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Abstract : We p resent an imp roved angle p olishing met hod in w hich t he end of t he cover slice near t he glue layer

is beveled int o a t hin , def ect2f ree wedge , t he st raight edge of w hich is used as t he datum f or measuring t he dep t h of

subsurf ace damage . The bevel angle can be calculated f rom t he inte rf erence f ringes f ormed in t he wedge . The min2
imum dep t h of t he subsurf ace damage t hat can be measured by t his met hod is a f ew hundred nanometers . Our re2
sults show t hat t he met hod is st raightf orward , accurate , and convenient .
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1 　Introduction

Single crystal silicon is the most important
subst rate material , upon which over 90 percent of
semiconductor devices are manufactured. Silicon
wafer p reparation requires a series of p rocessing
step s in order to at tain high performance semicon2
ductor devices. Many processing step s , such as sli2
cing ,lapping ,and grinding ,induce surface and sub2
surface damage to silicon wafers. The subsurface
damage may significantly alter t he elect ric p roper2
ties of t he semiconductor and endanger it s p roper
operation by distorting t he doping profiles , and it
must be removed in subsequent p rocesses[1 ] . Fur2
t hermore ,a substantial percentage of silicon wafers
are t hinned by back grinding prior to dicing and
packaging. As wafers become t hinner and more
f ragile ,t he subsurface damage of back grinding cre2
ates increasingly significant risk of yield loss dur2
ing de2taping ,handling ,dicing ,and package assem2
bly p rocessing[2 ] . Therefore , t he evaluation of the
subsurface damage is important for optimizing ma2
chining processes and ensuring t he quality of sili2
con wafers.

Many methods have been used to measure and
evaluate subsurface damage in silicon wafers , such

as angle polishing , cross2sectional t ransmission e2
lect ron micro scope ( TEM) , X2ray diff raction , and
Raman spect roscopy[3 ,4 ] . SEMI MF950202 provides
a standard test met hod for measuring the crystal
damage dept h of a mechanically worked silicon
slice surface by angle polishing and defect etch2
ing[5 ] . In t his met hod ,t he silicon specimen must be
deposited with silicon nit ride first . The minimum
measurable damage dept h is about 5μm. It is diffi2
cult to obtain an approp riate measuring dat um
since material intermixing on t he etched interface is
int rinsically unavoidable. It is also hard to measure
t he bevel angle accurately. These disadvantages
make this met hod unsuitable for slightly damaged
silicon wafers. Subsurface damage could be exam2
ined by cross2sectional TEM ,but it is very difficult
to p repare TEM samples of non2metallic materials.
To get the sample t hin enough for elect rons to go
t hrough ( < 500nm) , t he met hod most commonly
used is mechanical lapping and polishing ,followed
by ion milling. The sample p reparation is tedious ,
and artifact s may be induced during lapping ,polis2
hing ,or ion milling. Sometimes , densities of micro
cracks are so small t hat the likelihood of having a
micro crack in a typical TEM sample is p ractically
zero ; as a result , a false conclusion may be ob2
tained. X2ray diff raction is widely used as a nonde2
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st ructive met hod to determine residual st ress f rom
t he lat tice deformation of a crystal [ 6 ] ,but the spa2
tial resolution of X2rays is so poor t hat t he result
measured by this met hod is only an average over a
specified zone. Raman spect roscopy has been used
for t he analysis of p hase t ransformation and residu2
al st ress in machined silicon wafers[7 ] . A main ad2
vantage of Raman spect ro scopy is it s high resolu2
tion. However , t he met hod cannot identify cracks
and dislocations.

In the p resent investigation ,an improved angle
polishing met hod is developed to measure t he sub2
surface damage of machined silicon wafers.

2 　Principle

The reason t hat angle polishing can be used to
measure subsurface damage dept h is t hat the sam2
ple region under investigation is multiplied by an2
gle beveling. The subsurface damage dept h is t hen
obtained by scaling down t he acquired image in the
direction perpendicular to t he bevel edge by a fac2
tor of sinβ,whereβis t he bevel angle. Samples bev2
eled at angles ranging f rom 5°44″to 2°52″produce a
magnification f rom 10 to 20 times wit h respect to
t he cross section[5 ] . As mentioned above , a main
disadvantage of conventional angle polishing is t hat
t he interface becomes illegible af ter defect etching ,
which makes it difficult to get an accurate measure2
ment due to lack of an app ropriate datum. Howev2
er ,t he measuring accuracy can be greatly improved
on t he condition that a sharp measuring dat um is
used. We have successf ully achieved t his after
much experimentation. Figure 1 is a schematic il2
lust ration of t he improved angle polishing met hod.
Two silicon slices were glued toget her face to face ,
as shown in Fig. 1 (a) . One was a sample slice cut
f rom t he silicon wafer to be measured ; the ot her
was a cover slice t hat was cut f rom a finely pol2
ished silicon wafer . Af ter angle lapping and chemi2
cal mechanical polishing , an angle beveling was
formed. The end of the cover slice near t he glue
layer was beveled into a defect2f ree , t hin wedge ,
and t he edge of t he t hin wedge was st raight and
parallel to t he glue line ,as shown in Fig. 1 (b) . Af2
ter defect etching ,the wedge edge can be kept unal2
tered ,because t he silicon in t he wedge has a perfect
crystal st ruct ure and the etching speed is much slo2

wer t han in t he damaged region. Therefore , t he
wedge edge of the slice can be used as a perfect da2
t um for measuring t he dept h of t he subsurface
damage.

