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Design of high electron mobility devices with composite nitride channels
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Field effect transistors based on a GaN/AlGaN system have shown remarkable performance
characteristics in a wide range of device applications. However, due to the large effective mass of
GaN, the mobility in the channel is small. In this work, we consider a GaN/AIGaN structure with

a thin InN channel of the order of a few monolayers. We find that mobility in the channel can
improve considerably while breakdown characteristics are not expected to suffer. Mobilities of
=2500 cn? (Vs)~ ! are predicted along with high sheet charges for low interface disorder. Good
agreement with experimental results is observed for higher degrees of disorder within the model. At
higher electric fields, we find that most electron population transfers to higher valleys or other
subbands that lie in AIGaN or GaN. We also compare the low-field mobility-charge product for this
structure with the conventional AlGaN/GaN structure and find that the two values are similar.
© 2003 American Institute of Physic§DOI: 10.1063/1.1594272

I. INTRODUCTION band gap materialin the present work, InNis used in the
channel region, while another high band gap maténmathe

In electronic devices such as field effect transistorspresent work, GaNis used in the bulk region. Owing to
(FETS, there are regionginder device operating conditions piezoelectric effect and spontaneous polarizatioh*a sheet
where electric fields are smalfor instance, in the source- charge of~10' cm™? can be induced at the heterostructure
gate regiom and other regions where electric fields are veryinterface between the gate and the channel material. This
high (such as the gate-drain regjori-or optimum perfor-  forms the two-dimensional electron g@&DEG) in this struc-
mance, one would need a high mobilitpw effective mass ture and supports conduction.
and low band gapmaterial for low field regions and a high All materials in the structure are taken to be intentionally
saturation velocity and high breakdown field material for theundoped. Previous studi@have indicated that even for im-
high field regions. In this article, we examine a GaN/AlGaN purity concentrations as high asx30'” cm 2 in a low band
HFET with a very thin InN intermediate regio~15 A).  gap material like GaAs, the scattering rates &0 s 1.
The motivation for the study is the expectation that at lowln our study, these scattering rates are lower than even the
fields, the electron distribution will be in the InN region and weakest scattering mechanis(eee Fig. 2 Experimental
at high fields, there will be essentially no overlap of thestudies in nitrides grown by molecular beam epit&d4BE)
electronic state with the InN region. Thus we can expect highalso discard ionized impurity scattering in favor of alloy
mobility and high saturation velocity without significant in- scattering and interface roughness scatteffrigence we ne-
crease in breakdown. The use of the InN channel is motiglect ionized impurity scattering in our study.
vated by recent repofts’ that InN has a smaller band gap
than previously thoughP (0.9 eV versus the previous 1.89
eV) and thus may have a very small effective m&gsThere
are currently no velocity-field calculations for a GaN/InN/ ||, EORMALISM
AlGaN composite structure. Previous work in design of high
electron mobility transistorHEMTs) has addressed this The simulation of the structure involves the self-
problem for bulk nitride semiconductdrsr the problem of consistent solution of Poisson and Sainger equations in
two-dimensional transport in GaN channels, with fairly high one dimension and subsequent use of the solution in a Monte
peak electron velocitie®. Therefore it is not known if there Carlo simulation.
are any benefits in using the newer structures. We report ] Charge control

comparative study  on GaN/(Gay N and
GaN/InN/Aly 3/Gay g3N. Owing to piezoelectric effect and spontaneous polariza-

Figure 1 is a schematic for one such structure. It emtion for AlIGaN and InN grown orc-axis GaN, there is a
ploys a high band gap materidin the present work, large charge density induced at the interfaces of different
Al 3/Gay s\ for the gate(G), which reduces the probability materials. Using parametéfsavailable in literature, we find
of tunneling, heavily doped draifD) and sourceS) regions that the fixed charges at the interfa¢és structures studied
which facilitate conduction from the two contacts. A low in this work, see Sec. lllare

