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Compliant s u b s t r a t e s al low a new approach to t h e growth of s t ra ined epitaxial
l ayers , in which part o f t h e strain is accommodated in t h e s u b s t r a t e . In this
ar t icle , compliant s u b s t r a t e s are discussed a n d a new compliant s u b s t r a t e
technology b a s e d on bonded thin film s u b s t r a t e s is in t roduced . This technology
has seve ra l advan t ages over previously pub l i shed m e t h o d s , inc luding t h e abil i ty
to pat tern both t h e top a n d b o t t o m of t h e material. A new concept enab led by this
compliant s u b s t r a t e technology, strain-modulated epitaxy, will b e introduced.
Us ing this technique, t h e proper t ies o f t h e semiconduc to r material c a n be
cont ro l led laterally across a s u b s t r a t e . Resul ts o f two experiments are p r e s e n t e d
in which low composition InxGaI xAs was grown by molecular beam epitaxy on
GaAs compliant s u b s t r a t e s a t thicknesses both grea te r t h a n a n d less t h a n t h e
conventional cri t ical thickness. It was f o u n d t h a t for t > t c, there was a n inhibi t ion
o f defect production in t h e epitaxial films grown on t h e compliant s u b s t r a t e s as
compared to t h o s e grown on conventional reference s u b s t r a t e s . Fo r t < tc,
photoluminescence a n d x-ray diffract ion show t h e compliant s u b s t r a t e s to be of
excellent qual i ty a n d uniformity as compared to conventional s u b s t r a t e s .

Key w o r d s : Compliant s u b s t r a t e s , g rowth kinet ics , molecular beam epitaxy
(MBE), strain

INTRODUCTION
The abil i ty to produce s t ra ined semiconductor s t r u c -

tures has dramatically e n h a n c e d device performance
a n d d e s i g n flexibility. The produc t ion o f reliable
s t ra ined layer devices is limited, however , b y t h e
m a x i m u m strain which c a n be accommodated in a
lat t ice-mismatched over layer before defects are pro-
d u c e d to reduce t h e strain e n e r g y . A new approach to
s t ra ined layer g rowth , in which t h e strain is partially
accommodated in a compliantsubstrate, as well as in
t h e lat t ice-mismatched over layer , has b e e n proposed
a n d demons t r a t ed .1,2 The possibility o f growing on
such compliant substrates, as opposed t o conven-
t iona l s u b s t r a t e s , opens t h e door to a large n u m b e ro f
applications. Since t h e compliant s u b s t r a t e acts to
extend t h e conventional cri t ical th i ckness o f a mis-
matched over layer , it enables t h e growth o f new
materials t h a t would o the rwise b e cr ippled by defects
due to strain relaxation. Addi t iona l ly ,compliant sub-
s t ra tes c a n be used to eng inee r strain d i s t r ibu t ions in
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thin films dur ing a n d af te r g rowth .
Prev ious research groups h a v e grown on GaAs

compliant s u b s t r a t e platforms which r e m a i n a t t a ched
to conventional s u b s t r a t e material a t t h e corners~a n d
Si compliant s u b s t r a t e s u s i n g silicon-on-insulator
(SOI) material. 2,3 In this ar t icle , we p r e s e n t a new
compliant s u b s t r a t e technology b a s e d on thin film
s u b s t r a t e s , which are comprised o f epi layers which
h a v e b e e n sepa ra t ed from t h e growth substrate. T h e s e
thin film s u b s t r a t e s can b e formed t h r o u g h epitaxial
l if t-offorb y t o t a l s u b s t r a t e removal. Both case s resul t
in thin film, compliant semiconductor s u b s t r a t e s ,
which offer advan t ages over t h e previous ly repor ted
m e t h o d s . In addi t ion to t h e abil i ty to extend t h e
cri t ical th i ckness with compliant s u b s t r a t e s , we pro-
pose a means o f a t ta in ing lateral con t ro l o f semicon-
d u c t o r proper t ies with this compliant s u b s t r a t e t e c h -
nology. Our app roach is b a s e d on t h e new concept o f
s t ra in-modula ted epitaxy which is enab led by bot-
tom-pa t te rned , compliant substrates. Our init ial dem-
o n s t r a t i o n s o f t h e growth o f s t ra ined InGaAs on thin
film GaAs compliant s u b s t r a t e s a n d t h e resul t s we
h a v e ob ta ined are summarized below.
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Fig. 1. Representative Nomarski photographs of compliant substrates: (a) and (b) are demonstrations of goods u r f a c emorphologybefore and a f te r
growth, respectively; (c) and (d) show an example of the size and extent of bubble formation before and after growth, respectively.

