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Thermoelectric transport of composite fermions atv=3 and v=3: A simple way of evaluating p
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We propose a simple and generic way of evaluaprdjrectly from the ratio of the experimental values of
the diagonal components of the resistivity, at filling factorsy=3/2 andv=1/2 in the fractional quantum
Hall regime. Thep value determines the energy dependence of the scattering time, and the diffusion ther-
mopower of the system. We use the idea of parallel conduction of two gases. One gas, composed of electrons,
fully occupies one of the two spin levels of the lowest Landau level, and a second, composed of composite
fermions, partially occupies the other spin level. The analysis is free of limitations connected with the specific
scattering mechanisms and the nature of the carriers. The validity of the method is tested successfully, using the
available experimental data, for electron and hole gases.
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The quantization of the Hall effect, discovered in 1980, is The resistivity is defined from the basic transport equa-
a remarkable macroscopic quantum phenomenon that occutisns as
in two-dimensional electron systems and strong perpendicu-
lar magnetic fields. In 1982, working with much higher mo- a .
bility samples, Tsuiet al! discovered the fractional quanti- v Vu* +f (2h/e)J-BXdr
zation of the Hall conductivity. At very low temperatures and p= Ko_ p _YH
high magnetic fields an increasing number of Hall plateaus e?Jy e?Jy e?Jy
were observed corresponding to fractional filling factors with
odd denominators. fa(zh/e)\], Bxdr
A very promising approach to understand a system near B _ 4p. .CS _
even denominators is to attach to each particle an even num- + e2] =pTtp (VT=0) (2
ber of “flux quanta.” In this way, a quasiparticle named N
“composite fermion” (CF) was created. Jamby following where
this idea, constructed successfully the hierarchy of the frac-
tional quantum Hall effec(FQHE). .
In previous investigations we presented calculations for qp_vr“ _ _2mhs
e resistivity and diffusion thermopower of a two- e?Jy e?
dimensional electron ga@DEG) and hole gag2DHG) at
low temperatures neaw=1/2 and for the resistivity of a pcgis the nondiagonal term of the resistivity arising from the
2DEG nearr=3/2 in a wide magnetic-field rangé.In the  statistical potential,p® is the quasiparticle CF's integer
present work, we focus upon the relation between the diagguantum Hall effect(IQHE) resistivity term, ands is the
onal components of the resistivigy, at v=3/2 andv=1/2.  number of flux quanta attached to each carrier.
The analysis reveals a simple way of evaluatingghalue. A very important result from the theory is that the con-
This p value determines the energy dependence of the scatluctivities for the electrons in the FQHE and for the CF’s in
tering time 7, through the relatioh® 7,= 7oEP, wherery isa  the IQHE areadded in parallef*° The resistivity tensor of a
constant andp is directly connected with the scattering system neap=1/2 is expressed in terms of the quasiparticle
mechanisms.The value also determines the diffusion ther- p,,, resistivity componentg; and p, and the Chern-
mopowerS? of the systen?=’ The validity of the method is  Simmons termpes.* For a wide magnetic-field range they
tested successfully, using the recent experimental data, f¢rave been calculated elsewhéfe.
electron and hole gases. The thermopower is defined from the basic transport
The difference of the electrochemical potential of theequations by
electronsA i, and of the composite fermionsu* between
the edges of the sample are connected through the following

ior? v *+Ja 2h/e)J- Bxdr
equatior? 1V 1 © B( ) v
3 " eVT e VT e VT
A,uzA,u*Jrf (2h/e)J-Bxdr=Au*+2hJy, (1) o A
B . f (2h/e)J-Bxdr
B
—_— = p =
wherea and g label different edges of the Hall ba, is the +e VT ST (=0 @
magnetic field,J is the current density, andl, is the particle
current. where
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It is important to notice that the Chern-Simmons term that 2
_ ap 2 ap? | ( ,ap 2\2
appears in the resistivity is absent in the thermopower tensof/N€1€ M =pyy+2h/e"+ o1, pioc +(pyy+2N/€%)7]  and

— 2
Thus, taking into account the fact that Bgr=0, S{J=0, N=(py+2h/e).

