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Characteristics of transmission of electrons in a bent quantum waveguide
with inhomogeneous magnetic fields
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We present numerical studies of the transmission properties in an L-shaped quantum waveguide
(LQW) subject to an inhomogeneous magnetic field perpendicular to the LQW plane. The magnetic
field remains zero at the corner region, thus, a magnetically defined cavity is formed in this LQW.
We find that transmission characteristics of electrons in the LQW depend strongly on geometric
parameters and magnetic configurations. Sharp peaks with unity amplitude and deep dips are
observed in transmission as a function of the Fermi energy of the incident electron at some high
fields. The mode—mode coupling between the wires and the cavity and multiple reflection of
electrons in the cavity lead to the appearance of these structures in transmission spectrum. We also
study the variation of transmission with magnetic field for different magnetic confinement
configurations when fixing incident electron energy. In the magnetic depletion process of the
propagating modes in wires, the transmission exhibits various patterns, such as stepped drop, wide
valley, deep dips, large oscillations, or without any structure, sensitively dependent on incident
electron energy and magnetic confinement configurations. It is expected that one can flexibly
modify transmission spectrum of the LQW by applying an inhomogeneous magnetic field to match
practical requirements. €999 American Institute of PhysidsS0021-89789)05714-X

I. INTRODUCTION of bending resistance. It is well known that the sharp corner
. and junctions may cause severe reflection of the incomin
In past decades, advancements of nanolithography hav J y 9

. CeEE : ) Na\ectrons, especially in two spatial dimensiér&-2® It is
made possible the fabrication, in practice, of various confine- P y P

ment structures in a two-dimensional electron (ZBEGS desirable to design bent quantum wires with little reflections.

3519
through built-in control grid patterns, such as quantum WiresA few research groups have devoted to these stidies:

dots, or rings on a mesoscopic size. In these structures, tﬁl'ehey fou_nd that the _reflecﬂqn Of_ electrorjs could be reduced
zero if the bending radius in the circularly bent two-

characteristic scale of the system at least in some dimensiori ] )

is comparable to the Fermi wavelength of electron. Thus, th&imensional quantum wires are Iar%e enofighThe other
transport behavior of electron is characterized by the ballistiécheéme was proposed by Waegal=™" They suggested an
onel The quantum interference effect becomes more prolhtérconnection block which is a two-dimensional L-shaped

nounced. It leads to the manufacture of new concept deviceduantum wire where a double potential barrier is placed at
with operation principle entirely based on quantum interferthe comer. The localized st&t¥~'°at the corner region
ence phenomena, such as a transistor based on resonant tiithout the barriers is pushed into the continuum in the pres-
neling effec® the T-shaped electronic waveguitle, ence of the barriers, resulting in resonant tunneling. There-
the coupled dual-quantum waveguide¥’ bent wave- fore, the reflection at the corner can be eliminated through
guidest®* ' etc. resonant tunneling.

Electron transport properties under the application of = Motivated by these works, in this article we propose
magnetic fields have also attracted much attention and widanother possible design: creating a magnetically defined
investigations in recent yeat$:3! In these cases, the quantum cavity at the corner region through applying an in-
current-carrying edge states play an important role in detethomogeneous magnetic field perpendicular to an L-shaped
mining the electron transport behaviors in devices. Thesgquantum waveguidéLQW) plane. Thus, the mode—mode
edge states are formed near the boundary regions or the iBoupling between the cavity and wires can be substantially
terfaces in which the abrupt change of the magnetic fields ithanged. It leads to various transmission spectra of the
magnitude or polarity appears. A variety of new phenomena Qw, including sharp peak-dips structures. We will reveal
are expected in these structures. the effects of various geometric and magnetic configurations

