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Abstract: To realize Shear Thickening Polishing (STP) for workpieces, a kind of Al,O;-STP slurries
were prepared by mechanical mixing and ultrasonic dispersion methods and their polishing properties
were investigated. The rheological properties of dispersion of STP slurries were studied by using a
stress controlled rheometer. The morphologies of a Si wafer before and after STPs were also
researched by a Scanning Electron Microscopy (SEM) and an optical profilometer, and their surface

roughnesses were measured. Experimental results indicate that the STP slurry sytem has shear
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thinning and reversible shear thickening behaviors. The Al,O; “cluster” would be formed as the

', the storage modulus, loss

critical shear rate is reached. When the shear rate increases to 1000 s~
modulus and the dissipation factor are increased to a maximum value, respectively. At this time, the
slurry shows the main properties of the elastic behavior like solid, which are conducive to the
formation of “flexible fixed abrasive tool”. In STP process, the material of Si wafer is removed by
ductile mode. As extension of polishing time, the material removal rate increases quickly, but grows
at a slow rate in the later period. The surface roughness decreases and tends to a stable during the
STP process. Moreorer, it suggests that the abrasive concentration should not be too high, otherwise
polishing quality would be affected. When the mass fraction of Al, Oy is 23%, the surface roughness

R, reduces from 422, 62 nm to 2. 46 nm and removal rate is up to 0.88 um/min after polishing by

25 min, which indicate that it achieves high efficiency precision polishing of Si wafers.
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Tab.1 Al,O; mass fraction (w) of STP abrasive slurry

STP i (No. ) ALO; &350/ %ALOs F-¥hifZ/ pm

S 10 15
Se 17 15
Ss 23 15
Sy 27 15
Ss 35 15
Ss 23 7.5
S 23 5

Ss 23 3.75
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Tab. 2 Parameters of polishing process

T Ul
GHHED (No.)
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M v
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Fig. 4 Viscosity-shear rate of polishing liquid

STP BRI WO 45 # e e P 56 AT [1) A
AR ZE R B N Z 128 1k, 4 STP &
FHBAN 2 A0 3 9 8l ik 3 A 0 45081 18] £
JIRFE— PP 3l 575 T ALO, BT YIS B A
FB T I SR 2 e A R[] Ik S AT 2R A
Sz PURE 1)/ 0 08 45 S0 o o A i, — LY
PR Z 0 A0 7 i 38 0K T B T A B Y
VA SR A TR A0 T O REAR A5 23 1A Jo o B
B AR S5 H (45 66 138 AT e A R4k (T
4 AF B AL . BEF SN A7 HE— 2 HOR
i Uy vy N R Y LTRSS U N ER AR B A i
IR S JE R — SERH X ST B9 AT SRS, 286 B2 AR 85
B NRECE 4 h B2 C A2k, Hik3) C /i
R RPIAA = e b A U RN N (B EPA R R LU ZT RS
RN 5/70 A TR S NN L ki



5509 41 Z

i 25 < BT D)3 B 4R ' P R i 5 B O R 2517

F1 AEAG R B — 2L B0 AH X Fh ok TR A A
XA E., EMREEN, A ALO, & &
A o3 BORH A R 2 B H /0N o B 1) 1 R AR B AN B
W, X ETHRT ALO, B AR T A9 5 80
TR (B4R A8 55, b B R A 7E 85 I3 B ) . 0B
) R U/ B N, X6 3 B0 1 B T A
D B A RN AN SR, e AR, S AL O, B4
Bk 10 %018 K3 23 YOI B8 B8 i AR TN B AR AE A2
SR BT V) B R AT (1~5 s~ ) {0 AL O, Jit 4%
B K 35 YR, BY YIS AR AR AT oM AN

MR AR ER, (o=1 m + s '),STP EEf}
(S BB RE B 7 (G AERERT & (G FFE A
F Cn) Bt B U1 17 28 B 2 () AR FR W&l 5 frs . 78
YR 0.1~1000 s "B, G">G', H Y v &A% n
(<1 s DGRl n BEARES /N M G/HIIH SR % 5 24
YIEF 3,98 s LG G n BB R ME s 2
B 7K (C>10 s L. G LG/ Hl n # kBB K
HOYRTRIAAAED . AR 4 0 5 1 BEIS L fif RE AL =
(G FIFEREAR 1 (G 23 53l it 7 T B R W b A o
PR 0G5 B L 1T FE BN F () S PR R 5E B 9
HAEED, ERMMET YR, 2 5 N T
n<"1,STP R W =22 IF MRS, RN W
AT R MRS v AWK, n (E R Z 3K, Y o>
1k, SR 25, Fe Bt 2 R AT Oy, e
HECAGE RIS, XEERT v KT
10 s ' B BB RL R [ L RORH D1 DR &5 A B
BB IR , G B D, GTF1 n A8 A AR X 38/ 5 1 Bt
STP B kLW £ 2l Zh e e 4 v KF
10 s Vg, R IIE AR G GIR n [ 23
K, BERICNHAMELT R, A I8 K 2 M %
AP sg X AL Oy B R HERE 07, 35 3 & B ¢ R
) 1 EE3K

