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Low field magnetotransport in strained Si/SiGe cavities
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Low field magnetotransport revealing signatures of ballistic transport effects in strained Si/SiGe cavities is
investigated. We fabricated strained Si/SiGe cavities by confining a high mobility Si/SiGe two-dimensional
electron gas in a bended nanowire geometry defined by electron-beam lithography and reactive ion etching.
The main features observed in the low temperature magnetoresistance curves are the presence of a zero-field
magnetoresistance peak and of an oscillatory structure at low fields. By adopting a simple geometrical model
we explain the oscillatory structure in terms of electron magnetic focusing. A detailed examination of the
zero-field peak line shape clearly shows deviations from the predictions of ballistic weak localization theory.
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I. INTRODUCTION sociated with the backscattered electron trajectories deter-

The magnetoresistance of nanostructures at low magnet[slﬂned by scattering at the cavities boundaries. The peak line

fields is related to electron trajectories and can provide hE'llpe' is deépe_cted to be ?Iensiti\%e tg_the dshapfehof the cavity,
therefore, useful information on device geometry and fieldVhile in diffusive WL it re ects the disorder of the system.
distribution. Relevant effects are magnetic focusiiMF) Moreover, it was predictéd3that the WL line shape could

and weak localizatiofWL). The two effects become closely .be used to obtain qurma‘uon on the dynam!cs of the carriers
in the cavity, a chaotic carrier dynamics—i.e., unstable for

linked in ballistic nanostructures since in ballistic motion . finitesimal variations of the initial conditions—leading to a
also the zero magnetic field peak, which is a signature o orentzian-like negative magnetoresistance peak, while a

weak Iocallgatlon n d.|ffu5|ve transport, is related to the elec'regular dynamics—i.e., stable for infinitesimal variations of
tron paths in the devices.

. . . . . the initial conditions—leading to a linear lineshape.
First experimental observations and theoretical studies on' rom the experimental point of view the situation is not
electron focusing in mesoscopic solid state devices were rgsiear. Some WL studies on differently shaped cavities, sup-
ported by van Houten and collaboratbishortly after the  norting different carrier dynamics, have confirmed the ex-
diSCOVEI‘y Of Conductance quantization in tWO'dimenSionaEected difference in the negative magnetoresistance
electron gag2DEG) quantum point contactsln that work a  |ineshapé? However, this behavior was not found in other
transverse electron focusing geometry was used, in which @works. In circular cavities, expected to exhibit a regular dy-
perpendicular magnetic field bends the trajectory of ballistimamics, a Lorentzian line shape instead of the linear one was
electrons between two quantum point contacts, defined bfound>1® Moreover, a transition between different line
split gates on a high mobility GaAs/AlGaAs 2DEG. From shapes was observed in the same structure upon varying the
then on, transverse electron focusing experiments have led tmate voltage’ These and others experimental observations
significant achievements such as the detection of compositeave raised the question whether the WL line shape analysis
fermions in the fractional quantum Hall regiffeor, more is a reliable indicator of the carrier dynamics in the cavity
recently, the detection of spin polarized curretftdnternal  and whether the zero-field magnetoresistance peak should be
MF was mostly studied in cavitie®r arrays of cavitiesof  related to a WL-like phenomenon or could be also explained
different shape obtained by split-gate techniqu®¥sor—in  in other frameworks. Simulations by Akis and coworkéss
only one case reported in literature—by dry etchinghave shown that the zero-field peak and the shoulders that
technique¥ on GaAs/AlGaAs 2DEG high mobility hetero- develop on both sides of it can be explained in terms of
structures. To the best of our knowledge, no studies of thisonductance resonances reflecting the intrinsic energy spec-
kind have been reported in Si/SiGe structures as yet. trum of the ballistic quantum dot. In a successive paper the
In the magnetoresistance curves of ballistic quantum dotsame group has compared in detail experimental data and
or cavities a peak is usually present at zero magnetic fieldsimulations and interpreted the magnetoresistance structures
This feature, which is similar to the WL peak found in dif- as a magnetospectroscopy of the quantum dot intrinsic den-
fusive transport has been the subject of a great interest reity of states? A review of related theoretical and experi-
cently. Ballistic quantum dots or cavities are systems essermental issues can be found in a recent repbrt.
tially free of bulk disorder so that the constructive electron In the present paper we address experimentally this sub-
interference process giving rise to a WL phenomenon is agect by investigating magnetotransport in cavities fabricated
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o b TABLE I. Summary of the low temperatuf@=250 mK) trans-