(i)  GaN/Aly3/GaysN (80 A): 2.05< 10" cm 2.
dElectronic mail: chhabra@eecs.umich.edu (i)  GaN/InN (15A)/Al 5 3/Ga N (80 A):
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| FIG. 2. Interface roughness, alloy scattering, acoustic phonon, polar optical
. . phonon absorption, and polar optical phonon emission scattering rates for
L Low field - localized ) the GaN/InN/A} 3/Ga, ¢\ structure at 300 K. Polar optical phonon emis-

sion dominates, being more than an order of magnitude higher than the other
rates. Polar optical phonon emission is zero below the threshold energy,
4 N hence those points do not show on this plot. Interface roughness parameters:

_/\/\/\/\f\/. L=5A andA=5A. Alloy scattering parameteR=5 A.

dV(z)
and d7 =-—p. (2)

The Schrdinger equation yields the confined charge
terms in the Poisson equation, which in turn determines the
potential profile. This potential profile is fed back into the
Schralinger equation and this process is repeated until the
solution of the Poisson equation goes to convergence.

The resultant wave functions from the solution of Egs.
(1) and(2) are then used to calculate overlap integrgls,,

FIG. 1. A schematic showing a composite nitride channel device. The chang/hich are used in the calculation of the intersubband matrix
nel region is composed of a low band gap material such as InN. The thick: Iements[Eq (4)]

High field - delocalized

\. J

. . - o e
nesses of various layers are chosen to provide wave function switching at a
reasonably high electric field.
Im f  Ym(@D)n(z)dz )
entire device
At the GaN/InN interface— 1.65x 104 cm2 It must be noted that the above wave functions are nor-
At the InN/AlpsGa N interface: 1.86 malized over the entire device.

X 10 cm~2.

These valu_es of fixed c_harges are used in the chargg monte Carlo simulation
control calculation. The details of the charge control calcu-
lation have been dealt with extensively in the pﬁéﬁThis 40151718 s i A )
essentially involves the solution of the Sciger[Eq. (1)] ~ Carlo method:™*"""This involves simulation of the mo-

and Poissor{Eq. (2)] equations(in one-dimensionalself- tion .of a singlg electr.on over a long period _of tirfte obtain
consistently to obtain the potential profile, carrier wave func-Carier velocitiesor simulation of many carriers over a short
tions, and energy levels. period of time to obtain the distribution of velocities. This

. Monte Carlo process models the dominant scattering mecha-
hie dn(2) nisms at 300 K—acoustic and polar optical phonon emission

2m* dZ FV(2)n(2)=Enin(2) @ and absorption, interface roughness and alloy scattering, in-

Transport properties are calculated by the usual Monte
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TABLE I. Parameters used in Monte Carlo simulation. (a)
L
Monte Carlo parameters y
a4 (1-yL
Number of Initial Simulation
electrons energy(eV) time (ns) TS e
1 0.026 16 6.16 10 R 1 El (b)
=000
R

terspersed with periods of free flight. The process proceeds Ej @
in the following steps(for the GaN/AIGaN and GaN/InN/

AlGaN structures

(1) Initial calculation of the scattering rates for intra- and Ej @ @

inter-subband scattering.
(2) Injection of electrons into the structure. Carriers are ini-FIG. 3. Schematic fota) interface roughness ar(®) alloy scattering. For
tially injected with thermal velocity. alloy scattering, an array alylindrical scattering centers is used, with such
(3) Random choice of Scattering event as one of acoustidm@s arranged randomly throughout the bulk of the alloyed layer.
phonon scattering, polar optical phonon absorption and

emission, intervalley scattering, interface roughness scafyhereQ andq are components of phonon wave vectors par-

tering, alloy scattering, etc. allel and perpendicular to the heterointerface, respectively.
(4) Updating the final position and velocity of the electron  \ye have also included the effect of interface roughness

after the scattering event. scattering(see Appendix A for detai)s Though prior studies
(5) Free flight. exist for this scattering mechanisththey do not include the

details of energy quantization explicitly. It is customary to
tion. For th fthe simulati follow th i use an energy independent expression for alloy scatt&fihg.
lon. For the purpose ot the simulation, we Toflow the Moton ., yeyer, we use an energy dependent expressiea Ap-

