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Linear Hydrodynamic Polishing of Copper Substrates Based on Composite
Structure Polishing Tools

YU Hongjiao WEN Donghui" KONG Fanzhi FU Yuantao
College of Mechanical Engineering, Zhejiang University of Technology . Hangzhou, 310023

Abstract: To improve the surface morphology of copper substrates, a design method was proposed
for composite structure polishing tools. Based on the principle of linear hydrodynamic pressure and material
removal model, numerical simulation analyses of hydrodynamic pressure flow field characteristics were car-
ried out to verify the accuracy of simulation data and clarify the influences of processing parameters of cop-
per substrate linear hydrodynamic pressure polishing on surface morphology. Results show that composite
structures have a higher mean hydraulic pressure and smaller standard deviation than that of single spiral
structures, non-uniform groove width structures, and variable thickness structures. Composite structures
combine the advantages of high material removal rate of spiral structures, good surface morphology unifor-
mity of non-uniform groove width structures, and variable thickness structures during polishing. The sur-
face roughness parameters Sa, Sg, and PV are optimized to 4. 778 nm, 6. 086 nm, and 9. 900 nm, respec-
tively, when the processing parameters are set as follows: polishing time of 45 min, polishing speed of
24 000 r/min, and polishing gap of 20 pm.

Key words: linear hydrodynamic polishing; composite structure; surface morphology; hydraulic pres-
sure
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Fig.1 Schematic diagram of linear hydrodynamic

polishing
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Fig.2 Schematic diagram of inline and spiral structures
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Fig.3 Schematic diagram of equidistant and
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Fig.4 Schematic diagram of single-layer and double-

layer structures
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Fig.8 Hydraulic pressure cloud map of inline and

spiral structure polishing tools
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Tab.1 Simulation results of hydraulic pressure for

inline and spiral structure polishing tools
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Fig.9 Hydraulic pressure cloud map of equidistant and

non-equidistant slot width structure polishing tools
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Tab.2 Simulation results of hydraulic pressure for

equidistant and non-equidistant slot width structure

polishing tools
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Fig.10 Hydraulic pressure cloud map of single-layer

and double-layer structure polishing tools
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Tab.3 Simulation results of hydraulic pressure for

single-layer and double-layer structure polishing tools
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Fig.11 Hydraulic pressure cloud map of composite and

single structure polishing tools
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Tab.4 Simulation results of hydraulic pressure for

composite and single structure polishing tools
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Fig.12 Results of hydraulic pressure for polishing tools

with different structures
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Tab.5 Comparison between hydraulic pressure

simulation results and test results

WOE T L5 | BIE/Pa | IR (E /Pa| {E IR 2%/ %
W 45 29 008.68 29 817.62 2.71
HIN IR SE4E R | 25 091.65 23917.68 4.91
NS PR 5 458 25721.78 25 600.23 0.47
BN R o) 28 779.23 27 551.89 4.45
7R JE R S ) 27 381.78 28 831.27 5.03
REg | 32 826.33 33 575.64 2.23
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Fig.13 The influence of polishing time on surface
morphology parameters
F P 13 AT R 0 D' I ) Xof 3% T B 2 B 5
M R — B0, B8RP 2y oML BE S S, 277 AR TR
Hit BE Sq T W 45 BE PV R S 38 W s/IN I 1 K 1)



HT R B GO TR RS R M W S RO I T——Rimie SCORE LS A

o A (E WA S5 A R B S RS 12, FE O~ 15 min B W08
R e PR, 15 min J5 8 i SIRY B O W AR 1
Yl G B[R] 3K 3 45 min B, %H?TTLI#F?%ESLZ\
PV ik #l #4351 24 10.006 nm, 26.084 nm , fifi Ji§
8O SM4 HilG BFR] K B 60 min B 4 4 S T A
FU Sq R 12.725 nm ik F fe /N L bl S 3K

T 58,45 min B 2 N8 5 S 80K B R AE 1
60 min i £ 14 H K, Sa £F 45~60 min 22 [&] 1 K
3.21% . PV £ 1.18% . 1M Sq ALk /N 1.43% . A~
AR LLTRAS Sa PV LA Bt I B4 L &5 b T
s B ARG ] R 45 min,
3.3.2 ¥ AR AT HSIRED RS R BF 5

T E WG I 1] Sy f A 4 DY B[R] 45 min, D6
B8] B >4 60 pm s il 56 5% 38 AL 12 000 r/min &2 45, LA
3000 r/min &y 8] B& . B2 W 3 b nT ok g B R
24 000 r/min, L7 7R () T2 B 26 i A7 %

2 1E T A0 K P 14 iR .
P T 14 0T, il O B 0T 26 TR 50 B 80
135

._1 2,746

FEAR P EHLS E Sa/nm

60 1 1 1 1 1 ]
12 000 14 000 16 000 18 000 20 000 22 000 24 000
5w /(r - min™)

) (a) Pl 58X Sar Py 5% i L
" ]16.894

MRS B Sg/nm

]2 000 14 000 16 000 18 000 20 000 22000 24 000
o /(r - min

(O) I X S ﬂl’]fﬂﬁi

36134 091

33

12000 14 000 ](%%Q%J 18 000 20 000 22000 24 000
(C)M%%EXTPV ﬂﬁ%ﬂﬂ#}lﬁ
B 14 sty R EA RS K0
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morphology parameters
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morphology parameters
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Fig.16 Surface before and after polishing processing
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