3 port parameters of the Si/SiGe 2DEG determined experimentally
~ 125 from the low-field magnetoresistance of mesa-etched Hall bars.
T -

o 3 Si/SiGe 2DEG
ns ¢ parameters
110 E
Nop 7.62x 10" cmi2
- 2 Te 7.3x10%%s
§ [ Ue 6.7x 10* cm?/Vs
| e 0.7 um
: ! D 320 cn?/Vs
,«‘Z [ UE 9.4x10* m/s
£ ol T4 2.3x10%%s
Kq 2.1x10% cn?/Vs
el 74 3.2
To ~7x1012s
% | Lo ~0.5 um
= b
Lo
%E E quency lock-in techniques in a four-terminal configuration. A
o0 L small weak localizatiof WL ) zero-field peak develops in a
3 relatively narrow field rangé~210 mT), after which the re-
o 1 2 3 4 5 sistivity saturates to a value pf(B>B:)=122Q /1. B¢ is
UB (T the characteristic field for the suppression of weak localiza-

' o tion. For fields larger than 0.25 T well resolved
FIG. 1. (a) Low field magnetoresistivity,,(B) of mesa-etched Shubnikov-de Haa$SdH) oscillations appear. The 2DEG
Hall bars(T=250 mK) displaying a zero-field diffusive weak local- carrier density was estimated from the periodi.city of the SdH
ization peak and Shubnikov-de Haas oscillatidhs Fourier spec- oscillations versus the inverse of the magnetic field. In Fi
trum of the oscillatory parf\p,(B), shown in the inset versus the b h . a% o 9.
inverse magnetic field(c) Reduced resistivityAp,,/ po, corrected 1(b) we report the Fourier 3990"“”‘ . pxx(_B)‘pxx(B)
by the temperature damping factg(T,wc) as defined in the text, _Pxx(B>_> BC)_ShOW_n_aS a function of Hinthe inset of the.
versus the inverse magnetic field. The straight line is the one pasame figure—exhibiting a single peak from which a carrier
rameter linear fit used to estimate the single particle lifetime. ~ concentratiom,=7.62x 10! cm™ is estimated. From the
carrier concentration,p and the classical conductivity of the

from Si/SiGe two-dimensional electron gas. The adopted geZDEG o=1/p,(B>Bc) the evaluation of the other param-
ometry for the cavities allows us to change the configuratiorft€rs relative to diffusive transport follows directly: We
from open to isolated quantum dot by varying the bias of 40und the electronic mobility to bge=6.7x 10* cn?/ Vs,
control gate placed on top of the cavity itself. Therefore, thet'® momentum relaxation time:=7.3 ps, and the mean free
same device can be used as a single electron tran&stor, Path of the 2D unconstrained carrievg=0.7 um. Other pa-
rameters such as diffusion coefficidbtand Fermi velocity
L. PROPERTIES OF THE Si/SiGe 2DEG ve are reported in Table I. In order to evaluate the single
' particle collision timer, and so gain insights into the scat-
The high-mobility two-dimensional electron gas wastering mechanisms limiting the electronic mobility we per-
grown by low pressure chemical vapor deposition in a UHVformed an analysis of the amplitude of the SdH oscillations
chamber with a base pressure of ¥0Torr, using silane and according to the procedures described in Ref. 25. The Dingle
germane. The 2DEG was obtained by depositing on a SiGplot of our data is reported in Fig(d). The relative ampli-
virtual substrate the following layer§) a tensile Si channel tude of the SdH oscillation&py,/ po, corrected by a damping
layer (thickness~11 nm); (i) a SigGe 19 Spacer layer factor x(T,wc) =(272kT/ hiwc)/sinh(2m?kT/ hwc) is reported
(thickness~11 nm), and (jii) a n-doped SjgGe 19 layer in alogarithmic scale as a function of B/wc=eB/m, is the
(thickness~11.5 nm). The structures were completed by a cyclotron frequency andq; the effective mass for electrons
second 35-nm-thick $:Ge&) 19 Spacer layer followed by a in the Si/SiGe 2DEG. In calculating the thermal damping
final 15-nm-thick Si cap layer. Details of the properties of thefactor we assumed a temperatire 250 mK and an effec-
2DEG samples can be found elsewh&ét tive mass of the 2DEG carriers,=0.19m,, with m, elec-
The transport parameters of the 2DEGs were extractettonic mass. Since theory predicts for the amplitude of the
from a standard analysis of the low field magnetoresistanc€dH oscillations the relatiod p,,=4pox(T)exp-7/ wcy), @
measurements performed on mesa-etched Hall bars. In Fi@ingle plot is expected to give a straight line whose slope is
1(a) we report the low field longitudinal magnetoresistivity related to the single particle lifetime, and an intercept at
pxdB) as measured af=250 mK with standard low fre- 1/B=0 that reaches the value of 4. A linear fit to the experi-
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FIG. 2. Scanning electron micrograph of a cavity fabricated by ol }
reactive ion etching of a Si/SiGe modulation doped heterostructure. g E

