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INTERFACE RECOMBINATION IN GaAs-GaAlAs QUANTUM WELLS 

B. SERMAGE, M.F. PEREIRA Jr, F. ALEXANDRE, J. BEERENS, 

R. AZOULAY, C. TALLOT, A.M. JEAN-LOUIS and D. MEICHENIN 

C e n t r e  N a t i o n a l  d ' E t u d e s  d e s  T t + l 6 c o m m u n i c a t i o n s ,  196, Avenue 

H e n r i  R a v e r a ,  F - 9 2 2 2 0  Bagneux ,  F r a n c e  

R6sum6 : La duree de v i e  non r a d i a t i v e  dans des doubles h6terost ructures 
GaAs;GaAlAs non dop6es fabriques en EJM e t  EOM a Gt6 6tudiee en u t i l i s a n t  
une d t h o d e  de d 6 c l i n  de luminescence avec une r 6 s o l u t i o n  de 10 ps. La 
v i tesse  de recombinaison 2 l ' i n t e r f a c e  S e s t  obtenue en Ptudiant  des 
se r ies  d '6chan t i l l ons  w a n t  d i f f c r e n t e s  Ppaisseurs d de GaAs (en t re  1 P? 

e t  20 A). Pour chaque d r i e ,  S e s t  constant quand d e s t  superieur a 
200 A. Quand d e s t  i n f e r i e u r  2 200 A, S c r o i t  du f a i t  de l 'augmentat ion 
de l a  p r o b a b i l i t 6  de pr6sence des por teurs dans l a  b a r r i i r e  quand 1'6- 
pa isseur  du p u i t s  decro i t .  
Abs t rac t  : Non r a d i a t i v e  c a r r i e r s  l i f e t i m e  has been studied i n  MBE and 
FR)CVD grown GaAs-GaA1 As undoped double heterost ructures by luminescence 
decay technique. In te r face  recombination v e l o c i t y  i s  obtained by studying 
ser ies  o f  samples w i t h  d i f f e r e n t  GaAs l a y e r  thicknesses d (between 1 ,,m 
and 20 A ) .  For each ser ies S i s  constant when d i s  l a r g e r  than 200 A. 
When d i s  smaller than 200 A, S increases due t o  the increase o f  the 
leak ing  o f  the c a r r i e r s  wave funct ions i n  the b a r r i e r  when the we l l  
th ickness decreases. 

I - INTRODUCTION : The threshold cu r ren t  i n  double heterost ructure lasers  i s  
p ropor t lona l  t o  the recombination p r o b a b i l i t y  i n  the ac t i ve  l a y e r  1 / ~ .  I n  the 
case o f  the GaAs-GaA1As lasers, the recombination p r o b a b i l i t y  has G o  components 
: the r a d i a t i v e  one l/rr and the non r a d i a t i v e  one l/znr. 

The laser  w i l l  be o f  p r a c t i c a l  use i f  rnr i s  l a r g e  compared t o  the r a d i a t i v e  l i f e  
t ime a t  threshold c a r r i e r  density (- 4 ns). The non r a d i a t i v e  recombination pro- 
b a b i l  i t y ,  l / z n r  ( c a l l e d  Shockley-Read) i s  the sum o f  the bulk and the i n t e r f a c e  
recombination p r o b a b i l i t i e s  : 

where d i s  the GaAs l a y e r  thickness and S = S + S i s  the sum o f  the i n t e r f a c e  
recombination v e l o c i t y  a t  the two in te r faces .  kq. z2 i s  v a l i d  when the GaAs l a y e r  
thickness d i s  small compared t o  the c a r r i e r  d i f f u s i o n  length which i s  the case 
here. 