C O M P L I A N T S U B S T R A T E T E C H N O L O G Y

The objective o f u s i n g compliant s u h s t r a t e s is to
reduce t h e strain in a mismatched over layer by ac-
commodat ing t h e strain in a thin compliant sub-
s t r a t e . In t h e case o f s t ra ined layer growth on a
conventional 500 gm thick s u b s t r a t e , t h e epitaxial
l ayer is much th inne r t h a n t h e s u b s t r a t e , a n d the re -
fore virtually all o f t h e strain res ides in t h e epitaxial
layer. On t h e o t h e r h a n d , t h e th i ckness o f t h e compli-
a n t s u b s t r a t e is o n t h e o rde r o f t h a t of t h e epitaxial
layer. In this c a s e , t h e strain p r o d u c e d dur ing growth
will be par t i t ioned be tween t h e s u b s t r a t e a n d t h e
lat t ice-mismatched epitaxial layer. H i r t h e t al. 4 have
theoret ical ly ca lcula ted t h e strain par t i t ioning in a
s t ruc ture con ta in ing two o r more thin layers with no
conventional s u b s t r a t e . Neglec t ing t h e difference o f
t h e elast ic coefficients o f t h e materials , t h e new strain
in t h e epi layer is approximately 4

hs
ef - h f + h~ e°

where Efis t h e par t i t ioned strain in t h e epitaxial film,
ao is t h e t o t a l misfit s t r a in , a n d h~ a n d hf are t h e
thicknesses o f t h e s u b s t r a t e a n d t h e film, r e s p e c -
t ive ly . The abil i ty o f t h e s u b s t r a t e to accommodate
part o f t h e t o t a l s train o f t h e s y s t e m leads t o appl ica-
t i ons in two different g rowth regimes. In t h e f i r s t
regime, t h e s u b s t r a t e a n d film share t h e strain e la s -
t ical ly; in t h e second regime, t h e s u b s t r a t e relaxes
before t h e epitaxial layer, al lowing fo r reduced defec t
d e n s i t y in t h e mismatched over layer compared to t h e
case o f a th ick s u b s t r a t e . In both o f t h e s e growth
regimes, t h e conventional cri t ical th i ckness o f t h e
epitaxial l ayer is effectively ex tended .

Research on compliant s u b s t r a t e s was p ioneered
by Y.H. Lo.~ His g r o u p has grown InGaAs f i lms on
compliant platforms as thin as 800A, a n d d e s i g n e d
sta t ic a n d dynamic models t o explain t h e effect o ft h e
compliant s u b s t r a t e on t h e cri t ical t h i cknes s . Their
models indicate t h a t , fo r a thin e n o u g h s u b s t r a t e , a
mismatched layer o f infinite th i ckness c a n b e grown .
They also determined t h a t when InGaAslayers g rea te r
t h a n t h e cri t ical th i ckness were grown on both con-
ven t iona l s u b s t r a t e s a n d thin s u b s t r a t e s , fewer de-
fects were p r o d u c e d in t h e InGaAs grown o n t h e thin
s u b s t r a t e s as observed by atomic force microscopy
a n d x - r a y diff ract ion. In add i t ion , Powell e t al.2 h a v e
grown SiGe films on 650A Si compliant s u b s t r a t e s
utilizing SOI technology. T h e y f o u n d t h a t , upon post

g rowth annea l ing , defects were initially p r o d u c e d in
t h e Si s u b s t r a t e . The pub l i shed work o n compliant
s u b s t r a t e s to da t e has concen t r a t ed on t h e growth of
films grea te r t h a n t h e cri t ical t h i cknes s . Therefore ,
t h e f ind ings regard ing t h e role o f t h e compliant sub-
s t ra tes in strain accommodat ion are b a s e d on mea-
s u r e d differences in defec t production.

