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hIagnetoresistance fluct,ua.t~ions of a. inesoscopic conductor! in which t,wo-din~ensional elec- 
trons are sca.ttered not by impurities but by a disordered lattice of antidots fabricated using 
rlectron litliography and plasma etcliing, have been founcl. Comparison with theory of 
ronductance fluctua.tioiis i11 cha.ot,ic billia.rd has heen i1la.de. 

Intcrfereice of elect,rons scat.t,ered 13'. iinpurit,ies a t  

low temper?.t,ure plays ali imporlant. role iii a sarnple 

with sinal1 :.ize. 111 particu1a.r. t.l-iis int,erfereiice is re- 

sponsible foi* the dependente of t . 1 ~  sample resistance 

on the specific realizatioli of its randoin potentia.1. A 

change in t11e configuration of the scattering potential 

gives rise t o  an  alteration in the value of the  conduc- 

taiice (recipiocal resistance) of tlie order e'/1~~[~1. Mag- 

net,ic field also influeiices t,he electjron interference be- 

cause of t,he Aharonov-Bohm effect,. t,herefore universa.1 

conduct,ance fluctuntions Iiave becii obserwxl as a. f~inc-  

t,ion of ma.giiet,ic field[". Recently, new micros t ruct~~res  

based on a. ligh mobility two-dimensional (2D) elec- 

tron gas in GaAs/.41Ga.4s het,erost,ructures have been 

fabricated, in which the  electron transport is ballistic: 

electrons collide with the s i c l e ~ d l  of the  microstructure, 

but. are not acattered by i rnpur i t ie~[~] .  
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111 this systein, ~vhich is actually a version of the  

electron billia.rd, concluctance fluctuations with mag- 

net,ic field have been found r e ~ e n t l y [ ~ ] ,  and investiga- 

t,ion of it)s correla.tion properties gave the information 

of what type of billiard is really c h a ~ t i c [ ~ l ~ ] .  In  par- 

ticular, tl-ie billiard with the shape of a "stadium" is 

more chaotic t1ia.n the "circle" shape billiard as has been 

fouiid iii Ref. [4]. 

Anot,her type of chaotic billiard is a 2D electron gas 

in a lattice of ailtidots: holes with submicron size etched 

in l~ tc ros t ruc t~ures  A l ~ a i \ s / ~ a ~ s [ ~ ] .  In this system 

elect~rons are scattered by the antidot strong repulsive 

potential. At a zero or weak magnetic field this billiard 

is also chaotic (see, for example Ref.[8]), but  Gusev e t  

a1.[~1 have found that  the inagnetoresistance of these 

structures exhibited some feature which was connected 

witli interference of the specific trajectories when the 

electron moves clockwise a.nd counterclockwise. T h e  

existeiice of stable trajectories which contribute to  the 

con~luctivit~y is contradicted to the conclusion that  this 

billiard is cha.ot,ic. The  test samples investigated in 
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Ref.[Y] have microscopic diinensions, therefore iiiterfer- 

ence wa.s a.ttributecl to tlie ti.:t,.ject,ories during baclíscat- 

teriiig a t  tlie starting point,. For observa.tioii of inter- 

ference of different trajectories and invest.igation of its 

contribution to  tlie concluctivity, a sainple with size less 

t,lia.n t,lie electroii coliereiice length L9,  wliicli is 2--4piri 

a t  low temperature, sliould be used. 

111 this work we measured i~iagnetoresista.iice in 

mesoscopic samples mit,li artificially created sca.tt,erers 

(aiitidots), arranged iii periodic or disorderecl configu- 

rations. The inagnetoresista.nce fluctuations due to in- 

tcrference of the electron trajectories clnring tlie elastic 

scattering of elect,rons 1)y antidots 1ia.ve been observed. 

11. Experimental details 

The  test san~ples  mew Hall bridges ba.secl on 

GaAs/AlGaAs lieterost,ructures wit,li 2D electron gas. 

Iri tlie initial lieterostructures, the electron density was 

n, = 4 x l ~ ~ ~ c r n ~ ,  a.iid tlic electroii mobility p = 

2 x 10%ni"/!Vs). Iii the  midclle part of t,he sa.iiiple be- 

tween pot,entiometric prol~es,  we 1ia.ve drawii a pattern 

usiiig tlie electroii beaiii; the sample was split off, and 

the middle part hacl a bridge shape with the 4 x 4 ,mi2 

size (Fig.1). In this bridge a disorderecl lattice of anti- 

dots was patterned. Antidots were sliiftecl fro1i-1 tlie av- 

erage posit,ioii in a periodic la.tt,ice iii any clirectioii along 

a main axis, obtainecl by a random number generator. 

The  shift from periodic position was A = 0.3pn1, i.e. 

half of tlie average periocl c1 = O.Gp111; tlia.meter of anti- 

dots was 2u = 0.1-0.15pn. Thus, tlie longorder in this 

syst,ein Ivas violated, but  tlie sliort orcler was preserved. 