100 naﬂ“'ﬁklo
R SETL S
& -
b & s AAl-..
rs A n oo
a A 6 © )
N " 4 aaa® ooo o%l
Q10 ", . o °
) 3000 LI T o =
(=] o
o o
o 10.1
°0”® °G'
a(G"
1+ L]
0.1 i 10 100 000!

Shear rate/s™'
K5 G.GHMns7ymxAML

5 G', G and nas a function of ¥ for STP slurry

Fig. 5

v=1m « s "B, ALO; J& & 5 %5 5N
10%.17% .23 % .27 Yo B 19 STP 5 L i 5 1 3% 74
AL AN ] 6 BT s, S0 A5 2R AR 3 B 1)
FM0.05 s HEREFE] 1000 s I, A0
2k 1 1N 1000 s HE/NEN 0. 05 s TGS, A
K6 AT UL, g 20 i A O M A E AL
HBT P RALT 100 s "AEN T EEMEE L, £
Wiz STP BBl Y 59 U7 3% B8 e vk B Al 3 e,
T AR AE F T A B R R AR E L L Y
B A0 T 0 /N E R A3 f Rl AL Oy 19—k B R A
2 €| B i LI o U IRl B S I B G T U
STP JERH i) JE Rz U1 B A 3 T s 59 177 3 7
S8 A G I VRS W 46 1 R B B IR A L T
KBGOGB AR

100
*
10 % ¥ #
- # f
= " " ng@
(=W * ko * o a - I 8
= 9 * oo o g
=, Vo * #* A o
= LIf aa N v +]
£ 6 ° ° 0108 S1 ascending
2 8. A "o Bo 11 §1 descending
= a & 2 ascending
By & #] cendin,
0.1 3] 6 A ending
o,0 descendir
* 2T% S4 ascending
Temperature=25C 27% 4 descending
0.01
0.1 1 10 100 1000 10000

Shear rate/s™!
R 6 ST R U0 19 0 4
Fig. 6 Reversible shear thickening behavior for STP slurry

4.2 Si FH STP REF R o R4
TR FE STP HAR W6k R BT il 4 1)
STP EERHRR I 58 3 5 ik i o e pe . B/l 7
R EE R4 AL O; RSB 23 0 1 46 TR
(S8)STP Jin T/ J5 iy SEM IS, i [&l 7 o] I,
A e 0 R R 3R TR O, 1M 3TN b AT L
Ta), 4 STP M TJ5 , RME AL V-4 Ob, K3
RIVIRE | o7 2 5 0 S b 0 I 1 25 BRI , O35 3 B8
TR (B Te) , 2 BRIV AR G 2 STP S BHE
PERE . POOGHETI, TAFHLOE 2 min 5, WA 7(b)
i 22 B B % A AR Ak SR B AR P
Al Oy BERL 32 31 3 1 0™ 1 T00EB (4 42 ok 2 77 1
FHE S A B ) 486 B8 1 2 B 2 AL 52 kI 45
EL7 A RSO 04 R 7 3 i 6T B R P L T (&Y



2518 e KE TR

%23 &

I T AT BAUIH, B TR T
HEB B, B 7o) Al L3 T ML,
R T RE AR B AR AR — S BRI ) B0 R R
SRR e T R v, 32 R B U0 9 £ 0 1 Bl
Rar, WEHEMOCIEREAARLE . 10 min 5 RS T
R 2 TH B0 B340 )2 AN 0 AL AELAT B A7 4 it
Bt 7d . BT ALO, BRZ 25 I EH . R
A G S T = N v S 2 K ) I S
B, 28 25 min WO L 20 T 0748 4k, 1k 5
Te BoR WG R, B4, BT STP m T
T b, 4 6 B 2R S OB R R R U N T
Al Oy BERLXE T4 3% 18 8w o o DT (5 906
JSL 1 2% 1T 4543 /N O G e SOV B B o #R T DG TR
BT3B AR EL A nT 3P BRI RO E T A 0
% STP T,

(€L GES

(a)Initial surface

(b6 2 min
(b) After 2 min polishing

Ry

(O 2 min
(c) After 2 min polishing

(D #3k 10 min
(d) After 10 min polishing

Smooth surface

10 um
(e)#i5% 25 min
(d) After 25 min polishing
K7 o e R TSR SEM JE SR

Fig. 7 SEM morphology of Si before and after polishing
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