_Since the interconnect_io_n of quantum devices is usuallyyn the transmission properties of the LQW in detail.
achieved through a bend, it is necessary to study the problem This article is organized as follows: Section Il gives a

brief description of the model device structure and the nec-
dElectronic mail: dschuu@cc.nctu.edu.tw essary formulas used in calculations. The calculated results
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wave functions can be expressed as the following when an
— W — y electron is incident through modein region I. They are
2
Il I a—ixy/12 1 aik g 1+) “xp!(-)
82 v =e Blekn XD (y)+r € km ) (y)](za)
T

W, lB 0 in region 1, and
l 1 (W,,0)

©0) X

Lo 2 TS
FIG. 1. Sketch of an L-shaped two-dimensional electron waveguide subject ‘I’LI =eXy=Wpllg, 2 tpnekm Wl)(I)Irln(H(X) (2b)
to an inhomogeneous magnetic field. m

and discussions are presented in Sec. llIl. Finally, a briefn region II, as well as
summary is given in Sec. V.

II. MODEL AND FORMULAS \pu'zz [ajnfj(y)sinkj’(x—wz)+cjngj(x)sink}’y]
i

We consider an L-shaped two-dimensional electron (20)
waveguide, lying on theX-Y plane, i.e., the bend angle is
90°. The transmission properties of electrons in an LQW,
which was subjected to an inhomogeneous magnetic fielth the corner region. Herd,(y) = 2/, sin(jmy/W,) repre-
perpendicular to the qguantum waveguide plane and a magents the transverse wave function of electron in mode
netically confined cavity is formed at the corner region, will zero field in wire |, andg;(x) = v2/W, sin(jx@/W,) is the
be studied for various geometrical parameters and magnetteansverse wave function of electron in mgds zero field in
configurations. Experimentally, inhomogeneous magnetiwire Il. The wave numbersk’—[k2 (j=IW;)1¥? and ki
fields on the nanometer scale can be established with, foe[k2— (j7/W,)]Y? are e|ther real for propagating modes or
instance, the creation of magnetic ddtghe patterning of pure imaginary for evanescent modés.denotes the mag-
ferromagnetic materiafé;**and the deposition of supercon- netic length given bylz=#%c/eB. The transverse wave
ducting materials on heterostructutésThe LQW can be functions® in the presence of magnetic field satisfy the fol-
divided into three subregions: a horizontal wire with a widthlowing one-dimensional Schdinger equations of an elec-
of W, (region |, a bent region with an area &/;XW,  tron with the Fermi energfg=72kZ/2m* (m* is an isotro-
(region Ill), and a vertical wire with a width ofV, (region  pic effective mass, which is taken to be the valmg

I1), as shown in Fig. 1. For simplicity, the magnetic field is =0.067m, for the GaAs layerand charge- e:
assumed to be uniform in each individual subregion and can

be denoted aB; in region I, B, in region Il. On the corner

region, the magnetic field is always zero, leading to the for- d? 5 () eB,y\? I(+)
: : i i rread I o )(y)=0 (38
mation of a magnetically confined cavity. We employ, for dy F “he
simplicity of calculations, the hard-wall confinement poten-
tial for boundaries. The transverse potential inside the LQW
is set to zero. We choose the Landau gauge for the vectdn region I, and
potential in different regions as
(0,B1x)=(—B41y,00+VB;xy, in region I; d2 eByx\ 2
2 (=) 4 I(*)
(—Bao(y—W;),0)=(0,82X) ~ VBx(y— W), {W“& (" ) F (=0 (3b)
ACYI=1 g region II;

(0.0, in region il. in region Il. The magnetic field effect can be regarded as an

@ additional effective potential introduced into the relevant
It can be noted that this form of the gauge guarantees th8chralinger equation. This effective magnetic potential can
continuity of the vector potential at every interface. be expressed as
In the effective mass approximation, a boundary match-
ing method* can be employed to solve the Schimger
equation of the single electron in the presence of an inhomo- h? (k'“) eBly>2

(4a)

geneous magnetic field. We write down the wave functions Ver(y) = om* hC
in individual regions, and match the boundary conditions by

requiring that the wave functions and their normal deriva-

tives must remain continuous at each interface. The electromm region I, and
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h? eB,x\?