(1)f60ne e_ll_i(_:trcl)n, fora !ogg rf)er_lod l()ft_t'miﬂin thi presetnt case, pendix B for completeness. The geometry used in these cal-
ng. This long period of simulation is chosen to ensure 1. ations is shown in Fig. 3.

that the velocity at the end of the simulation is a steady state
yelocity (correspon.ding. to saturatipruniquely correspond- _C. Material parameters
ing to the electric field in the channel. The resultant curve is
used to deduce the low field drift mobility, . The advan- The values of different material constants have been
tage of using this method is readily apparent—one can obtaitaken from currently available literatuté?*~?"There is con-

a very fine level of detail about electron transport. Thesiderable uncertainty about values of nonparabolicity of up-
parametefSused in the Monte Carlo process are summarizeger valleys in the conduction band of wurtzite nitridésve

in Table I. use values of nonparabolicities obtained from a first prin-

According to first order perturbation theory, the scatter-ciples calculatiorf?
ing rate per unit time into any final state is given by the  The relation of effective mass of an electron in a semi-

Steps(3)—(5) are repeated until the end of the simula-

Fermi golden rulé®2° conductor to the band gap is described quite accurately by
the k-p formalism®~28
M k= (K|H perd M), 4
mk < | penJ > 4 1 1 Zpgv 2 1 ) @)
27 m* my 3m\Egr  EgrtA)’
W= 2, (B~ )M, (5) o T e

whereA is the separation between the heavy-hole and split-
off bands.

The fundamental band gap of InN was long thought of
being around 1.89 e4” However, recent work indicates that
the actual band gap of InN is much smaller, about 0.98V.
Using parameters in literatuf@we obtain a newer value of
the effective mass~0.05my). These values are then used in
our calculations.

whereH . is the perturbation Hamiltonian for the interac-
tion, andk is the index over all final states.

The details of calculation in quasi-two-dimensional sys-
tems are slightly different from what Eq(5) would
suggest® The matrix element used in E¢p) is calculated
by integrating an overlap integral termither similar to Eq.
(3) or similar to if] with the three-dimensional matrix ele-
ment. In particular, for phonon scattering, we have .

D. Parameter averaging
_ * It must be noted that in the Monte Carlo approach, the
ol @)= Jentire devicgm(Z) Yn(2)dz electron is treated as a point particle along the channel plane,
but in the growth directioriz direction, it is represented by
an envelope function, calculated earlier in Sec. Il A. The en-
Minn*= j IMQ.a) || tmr(@)[*da, ©) velope fune:tion for the ground state is localized very close to
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GaN/AlGaN or InN/AlGaN interfacegas the case may he

For higher subbands, it is spread into the GaN or AlGaN
region. To calculate the scattering rates for a state that over-
laps several different regions, we need to use a reasonable
averaging procedure.

We average any given material parameter over the num-
ber of layersN, located atz;, i=1,...N. Thus each subband
has its own value of the relevant parameter. We take the
following definition for the subband dependent value of a
material parameteG; , since the wave functions are normal-
ized over the entire device,

2
)
—
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w

—
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FIG. 4. Charge control study of charge distribution in the InN layer in the

N
_ GaN/InN/Aly 5/Gay s N structure. Thickness of the AlGaN layer is 80 A.
Gj - 21 fji Gi. 8 Note how the charge in the layer increases as the thickness of the InN layer
= is increased.

Equation(8) is used for all parameters, except effective
masses, which are averaged harmonically, .
B. Parallel transport calculation
—=> _* (9) In the three structures simulated, we find
mp =1 m (1) GaN/Aly 3Ga edN (80 A). This case is included to
facilitate comparison with the current generation of HEMTSs.

