antization of the Hall resistance, based on the appeata fesoscopic fluctuations of current-voltage characteristics
u
of so-called quantum eddies. They argue that the h ‘A. 1. Larkin and D. E. Khmel'nitskil :

i istence of quantum eddies. Un ‘ . . .

\ inQs( I:;,).;’I‘;V:: Zl;eg :i::is not pre :ict the parametric d&s L. D. .Landau Insttf‘ute of Theoretical .Physzcs, Academy of Sciences of the USSR, Moscow, and Institute
ture, AV, is essential-  nately, Wido: . - tion could be 1% of Solid-State Physics, Academy of Sciences of the USSR, Moscow

measured at 7 = 2 K. At that tempera £ }; Cuirent I, This  dence of the hysteresis so that their assertion ¢ ! e (Submitted 18 April 1956) -

ly independent of I, oyerala{ge range o l: ¢ onsequ:r.lce of experimentally. Nevertheless, t'hat explanatloq o th}ez’ Zh. Bisp. Teor. Fiz. 91, 18151819 (November 1986)
behavior of AV, (o) is puzzling. It may bea c in Anc)  teresis in Qg (V) is rather dubious. The experiments sho¥f '

a change in the width of a Landau level (and thus in &ns that the hysteresis disappears at a current of about 2 Fluctuations of the current-volta

caused by the current I, through the channel (Fig. 10). The quant.ization of the Hatj considered. Such a specimen can be made invthe form of a contact involving. two normal
resistance has not yet disappeared at 'fhls current, as wan .. metals. The dep‘e‘ndenc,:,e of the current J on the voltage ¥ is a random ‘f"unctlon, ?nd the CVC
CONCLUSION ' shown in Ref. 7; it is observed even at higher currents. Coj has the forrr.l of “grass” on the usual ohmic pedest.al. The. scale, of.' the “grass” with respect to
f th eriments which we have described sequently, the hysteresis in Qs (V) cot‘lld not be regarded 2% : .the voltage is of the order of ¥, ~7i/7se, where 7, is the time of flight across the contact and e
The results of the exp ing through the channel of an ssary concomitant of quantization of the Hall | . isthe electron charge. The current scale 81 depends on the voltage ¥ and the temperature T
here show that the curren;E;PYl;nforresponding to quantiza- ? ;:Z::ealthzugh the presence of a quantized Hall resis it and is found to be of the order of (e2/#) (V VOl%if VsV, T/e. Asa result, at sufficiently
i\i,gns (s,:-r:lhcetull:lzﬁnfi:s:::c; ;;‘ects the relatlion bt;/thsré (::l’el ui;doilbtedlt); a necessary conditiqn for the observatlg large voltages regions of negative differential resistance appear.
nd the gate voltage V. hysteresis effects. )
charge onfthe s:;;uc:ll;:lel,reg csxfihe depgndence Qs(V,) thatat ¢ In conclusion I consider it my pleasant duty to th nk
conclllc‘le rom the lateau the current collects nearone ¢ pudalov for constant interest in the work and for use i
the beginning of the p,,, p al‘?a V. of H is then varied, the ad.vise during the writing of this paper. I also thank . The current-voltage characteristic of acontactbetween In this paper we find the dependence of X on
of the banks of the channel; a; gther bank, where it dissi- Borovik-Romanov for his interest in this work; o normal metals, calculated by using the kinetic equation, V=(V,+V,)/2,AV = V|, — V,,and the temperature 7. It
current track moves toward t 1:: o sult found in Ref. 2 for a Edel’man, I. Ya. Krasnapolin, V. A. Gerge!’, and V. A. Vol§ ound to be ohmic. The deviations of the CVC from linear. is assumed that the contact has the form of a bridge between
pates. This_ result is similar tot -etrie but there is the differ- 1 o for us’eful discussions; and N. S. Ivanov and A. K.J_, it ihithat arise from the nonequilibrium character ofthedistri-  massive “banks”, with cross section § and length L S1/2,
GaAs-Al, Ga, _, AS.he;eros_i:ruc ;,l tI;e current changes the sh for technical assistance. ﬁ function in the contact and from the dependence of  The mean free path / is assumed to be smaller than L.
ence that a change in the SIgn‘;,:l 1t moves. The differ- y ferate of inelastic processes on the electron energy have a In the study of a nonlinear CVC it is convenient to use
direction in 'Whmh- the current h ‘a'me;rent redis;tribution In 1y M Pudalovand S. G. Semenchinskit, Poverkhnost’. Fiz. khim, Mcl8 Ifl¢ scale with respect to the voltage and will not be consid-  the diagram technique of Keldysh.5" In this technique the
e}r:ct’il apparetnﬂ); s;;siess ::Z?:;thid::lcllensity gradient, While  han. 4,5 (1984). ’ gled here. Another source of nonlinearity is associated with Green’s function has the matrix form
the heterostructur :

