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Mobility in V-shaped quantum wires due to interface roughness and alloy scattering
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The low temperature mobility in V-shaped AlGaAs/GaAs quantum wires is theoretically investigated. The
energy eigenstates and the eigenvalues of the system under study are calculated using a finite difference
method. The cartography of the interface allows for realistic values of the rms value of the roughness fluctua-
tions in depth and the autocorrelation length. For one subband occupation we calculate the screened and the
unscreened mobility due to the interface roughness scattering. The corresponding mobility exhibits ultrahigh
values. We also evaluate the mobility due to alloy scattering. The interface roughness turns out to be the
dominant scattering mechanism. When the second electronic subband becomes populated, we investigate the
intrasubband and intersubband scattering due to interface roughness, taking into account or excluding screen-
ing effects. Comparison is made with other reports.
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I. INTRODUCTION bility in ultrathin, cylindrical wires of ternary semiconduc-
tors. They concluded that the mobility increases with 1D
The rapid development in molecular beam epitaxy and irfoncentration and glso v_vith increa_sing radius of the wire. For
metalorganic vapor phase epitaxy has made possible the r@-degenerate gas, ignoring screening, they found that the mo-
alization of one-dimensionallD) semiconducting systems Pility varies linearly with the Fermi wave vectds:. Nag
of various geometrical cross section such as V-shifeshd and Gangopadhya¥concluded a similar behavior studying

T-shaped quantum wirs (QWRS. Other successful ap- :g(r)]); scattering in cylindrical wires of different composi-

p.roaches to the fabrication of high—quality homogeneous The envelope functions of the QWR cannot be calculated
single (or arrays of QWRS include cleaved edge analytically except for the case of a cylindrical QWmRnd a
overgrowtt? and self-ordering on V-grooved substrafethe WR with infinite potential barriers> Additionally, studying
existence of 1D electron gas has led to the expectation q(ﬁe effect of screening, the dielectric function in 1D systems
systems with enhanced carrier mobilities. Pioneer theoreticglyhipits a X--singularity'® Fishma# investigated the elec-
works predicted such enhanced mobilities. tron mobility in 1D semiconducting systems for the case of
Different scattering mechanisms limit the mobility de- gne subband scattering when the dominant mobility-limited
pending on the lattice temperature. At low temperatures thénechanism was the ionized impurity scattering. He used an
mobility is limited by the impurity scattering and the inter- envelope function constant inside a cylindrical QWR and
face roughness scattering. The alloy scatteriAfl) pro-  zero outside, and in order to soften thig2singularity, he
duces an additional limitatiof*'* At low temperatures used a static dielectric function, where the finite-temperature
Sakakt? considered the scattering of the carriers by ionizedeffect was taken into account. Sakaélso studied the influ-
impurities located at a fixed distance outsidemote impu- ence of the interface roughness on the mobility when the
rities) the one-dimensional rectangular wire. He found thatelectrons are in the lowest subband. He assumed that the
the impurity scattering limited mobility increased exponen-wave function was separable in the two confining directions.
tially as the distance between the impurities and the wireThe dielectric function expressed in the random phase ap-
increased. Lee and Spectbgeneralized Sakaki’'s model tak- proximation was evaluated in terms of the form factor and
ing into account the scattering of the carriers in a real semithe static polarizability. The form factor was approximated
conducting thin cylindrical wire structure by both the back- by a Bessel function of the second kifd.
ground(in the wire itselj and the remote impurities and also  The above-mentioned investigations deal with “theoreti-
by a uniform distribution of impurities both inside and out- cal model-QWRs.” It is of particular interest to examine
side the wire. For the case of the scattering from the backwhether the expectation of high mobilities in 1D systems,
ground impurities they found that the mobility decreaseseported above, is indeed a physical property of “real,”
with decreasing the wire radius. For the case of the scatterinfman-made” QWRs.
from remote impurities, the size dependence of the impurity V-shaped QWRs are included among the latest “real”
limited mobility depends upon how the remote impurities areQWRs. Recently, Tsetseri and Tribéfisleveloped a finite
distributed outside the wire. When the distribution of ionizeddifference approach applied to a nonuniform mesh to calcu-
impurities outside the wire is uniform, the mobility is inde- late the electron and heavy-hole energy eigenvalues and
pendent of the wire radius while, if they are separated froneigenstates of V-shaped AlGaAs/GaAs QWRs. Additionally,
the wire at a fixed distance, they recovered the previous rethe cartography of the interface roughriésalows for real-
sult obtained by Sakaki. When the impurities are distributedstic values of the rms values of the roughness fluctuations in
uniformly both inside and outside the wire the mobility againdepth and the autocorrelation lendtblands’ extent which
is size independent. are important parameters in the study of interface roughness
Basu and Sark&? studied the alloy scattering limited mo- limited mobility.
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FIG. 1. The geometrical structure of the
V-shaped AlGaAs/GaAs QWRA and A are the
depth and the extent of the “interface roughness
islands,” respectively.

