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We have developed a model of the high-current breakdown of the integer quantum Hall effect, as measured
in contactless experiments using a highly-sensitive torsion balance magnetometer. The model predicts that, for
empirically “low-mobility” samples(u <75 m? V™1 s7Y), the critical current for breakdown should decrease
with, and have a linear dependence on, temperature. This prediction is verified experimentally with the addition
of a low-temperature saturation of the critical current at a temperature that depends on both sample number
density and filling factor. It is shown that this saturation is consistent with quasielastic inter-Landau-level
scattering when the maximum electric field in the sample reaches a large enough value. In addition we show
how this model can be extended to give qualitative agreement with experiments on high-mobility samples.
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[. INTRODUCTION contact configuration can all affect the measured critical
Shortly after the discovery of the integer quantum haljcurrent!? For this reason, a contactless geometry is desirable
effect (IQHE)! in transport measurements on two- for IQHE breakdown measurements.
dimensional electron systen@DES3 using Hall bar geom- An experimental method with which contactless IQHE
etry, it was found that the associated dissipationless stat®reakdown measurements may be performed was developed
pw=0, would break down if a sufficiently large current was by Joneset al** whereby the currents induced in a 2DES by
passed through the deviéélhese early measurements as-subjecting it to a sweeping magnetic field are detected using
cribed a critical current density of approximately 0.5 A%A  a sensitive torsion balance magnetometer. In this letter we
corresponding to a critical Hall electric field of the order of develop a model, based on an original idea by Dyakdfov,
10V mL Later work on Hall bars with narrow to show that such induced currents are sustained by charge
constriction$ gave much higher critical fields of the order of transfer throughout the bulk of the 2DES sample. This
10° V. m™%. There have been several theories put forward tanodel, for the first time, allows the very strong temperature
explain the breakdown of the IQH®Refs. 4—6 but, as yet, dependence of these induced currents to be explained and
there is no consensus. analysis of new experimental data from a variety of samples
There have also been detailed transport-experiment stué@nd over a range of Landau level filling factors allows for
ies into the IQHE. Most of these measurements have beeiformation aboutg-factors, the density of states between
made on samples with Hall bar geométiyut some have Landau levels and the breakdown of the IQHE at high cur-
utilised Corbino device® A different experimental approach rents to be extracted.
was employed by Dolgopolost al.® here a Corbino device
was subjected to a time-varying magnetic field. As the figld Il EXPERIMENTAL DETAILS
was swept charge transfer was measured between the inner
and outer contact using an electrometer and, as expected, Currents are induced in a 2DES by subjecting it to a time-
their signal was hysteretic—reversing sign when the direcvarying magnetic field. These induced eddy currgE€9
tion of the magnetic field sweep was changed. Recent experbecome large ag,, tends to zero at integer, and some frac-
mental work has shown that sample geometry, mobility, andional, values of the Landau levéllL) filling factor, v, and
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The data in Fig. 1 show that there is a slowly varying

| 5 . - ~ M, background signal resulting from the magnetization of the

201w rotor. As the direction of the field sweep is changed so is the

< 10 15f V=0 sign of the inducing electromotive force and hence the ECs

10 reverse polarity. This allows them to be easily distinguished

K 1951 Magnetc fietd sweep rate mT s from bo_th the magnetization of the rotor and the equilibrium
s oot magnetizationde Haas-van Alphen effecof the 2DES.

The experiments were performed on both bulk- and
S5-modulation-doped GaAs$Al,Ga)As heterostructures con-
taining 2DESs and on a SiGe heterostructure containing a
two-dimensional hole systei2DHS). The transport proper-
ties of these samples are outlined in Table I.