— () 11
Veff(x) 2m* (kn + hc ) (4b) 0l
in region 1I. 9
To solve Egs(3a) and (3b), we expand the wave func- 8
tions in terms of a set of complete bases, separately corre- 7+
sponding to the transverse eigenfunctions of the LQW in 6
regions | and Il at zero field as - 5L
4
CD:1(+) 2 §|(+ j (53 3L
2 |-
and 11

0

O (x) = 2 7 79;(%). (5b)

kW, /n

. 6 . .
With the use of a;” expanded .ba§'?§, for a given Fermi FIG. 2. Variation of total transmission probabilifly as a function of the
energyEg, we obtain a set of eigenwave numbeléj()) Fermi wave numbek of the incident electrons at zero field for different
[or (k'nl(i))] and eigenwave functions[d):f:)(y)] {or  ratios of W,-to-W; of the bent quantum waveguide. Hereafter, we always

(=) . p : : chooseW,;=2000 A in calculations. Curvea—e correspond toW, /W,
[®n (X)1}- The group velocities of thth state in regions =1.0, 0.6, 0.5, 0.45, and 0.4, respectively. Two consecutive curves are

I or Il are, respectively, separated for clarity.

+ eB;
o= [ - S iy,

2¢?
(6a) G(Ep)= TT(EF)- (10
and
5w eB,x lll. RESULTS AND ANALYSES
+ 2 + + +
v}l(_)zﬁfo (x| K+ o )‘b”( '(x)dx. A. Transmission of electrons in an L-shaped

guantum waveguide at zero magnetic field

(6b)

CopansondEgs. (6 iG] mote an nfin sum 2 1% SST% e ELen o e e onerssr
including all possible evanescent modes. In practice, thi ave numberks of the incident electrons at zero field for
sum must be trur_lcated at some finite number, Iarge_ ENOUH}tferent ratios of W,-to-W; of the LQW. The calculated
to achieve a desired accuragy. we checkeq numerE:aI CORransmission spectra are depicted in Fig. 2. Hereafter, we
vergence by flux conservation. The relationshij(tj,  choosew,=2000A in calculations. However, all the results
+T;n) =1 should be persisted well, whetg, represents the possess scaling invariance: Whéh- oW and at same time
transmission probability from incident modeto final mode B—B/a?, the normalized effective magnetic potential re-

j andTj, is the reflection probability: mains unchangefsee, Eqs(4a) and(4b)]. Curvesa—e cor-
n(+) respond toN, /W;=1.0, 0.6, 0.5, 0.45, and 0.4, respectively.
1= j It |2 T _|v | Ir: |2 (7) Two consecutive curves are vertically separated by 2.0 for
in= 1w hnl™ Tin=— 177 1ln - - : -
Un Un clarity. For an image-reflection symmetric structure under

reflection about the diagonal intersection line of the corner,
, W;=W,, the quantized conductance step as shown in
curvea of Fig. 2 still seems to be observable as a new
channel opens. We can always find a valley located just be-
2 fore the opening of a new channel. The wider valleys are
=2 T,—n, (8) shallower, this is in contrast to the narrower valleys which
=1 are deeper. They occur alternately on the curve. We can al-
whereN, is the number of propagating modes in region I1. Ways find a valley located just before the opening of a new
The total transmission probabilify is calculated by channel. The wider valleys are shallower, this is in contrast
to the narrower valleys which are deeper. They occur alter-
nately on the curve. For this structure, owing to the presence
T(EF)=HZ1 Th, 9 of the 90° bend at the corner of the LQW, the strong scat-
tering of electrons with these energies by the corner leads to
whereN; is the number of propagating modes in region I. Ina substantial enhancement of the reflecfidi.*® Roughly
the linear-response regime, the bent magnetoconductance gfeaking, this bend quantum waveguide is analogous to a
the LQW can be evaluated from the two-terminal Landauer-narrow—wide—narrow structufé The bend of the LQW is
Buttiker formula®’ equivalent to introducing an effective longitudinal modula-

