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Thermomagnetic effect in a two-dimensional electron system with an asymmetric
guantizing potential
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In a two-dimensional electron gd2DEG) in GaAs/AlGaAs heterojunction an electromotive for&VIF)
was experimentally observed in the presence of a magnetic field parallel to the 2DEG plane and in the presence
of a heating of the 2DEG with respect to the crystal lattice. The origin of this effect is the asymmetric
guantizing potential of heterojunctions in the presence of a magnetic field which leads to an asymmetrical
electron energy spectrum in the plane of 2DEG in the direction perpendicular to the magnetic field. The
asymmetry of the electron energy spectrum leads to an asymmetrical electron-phonon interaction which results
in the appearance of the EMF investigated. The value of the measured EMF is in agreement with theoretical
estimations.

In a two-dimensional electron gé8DEG) with asymmet-  phonon emission takes place. Due to the difference of elec-
ric quantizing potentiall(z) in the presence of a magnetic tron interactions with phonons having wave vectqgsand
field H, parallel to the 2DEG plane, the electron energy—q,, the energy transfer is accompanied by a momentum

spectrum becomes asymmetrical: transfer from the phonons to the electrons alongxfaxis,
leading to the emergence of an EMK{H,). The existence
e(ky) #e(—ky), (1)  of this EMF was predicted in Ref. 9 and analyzed theoreti-

cally in more detail in Ref. 10. The aim of the present work
wherek, is the wave vector of an electron in the direction is the experimental observation of this EMF.
perpendicular to the magnetic field’he macroscopic prop- For the investigations, Hall bars were fabricated from a
erties of a 2DEG having an asymmetrical energy spectrun2DEG in a GaAs/AlGaAs heterojunction grown by molecu-
(1) are different for the directionéx) and(—x), leading to  lar beam epitaxy. Two opposite probes 1, and 2, of the Hall
unusual physical effecfs® Possible phenomena connectedbar were used to apply the heating currerascillating with
with this spectrum(1) were analyzed in recent theoretical the frequencyf, such that the current parallel to tlyeaxis
studie§” where different interactions between the 2DEG andcrosses the bar that is parallel to thexis (the geometry of
elementary excitation@hotons, acoustic phonons, g¢teav-  the setup is presented in the inset of Fig.The voltage drop
ing wave vectorg], and — g, was demonstrated. This asym- Uz, from the part of the bar at a distante 100 um from
metry of elementary electron interactions results in a univerthe crossing point was measured at frequenty® a func-
sal guantum macroscopic effect: Any isotropic perturbatiortion of magnetic field. The distance between the probes 3 and
of any electron system having an asymmetrical energy spe& wasd=1 mm. The same technique was previously used
trum (1) leads to the emergence of an electromotive forcor measurements of thermopower of 2DEG microstructures
along thex axis® In particular, this EMF appears for isotro- in GaAs!! The Joule heat of the applied current produces a
pic heating of the 2DEG with respect to the crystal lattice.heating of the electron system with respect to the lattice tem-
The microscopic physical reason for this phenomenon is aperatureT. For low enough frequencies the temperature
follows. When the electron system is heatfat instance, by  differenceAT between the lattice and electron system oscil-
an electric field parallel to the 2DEG planthe temperatures lates with a frequency 2 Thus, for the magnetic field par-
of the electron and phonon systems are different and energgllel to they axis the voltage drop measured is proportional
transfer from the electron system to the phonon system bjo the EMF&,(H,) directed perpendicular to the magnetic
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FIG. 2. The dependence of the measured sighalas a func-
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0 50 100 150 tion of (@) H, and(b) H, components of magnetic field for different

H (kG) anglese. The solid line is thef,(H,) dependence.

_FIG. 1. Voltage dropU,, measured from probes 3 and 4 for peiic effects. However, any ordinary thermomagnetic effect
o_hfferent anglesp as the function of the apsolute value of magnetic .\ o ~tad with théd, component should be an even func-
field. Inset shows the geometry of experiment. tion of magnetic field, with the sign of the effect determined
field and the heating current line. The density and electrof?y the sign of the temperature gradient. In contrast, the di-
mobility of the 2DEG aren.=4.6x10'* cm 2 and u=4 rection oI th§ EMF ofalnterest is determined by the vector
X 10° cm?/Vs. The measurements were carried out at temproduct nxXH]J (wheren is the vector normal to the plane of
peraturesT of about 20 K in magnetic fields up to 150 kG. 2DEG), and provided that the directiomsand —n are not
We usedf~7 Hz and the power of the heating current wasequivalent due to asymmetry of the quantizing potential of
P=2.5x10"* W/mn? in our experiments. The magnitude 2DEG, this EMF can be nonzero and should be an odd func-
of temperature oscillationdT was aboti4 K in theregion  tion of magnetic field. Figure 3 shows the dependence of
of the heating current. The measurements were carried out &t;,(H) measured for the two signs of the magnetic field.
different anglesp between the plane of 2DEG and the direc- One can clearly see that the high field part of the EMF con-
tion of the magnetic field. The transverse component of magnected with theH, component changes sign when the mag-
netic fieldH, (and thus the angle) was determined using netic field is reversed. This is convincing evidence that the
the measurements of the Hall signal proportionaHtpby  observed EMF is not connected with ordinary thermomag-
passing the current through contacts 1 and 4, and measurimgtic effects, but originates from the asymmetry of the quan-
the voltage drop between contacts 3 and 5. tizing potential of the 2DEG.