The compliant s u b s t r a t e technology p r e s e n t e d
herein is different t h a n t h a t o f previous approaches
because it uses bonded thin film compliant substrates.
T h e s e thin film s u b s t r a t e s c a n b e fabr ica ted by epi-
t a x i a l lift-off(ELOP o r by t o t a l s u b s t r a t e removal.6 In
e i the r case, there are one o r more layers grown be-
tween t h e material of in t e r e s t a n d t h e growth sub-
s t r a t e , which can b e used with selective a n d / o r stop
e tches t o sepa ra t e t h e growth s u b s t r a t e from t h e
epi layers , t h u s p roduc ing t h e thin film s u b s t r a t e . In
epitaxial liftoff, a layer is selectively e t c h e d away ,
effectively sepa ra t ing t h e thin film from t h e host
s u b s t r a t e . In t o t a l s u b s t r a t e removal, t h e s u b s t r a t e is
completely e t c h e d away , leaving only t h e thin film.

In recen t y e a r s , epitaxial lift-off a n d s u b s t r a t e
removal h a v e emerged as important enabl ing t e c h -
nologies fo r multi-material in tegra t ionJ Thin film
photodetectors, l a se r s , L E D s , modula to rs , a n d so l a r
cells have all b e e n in tegra ted onto dissimilar sub-
s t r a t e s , a n d , in many cases, performance o f t h e s e
devices has b e e n e n h a n c e d d u e t o t h e access t o t h e
b o t t o m o f t h e device dur ing t h e fabr icat ion process.
The abil i ty to process both t h e top a n d b o t t o m o f a
device, pai red with t h e flexibility o fin tegra t ing differ-
e n t material sys tems wi thout t h e difficulties o fgrow-
ing them on t h e same wafer, has led t o many demon-
s t r a t i ons o fGaAs-and InP-based devices bonded to a
var ie ty o f subs t r a t e s including silicon, InP, a n d glass.
T h u s , thin film integra t ion is a well e s t ab l i shed t e c h -
nology a n d also a na tu ra l method fo rp roduc ing com-
pl iant substrates. The production o f thin ( - h u n d r e d s
o f A), large area (-cm2) thin film materials have been
demons t r a t ed , a n d t h e fabr icat ion app roach is consis-
t e n t with pa t t e rn ing t h e b o t t o m o f t h e compliant
s u b s t r a t e for s t ra in-modula ted epi taxy.

All o f t h e compliant s u b s t r a t e s used in t h e s e ex-
periments were made u s i n g epitaxial lift-off. The
w a f e r initially consisted o f 2000A AlAs followed b y 1-
2 gm GaAs layer, fo r t h e thin film s u b s t r a t e , grown by
molecular beam epitaxy (MBE) on a conventional
GaAs s u b s t r a t e . The sample was covered with Apiezon
W black wax a n d submerged in a 10% HF solution for
seve ra l h o u r s . During this t ime, t h e AlAs layer was
selectively e t c h e d , leaving t h e GaAs layer a t t a ched to
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t h e b lack wax. This film was a t t a ched to a n arbitrary
s u b s t r a t e by br inging t h e two into c o n t a c t a n d allow-
ing them to dry. The black wax was t h e n removed in
TCE, a n d t h e resu l t ing compliant s u b s t r a t e was
c leaned a n d processed u s i n g s tandard processing
techniques.

