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Magnetoresistance fluctuations in short quasiballistic Si/SiGe wire segments have been investigated as a
function of magnetic field and temperature. The segments are measured in a four-probe geometry and the
voltage probe distances are taken smaller or larger than the phase coherence lépgti1.5 um at T
=0.1K) and the electron mean free path(=0.8 um). At magnetic fields smaller tha®=1 T, the amplitude
SR and the correlation fiel8, of both the symmetric and antisymmetric part of the resistance fluctuations have
been studied as a function of probe distance and temperature. It is found that, despite the quasiballistic
character of electron transport in our samples, the behavior of the amplitude and correlation field with probe
separation is in good qualitative agreement with expressions derived for the diffusive regime. The observed
magnitude oB,., however, is much larger than expected for the diffusive transport regime. A better agreement
for B, is obtained using an expression adapted for the quasiballistic regime. The temperature dependence of the
correlation field cannot be explained by expressions appropriate for the diffusive or the quasiballistic transport
regime.

[. INTRODUCTION tuations. However it is not clear to what extent the theory
developed for the pure diffusive transport regime is capable
Studies of electron transport in nanoscale devices durin§f describing in detail conductance fluctuations in, for in-
the last 15 years have revealed a number of very fascinatingf@nce, the quasiballistic transport regime. It is interesting to
phenomena. One of the first effects observed in this conteX{Ot€ that measurements by Biet al. ™" and Thornton

were device specific, reproducible fluctuations in the magne(—et al* of conductance fluctuations lang, narrow wires de

toconductance of submicron-sized metal lihekee and fined in a high-mobilityn-type AlGaAs/GaAs heterostruc-

Stoné showed theoretically that at zero temperature the rm%ur;ete%t li?]wtw: gf?gg]ce\tlveolﬂf g(f)utlﬁ ebiﬁgiﬁlglht;?#\ggcjéy LlJnct:eFr-
amplitude of the fluctuations is-e?/h, independent of

. ) . theory. At present the number of experiments in the quasi-
sample size and disorder. The fluctuations are thereforg,istic regime onshort wires (L~1,) with a four-probe

called universal co_nduction_ fluctuatiofidCF). The original geometry is very limited. As far as we know only the experi-
UCF theory contains two important assumptions: first thements by Timpet all® on AlGaAs/GaAs samples provide
conductance is calculated for a two-probe geometry and segnformation on conductance fluctuations in samples with
ond electron transport is supposed to be diffusive, i.e., thgrobe distance smaller thap.

elastic mean free path of the electrdpsis much smaller The work described in this paper concerns a study of con-
than the length of the sample(l<L). It was soon recog- ductance fluctuations in short-type Si/SiGe heterostruc-
nized that the presence of additional measuring probes hastares. An electron mobility of more than 50°fd s has been
significant effect on the fluctuations when the distance beachieved in this material systethA variety of magnetocon-
tween the probes is comparable to the phase coherenciictance phenomena has been observed in structures defined
length of the electronsl §). This was demonstrated, for in- in both n-type andp-type Si/SiGe heterostructures. Studies
stance, by experiments of Skocpailal,® Benoitet al,and  have been made of quantized conductdfidee Aharonov-
Hauckeet al® on Si metal-oxide-semiconductor field-effect Bohm effect!®2°weak localizatiorf*?2 Shubnikov—de Haas
transistors and metal films and by theoretical work ofoscillations, and the quantum-Hall efféé* A comprehen-
Buttiker® Hershfield, and AmbegaokérBaranger, Stone, sive review of these experiments has been given by
and DiVincenzd® and Chandrasekhar, Santhanam, andSchidfler.?® To our knowledge so far, no detailed studies
Prober® Not only experimental work on various small struc- have been made of conductance fluctuations in short Si/SiGe
tures involving the high-mobility two-dimensional electron heterostructures.