. o 5 B
the total diffusion thermopower of the system is giverf by ~ Equation(103 for B¢(=0, i.e., p3y<2h/e” and pyy=0
transforms to

7kgT(p+1)  wkgTm*(p+1)

=— - (6) Pax
S 3ekr 6eh’nce Pxx,3/2:§v 1D
The system under study consistshotarriers moving on  \ynere
a (x,y) plane in the presence of an external magnetic field
B=(0,0B,) perpendicular to the plane. We will consider "
only the case when the magnetic field is so high that all the pIP= M2 (12)
XX

carriers populate the two lowest spin levels of the lowest
Landau level.

The »v=23/2 case is different than the=1/2. This is due mj, is the effective massr, 3, is the scattering time, and
to the fact that av= 3/2 the magnetic field is not inadequate ncr 3/, is the concentration of the composite fermionsvat
enough to transform all the carriers to CF's as in the =3/2. At v=3/2 only the one-third of the carriers are trans-
=1/2 case. We will treat the system under study as two difformed to composite fermiorfsi.e., ncg 3,=n/3.
ferent gases, showing parallel conduction. One of electrons However, atv=1/2, all the carriers are transformed to
fully occupies one of the two spin levels of the lowest Lan-composite fermion8,i.e., ncg 1,=n. On the other hand,
dau level {=1), and a second set of electrons that occupies

5 .
NcE,3/2€" Tt 32

the other spin leveliE2) (Ref. 4 have been transformed to

composite fermions. The total current in the case of a parallel
conducting multilayer system is the sum of the currents in

the different layers. Consequently the total sheet conductivit
is the sum of the sheet conductivities of the separat

114 given by

layers,
whereg; «x ando; 4, are the diagonal and nondiagonal com-
ponents of layer conductivity, respectively.

Then the total conductivity of the two-layer system is

8

The conductivity of the electrons fully occupying the low-
est spin level of the lowest Landau levéH1) is given by

Oixx ~ Oixy @)

o=

T xy Tj xx

- (O'l)(y+ 0'2,xy)

(Ul,xx+ UZ,XX)

(U'l,xx+ 0'2,xx)

(Jl,xy+ 0'2,xy)

O'tot:(71+0'2:<

2

0 e
~ O1xx ~ O1xy h
Tel™ = 2 ©)
O1xy 01 xx e_ 0
h

The conductivity of the second gés=2) can be obtained
from the inversion of the resistivity tenspg,.*
The total resistivity of the system at=3/2 is given by

2
(PSR +N?)pP

2
2
pI +M

(10a

Pxx,32~

mi,
Pxx12= p§§= ) (13

2
NcE12€" Tr 12

évhere,m’l*,2 is the effective massy, 1/, is the scattering time,

andncg 1/, is the concentration of the composite fermions at
v=1/2.

Halperin et al1° who calculated the transport time using
the lowest Born approximation as well as Khveshchéehko,
who calculated the transport time beyond the lowest Born
approximation, found that the transport time is proportional
to tk;g effective mass. We can approximate the transport time
7 b

P
CF-

7= Tom* N (14)
Thus, Eqg.(12) implies that the resistivity is independent of
the effective mass. The composite fermion gasses at both
=3/2 andv=1/2 correspond to carriers connected with two
magnetic fluxes. They differ only in their concentrations and
the value of their effective masses. At low temperatures we
may assume that E¢l4) holds for both gases, with the same
70, becausery is independent of the filling factdt® and the
effective mass of the composite fermions. The resistivity is
connected to the filling factor only through the composite
fermion concentration. Given that thevalue does not de-
pend on the composite fermion concentrafion,

+1
Pxx32 3P

9 (19

Pxx,1/2

Equation (15) permits the straightforward evaluation of
the p value just from the ratio of thg,y 32/ pxx 1,2 @vailable
from the experiment.
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TABLE I. Experimental data fopyy s/2/ pxx 1/2-

