
New Insights into the Plateau-Insulator  T r ansition  
in the Q uantum  H all R egim e 

 
D . T . N .  d e  La n g 1, L. A .  P o n o m a r e n k o 1, A .  d e  V i s s e r 1, D .  M a u d e 2,  

G . B .  G a l i e v 3 a n d  A . M . M .  P r u i s k e n 4 
1Van der Waals-Z eem an I nst i t u t e, U ni v ersi t y  o f  A m st erdam , Valc k eni erst raat  6 5 , 

1 0 1 8  X E  A m st erdam , T h e N et h erlands 
2MPI, CNRS, Grenoble High Magnet Field Lab, F-3 8 0 0 0  Grenoble, Franc e 
3Ins titu te of  Radio-engineering and E lec tronic s , RA S, 1 0 3 9 0 7  Mos c ow , Ru s s ia 
4Ins titu te f or T heoretic al Phy s ic s , U niv ers ity  of  A m s terdam , V alc k eniers traat 6 5 , 

1 0 1 8  X E  A m s terdam , T he Netherlands  
 

Despite its relatively long history of study, the exact nature of the transitions between adjacent 
q uantum  H all states is still a subject of debate.  I n the fram ework  of the scaling theory of the 
q uantum  H all effect [ 1 ] , the plateau transitions are interpreted as q uantum  phase transitions with an 
associated universal critical exponent κ.  I nitial pioneering experim ents by W ei et al.  [ 2 ]  on the 
plateau-plateau ( P P )  transitions of an  InGaAs/InP heterojunction resulted in a numerical value of 
κ = 0.4 2 w hich has g enerally  b een interp reted in terms of ordinary  F ermi-liq uid p rincip les. 
H ow ever, more recently , in ex p eriments [ 3 ]  conducted on the p lateau-insulator ( PI)  transition of a 
very  similar InGaAs/InP samp le, a slig htly  different, non-F ermi-liq uid value of the ex p onent ( κ = 
0.5 7 )  has b een ob served. It turns out that the PP transitions suffer from sy stematic errors that are 
inherently  due to macroscop ic samp le inhomog eneities. O n the contrary , PI transition data have 
b een show n to b e more rob ust ag ainst samp le imp erfections, resulting  in a more reliab le 
determination of the critical ex p onent than in the case of PP transition. F urthermore, the PI 
transitions disp lay  all the fundamental features soug ht in the PP transitions that p reviously  remained 
concealed. 

In this contrib ution w e rep ort the results of transp ort ex p eriments conducted on an 
In0.2Ga0.8 As/GaAs q uantum w ell w ith variab le carrier density . W hereas the samp le w as insulating  
w hen cooled dow n, the density  of the samp le could b e increased b y  illumination w ith a L E D . 
B ecause of the additional electrons and ioniz ed donors, illumination also slig htly  alters the disorder 
p otential and the interaction b etw een the electrons. W e have measured the resistance comp onents 
for mag netic field streng ths up  to 20 T , in the temp erature rang e T = 0.08  - 1 .07  K  for different 
densities. F or one density  n2D=2.03 x 1 011 cm-2 the mag netoresistance curves are p resented in F ig  1 . 
T he data show  a fix ed p oint indicating  the transition b etw een the q uantum H all and insulating  state. 
In F ig . 2 w e have p lotted the results for tw o different values of the electron density . T he data clearly  
show s scaling  b ehavior w ithin the ex p erimental rang e of temp erature. T he ex tracted values for the 
critical ex p onents, κ1 = 0.5 4  and κ2 = 0.5 8 , are close to the value κ = 0.5 7  w hich w as ob tained 
p reviously  [ 3 ] , mak ing  the case for having  a non-F ermi liq uid critical ex p onent strong er. T he effects 
of samp le inhomog eneities w ill b e discussed, as w ell as the corrections to scaling . 
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F I G  1 . Lo n g i tu d i n a l  r esi sti vi ty 
c u r ves ρxx a s f u n c ti o n  o f  f i l l i n g  
f a c to r  ν  n ea r  the c r i ti c a l  va l u e νc,  
f o r  tem p er a tu r es T = 0.08 , 0.1 07 ,
0.1 4 2 , 0.1 8 9 , 0.2 5 3 , 0.3 3 7 , 0.4 4 9 ,
0.6 , 0.8  a n d  1 .07  K . The f i x ed  p o i n t 
o c c u r s a t h / e2 ± 0.5%. T h e c u r v es 
f o l l o w  th e em p ir ic a l  l a w  ρxx∝
ex p [-(ν− νc)/ν0(T)] [3 ] f r o m  w h ic h  
th e c r itic a l  ex p o nent c a n b e 
ex tr a c ted .  

F I G  2. T em p er a tu r e d ep end enc e 
o f  sl o p es o f  l n(ρxx) f o r  tw o  
d if f er ent c a r r ier  d ensities o f  th e 
sa m p l e. A  str a ig h t l ine o n a  
l o g -l o g  p l o t ind ic a tes sc a l ing  
b eh a v io r  1 / ν0 ∝ T -κ  w ith  c r itic a l  
ex p o nent κ. B o th  ex p o nents a r e 
sim i l a r  to  th e p r ev io u sl y  o b ta ined  
no n-F er m i l iq u id  v a l u e o f  
κ = 0.57  [3 ]. 