Carriers in a QWR are generated either by modulatiorwhere A is the rms value of the roughness fluctuations in
doping®?° or by short laser pulsés.As we increase the depth and\ is the autocorrelation length which is interpreted
laser intensity the electron concentration increases leading tas the smallest island exte'ft.
the occupation of the second subband of the structure under The local variation of the potential due to the interface
study. Therefore, one has to take into account the effect afoughnesgIR) is described byJ,xz(y,u), given by
the intersubband and intrasubband scattering due to the in-
teraction of the electrons in the two subbaf@shich im- Uir(y,u)=UgO[—u+ug+du(y)]—Ue®(—u+up),
plies an appropriate modification of the dielectric functtdn. )

In the present work we investigate the behavior of the lowyhere® is the step function ant, is the conduction band
temperature mobility in Al-GaAs/GaAs V-shaped QWRS discontinuity between GaAs and AlGaAs.

taking into account the interface roughness and alloy disor- |f the scattering occurs between the states k)

.der. scattering m_echanlsms'. The paper congsts of the follqu; §n(x,z)e‘kvy and |m,k!)= gm(x,z)e‘kW, the local scatter-
ing: The theoretical analysis is presented in Sec. Il. SpeCIfIi-n matrix elements haX/e the form
cally, the one subband case is investigated in Sec. Il A. 9

Particularly, in Secs. Il A1 and in Il A 2 the interface rough-

ness and alloy scattering are examined. In Sec. Il B we study f dxf dzZh (x,2)U (Y, U) {m(X,2), (©)]

the two subband case. In Sec. Il we present and discuss our

results. In Sec. IV our conclusions are given. wheren andm indexes the corresponding subbands. Integrat-

ing over the direction that exhibits the roughness we obtain
the scattering matrix elements

Il. THEORY
2
A2A oo |t
A. One subband Hin(Oy) =Uol &7 (4 2)Em(X, D) s ol ~ e ™)
1. Interface roughness (4)

Figure 1 presents the structure under study. It is an Unwhereq, =k, —k; is the difference between the final and the
doped V-shaped AlGaAs/GaAs QWR. GaAs is grown on thgpitia| statesk, andk,, respectively.

X=X, Z=2, planes of AlGaAs along the directiam with The probability per unit time for transition between states
u=x-+z whereu, X, z are unit vectors in the corresponding |n,k,) and|m,kg), PLRm(qy), is calculated using the Fermi’s
directions. Golden rule

At low temperatures, with no impurities present, the
dominant scattering mechanisms are the interface roughness
and the alloy scattering.

Taking y to be the direction of the “free” motion of the
carriers, fluctuationssu, due to penetration of GaAs into  The total scattering rate is calculated summing over all
AlGaAs and vice versa, form “islands” of interface rough- the final statesm,k;), i.e.,
ness of deptm\ and extentA. The statistical properties of

2w
Phn(dy) = 7~ [Ha(@y)[*0(Eni ~Emi). ()

the roughness are expressed via the autocorrelation function 1 2 27T R 5
of a Gaussian form: TR 7|Hnm(Qy)| 5(Enk,~Emi), (6
7'(n)(E) m,k/ y
o wherer(y is the relaxation time referred to timth subband.
<5u(y)5u(y’)>=A2exp( — M) , (1) For our one-dimensional case the summation dyercon-
A? sists of only two term&*
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Ham(ay)/ €(ay), wheree(q,) is the 1D dielectric functiofi?