Quantum we l l  lasers have proved t o  be i n t e r e s t i n g  devices (1)  (smal ler  th re -  
shold current ,  l a r g e r  modulation frequency 1. However i n  such small ac t i ve  l a y e r  
thicknesses (d - 50-100 A), i n t e r f a c e  recombination can be dramatic. I n  re f .  2, 
i t  was observed t h a t  i n t e r f a c e  recombination was smaller i n  quantum we l l s  than i n  
l a r g e  GaAs layers,  c o n t r a r i l y  t o  what was expected t h e o r e t i c a l l y  due t o  an i n -  
crease o f  the leak ing  o f  the c a r r i e r s  wave func t ions  i n  the b a r r i e r s  when the 
thickness o f  the GaAs l a y e r  decreases ( 3 ) .  I n  fact ,  luminescence decay observed 
i n  r e f .  2 was t h a t  o f  the GaAs buf fer .  Indeed i n  r e f .  2, the 0.514 ,,m e x c i t a t i o n  
laser ,  exc i ted  both the AlGaAs bar r ie rs ,  the quantum we l l  and the GaAs b u f f e r  and 
the  only spect ra l  se lec t ion  before the detector  was a low pass f i l t e r  which c u t  
the luminescence o f  the AlGaAs b a r r i e r s  and the 0.514 ~m laser .  Careful  measu- 
rements done here w i t h  a streak camera and a monochromator show t h a t  the i n t e r -  
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face recombination v e l o c i t y  increases i n  quantum we l l s  as expected. 

I 1  - EXPERIMENT : We have studied two ser ies o f  MBE grown samples and one ser ies  
of MOCVD grown samples. The samples were undoped. The f i r s t  MBE ser ies  was g r w n  
i n  J u l y  84 and was the same as the one studied i n  re f .  2 and the second MBE se- 
r i e s  was grown i n  Dec. 86. I n  a l l  the cases, the samples consis ted o f  a GaAs 
1 a y e r  of t h i c k n e s s  d i n c l u d e d  between two Gal- AlXAs confinement layers  w i t h  x 
approx imat ive ly  equal t o  0.3. The thicknesses o r  the two confinement layers are 
0.2 p and 0.1 p I n  the  f i r s t  M6E series, 0.5 1 ~ n  and 1 ~m i n  the  second MBE 
series, 0.5 ~m and 1 p i n  the MOCVD series. We have observed independently t h a t  
t h e  thickness o f  the f i r s t  confinement l a y e r  has a small i n f luence  on S (about a 
f a c t o r  o f  2 between 200 a and 0.5 0) which cannot exp la in  the la rge  d i f fe rence  
o f  the i n t e r f a c e  recombination v e l o c i t y  we observe i n  the d i f f e r e n t  series. The 
thickness d o f  the GaAs l a y e r  i s  va r ied  between 1 ~m and 20 which al lows t o  
study the i n t e r f a c e  recombination v e l o c i t y  f o r  l a rge  thicknesses and how it i s  
mod i f ied  i n  quantum wells. To have more chance t h a t  the  i n t e r f a c e  q u a l i t y  i s  the  
same f o r  a l l  the samples o f  a series, a l l  the s t ruc tu res  conta in a s ing le  GaAs 
layer .  We have not  s tud ied rmlt iquantum we l l s  f o r  which the i n t e r f a c e  q u a l i t y  i s  
known t o  be improved (2).  The MBE s t ruc tu res  were grown a t  690°C and the GaAs 
b u f f e r  layer  was grown a t  600°C. The temperature r i s e  was done a t  the beginning 
o f  the f i r s t  GaAlAs layer  i n  the case o f  the f i r s t  MBE ser ies and a t  the end o f  
the  GaAs b u f f e r  l a y e r  i n  the case o f  the second MBE series. 

The c a r r i e r s  l i f e t i m e  i s  measured by luminescence decay. The sample i s  exc i -  
t e d  by the 3 ps pulses o f  a synchronously pumped Rhodamine 66 mode locked dye 
l a s e r  a t  0.58 pm and the luminescence i s  s p e c t r a l l y  se lected by a small 10 cm 
monochromator. The decay i s  observed us ing a Hamamatsu two dimension streak came- 
r a  so t h a t  we can observe on the screen o f  the camera the luminescence i n t e n s i t y  
as a func t ion  o f  wavelength and time and we can e a s i l y  se lec t  the wavelength 
range we want t o  i n t e g r a t e  f o r  the decay measurement. 

