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MAGNETOCONDUCTIVITY OF 2D CONDUCTORS 

A. ISIHARA and Y. NAKANE 
Department of  Physics ,  S t a t e  Univers i ty  o f  New York a t  
Buffa lo ,  Buffa lo ,  New York, 14260, USA 

Abst rac t  I n  c o n s i d e r a t i o n  o f  t h e  c o r r e l a t i o n s  between Landau 
l e v e l s  f o r  low e l e c t r o n  d e n s i t i e s ,  we e v a l u a t e d  t h e  magneto- 
c o n d u c t i v i t y  o f  2D conductors  as a func t ion  o f  f requency f o r  
a s e t  o f  f i l l i n g  f a c t o r  v .  Our r e s u l t s  show n e g a t i v e  s h i f t i n g  
of  t h e  resonance p o s i t i o n  when v i s  i n c r e a s e d  from 1 . 5  t o  3 .0 ,  
i n  agreement w i t h  a r e c e n t  experiment of  Wilson, Allen and 
Tsui . 

INTRODUCTION 

Two-dimensional e l e c t r o n  systems show i n t e r e s t i n g  and anomalous 

p r o p e r t i e s  i n  a s t r o n g  magnetic f i e l d  which i s  a p p l i e d  perpendicu-  

l a r l y .  We e v a l u a t e d  r e c e n t l y  t h e  d i e l e c t r i c  f u n c t i o n 2  and analyzed 

cyc lo t ron  resonance i n  2D conductors .  

1 

I n  u s i n g  t h e  d i e l e c t r i c  f u n c t i o n ,  we avoided d ivergences  i n  

cyc lo t ron  resonance by i n t r o d u c i n g  a small imaginary p a r t  i n t o  t h e  

func t ion .  This  s t e p ,  a l t h o u g h  phenomenological, i s  c o n s i s t e n t  w i t h  

t h e  broadening of t h e  Landau levels due t o  impur i ty  s c a t t e r i n g .  

It i s  t h e  purpose o f  t h e  p r e s e n t  work t o  i n v e s t i g a t e  t h e  con- 

d u c t i v i t y  and cyc lo t ron  resonance of  2D systems t a k i n g  i n t o  consid-  

e r a t i o n  t h e  coupl ings o f  low-lying Landau l e v e l s  which are e l l i p -  

t i c a l l y  broadened. We adopt  t h e  Green 's  f u n c t i o n  o f  Ando and 

Uemura3 and i n v e s t i g a t e  t h e  range of  l < v < 3 .  Here, V i s  t h e  f i l l i n g  

, where n i s  t h e  e l e c t r o n  d e n s i t y  n f a c t o r  def ined  by v = - - - 
eH/ch - PBH 

and E i s  t h e  i d e a l  Fermi energy.  The above range o f  v i s  i n t e r -  

e s t i n g  because as v i n c r e a s e s  from 1, t h e  e l e c t r o n s  are e x c i t e d  t o  

low-lying Landau l e v e l s  and y e t  t h e  number o f  t h e s e  l e v e l s  i s  s m a l l .  
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MAGNETOCONDUCTI VITY 

The c o n d u c t i v i t y  i s  expressed i n  terms of  t h e  memory f u n c t i o n  M ( w )  

as  follows: 

A. ISIHARA AND Y. NAKANE 

where w i s  t h e  cyc lo t ron  frequency,  and M ( w )  i s  given t o  lowes t  

o r d e r  i n  impur i ty  s c a t t e r i n g  as fol lows:  

N i s  

u(q)  

i s  

t h e  t o t a l  number of e l e c t r o n s ,  v(q) i s  t h e  impur i ty  p o t e n t i a l ,  

i s  t h e  Coulomb p o t e n t i a l ,  and t h e  d i e l e c t r i c  f u n c t i o n  e(q,u) 

The r e a l  and imaginary p a r t s  of  IT ( w )  a r e  given by  
i j  

f(z)[ReGi(z+w)ImG (z)+ReG (z-w)Gi(z)]dz (4) 
j j 

-Id. 1 J  ( w )  = 5 ~f(~)[f(~)-f(z+w)]~rnG~(z+w)ImG j ( z ) d z  ( 5 )  
-m 

f ( z )  i s  t h e  Fermi d i s t r i b u t i o n  f u n c t i o n  and G(z)  i s  t h e  Green's 

func t ion .  For a de l ta - func t ion  type  s h o r t  range p o t e n t i a l ,  t h e  

broadening parameter  r i n  t h e  Green's f 'unction i s  given by 

2 e H  r = b(,)nivo2 , where n i s  the i m p u r i t y  c o n c e n t r a t i o n  and i 

v = v(o) /e (o ,o) .  
0 

RESULTS AND DISCUSSIONS 

The p r e s e n t  t h e o r y  i s  a p p l i c a b l e  t o  low tempera ture  2 D  e l e c t r o n  
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systems such as chalcogenide compounds MX2, S i  i n v e r s i o n  l a y e r s  

and G a A s / G a A l A s .  

t o  be small s o  t h a t  3>v>1.5. We use t h e  r e c e n t  c y c l o t r o n  d a t a  on 

S i  i n v e r s i o n  l a y e r s  and choose t h e  t h e o r e t i c a l  parameters  accord- 

i n g l y .  The broadening parameter  which depends on t h e  s t r e n g t h  o f  

t h e  impur i ty  p o t e n t i a l  i s  set  t o  be 0 . 3  w . This  v a l u e  i s  c l o s e  

t o  what I s i h a r a  and Mukai used.  

However, t h e  d e n s i t y  o f  t h e  e l e c t r o n s  i s  assumed 

4 

The r e s u l t i n g  magnetoconduct ivi ty  i s  p l o t t e d  a g a i n s t  f requency 

i n  Figure 1. The o r d i n a t e  i s  t h e  real p a r t  of  t h e  c o n d u c t i v i t y  i n  

a r b i t r a r y  u n i t s ,  a h  t h e  a b s c i s s a  i s  frequency i n  cm A s  can be  

s e e n ,  t h e  curves  a r e  asymmetric and are h i g h e r  as v i n c r e a s e s .  

The peak p o s i t i o n s  show s h i f t i n g .  I n  t h e  range v>2.5 ,  t h e  s h i f t  

w-w The n e g a t i v e  s h i f t  

and magnitude agree  w e l l  w i t h  t h e  exper imenta l  d a t a .  However, t h e  

anomalous s h i f t i n g  f o r  v < l  cannot  be expla ined  by t h e  p r e s e n t  theory ,  

r e q u i r i n g  improvements on t h e  t rea tment  o f  e l e c t r o n - e l e c t r o n  c o r r e -  

l a t i o n s .  

-1 . 

i s  of  o r d e r  -3 ern-', which i s  n e g a t i v e .  

FIGURE 1 hkgnetoconduct ivi ty  of  2 D  conductors  vs. f requency.  
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