Magnetic moment [10~ A m’]

Magnetic Field [T] IIl. EXPERIMENTAL RESULTS

FIG. 1. Raw experimental data showing induced currents, as In our experiments the analogue of a traditional, transport
their corresponding magnetic moment, in sample T73 at 50 mKcurrent vs voltage curve is an induced magnetic monidnt,
There is a slowly varying background arising from the magnetiza-vs time rate of change of fieldB/dt, curve, Fig. 1(inse).
tion of the rotor. The induced currents can clearly be seen as theyJhe magnitude of the induced magnetic moments saturates
reverse polarity when the field sweep direction is reversed. Théo some valueMg, at sufficiently fast sweep rates, and this
inset shows an example ofM vs dB/t curve forv=6 at 50 mK,  saturation is attributed to the breakdown of the IQHME.
the size of the induced current saturates at fast sweep rates and tghereas in transport measurements ik ishat is fixed and
value of My is indicated. an increase inp,, is indicative of the breakdown of the

IQHE, as we shall show below, in our experiments the satu-
can be detected via their associated magnetic monint, ration of the induced magnetic moment is associated with an

using a torsion balance magnetométer. increase ingy,, and hence in a saturation of the induced
The samples were mounted on the torque magnetometeturrents.
which has been described elsewh&rep that the normal to Ms is also dependent on temperature. Initial measure-

the plane of the 2DES was at an angle of 20° to the appliethents found that this temperature dependence was very dif-
magnetic field. The magnetometer was placed in the mixinderent for, empirically, “high”- and “low”-mobility
chamber of a dilution refrigerator, in the dilute phase, and theéamples? The range of sample mobilities used in this work
whole assembly inserted into the bore of a superconductingas shown that crossover between the two types of behavior
solenoid magnet. One of the dilution units used in this workoccurs aroundu=75 n? V™1 s! in GaAs 2DESs. The re-
has a base temperature of 50 mK and the other has a baselts presented here will be restricted to low-mobilityv )
temperature of below 10 mK. The magnetic field wassamples, the temperature dependence of which are shown in
swept at rates from approximately x2104T s to Fig. 2, although more will be said about high-mobility
2X 1072 T st covering a range of 0—19 Tn situ calibra-  samples in later sections.

tion of the device is possible by passing a known current The temperature dependences of the saturation value of
through a coil, wound around a solid former, which is at-the induced magnetic moment4(T), of all of the LM
tached to the rotor. The use of the former for the coil allowssamples have the same general form and fit well to the linear
multiturn coils of a well-defined area to be reliably produced.relation

TABLE |. Sample details with their measured transport properties and extrgdtadors.

Carrier density Mobility Material

Sample name Grown at (X105 m3) (m2v-1lg and system g

T73 Cambridge 4.40 50.0 GaAs 2DES 4.90
T151 Cambridge 1.83 72.5 GaAs 2DES 7.28
NU762 Nottingham 3.60 27.0 GaAs 2DES 6.43
HCO-198 Niels Bohr 1.45 30.0 GaAs 2DES 6796
31/17 Warwick 1.84 11 SiGe 2DHS n/a
T393 Cambridge 1.02 100 GaAs 2DES n/a

8For sample HCO-198 only=1 and 2 were sufficiently well resolved to enable analysis, the value for the
g-factor is obtained by fitting through the origin and hence this value is likely to be significantly less accurate
than the other data in the table. For sample 31/17 oyl was analyzed and so rpfactor could be
extracted and the analysis is inappropriate for sample T393.
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Thus, to calculate the magnetic moment one has to find
the radial electric field throughout the sample. This electric
field is created by charges which are redistributed within the
0_25_ sample in such a way that the sample as a whole remains
e electrically neutral. As noticed by DyakonBvin two-
oo dimensional systems these charges cannot be concentrated at

the edges, but must be distributed over the plane. In contact-
Jans ZDES less experiments with disk-shaped samples, the validity of
T, this statement is evident: there are simply no edge states at
the center of the sample where some excess chlipagitive
or negative could be placed.