The transmission probability for individual given inci- .
dent mode, for instance, for the incident electrons comlnqhe
from thenth mode in region |, is given by

Ny
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a0l | I I ' ' Tg | ain Fig. 2 and curves, b, ¢ andd in Fig. 3, itis evident that

T, transmission valleys are essentially originated from mode 1
35 . and mode 2 in the wires. These valleys are nearly located at

a0 L N the wave numberksW, / w=integer. For those modes with
T, c larger indices, the corresponding energy levels are higher
25 - (-V\/\/V\‘ than the height of the effective potential barriers at the exits
= 20 - - of the cavity, therefore, the coupling effect becomes weak;

5L sz_ no strong reflection peak takes place. Their corresponding
’ transmission exhibits oscillation structures with small ampli-
1.0 e tude superimposed upon a declined straight line with small
os | TT’\[\N\J\I\; slope. Therefore, one may conclude that the mode—mode

| a coupling might be the possible mechanism for the origin of
0.0

the valleys. These results support the previous conclusions
that the valleys are naturally originated from the mode—
mode coupling effect?~*?

FIG. 3. Transmission spectra for four lowest modes of incident electrons in We now discuss the 0pp0§lt§ case, Mé is Igrggr ,than .

the image-reflection symmetric structure. Cunasd correspond toT,  W1. The pattern of the transmission spectrum is similar with
—T,, respectively. the case of narrowing wire Il. If two structures have inverse
ratios of W, /W, for instance, one structure h&g,/W;
=0.5, and the other structure h&e,/W;=2.0, by using

tion potential. Two effective barriers are formed at the exitsdifferent abscissa scales, for instance, one is measured by

of cavity. The coupling between the incident mode and thekFWa/7 for the former, and the other is:W,/m for the
mode in the cavity leads to the appearance of the valleys datter. It is found that two curves completely coincide with
dips in the transmission spectrum. The stronger the couplin§&ch other.
is the broader the width of the valley. The origin of these o ]
valleys in transmission might be attributed to the mode—B- Transmission of LQW under inhomogeneous
mode coupling as we will see in Fig. 3. magnetic fields

We now study the effect of the narrowing of widd, We now investigate the influence of the perpendicular
of wire Il on the transmission spectrum. The effects are in-magnetic fields applied to the wire parts on the transmission
cluded by the following fourfolds(1) The threshold wave properties of the LQW. The magnetic field on the corner
number of the onset of conductance shifts toward the highegion of the LQW is kept at zero. This means that a mag-
wave number region, because it is determined by the smalleretically defined cavity is formed on the corner. In this ar-
values betweenV; andW,, and thus at present, inversely ticle, we only concern ourselves with this special structure.
proportional toW,. (2) The positions of all the valleys re- Figure 4a) shows the variation of single-mode transmission
main unchanged. However, these valleys are narrowed bgrobability T, for the incident electrons coming from region
cause the mode—mode coupling becomes weak as decreasinig the first subband as a function of the Fermi wave num-
W,. One can also note that the valley for the lower incidentber. The parameters ardl;=W, andB,;=B,. Curvesa—e
electron energy, e.g., the left most valley, gradually disapcorrespond to different magnetic field strength8as0, 0.2,
pears adV, is decreased. This is reasonable that the disapd.4, 0.6, and 0.8 TTesla, respectively. Two consecutive
pearance of the left most valley owes to the increase of theurves are offset by an amount of 1.0 for clarity. At zero field
onset of the conductance ®% is decreased3) WhenW, is (curve a), the transmission increases from zero to its first
shrunk, the width of the conductance plateaus of each curveroad bump with a maximum 0.86, and subsequently, drops
gradually becomes wider by combining the adjacent onesmto a zero-transmission valley, originating from the strong
together. However, the positions of reflection dips are stillscattering of electrons on the corner. As applying the mag-
unchanged. Consequently, the width of the new plateau isetic fields to the two wires, the transmission spectrum is
equal toW,/W,, and each new plateau contains more dipssubstantially modified. Sharp transmission peaks with unity
(4) As W, is decreased, an unusual variation of the plateaamplitude and deep dips emerge as shown in cubres.
might occur, e.g., in curvels andd of Fig. 2, some plateaus The action of the magnetic fields is equivalent to the forma-
develop into bumps while their next neighbor plateau reion of two magnetic barriers at the exits of the cavity. The
duces its height. This process continues until the combinaelectrons inside the cavity are subjected to multiple reflec-
tion of two plateaus is complete. tions from the abrupt magnetic-field changes at

