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Tlie varia.tion of Alia.ronov-Boliiu oscilla.tioii per i~dic i t~y and persistent magnetoconductivity 
1i.tve been observed in tlie array of AlGailslGaAs riilgs with diameter of 0.3pin. Magnetic 
f idd tuiied iinpurity levels were suggested t,o be responsible for this behavior. I t  can be a 
result of tlie local elect,roil deiisity variatioli due t,o t,he influeilce of the weak magnetic field 
o11 t,he int,erference effect. in mesoscopic sa.mples. 

hlagnetoojcillations in tlie normal metal ring wit,li 

small cliametx due to tlie Aliaroiioi-Bohm effect is 

one of tlie remarkable phenomeiia t,lia.t demonst,ra.ted 

tlie yuantum behavior of a.11 electroii in solids. These 

Aharonov-Bo!lm (AB) oscillat,ions a,re very sensit,ive 

t o  impurities, because defects introduce tlie adilitioiial 

sliift to t,lie electron wave f~iict~ioii  phnse a,iid, coiise- 

quently, t o  n~agnetooscillat,ioi~s of a sinall siiigle ring a t  

nearly zero msgnetic f i e~d[ ' .~ ] .  Iii sinall sarnples, whose 

size are comparable t1o tlie phase colierence lengtli Lv 

t he  conductance fluctuations a,re rancloin because of the 

interferente ainoiig all possible t ra je~t~or ies .  Tlie results 

of interferenct: are not averaged, but ratlier depend on 

tlie specific arrangeilient of t,he scattered centers iii the 

given s a i i ~ ~ l e s ~ ~ ] .  Tlie clia.iige iii tlie configuratioi~ of tlhe 

ra.ndon1 pot,ential in microst,ruct,ures gives rise to  va.ria- 

*Perinanent ddress:  Iilstitut,e uf Semicoiicluctor Pliysics, 
Russian Acadeniy of Sciences. Silxrian Brandi: r\'ovod~irsk. 
Iiussia. 

t,ion of tlie inesoscopic fluctuation pattern in a specific 

sainple. This configuration can be changed as a re- 

sult of spont,aileous s ~ i t c h i n ~ [ ~ ~ ~ l ,  under the interband 

irra.diation[q7] and after a.pplicat,ion of a strong electric 

field p ~ l s e [ ~ ~ ] .  Ma.gnetic field also can influence the  im- 

purity leve], ancl change in the switching time of a single 

impurity with magnetic field was observed[". However, 

it is difficult t o  see the influence of magnetic field on tlie 

coiiduct.ailce fluctuat,ioiis because of their random pat- 

t,ern. Another situa.tioii exists in the single submicron 

ring. In this case AB oscillations with the periodicity 

giveii by the  flux quailtum ao = hcle are dominant. 

Introdiictioil of an additional shift iii the  magnetic field 

cai1 chaiige ai1 a.ppa.reiit periodicity of AB oscillations. 

In this paper we report the variation from hcle to 

11.c/2~ AB oscillation periodicity in the array of rings 

tuned by magnetic field. We suggested that  the  impu- 

rities are responsible for this behavior. PVe indirectly 

olxervcd also noii~nonotonic l~ehavior of the impurity 

energy n~liich cai1 be connected to a mechanism based 
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on the infiuence of Lhe electron local density on the 

defect,['] . 

T h e  test samples were Hall bridges ba.sed oii Al- 

GaAs/GaAs heterostructures with 2D electron p s .  Iii 

tlie initial Iieterostructures tlie eIectron density was 

n, = 4 x 101lcn~-%nd electron niobility p = 2 x 

10%n12/Vs. The  samples witli area 500 x 200pm2 were 

split off, and in the  middle part between tlie poten- 

tiometric probes tlie square bridge wa.s forinecl witli 

size 2 x 2pm2.  In this bridge a periodic lattice of 

holes (antidots) was patterned using electron lit,liogra- 

pliy. TIie lattice periocl d was 0.3 p i ,  lithography an- 

tidot size c = 0.15 p m .  Next, tlie lithography samples 

were etclied using reactive plasma etching, which was 

stopped before the AlGaAs spacer. The  aiitit-lot size 

was larger tliaii tlie geoinetric diameter because of tlie 

deplet,iori region arouncl t,he antsiclotsl therefore we liave 

a = c + t ,  where t is tlie wicltli of tliis cleplet~ioii region. 