The excess or deficit of charge carriers in the 2DES plane
results in a shift of the Fermi-levet, from its initial posi-
tion (¢=0) midway between neighboring LLs. The probabil-
Temperature [mK] ity of thermal activation of a charge carriéan electron to

, the lowest empty level, or a hole to the uppermost filled
FIG. 2. The temperature dependence of the saturation magnquveb is proportional to

moment atv=4 in sample T73. The linear tren¥(T)=My-aT,
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and the values ofy and Ty are indicated. The two insets demon- P(An) o« exd = (/2 — eg(An)/kgT)] + exd - (go/2
strate the similarity in behavior of both a two-dimensional electron
system(top) and a two-dimensional hole systdimottom). +ep(An)/keT)],

MJ(T) = Mg - aT (1) whereg is the energy between the uppermost filled and the
s 0 ' lowest empty electron levels in an idealized 2DES. As long
Here M, and a are constants that may depend on both theas |An| is small, P(An) is a very small number and conse-
sample and the filling factor. In addition to this temperaturequently o,, is close to zero. A3An| increases one of the
dependence there may also be a low temperature cutoff @fxponentials increases, and the other decreases so that it can
M(T), i.e., Mg(T)=constant, below some temperatdigas  be neglected. This results in an exponential dependence of
indicated in Fig. 2. The exact value ®f depends on sample the longitudinal conductivityo,, on eg(|An|). As a conse-
density and filling facto(increasing with the energy gabut  quenceg,, should demonstrate a “threshold”-type behavior:
is typically ~300 mK. there is no mobile charge until the exponent is greater than
The similarity between the results for the 2DES sampleg;ome critical value; above this value, the conductivity is high
and the 2DHS sample is evident in Fig. 2. enough to provide charge relaxation, so that the radial field,
IV. THEORY E,, cannot be sustained.

] This threshold condition can be written as
The experiments reveal several features that cannot be

explained by any previous theory of the IQHE breakdown: g2 —|ep(An)|\ _
(1) The induced magnetic moments are much larger in eXp - kgT =C,
low-mobility samples than in high-mobility ones. ) ) _
1 K), around two orders of magnitude below the cyclotronvalue of|An| from
energy(which is approximately 20 K T in GaAs 2DES} . £o/2+kgT In C
(3) In LM samples, the temperature dependenc&lgis Anc(T) :f p(s)dsZJ p(e)de, (4)
best fitted by a descending straight line; in some cases, a 0 0

“cut-off” at low temperatures is observed. . . .
(4) All the above features are apparently insensitive towherep (e) is the density of stateOS) for localized elec

the polarity of charge carriers and the chemical compositiorﬁrons' This result allows the construction of the electric field
distribution in the sample which would correspond to the
Saturation of the magnetic moment in the IQHE regime. In-

of the structure. Similar behavior has been observed for elec-
tSr?Gns mna E?AS(/N  Ga)As heterostructure and for holes in a deed, the threshold behavior of conductivity allows two situ-
e one(Fig. 2). ations: (i) |An|<Ang(T) at anyE, or (ii) |An|>Ang(T) at

To explain these observations we first consider a disk~ _ . . L
shaped sample of radit® The induced magnetic moment, E,=0. As we are interested in charge distributions that would

X . , rovide maximum possiblg,, we construct it on the basis of
M, can be written as the integral of the tangential compone o : Lo
o condition(i), using, however, conditiofii) in small parts of
of the current densityj,,(r), over the sample area, . . .
¢ the sample to provide self-consistency of the solution.

R ) R ) The intuitive first approximation for the charge distribu-
M= Wf o r)r dr:”f TE(rredr, (2) tion which gives the maximum possible value Mf is the
0 following: +eAnc(T) at r<R/y2 and -eAnc(T) at
whereE,(r) is the radial component of the in-plane electric R/\V2<r <R (or the same with the opposite sign, depending
field. Here we have used the fact that in the IQHE regimeon the direction of the magnetic-field swe@ephis distribu-
o= oyE tion provides overall neutrality of the sample, while maxi-

3

0
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20 —edn=-eAnc(T)[vb/(R-r) - 1]

—_
w
1

into a narrow strip of widthb=0.02R along the edge. This
eliminates the singularity and makes the field in this region
close to zero.

