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In the present work we studied the depth of damage layer in machined silicon wafers
that was incorporated with chemical etching using micro-Raman spectroscopy.
Subsurface damage causes changes in the shape and intensity for the shoulder
(450-570 ci’) of the most intense band (519 cthand the second band (300 th
regions of the Raman spectrum. Etching reduces the thickness of the damage layer
and, hence, the intensities at the shoulder and the second band. The intensities at the
shoulder and the second band become stable when the damage layer is completely
etched out. The shoulder consists of two Gaussian profiles: the major and the minor.
The band for the major profile is independent of etching depth, but the band for the
minor profile shifts toward the longer wave numbers with increasing etching period
until the damage layer is completely etched out. The depth of the damage layer is
determined by the profiles of the shoulder and the second band and confirmed by the
band shift of the minor profile. Transmission electron microscopy (TEM) further
verified the results with respect to the depth of the damage layer. TEM observation
showed that dislocations and stacking faults are responsible for the subsurface damage.

Silicon is the basic material widely used in the semi-range order and impurity configuratio$:*°The effect
conductor industry. More than 90% of semiconductorof crystal size leads to shift the excitation maximum to
devices are made of silicon. Because of the trend towartbwer energies and to additional band broaderfhBe-
using larger and larger silicon wafers in fabrication ofsidual stresses were also studied on the basis of the band
microelectronic devices, new requirements in wafer mashift of Raman spectra’*”*8Subsurface damage may
chining and quality control have become increasinglyinduce residual stresses and, thus, can be assessed by
important? Silicon wafers are manufactured from sili- Raman spectroscopy on the basis of the band 3fitt
con ingots through the machining process including inner
diameter cut-off grinding, lapping, normal grinding, 2o . . T . .
chemical etching, and polishing. The machining proc- 4
essing may induce surface and subsurface damage in the _ | si
wafers®>* The depth of damage layer is defined as the
distance from the specimen surface to the layer below
which the lattice remains perfettThe damage layer 2 1
consists of various defects such as dislocations, voids2 1 .
precipitates, or/and microcracks, &tFhese defects de- 55&
teriorate the physical and chemical properties of silicono
wafers and may locally break the lattice symmeétrif

Various techniques are employed to characterize the 4
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surface and subsurface damage'® Raman spectros- 2t .
copy (or inelastic scattering) is an important tool for the . ! ! : !
analysis of surface layer of silicon wafers. For example, 0 1 0 s 40 %0 80
Raman spectroscopy was used to identify the phase and Time(min.)

composition and to determine the short-range and longrIG. 1. Etching depth of silicon as a function of etching time at 60 °C.
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In this paper, we use micro-Raman spectroscopy to estafter etching was measured, and their difference yields
mate the depth of the damage layer in the machinethe etching depth. The Raman spectroscopy was con-
silicon wafers. ducted with a Renishaw model 3000 Micro-Raman/

Two kinds of polished silicon wafers (with 20- and Photoluminescence System made by Renishaw,
10-cm diameters) were provided by Mitsubishi Com-Gloucestershire, England, at room temperature. The ar-
pany, Tokyo, Japan, and Sino-American Silicon Productgjon ion laser beam of 514.5-nm wavelength with a power
Inc., Hsinchu, Taiwan, respectively. All wafers were first of 0.5 mW was focused onto a2t spot on the speci-
annealed at 900 °C for 2 h and then machined with dif-men using an optical microscopy with a 50x objective
ferent conditions. Let S1, S2, S3, S4, and S5 denotiens. The wavelength was scanned in the range from 200
wafers with the five different final processes of grinding to 800 cm™*.

(1200 mesh, 4000 mesh, 8000 mesh, grinding and pol- Transmission electron microscopy (TEM) was con-
ishing, and lapping, respectively). The wafer diameterducted on a model JEM-2010 TEM system made by
is 20 cm for S2 and S3 and 10 cm for S1, S4, and S5. AIDEOL, Tokyo, Japan, with a working voltage 200 kV.
specimens cut from the machined wafers have a size @pecimens were prepared by mechanical polishing to
1x1cm. about 30um and then thinned by ion milling.