gas in AlGaAs/GaAs heterostructurege.g., narrow The elastic mean free path, of the electrons in the
etched® ! or split-gate wire¥*3and ballistic cavitieg” but  Si/SiGe material we study in this work is about Quén for
also work on three-dimensional metallic point cont&tts T<4.2K (mobility=7.9 nf/Vs). We fabricated samples
shows that the condition of strict diffusive transport is not awith probe distance varying from 0.2 to J@m. All length
necessary condition for the observation of conductance flucscales important for conductan@@ resistancefluctuations,
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i.e.,le, I 4, andL, are comparable to each other at low tem- Magnetic field (T)

peratures. We will compare the rms amplitude and the cor-

relation field of the fluctuations with expressions developed FIG. 2. Resistance curves of the=200 nm segment as a func-

for the diffusive UCF theory. In this way we obtain a clear tion of temperature. For clarity the curves have been given an offset
indication as to what extent conductance fluctuations meaef 25 (). The continuous curves represent the background resistance
sured in this quasiballistic transport regime in a four—probe‘?bg- See text.

geometry deviate from diffusive UCF theory. Both the influ-

ence of the measuring probes and the role of the elastic me&hubnikov—de HaagSdH), quantum-Hall and weak local-
free path will be discussed. Some results concerning thgzation (WL) measurements. These experiments have been
magnetotransport in 1fm-long wire segments have been described elsewhere and we restrict ourselves here to a sum-

reported in a previous pap&t.Our results are particularly mary of the result® We deduced an elastic mean free path
relevant for future Si-based nanoelectronics. In this field thg_— g+0.1,m, a carrier densitp,=7.2x105m™2, a dif-

impact of reduced device dimensions and fabrication teCthsion constantD=0.037 n¥s %, and a phase coherence
nology on electron transport is an important issue. length | ;= 1.5+0.3um at T=0.1K and an effective wire

This paper is organized as follows. In Sec. Il we will _ : : :
: I width W,=0.225-0.03um. The effective wire widthW,
describe the Si/SiGe heterostructure, the sample layout, an lfters by 175 nm from the nominal widt/=400 nm. This

other experimental details. Results of measurements of th ; . db ducting deoleti ) ¢
magnetic field, probe distance, and temperature dependen gerence IS caused by a nonconducting depietion region a

of the fluctuations will be presented in Sec. Ill. The resultst1€ Poundaries of the wire. Consequently the effective probe

are discussed in Sec. IV and concluding remarks are made ffParatiorL. will be larger than lithographically defined. we
Sec. V. accounted for this in calculations by adding 175 nm to the

nominal probe separation values.
Il. EXPERIMENTAL

In Fig. 1 a schematic layout of the devices investigated in B. Resistance fluctuations
this paper is shown. The nominal wire width is 400 nm. The Figure 2 shows typical magnetoresistance curves of the
separation between the voltage probes is 0.2, 0.5, 1.0, 2, and_ : :
1OF,Lm. This device is made ingam?ype Si/SiGe heterostruc- L=200nm segmept in the field range betweehand .1 T at
ture grown on a Si substrate by molecular beam epitaxiemperatgres varying from_ 0.1t04.2K. C'.ea“ aperiodic, and
(MBE). The essential part of the heterostructure consists of e_produmble_ magnetoresistance ﬂu_ctuat_|ons_ are observed
600-nm-thick Sj-/Gey.s buffer layer on top of which a with an amphtude smoothly decreasing with rising tempera-
25-nm Si layer is grown followed by a 12-nm-thick ture. At fields abog 1 T most of the fluctuations are ob-

Sio 7436, -5 SPacer layer. Electrons are provided for by a 15.scured by the Shubnikov—de Haas oscillations. To analyze
nm-thick 3x 10*8cm™3 Sh-doped supply layer grown on top the fluctuation patterdR(B) first a background resistance

b - ;
of the spacer. Details about the Si/SiGe heterostructure m& (B) is sblébtracted from the experimental curves¥(B)
terial and the fabrication process have been described R(B)—R*(B). Attemperature§=1.8K the background
elsewheré® Resistance measurements are performed in SiStance is obtained by smoothing the measured data. Be-
3He-He dilution refrigerator with magnetic fields, perpen- I0OW T=1.8K we determined® %(B) by adding a magnetic-
dicular to the current, ranging i 0 T to 10 T. Thetem-  f1€ld-independent offset to thf smoothed 1.8 K cuivehe
perature is varied between 0.065 and 4.2 K. The resistnce SClid lines in Fig. 2 represeiit %(B) at the various tempera-
of a segment between two adjacent voltage probes is deteiures. As mentioned in the Introduction the voltage probes
mined by passing an ac currei#& 1 nA between probes 5 have an important influence on the behavior of the resistance
and 12 and measuring the voltage V with a standard |Ock_ir§Iuctuat|onsl. It has been shown both theoretically and ex-

technique at 15 Hz. perimentally that the effect of the probes on the resistance
fluctuations can be expressed most clearly by separating
. RESULTS AR(B) in a symmetric part AR¥B)=[AR(B)+
AR(—B)]/2 and a antisymmetric pathR?(B)=[AR(B)
A. Transport parameters —AR(— B)]/Z.