Accordingly, the charge density now changes sign not at
r=R/\2, but atr=(R+b)/\2, hence there is a shift of the
other singularity towards larger Further refinement of the
dependence dE, onr is possible, but is not actually needed
since the contribution of a small current in a narrow region to
the total magnetic momeigR) is negligible.

—
[=]
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2477 Radial electric field without edge correction |} The potential profile shown in Fig. 3 represents the most
1 Radial electric field with edge correction || extreme case attainable within our model and would corre-
15 . . . . . T . : . ! spond to a system at the point of breakdown. The calculated
0.0 02 0.4 0.6 08 1.0 radial field might well be modified by the presence of impu-
riR rities and/or inhomogeneties and it is likely that the exact

_ o _ position of the maximum Hall field will also depend on the

FIG. 3. The calculated radial electric field profile across theprecise value of the filling factor. Indeed, within our model,
sample when the sweeping magnetic field is applied. The datg\,e expect that aw slightly different from an integer the
shown as a dashed line ignore the charge build-up at the samp{ reshold values of the accumulated charge denaing
gdge which is accounted for in the data represented by the so"\(lﬁould become different for positive and negative cHarge
line. (due to the difference in energy between the position of the

) . o new quasi-Fermi energy and the extended states in the higher

mum possible charge is moved. The electric field and potemyng lower LLs. This should result in a shift of the potential
tial created by this charge distribution in the sample plangjrop fromR/ 2 towards either the center, or the edge of the

can be expressed in terms of elliptic integrBlandK, sample, accompanied by an overall decrease of the electric
_ field and the corresponding induced current. These changes
E.(r) = £ eAnc[2F(r,R/I\2) - F(r,R)], in the potential profile may be some of the factors determin-

ing the shape of the induced magnetic moment peak as a
function of the magnetic field.

U(r) = teAng[- ZG(r,R/v‘E)+G(r,R)], (5) There have been experiments which have used atomic
force microscopy techniques to map out the potential profile
where F(r,a)=[2K(2\ra/(r+a))(a2+r2)-2E(2\ra/(r  in contacted Hall bars and Corbino disksHowever, these

+a))(a+r)?]/r(r+a) and G(r,a)=2E(2\ra/(r+a))(r-a)  experiments were performed at low currents, well away from
—2K(2+ra/(r+a))(r+a) are, respectively, the in-plane elec- breakdown, and so do not correspond to the situation de-

tric field and potential of a uniformly charged disk with ra- scribed here. .
dius a and unit charge density. This result has been pIotteciiE A.‘S the cha_lrge density over all th? sample, and therefore
againstr /R in Fig. 3 as a dashed line. r IS proportional toAnC,'the saturatlon value of the mag-
One can see that there are two singularities in the depef€lic momentMs, according ta(2), is
dence ofE, on radius, corresponding to the abrupt changes
of the charge density at=R/y2 andr=R. Both are inte- MS:AmrxyeAnC(T)R3, (6)
grable, so that there are no discontinuities of the electrostatic
potential. However, negative values of the electric field near ) . . .
the edge are obviously nonphysical: they correspond to th&hereA is a dimensionless constant which appears from the
current being directedppositeto the circulating electric evaluation of the integral; our numerical calculations give
field. The “wrong” direction of the electric field indicates A=1.1. Thus, the temperature dependencklgfs the same
that, in fact,more charge can be placed in this region. In- s that forAng(T). According to(4), Anc is the number of
deed7 a Charge density exceedmgc would create a non- localized electron states within the energy range from zero
zero longitudinal conductivity, however the electric field (halfway between the filled and empty leveland &o/2
would push the charge against the sample edge and it woultiksT In C (note that InC is negativg. Anc(T) vanishes at a
not be able to escape. As a result, charge can accumulat@mperaturdl, given byTo=go/2kg|In C|. As T—0, Anc(T)
near the edge until it completely screens the electric field, ins one-half of the total number of localized states per unit
accordance with conditiofii). The correct charge and field area between the Landau levels. The behaviohmf(T) at
distribution can be recovered by guessing a coordinate deF<T, is derived from the specific energy dependence of the
pendence for the charge density near the edge such thatdensity of states. Notably, if the DOS is approximately con-
would make the electric field zero in that region. The solidstant everywhere except in the vicinity of LLs(e)=p,, as
line in Fig. 3 illustrates that this can indeed be done byone can expect for samples with strong disofdéfthe tem-
placing an additional charge density of perature dependence bf; is linear,