The chemical etching was carried out in a solution Figure 1 shows the etching depth as a function of etch-
containing 40 wt% potassium hydroxide (KOH) inside aing time. The experimental data are well fitted with a
sealed container at 60 °C. A specimen was etched istraight line, and its slope yields the etching rate of
KOH solution for 1, 3, 5, 10, 30, 60, 180, or 300 min. A 0.36 wum/min. Figures 2(a)-2(e) illustrate the Raman
shelter spot of low-temperature oxide (LTO) was de-spectra for specimens S1, S2, S3, S4, and S5, respec-
signed and fabricated as a reference for measurement tvely, with different etching times. It can be seen from
the etching depth of the specimen. The step height beFig. 2 that intensities at the shoulder (450-570 Hnfor
tween the LTO spot and the wafer surface before anthe most intense band (519 ¢ and the second band
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FIG. 2. Raman spectra for different specimens (a) S1, (b) S2, (c) S3, (d) S4, and (e) S5.
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regions (450-570 cit) decrease with increasing etching | = A lloken® 4 o grlliled® y g (1)
period until the profile becomes stable. The spectra be-
come stable after 10, 3, 5, 1, and 10 min of etching foRyhereA, o, andk are the amplitude, Gaussian radius, and
S1, S2, S3, S4, and S5, respectively. Thus, the depth @fand position, respectively. B is a constant. Subscripts 1
subsurface damage for S1, S2, S3, S4, and S5 are esfing 2 denote respectively the major profile and minor
mated to be about 3.6, 1.08, 1.80, 0.36, and .60 The  profile. Figure 3 shows an example of shoulder consist-
Raman spectrum at the shoulder for the most intensyg of two Gaussian profiles for specimen S1 before
band consists of two overlapped features between 45thhing. The values o, Ay, oy, o, Ky, Ky, and B for the
and 570 cm”. The Raman spectra in this range can betive specimens with different etching times are calcu-
fitted by the sum of two Gaussian profiles as lated and listed in Table I. It is found that the band for the
most intense band is independent of etching time and
located at 517.1, 523.1, 520.6, 519.4, and 521.8'cm
respectively. The band for the minor profile shifts toward
] the long wave number when the etching time is increased
N for all machining processes. The band position of minor
] profile becomes stable at 514.9, 519.5, 520.3, 518.7, and
. 520.9 cm™ after the etching time is greater than 10, 3, 5,
1, and 10 min, for specimens S1, S2, S3, S4, and S5,
. respectively. Thus, the depth of subsurface damage for
1 S1, S2, S3, S4, and S5 samples are calculated to be 3.6,
7 1.08, 1.8, 0.36, and 36m. This means that the grinding
1 and polishing is the least effective damage process in
this study.

According to the experimental results of Raman spec-
0 - . . : . . . L
400 450 500 550 600 850 700 tra, the damage induced by lapping is comparable to the
damage ground by 1200 mesh. The microcracks were

o _ examined using an optical microscope. There are many
FIG. 3. Solid line indicated by the shoulder for the most intense ban

for specimen S1 before etching decomposed into two dashed lines %plcrocraCks in the SUbsu.rface layer of the Iapped Speci-
Gaussian profiles. The parameters of Gaussian profiles are listed imen. In the ground specimen, however, no microcracks

Table I. were found. Raman spectroscopy is very sensitive to re-
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TABLE I. The values ofA;, A,, a,, a,, K;, ky, @andB for specimens S1, S2, S3, S4, and S5 with different etching titmes,

Specimen t (min) A A, a, (cm™) a, (cm™) k, (cm™) k, (cm™) B

0 4108 2072 11.46 55.90 515.7 473.8 537.1

1 3368 445 7.95 54.23 517.2 489.5 107.8

S1 3 3376 410 8.39 27.02 516.9 514.9 105.2
5 4193 447 6.33 22.30 516.4 514.5 69.0

10 4159 440 6.38 22.47 517.1 514.9 74.0

0 2079 531 12.14 51.99 522.8 495.0 220.4

S2 1 2294 406 12.70 51.99 521.0 495.6 2275
3 2605 483 11.64 29.36 523.3 519.5 175.3

5 2599 488 11.56 29.11 523.1 519.5 172.6

0 2663 566 10.90 57.73 520.8 491.1 209.5

s3 1 1490 409 13.93 55.05 521.0 491.7 191.7
3 1109 427 11.49 25.48 521.0 519.4 192.1

5 1636 823 11.06 25.73 520.6 520.3 168.4

0 4937 649 8.93 29.11 519.7 518.5 89.6

S4 1 1811 327 9.62 28.63 519.1 518.7 324.4
3 2483 231 9.17 30.29 519.4 518.7 80.9

0 2063 303 13.04 33.33 522.0 523.1 192.1

S5 5 2058 543 10.23 28.63 521.7 519.8 101.7
10 1862 208 13.36 33.52 522.0 518.8 98.3

30 1989 195 12.91 39.53 521.6 520.9 91.8
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sidual stresses rather than to microcracks. The damage 520.7 cmi* for specimens S1, S2, S3, S4, and S5, respec-

the lapped specimen is more severe than that in thevely. The band position for the minor profile shifts to-

ground specimen. ward the long wave number as the etching time is
TEM examination was conducted to find defects in theincreased until it reaches a stable value. The above re-

damaged layers. Figure 4 shows the cross-sectional TEMuUIts show that the depth of damage layer is 3.6, 1.08,

micrograph for specimen S1, indicating dislocations andL.8, 0.36, and 3.a.m for specimens S1, S2, S3, S4, and

stacking faults. However, dislocations were not found inS5, respectively.

the cross-sectional TEM micrograph. The quantitative The micro-Raman spectrum can be applied to measure

relation between defects and Raman spectroscopy withe depth of damage layer. Direct evidence of damage

be investigated in the future. The distance from defectayer is provided by the microstructure. According to

to surface is estimated to be about g/ in Fig.3 TEM results, dislocations and stacking faults are re-

and 0.30um in Fig. 4. The result is consistent with the sponsible to this damage layer. However, many micro-

micro-Raman analysis. cracks appear in lapped specimens and not in the ground
This work studies subsurface damage in machined silispecimens.

con wafers using micro-Raman spectroscopy that was
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