The compliant s u b s t r a t e s have features t h a t are
art i facts o f t h e fabr icat ion process which may include
s m a l l bl is ters u n d e r t h e film a n d o t h e r nonun i -
formit ies. It is possible t o h a v e very h igh qual i ty films,
a l t hough it is important to assess t h e extrinsic effects
associated with t h e compliant s u b s t r a t e s (morphol-
ogy, strain uniformity, etc.). To d a t e , two g r o u p s have
grown on thin films,s,9 Yablonovich e t al. 8 repor ted
excellent qual i ty a n d uniformity in t h e i rgrown layers
on bonded thin film s u b s t r a t e s , and, a l t hough t h e y
repor ted t h e p re sence o fbl is ters u n d e r t h e film, t h e y
f o u n d t h a t t h e bl is ters could be partially al leviated
with a slow v a c u u m bake . Some represen ta t ive
Nomarski photographs o f t h e thin s u b s t r a t e s used in
o u r experiments are shown in Fig. 1. The f i r s t pic-
tures show t h a t excellent qual i ty c a n b e a t t a ined by
u s i n g t h e ELO process, where Fig. l a s h o w s t h e thin
film compliant s u b s t r a t e before g rowth , a n d Fig. lb
s h o w s t h e morphology o f t h e as-grown sample in
essent ia l ly t h e same spot. The b o t t o m pictures dem-
o n s t r a t e t h e size a n d extent o f t h e bl is ters which are
sometimes observed from t h e process. Figures lc a n d
l d show t h e represen ta t ive bl is ters before a n d af te r
g rowth , respectively. In t h e samples used in t h e s e
experiments , t h e bl is ters were limited to t h e areas a t
t h e edge o ft h e sample . Af t e rg rowth , there was rarely
a n y not iceable c h a n g e in t h e b l i s t e r s . Improvements
in thin film s u b s t r a t e processing a n d b o n d i n g should,
in t i m e , lead to blis ter-free thin film compliant sub-
s t r a t e s .

The bond which h o l d s t h e thin film s u b s t r a t e to t h e
mechanical host has been labeled Van d e r Waals
bonding, b u t in ac tua l i ty t h e bond is a na t ive oxide
inter-layer. 1° The s t r e n g t h o f this bond has been
character ized to b e be tween rigid a n d weak,11 mean-
ing t h a t t h e bond has t o overcome some act iva t ion
ene rgy a t t h e interface before it will b e weak e n o u g h
t o al low slip be tween t h e compliant s u b s t r a t e a n d t h e
mechanical host s u b s t r a t e .

E X P E R I M E N T S

Two sets o fgrowth experiments utilizing compliant
s u b s t r a t e s were completed. In both experiments , low
indium-percentage InxGai_xAS films were grown si-
mul taneously on GaAs thin film compliant s u b s t r a t e s
a n d conventional s u b s t r a t e s in a R i b e r2300 b y MBE.
In t h e f i r s t set of experiments , InGaAs layers g rea te r
t h a n t h e conventional cri t ical th i ckness were grown
a n d t h e role o f t h e compliant s u b s t r a t e was inferred
from defec t production. In do ing t h i s , we a s s u m e d
t h a t t h e init ial defect d e n s i t y o f t h e two s u b s t r a t e s
was t h e same . In t h e second set o f experiments ,
InGaAs f i lms with thicknesses less t h a n t h e conven-
t iona l cri t ical th i ckness were g rown . In t h e s e experi-
men t s , t h e proper t ies o f elastically deformed films

were measured direct ly . This experiment al lowed us
t o compare t h e qual i ty o f growth on conventional
s u b s t r a t e s a n d compliant s u b s t r a t e s . T h e s e g rowths
were character ized by low temperature photolumi-
nescence (PL), double c rys t a l x - r a y diff ract ion, a n d
Nomarski microscopy.