.Examples o f  luminescence decay curves a t  low e x c i t a t i o n  are given on Fig. 1. 
Because the luminescence i n t e n s i t y  IL i s  no t  propor t ional  t o  the c a r r i e r s  densi ty  
n, the c a r r i e r s  l i f e t i m e  i s  no t  equal t o  the luminescence decay time constant 
T ~ .  However due t o  the shor t  pulses and the good temporal r e s o l u t i o n  (10 ps), the  
c a r r i e r s  do n o t  recombine dur ing the e x c i t a t i o n  pulse and the c a r r i e r s  density a t  
t h e  end o f  t h e  e x c i t a t i o n  p u l s e  i s  p ropor t ionna l  t o  the e x c i t a t i o n  power P . 
Then the c a r r i e r s  l i f e t i m e  a t  the end o f  the exci t a t i o n  pulse i s  r e l a t e d  t o  R e  
luminescence decay time a t  the end o f  the e x c i t a t i o n  pulse by : 

where I L ( 0 )  i s  the luminescence i n t e n s i t y  a t  the end o f  the e x c i t a t i o n  pulse and 
the cor rec t ion  f a c t o r  aLog(IL(0))/aLog(Pex) can vary between 1 and 2. For each 

F ig .  1 : Examples o f  luminescence decay F ig.  2 : Var ia t ion  w i t h  e x c i t a t i o n  o f  
curves obtained w i t h  the streak camera the t o t a l  ( + I  r a d i a t i v e  ( A )  and non 
a t  low exc i ta t ion .  r a d i a t i v e  (0) recombination p r o b a b i l i t y .  
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sample, we study the v a r i a t i o n  o f  IL(O1 as a func t ion  o f  e x c i t a t i o n  power, calcu- 
l a t e  t h e  l o g a r i t h m i c  d e r i v a t i v e  aLog(1 (O))/aLogfP and measure T . The car-  
r i e r s  l i f e  t ime % i s  obtained using eg. L3. On the o t t e r  hand, we ca lcu la te  the 
r a t i o  IL(0)/Pex which i s  propor t ional  t o  l/rr. 

F o r  each sample, we p l o t  the recombination p r o b a b i l i t y  11% and IL/Pe as a func- 
t i o n  o f  the e x c i t a t i o n  power as shown i n  Fig. 2. The important p o i n t  i s  t h a t  a t  
l o w  e x c i t a t i o n ,  I/% i s  n e a r l y  c o n s t a n t  w h i l e  I/%, decreases, which shows t h a t  
t h i s  c o n s t a n t  va lue  i s  t h e  p r o b a b i l i t y  o f  non r a d i a t i v e  recombination l/znr. 
Supposing t h a t  l/znr i s  constant which i s  near ly  exact a t  low exc i ta t ion ,  we can 
a d j u s t  t h e  a b s o l u t e  v a l u e  o f  I/%, so t h a t  I/,,, i s  constant as we have done on 
F ig .  2. Also shown on Fig. 2 i s  the approximate c a r r i e r s  densi ty  obtained by the 
measurement o f  the s i ze  o f  the  l a s e r  beam on the sample and supposing t h a t  each 
photon creates an e lect ron-hole p a i r  i n  the a c t i v e  layer .  This c a r r i e r s  densi ty  
i s  c e r t a i n l y  over-estimated because p a r t  o f  the c a r r i e r s  are created i n  the AlGa- 
As confinement layers  from where they d i f f u s e  t o  the GaAs layer  and p a r t  o f  these 
c a r r i e r s  are l o s t  by recombination i n  the AlGaAs l a y e r  o r  a t  the f ree  surface o f  
the  AlGaAs layer .  

Fig. 3 gives the l/% curves as a func t ion  o f  the approximate c a r r i e r s  densi- 
t y  f o r  the samples o f  the f i r s t  MBE series. The c a r r i e r s  densi ty  i s  est imated f o r  
the  t h i c k  samples as prev ious ly  and f o r  the t h i r  GaAs layers,  we ad jus t  by c o n t i -  
n u i t y  o f  the r a d i a t i v e  p r o b a b i l i t y .  For each sample, the constant value a t  low 
e x c i t a t i o n  gives the non r a d i a t i v e  recombination p r o b a b i l i t y .  For the t h i c k  GaAs 
layers,  the subst rate luminescence i s  weak and does not  modify the resul ts .  For  
the  t h i n  GaAs layers  ( <  100 A )  the monochromator s e l e c t  the quantum we l l  lumines- 
cence. Otherwise we would obta in the subst rate non r a d i a t i v e  recombination proba- 
b i l i t y  which i s  7. 109 s-1. 

