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Interface structures in GaAs wafer bonding: Application to compliant
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The interface of direct bonded GaAs to GaAs has been studied by scanning transmission electron
microscopy and electron energy loss spectroscopy. Voids are seen along the boundary with most
being partially filled with a gallium particle. Two general sizes of voids are seen. The large voids
(d~45nm) are distributed in an approximately linear relationship and the smaltedZ nm)
randomly. In compliant substrates, one of the layers is made iO(hm) and twisted-45°. The

larger voids often extend past this thin compliant layer, but no evidence of granularity of the
epitaxial film is observed. ©2000 American Institute of PhysidsS0003-695(00)00119-4

Direct wafer bonding is a potential avenue for significantwedge techniquefollowed up by argon ion milling. Plan
advances in device applications either through direct bondingiew specimens were prepared by etching off the InGaP
of differing materials™ or production of compliant growth layer, mounting on a copper washer, mechanically
substrate¥® for growth of lattice mismatched materials. In- polishing the bulk wafer side tec20.m, and then etching
terface defect§seen as white spots in bright field transmis-with a citric acid solutiof from the bulk wafer side until
sion electron microscop§TEM) imageg are a common ob- perforated.
servation when GaAs is used as one of the bonding STEM images are formed by the display of various de-
material$>*7 but have not yet been identified in GaAs to tector signals resulting from scanning a focused electron
GaAs bonding. Voids would be expected if bubbles, due td¢am(~0.2nm in diameter for the Cornell UHV STEM
surface particulates or varying surface morphologies, ar@ver an electron transparent specimen. The annular dark field
trapped during interface formation. Gallium precipitates or(ADF) mode collects those electrons that have been scattered
gallium enrichment at the interface might be expected if arf0 large anglesusing an area detector with a hole in the
senic leaks outdue to higher volatility during the bonding ~ centey and is similar to Rutherford scattering, i.e., is depen-
process. dent on the atomic numbe(&) of the atoms as well as the

Some of the observed defects are large and in the case Bgimber of atoms. Thus, it is commonly referred to qualita-
compliant substrate production penetrate through the thiffvely as Z-contrast imaging. There are however, effects due
compliant layer. Kopperschmidt al’ suggested these large to strain, ro_ughnes_s, sample t_hickness, crystal orientation,
defects act as pinholes, giving rise to multigranular filmsand other disorder in the specimen that can often preclude
through the nucleation of subsequent epitaxial growth on th&!mple quantitative  interpretation of the observed
underlying bulk layer. In this letter, we report evidence from Intensities. _
scanning transmission electron microscof§TEM) tech- Because the electron beam is focused to a small probe,
niques that the defects are combined void/Ga precipitat§!€Ctron energy loss spectroscofELS) data can be col-
structures reflecting the departure of As from the interfacée(_:tedlgv'th_ high spatial resolution, by means of a magnetic
during the interface formation process. On the other handPrism: This allows compositional information to be deter-

we have no evidence for multigranularity, which may reflectm'ged’ based on ellement Sﬁec'f'c core ]?nﬁrgy Ios;es, art].trlle
differences in the preparation procedures between our a U nagom%ter scla €, as we ttas_mar_:_s;}o tt N spe?fmetnt 'Cf'
proach and that given by Kopperschmital’ ness, based on plasmon scattering. The strongest feature of a

A 10 nm GaAs compliant layer was made and bonded tcﬁOOd EELS spectrum is the zero-loss pdalectrons that

a handling wafer according to the description given in Ref. 6. ave I(.)St no e_ne_rgyfollowed by the plasmon pealdue to
A 500 nm thickness of lattice matched InGaP was thencollectlve excitations of the valence electron$he core
edges are significantly weaker than the zero-loss or plasmon

grown at 640°C on top of the 10 nm GaAs layer. Becaus ) ;
) eatures and sit on a background composed of the tails of the
the growth layers are lattice matched to the GaAs, no effects
asmons and other core edges. The number of counts above

(S):)elitit'r:gn;n'Svrgf;tc:;;Yf;ebsxfneecctﬁgn?crafe;;;sﬁif;suz?ncé'ﬂ?,ﬁie background level in a core edge spectrum is proportic_mal

f the number of atoms of that element at the probe position.
The ratio of the first plasmon intensity to the zero loss inten-
dpresent address: Advanced Materials Processing and Analysis Center, Urdity gives the thickness of the material in units of mean free

versity of Ceqtral Florida, Orlando, Florida 32826; electronic mail: path for plasmon scattering. Images can be obtained using
vanfleet@physics.ucf.edu

bpresent address: Edward L. Ginzton Laboratory, Stanford University, Star@Nly electrons that hav_e lost a p|a§m0n energy or th_at have
ford, California 94305. lost no energy. The ratio of these images forms a thickness
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FIG. 1. (a) is a cross-sectional annular dark field image of the compliant
layer. The lower left is the bulk GaAs wafer and the upper right is the

InGaP. The bright line is the twist boundary upon which three defects are

seen(b) is a thickness map of the region shown@ and clearly shows the
interface defects to be voids.

map. Such maps are often of value even in samples of un-

even composition.
Figure Xa) shows an annular dark fieldDF) image of

a cross-sectional view of the bonded layer. The brighter area
at the top right is the InGaP growth layer. Its brightness

reflects the high Z indium content. The lirel0 nm below

2675

Vanfleet et al.

