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1. WHAT'S NEW IN SERPENTIhI"E
ST]PERLATTICES?

The conception and development of Serpentine
Superlattice (SSL) quanntm wires has been a major
activity at QUEST.I) These stnrctures are grown by
molecular beam epitaxy (MBE) or meal-organic chemi-
cal vapor deposition (MOC\/D) on vicinal substrates
misoriented by a few degrees, providing periodicity of
the orderof 100 A, and hence are suitable for quantum
confinement. fire "serpentine" structure results from
periodically varying the fraction of a monolayerof trvo
constituents grown in each cycle from less than to more
than a single monolayer. Much work has been done on
SSL formation in the AlGaAs/GaAs compound semi-
conductor slstem,2a) including detailed optical polar-
ization ; magneto- op tic al, and time-dep endent lumine s -
cence measruements, and the situation is now quite
clear: uniform quantum wires are obAined but carrier
confinement is weaker than desired. Holes are weakly
confined in nvo dimensions but the electrons are con-
fined only in one; i.e., theybehave as in aquantumwell.
The weak confinement is a result of intermixing of At
and Ga in the superlanice (SL) layers. Original esti-
mates of this intemrixing showed'that approximately
30Vo of the Al intended for the ba:rier ended up in the
well; more recent studies suggest that this number
mightbe slightly high (i.e., itshouldbecloser toZSTo),
but the intermixing is nevertheless severe.

The origin of this mixing is now felt to be
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understood, arising from a vertical exchange reaction
benveen Al and Ga. This was first noted by observing
the formation of a self-organi"ing lateral SL - the
deposition of alternate complete monolayers of GaAs
and AlAs should result in (A1As),(GaAs), short period
SLs in the growth direction, with no lateral composi-
tional modulation. An unexpected lateral modulation
was nevertheless observed, ffid was explained by a
model that includes an anisotropic Al-Ga vertical ex-
change reaction under ideal step-flow growth; i.e., Al
exchanges with Ga, but not vice versa. Computer
simulations have confirmed this effecr

Despite this intermixing, we have been able to
fabricate double heterostructure (DH) lasers whose
active layer consists of a SSL, and we have studied the
behavior of such lasers for cases where the SSL quan-
tum wires were either parallel or perpendicular to the
laser axis. A theoretical treaunent of the case where the
wires are parallel to ttre laser cavity shows that the TM
laser mode should have higher gain, and this has been
observed, indicating that 2-D confinement is indeed
affecting the lasing characteristics.

Increased segregation has been obtained for
two variations of the SL growth described above: (1)
growth on (110)-misoriented substrates rather than
(100), and (2) growth of AlGaSb/GaSb SSLs. In the
former case, severe step-bunching is observed, which
results in faceting of the resulting SLss). However, in
the latter case, greatly improved segegation of Al and
Garesults, particularly when SSLs are grown on GaSb
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substrates.6) Theseresults may have imFortant applica-

tion to very long wavelength devices, such as infrared
lasers and detectors.

2, GROWTII ON PATTERNED
TEMPLATES

Holographically pattemed GaAs substrates have

been used to grow InGaAs multi-quantum wires with
high luminescence efficiency andpolarized emission.?)

The technique used here, referred to as AMBE, is to
alternate the bearns of the group Itr species and As. This
results in significantly increased surface migration
lengths compared to the usual case with simultaneous

beams present, so that the quantum wires formed in the

bottom of the subsEate grooves are more uniform in
cross section. Another important procedure used is to
stop the growth after deposition of the InGaAs layer.

This results in additional migration of the InGaAs from
the quannrm wells which develop on the sidewalls of
the substrate grooves, to the quantum wires formed in
the bottom of the grooves, reducing the lateral dimen-
sion of the quantum wire, and increasing the lateral
confinement. Photoluminescence (PL) efficiency of
the wire insreased by a factor of =3 using this technique,

and the PL showed a polarization ratio of =2LVo.
A very different but highly controllable type of

a template for the formation of quantum wires and dots

is represented by the family of "cage" compounds such

as the zeolites and mesoporous materials.t) If a zeolite
is used as a host for semiconductor or other technologr-

cally interesting materials, it is possible to disperse the
material in very small clusters (a few A to 10 or 15 .4,),

and assemble those clusters in periodic structures. As
an example, Na atoms have been found to donate
electrons to the overall material system when they are

absorbed in a zeolite cage. The crystallography, band

structure, optical absorption and photon-induced ion
mobility of these systems have been explored both
experimentally and theoretically. Mesoporous materi-
als, such as SiQ, Al(Si,.P)q, &nd Al*SiyO4, have
monosized channels that are somewhat larger than the
zeolites, in the range of 14 to 100 A, which make them
very suitable for the formation of quantum wires.
Recently, GaAs wires have been deposited inside the
cylindrical pores of SiO, using MOC\ID, ffid a broad
luminescence band has been observed in the visible
portion of the spectmm from only those samples loaded
with GaAs.