0'25'_ For one subband occupation the screened mobjlif%('R),
0.20 reads
0.151
— | K - Mscr(IR):MIR 62(2k ) (10)
3 o10) wr K koS Ky E<E, & e F
0.05. \\kym K E <E<E, At zero temperatur_e th_e st_atlc_d|electr|c function in the
Y random-phase approximation is given by
1 ' E
0.00- , !
0.02 -0.01 0.00 0.01 0.02 e(qy)=1—F(ay(qy). 1D

Here,F(q,) is the form factor expressed as
FIG. 2. The initial and final scattering states in inter- and

intrasubband scattering.
2

2e (1)
" F(qy)ze F (Qy)
' 2 2m BG
K==\ K+ — 5 (En—En), (7)

2¢e? ) )
-— deJ dzg(l)(x,z)J dx’f dz' ¢4(x',2')
wherem* is the carrier’s effective mass. B¢

Specifically, for the case of one subband occupatign, X Ko(gy[ (x—x")?+(z—2")?]"), (12
takes the valuestk, therefore,q,=0 or q,=2k,. Back-
scattering is the only possible scattering process that changadere the superscrigt) in F(l)(qy) denotes that we have
the momentum of the particle; therefoq9=2k§1) (Fig. 2. only one subband occupieéy is the background dielectric
Then Eq.(6), for the case of one subband occupation, readsonstantK, is the Bessel function of the second kind, and
I1(qy) is the static polarizability function given By

1 2mm* A2A (12,2
— = ——— U2\ lxex 1 —=0 AT (8 (0) (0)
IR 3,(1) ~05(D)Ix=xq.2=74 3 (ky+qy)— 37 (ky)
(B A7Ky V2 M(gy)=2> —— WL (13
Y kg —Ke
For a degenerate semiconducloignoring screening, Eq. om* [(ky+ay) vl

(8) leads to the expression of the mobility due to scattering

by interface roughnesg3). _ o
For the case of degenerate QWRs the static polarizability

takes the forrtf

e e
R _ IR _ IR
M(l)—m* (Ty(E))= o 7(1)(EF)

Ay
Ke+ =
eﬁS 2 k ek,2:A2 _ 2m* 2
= — V2 F — ) II(qy)= 7 In o | (14
2mm §(1)|><=><0,z=zO (UoA)“A y kF_7

whereEg is the Fermi energy.

According to Eq.(9), the mobility in QWRs due to scat- The dielectric function at zero temperature reads
tering by interface roughness depends on the extemind
the depthA of the islands and also on the 1D electron con-

centration,N;p, through the relatiorkp= 7N;p/2. It also K +&
depends on the geometrical shape and the width of the QWR 4e’m* F(l)(qy) F' 2
through the value of the envelope function on the cormer ( e(dy) =1+ PR q In q (15
=X0,2=2,) of the triangular. The envelope functiafy), mho€se W Ke— ?y

appeared in Eq(9), has been evaluated solving the two-

dimensional Schidinger equation, for a two-dimensional

confining potential, using a finite difference scheme applied Since, in our caseg,=2kg, a Zkg-singularity appears. In

to a nonuniform meskh’ order to overcome this singularity we have to consider ther-
When the effect of screening is taken into account wemal broadening:?® Then, the static polarizability is ex-