itzi . Weimann, J. Phys. C18, L261 (1 i :
MIS structure the density gradient is formed by the :g zEb;x;érll(g. \SancK%;ﬁling;lzn: Cl\}d e e 385, 5506 19618 B ncerterence o o oy s associated with
in an stru ] ) D.C. Tsui, '

AV, =p,,I, + const. It can be seen from Fig. 4b that at
T=g 4.2 IE the experimental dependence AV, (l,) agrees
well with this result; we cannot say the same about the curves

ge characteristic (CVC) of a mesoscopic specimen are

G* G*
dient inskif, Pis'ma Zh. Eksp. Teor. : i case when the contact resistance R, <#/e? and the G=( ) .
. ; ction of the current 4"y ¢ “piialov and S. G. Semenchinskit, Pis’'ma ¢ 3 o "
current itself, and a change in the c}1r€; ’ ‘1'88“"(19‘3’5? [JETP Lett. 42, 232 (1985)]. man. Solid fliericrence effects emerge as small corrections to Ohm’s 0 ¢
changes the sign of the density gradien .bl' hedbetweenthe  °V. M. Pudalov, S. G. Semenchinsky, and V. S. Edelman, So ; Here
lationship which we have establishe Commun, 51,713 (1984). o y . , ] |
There P sity gradient in the channel "V‘.’hn/}. Pudalov, S. G. Semenchinskif, and V. S. Edel’'man, Zh, Eksp, }}ese correct}ons are gre.&ltest whc?n the mt.erference oc G4 (1, 2) =Fi( + HhF L) (1) p*(2) +pt (2) (1)),
current and the electr(mf d;n h?’ tgresis observed on the  Eiz 89, 1870 (1985) [Sov. Phys. JETP 62, 10791(1985)(‘].S G s er a long time exceeding the time of flight 7, of an 5 (1, 2) Yo . )
i explanation of the hysteresis. "A. Verni . M. Pazinich, V. M. Pudalov, and S. G. | s ; . : 1 &) =—Kp(1)Pp* (2)~p*(2)p(1)>
y:frlszs z?Q (p V,), V,(H), and Qs (H) in Ref. 5. The appar- 72;[‘;‘1‘:}&;’ g’;}(‘i‘r’z;hy a Tekhinka, Ser. 2, Poluprovodinkovye prib fl-across the region of the contact. Such interference is . v,
c s\Vgls Vg ’ ' . )

. g . ly for electrons with approximately equal ener-
.of these curves is the for . . eon ‘ o
ent reason for the obsgrviils()}:?: te;:perirheter of the channel 82}7. 1(2}31?-2 )K- von Klitzing, K. Ploog, and G. Weimann, J. Phys. C16 ‘ ch that |e, — &l SeV, =# /7. If the mean free path /
mation of an eddy current along the pet ent as the middle of (1985, . H. Friedman, Phys. Rev. 32, 544 : ler than the length L of the contact, then 7,~L?*D,
and the subsequent collapse of this current I9have A Widom, Y. N. Srivastava, M. Rete D is the clectron diffusion coefficient. The interfer- - :
the channel. It should be noted here that Widom et al.” hav (1985). effects depend th ifi ' f the i G*=(G,"~G*)[1-2n(e)], (2)
ifferent explanation for the hysteresis of q?en on the specific arrangement of the im-
proposed a differe d their own fheory for the effect of the  Translated by Dave Parsons and this leads to non-self-averaging of the CVC, If
Qs (V). They offered their " age Vacross teh contact is much smaller than ¥, the
C linear and the conductance g = 1/R contains a non-
veraging correction &g. The theory for this case!=> pre-
an irregular dependence of 0g(u,H) on the magnetic [e+ (B/2m) V>~ U(r)—eq(r) 1Ge(r, ¥)=8(—1'), (3)
2‘1:;::25 :::snt;l;e;g: gc‘:fizh; slec;rc;ns. oot where @ (r) is the electrostatic potential and U(r) is the ran-
e region of energies |, —c,| (e)Vm:earyt}?ee;‘;::j dom potential of the impurities; the distribution of U is as-
17— &2~ i |
V> V., this region breaks down into ¥/ V., intervals sumed to be Gaussian, and , : ‘
ues of ¢, and &, for which interference is important. U(r)=0, U(r)U(r)=2nvrd(x—r). ‘
Uch interval gives an independent random contribu- . . .
rder 2V, /4 to the total current. Theref ore, thecur-  1ere v is the density of one-electron states and 7 is the mean
§arandom function of the v oltage; Vwith characteris.  [r€€ time. Calculating the average Green’s functions G in the
e AV~ ¥ and amplitude AZ~ (e2/#i) (V¥,)/2 For ~ PProXimation ur/#i% 1, we obtain
(#i/e’R,) V, there are parts of the CVC that have a nega- Re4) o ,
differéntial resistance, G (nr)= I (dp) explip (r—1') ] {e—p¥/2m=£i/23), (4)
he random function 7( V) is characterized by the cor-

