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Fig.6 Influence of megasonic vibration mode on nonuniformity



NI
(2 ]
[

FEATURE

& 6 AR 1 M5 B Y
S FH O L4851 A HE B R T 1Y) e
AR AR AT AR B . TR
WAL, JEIRFE P, 52 R R Y
SIS 109.46% 5 FE SR8 A2 A
SRR S AR R PR 3) 3 AR
WIRABATT , BRI A S
K 51.66% .48.58% .43.03%., AHEL
ToIEFE P A5, B PR Bl A2 A 28
BRI B AL [ B R s AT 45 2
JEEFE NI 51 B 4y s/ T 52.80%
55.62%.60.69%. LA I 3 Ff Ik Ik
PR O A5 =, IR
A B AR B T DA R R B R Y R
FEX 5 M, H 3 FhOJR 7 I 4R 3 =X
o B 2 R I S R RCRHE Y
YRS« B[] [R] B iR SRR e b, 22
FARR RSN Z PR B A 2% o

FL R R, AR S e PR
T LR R — A ) o A — e
AR 2 T T S B AN AE
A5 R P A 5 A R R L O B
ATARXT R A7 288 IR 75 P i e
Ao, IR U A MR B A8 4 A
PRI, B 55 2R 48 Hh e 5 -k B A
FL I 5 B o AT S e AR B A . R
I, 5 EANIE R U A sh AR AR L, 22
A RSN 95 )2 1 A A
U o IR ORI [ R ST, 224
WA R 75 A [R)VE FH T R, F o
TRAE A A T8 Hh 8] DX 8 , PR A
BN, L RGN I B TR AT H
it BE I R X RR A3, HLAE B 3R
AT, 251 BE oA 25 R 30/ 0N FL AL
FE A3 A 5] BOS R s B R
A S R
142 SHhEBETEEREH G

AL

T WG IR i T A B X
JZJEERE S STPE IR E R, FE R ] [R) B 4
PN SR T T 4 PR
BEVEATOT B, T 7 B A b AR
A RE ) JEL R e AR, FR(4)
C5) THEAF I AN S B o AN
YIS BEV/INR QR 7 N 2 FIR

®1 TREHEXTHEEEETHAE o« MAHEER/NE r HIHHEER
Table 1 Calculation results of nonuniformity « and reduction rate r of electroforming layer
under different vibration modes

SRS | RKME by /um | R/ME Ay /um | AREISEa/% TN/ %
ToIk I 78.857 37.648 109.46 —
AR 66.482 43.836 51.66 52.80

LEA RS 65.28 43.936 48.58 55.62
WL [ [ B4R 2 62.777 43.891 43.03 60.69
20 109.46%
100 -
© 80f
&
0,
& 60 55.-88% 50.68%
Ry 43.03%
X 40t
20 F
0
0 0.8 1.6 24

YpHB R (W + em™)
B 7 JEFEHEINEZEINARH S ERNRM

Fig.7 Influence of different power densities on nonuniformity

®2 TRDEZETHEREEETHAE o MAHEER/NE r IHHER

Table 2  Calculation results of nonuniformity a and reduction rate r at different power densities

YR (W e em™) | KM hyo/um | B/ME Ao fum | RS EEa/% | BNE%
0 78.857 37.648 109.46 =
0.8 65.420 41.969 55.88 48.95
1.6 64.613 42.880 50.68 53.70
24 62.777 43.891 43.03 60.69

X EERT A, ToIR I AR,
BEJR RN 5] N 109.46%, 7K
7 U T 5 B 43 0.8 W/em? (1.6
Wiem’®.2.4 W/em® I, 1 He 14 55 )2 )5
JE AN 5] 43 90 A 55.88%.50.68%
43.03%, FH LL TC IR 7 I 9 25 SR, AN
21 B 4 il W /N T 48.95%.53.70%
60.69%.

