
Chapter 6Con
lusions and perspe
tivesTime brings truth to light AristotleThe most signi�
ant 
ontribution of this thesis 
on
erns the temperaturedependen
e of the ele
tron phase 
oheren
e time �� in 
on�ned systems. Wehave observed a low-temperature saturation of �� in ea
h of our InGaAsopen quantum dots, over a wide range of temperature. We 
ould rule outany `extrinsi
' origin, related to the substrate material or the measurementsystem. We found that it is the dwell time that limits the measured phase
oheren
e time, i.e. � sat� = �d (where � sat� is the saturated 
oheren
e timeand �d is the dwell time). Ele
tron interferen
es 
an only o

ur duringthe average time spent by ele
trons inside the quantum dot. The observedsaturation is therefore dire
tly related to the measurement method.As a 
onsequen
e, our work questions the experimental eviden
es forthe existen
e of a low temperature intrinsi
 saturation of �� in 
on�nedsystems. The 
on
lusion of our work implies that the saturation of the `true',or intrinsi
, 
oheren
e time has not been observed yet in any experimenton quantum dots, sin
e we are able to explain all experimental reports ofsaturation of the 
oheren
e time in these systems, and the only availableexperiment on samples with a virtually in�nite dwell time (i.e. 
losed dots)did not reveal any saturation of the intrinsi
 ��.Furthermore, it might be ne
essary to re
onsider previous experimentalreports of saturation of the 
oheren
e time in many other 
on�ned systems,su
h as quantum wires. Indeed, a dwell time 
an also be de�ned in su
hsystems, but has never been taken into a

ount in the extra
tion of ��, as143
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on
lusions for quantum dots are likely tolead to a similar study in quantum wires (in parti
ular short wires, with asmall dwell time), for whi
h many report of low temperature saturation of�� have been published.Our work also 
lears up the way for theoreti
al works. Previous exper-imental reports on quantum dots put 
onstraints on a possible theory ofthe real saturation of ��. As we 
ould attribute previous observations inquantum dots to an intrinsi
, but sample-spe
i�
 origin, part of these 
on-straints is lifted. Even though we do not bring the proof for the existen
e ornonexisten
e of an intrinsi
 saturation of ��, our �ndings help to dis
rimi-nate between experiments reporting a 'real' or 'arti�
ial' - sample spe
i�
 -saturation.In addition, we provide new �� vs T data for open quantum dots, in unex-plored ranges of mean energy level spa
ings, number of modes, and materialsparameters. In the temperature-dependent regime, we found that, in onesample, �� vs T follows quantitatively the theoreti
al predi
tion for de
o-heren
e by ele
tron-ele
tron intera
tions in two-dimensional disordered sys-tems. In the other samples, dis
repan
ies were observed, that we attributeto the population of the se
ond subband in the quantum well. However,theoreti
al work is needed to 
on�rm the latter hypothesis.In 
hapter 4, we study phase 
oheren
e and spin-orbit 
oupling in Bi �lmsand in a single-
rystal Bi 
avity. We show that the 
avity is quasi-ballisti
and zero-dimensional for phase 
oherent pro
esses. Our work therefore pro-vides the �rst insight into the transport properties of this type of Bi systems.�� in �lms is signi�
antly larger than in the 
avity, while the spin-orbit s
at-tering time �so is similar in both systems. The reason for this di�eren
eremains to be investigated. A large unexplained dis
repan
y is also foundbetween our �� data and the predi
tion of the 2D Nyquist theory, althoughthe temperature dependen
e (�� / T�1) is 
onsistent with this model in the�lms and the dot.Beside the questions over the origin of these dis
repan
ies, our work onBi samples raises a large number of interesting perspe
tives. In parti
ular,we believe that the te
hnique developed to obtain �lms with large 
rystal-lites 
an be further improved. Another substrate material 
ould be usedinstead of SiO2, with a latti
e parameter 
loser to that of bismuth. This
ould be 
ombined with a slower deposition pro
ess at higher temperature,and a thermal treatment to align the 
rystallites along the same dire
tion inthe plane of the �lm (whi
h would suppress the un
ertainty over the 
rystalorientation in the 
avity). This would allow to produ
e mono
rystalline de-vi
es on thinner �lms, e.g. in the vi
inity of the semimetal-semi
ondu
tor



145transition. The in
uen
e of the lateral size of the 
avity on the weak an-tilo
alization e�e
t is another interesting problem to study. As explained in
hapter 1, weak antilo
alization 
an be suppressed in GaAs quantum dotswith a lateral size smaller than Lso. One 
an naturally wonder if a similarsuppression would o

ur in the same 
onditions in a Bi sample. In viewof the Lso values that we found, ballisti
 bimuth 
avities with dimensionssmaller than Lso are possible to fabri
ate using the pro
ess that we devel-oped. Su
h a small 
avity, with a small ele
tron dwell time would also allowto test our explanation of the saturation of ��.In the last part of the thesis, we dis
uss the nonlinear transverse voltage-longitudinal 
urrent 
hara
teristi
s of ballisti
 
ross jun
tions. We show thatthe 
ondu
tan
es measured between the 
hannels of the jun
tions are 
ru
ialto the understanding of the nonlinear behaviour. Reversals of the slope ofthe transverse voltage are observed in some 
ases, 
oin
iding with a de
reaseof the longitudinal 
ondu
tan
e. Furthermore, the sign and the amplitude ofthe nonlinear transverse voltage 
an be tuned by 
hanging the 
ondu
tan
es(or the width) of the bran
hes in the jun
tion. Theories based on an energy-dependent Landauer-B�uttiker formalism or on energy-dependent 
ollimatione�e
ts 
an not fully explain these observations. We suggest thatMonte Carlo(MC) methods are better suited to study the behavior of our stru
tures.MC simulations of our 
ross stru
tures have re
ently been undertaken in thegroup of Profs. Javier Mateos and Tomas Gonzalez in Salaman
a University.We hope that the result of these simulations will help to explain our data.
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