where ¥* and ¢ are creation and annihilation operators in

the Heisenberg picture. In conditions of thermodynamic
equilibrium,

where () is the Fermi distribution function.
In a microcontact, inelastic-relaxation processes are
unimportant, and therefore G satisfies the equation

while GX(r,r') satisfies t_he. diffusion equation

DV*G*(r, »)=0, D=uv,*t/3. : (5)

Vi, Vo) =TV T(V;) -1 VI, (1)
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Taking into account the boundary conditions at the banks of
the contact, we find

G.SK (T, r)],,o, ;,=2ni‘v[1—2n(e:|:eV/2)], (6)

where ¥V = @(L) — ¢(0) is the potential difference across
the contact. The current I is expressed in terms of the
Green’s function be means of the formula

I=—i;—h§d35 dS(V—V")GE (&, ') [e=r. (7
m

Averaging (7) over the distribution of the random potential
and using (5) and (6), we obtain for the total current 1
across the contact the usual expression

I=DSV 5 G5 (r,r)de
+oo

= (evDS/L) S {n(e—eV/2) —n(e+eV/2)}de. (8)
The current correlation function K(V3,72) correqunds 'to
the diagrams depicted in the figure. The spurs on these dia-
grams correspond to G K(p,r) determined by formulas (5)
and (6). The other ladders on the diagram correspond to the
two-particle Green’s functions

Pou(r, ¥)=GF(x, 1) G (r, ). M

Here the one-particle Green’s functions in (9) des'cri_be the
motion of an electron in different electrostatic 'poteptlals ®1
and @,. In the diffusion approximation P, (r,r') satisfies the

equation
{DV’+im/h+i(e/ﬁ)[m,(r)—(pz(r)]}Pm(r, r)=—2avd(r—1’).
(10)

On a boundary with massive banks,

Po(r, ') |ms, =0 (11)

The sum of the diagrams a~d yields the expression

L ‘ 4o

: ( 2 )z“dzidxz“de,dez

K(V, Vo) =————\——
Vo Va) =y \Sas / o

X{ |Pomes (21, ) |* F -12- Re Pi_..(2, 22) }
X[ n( N —ﬁg—’—) —n( N +—ezl,‘—)]

o ) (w42

For V., €V.,inEq. (10) wecan neglect the potential ¢ and
the expression (12) goes over into the formula for the cur-
rent correlation function in the ohmic region.>>® !f
V1, > V., AV, then the main contribution .to the formulg is
given by the term |P, _ ., (x1,%;) |* and the important region
of energies is |¢, — £,| €€V. Therefore, the dependence of K
on V, T, and AV factors:

(12)
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a
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K87, = e (5)' .

x [ (2L ) - {5)-

Here the dimensionless function f(a?) is expressed byl

integral
/2 +
f(a®) =a? ”dllt dy» 5 dz| 11, (34, ¥2) 2
—-a/2 —c0

where I1, (') satisfies the equation

{0*19y*—i(y—2) L.y, y)=—2a8(y—y")-

Tile coefficient in Eq. (14) has been chqsen so. !
f(0) = 1.Fora> 1 theimportant regioninthe 1ntegra1,,gg )

is |y, —z|~y2— z| ~1<a. Therefore,

FAVIV)=C(V/AV)*, AV>V

+ oo
C= T,Ii- Sde; dyz| Hz(yh yZ) |2’

where the integral (17) the function IL, (y:.y,) de
weakly on z in the interval —a/2<z< a/2. Inthe %'eg
high temperatures T> V., V, factorization occurs irr
tive of the relative magnitudes of ¥ and AV In this c
can also neglect the term with Re P?in (12) and rewrt

equation in the form

e

1 [\ eVe (AV
K(Vh Va,T)=-—(2———n)"(-E—) Vlvz-T—'f( Vc .