KT 7 R AR SRR T W B
ERI ) — KL, S TR EIR R
W TR SR T oK LR 2
JERE A, Qs 8 iR, 1l 8 ER
W T ] IR i T % % 45 2 I

FESSIVER 2R, IR ) 30 0
R, B I I PR I BCRA

2 JeFSiR BN BN Tk e

N T ARy A IER T, A ST
BeEEA b b AT T gR e, it T
A IR B B AR B . AR
Py BLAE IR AR IR P OB R 4R 3l
X HIE AR B 2.4 W/em®
N, B 2 R B X S PE R RO B
E o O S T IR A %
5 Ry D) 285 By 2.4 W/em? (1)
X [ I PR 8l eI el B Fi 5

20234655665 513 00] - Bt BIE A 17



L Hi

FEATURE

AN I 0 Bl R B 2 A % B, L
3RS AR 58 4 AR ], H L B[R]
P ELI B 4 — B gk e 9
W rh 9 AR HES A 1 a5 F AL,
He/NRE N 200 pmo I A B
FEL 45 5 S R P R R S £ 5
JZIERE IR E RS
21 REEE

IR I i B r a0 e A
&9 Ji7R o A e P B BB e
HLEE IR ZEANER L IR AR A
HL A 27 T, A DA T AR KA A
A, RO ke B s o HL B IR R
o JEF AR RS JER R
AE ks HLFE AR Ry I B4R sh VR T
P Y, P () 44 Bl i s o AR 3k
FFF G IRIZER IR 75 I S5, DT
SEPRIR PR A B i L
22 KRR

A TCIRFE A B TR B X
B TR ek gl it
B0 R AT R R TUAL B, (RE 3 A
Hore ToAi; ARG e R R A T
SU-8 Yz fist 1 E JE Ak, KT AR e A
FHIR S 4 By F A5 152 #5 7E SU-8 Tl
VTE AT R TR UIARZ
J& KRR BT SU-8 LI P Ik
FIE R e, ) EE R i SOk
LS R T o
23 REHER

(& 10 Sy T B 45 1 1) 3 Sk A A
A JCIRFE A B AR 0 Tl
g S Hrp i 2 DX 3 A s 5 AN ]
RETHZEEARN HTHEZN
G, FEATIE 2 X g% 2 5
BER i, T B C 2 ) X I J 2 )5
FERAR, A 10 (a) FiR, B IX
I B I S 25 SRR U e R
WA B R BERT 5 IR A S LG
E 10 (b) 5K 10 (a) ML, %X
B WIS S R 25 0N, IR R I
B E PR R R R R 5

{687 FH PR GRS R A T 0 ),
ROCE TG LR ko5 &
THEREAMECRA, HOREz 2%

18 Wizt hEE A - 20234F 55 662 55 1310]

R 45 2R P 11 fros, &
9 AU HEE 5 2 i R AR AR IMEL,
SR 2 IR R Y 5T - (8L, K
IR A BRI T . AETCIR A
FIRFT I D55 B 2.4 Wem® 251
R IE R S MR IR 25 R gk

0.060

3 R

IR I B B 45 A
e, Iz IR A i TR 3 BN 2.4 Wiem”
AR IS PR Bh i P I |, 852 1 )5
AT N 104% /N3] 50.15%,
WA RS T 51.78%, i1 5 B

— 0 W/cm?

0.058 1 — 0.8 W/em?

0.056 1 — 1.6 W/em’
g 0.054r — 2.4 Wiem?
£ 0052
£ 0.050 -
I 0048 F
jﬂé 0.046

0.044 -

0.042 -

0'040 C 1 1 1 1 1

-5 -3 -1 1 3 5
I /mm
8 AEINZEZE THBRNEREES
Fig.8 Thickness distribution of cathode at different power densities

JER R AL

m
Skt
SEEE B ot

H

i 7] £k i

ek PEFRREE

9 REKEEHBRAEHRGERE

Fig.9 Experimental setup of megasonic-assisted microelectroforming

PRI R

IR R R ey
(a) JoJkF
B 10 A.ZEkEEHENHBHERNRBER

Fig.10 Experimental results of microelectroforming with and without megasonic-assisted

HLEE =

PRI RS

200 um

I sed

SU-8J1%

(b) AIEHB



LS

=

FEATURE

R R DR (A
g5 50 25 B e, AR 25
17.21%, 322 5 g, AR SCHE i A
XL RS T T L, 2R T
IR I 14 25 PRI RN ARSI, 5 0
15 BRI 45 T30, JK 75 I A Bh sk
HLB5 AT LA R 5 2 38 S0 1