Tlius, our system is different from otlier antidot lat- 

tices whicli have been studied previously and for whicli 

cl/a >> l[lO]. Also our sa.mples lmve a sina.11 size L = 1, 

where 1- rnean free patli in tlie initial liet,erostriictures, 

therefore the electron transport 1va.s quasi ballistic. The  

geometry of our array is closei. t o  tlie geometry of tlie 

connected riiigs with diameter 0.3pii-1. Tlie nmgnetore- 

sistance was mcasured by tIie four probe inethod a t  

frequencies 70- 700 Hz in a ma.gnetic field up t,o 0.5 T 

a.t temperature 1.7-4.2 K.  We measured two samples 

with identical parameters. 

We found tlie magnetoresistance oscillat,ioiis which 

can be connected most clearly witli AB effect, however 

their beliavior was unusual. Tlie typical curves of this 

magnetoresistance are shown in Fig.la. Fig.111 shows 

the periodicity of AB ~scil lat~ions.  The periodicity is 

varied from Q o / S  to  cPo/2S', irhere S = ird"4 is the 

ring area with diameter cl. Tlie envelope of the magne- 

toresistance curve, correlated witli periodicity variat,ioii 

is observed. After several sweepings of B the oscillation 

picture is slightly changed, in particular, tlie second 

rninimum of the resistivity moves to the higher mag- 

netic field (curve 3) ,  and oscillations with periodicity 

hc/e move to  the l-iigher B too. We swept B 10-20 times 

aiid found that  the saniple begins to reveal hysteresis 

Figure 1: a) Magnetoresistance as a function of magnetic 
field, T=4.2 I<; Insert: Schernatic view of the saniple. b) 
Periodicity of oscillations for the different rnagnetoresistance 
c11rves. 

beliavior. The  sa.me situation was observed when we 

swept B up with low velocity (0.3 T/min) and switched 

off B after the a.pproach of B,,,, with high velocity 

(2T/min). Fig. 2 shows some typical magnetooscilla- 

tioii curves wlien the magnet,ic field was swept up and 

down. We observe two features differences from AB 

oscillations in a single AlGaAs/GaAs ring: decrease of 

tlie periodicity and hysteresis of the magnetoresistance 

oscillations. For curves 1,2 the resistivity did not return 

t,o the initial state when B was turned off. T h e  sample 

resistivity was relaxed to this state during 30 S. The  

niagnetic fielcl B was swept up and down 10 times, and 

ii~agiietooscillatioris were slightly transformed into the 

curves 3,4 wliich also reveal liysteresis. For these curves 

aft.er 30-40 s a t  zero magnetic field the sample returned 

to  tlie first state. This behavior was repeated several 

times. Oscillation periodicity for curves 3,4 is changed 

froiii IzcleS to hc/2eS (fig.2). hlaximum amplitude of 

the  conductance oscillation was found to  be 0.8e2/h. 

We believe tha.t the impurities are responsible for 

tliis behavior. For the dynamic study of this effect we 

mea.sured the resistance as a function of t ime during 

a smeeping of the inagnetic field. Fig. 3 shows four 
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Figure 2: Magiietoresistance wit,li ligsteresis as a: f'iinct.ion 
of B: 1,3 - B s,veep iip: 2,4 - B sweep down; b) Periodicity 
of AB oscillations for curves 3,4. 

curves, iiieasiirecl after each the other. We see, tha t  

wheii mngnet, c field was smept clown, hysteresis of tlie 

magnetooscillstions was observetl, end the sainple resis- 

taiice was fou-id to be Iiigher t1ia.n for tlie iiiit,ial sta.t,es. 

1l:lien tlie mqyietic fielcl is turiied of, tlie resistivity 

hops to  tlie i iitia.1 d a t e .  Tlie long t.ail of tliis re1a.x- 

ation was foiincl. 1l'e sce l1ia.t. I.liis thil coiisist of tlie 

severa.1 st.eps, wliich correspoiids to Lhe change iii tlie 

state of a single impurity. Froin the calculation of the 

steps nuinhcr we cai1 determine that  10-20 impurities 

were truiiecl 113 magiietic ficld a.iid after liops to tlie iiii- 

tia1 st,aks. Fig. 3 also slio~vs tliat for curves b a.nd d 

tlie final resistance is iiot exactly equal to tlic iiiitial 

state. I t  mea.iis tliat the some pa.rt of impurities were 

staying iii tlic new met~ast,a.ble stn.t,e. The  oscillations 

patterii for ea:h curves are cliffeicrit mhicli is caused by 

tlie little varii~tion iii tlie coiifiguralioii of Ilie scatter- 

iiig potential due to  these loiig switch time inipurities. 