300
250 |
200
150 L
100 |

EELS Counts

wn
(=]

Energy Loss (eV)

FIG. 3. The stripped EELS gallium L edge is shown at the four locations
indicated in the top figure. The counts under the edge are proportional to the

the InGaP is the bonded interface which is also brighter. Thigallium content. Region B shows a decrease in gallium and C an increase.
is probably due to the disorder that accommodates the rela-

tive twist of the two GaAs layers. A series of defects are see
along the interface. In general the interface defects are
lower intensity indicating a region of lower atomic number
or a void. Some of the defects show inclusions or portion
filled with material that scatters similarly to the GaAs. The
plan view images show these inclusions to be a commo
feature. Figure (b) shows a thickness map of the region
shown in Fig. 1a). The interface defects show up as de-
creases in the projected thickness of the material, again i
dicative of a void.

Figure 2 shows an ADF image of the plan view speci-
men. The bright spots result from inadequate rinsing afte

etching with citric acid. The black spots are the interface.

defects with the lower intensity indicating void structures. At

FIG. 2. ADF plan view showing interface defects. Large defdbtack

spotg are arranged in an approximately linear manner and the small defects

n_

oﬂwis magnification, two general sizes of interface defects are

apparent. The larger defects are45nm in diameter and
appear to have formed along lines. These lines vary from 10

Yo 20° off of the 110 directions of the handling crystal de-
I;%)ending upon location on the specimen. A second smaller

defect,d~12nm, is also seen with positions that appear to
be random. The size of the defects in the direction normal to
the wafer is slightly smaller than half the diameter. Thus,
most of the larger diameter defects extend through the 10 nm
compliant layer. The linear positioning of these larger de-
Fects is not yet understood.

Figure 3 shows a higher magnification plan view ADF
image of a typical void structure. Most voids are irregular in
shape, being partially filled by inclusions which scatter simi-
larly to the GaAs. A portion of the edge of this inclusion is
highlighted with spots in Fig. 3. Several of the inclusions
show moirefringes indicating the inclusions are crystalline.
Figure 3 shows the gallium L edge EELS specatier back-
ground subtractionat four points indicated in the image.
The counts are proportional to the gallium content and show
an increase in gallium content at the inclusi@oint C).
Additionally, EELS scans do not show any significant varia-
tion of other materials across the specimen. This data leads
to the general conclusion that the inclusions are elemental
gallium, although there were only a small number of inclu-
sions where EELS was used directly to confirm this conclu-
sion. Arsenic, which has a higher vapor pressure than gal-
lium is presumably lost during the bonding process, leaving
excess gallium along the bonded interface. The lower gal-
lium content at point B is consistent with the void interpre-
tation arising from the lower ADF intensity.

A recent lettef suggested that the low number of defects
observed in specimens similar to the one studied h&fe,
arose from a multigranular nature of the film. Theyb-

randomly positioned. The hright spots are residual citric acid from the etchS€rved a multigranular film on their thin compliant layer with

ing process.

grains growing either epitaxiaily on the substrate or on the
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twisted layer. We observed no granularity in the epitaxialthe large defects or pinholes through the compliant layer the
layer. We have however seen evidence that the twisted lay@pitaxial layer is single crystal.

is very delicate and even careful handling when the compli- . ) )

ant layer is exposed can be enough to strip the thin layer off SUPPort from Earl Kirkland and Mick Thomas is grate-
the substrate. Thus, an alternate possibility for the multifully acknowledged. This research was supported by U.S.
granular observations is that the ultrasonically enhance@ir Force Grant No. F49620-95-1-0427. Z. H. Zhuand Y. H.
etching used to remove down to the compliant layer alsd-C @cknowledge the research support from Office of Naval
damaged the layer, leaving holes in the compliant layer sufResearch, National Science Foundation, and DARPA. The

ficient to allow nucleation on the substrate resulting in aCOrnell STEM was acquired through the N$Erant No.
multigranular film. DMR-8314255 and is operated by the Cornell Center for

The reason for the linear arrangement of the larger deMaterials ResearctNSF Grant No. DMR-9632275

fects is not clear at this point, but some speculation can be
put forth. Potentially, the large defects could indicate the!P. Kopperschmidt, G. Kastner, St. Senz, D. Hesse, and U. Gosele, Appl.
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