In Egs. (8) and (9), the value ofG; and m{ on the _ ; > s
right-hand side is the material value in each layer. Thesé Fig. 5, we present the low and high field velocity-field
tionships for this structure, far=5A andA=5 A (in-

space-averaged subband dependent parameters are then 155,
in all the calculations in the simulation.

(@

-
|

Ill. RESULTS

Simulations were carried out for the following struc-
tures: GaN/Ab 3Ga e (80 A and
GaN/InN (15A)/Al  3/Ga, ¢\ (80 A).

The reason for the choice of layer thicknesses as above
is explained in Sec. lll A. Further, the scattering rates corre-
sponding to phonon scattering, considered in this study, were
calculated at 300 K. The results of that calculation are shown
in Fig. 5. In all the simulations, the interface roughness pa- | |
rametery was chosen to be 0.6.e., half of the interface 0 5 10

between two materials is perturbEske Fig. 2a)]). Electric Field (kV- Cm'1)

Velocity (107 cm-s™)
o
[8)]
|

A. Charge distribution

In Fig. 4 we present results for the charge control study (b)

of the structure: GaN/INN/Al/GaysN (80 A). It may be .25 7

noted that the charge induced in the channel reglaiV) "0

layer increases as the thickness of the channel layer is in- E 2

creased. This is due to better confinement of the ground state ©

wave function in the lower band gap material. However, = 157

there is an additional constraint—the overall strain energy of =

the structure. Experimentalfy,it has been found that growth = 17

of pure InN layers of thickness as high as 10-20 A is pos- (_c:'>> 05

sible. However, structures with lower thicknesses like 7 A ;’ )

suffer from the problem of large scale penetration of the : : : |
ground state wave function into the barrier region. That de-

feats the very purpose of a high mobility design. This pen- 0 1_00_200 300 490

etration into the barrier region is reduced substantially, while Electric Field (kV- cm’)

being conservative about the layer thickness, if we take th .

tickness as 15 A. We have adopted this thickness for oLy ons en sy f decon tarspot n the Seba it
calculations. curves.(b) High-field velocity field curves.
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FIG. 6. Results of Monte Carlo simulation with interface roughness param-
etersL=5A and A=5A, with alloy scattering parametéR=5A. (a) FIG. 7. Results of Monte Carlo simulation with interface roughness param-
Low-field velocity field curves(b) High-field velocity field curves. Note ~etersL=70 A andA=5A, with alloy scattering parameté®=5 A. (a)
that the peak velocities in this case are considerably higher when compardePW-field velocity field curves(b) High-field velocity field curves. The low
to Fig. 4. field mobility is much lower than in Fig. 6.

terface roughness parameters, see Appendianl R=5 A
(alloy scattering parameter, see Appendix Bow field mo- =5 A. However, it must be understood that this simulation
bility turns out to be 1490 cm(Vs)~L. This value is reason- takes two interfaces into account: GaN/InN and
able if one considers values reported in literature for barrietnN/Al, 3/Ga gdN. Thus it is probable that the interface scat-
layers with lower Al content? tering rate is higher than it would be for a single interface
The results for GaN channels are similar to the valuesvith equivalent roughness, especially due to stronger overlap
calculated previousli? An important point to note is that the of the wave function with the interface roughness, owing to
peak velocity is achieved at rather high fields. Due to thestrong carrier confinement. Recent experimental studies indi-
large carrier masgand high density of statgsa very large cate that the measured Hall mobility in InN grown on
field is required to bring the carriers to high velocities. It sapphiré* is quite low [~300 cnf (Vs)™1]. If we use a
may be noted that for GaAs, the peak velocity occurs®5  higher value of island lengthL(=70 A) as in Fig. 7, we get
kV/cm. a value of =307 cnf (Vs) 1. The dominant scattering
(2) GaN/InN (15A)/Al 5 3/Ga edN (80 A). We present mechanism is polar optical phonon scatterisge Fig. 2
velocity field relations for this case in Fig. 6 far=5A,  Taking the Hall factor into accourit;*® we get a predicted
A=5A, andR=5A. Low field mobility is about 2500 chqy  Hall mobility of =339 cnf (Vs) . This is in excellent
(V's)"1. This is much higher than the corresponding figure inagreement with the above experimental result.
a conventional GaN/AlGaN HEMT, with the same barrier Other studie¥ report an even lower value of mobility
thickness and Al composition. This higher mobility arises[~100 cnf (Vs) ]. This could be attributed to the poor
largely from the confinement of the ground state wave funcquality of the interfacdindicating a high value of andA in
tion in the InN channel region. Further, the peak veloaity,  our modeJ. A recent report of fairly high mobilitf? for a
is also higher than the corresponding value in the first casemuch thicker structurénN thickness~100—-800 A is prob-
Early work in the field® suggests a very high value of ably due to a lower overlap of the carrier wave function with
mobility in InN [=10® cn?/(V s)]. This value is close to the the interface roughness. No experimental studies for the ex-
value obtained with interface roughnesslof5A and A act structure being proposed here exist yet.
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Electric Field (kV: cm+)