Fig. 1 　Illust ration of the improved angle polishing

method 　( a) Two silicon slices were glued together

face to face ; ( b) After chemical mechanical polishing ;
(c) After defect etching

If t he widt h of t he glue layer is denoted by L 1

and t he distance f rom the wedge edge of t he cover
slice to t he fart hest etching pit s along t he direction
perpendicular to the wedge edge is denoted by L 2 ,
t hen t he depth of t he subsurface damage is

d = ( L 2 - L 1 ) si nβ (1)

The bevel angleβcan be defined by the angle polis2
hing fixt ure ;it can be measured precisely by using
t he interference f ringes p roduced in t he thin wedge
as well . Since the wedge is so t hin as to become
t ransparent , interference f ringes will appear after
chemical mechanical polishing ,as shown in Fig. 2.
The interference pat tern is composed of a series of
alternating bright and dark f ringes of t he same col2
or when created by monochromatic light . The f rin2
ges are st raight and parallel to t he edge of t he
wedge. The optical pat h difference between two ad2
jacent bright f ringes or dark f ringes is λ/

2 n . The distance between two adjacent bright
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f ringes or dark f ringes ,Δx ,is

Δx =
λ

2 nsinβ
(2)

whereλis t he light wavelengt h , n is t he ref ractive
index of single crystal silicon , and β is t he wedge
angle in degrees[8 ] . By substit utingβinto Eq. (1) ,
we obtain t he dept h of subsurface damage :

d =
λ( L 2 - L 1 )

2 nΔx
(3)

where L 1 , L 2 , and Δx can be measured precisely
under optical micro scopy wit h monochromatic
light .

Fig. 2 　Illust ration of the interference f ringes in the

thin wedge of cover slice

3 　Experimental procedures

In this st udy , two machined silicon wafers

were measured by t he newly developed met hod.
One was silicon wafer lapped wit h alumina abrasive
slurry , and t he other was ground with a # 3000
resin bond diamond grinding wheel . The procedure
is as follows.

3. 1 　Gluing

A sample slice was cut f rom the silicon wafer

and was measured to be 5mm wide and 10mm
long. A similarly sized cover slice was cut f rom a
polished silicon wafer . Af ter ult rasonic cleaning ,
t he two slices were glued toget her face to face wit h
epoxy.

3. 2 　Lapping

The sample was mounted onto an angle polis2
hing fixt ure wit h a bevel angle for lapping and sub2
sequent chemical mechanical polishing. The polis2
hing fixture was t hen t ransferred to a polishing
machine to be lapped using a succession of water
p roof silicon carbide abrasive papers in the order of

30 ,9 , 6 , 3 , and 1μm. After t he final lapping step ,
t he sample should have a mirror finish wit h no visi2
ble lapping marks.

3. 3 　Chemical mechanical pol ishing

After lapping , chemical mechanical polishing
was conducted. A firmly backed polishing pad and
slightly alkaline polishing slurry are recommended.
While polishing , the sample should be placed wit h
t he wedge of t he cover slice facing t he direction of
t he polishing pad in order to p revent chipping. Af2
ter polishing ,a very smoot h ,defect2f ree angle beve2
ling should appear . The end of the cover slice near
t he glue layer should be beveled into a t hin wedge ,
and t he edge of t he thin wedge should be st raight
and parallel to t he glue line wit hout any chipping
or scratching. In t his instance , t he wedge of t he
cover slice is so t hin as to become t ransparent . In2
terference f ringes can be seen clearly near t he edge
of the wedge ; t hese are what are called“wedge
f ringes”in p hysics.

3. 4 　Etching

The damaged region cannot be examined by
chemical mechanical polishing alone. However ,
measurement and evaluation become possible after
defect etching. The basic idea behind defect etching
is to mark defect s such as cracks and dislocations
intersecting t he surface by small pit s or grooves so
t hey become visible[ 9 ] . In t his st udy , t he silicon
slices were placed into a defect etching solution
( H2 O ∶HF49 % ∶K2 Cr2 O7 = 500ml :1000ml : 22g)

for 10s at a room temperat ure.