The correlator K, of the differential conducjtan'
connected with the function K (V,V,) by the relatio

A. I. Larkin and D. E. Khmel'nitskil

(Vi Vz) =g(Vi)g(V,) —g(V)g(V,)

2

=WZ—K(V1, Ve).

(19)

r V>V, the largest contribution to K, arises upon differ-
iationof the function f(AV/V.):

5 H e - Z1 (8
G\ n!l V., T el I\
With increase of V' the correlator K, grows, and for

Veth(eV/T)—T[eV]>V.(%/e*R,)?

(20)

(21

. fluctuations of g exceed g. This implies that if thé condi-
tion (21) is fulfilled, then on the CVC there are parts, of
fwidth AV~ V_, on which the differential resistance is nega-
i e With increase of voltage V or tempéfature“, inelastic
s cesses, which have not been taken into account above,
¢inbecome important. These processes are characterized by
t time 7;,. The time 7;, is determined by the average
ctron energy, i.e., by the temperature or voltage. When
me 7;, becomes smaller than the time of flight, 7, 7;,
be taken into account in the equation for P, which takes

-1/71n+iﬂ)/ﬁ—eE$/h}Pm(x1 x') =—2nv§ (x_x’). (22)

Ty, is taken into account the function A(AV/V.)
be replaced by a fucntion ®(L /L, L,,/L, ), where
D7, )'/? is the diffusion length of the inelastic pro-
and Ly = (D#i/eE)"* is the field length. For large
asymptotic form of ®(&,7) coincides with the
tic form (16). However, this asymptotic form is
ed only for L, €L,,, L, when

V2>V mafl, (L/Ln)?). (23)
pposite limit, then
4(8:.0) = (3/€) (cth E—1/E). (24)

< .:nd arbitrary = (L, /L )? the function ®(£,7)
e form

D (2, n)=(3/8)F(n), n=AV(e’V.r.'[R)",  (25)
[ 4 n<t

oefficient C is defined by formula (17).

he temperature factor in (13) is changed somewhat
energy relaxation is taken into account, if ¥> T and
n+ This change is connected with the change of the

*Sv. Phys. JETP 64 (5), November 1986

electron distribution function in the contact and depends on
the relative magnitudes of the electron-electron collision
time 7., and the electron-phonon collision time 7, ,, .

Thus, inelastic processes lead to weakening of the cur-
rent fluctuations and to increase of the voltage scale of the
CVC fluctuations. The correlator K, of the differential con-

ductances is then further decreased:

_ 12 ez 2 esVchTins L{n ” 3 ] *fa
K‘_—(zn)“(L 7{) —w L WAV )"
(27)

Qualitatively, the form of the CVC does not depend on the
explicit form of the function K'(V,,¥,), but it would be inter-
esting to find this correlation function experimentally and,
in particular, to check the asymptotic formula (17). The
calculation of K(V,,V,) was carried out above by averaging
over realizations of the random potential. The correlation
function can also be found by measuring the CVC of the
same contact in a wide range of voltages ¥ and averaging
over V for a fixed AV.

The shape of the contact is not important. For an arbi-
trary shape, in place of L one must use the characteristic size
of the contact region that determines the resistance of the
contact. For example, for a hole in a thin insulating layer
between normal metals this size of of the order of the diame-
ter of the hole. The assumption that the mean free path satis-
fies /<L is also not a restriction. If /> L, an irregular CVC
should also be observed, but the times of flight T,~L/V;in
this case are shorter and the characteristic scale V,, ~#iv. /L
of the fluctuations is greater than for a dirty contact.

The authors are grateful to S. Murzin for a communica-
tion on the observation of an irregular CVC in microcon-
tacts, and to B. L. Al'tshuler for a discussion of the results.
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