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LETTER

Microdefects induced by cavitation for gettering in silicon wafer
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The semiconductor industry is not only obsessed by the
cleanliness of the processing methods but also the
decreasing dimensional scale of components. Contamina-
tion, from trace amounts of metals, can alter the electrical
properties of silicon devices and even cause them to fail.
Gettering, a process in which metallic components are
trapped in the bulk of wafer, is used to reduce contami-
nation on the active device surface.

As the critical dimensions for semiconductors devices
become smaller, it is becoming necessary to specify pre-
cisely the structures, interface morphology, the shape and
sizes of individual features, and control at the atomic scale
is essential. During semiconductor device processing,
microdefects do occur. Microdefects in CZ silicon are
known to have both positive and negative effects. If
properly controlled, they act as gettering sites for metallic
species and hence remove unwanted impurities in the
active device regions of semiconductor devices. On the
other hand, microdefects can be responsible for plastic
deformation of silicon wafer [1]. The occurrence of dis-
locations in the active device regions causes current leak-
age and even failure of devices [2]. Determination of the
optimum point at which bulk microdefects can be consid-
ered to have beneficial gettering effect in silicon wafer is
still an engineering concern yet to be resolved.

Many analytical techniques are now been used for
studying microdefects in-situ and post fabrication of
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semiconductor devices. Transmission electron microscopy
(TEM) in combination with advanced specimen
preparation machines is an indispensable technique for
examining the layered structures, which make up semi-
conductor devices. In this study, TEM has been used to
characterize and image the silicon wafer structure in the
atomic scale. The authors have already studied electrical
characteristics of backside damage gettering by cavitation
impact [3-5]. Despite extensive research in gettering, the
exact mechanisms by which mobile dislocations are gen-
erated in the bulk of an initially dislocation free silicon
wafer are not well understood. The purpose of this study is
to analyse types of dislocation misfits and the corre-
sponding defect size that is responsible for effective get-
tering. Thus, the approach to the structural analysis has
been done by considering the cavitation impact process
responsible for generating the dislocations mechanism and
the associated dislocation misfits analysed using TEM.
Figure 1 shows the test section of the cavitating jet
apparatus used for the introduction of backside damage.
The surface of silicon wafer was masked with a tape and
placed onto specimen holding device and then immersed in
DI water. The test liquid, DI water, was injected onto the
surface of the specimen through a nozzle, diameter
0.8 mm, with an upstream and downstream pressure of 2.5
and 0.1 MPa, respectively. The standoff distance was
17 mm. The standoff distance sq4, is defined as the distance
between the upstream corner of the nozzle throat and the
surface of the specimen under test. Hence, the optimum
standoff distance s, is determined qualitatively by an
erosion test in which the standoff distance is varied [6].
Details of the cavitating jet in submerged condition are
found in references [7-10]. Upon leaving the nozzle, a
cavitating jet was formed. The collapsing of the cavitation
bubbles causes shock wave and/or microjets on the
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Fig. 1 Test section of cavitation jet apparatus

specimen surface thereby causing suitable plastic defor-
mation. The suitable damage necessitates the gettering site
in the bulk of the material, which acts as sink for metallic
impurities. The suitable damage was controlled by adjust-
ing hydraulic parameters such as injection pressure of the
cavitating jet and standoff distance. The surface of the
specimen treated by cavitation impact was observed using
atomic force microscope. The threshold deformation and
surface roughness was 3.99 and 2.09 nm, respectively.
The specimen was shaped to 5 mm square using a
micro-cutter and then cleaned using ethyl alcohol
(CH5CH,0H). The sample was fixed to a glass using
epoxy resin and then mechanically polished to thickness
t = 30 pm. Final mechanical polishing was done using a
dimple grinder to # = 20 pym and then ion-milled at low
angle 12°, 3 kV and argon flow 0.3 cm’ until perforation.

Fig. 2 Diffraction of single
dislocation (S) and a narrow
dislocation dipole (D)

Figure 2a shows a mixed type dislocation where com-
plete contrast is not possible. One of the dipole sides has a
single line dislocation (S) and a dislocation loop which
appears to be the region of the highest cavitation impact.
On this particular dipole side, another single dislocation
stretches on the lower end. Individual narrow dislocation
dipole (D) can also occur as shown in Fig. 2b. The central
part of the dipole has a micro Frank-Read dislocation
source, which indicates the preferential shearing area. The
start of the dislocation dipole is revealed in bright—dark
oscillations at the top and bottom with two parallel dislo-
cation lines joining them. The size of the single dislocation
and narrow dislocation dipole are 70 and 100 nm, respec-
tively. Double diffraction route was avoided by imaging
the silicon on (100) zone as illustrated by the spot dif-
fraction pattern at the bottom insert in Fig. 2a.

Figure 3 shows a strong beam image in bright-field
mode of silicon (100). For regions where there was cur-
vature in the dislocation line, the specimen experienced
mixed edge- (E) and screw-dislocation (S). On a higher
magnification (see circled region), the length of the dislo-
cation loops was 50 nm as marked by position F in Fig. 3.
However, there are no dipoles attached to the dislocation
loops for this case.

Peculiar curved dislocation segments occurred at the
nodes of the dislocation loops as illustrated in Fig. 4.
Single cavitation impact may cause multiple disintegration
of dislocation loops and thus creating an overlap situation
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Fig. 3 Strong beam images of
edge- (E) and screw (S)
orientation

(see region A;) or single dislocation (see region A,) in
Fig. 4. The dislocation loops are approximately 30 nm.
However, the curved strained affiliated to these areas have
wider radii. Although the dislocation density was not
quantitatively determined, the effect of single cavitation
impact can be estimated by the mean tangential distance
between the strained cords of A; and A,.

Fig. 4 Curved dislocation segments in silicon (100)
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It can be concluded that dislocation dipoles are associ-
ated with dislocation loops and are initiated by micro
Frank-Read dislocation. Plan-view TEM observations
reveal that the size of the dislocation misfits was approxi-
mately 100 nm.
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