3. 5 　Measuring the length L1 , L2 ,andΔx

To accurately measure the dept h of t he sub2
surface damage ,an optical DIC microscope wit h a
camera and image measuring capability is necessa2
ry. The lengt h L 1 was measured before defect etch2
ing , which is the distance f rom t he edge of t he
wedge of t he cover slice to t he interface between
t he sample slice and glue along t he direction per2
pendicular to t he edge. The lengt h L 2 was meas2
ured af ter defect etching , which is t he distance
f rom t he edge of t he wedge of t he cover slice to t he
fart hest etching pit s along t he direction perpendic2
ular to t he edge ;Δx is t he distance between two
adjacent bright f ringes or dark f ringes. The dept h
of t he subsurface damage d was t hen calculated ac2
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cording to Eq. (1) or Eq. (3) .

4 　Results and discussion

Figures 3 and 4 are images of the improved an2
gle polishing before and af ter defect etching under
DIC micro scopy. As shown in Fig. 3 (a) and Fig. 4
(a) ,af ter chemical mechanical polishing , t he cover
slice near t he glue layer was beveled into a t hin ,de2

Fig. 3 　Subsurface damage of the lapped silicon wafer
(a) After chemical mechanical polishing ; (b) After de2
fect etching

fect2f ree wedge ,t he edge of which was st raight and
parallel to t he glue line wit hout any chipping or
scratching. After defect etching , subsurface dama2

ges were revealed , but t he interface between t he
sample slice and glue layer became illegible , and
t hus it was impossible to measure accurately t he
t he subsurface damage wit h t he t raditional angle
polishing met hod. However ,in t he imp roved angle
polishing met hod , the st raight ness and complete2
ness of t he wedge edge were unaltered even after
defect etching. Therefore ,t he edge of t he cover sili2
con slice was a perfect measuring dat um wit h negli2
gible dat um uncertainty ,as shown in Fig. 3 ( b) and
Fig. 4 (b) .

Fig. 4 　Subsurface damage of the ground silicon wafer
(a) After chemical mechanical polishing ; (b) After de2
fect etching

The interference f ringes ,compo sed of a series
of alternating bright and dark f ringes ,can be seen
clearly in t he wedge under DIC microscopy ,and t he
bevel angle can be calculated f rom t he relationship
between the bevel angle and t he spacing of t he in2
terference f ringes formed in t he t hin wedge. By our
met hod ,t he dept h of t he subsurface damage in t he
lapped silicon wafer was measured to be 9145μm ,
as shown in Fig. 3. The dept h of subsurface damage
in t he ground wafer was 693nm , which is beyond
t he measuring capability of t he t raditional angle
polishing met hod.

For the heavily damaged silicon wafers such as
lapped wafers , due to uneven surface topograp hy ,
as shown in Fig. 3 (a) ,t he interface between sample
slice and glue layer of the lapped silicon wafer was
irregular ,which may have a negative influence on
measurement accuracy. However ,t he disturbance is
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limited ,since t he glue layer is very t hin ,less t han
500nm.

From Fig. 3 (b) and Fig. 4 (b) we find t hat the
subsurface damage induced by lapping and grinding
is not dist ributed evenly. Because of a large sam2
pling lengt h up to 5mm , t he dept h of the subsur2
face damage variation may be detected by this
met hod ,which is good for a more accurate meas2
urement . However , since t he sample area is much
smaller than in t he angle polishing method , cross
sectional TEM can hardly detect t he heavily dam2
aged region , and a false conclusion may be ob2
tained.

5 　Conclusion

An improved angle polishing met hod for meas2
uring t he subsurface damage of machined silicon
wafers was developed. In t his met hod , t he end of
t he cover slice near t he glue layer was beveled into
a t hin , defect2f ree wedge ,and t he st raight edge of
t he wedge was used as t he dat um for measuring the
dept h of subsurface damage. The bevel angle can be
measured accurately by using t he interference f rin2
ges formed in t he t hin wedge. The minimum dept h
of subsurface damage measured by t his met hod is a
few hundred nanometers. Our experimental result s

show t hat t he improved method is st raightforward ,
accurate ,and convenient ,and could be an economi2
cal and technical alternative to t he conventional an2
gle polishing met hod.
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一种改进的测量硅片亚表面损伤的角度抛光方法 3

霍凤伟 　康仁科 　郭东明 　赵福令 　金洙吉

(大连理工大学精密与特种加工教育部重点实验室 , 大连　116024)

摘要 : 提出了一种改进的角度抛光方法来测量硅片的亚表面损伤. 其原理是 :经过研磨和化学机械抛光后 ,起保护
作用的陪片靠近胶黏剂的一端形成一个无损伤的、完整的劈尖 ,劈尖的棱边作为测量亚表面损伤的基准 ;角度抛光
的倾斜角可通过劈尖上面产生的干涉条纹准确地测量得到. 采用这种方法可以方便、准确地测量硅片由切割、研磨
和磨削引起的亚表面损伤 ,其能够测量的最小损伤深度为几百纳米.

关键词 : 硅片 ; 亚表面损伤 ; 角度抛光 ; 缺陷腐蚀 ; 劈尖干涉
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