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Quantum Hall liquid-to-insulator transition in In ;_,Ga,As/InP heterostructures
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We report a temperature- and current-scaling study of the quantum Hall liquid-to-insulator transition in an
In,_,GaAs/InP heterostructure. When the magnetic field is at the critical Beld p,,=0.86n/€?. Further-
more, the transport neaB, scales as|B— BT * with x=0.45+-0.05 and as|B— Bl with
b=0.23+0.05. The latter can be due to phonon emission in a dirty piezoelectric medium, or can be the
consequence of critical behavior negy¢, within which z=1.0=0.1 andv=2.1+0.3 are obtained from our
data.[S0163-182@07)03424-3

The charge transport in a two-dimensional electron syst into an effective temperatureT,. Combining the
tem (2DES at low temperatureT) and high magnetic fields |-scaling and thél-scaling results, one obtailg,~ 12 with
(B) exhibits a rich set of critical phenomehas an example a=0.5. This new angle of view of the transitions, as will be
we take the transition regions between two adjacent qua_nt_urghown later, allows the independent extraction of batthe
Hall (QH) plateaus. In the QH states, the system exhibityocalization exponent of the transition aadthe dynamical
dissipationless conductance, while in the transition regiongxponent.
separating two adjacent plateaus, the system dissipates. The|n this paper we report ahscaling study at the QHL-IP
first quantitative study of the transition between two integertransition. The Ip_,GaAs/InP sample used for this study
quantum Hall liquid (QHL) states showed al-scaling  was grown by chemical vapor deposition and has an electron
phenomenofi. The experiment was performed in an density 4x 10" cm~2 and mobility of 94 000 ciffVs at 4.2
In; _xGaAs/InP heterostructure. Specifically, the maximumk. The sample was patterned into a standard Hall bar geom-
value of the first derivative of the Hall resistance, etry with Ohmic contacts made by diffusing indium. Our
Pxy, With respect taB [(dpy,/dB)™®] scales ad ~“ with  measurements were performed using standard ac lock-in
x=0.42. The minimum value of the third order derivative of technique at a frequency of 5 Hz.
pxy Wwas later found to scale & 3«3 These scaling results In Fig. 1 we plotp,, as a function o8 for six T's be-
imply that the transport coefficients near the critical mag-tween 300 and 730 mK, measured with1 nA. The sample
netic field (B%)4 are functions of a single scaling argument exhibits well developed QHL states at filling facics 2 and
|B—B[T " > 1, illustrated by a vanishing,, aroundB=0.8 and 1.6 T.

Another example of critical behavior in the magnetotrans-There is a particulaB.=2.6 T, below whichp,, decreases
port is found in low electron mobility samplésThese sys-

tems show standard QHL states suchia® and 1 ( is the
Landau level filling factorwhenB is smaller than a specific
field, B.. When B>B_, the diagonal resistivityp,, in- I :
creases with decreasinig which is characteristic of an in- e N
sulating phas€lP). The operation of thd-scaling analysis 5
with scaling argumen{B—B/| T~ %, in the transition be-
tween the IP and the QHL, is to collapse all the
T-dependent data onto one curve usings a parametér’
The « value obtained from this scaling proced{rsuggests
that this transition may belong to the same universality class
as the QH plateau-to-plateau transitions. 20
Recently, current- I) dependent measurements were - ;
made in In_,GaAs/InP heterostructures in the QH plateau- | N
to-plateau transition$.At a fixed bathT and whenl is 0
larger than a characteristic valuelp,/dB)™* scales with B (T)
| as (@dpx,/dB)™~1° with b=0.21. The effect of largé
is to deliver external power to the 2DES, done at a rate faster FIG. 1. Diagonal resistivityp,, versusB, with I=1 nA at
than its cooling rate to the substrate. One can therefore ca$t=300, 390, 450, 510, 600, 730 mK.
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FIG. 2. pyy versus|B—B,| T« with the parametek adjusted
to be 0.45-0.05 to collapse the data points at differans.

and above which it increases @isdecreases. ThiB; can be
interpreted®'°as the criticaB separating the transport into
the QHL atB< B, and the IP aBB> B.. The value of
pxx @t B¢ is 22 K/, close toh/e?, which is consistent
with the results of Shahast al® and other€.In their papers,
they show thatp,,( B;) ~h/€? is universal at the QHL-IP
transition.