have to replace the scattering matrix elemets,(q,) by  pressed as
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2m* (= 2\2m*E+q 1 a® m*
I(qy)=- —f dE In|——=—"- A= | 7 Sl e)(eV)P f {h(x,2)dz dx
70y Jo —2y2m*E+q, 7(my(EF) fi°ke | Js(x,2)
(21
1
X E—Eg|’ (16 where the are&(x,z) refers to the AlGa, _As surrounding.
4KBTcosH(W) In practice it is determined by fabrication and in the calcu-
B lations it has been taken into account for the construction of
whereKg is the Boltzmann's constant. the two-dimensional mesh for the evaluation of the
For q,=2ke, the static dielectric functione(2kg), is ~ €igenenergies and eigenvalues of the system under study.
written as Thus, ignoring screening, the r_noblllty due to alloy disor-
der, when one subband is occupied, reads
(2k)=1+ 4e’m* F(l)(2kF)S( EF) a9
€ = .
F 7Th €BG ZkF kBT

e
AL _ L
M(l)_FT(Al)(EF)

For the evaluation of the integral

eh ke[ ad ) . -1

= Zc(l—c)(é‘V) f {1(x,z)dz dX
\2)

NG S " |
2 1 (22)

1 \/E+
S(x)= Ef dt In o (19
0 Jt— \ﬁ cosﬁ(t— 5) When screening is taken into account,
2
we follow the approximations used by Fishnfane., for x M(S%(AL):M(AlL)EZ(ZkF). (23)

>1, Eg>KgT,we approximatés(x) = In(8e?x/7) wherey is
the Euler’s constant which is equal $o=0.577 while forx

<1, Ep<KgT, S(x)=1.346/x. Under these approxima- B. Two subbands
tions, substituting Eq(12), for qy=2kg, in Eqg. (17), we When the electron concentration permits the occupation
calculate the dielectric function. of the second subband, the scattering timg)(E), for the
nth subband[n=(1),(2)], is calculated from 7 (E)
2. Alloy scattering =3 K, o(E), where K, }(E), denotes the matrix elements
When the wire width allows the penetration of the enve-Of the inverse of the matrik >
lope function into the AlGa,_.As surrounding alloy ¢ is The matrix element&,(E) are given by

the Al mole fraction, scattering becomes an additional limi-

tation for the mobility and therefore the alloy scattering has K’

to be considered as an additional mobility-limited mecha- k_(E)=> |5, > pnl(k’k’)_pnm(k'k’)? cosé|.
nism. K’ [

For scattering between the statask,) = £,(x,z)€"» and (24)
|m,k)’,>=§m(x,z)eik§y, the alloy scattering matrix elements _ o _
have the forr® When the second subbaurffirst excited is occupied the

calculation of the matrix, for the 1D case, comes in a

o straightforward way from the 2D case taking aps*=1. We

Qg 1 obtain
HAN(Gy @) =| - c(1=C)(&V)? 5| Lan(a), (19 |
where n and m indexes the corresponding subband§) 4 q-(l)(E)} Kl’ll(E)+Kl’21(E)
=a®, wherea is the lattice constant is the Al fraction, sV = - - : (25)
T2 (E)] [ Ko (E)+ K5 (E)

is the alloy potentiall. is the macroscopic length of the wire,
andq is the two dimensional component@fn the confining
directions*! I,,,(q) is the 1D analogue of the corresponding
quantity in the two-dimensiondPD) case?? It reads

where 7(1)(E) and 7(»)(E) are the scattering times in the
ground and in the first excited state, respectively.
(i) The intersubband scatteringccurs between|:1,ky1>
|—>|2,; ky|2>, |>1,ky1>—>|2,ky2), |2ky2)—|1,—ky1), and
- S 2k,0)—|1k,q) states.
— —igq-(x-x+22) By2 Tyl
I”m(q)_f dagn(x,2)¢m(x,2)7"HHTEE 0 (20) (i) The intrasubband scatteringccurs betweenf1k,)
—>|1,_ k1>,|1,ky1>—>|1,kyl>, |2,ky2>—> 2,_ ky2>., and
The scattering rate, for theth subband, and a degenerate |2ky,)—[2k,,) states.ky; and k,, are determined from
semiconductor, is given by Er=Ei+4%kg,/2m* andEgx=E,+4%k,/2m* (Fig. 2).
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Using Eq. (5) we calculate the transition probabilities
with matrix elements given by Ed4). The envelope func-
tions {(1) and{() are calculated using the same finite differ-
ence schem¥.