Group Pxx,S/Z/Pxx,lIZ Carriers T(mK) Ns(Ps) (Xlols m—2)
Sajotoet al. (Ref. 19 0.35 Electrons 28 0.22
Sajotoet al. (Ref. 19 0.43 Electrons 28 0.50
Sajotoet al. (Ref. 19 0.33 Electrons 62 1.3
Willet et al. (Ref. 20 0.30 Electrons 85 3
Yeh et al. (Ref. 21 0.34 Electrons 40 1.3
Nicholaset al. (Ref. 22 0.39 Electrons 710 4.8
Nicholaset al. (Ref. 22 0.38 Electrons 590 3.0
Zeitler et al. (Ref. 23 0.34 Electrons

Panet al. (Ref. 29 0.35 Electrons 2.2
Tieke et al. (Ref. 12 0.2 Electrons 28 1.76
Crump (Ref. 13 0.19 Holes 299 (0.93
Ying et al. (Ref. 19 0.14 Holes 50 (0.65
Bayotet al. (Ref. 16 0.14 Holes 100 (0.9

Substituting in Eq.(15) the values forp from Halperin  concentrations are very close to those reported by Bayot
etal’® (p=0.5), we obtain p,,3,=0.6%,,1,. Using etal’®(ps=0.4x10" m 2) and consequently, the negative
Khveshchenko’s valfefor p (p=0.13), we obtainp,, 3> P value obtained f=—0.8), using Eq.(15) looks reason-
=0.3%,x1/2- In Table | we present a series of experimentalable. Even for higher hole concentrationp,€0.86
data for the ratioyy 3/2/ pxx.1/2- The vast majority of the data X 10" m~2), Moldovanet all’ reported negative values.
are in remarkable agreement with our result for0.13. Tieke et al? data although concern electrons of compa-
There are only two exceptions. The first concerns electrongable electron sheet densities with other experiments listed at
and it has been reported by Tiekeall? for which pxx32  Table | seem to deviate from the 0.39 value of the resistivi-
=0.2px1/2- The second concerns holes and it is referred tdies’ ratio. Applying Eq.(15) to their data we obtairp=
the data reported by Crunip,Ying etal,'* and Bayot —0.4. Thisp value together with Tieket al. conclusion that
etall® the dominant contribution to the thermopower is due to pho-

Crump's® data for holes with concentratiop,=0.93 non drag, suggests that the effective mass of the carriers
X 10" m™? give a ratiopy, s/ pyx 12=0.19. From Eq(15  involved is comparable with the free electron mass, i.e.,
we obtainp=—0.5. Ying et al!}* and Bayotet al’® data, m*=m, and notm* =5m, that is the value they used in
also for holes with concentrations, respectivehy=0.65 their report. This is in agreement with Shubnikov-de Haas
x10"® m 2 and p=0.4x10"° m 2 give a ratio analyses that yieldn* =m,.'® Consequently, the scattering
Pxx3i2! Pxx 1/2=0.14. From Eq(15) we obtainp=—0.8. This mechanism in the specific samples needs further investiga-
p value deviates significantly from the value obtainga ( tion.
=0.13) if the random magnetic field scattering mechafiism In summary, in the present work, we propose a simple
is dominant. However, these hole concentrations are quite/ay of evaluating directly from the ratio of the experimen-
smaller than those of other samples studied by Bayai®  tal values of the diagonal component of the resistivityvat
There, ps=1.35x 10" m~2, and in a previous workwe = 3/2 andv=1/2 for electron or hole gases, in the fractional
have shown that Khveshchenko’s value fois applicable. quantum Hall effect regime. The analysis is not subjected to
Thus, comparing th@ values as the hole concentration di- limitations such as the specific scattering mechanism in-
minishes we expeq to decrease. If this is the case, gmd Vvolved and the nature of the carriers present in the device.
becomes lower thar-1, according to Eq(6) a change of For electron gases our result justifies fhealue proposed by
sign in the diffusion component of the thermopower shouldkhveshchenk8.However, for hole gases, our result suggests
be observed. Recently, Moldovaetall’ reported ther- negativep values, in agreement with recently reported ex-
mopower data for holes of concentrations in the range operimental data on thermopowér.
0.2xX10% m 2<pe<1.2x10" m 2. For low enough con-
centrations 0.18 10'° m 2<p<0.33x10" m2 their V.C.K. acknowledges the support of the Public Benefit
data showed a change in the sign of the thermopower. Thed®mundation “Alexander S. Onassis.”
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