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Observation of residual stress and defects
in silicon induced by scribing
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Residual stresses induced by three scribing methods, diamond point scriber, laser scriber
and diamond blade saw, are studied quantitatively by infra-red photoelasticity. It is clear
that diamond blade saw scribing is most desirable, for residual stress induced by it is
several times smaller than the stress caused by the other methods. The stress gradient
differs between the laser scribed sample and the others, probably because of the dif-
ference in stress generation mechanism. Removing the damaged layer by etching reduces
residual stress. The three scribing methods are also studied by the observation of defects
after annealing and the results are compared with those determined by photoelastic

measurement.

1. Introduction

There are many mechanical processes in semi-
conductor device fabrication., However good the
electrical properties of the device are, it is of no
use if damage is induced in the last mechanical
processes. Scribing is one of them, There are
three main methods of scribing — diamond point
scriber, laser scriber and diamond blade saw. In
the past, productivity was the most important
point in choosing scribing method and laser
scribing was thought most desirable. However, it
has recently become clear that laser scribing is not
always best, for laser scribed pellets were liable to
crack in the moulding process after scribing a
wafer and separating it into pellets. One of the
reasons for this was thought to be residual stress
induced by scribing. These effects were studied
by photoelastic measurements.

A photoelastic study of silicon crystal in
mechanical processing was made by Takasu and
Matsushita [1] and Lederhandler [2]. These
reports were concerned with the induced stress by
adhesion or grinding. Nevertheless, there are very
few reports about scribing of crystal, although it
is important in crystal processing technology. The
purpose of this paper is to compare three scribing

methods through quantitative photoelastic
measurement of residual stress and defect obser-
vation after annealing and etching. The effect of
removing the damaged layer by etching was also
studied and is reported in this paper.

2. Sample preparation and photoelastic
observation

Silicon is transparent for radiation whose wave-
length is longer than 1.1 um. Photoelastic obser-
vations were made using PbO—PbS vidicon. It is
considered that the observation was made by
nearly monochromatic radiation of 1.1um wave-
length for the combination of silicon filter and
PbO—PbS vidicon. Infra-red photoelastic apparatus,
shown in Fig. 1, was fabricated and described by
Takasu [3]. The quantitative measurement
procedure is shown in Fig. 2 [5, 6]. Principal
stress lines were obtained through observation
by plane polariscope. Whilst the stress magnitude
was determined by observation with a circular
polariscope. Quantitative measurements were
made using the values of piezo-optical coefficients
in Table I, calculated from the values obtained
by Giardini [6]. A slight approximation was made
in this calculation [5].
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(a)

(b)

Figure 1 Infra-red photoelastic apparatus. (a) Microscope:
1, infra-red vidicon camera; 2, ocular; 3, Bertrand lens;
4, analyser; 5, 2 wave plate; 6, objective; 7, sample; 8,

(xe) stage; 9, condenser and i wave plate; 10, polarizer;

11, mirror; 12, Si filter; 13, light source; 14, monitor TV.

Q 2 (b) Macro apparatus: 1, infra-red vidicon camera; 2, infra-

red polarizer; 3, lens; 4, & wave plate; S, heating stage;

T] 6, sample; 7, wave plate; 8, infra-red polarizer; 9, con-

denser; 10, mirror box; 11, light source; 12, light source
controller; 13, camera controller; 14, monitor TV; 15,

TABLE I Principal stress difference which causes 1A
(A= 1.1 um) retardation in 1 cm light path

P2 (X ) heating stage controller. (c) Direction of principal axes:
P,, infrated polarizer; P,, infrated analyser; Q,, %
wave plate; Q,, & wave plate; T, T,, principal stresses
in the sample; ¢, angle between T, and P,.

