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Abstract: Ultra-precision thinning and grinding is one of the key processes in semiconductor silicon wafer
manufacture. However, subsurface cracks, residual stresses and microstructural lattice distortions are
the main damage defects generated by thinning grinding. Through the thinning grinding of silicon
wafers, the distributions of effective strain and residual stress were studied to evaluate the grinding
damage. Firstly, the molecular dynamics simulation models of grinding silicon wafers with spherical
and trigonal single-grain diamonds were established respectively. The process parameters of the silicon
wafer rotational speed, grinding wheel rotational speed, and removing volume were selected to simulate
the grinding by the Lammps software. Secondly, the strain and equivalent strain distribution data on the
surface of the silicon wafer were obtained. The value of relative displacement of atoms deformed on the
silicon lattice during grinding was taken as the damage evaluation object, and the damage value was
calculated. On this basis, the size of 10 mmx10 mmx0.3 mm samples were taken at seven positions on
the ¢300 mm silicon wafer after grinding, and Roman spectrometer was employed to test and obtain the
average residual stress at the sample points. Further, the distribution of strain, equivalent strain and
residual stress in X, Y and Z direction at different positions were attained by investigating of the
simulation and experimental test of the grinding. The results demonstrate that the equivalent strain
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values on the surface of silicon wafer differed by 8.1%, and the residual stress values differed by 9%.

Finally, it shows that the equivalent strain and residual stress of the grinding are uniformly distribution,

and the process parameters are reasonable and feasible, which can provide theoretical basis for the ultra-

precision and high-efficiency thinning grinding processing of silicon wafers.

Keywords: silicon wafer; molecular dynamics simulation; grinding; strain; residual stress
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Fig. 1 Molecular dynamics simulation modeling of monocrystalline silicon
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Fig. 2 Silicon wafer sampling point locations
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Tab. 1 Parameters for molecular dynamics simulation of grinding
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Fig. 3 Cross-sectional and surface morphology of workpieces with
spherical abrasive grains at different speeds in a grinding

distance of 8 nm
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Fig. 4 Cross-sectional and surface morphology of the workpiece at
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Fig. 5 Equivalent strain cloud at a grinding speed of 47.124 m/s and a

grinding distance of 8 nm
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Tab. 2 Equivalent strain at different positions and strain values in X, ¥

and Z directions during grinding of spherical abrasive grains
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Tab. 3 Equivalent strain at different positions and strain values in X, ¥

and Z directions during grinding of a triangular pyramid abrasive grains

Wi | mEEE | %% | i | vhR | zim
F5 | (e mAE | mA | mE | m
1 47.124 13.76 11.53 7.01 15.83
2 47.074 14.51 13.41 7.67 15.16
3 46.925 14.36 12.36 7.80 15.40
4 46.669 14.56 12.96 7.98 15.30
5 46.317 13.01 11.59 6.77 15.90
6 45.863 14.65 12.84 7.46 16.33
7 45.293 14.68 12.99 6.83 17.11

X H = AR HEEE R S RO BRI, fEX. Y. Z
Do R R AE At R I S N TERIE B R
Ji PR = e B A A R A i D T RN A T, R
RTEH 1, FEEERRT T A S EM R, &
SR B R 5 (B 7 A 1 7 AR kS o
23 BREMTRERGHH

FEWI B B 8 nm B, A B KA B K i R
R JZ IS WL 4. BRIE Bk 5 |5 0 2 ok e
KA 256K 0.40 nm, W 3 2451 45 58 3 e K
ZE R 013 nm. AT, —REEERSIRRY
e B RS S i 256 0.30 nm. fif LKW,
i i 2] 3 TR PR B ) 5 1 A P 67 B 2 i R 2 23 0 43 TR
FEARAT, DRI I 45 B 1) 3 B 47.124 m/s AR LN
S, AT BRI B ) 3| A ) D 15 B A S ) X3
W TR BRI O ) AR B e ok, JF HOE SR TH 2
BRI 0 Rt 2 A T R B, ARl 6a TR .

% k%
R t/nm KB /nm
7.9 7.1
ol oH

(a) BRI PN (b) =HeHEBERL

B 6 BEHIEEES 47.124 m/s, JERIVER A 8 nm B ALEE K BAE B
Fig. 6 Displacement vector cross-section at a grinding speed of 47.124 m/s
and a grinding distance of 8 nm

B VS H B A D R TR A S BARAE PR H
b, BEHIE R AIE DN

p=B (5)
Y

Ao BREEIRFESHIG R KA RS, nm; y i ER
FlElEE, M 0.235 nm,

BROY B 7 76 BE5 I BE 25 Ok 8 nm B, BRL A S
X fk R T B RN 7.9 nm, X (5) HHE
Al ARSI E A 33.62; [6)FE ] 45 = i HE 5 L B 1) i
R BT A RO A 7.1 nm, HAG{E M 30.21,

iz AT M4k OVITO # 4, 7B HIEE 258 8 nm
PIZAET L 43 0 B BROE A0 = e s e 5 1) o T4
ST DX 1) B D AR 25 R R AR Ak . S5 RN & 7
N, W (A ) RESL T &N RS T,
wE (A AR RIAZ R, XEEATE
JE ) DXl S A2 MU O AR 8 R A e D1
R R S7 T A WA g5 4 (Si-LA ) §5 748 4 8 M

137



I‘i 5 *ﬂiﬁ Technology and Manufacture

20255 158

(Si-ILH ) &5k, HZIBRAR AL, 451
SNERTEAEBE I o 47.124 m/s . BEHITREE N 1 nm
I, 3 R B I 2 T A% 2 R B R 2.33 nm.
FEARTRI AT, = b o s il %) B e 48347 2 )
FE4 2.09 nm, WA 7b iR, o0 B R AT H,
FEAR R A B 251, = i e P 8 1) 3 ol P B
REWEZR)Z W00 )2 R /N T BRI B A

(a) FRIEEERL

(b) =haHEEERL

B 7 BRI 47.124 m/s, BEHIBEE 8 nm WK 24
BaE

Fig. 7 Cross-section of subsurface damage at a grinding speed of

47.124 m/s and a grinding distance of 8 nm
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Fig. 10 Silicon wafer surface roughness measurement location
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Fig. 11 Silicon wafer surface roughness measurement results
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