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Surface Wheel Pattern Analysis and Grinding Process Parameters of Silicon

Han Seog Oh™"*, Sung Eun Park”, and Hong Lim Lee"

ABSTRACT

For the fine grinding process development of semiconductor monocrystalline silicon, wheel rotational speed, chuck
rotational speed, feed rate and hysteresis force were controlled. Magic mirror system was used for grinding wheel
pattern analysis. Curvature of wheel pattern was measured by fitting equation. The modeling of surface wheel pattern
was related to wheel and chuck rotational speed. The calculated curvature of the model was well matched with the
measured curvature. The statistical analysis indicated wheel and chuck rotational speed were significantly effective on.
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kA= Heof da7tFe &AM FHEAY (back
grinding) 7F% WFHe HAA o] FofA LU
v, = Velocity of edge point of chuck 09 (Fig. 1). 2A G231 g 2ZE dolH
r. = Radius of chuck (etched wafer) o Wd AP H29 device
@, = Rotational angle velocity of chuck rule of wWE wAAR de]2e HelHE §H F
v, = Velocity of grinding wheel AEEE HelA olFoAz YT TEA Az
r,, = Radius of grinding wheel Mo AEAaL dulolA HF O ZHETA
®,, = Rotational angle velocity of grinding wheel (assembly process) Al FHA 2} (back grinding) A
O = Center of wafer and chuck A& He] BHgEe] gon, Ydtdoz mHoE
O’ = Center of grinding wheel AAA (microfinish grinding) °l&x 371%E 3hd,
A = Intersect between wafer and grinding wheel HE 2000 mesh (3 ~ 6 um & ¥=) o]4F9] thojo}
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Ao ZTHAFEZS HeEe] THE tololZ= A, (100) HFEHE 1AL 91 gAFEEE 03
2 71F3EHA HAEEd, £3) daase 25 ppma, HYH AAEEE 12 ppma (ASTM F121-83)
2 meokyl $EHPed sjelgth Ql 200 mm ¥3F-& 7FAW Czochralski WHEOE
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Fig. 1 Various grinding and machining processes in
fabrication processes for silicon based devices.
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H= E34T (mixed acid) & 47 silicon wafer
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wafer © P iype 2 & 8.5-11.5 Q-cm 9] H&g& 71
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AEANZL Felt), o] HolHg FAHAWTE G}
of W= Strasbaugh Al AR FA o] F AT
(vertical infeed grinder), =& MK-7AF 2 A}-£3}9
Aatstdnh $32t2E-2 9= Norton ARelA 7]
& 4000 mesh YAAZIE 7HA L vitrified bond ©]
o cut type 91 A4 ES AHE-SHSITH wheel pattern

o] #FZL vlF Hologenix AF2] YIS-200 magic

mirror system & ©]-28} % T}, wheel pattern 2] FEHE

A2 B2H Magic mirror & ©[9]A] (image) & ©
S8 A fitting 3kl A4S 3L wheel pattern ©] A
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Fig. 2 Residual wheel pattern of polished wafer. (Surface
scanning inspection system, WIS CR80, ADE Co.
USA)
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(level), DH-HAlE (fractional factorial model)= <]
83te] AR A FHWFE ALS AL A3
Sk
Tablc 1 The matrix of design of experiment
Wheel Chuck
Test rotational rolational Feed rate | Hysteresis
# spead speed (pm/sec.) | force (Ib)
(RPM) (RPM)
1 2133 623 2 5
2 4133 200 2 5
3 2133 623 0.5 10
4 4133 623 0.5 5
3 4133 200 0.5 10
6 2133 200 2 10
7 4133 623 2 10
8 2133 200 0.5 5
Wheel
rotational
speed
- Fine Wheel
3 Infeed
: A Wafer
B &
Feed Rate

Vacuum Chuck

Chuck
rotational

speed

Fig. 3 A schematic diagram of surface fine grinding and

process parameters. (Wheel and chuck rotational
speed and fecd rate)
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2.3 magic mirror
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o] T} 10
0} 2lA] magic mimror WEL WEHL HdF
] AEA LAge

Heoln Hede] 71AA HE
(strain)& HZFH F2ZH 2 mound 2} dimple
Agg BEsEYI? %?’l’ Fdje|t}, o]B2H o
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100 Mg Z7)8 ZENZES 7HRE BAE =3
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Fig. 4 A schematic diagram of magic mirror system
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3.2 magic mirror image 0] 2|8l wheel pattern
el FEutd
Table 1 3} zFo] AL AL =AL
A A8e AR veltE dEE deolH e A
2] wheel pattern = #4}38}7] $18]4] magic mirror
9] image o] &35tk Fig. 5 2 magic mirror
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#AehA, TUF wheel pattern AZ A 10 of X4
€ #E5] Eq. 19 T2 fitting A TH