The most important factor in sample prep-
aration for photoelastic observation is the mirror

polishing of the two surfaces in the light path.

gﬁig:fm g;i‘e‘;iiffi:t‘ess g;fi;gigalst;:rss In this experiment, silicon plates, with orientation

. ret;;;ation and dimensions as shown in Fig. 3, were prepared

(kg cm™?) for scribing characterization. All the surfaces were
001] [100] [010] 36 mirror polished for photoelastic observations and
[001] [110] [110] 52 elimination of any initial stress. The scribing line
i1 10] [110][001] 43 was formed at the surface by three scribing
(111] [1121[110] 45 methods — diamond point scriber, laser scriber and
(110} [112][111] 50 diamond blade saw. Photoelastic observations were
(112] 1oy jii1] 50 ' made from the direction shown in Fig, 3.
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Figure 2 Quantitative measure-
ment of stress in the crystal by

photoelasticity.
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Figure 3 Sample for scribing characterization.

3. Residual stresses induced by scribing

Samples were first observed by plane polariscope,
as shown in Fig. 2, and principal stress lines were
obtained. Next, they were observed by circular
polariscope and the stress magnitude was deter-
mined using the piezo-optical coefficients in
Table I [5]. The groove shape of scribing and
isochromatic lines obtained by circular polariscope
are shown in Fig. 4, Fig. 5 shows the principal
stress lines obtained by plane polariscope (a) and
stress distribution explanation (b). Numbering the
isochromatic lines was made from the standard
isochromatic line of the zeroth order of retar-
dation, which was far from the scribing line.
Retardation orders for each isochromatic line and
maximum retardation order near the scribing line
are also shown in Fig. 4. Although the stress
magnitude varied according to the scribing groove
depth, so far as samples in Fig, 4 were concerned,
the maximum residual stress was 60kgcm™2 com-

pression for the diamond point scribed sample,
39kgem™ tension for the laser scribed sample
{whose groove depth was 130 um), and 4kgcm ™2
compression for the diamond blade saw scribed
sample.

The retardation sign or stress gradient direction,
determined by Tardy’s method [5], for the laser
scribed sample was different from that for the
other samples. This result is important in solving
the stress generation mechanism, Fig. 6 shows the
shift in isochromatic lines for (a) the diamond
point scribed sample and (b) laser scribed sample.
The analyser (P,) was rotated n/4 radians in this
case. A silicon beam, bent at four points, which
has a uniform stress gradient from compression to
tension, was used as the standard sample to deter-
mine the stress gradient direction [5].

The effect of etching on residual stress was
studied and the result is shown in Fig. 7. In this
experiment, the diamond point scribed sample
was etched by the etchant (HF(1), HNO;(3),
CH;COOH(2)) at 20°C. Residual stress was
rapidly reduced, according to etching time. There
was no residual stress observed in the sample
etched for 60sec. Stress was also reduced by
cracking at the scribing line, as shown in Fig, 8,
although the effect varied according to each case.

4. Defect observation by etching

Three scribing methods were compared by defect

observation after annealing and etching. Samples
897
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Figure 4 Scribing groove shape and isochromatic lines.
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Figure 5 Principal stress lines and stress distribution
explanation.

Pa-PBs>0

Category Principal stress line Principal stress
A Py
B e Py

were annealed in N, gas at 1000° C for 30 min
and etched by Wright etchant (HF, 400ml);
HNQj;, 200ml); CH;COOH, 400ml); Cu(NO3)-
3H,0, 13g, S5molCrO; (200ml!), H,O 400 ml).
From the results shown in Fig. 9, etch pit density
was quite large in the laser scribed sample, whereas

there were few etch pits observed in the diamond
blade saw scribed sample.

5. Discussion
It has become clear, from this experiment, that
the stress induced by the diamond point scriber
was largest in magnitude and that by diamond
blade saw was the smallest, although it would, of
course, depend on the scribing groove depth. In
the past, laser scribing was thought most desirable,
from the view point of productivity and control-
lability because of its narrow and deep scribing
line. However, this study shows that diamond
blade saw scribing is most desirable, from the
residual stress viewpoint. This is especially import-
ant when residual stress affects the electrical
properties of a device or device fabrication
reliability concerning the pellet cracking problem.
Important information about the stress gener-
ation mechanism was obtained in this experiment.
From "the results shown in Fig. 5, category A
principal stress was relatively compressive, com-
pared with category B stress for diamond point
scribed and diamond blade saw scribed samples.
The situation was the opposite for a laser scribed
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Figure 6 Shift of isochromatic lines for diamond point scribed and laser scribed samples in the observation by Tardy’s