mental data is reported in Fig(d from which we estimate
74=2.3 ps, so that the ratig:/ 7, between the total scattering
rate and the momentum relaxation rate is found to be 3.2.
This value indicates that the main source of scattering are
charged impurities, but its relatively small absolute value
suggests that there is still a short range contribution to the
scattering?® As for the intercept at 18=0, we found a value

of 2.19 which is smaller than the theoretical prediction. De-
viations in the expected value of the Dingle plot intercept are

reported frequently in the literature. Possible explanations FiG. 3. Low-field magnetoresistance @50 mK measured

include, among the others, the presence of a parallel conduchrough the cavity in the four-terminal configuratiéR, s, thicker

ing path in the heterostructure containing the 2DEG. line) and in the two-terminal configuratiofR; 4 thinner ling as
Finally, we estimated the phase coherence lehgtland  well as a two-terminal “background” resistan@®, ,, dotted line.

the phase coherence timg by evaluating the characteristic Electrical contacts schematics is reported in the inset.

field B¢ taken as the field at which the weak localization

correction to the cond_uctivity is reduced by a factor of two.  pye to sidewall depletion caused by the fabrication pro-
From the magnetoresistance curve we folyd~3 mT. In  cess; the constrictions have an effective width smaller than
2D the critical field Be is related to the phase coherencehe |ithographic one and behave as quantum point contacts
length by the relatiorBc~%/ely, so that we estimatéq,  connecting the cavity to the source and drain. Since the cav-
~0.5um and, fromL,=\D7y, the phase coherence time jty dimensions(nominally ~550 nm long and 250 nm widle
7~ 7 ps. Similar values were found in previous weak local-are smaller than the mean free path, the transport in the cavi-
ization studies om-type Si/SiGe heterostructuré&sz? ties is expected to show phenomena typical of ballistic re-
gime.
o Electrical characterization of the devices was performed
lll. Si/SiGe CAVITIES in a dilution refrigerator by measuring the conductance and
A. Fabrication and experimental the magnetoresistance in the 50 mK-4.2 K temperature
range using standard ac low frequency lock-in techniques.
The devices were fabricated by confining the 2DEG in aTransport measurements were performed both in two- and
bended nanowire geometry defined by electron-beam lithogfour-terminal configuration, keeping voltage and current
raphy(EBL) and reactive ion etching. In Fig. 2 we report the through the device small enough to prevent electron heating.
scanning electron micrograph of a device. The cavities were In all the measurements discussed in the present paper the
obtained by the lateral displacement of a central 550-nmgate bias was such that the transport through the cavity was
long segment of 2zm-long and 250-nm-wide nanowires, studied in an “open” regime.
each defined in the inner region of a mesa structure confining In Fig. 3 we report the low field magnetoresistance mea-
the 2DEG. The mesa are shaped so as to allow electricaured atT=50 mK in the four-terminal configuratiofR; s,
characterization of the devices both in a two- and four-thicker ling and in the two-terminal configuratidi®, 4 thin-
terminal configuration. ner line as well as a two-terminal “background” resistance
Nanowires with an increasing lateral shift of the central(R; ,, dotted ling that is indicative of transport through the
section were fabricated on the same 2DEG sample. In thiRDEG mesa region nearby the nanowire and the cavity. Refer
work we will mainly discuss the transport properties of de-to the inset in Fig. 3 for contact schematics.
vices characterized by a 180 nm shift that results in two In the curvesR; 3(B) and R; 4B), relative to transport
constrictions with a geometrical width of 70 nm, connectingthrough the cavity, the two most noteworthy features are the
the central cavity with the other two segments of the wire presence of a zero-field magnetoresistance peak and of an
The devices were completed by depositing a 25-nm-thicloscillatory structure at low fieldéhighlighted by arrows in
SiO, layer by electron-cyclotron-resonance plasma-enhanceflig. 3) distinct from Shubnikov-de Haas oscillation that de-
chemical-vapor-deposition and defining by EBL and liftoff a velop forB> ~0.45 T. We will first discuss the oscillations
central 500-nm-wide aluminium control gate on top of thethat dominate the magnetoresistance in the low magnetic-
cavity (see Fig. 2 field range and next we will examine the zero-field peak.