The d e s i g n o f t h e f i r s t experiment is shown in Fig .
2. In01GaogAs films were grown in two consecutive
r u n s a t a s u b s t r a t e temperature o f 520°C. Compliant
s u b s t r a t e s 2500 o r 5000A thick, as well as 500 pm
thick reference s u b s t r a t e s , were used in each r u n . The
compliant s u b s t r a t e s were made by b o n d i n g epitaxial
lift-off thin film GaAs to t h e same GaAs mechanical
host s u b s t r a t e s t o which they were previously a t -
t a c h e d . In t h e f i r s t g rowth , t h e film th ickness was
4000.~, a n d in t h e second growth , t h e film th ickness
was 2000.~.12 Nomarski photographs o ft h e s u b s t r a t e s
are shown in Fig. 3. Figures 3a a n d 3b are pho-
t o g r a p h s o f t h e 4000A th ick InGaAs on t h e reference
a n d 5000A s u b s t r a t e s , respectively. Similarly, F igs .
3c a n d 3d are micrographs o ft h e 2000A th ick InGaAs
on t h e reference a n d 2500A s u b s t r a t e s , respectively.
The 4000A layer on t h e reference has pronounced
cross-hatching, whereas t h e 2000A layer o n t h e refer-
ence has dislocations or ien ted in one direct ion only. In
both cases, t h e epitaxial film grown on t h e thin film
s u b s t r a t e has a lower d e n s i t y o f defects t h a n t h a t
observed fo r growth on t h e conventional substrates.
The 4000.~ th ick InGaAs grown on t h e thin film
s u b s t r a t e exhibited slip l ines , whereas , on t h e 2000A

4000 A, lno.lGao.9As

b

Fig. 2. Structure fo r Experiment 1: I %1Gao9As (a) 4000A t h i c k and (b)
2000,&, t h i c k grown on GaAs compliant substrates w h i c h are bonded
to GaAs mechanical host substrates.
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Fig. 3. NomarskJ photographs of Ino.~Gao.9As: (a) and (b) are photographs for 4000.~ In0.~Gao.9As grown on a 5000,&, compliant substrate and
conventional substrate, respectively; (c) and (d) are photographs for 2000A Ino.~Gao.gAs grown on a 2500A compliant substrate and conventional
s u b s t r a t e , respectively, In both cases, there is an inhibition of de fec t production on the compliant substrate.
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Fig. 4. Double crystal x- ray diffraction. (a) 2900A Ino.~Gao,gAs on2500~.
and conventional subsfrates, and (b) 4000A Ino.~Gao.9As on2500,&, and
conventional substrates. The data confirms that there is an inhibition
of defect production on the compliant s u b s t r a t e s .

th ick InGaAs on t h e thin film s u b s t r a t e , t h e s e defects
were not visible with Nomarski.

Double c rys t a l x-ray diffract ionspec t ra were t a k e n
fo r t h e compliant s u b s t r a t e samples a t 0 a n d 180°. No
tilt was observed be tween t h e compliant a n d host
s u b s t r a t e s . The rocking curves fo r t h e s e samples are
shown in Fig. 4. B e c a u s e t h e s u b s t r a t e s are so th in ,
t h e large GaAs p e a k is a t t r ibu ted to t h e mechanical
host s u b s t r a t e . Super imposed in Fig . 4a are t h e rock-
ing curves fo r 2000A InGaAs grown on t h e thin a n d
reference substrates. The InGaAs p e a k positions only
differ by a b o u t 15 arc-sec relat ive to t h e GaAs me-
chan ica l host p e a k a n d h a v e similar full wid ths a t half
m a x i m u m (FWHM), indicat ing t h a t both t h e sub-
s t ra tes h a v e similar degrees o f strain relaxation.
Figure 4b s h o w s t h e two rocking curves fo r t h e 4000A
growth . In this c a s e , t h e InGaAs on t h e conventional
s u b s t r a t e has sh i f t ed 580 arc-sec c lo se r to t h e GaAs
p e a k a n d has a 24% larger FWHM t h a n t h e InGaAs
grown on t h e thin s u b s t r a t e . This indicates t h a t t h e
InGaAs grown on t h e conventional s u b s t r a t e is o f
p o o r e r qual i ty t h a n t h a t grown on t h e thin film

