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f-REY TOPOGRAPHY AND PHOTCLUMINESCENCE (PL) AT GaAs/AlGafAs MBE AND LPE HETEROJUNCTION MATERIALS
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changchun Institute of Physics, Academia Sinica, Changchin, China
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MPE @nd LPE heterojunction epitastial GaAs/AlGahs lavers are studied by both X-ray and photolumi-
rescence (PL) to profile the wniformity, defects and dislocations, and stress distribution for

the material research,

Gehs/AlGars  heterojunction materials are

geatly improved by the use of different growth
technologies, such as MBE, MOXCVD and LPE, for

the optoelectronic applicabtions. The parpose
of this paper is 1o report the recent research
resilts of X-ray topography and PL measurerent
m the MBE and LPE growth Gals/AlGafs mudti-
layers.

Gahs/AlGahs

o by general MBE and LPE technoloby. Among

Heterojunction epllayers are
them there are MBE growth single quantum well
lavers with or without superlattice buffer
lavers, LPE double heterojunction wafers, and

¥-ray topography ard

: masurements are carried out by the use of scan-

inng type double corystal Xeray gonioveter,

{Arbitrary Units)

o FHOFOLUMINESEHCE INTENSITY

1.5 16

F;
BSTANCE {mm}

FIGURE 1
The PL intensity profile(at 77K) at
726.8 to 728.6mm and {311) x-ray topo-
raphy image of waveguide Ly-121.

22-2113 /88,/303.50 © Elsevier Science Publishers B.V.
North. Holtand Physics Publishing Division)

D/VAX-rA Rigaku. The X-ray difffraction rocking
curves  in {511) and {(422) directions are
recorded in {+, -} set‘tingl, The X-ray topo-
graphy image is taken din the slopest point of
the rocking awves of substrate and epilayers,
respectivily, with Fuji 1X Filn. PL is mea-
sared by the Laser Raman Spectrameter, JY-TS0,
at 11K and a grating spectrameter at 77K to mea-
sure the excitons related 1u’s1inescence3.

Fig. 1 shows the PL intensity profile of
exciton transition at 77K, ard X-ray topography
image of LPE Gals/AlGahs waveguide which is of
low optical loss and uniformity. The X-ray
topography image 1s the (311) diffraction image
which shows the stress distribution of both sub-

strate and epilayers., Where, high PL intensity




758 Y. Feng et al. / X-ray topography and photeluminescence

responses to the low stress, shown as the white
area of the contrast image, in the wafer.
Fig. 2 shows the X-ray topography image of

MBE1S7 sanple which was grown at 580°C without
superlattice buffer layers. Along the direc-

tions of [110] and ['1'101, cross dislocations
can be cbserved in most of the wafer. However,
with the same substrate condition, there are no
chvicus dislocation cbserved in MBE177 which was
gromn at 680°C with same structure as MBELG7,
except inserting a series superlatiice buffer
layers between substrate and epilayers. In
MBEL77, demsity dislocations can be epilayers.
In MBET77, density dislocations can be seen only
in the edges or cormer of the sanple, which may
core from the substrate damage. The PL inten-
sity of MBE177 is about 10° times higher than
that of MBEI&7. Also the high erergy transii-
tions resulted from the SCOA single well can be
seen clearly in the sanmple MBEL77Z.

Both X-ray and PL methodes are used to study
the wiformity of epilayer thickness, Al compo-
sition of AlGaAs layer, defects and disloca-
tions, arnd stress distribution to find the
inprovement from the insert of a serdies of
GaAs/AlGals superlattice buffer layers between
substrate and epilavers in M%E process, The
advantage effects can be concluded to the impro-
vement of the hetero-interface by superlattice
layers which may block the defects from sub-
strate to epilayers in the epitaxial pr‘ocess4.

From the observation noted above, we can con-
clude that: 1. X-ray and PL are both very useful
in diagnosis of the heterojunction GaAs/AlGals
epilayers without sample damage. 2. The MBE
hetercjunction layers can be improved on the
wniformity of thickness and Al corposition, de-
fects and dislocations, and PL properties by the

insert of a series superlattice uffer lavers

between substrate and epilayers. :
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FIGURE 2
(422) w~ray topography image of MBELG7.

FIGURE 3
(£22) x-ray topography image of MBE1I77,
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