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Abstract : We present an improved angle polishing method in which the end of the cover slice near the glue layer
is beveled into a thin,def ect-free wedge ,the straight edge of which is used as the datum f or measuring the depth of
subsurf ace damage. The bevel angle can be calculated from the interference fringes formed in the wedge. The min-
imum depth of the subsurface damage that can be measured by this method is a few hundred nanometers. Our re-
sults show that the method is straightf orward,accurate ,and convenient.
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1 Introduction

Sngle crystal dlicon is the most important
substrate material ,upon which over 90 percent of
semiconductor devices are manufactured. Slicon
wafer preparation requires a series of processng
stepsin order to attain high performance semicon-
ductor devices. Many processing steps,such as dli-
cing lapping ,and grinding ,induce surface and sub-
surface damage to dlicon wafers. The subsurface
damage may dgnificantly alter the electric proper-
ties of the semiconductor and endanger its proper
operation by distorting the doping profiles,and it
must be removed in subsequent processes'. Fur-
thermore ,a substantial percentage of slicon wafers
are thinned by back grinding prior to dicing and
packaging. As wafers become thinner and more
fragile ,the subsurface damage of back grinding cre-
atesincreasngly sgnificant risk of yield loss dur-
ing de-taping ,handling ,dicing ,and package assem-
bly processing® . Therefore,the evaluation of the
subsurface damage is important for optimizing ma-
chining processes and ensuring the quality of dli-
con wafers.

Many methods have been used to measure and
evaluate subsurface damage in slicon wafers,such
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as angle polishing,cross sectional transmisson e
lectron microscope (TEM) , X-ray diffraction,and
Raman spectroscopy™*!. SEM| M F950-02 provides
a standard test method for measuring the crystal
damage depth of a mechanically worked glicon
dice surface by angle polishing and defect etch-
ing'® . In this method ,the silicon specimen must be
deposited with dlicon nitride first. The minimum
measurable damage depth is about §4 m. It is diffi-
cult to obtain an appropriate measuring datum
since material intermixing on the etched interfaceis
intrindcally unavoidable. It is also hard to measure
the bevel angle accurately. These disadvantages
make this method unsuitable for dightly damaged
silicon wafers. Subsurface damage could be exam-
ined by cross sectional TEM ,but it is very difficult
to prepare TEM samples of non-metallic material s.
To get the sample thin enough for electrons to go
through ( < 500nm) ,the method most commonly
used is mechanical lapping and polishing ,followed
by ion milling. The sample preparation is tedious,
and artifacts may be induced during lapping ,polis
hing ,or ion milling. Sometimes,dendties of micro
cracks are 0 small that the likelihood of having a
micro crack in a typical TEM sample is practically
zero; as a result ,a false concluson may be ob-
tained. X-ray diffraction is widely used as a nonde-
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structive method to determine resdua stressfrom
the lattice deformation of a crystal'® ,but the spar
tial resolution of X-raysis s poor that the result
measured by this method is only an average over a
specified zone. Raman spectroscopy has been used
for the analyssof phase trandormation and res du-
al stressin machined silicon wafers”'. A main ad-
vantage of Raman spectroscopy is its high resolu-
tion. However ,the method cannot identify cracks
and didocations.

In the present investigation ,an improved angle
polishing method is developed to measure the sub-
surface damage of machined silicon wafers.

2 Principle

The reason that angle polishing can be used to
measure subsurface damage depth is that the sam-
ple region under investigation is multiplied by an-
gle beveling. The subsurface damage depth is then
obtained by scaling down the acquired imagein the
direction perpendicular to the bevel edge by afac
tor of S ,wheref isthe bevel angle. Samples bev-
eled at angles ranging from 5°44" to 2°52" produce a
magnification from 10 to 20 times with respect to
the cross section® . As mentioned above,a main
disadvantage of conventional angle polishingis that
theinterface becomesillegible after defect etching,
which makesit difficult to get an accurate measure-
ment due to lack of an appropriate datum. Howev-
er ,the measuring accuracy can be greatly improved
on the condition that a sharp measuring datum is
used. We have successully achieved this after
much experimentation. Figure 1 is a schematic il-
lustration of the improved angle polishing method.
Two slicon dices were glued together face to face,
as shownin Fig. 1(a). One was a sample dice cut
from the slicon wafer to be measured;the other
was a cover dlice that was cut from a finely pol-
ished slicon wafer. After angle lapping and chemi-
cal mechanical polishing, an angle beveling was
formed. The end of the cover dice near the glue
layer was beveled into a defect-free,thin wedge,
and the edge of the thin wedge was straight and
parallel to the glue line ,as shownin Fig. 1(b) . Af-
ter defect etching ,the wedge edge can be kept unal-
tered ,because the dlicon in the wedge has a perfect
crystal structure and the etching speedis much do-