FIG. 9. Wave function occupation fractions for the structure,
GaN/InN/Aly 3/Ga gN. It is easy to see wave function switching. Electron
occupation in the X valley is extremely low, and has been omitted for
clarity.
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FIG. 8. Probability density functions for the structure, band gap energies.

GaN/InN/Al 3/Ga ¢\, obtained by solving the charge control problem ex-

plained in Sec. Il A. The wave functions are normalized over the depth ofAs will be seen later in this section, the transit time of the

the device(taken as 300 A The wo lowest energy states are shown. The ¢4 rier across the channel is reduced in structures incorporat-
ground state wave function is localized in the InN region. . .
ing INN. That means that for the small residual electron
population that might be found in the ground state at high
electric fields, the probability of its quick removal from the
region is also enhanced, thereby reducing the chance of scat-
It is worthwhile at this point to consider the possibility tering into a breakdown state even further.
of breakdown in the low band gap material, InN. In Fig. 8we It can be seen from Fig. 9 that most of the electron
show the probability density functiond®DF9 for the two  occupation is associated with the ground state wave function,
subbands in thd valley. As can be seen, the ground stateover a fairly wide range of electric fields. This implies that
wave function, which lies predominantly in the channel re-transport properties are dominated by electrons in the ground
gion (from 80 to 95 A, an extent of-15 A), is highly local- ~ state from low fields to moderately high fields. It also may be
ized. That implies that an overlap between this wave functiodtoted that the electric field at which the occupation fraction
and the wave function of a high energy breakdown initiatingi" the ground state starts decaying in Fig. 9 also corresponds
state[highly delocalized, as in Fig.Jiwould be exceedingly (O t.he electric fi(_ald at which electron velocity begins to ex-
small. According to the discussion in Sec. Il B, this implies ahiPit & decreasén Fig. 6. _ _
very small scattering rate between the two states. From the results above, itis easy to discern a trend in the
This would reduce the probability of confined state electric field at peak velocity,. Not only is the velocity of

breakdown. However, the standard conduction to valencH€ carrier higher for the structures incorporating InN, the

band breakdown would also be suppressed as the final statB§2K @IS0 occurs at lower electric fieldsr comparable val-
in that case are delocalized three-dimensional states. ues of interface roughness paramejef$iis means that the

Due to the very small overlap, our conclusions on breal(_carrier would exhibit a peak velocity at much lower electric
down in the GaN/InN channel a;re' fields, thereby reducing the transit time across the channel.

