described  structures 
fo r  tw o  d iffe ren t concen tra tions o f  th e  dopant: 6 * 1018 cm -3 (sam ple  A ) an d  0.6^ 1018 cm -3 (sam ple B ) are p resen ted . To 
g e t the b e s t m a tch  w e chose the  p aram eters va lues lis ted  in  tab le  2.

T able .2 : V alues o f  th e  m odel param eters  u sed  fo r the ca lcu la tions o f  d a rk  cu rren t-vo ltage  characteristics:

Sam ple A Sam ple B

D o p an t concen tra tion , cm -3 0 .6 1 0 18 6 1 0 18

T em peratu re , K 77 77

P a ram ete r E 0,m, m eV 84 59

P a ram ete r E 0,n, m eV 180 247

F 0, k V /cm 2.4 2.4

a , m eV *cm /kV 1 1

T hus, such  theo re tica l ca lcu la tions can  serve as a n  a lternative  m eth o d  fo r e stim ating  th e  p o sitio n  o f  the m a in  energy  
leve ls in  a  q u an tu m  dot.

20-22 октября 2021, Томск 223

mailto:rahaf.douhan@gmail.com


АПР 2021 Квантовая электроника и фотоника

T he repo rted  study w as suppo rted  b y  M in istry  o f  Science an d  H ig h e r E d u ca tio n  o f  th e  R u ss ian  F ed era tio n  
(sta te  ta sk  N o. 0 7 2 1 -2 0 2 0 -0 0 4 8 ).

L ite ra tu re :
[1] Martyniuk P., Rogalski A. // Technical Science. 2009. V. 57. No. 1. P. 103.
[2] Douhan R. M. H., Kokhanenko A. P., Lozovoy K. A. // Russian Physics Journal. 2018. V. 61. № 7. P. 1194.
[3] Yakimov A.I. // Optoelectronics, Instrumentation and Data Processing. 2013. V. 49. No. 5. P. 467.
[4] Wang K. L., Cha D., Liu J., Chen C. //Proceedings ofthe IEEE. 2007. V. 95. No. 9. P. 1866.

20-22 октября 2021, Томск 224