wer than in the damaged region. Therefore, the
wedge edge of the dice can be used as a perfect da-
tum for measuring the depth of the subsurface
damage.

Cover slice

Glue layer Sample slice

(a)
The edge of the wedge  Interference fringes

Angle bevel

Defect etching pits

Mixed zone

Fg. 1 lllustration of the improved angle polishing
method (a) Two slicon dices were glued together
face to face; (b) After chemical mechanica polishing;
(c) After defect etching

If the width of the glue layer is denoted by L:
and the distance from the wedge edge of the cover
dice to thefarthest etching pits along the direction
perpendicular to the wedge edge is denoted by Lz,
then the depth of the subsurface damage is

d=(Lz2- Li)siP (D
The bevel anglef3 can be defined by the angle polis
hing fixture;it can be measured precisely by usng
the interference fringes produced in the thin wedge
as well. Snce the wedge is 0 thin as to become
transparent ,interference fringes will appear after
chemical mechanical polishing ,as shown in Fig. 2.
The interference pattern is composed of a series of
alternating bright and dark fringes of the same col-
or when created by monochromatic light. The frin-
ges are straight and parallel to the edge of the
wedge. The optical path difference between two ad-
jacent bright fringes or dark fringes is A/
2n. The distance between two adjacent bright
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fringesor dark fringes A x ,is

« = A
" 2nsiP

whereA is the light wavelength,nis the refractive
index of single crystal slicon,and is the wedge
angle in degrees® . By substituting into Eq. (1) ,
we obtain the depth of subsurface damage:

AL, - L1) 3)

2 x

where L1, L2 ,and A x can be measured precisely
under optical microscopy with monochromatic
light.

A (2)

d =

Fg.2 lllustration of the interference fringes in the
thin wedge of cover dice

3 Experimental procedures

In this study, two machined dlicon wafers
were measured by the newly developed method.
One was dlicon wafer lapped with alumina abrasve
durry ,and the other was ground with a # 3000
resn bond diamond grinding wheel. The procedure
isasfollows.

3.1 duing

A sample dice was cut from the dlicon wafer
and was measured to be 5mm wide and 10mm
long. A dmilarly szed cover dice was cut from a
polished slicon wafer. After ultrasonic cleaning,
the two dices were glued together face to face with

€pOoXy.
3.2 Lapping

The sample was mounted onto an angle polis
hing fixture with a bevel anglefor lapping and sub-
sequent chemical mechanical polishing. The polis
hing fixture was then tranderred to a polishing
machine to be lapped usng a successon of water
proof dlicon carbide abrasive papersin the order of

30,9,6,3,and M m. After the final lapping step,
the sample should have a mirror finish with no vis-
ble lapping marks.

3.3 Chemical mechanical polishing

After lapping, chemical mechanical polishing
was conducted. A firmly backed polishing pad and
dightly alkaline polishing durry are recommended.
While polishing ,the sample should be placed with
the wedge of the cover dice facing the direction of
the polishing pad in order to prevent chipping. Af-
ter polishing ,a very smooth ,def ect-free angle beve
ling should appear. The end of the cover dice near
the glue layer should be beveled into a thin wedge,
and the edge of the thin wedge should be straight
and parallel to the glue line without any chipping
or scratching. In this instance, the wedge of the
cover diceis 0 thin as to become transparent. In-
terference fringes can be seen clearly near the edge
of the wedge; these are what are called® wedge
fringes’ in physcs.