To summarize, we present the results of the calculation
(@ The threshold energy for breakdown is sma#0.9 in Table Il. It may be noted that the simulated electron mo-
ev). bilites are the highest for the second structure,
(b) However, due to the very small overlap of the high GaN/InN (15A)/Al5/GaysN (80 A), with L=5A, A
energy state and the band edge state, the breakdown5 A, andR=5 A. It is also worth noting that the mobility-
rates are suppressed by a factor of 100. As a result, theharge product, which quantifies the current carrying capa-
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TABLE Il. Summary of results of calculations: peak velocityy, electric field at peak velocit§, , low-field

drift mobility, u,, 2DEG charge in channel regidiinN in case of structures Il and )il n,peg, and the
mobility-charge product. The thickness of the AlGaN layer is 80 A, and the thickness of the InN channel is 15
A. Structure 1: GaN/AJ;GaeN, Il: GaN/InN/Alg3/Gay N, interface island length5 A and Il
GaN/InN/Aly 3/Gay s\, interface island length 70 A.

Summary
Structure vpems ™ Ep (Vem™) oy (em?VTis™) nppeg(em ) pen (VTisTY
I 2.52x 10 1.40x< 10° ~1490 1.1 108 1.69x 10
I 3.27x 10 8.00x10* ~2501 3.46¢10% 8.64x 10%°
M 2.02x 10 1.50x 10° ~307 3.46<10% 1.06x 10"

bility of the device, is not too adversely affected by the in- model interface roughness as a disturbance in the potential at

troduction of the InN layefsee Table I\ the interface of two materials, thereby forming islands. The
parametey quantifies the spacing of these islands. We define
IV. CONCLUSIONS the overlap integral between two envelope states as

In this work we have presented two sets of results, one
for GaN/AlGaN and a set for different values of interface
roughness parameters in GaN/InN/AlIGaN. The latter struc-
ture has been designed with the twin constraints of strain
energy and available charge, for electron population redistri-
bution at high fields. The effect of suctvave function
switching is manifest—the high mobility capability of the
InN channel is exploited at relatively low electric fields,
while high breakdown capability of the AlGaN and GaN elrk
layers is utilized at relatively high electric fields. The prob- ¥ (r)= i(2), (A2)
ability of a breakdown occurring in the low band gap chan- VA
nel region is reduced by the combined effects of low degree

. A2
|ij(A)E<J|')=f_A/Zlﬂf(Z)iﬂi(Z)dZ- (A1)

The ¢ functions above are normalized envelope func-
tions in single dimension. Total wave function is

of overlap between the bound states in the channel and the - e ink
breakdown delocalized states, and the fast transit times of the - and ¥ (r)= ——=¢{'(2),
carriers in the channel at lower electric fields. ' VA

As growth technology matures, it is possible in principle

to incorporate even thicker layers of InN, which would in- \whereA is an arbitrary normalization area. The Hamiltonian
crease the amount of Charge in the ZD%E F|g 3. This for the interaction can be written as

would increase the mobility-charge produsee Table I\

One of the immediately apparent advantages of this scheme

is that the electric field at peak velocig,,, can be tailored Uo if |p|<E'|Z|<é
by varying the thickness of the channel region, quality of the H'= 2’ 2
interface, as well as the materidfor instance, using 0 otherwise,

In,Ga N instead of pure InlN Thus from a device design-
er's standpoint, this structure is capable of more flexibility.
Recent work® on InGa,_,N/GaN quantum wells indi-
cate that it is possible to grow extremely smooth surfaces fo
x>0.3. Future work would involve an investigation of the
effect of using InGa, _,N layers in the channel regidmith
x<1) to make the use of thicker channel regions possible.

whereU, is the potential difference that the electrons expe-
fience between one island and the other. At this stage of the
calculation,L stands for a general length of the island, not
the lengthL indicated in Fig. 2. The matrix element of the
interaction can be written as

R . LO]‘ w (kH ki\)
k HI k, = —= dAe 11 A
<Z7 l |.]7 > 1 /5 ¥ ( )
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APPENDIX A: INTERFACE ROUGHNESS SCATTERING whereq;;= |k’ —k|. The reason for the extra subscripts on