To deduce the transport parameters of the material, we Results forAR%(B) and AR?(B) at T=0.2K are shown
investigated the 1@sm segment rather extensively by in Fig. 3 forL=0.2, 0.5, 1.0, and 2.@m. The curves have
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FIG. 3. (a) Symmetric parAR3(B) and (b) antisymmetric part
AR?(B) of the resistance fluctuations vs magnetic field Tat
=0.2 K. The curves have been given an offset for clarity.

FIG. 4. Characteristics of the symmetric part and antisymmetric
part of the resistance fluctuations vs probe separatidqa) Ampli-
tudesoR® and 8R?, with the dashed line representing the theoretical
description by Eq(3) as is explained in the textb) Corresponding
correlation fieldsB$ andBZ. The dashed line is a guide to the eye.
The measurement temperatdre-0.2 K.

been given an offset for clarity. In Fig(&® the symmetric
part is shown. The amplitude dfR5(B) decreases with de-
creasing probe separatidnin the regimeL=1 um. At the
lowest probe separations=0.2um andL=0.5um, how- to a magnetic field dependence of the amplitude and corre-
ever, the amplitude becomes almost independent.drig-  lation field of the fluctuations and do not have to consider
ure Ja) also shows that the typical difference in magneticelectric transport via edge states. Such effects are expected
field between the maxima of the fluctuations is larger for thewhen B becomes larger than 0.9 .The resulting depen-
1 and 2um segments than for the<1 wm parts. The anti- dence of the amplitude and the correlation field on probe
symmetric part of the resistance fluctuatiakR?(B) is dis-  separatiorl at T=0.2 K are shown in Fig. 4symbols. Fig-
played in Fig. 8b). In contrast to the data of Fig(& both  ure 4a) shows SR® and SR? vs probe separatioh. It is
the amplitude and typical field scale of the fluctuations aresvident thatSR® increases with. whenL=1 um while 6R?
almost independent on probe separation is mainly independent df. At the lowest probe separations
To quantify the observations we determine from the trace¢ =0.2um andL =0.5um, however, bothbR® and 5R* are
of Fig. 3 the rms amplitude of the fluctuatio@®' and the independent oL and, furthermore, have the same magni-
correlation fieldB;, wherei refers to symmetri¢s) or anti-  tude. The various lines in Fig.(& refer to model descrip-
symmetric(a). This is the field scale over which the fluctua- tions to be discussed in Sec. IV.
tions are correlated. BotbR' andB;, are calculated from the The correlation field8; and BZ as a function of probe
field-shifted auto correlation functiof'(AB) separatiorl are shown in Fig. ). The difference in behav-
ior between the symmetric part and the antisymmetric part is
striking. The correlation field for the antisymmetric part of
the oscillations is almost independent of probe separation
Fi(AB)zf AR'(B+AB)AR(B)dB (1) and has a siz82~12+3 mT. Remarkably, the correlation
field for the symmetric part of the fluctuations seems to in-
, , o A crease strongly from 12 to 30 mT asbecomes larger than
from which §R'=\F'(0) andB; via F'(By)=3F'(0) fol- 1 um.
low. Because of the presence of the SdH oscillations at fields The temperature dependence of the fluctuations is shown
aboveB=0.7 T and the possible influence of the WL effect in Fig. 5@ where the amplitude of both the symmetric and
aroundB=0 T we have restricted the range of the analysis tathe antisymmetric part of the=0.5um andL=1 um seg-
0.1-0.65 T. This restriction implies that we avoid effects duements of the fluctuations are displayed on a log-log scale.
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- IV. DISCUSSION
u n
10 - A. Amplitude of the fluctuations
8 . In this section we discuss the dependencéR¥ and SR?
g °© & ; - on probe distance and temperature in relation to expressions
m; j v . derived for four-probe measurements in the diffusive trans-
< o port regime. We start with the behavior of the amplitude of
T 9 B L—ipms ° the fluctuations aff=0.2 K. Theoretical and experimental
J O Letpma work on resistance fluctuations in diffusive wires shows that
® L=05um,s 8 the amplitude of the resistance fluctuations in the wire mea-
O L=05pm, a sured in four-probe geometry can be describédas
1 5 678 2 3 4 5678 1 2
0.1
(a) Temperature (K) SRS=adsR,\L/, if L>lg, (2a)
50 B L=1pm,s
0 L=1um,a SRS=DbsR, if L<I,, (2b)
40 ® L=05pum,s
O L=05pm,a and
E 30, . = " = " .
© =
w’ OoR*=béR,,. 3
» ; 20
@ eg S o o . In a simple picture the numerical factash are constants of
100 9o o ° B 8 ‘; order 1 andsR,, is the fluctuation amplitude of a phase co-
herent segment of length, .
o Relations(2) and (3) reflect the different origins obR®
0.0 0.5 1.0 1.5 2.0 and SR?. The symmetric part of the fluctuations is accumu-
(0) Temperature (K) lated in the whole wire region of length between the volt-