After elect,ron beain lithography, samples were etclied 

using reactive plasi i~a etchiiig. The magiietoresista~ilce 

was nieasiired by t,he four-probe iiiet,hod, except tha t  

potent,iometric probes were coniiect,ed to a wide part of 

the sarnple with 2D electron ga.s as i11 quaiit,um point- 

coiitact rneaçuremen t~[~~] .  Thris, the sample consists of 

two sea.s witli high ino11ilit.y clectrons conncct.ec1 by a 

bridge with artificial scatterers. Tlie measure- 

merits were done a t  frequencies 70 - 700 Hz in a. 1na.g- 

,T 
Figure 1: Magnetoresistance of the  sample with disordered 
lattice of antidots measured after different intervals of time: 
1 - A t=O; 2 - A t=5 min, 3 - A t=40 min; T = 1.7 K. 
Insert - sketcli of tlie sample. 

iietic fieId up to  8T a t  teniperatures 0.3 - 4.2 K .  We a.lso 

mea.sured differeiitial resistance as a. function of a con- 

stant  bias current applied in parallel t o  the AC current. 

Two samples with different arrangement of disordered 

lattices a.nd one with a periodic lattice of antidots were 

measured. 

At zero magnetic field t>he electrons in the bridge 

Imve a mobility (8 - 10) x 10%m2/(Vs), i.e. a factor 

of 20-30 srnaller than the sample without antidots. I t  

gives evidence that  scattering of electrons by antidots 

is dominant. Also this value is two times smaller than 

for tlie systein with periodical lattice of antidots for pe- 

riod cl = 0 . 6 ~ m [ ~ ] .  Gusev et al.[ll] have fouiid tliat in 

macroscopic samples with a disordered lattice of anti- 

dots, mobility'can decrease with increase of disorder. 

111. Magnetoresistance fluctuations 

Fig. 2 sliows the niagiietoresistance of a niesoscopic 

sample as a function of magnetic field B. We see sev- 

era1 curves measured after different intervals of time. 

There are the following features in the magnetoresis- 

tance bel-iavior: 1) Magnetoresistance is negative and 
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Figure 5: ilI;.giietoresist~ance for different DC lias ciirrent.. 
sainple resist ince R = 9800 Olirn. 

amplitude of fluctua.tions decrea.se. A cha.nge in the 

i ext we pattern of tllese fluct,uations is a.lso observed. V 

discuss thesc fcatures. 

The hehi~vior of the differei1t)ia.l res i~t~ance  a.t zero 

magnetic fieid is uerg similar t,o t,he reduct.ion of the 

resistance, a ~d further pa.rabolic increasc iii rcsist,ance, 

which was previously observed i11 a hallistic yuant,uin 

point co~i tac t~[ '~] .  This feature was a.t,t,ributjed t1o the 

nonequilibriiim transport through unoccupiecl Iiigher 

quantuin subbands in a point contact. We suggest t1ia.t 

i11 our case tlie narrow region bet,ween antidots bel-iaves 

like a point c~mtac t~ .  Under this circumstaace, our sam- 

ple can be divicled int,o tliree partas (Fig. 1): the right 

side: which cmtains  a. single row of t,he point contacts 

with differenf width; the midclle pa.rt,, whicli is a cavit,y 

wit,h artificial scatterers; a.nd left, t,he side, mhich also 

contains a rolv of point contacts. Eonliiiea,r belia.vior is 

due t-o the pi.edominant. volt.age drop I~etween a la.rge 

2D electron r-servoir and the first row of a.ntidots. 

We see asymmetry of the differential resisla.nce be- 

cause of tlie c ifferent arrangeinent of point contacts on 

tlie left and t,he right parts of tlie sample. In tliis case 

a rectifying current is possible iii our sample ~vit l i  a 

disordered a r q  of antidots. The effect of a. la.rge DC 

current on a universal conduct,ance f lu~t~uat ion i11 sam- 

ples with inip ~ r i t y  dominant scat,t,ering was observed in 

Ref. [14], becsuse applying a. liigli volta.ge result,s in a 

change of a.11 ,,lia.ses of interfering pat~is[~"]. Tliis volt,- 

age should be coniparable to the characteristic energy 

of the electronic system 

where D denot,es the  diffusion coefficient. There is no 

calculat.ioil of the noiilinear effect in a billiard system, 

therefore Ire cai1 only suggest that  this characteristic 

energy exists in our system too. Analysis of the fluctu- 

at,ions i11 Fig. 5 gives t,he value ET FZ 4 meV, which is 

inuc1-i higher t,liail the t,ernperat,ure. More experiments 

for det)errnination of t,his eriergy a t  different sample re- 

sistivit,y ancl temperature is necessary. 

In summary, t,hese experiments have revealed meso- 

scopic fluctua.tions of t.he magnet,oresistance in sample 

wit,h artificial scatterers. The amplitude of these fluc- 

t,uations is not described by the traditional theory of 

mesoscopic fluctuations i11 samples with impurity dom- 

inant scat,tering. Nonlinear effect. a t  high DC bias cur- 

rent was observed. Asyn~niet,ry of the differential resis- 

tance, wliich can produce rectification of current passed 

tlirougli tlie sample, w8.s found. 
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