Figure 1 shows the dependence of the measured signal Since the measured signal can be presented as the linear
Us, on magnetic fieldH for different anglesp. At ¢=m/2  sum of the two contribution[su34=£yE(Hz)+Ex(Hy)] and
the origin of the signal is the transverse Nernst-taking into account thag~(H,) is an odd function oH,,
Ettingshausen EMRE/5(H,), that appears in lead 3 along one can obtaif, =[Usy(¢) + Usi(— ¢)]/2. The correspond-

they direction due to the electron temperature gradient alonghg curve calculated from the data measuredrat+5° is
x. This EMF is not compensated by the Nernst-Ettingshausen

effect near lead 4 due to the exponential decay of the tem- . T T T
perature gradient with the distance from the heating current b, ¢=5 J

0.8,

line. One can see that the curve fpr=12° shows oscilla- | sos

tions which are periodic in H,. The origin of the oscilla- 3

tions is the feature of'g'E(HZ) driven by the transverse com-

ponent of magnetic field and connected with the crossing of

Landau levels by the Fermi energy. The electron density de-

termined from these oscillations ig=4.6x10'* cm 2 in

agreement with that obtained from usual Hall measurements.

Figure 2 shows the dependence of the measured signal on the

transverse Ki,) and longitudinal H,) components of mag- b 4

netic field. One can see from Fig(a® that the signal mea- e , e

sured fore=5° and 12° is much larger thddz,(¢ = m/2) -150  -100  -50 0 50 100 150

=€yE for corresponding values dfi,. This means that for H (kG)

small ¢ the main contribution tdJ 3, is connected with the

H, component of the magnetic field, i.e., for smallthe FIG. 3. The dependence of the signag,(H) measured atp

voltage dropUz,~ &, (Hy). =5° on the sign of the magnetic field. Inset shows the power de-
It should be noted that the presence of a temperature grpendence of EME,(H,) atH,=100 kG. Solid line is theoretical

dient in a 2DEG along can lead to ordinary thermomag- fit based on Eqsi4) and(5).
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presented as the solid line in Figb2 The nonlinearity of wrkgT
the curve near zero magnetic field is connected with an error L= 36

in determining the angle dtp|<5°, the influence of which
on the resultant curve is stronger in weak magnetic fields$s the characteristic length of the thermal conduction process

where thef!"(H,) dependence is strongksee Fig. 2a)]. in the 2DEG, andr is the energy relaxation time in the

It follows from Ref. 9 that the EMF considered is electron-phonon system. Substituting Hd) into Eq. (3)

yields
h X4
EX(HY)_(e_nS J;(S dXEq QX[(We(q)_Wa(q)]v (2) . Emdo 2 12(8 Hy
EHy)=(keT)®| — 7 || £ /ATo

wherew,(g) andw,(q) are, respectively, the probabilities of mh pvrensc z
the acoustic phonon absorption and the acoustic phonon | d
emission per unit time and per unit area of the 2DEGs ><exp< — _) L 1—eXF{ —— (5)
the phonon wave vector, and the integration oxextends L L

between coordinates of the probes 3 and 4. In the conditiops, 5 2DEG in GaAs the energy relaxation timés about

of the present experiment, E() has the forn’ 109 1334 Then, for H,~10°G, Eq. (5) gives &(H,)
—_ 2 ~107 V. One can see from Fig.(B) that this value is in
gx(Hy)%(kBT)S Emd, s (ﬂ) reasonable agreement with experimental results.
wh pvf’ensc E; The inset of Fig. 3 shows the power dependence of the

EMF &,(H,) measured atl,=100 kG. One can see that the

XJ'X“ dXAT(X) 3) dependence is linear in accordance with E@s. and (5)

' except for the lowest value of power where the accuracy of
_ . . . _measurements is not high due to the small magnitude of the
whereZ is the deformation potential of the GaAs conduction signal.
b.and,mils the effecyve electron masg, IS the cry;tal den—' In conclusion, the effect considered is based on the asym-
sity, vy is the velocity of the longitudinal acoustic wave in ey of the interaction of electrons with phonogs and
crystal, do=(3#"m /1_6meEZ) IS the charqcten;uc thick- —(0y . This asymmetry is a direct consequence of the simul-
ness of the 2DEGE,=4men;/e is the electrical field at the - 3605 breaking of the inversion symmetry due to the asym-
heterOjunct|on along the axis, ande is the d_|electr|c CON-  metric quantizing potential of heterojunction, and time-
stant. Using the thermal cpnductance equation for the qegerﬂﬁversion symmetry due to magnetic field. As was previously
erate 2DEG and the Weidemann-Franz law, the heating afhown? the breaking of these fundamental symmetries re-

the 2DEG between probes 3 and 4 can be written in theyjs in analogous asymmetry of electron-photon interaction.

X3

form: However, in contrast to the effects originating from this
X asymmetry, namely the enhancement of photovoltaic effect,
AT(X)=AT, exp( — _), (4) the asymmetry of electron-phonon interaction, considered in

L the present work, results in an EMF, which is completely

wherex is the distance from the heating current line, absent in a 2DEG with symmetrical quantizing potential or
in zero magnetic field.
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