To reveal the origin of these valleys in transmission, weinterfaces>’?8It leads to the creation of peak-dips structures
prefer to show the individual contribution of the lowest four in transmission. When increasing the magnetic field, the first
modes to the transmission. Figure 3 displays the transmissiagubband level in the wires is lifted. This results in the thresh-
probability of individual incident mode for the image- old wave number of the transmission being shifted to the
reflection symmetric structure. Curves b, ¢ andd corre-  right. When the position of the first valley remains fixed,
spond toT, for mode 1,T, for mode 2,T; for mode 3, and therefore, the bump is gradually narrowed and develops a
T, for mode 4, respectively. Two consecutive curves argpeak until the first valley is finally merged or disappears at a
offset by an amount of 1.0 for clarity. Compared with curve certain high field as shown in cune At the field strength

KW,/
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5.5 T T T T T T

5.0 - W,=W, 05 | d \é\/fg\/z
45 BI:BZ e W 5 e
40 | 06T _
e kW, /2=4.225
35 | g 4
30 |- n 3.150
- 3l
s | ) 04T | — .
20 L ) | 2175 | |
0.2T
15
1.0 - . 11 2 1.37 -
0.0 A %0 05 1.0 15 2.0
05 10 15 20 25 30 35 40 : - : : :
(@) KW /x oo JE,)
5.0

T T T T T T FIG. 5. Variation of total transmission probabiliy with magnetic fields
45 LW =W i only subject to the wires in the LQW with symmetric structure for different
v B.=0,B,=0.3T incident electron energie®; =W,=2000 A andB,=B,=B. Curvesa—d
4.0 e 3 correspond tckgW, /7=1.37, 2.175, 3.150, and 4.225, respectively. The
a5l (\[\/\Fﬁ)‘ﬂ’\%?'\ curves are offset for clarity.
d
3.0 —

25[ cavity is magnetically well defined, thus, sharp peaks and

- 20l dips are observed. However, when reversing the polarity of
15 the field in one wire with respect to the other wire, the peak-
T dip structures inl, disappear and are remarkably smeared,
1.0 in particular, in high energy regiofturvec). For the output
05[ m B,=B,=0 T wire with zero field, oscillations inl, are obviously en-
oola L 1 ) 1 hanced(curve d). When exchanging the magnetic distribu-