Fig. 5 The test numbers and images of magic mirror

system. (1), (2), (3), (4), (5, (6). (7), (8)
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fitting §+ 9] whA]&elL, a, b & 22t fmmg i3
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Table 2 The summary of results
Test Number | Fitted value of curvature (mm)
1 349
2 142
3 291
4 182
5 151
6 177
7 185
8 164

A9 fiing o & ¥ IFE Feo AFLY
2 EA 24D 2H7} Tuble 3 o7, AALEY
AALES chuck o HASE L T WsFg
(interaction) © JEo I FAFE (evel of
significance) ©] thH¥s] EI ANOVA & R 7f

0.91747 2 o] T 7}#] 2917 nmd 420
T 91747%F AEHIE R & :
glA ol$& =) hysteresis force & WS 7]646]-
A et o] AAE vl o® wheel pattern 9] =
AH A AabEy FHAEZ9 chuck FAHER
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Table 3 The table of analysis of variance (ANOVA)
R? = 0.95284, Adjusted = 0.91747

MS residual = 452,875
SS |dr| Ms F p
() 12880.13) 1 | 12880.13| 28.44079 0.005953]
(2) 1739113 1 | 17391.13| 38.40160 0.003448
Iby2 632813 1 6328.13| 13.97323] 0.020155
Error 1811.50] 4 452.87
Total S5 | 38410.88 7
Note : (1) Wheel rotational speed (RPM),

(2) Chuck rotational speed (RPM)
$8; Sum of Squares, df; Degrees of Freedom
MS; Mean of Square
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3.3 grinding wheel pattern 2= 3 AT, cuptype LA E xES H O & F
A2 dolse FAAL FAAAN HAYHE Aoz HAA wge= 34t chuck 374
wheel pattern € £435}7] H&A o2 Z& 7t g5k AdE ol 713AIE] A FellAe £5w,)
Fate] 2dL AE. t Eq. 290M 8 2o chuck 8 ¥kAl B¢ AT
1) AAda  FARANAH LTAEE wheel S E(w)d A8 HA=H
pattern = Hars2 23 chuck & 3 AEE
ofi vt §gE whi=th Hysteresis force < V. =T.-®, @
feed rate ¥ wheel pattern o G E-E 7| A
7] gt T3, dAiheEe o g9 AgE HoiH
2) cup type G2FEEL] E (tooth) & FA 7y A7k A Fell A e £Z(v,)E Eq 3 A9 Zol
= 289 gvtzn ZHA T A42EY WARC)T FHAEE(w) 3

3)  chuck ¥ @atEe] A3 sl o Z2A A}
o] B3k FyvE FAC

4) AUA2A] wheel pattern & AT = v, =71, @, 3
& chuck 7 QateEo] A T
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Fig. 6 A schematic diagram for wheel pattern analysis 3 A< %7} 4133 RPM, 2133 RPM. chuck &) 8 A&
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Fig. 7 A schematic diagram for wheel pattern analysis
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Fig. 8 The mathematical model o calculate the trajectory
made by grinding
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q #ol O ea ¢ ALEG JdHcE 52 @
S Holx (Fig. 9 &=), o|9 w2} wheel pattern 9
FgEtge] b A JERTh olshE wigE
Ax4EY FAEHE7 =Eln chuck 9 HAEFE
7F W2 est# 1,39 B, H BRoX g #
o] ThE o5t o) ASRT AYALE Fe e
Bolx (Fig. 12 #FF), o] wel wheel pattern &

ZEAel 7b AA UEET
magic mirror image 25 F 78 wheel pattern 3}
model ol 23 A4F§F wheel pattern 3} Eq. 3

of & fitting 8t FEWAL FaAth FEN

Aol 744 TA e test # 1, 39l tﬂwﬂfd
W =189 Ad AFdE Table 4 2+ Fig, 13
o] JEMIITE ZE test 8 Ao A3 fisting

FZEuAs) Euﬂoﬂ p,]f,—]_ ﬂ%_ﬂ]_yﬂ_g_

ok Z7be] test o] WE
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wheel pattern & S EYHE L

esl#2,5<#6,8<#4,7<#1,3 & F£2=2 YW
1, ole =W BIGE F dH S
Table 4 The summary of results
Fitted value Calculated value
Test
Number of curvature of curvature
(mm) (mm)
1 349, 379 310
2 142 147
3 259,291 310 B
4 182 201
5 151 147
6 177 165
7 185 201
8 164 165
4' g%

Auads FPuest A% o8 A
FHo HAF = wheel pattern & w4E 2 4
A2l ohuck o HFEE T wEFELo] A
33 e R5EL ML FUHYT A4
29 FAHALn7l =23 chuck o FAE=7L w
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Fig. 11 Real and calculated wheel pattern for test # 6, 8
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Fig. 13 The summary of results
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