B (D)
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B. Magnetic focusing

The absence of oscillations in the 0.1-0.45 T range of the :
R, » curve in Fig. 3 points out that the oscillatory structure D:
originates in the transport through the cavity. Moreover, the :
observation that th&, 5(B) andRy 4(B) maxima and minima
were fully reproducible upon magnetic field or temperature
cycling suggests the presence of a robust effect. We interpret L
this oscillatory structure in terms of internal magnetic focus-
ing due to the commensurability between the ballistic trajec-
tories of electrons in the cavity and the cavity geometry.

In a simple but useful picture, the ballistic motion of an
electron in a cavity can be described as the motion of a
charged particle in a billiard whose trajectory, given the ini-
tial conditions (Fermi velocity v and entrance angle),
depends on the magnetic fieRlthrough the Lorentz force
and the scattering with the billiard walls. Among the possible
and complex paths, the cavity geometshape and opening
positiong determines the existence of special trajectories that
permit electrons to be backscattered to the billiard entrance
or transmitted to the exit after a limited number of wall col- <
lisions. The magnetic fields that determine the trajectories of
fully reflected or easily transmitted electrons are expected to
be those at which the magnetoresistance curve develops, re- FIG. 4. Classical electron trajectories in a rectangular cavity that
spectively, maxima and minima. Adopting similar internal lead to maxima in the magnetoconductance. The commensurability
focusing models, in most of the reported studies it was poseondition are met when the electron, entering the cavity with an
sible to correlate unambiguously the oscillatory magnetoreangle# (sizesL X D) on the lower left corner, first collide with the
sistance structure with specific electron trajectotfes. lower wall at a fraction 1j of its length and leaves the cavity after

As for our case, we report in Fig. 4 the schematic of aN=j-1 collisions with the lower wall.
rectangular cavitydimensiond. X D) and the specific trajec-
tories that allow an electron entering the cavity with an en-value of B;. In comparing the model with the experimental
trance anglesp on the lower left corner to leave it aftéd  data we usedp as a free parameter in order to best fit the
=0, 1, and 2 collisions with the lower wafi.e., N+1 colli-  experimental value8; of the magnetoconductance maxima
sion with the upper wall with the theoretical ones calculated according to @g. As