3. POST-GROWTH PATTERNING AND
THE FORMATION OF STRESSORS

A variety of post-growth patterning procedures have

long been used to make quantum structures. The most

obvious of these utilize lithogaphic techniques (often

in concert with high-resolution electron beams or x-ray

beams) to produce metal surface electrodes which can

be used to deplete carriers from selected regions of
qua^utum wells, forming complicated gate structures for
coherent electron transport studies. These investiga-

tions will not be reviewed here, for lack of time, though

they constitute an imFortant area of research on low-
dimensional quannrm st:uctures. Instead, we will high-

light a few recent examples where post-growth pattern-

ing has resulted in lateral modulation of semiconductor

bandgaps through Fermi level pinning or lateral stress

patterns. A recent example of this is the lateral periodic

potentials formed by surfaceJayer modulation in InAs/
AlSb quantum wells.e) In this work the pinning position

of the Fermi level at the surface is demonstated to shift

by 200 meV depending on whether the surface layer is

GaSb orlnAs, thereby strongly influencing the electron

concentration in an InAs quantum well clad by AlSb.

The InAs/AlSb DH is covered by thin surface layers of
GaSb and InAs, ffid the top InAs layer is periodically

removed, resulting in the modulation of the Fermi level
pinning mentioned above. Luge anisotropies in the

magneto-resistance of these structures have been ob-

served for transport parallel and peqpendicular to the

InAs surface suipes.

S rained InGaAs structures have also been used

to produce quantum wkes and dots in buried GaAs/

AlGaAs quantum wells through stress-induced local
variations in the GaAs bandgap. This is done by etching
patterns into InGaAs quantum wells, modulating the

strain at the GaAs quannrm well. krGaAs "stressors"

can be employed near the surface of the samplelq tt) or
buried well below GaAs quantum wells, which are

regrown over the stressor after patterning.lz) Large

subband spacings and confining potentials have been

observed. More recently, a very novel effect has been

observed by D. Leonard et al at QIIEST. It has long
been observed that large islands occur when one tries to
grow InGaAs surface layers on GaAs, resulting in
severe dislocation networks in the GaAs. However,

under conrolled growth allowing In migration, this
process can be utilized to form randomly distributed
islands of krGaAs whose size is very uniform, resulting
in uniform strain patterns on an underlying GaAs
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will be erqlained-

5. REFERENCES

l. lvl Sundaran, S-A,. Chalmers, P.F. Ilopkins, and
A.C. Gossard, Science ?&(1991) 1326.

2. lvl.S. Mller,IL Weman, C.E. Pryor, tvl
Ikisbnamurrhy, P.lv{. Peuoff, Il Kroemer and
LL. Merz, Phys. Rev. Lett.5&0992) 34&.

3. H. Weman, E.D. Jones, C.R. Mclntyre, M.S.
Mller, P.M. Petrroff, and II. IMerz, Superlatr
and Mcrostrucr II(1993) 5.

4. II. Weman, lvLS. Miller, C-8. Pryc, YJ. U, P.
Bergman, Plv{" Petroff, and JJ.. Merz, Phys.
Rw. B, o be published (1993).

5. lvf lkisbnanurthy, M. Wasermeier, D-R..

'iVilliams and P.Ir4 Perorff, Appl. Phys. Len
62119%)rn2.

6. K.C. Wong, H. Kroemer, M. Krishnamurthy and
J.H. English, submitrcd o Appl. Phys. Leu.

7. R. Miri& M. Kdshnamurthy, I-H. Tan,
J. Bowers, A Gossm4.and E. Hu, J. Crysul

CrowthI2Z(193) 881.
8. G.D. Surcky, Progress in Lrorganic Ctremistry

(Jobn Wiley, 1992) p. 99-17 5.
9. C Nguyen, B. Brar and H. KroemcrJ. Vac. Sci.

and Tcchn.S to be published (1993).
10. K. Kash, J.IW Worloc\ M-D. Sturge, P, Grabbe,

J.P. Harbison, A. Scherer, and P.S.D, Lin, Appl.
Phys. kn 8(1988) 782.

10