1500 or 2500 A. In0.o4Gao.96As

2 t a nCompl iantSubstrate

:7

b
Fig. 5. Structure fo r Experiment 2. Inoo4Gao 96As 1500 and 2500At h i c k
grown on (a) 6000A and (b) 2 pm thick compliant substrates w h i c h are
bonded t o GaAs mechanical host substrates.

substrate. One explanat ion may be t h a t , for t h e InGaAs
grown on t h e thin film s u b s t r a t e , part o f t h e strain is
accommodated in t h e thin film s u b s t r a t e . The strain
ene rgy in this s y s t e m would be lower t h a n t h e case o f
t h e InGaAs grown on t h e conventional s u b s t r a t e , a n d
less likely to r e l a xt h r o u g h dislocations formed in t h e
InGaAs layer.

In t h e second set o f experiments , In0.04Ga0.96As was
grown a t a s u b s t r a t e temperature o f500°C, low enough
to inhibit de fec t format ion,13as shown in Fig. 5. In this
c a s e , two different thicknesses o f ELO s u b s t r a t e s ,
6000A a n d 2 pro, were used in addi t ion t o a reference
s u b s t r a t e . The compliant s u b s t r a t e s were made b y
b o n d i n g t h e thin film GaAs compliant s u b s t r a t e onto
a n o t h e r GaAs mechanical host s u b s t r a t e . The f i r s t
g rowth consisted o f 1 5 0 0 ~ o f InGaAs a n d t h e second
growth consisted o f 2500A o fInGaAs . Two samples o f
each s u b s t r a t e th i ckness were used so t h a t t h e unifor-
mity could b e noted.

A comparat ive s t u d ybe tween epitaxiallayers grown
on t h e 6000A a n d 2 ~m thin compliant s u b s t r a t e s a n d
t h e conventional GaAs reference was performed fo r
each o f t h e g rowths u s i n g low temperature photolu-
minescence a n d double c rys t a lx - r a y diffraction. Photo-
luminescence was performed a t both 77 a n d 4.2 K a t
seve ra l different power s . No p e a k shi f t s were ob-
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s e r v e d u s i n g e i the r t echn ique , however , u s e f u l in-
s igh t in to the character izat ion o fcompliant substrates
was ga ined in t h e s e experiments . It was determined
from (1) t h a t t h e expected shift in t h e PL ene rgy fo r
t h e InGaAs grown on t h e 6000.~ thin compliant sub-
s t ra tes was less t h a n t h e observed growth nonun i -
formity across t h e samples , i.e. 5 meV, o r less t h a n
0.5% c h a n g e in In composition. The 2 pm thick com-
pl iant s u b s t r a t e was not expected t o h a v e a n y ene rgy
sh i f t . Subs t an t i a l tilt be tween t h e compliant sub-
s t r a t e a n d t h e mechanical host s u b s t r a t e a n d large
FWHM preven ted t h e measurement o f p e a k s e p a r a -
t i ons u s i n g double c rys t a l x-ray diffraction. W e sus-
pect t h a t t h e tilt ar ises from t h e s tandard (100) + 0.5°
sl ice to lerance o f both t h e mechanical host s u b s t r a t e
a n d t h e thin compliant s u b s t r a t e , as well as t h e
possible tilt acqui red in t h e b o n d i n g process. The
large FWHM is due to t h e fact t h a t t h e f i lms are thin
a n d t h e Si f i r s t c ry s t a l on t h e double c rys t a l
diffractometer.