age probes and up to a lenglt into the voltage probes
Ghemselves. In contrast, the antisymmetric part only stems
from regions of sizd , around and into the voltage probes
and therefore is independent df. In short wires [
<l,) 6R® and 5R? are generated in the same region and con-
sequently they have the same magnitude, see f5.and
Above T=0.6K the amplitude of the fluctuations strongly (3). In long wires (>1,) the contribution of the probe re-
decreases with temperature. Beldw:- 0.6 K the fluctuation gions is small compared to the region of lengtlbetween
amplitude has a weaker dependence on temperature atie probes. The factorl_(l(,g)l’2 accounts for statistical aver-
tends to saturate. The same overall temperature dependerrging over the I(/l ) phase coherent segments in this area.
of the fluctuations is observed in the other wire segments. The dashed lines in Fig(d) are calculations according to
The decrease of the fluctuation amplitude at temperaturesds. (2) and (3). Qualitatively, the symmetric part of the
aboveT=0.6 K can approximately be expressed as a powefluctuations follows Eq(2) quite well. However, the quanti-
law dependencéRi(i =sora)«=TP. The temperature depen- tative agreement with Eq2) is somewhat less. This can be
dence of the different wire segments shows neither a typicefl’artly dueT to tht_a observed variations in the sheet resistance
dependence qf on probe separation nor a systematic differ- of the various wire segments. To account for this we express

a ; S i . S, a 1/2
ence in the temperature dependencesBf and 5R?. All _‘?E n fIR ?.S”."g tEqsi.(Za)l anq €[3) §R “fR.(Il‘/ld’) .t'
measurements can be describedpsy —0.75+0.2. There- IS partly eliminates local variations n material properties

H H S a
fore the general dependence &R and SR? on probe sepa- since for a certain segment bo#iiR®> and SR® are affected

) T . equally via 6R,. The results are displayed in Fig(a#
ration L at any temperaturd is similar to the behavior at he h ial i .
T=0.2K, which is displayed in Fig. (). (dash-dotted curyeand show a substantial improvement in

X ) __agreement. The antisymmetric part is described reasonably
_ Figure 8b) displays the dependence of the correlation,, o by Eq.(3) as 6R? is almost independent dn

field on the temperature for the=0.5um andL=1 um The temperature dependence of the amplitude of the fluc-
segment. The correlation field® andBg of the symmetric  tyations(Fig. 5) revealed two regions. At temperatures be-
and antisymmetric part of the fluctuations are both weakljow T=0.6 K the amplitude tended to saturate. At 0.6 K
dependent on temperature as can be concluded from Fighe amplitude decreased for all wire segments. The decrease
5(b). We note that the uncertainty in the evaluation of thecould be described by a power law dependenii (i
background resistand@®® has its influence on the data of =s,a)cT P with p=0.75+0.2. According to Eqs(2) and

Fig. 5b). However, after varyindR® within the uncertainty  (3) the temperature dependence &R° and sR? is deter-
interval associated witR®9, we still find that the correlation mined by oRy4 andl . 6R, depends on two length scales,
field of the resistance fluctuations is only weakly temperatureéhe thermal diffusion length;=+AD/kgT and the phase
dependent. coherence length,, and can be expressed as