Though prior calculations exist in literature for this Uy andL is that they are averaged over each of the subbands
mechanisnf! we repeat the calculation since we consider(see Sec. Il D. This is necessary because the spatial variation
bandwise averaging of material parameteee Sec. Il Din of each subband is unique. The scattering rate between states
the 2DEG system. Consider the situation in Figa)3We |i,k) and|j,k’) can be written as
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Wi (koK)= == M (k k) [28(E; o~ B ) Wi(k)= =5
i
2 w5 (AUGLY o g;L "2 i
=7 Azqizj 31( > ) X (1_y)fo Ji(kiyLising)d¢
2 T
X8 %(k'2—k2)+AE”). +yf ki (1—y)L; sin¢]d¢}. (AB)
0

This can be simplified using the definitionk;;
=\2mAE; /#2. Using the properties of the Dirac delta
function, we get We divide the volume of the alloy into separate scatter-

ing layers, each consisting of an array of scattering centers.
3,2 2 242 GijL Each scattering center has the shape indicated in Fig. 3
4 m;lij(A)Ug;LjJ1 2 The choice of this hardylinder model, instead of the more
Azq?i’ﬂ usual hard sphere model, is suggested by the underlying ge-
! ometry of the decomposition. Electron states are quantized in
X 8[k'?—(K?— kizj)]. (A4) one spatial direction while maintaining their free particle na-
ture in the other directions. That breaks the directional de-

The total scattering rate is given by splitting up the vol- generacy found in more conventional treatments of the prob-
ume integral into an areal integral and a discrete sum in th&em. The overlap integral at each scattering center
confinement direction, over subbands. (positioned atzy) can be written as

Using Eq.(A4), we get

APPENDIX B: ALLOY SCATTERING

Wi (k,k") =

29+ RI2
n ) . |ij(Zo.R)=<¢j|¢i>=f YT (2)¢i(2)dz (B1)
. _Lz 1121 22 ’T o 20-RI2
W,(k)—ZAhg,. m;Ug;Li15(4) do| k'dk
=1 0 0 The Hamiltonian for the interaction can be written as
R qU'—i)

X————(1—cos) (k' >~ k2+k2). (A5) H'=
aij 0 otherwise.

R
Uy if |p|<§; |zZ|<R

This expression is quite complicated in general, but can  As might be expected, the calculation of scattering rate
be simplified considerably if we neglect all intersubbandfrom one scattering layer proceeds with steps identical to
transitions(i.e., consider the scattering to be completely elasthose discussed in Appendix A. Ignoring intersubband scat-

tic). Thusk;;=0, qjjz4kj2 sir? 6/2, and we can write tering as before, we get,
mU3LAIZ(A) (= _ milﬁ(ZOvRi)Rizu(z),i T 5 .
W, (k)= 'Th;k':z— . J2(kiL; sing)d . Wi(k) = TN JO J1(kR; sing)d¢.

This is the scattering rate from one island. In each such
layer, there are A(1—x)/wR? atoms of type | and
4Ax/ wR? atoms of type Il. Summing thedalong with the

The scattering rate from one island of length; is

mi(1—y)2U5;(yL)2I5(A)

W;(k)= 37 correct potential in each cgsave get the total scattering rate
4ARK from one scattering layer as
X fﬁJf(kiyLi sing)dd. W (k)= mi1{ (2o, R)X(1=x)U§;

0 i - 7Tﬁ3k2

The corresponding scattering rate from the island of T, )
length (1-y)L; is X fo Ji(kR sing)dé. (B2
- my?Ugi[(1-y)L T2 (A) To find the total scattering rate, we need to sum over all

Wick)= 4AR3K? the layers. There are,, /R such layers|(,, is the thickness

of the alloy layey. Thus

XJ”Ji[ki(l—y)Lisingﬁ]ddx mUZ x(1—x) P~Lal /R R
0;

° Wi(k)= =g ﬂ_lﬁskz p§=:1 |ﬁ<p I,Ri)

There are Ay/w(yL;)? islands of lengthyl; and

AA(1-y)/ @[ (1—y)L;]? of length (1—y)L;. Taking this Xwai(kRi sing)de.
into account, the total scattering rate is given by 0
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