While comparing t h e low temperature PL o f t h e 2
pm a n d 6000A thin compliant substrates, it was
observed t h a t t h e spec t ra were markedly different on
t h e compliant s u b s t r a t e s compared to t h e spec t ra on
t h e su r round ing mechanical h o s t . Experiments are
current ly in progress to determine t h e r e a s o n for t h i s .
However , we specu la t e t h a t t h e s e differences are d u e
to t h e fact t h a t we are comparing a s tandard bou le -
grown s u b s t r a t e with a n epitaxial s u b s t r a t e . The
spec t ra o f t h e samples grown simul taneously on t h e
same th ickness s u b s t r a t e s were a lways very similar,
a n d , in all cases, t h e FWHM of t h e InGaAs-re la ted
p e a k was comparable (-6 meV) on t h e compliant
s u b s t r a t e a n d t h e mechanical host. T h e s e are indica-
t i ons t h a t t h e proper t ies o f o u r epitaxial lift-off sub-
s t ra tes are uniform a n d reproducible. T h e s e resul t s
also indicate t h a t a b e t t e r compar i son could b e made
be tween t h e compliant s u b s t r a t e s a n d t h e same ma-
ter ial before epitaxial l i f t -offrather t h a n with a boule-
grown GaAs wafer.

STRAIN MODULATED EPITAXY

One o f t h e advan t ages o f this new compliant sub-
s t r a t e technology is t h e po ten t i a l to at tain la teral
con t ro l o f semiconduc to r proper t ies t h r o u g h s t ra in -
modula ted epi taxy. When t h e s u b s t r a t e a n d epitaxial
film share t h e strain elas t ical ly , this l eads to t h e
possibility to con t ro l t h e strain dur ing t h e growth
a n d , in tu rn , modify a n d con t ro l g rowth kinetics
which d e p e n d on s t ra in . By pa t t e rn ing t h e compliant
s u b s t r a t e on t h e bottom, t h e growth kinetics can be
modula ted across t h e s u b s t r a t e , t he reby laterally
modula t ing such proper t ies as t h e composition, thick-
h e s s , a n d defec t concentrations o f semiconductors
wi thout a n y sur face pa t t e rn ing . Modula t ing t h e
growth kinetics b y u s i n g strain in this m a n n e r is a
new concept which could find a wide range o fappl ica-
t i ons for new materials a n d devices. Since compliant
s u b s t r a t e s made u s i n g t h e epitaxial lift-off method
c a n be processed on t h e top a n d t h e bottom, t h e y are
very well su i t ed for this technology. A more deta i led

discussion o f this concept will a p p e a r in a n o t h e r
publ ica t ion .

CONCLUSIONS
We have demons t ra t ed a new compliant s u b s t r a t e

technology b a s e d on h igh qual i ty b o n d e d thin film
s u b s t r a t e s . W e h a v e g r o w n low compos i t ion
InxGa~_xAs on t h e s e compliant substrates, both grea te r
t h a n a n d less t h a n t h e conventional cri t ical thick-
ness. Fo r t > to, we f o u n d t h a t there is a n inhibi t ion o f
defec t production on t h e compliant s u b s t r a t e s com-
pared to conventional s u b s t r a t e s as observed by
Nomarski microscopy a n d double c rys t a l x - r a y dif-
f rac t ion . Fo r t < tc, PL a n d t h e x-ray diffract ion
measurements s h o w e d t h a t t h e samples were o f ex-
cel lent qual i ty a n d uniformity. Since s m a l l composi-
t iona l nonuniformity a n d large tilt p r even t ed t h e
determinat ion of t h e role o f t h e compliant s u b s t r a t e ,
experiments are u n d e r way to alleviate t h e s e factors.
Experiments are also in p r o g r e s s o n t h e s e samples
a n d others in o rde r to fur the r quant i fy t h e nature o f
t h e compliant subs t ra te -mechan ica l host bond a n d
t h e role t h a t it p l ays in defec t production. W e bel ieve
t h a t this new compliant s u b s t r a t e technology is a
viable app roach t h a t will f ind numerous appl ica t ions
t o new m a t e r i a l sys tems a n d devices. Stra in-modu-
la ted epi taxy, one o f t h e concepts t h a t is enab led by
this technology, has been in t roduced .
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