The commensurability conditions giving rise to enhancedan example, in Fig. 5 we report a magnetoconductance curve
transmission are met when electrons first collide with thetaken at gate voltag®,=0 V where magnetoconductance
lower wall at a fraction 1j of its lengthL, with j=1,2,3,..,  oscillations are measured in an extended range and we show
index related taN by the relationj=N+1. The study of the with arrows the first three magnetoconductance maxima val-
cyclotron motion in the cavity gives the equations for theuesB; calculated according to Eq1). The reported; (j
trajectories and allows us to find the relationship that deter=1,2,3 were calculated using the measured values of the
mines the magnetic field; for the trajectories of enhanced geometrical parameters of the cavity,D) and the physical
transmission, as a function of the geometrical parameters qfarameters(vF,m;) of the 2DEG and using the entrance
the cavity(L,D, ¢) and the physical properties of the 2DEG angle ¢ as a best-fit parameter. The best agreement between

L3

(Vr, M) the experimental and the theoreti@l was obtained forb
. b . =11.3°. We report the experimental and theoretical values of
B(L,D) = 2vae - [cos(d)) - —sin(¢) |. Bj as an |r_1$et in Fig. 5. Although in a more accurate analysis
e (L 5 2iD the experimental magnetoconductance should be compared
2_j +D with a semiclassical simulated curve based on billiard-ball

models®? the good agreement between experimental values
oy and the results of the simple geometrical model illustrated
above lend support to the interpretation in terms of magnetic

. 11
In previous work3!! given the symmetry of the adopted cusing.

cavities, it was assumed that electrons enter the cavit
aligned with its symmetry axi$¢=0) and the dependence
Bj(¢) was neglected. In our case, given the shape of the
cavities, we had to consider thg dependence because no  We will now discuss the zero-field peak in the magnetore-
preferential value for the entrance anglés present. As can sistance curves and the features close to it at low magnetic
be seen in Eq(1), the ¢ dependence appears as a factorfields (B<<0.1 T). We have seen in Fig. 3 that two kinds of
fi(¢, @) =[cog¢) - (y/2))sin(¢)] that depends on the aspect peaks are present Bt=0. In theR; , curve the peak is sharp
ratio of the cavityy=L/D and can influence substantially the and narrowheight in the order of 1 & and full width at half

C. Weak localization
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FIG. 5. Magnetoconductance oscillations measured in an ex-
tended range al=50 mK. The arrows correspond to the first three a8l
magnetoconductance maxima positidjscalculated using a semi-
classical billiard model with the entrance angleused as a fit
parameter. In the inset a comparison between experimental peak 4.6 : :
positions and calculated ones is reported. i %0.5Y]
44 ’ A0.8Y
maximum ~8 mT), while in the Ry 3 curve the peak is o v
weaker and broad. The structure in tRe, curve is clearly 42 : Vg=10.6V

the superposition of the two peaks. Remembering that in the
R, » curve the current flow outside the cavity along a path
whose width is always larger thdn, and that only the cur- 75
rent flowing inside the cavity contribute ®, 5, we conclude
that the narrow peak is due to disorder-induced weak local- Fy
ization in a 2D diffusive regime, whereas the broad peak is %50
interpreted in terms of “ballistic weak localization.” Clearly, %
both effects contribute to the two-terminal magnetoresistance b o0
Ry 4(B). 18 05 0.0 05 10

From the width of the narrow peak as measured at 50 mK Vgate (V)
we have determineB-=3.7 mT, i.e., a value practically co-
incident with that in the Hall bar reported above. FIG. 6. (a) Four-terminal magnetoresistance investigated as a

The four-terminal R,; data were investigated al  function of the gate voltage, decreased progressively from +1 to
=50 mK as a function of the gate voltage in the open trans=1 V in steps of 0.2 V. Some representative curves are reported in
port regime. In Fig. ) we report a series of 11 magnetore- panels(b), (c), and(d) together with a Lorentzian fit according to
sistance curves measured in sequence, progressively decre&§- (2) usinga andR, as fitting parameters. A good agreement is
ing the gate voltage from +1 to -1 V in steps of 0.2 V. At obtained only in the gentral region of the peaks. The obtainbg
first glance the curves seem to be quite different from eacf" &/l curves shown in paneb) are reported versus the gate volt

. age in panele).