FIG. 5. Characteristics of the symmetric part and antisymmetri
part of the resistance fluctuations of the=0.5um and 1um seg-
ments vs temperature.(a) rms amplitude(b) corresponding cor-
relation fields.
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e? quantum: For instance, for wide samples this enclosed area
ORy=1 Ri=l5 if 1g<lq, (48 s of the orderl? and for long, narrow lines of the order
I sWe. Geometric considerations show that, for a givgn
or in the neighborhood of the voltage probes of a narrow line,
2 | interfering electron trajectories can be envisioned that en-
SR, =—R2— | Iy if 1>l (4b) close a larger area than interfering electron trajectories in the
4" h ¢|¢ ¢ ¢ ’ narrow regions far away from the probes. Since a larger en-
closed area requires a smaller change in magnetic field to
change the enclosed flux by one flux quantum, it seems ob-
vious that the correlation field of the asymmetric part of the
fluctuations is smaller than the correlation field of the sym-
metric part of long lines. When the probe distance is de-
creased the contribution from the probe areas will become
more dominant and, by the same token, it is understandable
II.hat the observeB. will become smaller. The transition will
occur when the probe distance becomes of the drgleThis
was confirmed by our experiments: from weak localization
experiments on thee=10um segment atT=0.2K we
found | ,=1.3um and we observed the transition near a

whereR,, is the resistance of a wire segment of lenggh
(Rg14) whose conductance fluctuates with a universal am
plitude €?/h. In the regimel »>11 the amplitudesR, is re-
duced by a factot+/I , by thermal averagingf At T=0.2 K
we havelr=1.2 um andl,=1.3 um. Therefore our wire
segments operate in a regime wheye-l .

The analysis of the weak localization peak of the
=10um segment, reported in Ref. 26, showed a saturatio
of |, belowT~0.6 K. The observed saturation of the ampli-
tude of the resistance fluctuations corresponds to the satur
tion of I, if we assume that also fdf~I,, R, is correctly
described by Eq(4a). A saturation of the phase coherence

length at low temperatures has been observed by many WorlP-rObe distance of 1:m. Following the geometric line of

ers in various systems. At present there is a renewed intere%?asonmg we expect that the transition will be gradual and

in the saturation of,, since Mohantyet al?® claim that the that the change iB, will be relatively small. This is, in fact,

\ ; 9
saturation ofl; is a fundamental phenomenon caused byconﬂrmed by theoretical work of Chandraseklea@al.” who

zero-point fluctuations of the phase coherent electrons. Th c;_alcu[ated anallytlcall}l/_;he effeﬁt of probes onl th; ggctua—
oretical work that supported this claim was heavily criticized I0NS 1N nATow fines. -fnese gut ors present va ue £ r

by a number of workers. See, for instance Ref. 30 and refelg'ffus've transport in Sh‘.m lines withy<l. Their Fig. 8
ences therein. We found, using the expressions given by M shows a gradual transition and, for sample parameters not

too different from ours, for very short linet &l ,) B. is
hanty et al?® to calculate the phase coherence lengtiT at . ¢/ =c
=0 K, a value that is a factor of 2 to 3 lower than experi-abOlJt 17% smaller than for.very long line&%1,). We
mentally observed. observed a much larger differenddB (L>1 um)/B.(L
Above T=0.5K the temperature dependencel gin the <1 um)=2.5]. In an effort to understand this d|fference we
L=10.m segmerf is described by ,«T**%% Given the will focus now on the magnitude of the correlation field of
g =g ¢ - the longer wire segments.
error margins il , both Egs(4a) and(4b) predict almost the VY .
same temperature dependence fdiR e SR _ The corr_elatlon fl_eld of Iong, narrow lines has been stud-
«T-08202 Thi . e ’ ¢ ied theoretically quite extensivelysee Beenakker and van
- This means that in long wirds>1, [Eq. (28], Houterf® (BvH)]. For diffusive transport the correlation field
SRS is expected to vary T~ 264015 The temperature depen- ' b

dence ofSR® in short wiresL <l , and 6R? [Egs. (2b) and Is given by

(3)] is identical to the temperature dependenceéRf,. The h

calculated temperature dependence corresponds well to the BLZQ—(WJ ¢)—1, (5)
experimental results. So we find that the probe distance and €

temperature dependence of the amplitude of both the sym-
- - : ; where«=0.42 forl ,<I; and «=0.95 forl ;>1;. Evalua-

m mm v oSIT o> 17
etric part and the antisymmetric part of the resistance fluc ion of this expression for our lines d@=0.2 K yieldedB,

tuations in these short quasiballistic wires are rather weIFI
;. =6.0 mT andB.=13.5 mT forl <l andl,>Iy, respec-

despnbed by expressions derived for the diffusive transporttlvely. Both values are much smaller than the value we ob-
regime.
served for thde>1 um segmentsB.=30+=6 mT).