However, the correlatioii between inagiietooscillatioiis 

curves is higli: only oscillations a.mplitudes are s11lea.red 

and clistirigiiished more clearly. 

In inesoscopic sainples, telegrapli noise coiiiiected 

to switcliing of t.he tivo-leve1 jmpuiit,y sta.t,e lias been 

observed[*~". This switcliiiig is rela.ted t.o t,unneling iii 

- TIME 
Figiire 3: Resistivity as a function of time during a magnetic 
field sweeping and following relaxation. 

Figure 4: Scliematic illustration of the AB periodicity vari- 
ation diie to tlie changing in the impurity state. Insert left: 
impiiritp potential at different magnetic field. 

a douhle well energy potential with slight assymme- 

try or activation over this interna1 barrier[ll], and thus, 

wit,li tlie iilotion of tlie scatterer from one place to an- 

otlier. Iii tliis case tlie interfereiice electron pattern 

cai1 be affect,ed by tliis rnot io i~[~] .  If defect hopping 

is activated by tlie teinperature (we believe that  this 

inechaiiism is doniinant in our case), activation energy 

is respoi~sible for the switching time. When the ac- 

tivation energy is larger than the therinal energy, the 

impurity spends a11 time in the lower state. The  pro- 

posecl inechanisiii of the impurity switching influence 

oii t,lie AB oscillations is illustrated in Fig. 4. When 
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1 . 1 ~  iiiagnetic fielcl incrcases: iinpurit.ies Iiop t,o tlie ot.licr 

st,ate (Fig. 411). Coiifigiira.t.ioii of í.lie ].ai-itloni 1mtent.ia.l 

is cliaiiged: tlierefort: t.hc iicw pliasr sliift, 1.0 ;\B oscilla- 

tions is int,rocliiced, 111 o u r  cwc niagiict,ic ficld clia.iiges 

the st,a.te of many inipurit.it:s ( a  long rctlaxat,ion 1,iiiie tail 

was fonnd). Tliereforc 1.11~ .i13 oscillation phasc is not, 

changetl abruptJy, I ~ u t  a sii1oot.h t,ransit,ion is olmrved 

(Fig. 4cl). As t.li(: ii~a.gnet,ic fieltl iiicrcases furthcr, iin- 

purit,ies cai1 hop baclí t,o t,lici i i i i h l  sta.t,c (Fig. /Ic). or 

clefects witli liiglicr Iioppiiig harrier I~ciglit switdi l,o tlic 

secontl st,atc. As a resiill OS t,lie cliange i11 t lie co~ifig- 

urat;ion of t,hc randoni pot.cii(.ial t,lic apparent .i0 os- 

cillat,ions periodicit,y is sliglit.ly raildoiiiizetl: ii, is wr ied  

bet\veen h c / é  and h c l 2 t .  II'c íilso I)elicvc tliat tlic envc- 

lope of iilxgi~etoresist,ance oscillai io~is  o11 Fig. 1 cai1 hc 

connec1,ecl nrit.11 iinpurity hops to t.lie ol,lier sti1t.e. 111 t,liis 

case it is a. nen7 kincl ol' iiiagii<:t.orc:sist~i~~icct cluc 1.0 t.lie 

changing in t . 1 ~  configurat,ioii of tlic i.aiidom pot,cntial. 

Tl'e sec also tliis ii~agilct.orcsisí.;ii-icc for ciirvc~ 1 (17ig. 2))  

Iiowever lxcause tlic oscillat.ions ;trc sil~earcd. a.iialysis 

of t,lieir pcrioclicit,y is cliflicull. 

For l,he two-leve1 syst,ciii t.lie livirig 1,inie t,, aucl 

spent in u p  ancl do~vn sl,at,es cai] bc iut.roclucecl. For tlie 

systein 117it~l-i a. Imrrier wheii tlie ac t i~a i~ ion  iuriclia.nisni 

is doii~inant. t d / i p L  = ~xp(Jjl~/X"T), whwc E,, is t,he ac- 

t,ivatJion energy. In our cnsc al. N = 0. lcl  >> t,, a.iiel 

E, > kT; iii a ma.gi1etic fic:lrl t.liis sit,ua.t,ioii is rc:versctll 

t d  << tlL i.e. E, decreascs antl cliaiigc.~ t,lie sign. 