method.
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Figure 7 Etching effect on residual stress in a diamond
point scribed sample.
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Figure 8 Cracking effect on residual stress in a diamond
point scribed sample.
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sample, Residual stress in silicon induced by
scribing is the result of external force causing a
damaged layer to form on the scribing groove
wall, This brings compressive stress to silicon
near the interface of the damaged layer, in the
case of mechanical scribing methods (diamond
point scriber and diamond blade saw), and tensile
stress in the case of the thermal solution method
(laser scriber). It is natural to consider that a
mechanically damaged layer, which results in
compressive stress, is formed by compressive
force of the diamond point scriber or diamond
blade saw. On the other hand, a thermally damaged
layer, which results in tensile stress, is formed
by solution and cooling process by laser beam.
This is probably the reason for the difference in
stress gradient directions between the laser scribed
sample and other samples.

Removing the damaged layer by etching was
effective in residual stress reduction. This shows
that residual stress is mainly caused by the damaged
layer. Cracking at a scribing line also reduced
stress for the diamond point scribed sample. For,
Yasuami’s result (X-ray topographic observation)
for diamond blade saw scribed sample, no dif-

ference was observed by cracking [7] . Therefore,

the cracking effect is thought to depend on the
scribing method or stress generation mechanism.

In the etch pit distribution observation, dif-
ferences between the laser scribed sample and the
other samples were quite large, compared with the
result of residual stress determined by photo-
elasticity. This is also probably because of the
difference between a mechanically damaging
process and a thermally damaging process. These
results show that crystal characterization must be
accomplished by several methods, making the best
use of each one. For scribing, a diamond blade saw
is most desirable from both residual stresses and
defect density viewpoints.

6. Conclusions

Residual stress values, induced by three scribing
methods (diamond point scriber, laser scriber and
diamond blade saw), were compared by quantitat-
ive photoelastic measurement. It has become clear
that the diamond blade saw is most desirable for
its smallest residual stress. The stress gradient
direction differed between the laser scribed
sample and the other samples, because of the
difference in the formation mechanism of the
damaged layer. Removing the damaged layer by



(a)

(c)

Figure 9 Etch pit observation after annealing
and Wright etching. (a) Diamond point scribing,
(b) laser scribing, (c¢) diamond blade saw scribing.

—d
100 m

etching reduced the residual stress. The diamond
blade saw scribed sample was nearly defect-free in
etch pit observation after annealing, whereas laser
scribing induced quite a large number of defects.

Acknowledgements

During this study, valuable discussions and encour-
agement were received from S.Yasuami. The
authors wish to express their gratitutude to

S.Nagakura and O, Nittono for valuable discussions
and critical reading of the manuscript. They also
thank T.Sugahara for his helpful work with the
apparatus and in sample making,

References
1. SHIN.TAKASU and Y.MATSUSHITA, J. Jap.
Appl. Phys. 44 Suppl, (1975) 259.
2. S.R.LEDERHANDLER, J, Appl. Phys, 30 (1959)
9201



902

1631.

SHIN. TAKASU, “Crystal Growth and Characteriz-
ation”, edited by R. Ueda and J. R. Mullin, (North-
Holland, 1975) p. 317.

SHIN. TAKASU et al., in “Semiconductor Silicon
1977>, edited by H.R.Huff and E. Sirtle (Electro-
chemical Society, Princeton, N.J., 1977) p. 456.

H. KOTAKE and SHIN, TAKASU, J, Electrochem,
Soc. 127 (1980) 179.

A. A.GIARDINI, Amer. Mineral. 43 (1958) 249.
S. YASUAMI, J. Electrochem. Soc., to be
published.

Received 26 July and accepted 20 September 1979.