In this case the dielectric function has the form

€ijim(Qy) = 61 Ojm— Fijim (ay) IT;n(qy) with

Ok, +ay,)— (k)

PHYSICAL REVIEW B69, 075313 (2004

2e?
Fijlm(Qy)ZaF(z)

ijlm

(ay)

2e?
aj de dz{i (%,2)¢(%,2)

xf dx’f dz' (X', 2') {m(X',2))

Tin(dly) =22 2 ) : Kol g,L(x—x")>+(2-2')21"2),  (27)
E, +—*(ky+ qy) - Em—ﬁ ky
2m 5 where the superscrig®) in Fi(j2|,)n(qy) denotes the two sub-
(26) band occupation.
and For the case of symmetric QWR
1- FllllH 11 - FllZZ‘HZZ 0 0
- I:11221_[ 11 1- F2222I[ 22 0 0
€= 1 (28)
0 0 1- I:12121_[ 12 - I:12121_[21
0 0 - I:12121_[ 12 1- I:12121_[21
while the inverse dielectric function is
[1— I:22221_[22 l:11221_[22 0 0 i
€intra €intra
FllZZIIll 1- I:11111_[ 11 0 0
1 €intra €intra
€= 0 0 1- FlZlZIIZl I:12121_[21 (29)
€inter €inter
0 0 I:12121_[ 12 1- I:12121_[ 12
Cinter €inter
with Ill. RESULTS AND DISCUSSION
€intra=[ 1~ F11140y) T11(ay) 11— F 22040y ) T 2(qly) ] We apply our theoretical approach for the evaluation of
the interface roughness limited mobility, presented earlier,
—(Fllzz)z(qy)l'[u(qy)l'lzz(qy) (300  first to two V-shaped AlGa_ As/GaAs QWRs withc
q =0.3 and widthsY;=100 A andY,=55 A. The first (Y,
an =100 A) allows us to justify our approach c%mparing our
o _1-F Il 1 _ 1 results with theoretical results reported by Sakakhe sec-
Cinter 12144y [ T12(Gy) + TT2n(G )] GD ond (Y,=55 A) has been used in previous experimental and
The screened potentialé;, are given by theoretical investigatiodé'®and it serves to show the effect
' of wire width variations on the mobility. The sample tem-
_ perature, here and thereafter, is tdkéaqual to 4.2 K.
Hij(qy)z_E Hi,,j,(qy)e(_i,l’j,)’(i’j)(qy). (32) Applying the finite difference method for the solution of
|,,j’

The form factorF{7) (q,) is evaluated calculating the in-

tegral appeared in E@27) while for the static polarizability
we use Eq(26). For specific values off, the polarizability
diverges. We approximatél,,(qy) using its one subband

the 2D-Schrdinger equatiolf we evaluated the normalized
wave function of the triangular QWR of widtk; =100 A.
Equationg9) and(10) allow us to calculate the mobility due

to interface roughness, when only one subband is occupied,
as a function of the 1D electron concentratidhy, for dif-
ferent values of the island extent,.

expression. The screened mobility due to interface roughness Our results are shown in Fig. 3 where the solid lines rep-

scattering is evaluated using E@S), (24), and(25).

resent the mobility under the effect of screening, while the
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10" 5

109—§

& (2k)

mobility (cm?V's™)
8\1

5 -1
N,, (10°cm™)

FIG. 4. The dielectric functiom(2kg) as a function olN,, for
two QWRs of widthsY;=100 A andY,=55 A. egg is the back-
ground dielectric constant.

N, (cm™) 0 the fact that we have chosen a different wire’s cross-sectional
b geometry. Our calculation has been performed for triangular
FIG. 3. The screenesolid lineg and the unscreene@lotted ~ QWRS for which the envelope function is numerically calcu-
lines) mobility due to the interface roughness scattering as a funclated while in Ref. 8 the envelope functions are of step-like
tion of N4, for four different values of the island exteit (200, form 'and certain approximations have been used for the cal-
150, 100, and 50 Afor a QWR of 100 A width. culation of the form factor.

