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BACKGROUND

As monolayers inserted in AlSb barriers of InAs/AlSb high-

speed FETs result in enhancement of 2D electron

concentrations

PROBLEM

Origin of the carriers has not been established (AsAl antisites
have been suggested as the source of the donors)



AsAl Sb

TEST STRUCTURES

Superlattices (SLs) composed of fractional or single
monolayers (MLs) of AlAs separated by 8-49 MLs of AlSb

grown on (001) GaAs by MBE



A P P R O A C H

♦  L o w -te m p e ra tu re  P h o to lu m in e sce n c e  (P L )

♦  O p tic a l ly -De te c te d  Ma g n e t ic  Re so n an c e  (O D M R )

a t 2 4  G H z

♦  S tru c tu ra l  p a ram e te rs  o f  S L s  d e te rm in e d  fro m  x -ray

d if f rac t io n  m ea su re m en ts  (A lS b  b u f fe r  la y e rs  a re

u n d e r  a n  a v e ra g e  in -p la n e  b ia x ia l  c o m p re ss io n  o f

0 .0 8  ±  0 .0 2  % )
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♦  A s  P l a n e s  I n d u c e  S t r o n g  P L  i n  A l S b

♦  S t r o n g  D e p e n d e n c e  o n  t h e  A m o u n t

o f  A s  i n  t h e  M L

♦  W e a k  D e p e n d e n c e  o n  S L  P e r i o d

♦  E x t r e m e l y  w e a k  P L  f r o m  A l S b / G a A s

r e f e r e n c e  s a m p l e



As Monolayer in AlSb

Theoretical Approach

•  Ab initio total energy calculations with norm-

    conserving pseudopotentials and plane wave basis

•  20 atom AsAl–(SbAl)9 and (SbAl)10 supercells

•  Relaxation of Al–As interlayer separation

Key Results

•  Lowest unoccupied level at Γ is lowered in energy

    into the bulk AlSb bandgap due to the As monolayer

•  The energy lowering depends sensitively on the strain

    in the AlAs layer

•  The energy lowering of the lowest unoccupied level at

    Γ is calculated to be 0.24 eV for an elastically

    strained Al–As layer

•  The wavefunction associated with the unoccupied level

    in the gap is localized around the As doping sheet

•  The highest occupied Γvb state is pushed away from the

    AlAs layers and has an enhanced probability in the

    AlSb layers

•  Good agreement with the experimental PL data
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ANALYSIS of ODMR

(similar to ODMR found on excitonic recomb. from type-II short-period GaAs/AlAs

MQWs; see H.W. van Kesteren et al., Phys. Rev. B 41, 5283 (1990))
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♦  S p l i t t i n g  b e t w e e n  o u t e r  l i n e s  (e 1 , e 2 )  e x h i b i t s  c o s (θ )

d e p e n d e n c e   ⇒   e l e c t r o n  c o u p l e d t o  a  h o l e  f r o m  t h e

J z  =  ± 3 / 2  V B  w i t h  g ⊥  ~  0

♦  T h e s e  l i n e s  f r o m  S L s  w i t h  ~ 1  M L  o f  A l A s  a r e

e l e c t r o n  s p i n  t r a n s i t i o n s  w i t h  g≡  =  1 . 9 1 6  -  1 . 9 2 3

a n d  g⊥  =  1 . 9 3 4  -  1 . 9 4 4  s p l i t  b y  a n  e x c h a n g e

i n t e r a c t i o n  (∆  ≡  a / 2 )  o f  3 . 4  -  8 . 0  µ e V  w i t h  t h e  h o l e

( ∆  =  1 9 . 5  µ e V  f o r  ( A l S b )3 1 ( A l A s ) 0 . 2 7  S L  ! ) .

U n s p l i t  l i n e  d e s c r i b e d  b y  t h e  s a m e  g - t e n s o r .

♦  g - v a l u e s  a r e  b e t w e e n  t h o s e  f o r  X - p o i n t  E M

d o n o r s / c o n d u c t i o n  e l e c t r o n s  i n  A l A s  a n d  A l S b   ⇒
S i g n i f i c a n t  f r a c t i o n  o f  e l e c t r o n  w a v e f u n c t i o n  l i e s  a t

t h e  A l A s  M L ,  w i t h  s o m e  p e n e t r a t i o n  i n t o  t h e  A l S b

l a y e r s

♦  J z  =  ± 3 / 2  h o l e s  a r e  e x c l u d e d  t o  A l S b  l a y e r s   ⇒
f o l l o w s  f r o m  w e a k  e x c h a n g e  c o u p l i n g ,  s t a t e  o f

s t r a i n ,  a n d  c h a r g e  s e p a r a t i o n  g e n e r a l l y  r e q u i r e d  f o r

o b s e r v a t i o n  o f  s t r o n g  O D M R
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(Band Offsets from W.A. Harrison and J. Tersoff, J. Vac. Sci. Technol. B4, 1



♦  E l e c t r o n  i s  s t r o n g l y  b o u n d  a t  t h e  p l a n e

⇒   t h i s  b i n d i n g  d e t e r m i n e s  t h e  P L

e n e r g y

♦  E l e c t r o n  a n d  H o l e  a r e  b o u n d  t o  f o r m  t h e

e x c i t o n   ⇒   t h i s  b i n d i n g  i s  r e f l e c t e d  i n

t h e  e x c h a n g e

♦  E x c i t o n  i s  l o c a l i z e d  a t  a  f l u c t u a t i o n

( “ i n t e r f a c e  r o u g h n e s s ” )  i n  t h e  M L   ⇒
t h i s  l o c a l i z a t i o n  p r o v i d e s  t h e  w i d t h  o f

t h e  P L  l i n e  ( ~  2 0  m e V )

“ E x c i t o n  B o u n d  a t  a n  I s o e l e c t r o n i c  P l a n e ”
( s e e  H . P .  H j a l m a r s o n ,  J .  V a c .  S c i .  T e c h n o l .
2 1 ,  5 2 4  ( 1 9 8 2) )
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 S U M M A R Y

♦  S t r o n g  P L  b a n d s  f o u n d  f r o m

[ ( A l S b ) M ( A l A s ) N ] 1 2 0  S L s

♦  O D M R  r e v e a l s  S = 1 / 2  e l e c t r o n  s p i n  t r a n s i t i o n s

s p l i t  b y  a n  e x c h a n g e  i n t e r a c t i o n  (∆ )  o f  3 . 4 - 1 9 . 5

µ e V  w i t h  Jz  =  ± 3 / 2  V B  h o l e s

♦  E l e c t r o n  l o c a l i z e d  a t  A l A s  M L  a n d  H o l e

e x c l u d e d  t o  A l S b

♦  U n k n o w n  d o n o r - l i k e  d e f e c t s  d o  n o t  c o m p e t e

f a v o r a b l y  w i t h  A s  p l a n e s  f o r  p h o t o - e x c i t e d

c a r r i e r s

♦  A s  i s  a n  e f f i c i e n t  e l e c t r o n  t r a p  i n  A l S b  w i t h  El o c .

~  5 5  m e V  i n  p o i n t  d e f e c t  l i m i t  ( c o n s i s .  w i t h

e l e c t r o n e g a t i v i t y  v a l u e s )