On Ffg .  4, we have p l o t t e d  t h e  UTn, value as a func t ion  o f  l / d  f o r  l a r g e  
thicknesses 0 200 A). The experimental r e s u l t s  f o l l o w  eq. 3 w i t h  S constant f o r  
each series. The large d i f fe rence  between the f i r s t  and the second MBE ser ies  
can be due e i t h e r  t o  the f a c t  the shu t te r  o f  the aluminium source has been chan- 
ged between the two ser ies o r  t o  the temperature r i s e  time dur ing the growth o f  
the  s t ructure.  

For small GaAs thicknesses, (d(200 A )  S increases as foreseen by Duggan e t  
a1 .(3) due t o  the f a c t  t h a t  the leak ing  o f  the e lec t rons  and holes wave funct ions 
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F ig .  3 : Var ia t ion  w i t h  e x c i t a t i o n  o f  Fig. 4 : Var ia t ion  o f  the non rad ia  
the t o t a l  ( - 1  and r a d i a t i v e  ( A )  recom- t i v e  recombination p r o b a b i l i t y  w i t h  
b i  na t ion  probabi 1 i ty f o r  d i f f e r e n t  t h e  inverse GaAs l a y e r  thicknesses 
GaAs thicknesses. f o r  the three series. 
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Fig. 5 : Rat io  o f  the i n t e r f a c e  recom- 
b i n a t i o n  v e l o c i t y  i n  GaAs quantum w e l l s  
t o  i t s  value i n  th i ck  layers  f o r  the 
th ree  ser ies : f i r s t  MBE ser ies  (+), 
second MBE ser ies ( A )  and MOCVD ser ies 

+- ( X I .  Calculated models f o r  b a r r i e r  
(-1 and i n t e r f a c e  (---I recombinations. 

X) ' lo' 

GaAs LAVER WIDTH& 

i n  the GaAlAs confinement layers  increases. Fig. 5 shows the v a r i a t i o n  o f  S/S 
f o r  the small values o f  GaAs thicknesses where S i s  the constant value f o r  la rg8  
GaAs thicknesses. For the three series, S/S i f lcreases bu t  the increase i s  no t  
t h e  same f o r  the three ser ies and we th ink ?hat t h i s  i s  due t o  d i f f e r e n t  shar- 
pnesses o f  the in ter faces.  The l a r g e  increase observed f o r  the 50 A width we l l  o f  
t h e  second MBE ser ies  can be due t o  a resonance between the quantum we l l  l e v e l  
and the leve ls  o f  the recombination centers i n  the b a r r i e r .  Also shown on Fig. 5 
a r e  the t h e o r e t i c a l  models o f  Duggan e t  a l .  ca lcu la ted  f o r  an o f f s e t  of the con- 
duct ion band equal t o  67 % o f  the bandgap d i f fe rence  (4)  and an Aluminium compo- 
s i t i o n  i n  the b a r r i e r  equal t o  30 %. The f i r s t  model supposes t h a t  there i s  a 
constant  density o f  recombination centers i n  the GaAlAs b a r r i e r  and ca lcu la tes  
t h e  p r o b a b i l i t y  o f  presence o f  the e lec t rons  i n  the barr iers .  The second model 
supposes t h a t  a l l  the recombinations happen a t  the exact i n t e r f a c e  and ca lcu la tes  
the  p r o b a b i l i t y  o f  presence o f  the  e lec t rons  a t  the in te r face .  We suppose t h i s  
c a l c u l a t i o n  i s  s t i l l  v a l i d  f o r  l a rge  GaAs layers  where i t  gives a constant value 

This increase o f  the i n t e r f a c e  recombination v e l o c i t y  i s  important f o r  quan- 
tum we l l  lasers. For example i n  the case o f  the  second MBE series, the non radia-  
t i v e  l i f e t i m e  for  0.1 ~m t h i c k  layers  i s  100 ns which i s  n e g l i g i b l e  compared t o  
t h e  r a d i a t i v e  l i f e t i m e  i n  usual DH lasers  which i s  about 4 ns. However i n  the 
case o f  a quantum we l l  o f  50 A ,  the non r a d i a t i v e  l i f e t i m e  i s  about 2 ns and 
increases the ca lcu la ted  thresh01 d cu r ren t  from 110 A/cm2 t o  165 A/cm*. 
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