other for what concerns the peak line shape. As an example,
the curve measured at;=+0.6 V seems to have a linear
shape, rather different from the more rounded Lorentzian- R(B) = Ry +
like peaks found a¥/y=-1, -0.2, or +0.4 V. Noteworthy is
the curve atV,=+0.8 V in which the zero-field peak has
almost disappeared in a flat plateau. Noticeable features are
also the shoulders that develop around £50 (marked with  where ®,=(h/e) is the flux quantumA=(R(B=0)-R,) is
dashed lines as guide for the eyesd increase or decrease the zero-field WL correction, and the inverse of the typical
nonmonotonously as the gate voltage is changed. We shalkea enclosed by the classical trajectory of the ballistic elec-
return to this point below. tron in the cavity. In panelgb), (c), and (d) of Fig. 6 we

In order to perform a preliminary line shape analysis, allreport some representatives curves, selected from those of
the curves of Fig. @ have been fitted in th€-100, panel(a), together with the Lorentzian fit performed accord-
+100 mT range by the Lorentzian line shape predicted foring to Eq. (2) and usinga and R, as fitting parameters.
ballistic WL in a chaotic cavity Looking at the curve in pandb) (V,=-1V), it is evident

010 -0.05 0.00 005 010 01 00 01
B(D B(D)

(&)

i1

L AN A 7 e

: P11 1 I

1+ (2B/a®dg)?’ @
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that the Lorentzian fit agrees quite well with the experimen- B(OH
810 .05 2.00 008 0.19

t M t h ¥

tal data in the central region, but deviates at higher magnetic
fields because of the shoulders, marked with arrows in figure,
that rise atB=+74 mT. Panel(c) highlights the situation
when a Lorentzian curve fits well the experimental data in an
extended range of magnetic fieldp to B=0.1 T). In panel

(d) we report the case of the triangular-shaped peak found at
Vy=+0.6 V. We see that, due to the presence of a somewhat
rounded top and barely noticeable shoulders at +/-50 mT
(marked with arrowp it can also be satisfactorily fitted with

a Lorentzian line shape in the central region. In Figg) Gve
summarize the results of the Lorentzian fit of all the magne-
toresistance curves, reporting the quantith, as a function

of the gate voltage. The extractedpP, do not vary signifi-
cantly with the gate voltage and this can be interpreted as an

ipdication that phange; in,the gate \_IOIta_ge result in a vgria— FIG. 7. Experimental energy averaged weak localization effect

tion of the carrier density in the cavity without altering sig- a5 a function of magnetic field expressed in unity b, with

nificantly its shape. This is somehow expected in our devicegd,=51.5 mT. The solid line is the theoretical fit to the experimen-

since they are fabricated with etching rather than split-gateal data according to E¢4) using the amplitud& as fitting param-

techniques. eter. Clear discrepancies between experimental points and theoreti-
Averaging thea®, obtained from the Lorentzian fits we cal fit are marked with arrows.

obtain a¢62(51.511.8 mT, from which we can estimate

the typical area enclosed by the classical electron trajectories 1M

a'=0.08um? in close agreement with the valué (AG(B)) = —E G[B,Vgs(i)]-G[B=0,Vs(i)], (3

=0.11 um? of the area of the cavity estimated from the litho- Mi=1

g_raphic dimensions. T_his agreement was aIS(_) found in Pr&yhere the magnetoconductance cun@d,Vg) were de-
vious studies of WL in ballistic cavities realized by split ;i ed from the magnetoresistance measurements reported in
gates on GaAs 2DEGS:!’ Fig. 6@ and the summation indeixrefers to data extracted

As a conclusion of the data inspection and the above prefrom the M=11 curves measured at different gate voltage
liminary analysis, we point out the close similarity betweenyalues. The experimental points were then fitted with the
our results and previous findings on a variety of cavitiesinverted Lorentzian-like form predicted for ballistic WL in
realized from GaAs-based 2DE&s!” The central portion of  chaotic cavitied?13.34
the spectra could be fitted, but important discrepancies were
found on the side of th&=0 peak. The fitting parameter (AG(B))k=E[1—;], (4)
gives a reasonable estimate of the cavity area. The analysis 1 +(2B/a®)?