BvH (Ref. 28 showed that the correlation field of resis-
tance fluctuations fomuasiballistic transport will be en-

In this section we discuss the behavior of the correlatiorhanced(compared to diffusive transporby the flux cancel-
field B, with probe separation and temperat{iFégs. 4b) lation effect: zero flux is enclosed by electron trajectories
and 3b)]. First we analyze the dependence of the correlationthat return to their initial position by scattering on the wire
field with probe separation. Figuréh} shows that the criti- boundaries only. Using the expressions given by BvH for the
cal field of the symmetric part of the fluctuations decreasedorrelation field of long, narrow lines in the quasiballistic
from 306 mT to 123 mT as the probe distance becametransport regime we calculate®}. for different ratios ofl
smaller than Jum. The correlation field of the antisymmetric and|; using the parameters for our lines B&=0.2 K. We
part was(alsg 12+3 mT and depended within experimental also applied the interpolation formula given in the same
error not on the probe distance. papef® to calculateB,, for I 4~I+. The results and the above

To interpret these results qualitatively we note that,given estimates for diffusive transport are listed in the first
roughly speaking, the correlation field corresponds to ahree rows of Table I. A remarkably good agreement is ob-
change of the magnetic flux through an area enclosed by twserved between the quasiballistic estimatel fge |+ and our
interfering electron trajectories of length, by one flux  experimental value. This result can be regarded as evi-

B. Correlation field of the fluctuations
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TABLE I. Theoretical values for the correlation fieR}. .

B, diffusive B!, quasiballistic B, experiment

Probe distancei} Regime F(0)=[3R(l5)]? (mT) (mT) (mT)
L>1,(s) lg<ly x| 6.0 22
L>1,(s) s>t ol 135 81
L>|¢(S) I(j)%IT BVHa 82a 353
L=1 um(s) 306
L<l4(s) or (a)® l4<lt ol 5.0 17
L<lg(s) or (a)® 1417 x| 7.8 33
L<1 wm (s) or (a) 12+3

&This is the result of a calculation d, from a correlation functiorF(0) obtained in Ref. 28 for the
intermediate regimd ,~I. In this calculation the experimental parametersTat0.2K are usedi,
=1.33um andl+=1.15um.

®The results for the antisymmetric part of the fluctuations are independent of probe distance

dence that the electron transport in the longer segmenigltage probes. So the large differenceBig(L>1 um) and
should be considered as quasiballistic instead of diffusive. B (<1 um) is explained by the assumption that on reduc-

~ Unfortunately, for quasiballistic transport in very short tion of the probe distance the electron transport changes from
lines (L<I4) no expressions to descriliiz are available in 4 quasiballistic to a diffusive nature.

the literature. However, there exists a rather S|mple Proce-  since we used rather plausible arguments so far, we might
dure to calculateB. from the behavior of the amplitude of |\, e concluded that we have a reasonable description of the
the fluctuations. This procedure involves a method develypsarved values of the correlation field. However, the de-