1.0 15 20 25 30 35 40 45 tions in the two wires, i.e., assumii;=0 andB,=0.3T,
(b) kW, /n in contrast to curvel, the oscillations are remarkably sup-

pressedcurvee), and the transmission decays to zero at high
FIG. 4 Dependence of the si_ngle-mode tranfsmi_ssion probabilityn the energy region. It is seen from quﬁla) and (4b) that the
Fermi wave number(a) for different magnetic field strengths whedy b . .
=B,=B, and (b) for different magnetic configurations. We assuig eﬁﬁ'ﬁg've magnetlc_ potential of el"_:"CtronS depends on the
=W,. Curvesa—e in (a) correspond toB=0, 0.2, 0.4, 0.6, and 0.8 T. K ', the magnitude and polarity oB;(B;). Conse-
Curvesa—e correspond to different magnetic confinement configurations: atquently, it is expected that any change of the magnetic con-
zero field for curvea, B;=B,=03T for curveb, B;=-B,=03T for  figyrations should substantially modify transmission behav-
curvec, B;=03T and_Bz=0 for curved, and Bl=(_J andB,=0.3T for iors of the LQW.
curvee. Two consecutive curves are offset for clarity. . . L
To further examine the influence of the magnetic field on
the transmission spectrum, we study the effect of the deple-
0.2 T, one transmission peak with unity amplitude is ob-tion process of the high-lying modes on total transmission
served. As the field strengiincreases, the peak-dip pair or probability T as increasing field. Figure 5 shows thes a
dip-peak pair structures appear. At higher field, 0.8 T, manyunction of f=%w./Eg for four different incident electron
sharp peaks and dips occur. These resonant structures aeergies in the LQW wittW; =W, andB,;=B,=B. Where
primarily ascribed to the mode-mode coupling effect and thes.=eB/m* ¢ is the cyclotron angular frequency of electrons
multiple reflection of electrons waves inside the cafitf®It in magnetic field. Curvesa—d correspond tokgW, /7
follows that the transmission properties of electrons in the=1.37, 2.175, 3.150, and 4.225, respectively. The numbers
LQW can be remarkably improved by adjusting magneticof the propagating modes in wires at zero field are 1, 2, 3,
fields in wires. and 4, respectively. Two consecutive curves are vertically
We now investigate the effect of different magnetic con-offset by an amount of 1.0 for clarity. Since the Landau
figurations on the single-mode transmissibnin detail. We  quantization level is dominant over the threshold energy of
still focus on the LQW with symmetric structure. The calcu- the onset of transmission, thjgh mode is completely de-
lated transmission spectra ©f are shown in Fig. ). Two  pleted whenf=1/(j —0.5), and so the overall transmission
consecutive curves are offset by an amount of 1.0 for clarityceases whefi>2.2°2%When only the lowest mode is occu-
Curvesa—e correspond to different magnetic configurations: pied (curvea), during the magnetic depletion process of this
curvea for zero-field case, curvefor B;=B,=0.3T, curve mode no structure appears in transmissibnWhen two
cforB;=0.3T, andB,=—0.3T, curved for B;=0.3T and propagating modes exist in the wires, as increasing the mag-
B,=0, ande for B,=0.3T andB,=0. It is clearly seen that netic field, the high-lying mode is first depleted, hence the
the threshold wave number keeps unchanged for all curvetsansmission abruptly drops to a valleyfat 0.494. Passing
b—e. For finite field with the same polarity in the wires, the over this valley, the transmission increases monotonically
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I T I
7 W/W =15 1

l T electrons in magnetic field anig can be viewed as a nor-
malized strength of magnetic field applied to the wire region
glel keW /m=2.175 " f=pe, /E=-1 | Il. Under these conditions we mentioned above, there are

