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Shear Stresses in a Notched Circular Disk

In the dicing of a silicon disk into separate integrated circuit
chips, an alignment notch is commonly used to maintain
the disk in a precise and stable position throughout the
process. This notch is formed in a grinding operation which
causes mechanical damage to the crystal structure in the
vicinity of the notch. The increase in crystal dislocation
density will degrade the performance of any circuit chips
located in the damaged area. Hence, it is important to learn
the extent of damage in the disk so that the affected region
can be avoided during the production of chips.

It is possible to determine the dislocation density in the
disk by X-ray diffraction microscopy.! However, it is equal-
ly important to determine the distribution of the stress in-
curred during the grinding operation so that this distribu-
tion may be correlated with that of the dislocation density.

No previous theoretical or experimental attempts are
known to have been made to determine the stresses in a
loaded silicon disk during the notching operation. Frocht?
has employed the techniques of photoelasticity to determine
the stresses in a notched disk symmetrically supported by
two concentrated loads on the boundary of the disk. His re-
sults are not directly applicable to the present problem, as
the stresses introduced in a disk are functions of the elastic
properties of the disk material; the concentrated loads used
in his investigation differ from the loading condition perti-
nent to the notching operation.

This note presents a method of determining the stresses
that exist during the notching operation in a silicon disk
loaded parallel to the [111] plane (Fig. 1). At the circular
notch, normal pressure is uniformly distributed, and at I
and II, uniform radial pressures are distributed over small
segments of the boundary of the disk. For simplicity it is
assumed that the shear stress is zero on the boundaries of
the notch and the disk. However, the boundary shear
stresses can be taken into consideration in a manner similar
to that outlined in this note. The silicon disk with a [111]
orientation can be regarded as an isotropic disk in a state of
plane stress.?
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Figure 1 Geometry and loading conditions of notched circular
disk, Dimensions: r; = 0.0708 in,, 4 = 0.6395 in., R; = 0.625
in., thickness, ¢ = 0.00787 in.

The solution to be presented is obtained by a convergent
combination of stress functions; the procedure used is paral-
lel to that adopted by Ku in solving the stress concentration
problem in a rotating disk with central and noncentral
holes.?

The Airy stress function,

b, = aqylnr, 1)

is taken first. The constant g, is determined from the uni-
form pressure at the notch. Next,

By = bR + 3 (iR’ + iR cos (i) 2)

=2
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is taken to remove the stresses on the boundary of the disk
introduced by ®,, and to satisfy the uniformly distributed
normal pressures at I and I1. Then
Py = golnr+ &1 rtcosf

4+ > lgr T+ hir Pl cos 10 (3)

=2

is taken to remove the stresses on the boundary of the notch
introduced by ®;. This process of approximation is con-
tinued until the remaining boundary stresses become negli-
gible. The final result is obtained by summing all of the
superposed stresses.

The results for the maximum shear stress, 7,,,x, at various
locations in the disk from three successive approximations,
are shown in Figs. 2 to 5. 7 is the maximum shear stress at
x1 = 0. The photoelastic stress pattern shown in Fig. 6
is different from the one shown by Frocht? in the vicinity of
the notch as well as the loaded portions of the boundary of
the disk.

An enlarged (5 to 1 ratio) photoelastic model of the sili-
con disk was prepared from Y%-inch Paraplex P43* plastic.
The reactions at I and II were approximated by supporting
the model on two pieces of the plastic. Hydrostatic loading

* Registered Tradename, The Homalite Corp., Wilmington, Delaware.
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STRESSES IN NOTCHED DISK
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at the top circular notch was approximated by applying an
external load to a piece of soft rubber whose unloaded
geometry matched the circular notch. Two pieces of trans-
parent non-birefringent plastic, Plexiglas* in this case,
were used to confine the rubber within the two planes es-
tablished by the front and back sides of the model. As load
was applied to the top side of the rubber, the confined con-
ditions approximated a hydrostatic loading along the sur-
face of the circular notch.

* Trademark, Rohm & Haas Co., Philadelphia, Pa.
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Figure 6 Photoelastic stress pattern in plastic disk.

The calculated stresses from the third successive approxi-
mation show good agreement with the photoelastic results
away from regions I and II. This is due to the fact that the
uniform radial pressure distribution on the boundary of the
disk, assumed for the calculation, has not been exactly sim-
ulated by that in the photoelastic model. It is also realized
that the elastic properties of the photoelastic material are
different from those of silicon.

The error due to not proceeding beyond the third ap-
proximation is less than 5 %. The expressions used to calcu-
late the stresses converge very slowly near the boundary of
the disk. Twenty-eight initial significant figures were needed
to obtain three final significant figures near the boundary.
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