oped by BVH?_s These authors show that for quasi-one-gerintion hecame less satisfactory when we focused on the
d|imen3|0nal wires the.fleld-shlftedi autocorrelatlor_l funCt'Ontemperature dependence Bf and B2. Figure 5b) shows
E(AB) can be obtal_neq fromF'(0) by replacingly, 4,4t the variation in the correlation field of the fluctuations in
=14(0) by aZgrr;)?gnet|c-f|eld-.dependent phase cioherenc%e temperature regime 0.1-1.2 K is less than about 30%
length1,(AB).”*" After substitution ofl ,(AB) in F'(0),  (ahoye 1.2 K the uncertainty in the experimental data be-
B follows from using the definitiorF!(Bc)=F'(0)/2. I ¢5mes too large From analyzing the WL effect in the
fact, this procedure has also been used by Chandrasekhgrlolum segment we found that in this temperature range
et al? to calculateB, for a narrow wire, four-probe geom- o phase coherence length is reduced fromdnsto 0.9
etry. These authors calculatéd(0) analytically and used pum?® We estimated that this reduction g would lead to
the expression fr,(AB) for the diffusive transport listed in - 5 jncrease of the correlation field by a factor of 2 in case of
Ref. 31. Evaluation of their result fac<l,, for our wire  gjffysjve electron transport and by more than a factor of 3 for
segments af =0.2 K yielded the valu8.=5.0 mT listed in  gyasiballistic electron transport. This is clearly not observed.
the fifth row of Table I. o Another point of concern is the temperature dependence of
We calculated the remaining three valuesBaf for the e correlation field of thé =0.5um and theL =1 um seg-
short wire block listed in rows 5 and 6 of Table | by using ments, For one of these segments one expects a crossover
Egs. (3), (43),2 and (4b) to obtain F'(0) via F'(0)  from thelL<I, regime to theL >1 , regime as the tempera-
={6R[1 4(0)1}*. The expressions used fbf(AB) for both e is increased. This would lead to an additional strong
quasiballistic and diffusive transport are listed in Ref. 31. 'nchange of the correlation field with temperature. Figuis 5
this way we were able to calculag for the two limiting  provides no evidence for such behavior to take place. Unlike
situationsl ,<I andl 4> I (see Table)l Since no expres- the amplitude of the fluctuations, the correlation field was to
sion for SR' was available f0"¢~|-|—, there was no Simple a |arge extent independent of temperature.
methOd to CalCUIatBC for our experiments' most interesting A Surprising'y Weak temperature dependenceBthaS
regime. However, if it is assumed that the trend found forheen reported before in the literature. Studies of conductance
long wires would also hold for short wires, one expects tofjyctuations in ballistic Ag point contacts?short epitaxial
find a value foch for I¢~|T that is in between the values Bi WireS’33 and ballistic Ca_vitie@ show an almost
calculated for thé ,<I+ andl ;> 1+ limits. This expectation temperature-independent correlation field. In these cases the
is not confirmed by the measurements. Instead, the expergevices operated in a regime wherg<l, (or I, smaller
mental value for the correlation fielB=12+3 mT is in  than the size of a cavily To explain the behavior d it
between the calculated diffusive valueBiE5-8 mT) and  was argued or speculated that the length scale of the trajec-
quasiballistic valuesB:=17—-33mT). This suggests that in tories that determin®, is set byl rather than byl 4. For
short lines the effect of flux cancellation is apparently lesghree-dimensional metallic point contacts this idea was sup-
effective and that, consequentl, is less enhanced. Intu- ported by theoretical work of Kozub, Caro, and
itively one might indeed expect that in wire segments, whichHolweg>? In our case ~0.8um, a value that is compa-
are shorter than the elastic mean free path, iL&ll, flux  rable to the value of, and the smallest probe distances. The
cancellation cannot play a major role since in these shorimportant point is thak, is rather independent of temperature
segments the electrons hardly scatter in the area between thre the range where magnetoconductance fluctuation ex-
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periments are done. In caBg is determined by, it is ob-  describe resistance fluctuations in diffusive systems. The de-
vious that we did not observe in one of the smaller segmentpendence of the amplitude of the symmetric and the antisym-
a crossover from th& <l , regime to theL>1, regime as metric part of the fluctuations with probe separation is quali-
the temperature is increased. We note that for diffusive trandatively well described by this model. The magnitude of the
port a naive replacement ¢f, by |, would lead to higher experimental values fdB. however was significantly larger
values ofB, closer to the experimental value. This could than predicted by diffusive theory. A comparison of the ex-
have been an reason not to include quasiballistic transport iperimental values foB. with an expression derived for the
the discussion. It is clear that a more fundamental theorguasiballistic regime shows only a good agreement for the
describing resistance fluctuations in the regime-W,, and  long (L>1 um) segments. The correlation field was found
comparable values fdr, I, I, andly) is needed to inter- to be largely temperature independent, where a strong in-

pret our observations, especially B, in more detail. crease of the correlation field with temperature is predicted.
This calls for a full description of resistance fluctuations in
V. CONCLUSIONS systems with comparable valuesWf L, I, |, andl.
V_Ve. studied magnetoresis'gance fIt_Jctugtions in_ §hort quasi- ACKNOWLEDGMENTS
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