075317-4



TEMPERATURE DEPENDENCE OF THE BREAKDOWN OF PHYSICAL REVIEW B 70, 075317(2004)

Ms= AmayeR(sg/2 ~kgT|In C|)po (7 4000 - Gradient = 8552

in agreement with experimental results, as shown above, fo 350
LM samples. As mentioned above, the Hall electric field as-

sumed in this calculation may be unrealistic, in particular it 3000 . Yy
might well be modified by the presence of impurities and/or l A TISlv=even
2500 - ¥ TiSlv=odd

inhomogeneties. Any such modification may influence theg
numerical constanA in (7) but would not alter the central g 2000

result of the paper: the linear temperature dependenbéof =

One can see froi¥) thatM is proportional to the density 150011/, .- v
of localized states. Therefore, theiore disordered the 1000 v e :
sample, théhigherthe current densities it can sustain. ) 2 }jhwﬁcﬁ;dm s
However, the radial electric field will eventually reach 500 Gradient = 1396
values comparable to the quasielastic inter-Landau-leve
scattering(QUILLS) critical field!® In the QUILLS model 000’ ' 0'2 ' 0'4 ) 0'6 ) 0'8 ' 1'0
electrons scatter from the highest occupiath), to the ad- ’ ' ’ 1/\; ’ '

jacent empty(n+1th) LL, conserving energy due to the Hall

electric field. In their paper, Eaves and Sheard prohibited FG, 4. T, plotted against 1# for sample T73. The odd and even
scattering between LLs of opposite spin, but we will discussiliing factors have different gradients, as indicated. The inset shows
possible refinements to this model in a later section. Thejata for both T73 and T151 plotted against magnetic field, the even
energy separation of the levels in the absence of a Hall fielg data then have the same gradiesithin experimental errgr The

is iw. Where w, is the cyclotron frequency. The distance difference between the odddata reflects the differemf-factors in
over which the electron may scatter is constrained by thehese samples.

need for wave function overlap between the initial and final

states. Thus the Hall field must provide an energy difference V. DISCUSSION

of Aw, in this distance. The critical field is therefore given by .
The theory presented aboy@) gives a temperature de-

pendence oMy which agrees with the experimental data,
Fig. 2. From comparison with experiment some information

L ) can be extracted.
Here the extent of the wave function is approximated by the

size of semiclassical cyclotron orbits with, the magnetic
. 1/2
length, given byiBz(h/eB) . .
This new mechanism will prevem from growing fur- The cutoff on the temperature axisly (kgTo
ther and results in a saturation bf as a function of tem- 2_80/(2_“” *)) measured at a range of filling factors, pro-
perature asT approaches zero since the QUILLS processV'des information aboug, as a function of magnetic field.

does not depend strongly on temperature. Such an effect falthough InC is not known, one can compare the depen-
indeed observed, as shown in Fig. 2. dences for even and odd filling factors: for everey=fw;

The QUILLS condition should first be met near fof 0ddv, o= ugB. As In C should be same for both cases,
r=(R+b)/\2, where the electric field is highest. The this provides a way to determine the effective g-factpr,
QUILLS condition in this case reads which is believed, both theoreticatfyand experimentallg:

to be much greater than the single-electigpfactor, as a

hog

Eq= .
Q7 elg([2n + 1]¥2+ [2n + 3]43)

(8

A. g-factors

(R+b) 7 (R+b) 7 result of many-body effects. Figure 4 showg plotted
AUZU( V2 _ElB -u \E +olg| =fiwc/e, against 14 for sample T73.