_ N ~ Vurgaftman and Meyé? studied roughness-limited mo-
dotted lines represent the unscreened mobility, for four difyjlities in disorder quantum wires and evaluated relaxation
ferent values of\ (200, 150, 100, and 50 A). times as a function of the electron energy for a QWR of

The mobility increases rapidly witN; and the effect of 100 A width, takingA =10 A andA =30 A. Using Eq.(6),
screening is weakened &k p increases. The mobility is en- for A=10 A andA =30 A, we obtain relaxation times com-
hanced considerably as the extent of the islahdacreases. parable with their results.

We notice that adl,; increases the mobility increases more  Figure 5 presents the IR mobility as a function of the

rapidly for islands of Iarggelrsextent. island extent,A, for two different wire widths(a) Y;

For A=1 ML=2.83 A’*® and Y;=100 A, our results, =100 A and(b) Y,=55 A and for three different values of
for the unscreened mobility as a functionM{y, presented the carrier concentrationN;p=1, 5, and 1 10° cm™ .
in Fig. 3, are in a very good agreement with Sakaki's wbrk. with the solid lines we present the mobility when screening

The small enhancement in our screened mobility, compare taken into account while with the dotted lines we present
with Sakaki’s result, may come from the errors introduced by

the approximation for the form factor, as he also points out, 10" q
instead of our exact evaluation using Efj2). We both con- ]
clude that smoother surfaces lead to ultrahigh mobilities ]
compared with those of quantum wells. —~10°1

10" :
3 5 . :
N, (10°cm™)x :.10

In Fig. 4 we present the dielectric functior(2kg), S
evaluated using Eq17) as a function ofN,p, for two tri- oz 3
angular QWRs of widthy ;=100 A andY,=55 A, respec- S ]
tively. 2 ]

It is shown that the dielectric function is enhanced for fé 1

narrow QWRs and therefore as the width of the wire dimin-
ishes the effect of screening gets stronger. According to Eq
(12), this is due to the dependence Bf2kg) on the wire
width, Y. The dielectric function converges to the dielectric
constant of the wireegg as Nip increases. Therefore the
effect of screening is less important fdtf;p larger than
10° cm™ 1. We compare our results for the dielectric constant
with Fishman's} who studied cylindrical QWRs with radii of FIG. 5. The mobility due to interface roughness scattering as a
50 and 100 A. We notice that the behavior of the dielectriciunction of the island extent, for two different wire widthsY
function as a function oN,p is the same while a small =100 A (a) and Y,=55 A (b) and three different values di,p
enhancenent in the value e{2kg) we obtain comes from =(1, 5, and 1 10° cm™1).
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Y(A)

Y(R)
FIG. 7. The heavy holéhh) and the electronide) screened

(solid lines and unscreene¢dotted and dashédnobilities as a
function of the wire width.

FIG. 6. The screened mobilities due to all®dL ) and interface
roughness(IR) scattering A =100 A) as a function of the wire
width, for electron concentratior(®) N;p=10° cm ! and (b) Np
=10 cm™L.

cupied. For the calculation ofty,, we have usedmf,
the unscreened mobility. According to our resuly: The ~ =0.45m, (Ref. 30 andU,=56 meV?!’

mobility strongly depends on the extent of the islandsFor We notice that especially for small wire widths the elec-
smooth heterointerfaces the mobility takes huge valuegonic mobility characterizes the charge transport.
(larger than 18cn?/V sec). (i) The mobility is enhanced as  In Fig. 8 we present the electronic IR mobilitgcreened

the width of the wire is increased. This was expected sinceand unscreengds a function of the 1D electron concentra-
according to Eq(9), the mobility is inversely proportional to tion for a QWR of widthY=100 A and island extent\
the fourth power of the envelope function at the corner of the= 100 A. We varyN;p in such a way to populate succes-
wire which increases as the wire width decreases. Furthesively the ground and the first excited subbands.