Y =1 two (one active propagating moddmode in the wires for
2

the casea—c(d—e) when applied field is zero or weak. As
f=hw./Eg increases, step variation of the transmission
probabilities occurs until all the propagating modes are de-
pleted. For clarityb andc are offset by 1 and 2, while in the
cased ande the curves are shifted by 4 and 5. For the case
B,=B (curvea), the transmission drops frof=2' step to
T=1' step as increasing, electrons are then experienced
from strong reflection, thus one valley appears neaf.8.
Subsequently, transmission monotonically increases up to
=1' step again and finally drops to zero &2. When
reversing the polarity oB, with respect tdB,, the transmis-
sion valley becomes quite shallow afie- 1’ step in the high
field region disappeartcurve b). When fixing B,=0 and
35 [ ' ' ' T scanningBq, i.e., the magnetically confined cavity is now
| £ =t /B~ WyW=1s completely opened at the upper exit, no valley is observed in
kW /n=2.175 transmission(curve c). When applying a finite field to wire
I, i.e., f,=1, a quite narrow dip brings out at a low field
(curved). However, when inverting the sign &, this val-
ley becomes obscur@urvee).
We now consider opposite cases, thatBis=B with
fixed keW, /7w=2.175. Curves, b, andc in Fig. 6(b) show
the dependence df on the magnetic field which denotes
the strength ofB,, for different values ofB,: B;=0, f;
=hws /Eg=1, and—1, respectively. Similarly, we denote
0.0 | L | wi.=€eB;/m*c. The application of the magnetic field,
0.0 0.5 1.0 15 2.0 lifts the subband levels of electrons in wire I. As increading
(©) o JE.) the height_ of .thg effective magnetic barrier at the_ upper exit
¢ F of the cavity is increased; thus, the strong reflection appears
FIG. 6. Variation of total transmission probability with the magnetic field in at Some magnetic field, it results in the appearance of a dip.
the LQW with asymmetric structure for different magnetic configurations. For largerf, this dip becomes deep and narrow. However,
W,/W,=1.5. Curvesa—e in (&) correspond toB,=B, for curvea, B, when reverting the sign d8,, this dip is converted into a
=B, for curveb, f,=f w(B,)/Ec=0, 1, and—1 for curvec—e, respec-  yangmission peak, comparing curvesand c¢. From these
tively. Curvesa—c in (b) correspond tdf,=%w.(B,)/Ex=0, 1, and—1, . . . .
respectively. The incident electron wave number is fixedkgiV, /= results, it concludes that by changlng the magnetic conflgu-
=2.175. The curves are offset for clarity. rations in the LQW, its transmission characteristics can be
flexibly controlled. Therefore, it is expected that one can
tailor transmission spectrum of the LQW to match the prac-

and approaches unity, and dramatically ceasés-& all the tical requirements by designing appropriate magnetic con-

modes are depleted. As the number of occupied modes figuration.
increased, the transmission behaviors exhibit complicated os-
cillation structures containing_many pealfs—valle.ys. '!'he in—lv_ SUMMARY
terference of the wave functions associated with different
channels are responsible for these oscillation structures We have studied transmission properties in an L-shaped
(curved). quantum waveguide LQW subject to an inhomogeneous
We now further describe the transmission features of thenagnetic field perpendicular to the LQW plane. The mag-
LQW with asymmetric structure during the magnetic deple-netic field is kept zero at the corner region, thus, a magneti-
tion process of the modes. We consider an LQW withcally defined cavity is formed in the LQW. We calculate the
W, /W;=1.5. The variation of total transmission probabili- total transmission probability of electrons for different ratios
ties for different magnetic configurations with a fixed wave of W,-to-W, in the LQW at zero field. The profile of the
numberkgW,; /7=2.175 is plotted in Figs. @ and 8b).  transmission spectrum as a function of the incident electron
Curves in Fig. 6a) are functions oB; which is converted to energy is gradually developed. The wide valleys become
the parametef=#%w./Er, and correspond to different mag- sharp dips and the conductance plateaus are expanded. How-
netic fields ofB,: curve a to B,=B;=B, curveb to B; ever, the positions of all the valleys remain unchanged. It
=—-B,=B, curvec to B;=B with B,=0, curved to B;  implies that these valleys are essentially ascribed to the 90°
=B with f,=Aw,/Eg=1, and curvee to B;=B with f, bend in the LQW in the corner of LQW electrons are expe-
=—1. Wherew,=eB,/m*c is the cyclotron frequency of rienced from strong scattering and reflection and leads to the

3.0
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