Separate linear fits to the data for odd filling factors and
(90 even filling factors show different gradients, as expected
from the difference in the nature of the energy gap, and a
positive intercept on the b/axis.
The fact thafl, goes to zero at finite has the appealing
physical interpretation that, is, in fact, a mobility gap
- rather than the LL separation. The value of the intercept then
AU=Ancderls In(ZR/ UIB)' (10 indicates the filling fa?:tor at which there would be no n?obil-
Thus, the charge density corresponding to the onset aty gap between LLs even &=0, i.e., it is related to the
QUILLS at the peak of the electric field, shown in Fig. 3 is width of the LLs. Similar results have been obtained for even
eAng=Eq/4 In(2R/ 7lg), where Eq=fiw /enlg is the value v from equilibrium magnetization measureméhtand, for
of uniform electric field at which QUILLS is expected to odd », by transport measuremefitdy other authors. The
occur. The corresponding magnetic moment of the sample ifact that this intercept is the same for both odd and even
filling factors is surprising but has been shown in all the
M= Ao Eq _ (11) samples for which sufficient filling factors to plot data as in
Q Y4 In(2R/ ylg) Fig. 4 were observed. The value af/n, may provide some

where U(r) is the electrostatic potential,p=v2n+1
+vy2n+3 andn is the index of the uppermost filled LL. Ex-
pansion ofU(r) near the singularity give.
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FIG. 5. A sketch of possible inter-Landau level transitions which Temperature [mK]
both conserve spirgsolid arrow$ and allow spin-flip transitions ] )
(dashed arrows FIG. 6. The temperature dependence of the saturation magnetic

moment in the high-mobility sample T393. The experimental data

S . have been fitted to a simple exponential dependence.
measure of the intrinsic sample quality but due to the fact P P P

that not all of the samples measured had a sufficient number .

of filling factors that were well enough resolved to enableMent in samples where low-temperature cut-offsMy(T)

analysis, no obvious correlation betweeg/n, and the &€ observed. We find that that thg odc_i f|||_|ng factp_r experi-

sample mobility could be found. mental dgta are closer tp theory if sp|.n—fl|p transiticare
From the ratio, of the gradients of the linear fits for odd &llowed, in these calculations the effectiydactors for each

filling factors to that for even the effectivg-factor can be S@MPle, as quoted in Table I, were used. For both odd and

extracted as even filling factors we find
- 2( m ) M/ Mgk ™"~ 4. (12
9= m B Although the exact ratio i1i12) depends on both the sample

For sample T73' =4.9, exchange-enhanced by a factor ofand_ filling factor there i§ reaso_na_;lble agreement bet_we_en ex-
11 from its bare valu.e, which is consistent with results ob_perlment and theory with no fitting parameters. It is I|kely
tained on similar samples using other experimentathat these results could _pe |mpr9ved by adding a scattering
technique$’ The extracted values for the other samples areate o the QUILLS cpr)Q|t|on, asin th?. breakdown model, to
included in.TabIe | acc_ount for_ the possibility of LL Fransmons occurring before
' (8) is satisfied. Further, accounting for nonuniform samples,
the finite width of the LLs, considering the exact sample
geometry and refining the model for the radial charge distri-
In the LM samples a low-temperature cut-off to the maxi-bution could all improve the agreement between experiment
mum size ofMg is observed below-300 mK, Fig. 2. This and theory. Such refinements would, however, not change the
may be due to the maximum electric field in the sampleconclusion that induced currents in LM 2DESs and 2DHSs at
becoming large enough to cause IQHE breakdown byow temperatures are limited by QUILLS. At higher tempera-
QUILLS (8). tures Mg saturates due the bulk charge redistribution which
As shown above the energy gaps between extended stategreasesr,,.
are different for odd and even LLs and so it would be appro-
priate to modify(8) to account for this. Hence the initial High-mobili |
restriction in the QUILLS model that all transitions must C. High-mobility samples
conserve spin should be relaxed. The possible QUILLS tran- High-mobility (HM) samples, perhaps nonintuitively, sup-
sitions for both odd and even LLs are sketched in Fig. 5portsmallerinduced currents, with a much stronger tempera-
Sinceg-factor enhancement is an oscillatory function of theture dependence than the low-mobility orgéThere is also
LL filling factor,?® for even v the energy gap is always no sign of a low-temperature cutoff dflg for T>50 mK,
~hw,, for odd v there are two possibilitiessfiw, if spinis  Fig. 6. Although the model described above cannot be used
conservedg' ugB if it is not. In addition, if spin is not con-  to say anything quantitative about HM samples at present the
served the denominator ¢8) should be modified to account general features of their behavior can be explained.
for the fact that the LL indexn, does not change in these  High mobility samples are expected to have a lower den-
transitions. This correction will be most significant at high sity of states between LLs than LM on&sAccording to(8)
fields (smalln). the size ofMy is directly proportional top, and hence a
The calculated maximum magnetic moments subject t@maller induced current is expected. The fact that there is no
the QUILLS condition(11) can be compared with experi- low-temperature cutoff in th&(T) data means that the Hall