13 \whi i
was based on the theofy; which attributes the peaks to where the amplitud& related to the number of modes in the

weak localization arising from interference between backyg, s and the number of effective phase breaking channels, at
scattered trajectories. Furthermore, this theory predicts 3ero temperature, is predicted to assume the value
Lorentzian line shape for chaotic trajectories and a lineaL g g2/p.
dependence for regular ones. Given the overall discrepancies |, Fig. 7 we report as solid squares the experimental en-
between data and theory and the puzzling observation ofrgy averaged WL effe¢dG(B)), as a function of the mag-
linear and Lorentzian line shape in the same cavities, it waggtic field expressed in unity afd,, assuming for this the
argued, from one side, that a large ensemble average is n%|uea¢0:a(p0*:51_5 mT estimated previously. For clarity
essary in order to compare correctly the experimentaihe corresponding magnetic fielis also reported. For each
results}>*3on the other side, it was suggested that zero-fielcexperimental point, the error bars extracted from the averag-
peak should be attributed to a phenomenon other than wedkg procedure are also reported. In the magnetic field range
localization*®1° where the(AG(B)), develops the typical WL dip, the error

In order to check these possibilities, we have refined oupars are noticeably small. At higher magnetic fields, as re-
analysis in the WL framework by taking into account the factmarked before, the magnetoresistance curves are quite differ-
that the theoretical lineshapes are calculated by averagingnt from each other and this, together with the fact that a
over all wave vectork and thus the correct quantities to limited number of curves was used for averaging, leads to
compare with the theory are energy-averaged quantities. Iprogressively increasing error bars.
our case, assuming that the gate voltage varies the carrier The solid line is the fit of Eq(4) to the experimental
density only and so the wave vectgwe have performed an points, using the amplitud® as the fitting parameter and
energy-averaged analysis similar to that reported in Ref. 33ixing, once againa®,=51.5 mT. The value=0.16/h
The WL energy-averaged conductance correctid@(B)),  gives an excellent agreement of the fitting curve with the
was calculated according to experimental data in th€-40,+40 mT range. Amplitude
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valuesX lower than the theoretically predicted ones are re-Ref. 19. We conclude, therefore, that our results are in line

ported in literature for cavities of different shape and relatedwvith the analysis of Akiset al. in which the zero-field peak

to the existence of short paths for electrons in the ca&¥ity. and the related side features in the magnetoresistance are

Referring to Fig. 7, clear deviations of the fitting curve from viewed as a reflection of the intrinsic energy spectrum of the

the experimental data are observed at higher magnetic fieldpallistic quantum dot.

especially in the range where tAG(B)), curve develops

smooth kinkghighlighted with arrowsthat are the reflection

of the side-peak shoulders in the magnetoresistance curves IV. CONCLUSIONS

and that remain after the curve averaging. Therefore, the

present analysis confirms the previous conclusions: The cen- In conclusion, we have investigated Si/SiGe-based ballis-

tral portion of the spectra could be fitted, but important dis-tic cavities. The adopted geometry was such that the carrier

crepancies remain on the side of tBe0 peak that the bal- density and the “isolation” of the central dot could be varied

listic weak localization theory cannot account for. by the gate bias. The magnetoresistance curves exhibit inten-
As mentioned previously, a similar situation found in sity modulations, that we have explained in terms of electron

GaAs-based cavities was the starting point of the theoreticdbcusing effects. A zero-magnetic-field peak was also present

approach developed by Akis and cowork&$? claiming  in the spectra. A careful inspection of the peak line shape

that the conductance displays features reflecting the energgvealed the presence of side-peak shoulders in the magne-

spectrum of a ballistic cavity. Unfortunately, in this case notoresistance curve that have no explanation in the framework

simple theoretical equations are available for data analysisf the ballistic weak localization theory. The side-peak fea-

However, we emphasize the close similarity between outures survive to energy averaging and can be viewed as a

cavities and the geometry used in the simulations of Refs. 18&flection of the intrinsic spectrum of the ballistic quantum

and 19 and the striking resemblance between our results artbht, as suggested in previous studies on similar GaAs-based

their findings(in particular, compare our Fig. 7 with Fig. 7 of cavities.
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