3.4 Etching

The damaged region cannot be examined by
chemical mechanical polishing alone. However ,
measurement and eval uation become possble after
defect etching. The basic idea behind defect etching
isto mark defects such as cracks and didocations
intersecting the surface by small pitsor grooves o
they become visble . In this study,the slicon
dices were placed into a defect etching solution
(H20 HF49% K:Cr.07; =500ml : 1000ml : 229)
for 10s at a room temperature.

3.5 Maeasuring the length L1,L2 ,andA x

To accurately measure the depth of the sub-
surface damage ,an optical DIC microscope with a
camera and image measuring capability is necessa
ry. The length L1 was measured before defect etch-
ing,which is the distance from the edge of the
wedge of the cover dice to the interface between
the sample dice and glue along the direction per-
pendicular to the edge. The length L. was meas
ured after defect etching, which is the distance
from the edge of the wedge of the cover dice to the
farthest etching pits along the direction perpendic-
ular to the edge;A x is the distance between two
adjacent bright fringes or dark fringes. The depth
of the subsurface damage d was then calculated ac-
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cording to Eg. (1) or Eq. (3).

4 Resultsand discussion

Figures 3 and 4 are images of theimproved an-
gle polishing before and after defect etching under
DIC microscopy. As shown in Fig.3(a) and Fig. 4
(a) ,after chemical mechanical polishing,the cover
dice near the glue layer was beveled into athin ,de

Fig.3 Subsurface damage of the lapped slicon wafer
(a) After chemical mechanica polishing; (b) After de
fect etching

fect-free wedge ,the edge of which was straight and
parallel to the glue line without any chipping or
scratching. After defect etching, subsurface dama-

ges were revealed, but the interface between the
sample dice and glue layer became illegible, and
thus it was impossble to measure accurately the
the subsurface damage with the traditional angle
polishing method. However ,in the improved angle
polishing method,the straightness and complete-
ness of the wedge edge were unaltered even after
defect etching. Therefore ,the edge of the cover sli-
con dice was a perfect measuring datum with negli-
gible datum uncertainty ,as shownin Fig.3(b) and
Fig.4(b).

(a)

AT A P e el

Fig.4 Subsurface damage of the ground slicon wafer
(a) After chemical mechanica polishing; (b) After de
fect etching

The interference fringes,composed of a series
of alternating bright and dark fringes,can be seen
clearly in the wedge under DIC microscopy ,and the
bevel angle can be calculated from the relationship
between the bevel angle and the spacing of the in-
terference fringesformed in the thin wedge. By our
method ,the depth of the subsurface damage in the
lapped dlicon wafer was measured to be 9. 4% m,
as shownin Fig. 3. The depth of subsurface damage
in the ground wafer was 693nm ,which is beyond
the measuring capability of the traditional angle
polishing method.

For the heavily damaged slicon wafers such as
lapped wefers,due to uneven surface topography,
as shownin Fig. 3(a) ,theinterface between sample
dice and glue layer of the lapped dlicon wafer was
irregular ,which may have a negative influence on
measurement accuracy. However ,the disturbanceis
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limited ,since the glue layer is very thin,less than
500nm.

From Fig.3(b) and Fig.4(b) wefind that the
subsurface damage induced by lapping and grinding
is not distributed evenly. Because of a large sam-
pling length up to 5mm ,the depth of the subsur-
face damage variation may be detected by this
method ,which is good for a more accurate meas
urement. However ,snce the sample area is much
smaller than in the angle polishing method,cross
sectional TEM can hardly detect the heavily dam-
aged region, and a false concluson may be ob-
tained.

5 Conclusion

Animproved angle polishing method for meas-
uring the subsurface damage of machined slicon
wafers was developed. In this method,the end of
the cover dice near the glue layer was beveled into
a thin,defect-free wedge,and the straight edge of
the wedge was used as the datum for measuring the
depth of subsurface damage. The bevel angle can be
measured accurately by usng the interference frin-
gesformed in the thin wedge. The minimum depth
of subsurface damage measured by this methodisa
few hundred nanometers. Our experimental results

PACC: 7155E; 8170; 4630R
: TN305 1 A

* ( :50390061) (
T . Email :huof engwei @sohu.com
2005-09-15 ,2005-11-22

show that theimproved methodis straightforward,
accurate ,and convenient ,and could be an economi-
cal and technical alternative to the conventional an-
gle polishing method.
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