B. QUILLS
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electric field in the sample never reaches a large enoughith an approximately exponential temperature dependence
value to cause QUILLS. Experiments at ultralow tempera-after illumination of a LM sample when cold. Exactly this
tures may, however, observe QUILLS breakdown in HMeffect has been observed in sample T#5ivhere illumina-
samples. tion raised its number density and mobility to
The fact that the DOS between LLs is lower also means; 83x 10> m=2 and 120 M V™! s71, respectively.
that a given charge redistribution will require the Fermi level
to move further towards a mobility edge in HM samples as VI. CONCLUSIONS
compared to LM ones. This in turn will result in a stronger
temperature dependencelMf. The fact that the temperature Induced currents have been used to study the temperature
dependence is no longer linear can also be understood usimgpendence of the breakdown of the IQHE in low-mobility
this picture: since the Fermi level is moving further from a samples. We find that the maximum magnetic moment which
minimum in the DOS towards a LLs peak it is sampling it is possible to induce in these samples decreases linearly
more of the DOS. As the Fermi energy moves further fromwith increasing temperature. To explain these results we have
the midpoint between LLs the DOS is likely not to be con-developed a model which accounts for the highly nonlinear
stant, and so the temperature dependendd oéctually re- dependence of the sample conductivity on the charge redis-
flects the energy dependence of the DOS. The exponentigiibution in the 2DES plane. The temperature dependence is
form shown in Fig. 5 is consistent with trial forms of the related to the energy separation between extended states and
DOS previously used to fit equilibrium magnetization d&ta. the DOS between LLs, these facts can be used to extract a
It is possible that future work could udéy(T) data to deter- value for the effectiveg-factor by comparing spin-split en-
mine the functional form of the DOS between LLs in both ergy gaps with the cyclotron energy gap.
the IQHE and FQHE regimes. In addition, at low enough temperatures, the induced cur-
We also note that transport experiments have shown eents can become sufficiently large to cause IQHE break-
transition between two types of IQHE breakdown down by QUILLS. There is reasonable agreement between
behavior?’?8here the critical current required for breakdown theory and experiment with no fitting parameters and it is
scales either linearly or sublinearly with the sample width.likely that this agreement could be improved by refining the
The transition from linear to sublinear behavior wasmodel.
achieved by illumination of the sample when cold and the The way in which this analysis could be extended to high-
change was explained in terms of potential fluctuations in thenobility samples has also been discussed and provides a
sample. It is such potential fluctuations which define thequalitative explanation for the different behavior observed in
DOS between LLs and so, in our work, we may expect to se¢hese systems. The possibility for obtaining the DOS be-
a transition from LM-type behaviaitarge ECs with a linear tween LLs in high-mobility samples from the temperature
temperature dependenc® HM-type behavior(small ECs dependence of breakdown has been outlined.
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