CAVECIE K e R AR Vol.17  No. 9
2009 4E 9 A Optics and Precision Engineering Sep. 2009

XEHS 1004-924X(2009)09-2184-07

MEEPREA-REBENEES TR

WA X A Ea R
(1. AKEBIA¥ BESRAWMIAFTHELAERE I T A% 116023;
2. REBIR¥ ATEMMABARRZAREAERE, LT K& 116023;
3. KERBAS,TF k& 116028)

FEE 58 T LIGA/UV-LIGA 4% 0o F2 AR L85 1) P 78 AR | X6 5% 5% J2 2 K 170 B A L 0 2880 )38 0 350 4R i S A 17 2018
M. DARTRRE S A AR R T SR RS RT 4 @ L T O G I BCE R 4 TR A R R AR R R
AR I 0 0 I A5 53 T 32 A B TT 06 ) A0l FL B AR R R AT = 4R BUE 07 45 3 T A I 8 B A3 A R AR IR 5 43 A 0 B
iR . ERE T THE)E G DN B A, p 2 S AL R A B R R I A U R SLBCHE 1O R B 4 b A5 )3 A K O L O
5 F L& T 55 00 55 2 A KR AT A L. 25 5 %k g 45 0 4 Ef”ﬂllﬂ’flfikmf“fﬁﬁ{ﬁ*ﬂ*?ﬁﬁﬁﬁ
A AL R ST L 4 X 25 /0 L B R A X i 25 4. 437 pm /N ALK 25 0. 264 pm, 5256 38 B SRR BUE 1 27 RS

T 85 L2 T il B 4 BT, PT 4R A R S LR R A .

X B R MBS MBRERATE;RK ZERMAG A

HhESES:TQIG3. 4 XERARIRED : A

Numerical analysis and experiment of
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Abstract. The cathode current density and the fluid field relevant to the growth of electroforming layer
is studied with numerical analysis to explore the inherent laws of micro-electroforming that is a key
technology of UV-LIGA. By taking the crossing electroforming layer of a micro-fluidic chip mold as a
research object, a mathematical model is established. Then,the current density and the fluid field are
described with partial differential equations, and the 3D numerical simulation of the micro-electrofor-
ming system is performed with the finite element method to obtain the simulated results of the current
density distribution and fluid field distribution. Choosing measuring points on the crossing electrofor-

ming layer, the simulated growth height during 4 hour electroforming is calculated based on the simu-
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lated data of current density and fluid velocities at the measuring points. Finally, the simulated
growth height of electroforming layer is compared with that gotten from the micro-electroforming ex-
periment under the same technological condition. The results indicate that the simulated one of elec-
troforming layer is close to the experimental growth height to every measuring point and show low ab-
solute deviations in a maximum of 4. 437 ym and a minimum of 0. 264 pm. These results also indicate

that the numerical simulation can be used in the analysis and design of micro-electroforming, and can

reduce the developing time of micro-electroforming technology.

Key words: micro-electroforming; cathode current density; fluid; 3D numerical simulation
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Fig. 1 Micro-electroforming model
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Main physical properties of electroforming solution

W ORSR IKE EgME THAK

o/(kgem Hi/(Sem™) p/(Pass) v/(m*+s ') D;/(m®+s")

1.33X10? 5.4

0.7X1077 0.526X10 °2.496X10""

R 8 V5 L 565 5% — i o A L B AR P IO R ) 4
J& 5N
M =qklt , [@D)
Hrp g ZRHERSE L EEBIUTRMBAYE. T
S FELIRU R BB L ¢ e LIRS Ao A B[]
Tl L 4 DUBL Y 42 J I il mT DA 42 ) A AR
g B
M=pV=pS6 . (2)
Hrp VoAU &R iR, S Ut 4 )8 i m
L0 TR & T8 1 = B L o N UL 4 8 1 %
t (D F2) B2

3=%#. (3)

~

R LIl LA R C I s

(7] — I 220 AR 3 T 45 118 ISF A0 v 370 2 1 AN —
(. 2 ad ¢ I ) 2 3 T A% R o B 2 A R
5

T, AR % 0 L UL 0 A1 R AR B S 194 3 A
Y03 A o Al LUR A R G 32 5K fige 48 34 mi 3 3 MR
T 7 0 D 803 7 FRAS- 3 . SRS U A R Y
Bep R IR R B DR R R R o) A
A AT R SRS AL 3
2.2 BRSH

R B A 3 T B 5 B R 1) 9 ) B 5
W LB . T B A A e DR S 2 S B AR L B
P AR IE  AZE Ry 3 200 IR . 5 B8 2 i Jin Ay e O
TEWTIE B 37 2 A1 7R 2 1Y | 37 ] 1R T 5
RIS 37 . ol F B o R A TR S
L2 BB AN BRI 8] 728 A T R 07 5 ) pR R T
FRfEmE g,

FEL YR 1 FLASE 0 A AT A 0 T A B

u | IPu | Iu

dxt Iyt 9L
Horpw Ry 37 b 2% S LA
HGRAIE N R, AR >0, 61
GiEAEnt A B 8. FU S 1 4 A REAE T
L i kB SHIRIEE HCRN
i=kE , (&)
AT LA VL VAL 2 R o A5 H A7 TR VT HL B Y H 3
AT U ILA 38
I T2 S8 e B 0 A i 5t
M. PRI % BE S — 200 A/m” , FHAR HE I %
BES 200 A/m?®, HoAxih R a2k
2.3 waotH
L5 VB8 AN ] R 48 A IR M\ 4 4 - BT 46 v
#7772 (Navier-Stokes)M' .

0, 4D

%Jr(u' V)u:f—%VeruVZu ., (6)

Horb =/ 0 T I0IE BV p=i 2L+

da
T SRR V= T S
BRI T
T FES R 1 5
V s u=0. (N

6 T AL o> J7 R 4L 2500 U 45 1



oM

F8 T3+ 45 < BRlc R v - R AR 5 1) T o BT B S 2187

MRS € G 7 R AL e FOR ] A .

BH AR A — 5 11 38 B2 A P 95 W 1 S B Bl ok T
I B 30T A W 22 A% Ak . Xk B A B8 Bl ) ol Fl 5 1R R Al
B (1) A ST AR HE AR A X L B R AL T
LRSS FEBA TR DL — A 30 B O A O AR R AR
15 (2) B A KK 4 FRERRE. Bl
B 55 H 8% 0 o o ) (9 56 R N &l 2 TR L 85
Wi 5 B R AT i A o L U ) R
KN uo

K2 B PIRE Y 852 5052 R E
Fig. 2 Thicknesses of diffusion layer and border lay-

er on moving cathode surface
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Fig. 3 Current density and distribution of equipoten-
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Fig.5 Fluid field distribution under cathode movement
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Fig. 6 Fluid velolities under cathode movement
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Tab. 2 Thicknesses of diffusion layers and

relatively unknitting coefficients
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3 26. 385 43.916 35.151 0.970
4 30. 213 41. 346 35. 780 0.988
5 33.642 38. 824 36. 233 1. 000
6 44,584 25. 359 34.972 0. 965
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9 45.569 23.043 34. 306 0.947
10 46,768 23.085 34,926 0. 964
11 45.182 23.005 34.093 0.941
12 45. 785 23.044 34,414 0. 950
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