In Fig. 2 we replot a portion of the data in Fig. 1 close to
B.. It showsp,, as a function of theT-scaling variable

|B—B¢| T~ %, wherex is used as a fitting parameter adjusted

to give the best collapse of all data points at differétg
onto a single curve. The upper curve is B B, while the
lower for B< B,. We obtain x=0.45+0.05 consistent
with the results of Ref. 7. Our result &f is also consistent
with that obtained from the QH plateau-to-plateau
transitions? This illustrates that the sample is in the
T-scaling regime in th& range studied.

We then study the effect df at the QHL-IP transition.
Figure 3a) shows thel dependence of the,, versus
B traces in the neighborhood 0B, at T=0.3 K, for
I =50, 100, 150, and 200 nA. Whér=50 nA, the data over-
lap that ofl=1 nA. We notice that thesk-dependent data
are similar qualitatively to th&-dependent data shown in
Fig. 1. This implies that the role df is to heat up the 2DES
and the transport at eacthis as if there is an effective tem-
peratureT, which is larger than the bath.? The facts that
the transport showsT scaling with a single variable
|B—B.|T™%, and thatl appears to be mapped ontoTg,
lead us naturally to analyze tHedependent data using a
modified single variabléB—B.|l “°. The result is shown in
Fig. 3(b), in which the parametelb=0.23+0.05 results in
the collapse of the transport data.

Combining theT-scaling and thd -scaling analysis, we
arrive at the conclusion that,~ 12 with a=0.51+0.05. This
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FIG. 3. (& pyy versusB at T=300 mK for 1=50, 100, 150,
and 200 nA.(b) pyy versus|B— B[l ~° with the parameteb ad-
justed to be 0.23 0.05 to collapse the data points at differéistin
@).

I11-V compound semiconductors. This mechanism gives rise
to a=0.5 in the dirty limit'> One way to check this expla-
nation is to study the high3 transport of the 2DES in Si
material where deformation-potential coupling dominates the
electron-phonon interaction and may result in a differ@nt
The T- andl-scaling results can also be interpreted in the
framework of critical phenomena, which lets us relate the
experimental parameteksandb to the microscopic critical
exponents. Within this framework, the electron localization
length ¢ diverges atB. according toé~|B— B¢ ~*, where
v is the universal localization exponent. lifis the cutoff
length scale within which the quantum interference can take
place, the transport coefficients then scale with the dimen-
sionless parametdr£.* Moreover, it is found that at the
quantum critical point the electron coherence time di-
verges asr.x &%, wherez is the dynamical exponeft.The
effect of finite T and finiteE (or equivalently, finitd), is to
introduce new cutoff length scalels, andlg, respectively.
The uncertainty in time associated with the energy fluctua-

result is the same as that in the QH plateau-to-plateations of the electron about the Fermi energy igg1/ for the

transitions® indicating the universal nature of this phenom- case of finiteT, and 1£Elg for finite E. One can obtain
enon. One possibility of this apparent universality of the ex ,~T~ ¥ andlg~E~"#*1) (see Ref. 1 As a result, when
ponenta is that theT, controlled byl is determined by the B~B,, the transport coefficients are functions of the dimen-
electron-phonon interaction via piezoelectric coupling insionless parameters,
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I¢/§~(|B—BC|T‘1’Z”)”, ) In summary, we have studied th&-dependent and
I-dependent transport at the QHL-IP transition in an
le/é~(|B—BE~Uz+Dryr, (2 In;_,GaAs/InP heterostructure. AB=B,, p,,=0.86n/e.

o _ _ The scaling analysis results ifi,~1%%%% in agreement
We therefore identify the experimental scaling parametergiw, that of the QH plateau-to-plateau transition. This may
« andb asx=1/zv andb=1/(z+1)v. From our experimen- o qe to phonon emission in a dirty piezoelectric medium,

tal data of « and b, we obtain z=1.0+0.1 and o may be the consequence of scaling within which
v=2.1+0.3, which are comparable to the numerical and,_1 o+(.1 andy=2.1+0.3 are obtained from our data.

other experimental results* Our measurement therefore
corroborates quantitatively the notion that the QHL-IP tran- The work done at Princeton was supported by the NSF.

sition belongs to the same universality class as the QHH.P.W. acknowledges support by NSF Grant No. DMR-
plateau-to-plateau transition. 9311091.
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