'l'lie magnetic fielcl iiifluence o11 tlic. t<,legrapli iioise i11 a 

iiiesoscopic sample nras obscrvccl i11 lief.[8], Iiomrver tlie 

meclianism of t,liis efFect n'as not clwr.  It. is well Itnomn 

tI1a.t the activa.t,ion energy iiicrea.sc.s with I3 for tlie con- 

duct,ion band I'-valley. :\lso it is neccssmy t,o a.pply higli 

magnet,ic field (> 3T) 1.0 sliift t,lic\ inipiirily cncrgy l,o 

tlie value kT d i ~  to tho Zecman splitting. if g-fact.or is 

equal 2 ,  and nia.gnetic nioincnt~iiiii is tlilferc:ii1. for tliese 

two lewls i11 a doublc m l l  defcct.. Aiiot,lier ~neclianism 

lias bcen proposecl I)y .il'tsliuler ancl ~pi\~a.k["]. liit,er- 

ferencc of the electron wavcs is responsiblc for tlie 1oca.l 

elect.ron density. Magnetic fielcl influeiices the interfer- 

ente clue to AB effect and t,hus elect,ron local density 

is clianged, t-lierefore t,he eiiergy of' t,lie nearly locat,ed 

.impuiity is va.ried too. The  Al't,sliuler-Spi~ral~ ineclia- 

nism should 1ea.d t,o a ra.ndom fluct,uat,ion of the local 

inipurit.y energy, because of t.he random pattern of tlie 

clrct,ioil clcnsity in t,lie disordered scattering pot,ential. 
-. Ilir: a.ttt.ocorrelatio~i f~ii-ictiori of t,lie inipiiiity energy is 

equa.I[!'] : 

for I, N I. si,-cyclotron frequency. In tlie array of rings 

t,hc elcct,roi~ iilterfcreiice is determined by t,he ring ge- 

oinetry and not by t,he specific impurity conf igmtion 

as in nxsoscopic sainples. Therefore tlie impurity en- 

ergy slioiild ~sc i l l a t~e  with periodicit,y ao: a.nd t,he arn- 

plií,iidc of t.liis oscilla.t,ion slioiilcl increase linearly with 

ii~agnet,ic field. tis can Ile sem from Figs. 1% 2 tran- 

sit,ion of ; \B pt:riodicity is observcd at. R % 0.2 'I', 

thercfore E ,  N ILU ,  N 0.35nieV. This energy is coni- 

l>ara,l>le t.o tlieriiial rtiergy, therefore t u  N t d .  As we 

nlrtiitioi-ied ahove, when t,he n~agnet ic  field was s w p t ,  

clo~rii wit.11 high vctlocity: t,lie sample resistance hopped 

t,o tlic other sta.tc?. A similar effect. exists in heavy 

c lop~d  Gal ls  and Al(;aAs allog system after illumina- 

tio11 of t,lie sample by light at low temperature- persis- 

t,ent pl-iotocoriductivity[12]. Iii our case irnpurity switch- 

iiig t,iinc lies i11 tlie iilterval I-;O s. t,herefore when the 

ma.giictic field is t,urntd off ai. a liigher rate, some de- 

f(:cict,s were st,a.ying in the nietastz.ble state due t,o the 

barrier. Tlie sarnple was switched to the state wit,h 

anotlier resistivit.y i11 a. zero magnetic field, aild we ob- 

servccl pctrsisteilt ma~gnetoconductivity and hy~t~eresis 

helixvior (Figs. 1-3). This persisknt magnetoconduc- 

tivit.y can l x  positive (Fig. 2) or negative (Fig. 3) .  IVe 

also see the long tail of t.he impririt,y relaxation a.ris- 

ing from the tliffereiit switching time in the ensenible 

of impurities. Soine defects Iiave a longer rela.xa.tion 

t,inie, tlierttfore t.he picture of t,he n~agnetooscillat.ioriç 

diffcrs from t,lie init,ia.l. IIowc,ver, after irradiat.ion by 

liglit or heating of lhe sa.inple up to  rooni teniperature, 

Ire t,urned off t,he device to tlie initial stat.e. These 

experiinents were carrietl out during two inont.hs, and 

during a11 the time we ohserved the impurity switching 

induced by tlie weak magnetic field. 

I t  sliorild be iiotecl t hat. recent ly new niagnetooscil- 

lat.ions wit.li periodicity hc/ca' have been ohservcd in 
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