more, from Eq(10) we see that different wire width valu&s Following Ref. 17, we concluded that the energy differ-
have minor effect on the screened mobility than on the unence between the ground and the first excited stateYfor
screened case. This is due to the fact that for the screened100 A isEqy,=E;—E,=77 meV, which corresponds to a
mobility the dielectric function, for narrow wires, increases carrier concentratiorN; p=2.35x 10° cm 1. For N;p less
with the wire width but it does not become large enough tothan 2.35¢10° cm™?, only the first subband is occupied and

overcome the value of the mobility of wider wires. the mobilities are calculated using Ed®) and (10). For
Our theoretical results for the mobility by alloy scattering N;p=2.35x10° cm™! the second subband becomes popu-
agree with those of Refs. 10 and 11. lated and therefore we have to use E2p), where the un-
In Fig. 6 we plot the screened mobilities due to ali@y)
and to interface roughnegiR) scattering as a function of the 10"
wire width, Y, for two different electron concentratioria) E
N;p=10° cm ! and(b) N;p=10° cm 1. For the case of the 1

alloy scatteringsV=1 eV,?® while the value of Al mole
fraction is takenc=0.3. The value ofc for the structure < 3
under study is structurally varying along the surroundings™ y
taking values in a range ¢0.24,0.4.2” We have performed ]
calculation forc varying in this range of values and we con-
cluded that we do not have significant changes. For the IR
mobility we have used\ =100 A. From Fig. 6 it becomes ]
clear that at low temperatures, for the system under study 10°4
and especially for large wire widths alloy scattering adds a ]

comparable(depending on the value of) contribution to

1010_;

—_
o
G
FrTT

1

mobility (cm®

1

that of interface roughness. For small wire widths the inter- 10* . —_——
face roughness scattering governs the behavior of the systen 10° 10°
In Fig. 7 we plot the heavy-holey,, and electronicu,, N, (cm™)
IR mobilities as a function of the wire width. The same finite ®
difference scheme on a nonuniform mesh along with E2)s. FIG. 8. The electronic screen¢sblid line) and unscreeneg@lot-

and(10) are used for the calculation of the heavy-hole mo-ted line mobility as a function ofN;, for a QWR of widthY
bility. Here, Uy is the valence-band discontinuity. Under the =100 A and island extent =100 A. N, is varying in such a way
conditions of our study only the heavy-hole subband is ocio populate successively the ground and the first excited subbands.
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screened matrix elements are given by E24), and the
screened matrix elements are given by E2R). When the

PHYSICAL REVIEW B9, 075313 (2004

exhibiting ultrahigh values compared with those of quantum
wells. This justifies former expectations based on “theoreti-

second subband becomes populated the values of the mobitial model-QWRs.” When only one electronic subband is oc-

ties presented in Fig. 8 are the mean mobiliies.
:E(n)Ng_nD),LL(zn)[E(n)Ng_nglu(n)]71, Where,u(n) a.nd Ng_rB are
the mobility and the electron concentration in thi sub-

band (1=1,2). As the concentration increases the mobility
increases up to the point where the second subband starts
become populated. There an expected discontinuity of th

cupied the IR mobility increases rapidly witl,  while the
effect of screening is weakened with increasiNgy,. The
mobility is enhanced considerably with the increase of the
islands’ extent. As the wire width becomes larger the mobil-
ité exhibits higher values. When the carrier concentration
rmits the occupation of the second subband the mobility as
function of N;p shows a discontinuity when the second

mobility appears and as we increase the subband populatiaphand starts to become populated and continues to in-

the mobility continues to increase.

IV. CONCLUSIONS
The mobility of V-shaped AlGaAs/GaAs, free of impuri-

crease withN;p. The alloy scattering adds a comparable
limitation to the mobility of the systentdepending on the

islands’ extent especially at high carrier concentrations and
in wires of large wire width. Both mechanisms, along with
the impurity scattering limitation, when impurities are

ties, QWRs, at low temperatures and small wire widths ispresent, have to be taken into account for a complete evalu-
governed by the interface roughness scattering of electronation of the total mobility at low temperatures.
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