3 FRERMEFXBFE

2 P AT I G 1 I VE A L Ry
Sl TE VRS 530 1 e 0l A2 1
VN T SR LA S B S S P
L, K& )2 T2 miE v ey
S LA G IR o
31 HMERTRE

e PE BT OG5 4 2E e
HFRZ BIHIVE . HIVER, hF SU-8
T — IR BT, TR
&2 T EHATHIE. BERMBTT
FE£4 900 pm, 75 5 6 IREZHIME;
B B RS BN A B R A 15
THERE A 800 pm, 75 2L 5 &2 HIME;
S N 100 pm, B2 HIERD
ATSERL. PR RS R EL AR T 1 3
g 12 s,

(1) FEM AL, AT e
BN EA T, B 75 238 31— 1~
T J HDRE RS e, DR, X AN 4R
SR T B ' R R R TR A
T, KRB R M AL ST BE

(2)SU-8 fehEEifilVE . 7EI5 Uk
T AR SR AR T AT i A
i R B T X I B A TR
AL

(3) I P B R B R . iR
PEATAR T B IR0 25 5, R IR %
R s A X | D% 2.4 W/em®
W) T 25 2 550 B ik i B 10 A 1
JK P A 3 A B A P Y S T
PR A3 A A0 T AR 1) R I
A, TR B A 5 2 R B 1Y) H 1 o

(4) AL AL 3, JK P % 5 Bh
I, 35 2 58] T A R0
e AN T NS 2 SR 385
PEFN R T T 5 & 2 T2 T,

o 2 AE B )R HIVERTHE TR A 2

(5) LRk, 22 SU-8 Ik
HE Ao S5 RS SE AR A A 3 5
JRERE SRS T SU-8 IR
WA T 2 e Rk v] AR BN AR A et

S R

ESNGE il S S et
32 FMEER

23t ik — RN T LA RIS,
YEAS 3] T A7 A 32 R i 2 i =05t
PEFF N 13 s, IR ipEs |

B 11 RENRNEFEEE

Fig.11 Measuring thickness of the electroforming layer by inductance micrometer

®3 AARFRBEPRFRREVEERYAE o MAHEER/NE r KRR

Table 3 Experimental results of nonuniformity a and reduction rate r at different megasonic

conditions
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Study on Uniformity of Assembled Inertial Switch in Megasonic-Assisted
Microelectroforming Process

DU Liqunl’ > DONG Yakun®, GUO Bingjiangz, CAI Xiaoke’, WANG Shuai’, L1 J ingminl’ :
(1. Key Laboratory for Precision and Non-Traditional Machining Technology of the Ministry of Education,
Dalian University of Technology, Dalian 116024, China;
2. Key Laboratory for Micro/Nano Technology and System of Liaoning Province, Dalian University of Technology,
Dalian 116024, China)

[ABSTRACT]
uniform distribution of the power lines between the anode and the cathode. This leads to the problem of poor uniformity

The edge effect of the electric field in the assembled inertial switch electroforming will disturb the

of electroforming layer thickness, which prolongates the production cycle. In order to shorten the production cycle
of the assembled inertial switch, the megasonic is introduced into the microelectroforming process in this paper. The
slider structure has the worst electroforming uniformity in the assembled inertial switch. This paper focuses on how to
improve the microelectroforming layer uniformity of the slider structure. Firstly, the current density distribution and
layer thickness distribution in the process of electroforming process are simulated by COMSOL finite element analysis
software. The simulation results indicate that, compared with the electroforming process without megasonic, the thickness
of microstructure obtained by megasonic-assisted electroforming is more uniform. With the increase of megasonic
power density, the layer thickness uniformity is better. Secondly, on the basis of simulation, megasonic-assisted
electroforming experiment is carried out. Compared with the electroforming process without megasonic, the thickness
uniformity of the megasonic-assisted microelectroforming with simultaneous left and right vibration and power
density is 2.4 W/cm’ is improved by 51.78%. The simulation results are basically consistent with the experimental results.
According to the above research results, the assembled inertial switch with the size of 20 mm x 20 mm and the height of
900 um is made by introducing the simultaneous left and right vibration megasonic with the power density of 2.4 W/cm’
into the microelectroforming process. The switch meets the design requirement. Compared with the microelectroforming
process without megasonic, the manufacturing time of the assembled inertial switch made by megasonic-assisted
microelectroforming is reduced by 25%.

Keywords: Assembled switch; Uniformity of electroforming; Megasonic-assisted electroforming; Power density;

Finite element analysis
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