55554 55 530 X % ¥ L kK ¥ F R Vol.55. No.5
20154E9 A Journal of Dalian University of Technology Sept. 2 015
3R MM TR § XEHS: 1000-8608(2015)05-0478-06

UV-LIGA 1. 2 W AE P8 TE 38 B8 H R s

L m', ook, x i

(LLEZZXEAFR EEZHHRF, RE  300161;
2AEBEIAY M I B, T7 K% 116024)

JIESE

WE: it E T o BB EAE. AR EERE K%, RA UV-LIGA B2 & K f1 6 j
B EEEGANER ERHEEAME 44 Mo Bk MEEEE 5L .84
WA RESE SN BEEEER B S SUS ERM LA T L5 #TMHhE. 20 EE
350 pm iy SU-8 IR # W T 2 &tk H w4 B EHATE R B E AR AT R, B 65 CE 8 C
FIE5 CHHBEAFAR,H 85 CH BB A 5.5~6.0 h; 4k NEH, 7 & 630 mJ/
em’® ;85 C # 15 min, B % 20 min. 4F 4 Ni b A B o = A T H AL 04 R B & &

TZAB KRR R EEM pH 254 E 3 A/dm” U T 3. 8~4L 4 RARS K BHREN

W B AR .

K& UV-LIGA # A ;SU-8 s f4m v 45 5 ff B4 B A

hE4SZES . TH16; TN305

SCERFRIRED . A

doi:10. 7511/dllgxb201505005

o gl =

B MEMS Jin T8 AR 9 % J % e 800
(e i N T A SO 1 I (1 PO T G -t DN S BN - @ )
g OB A O A LR i 1 1
TR R A T A5 0 $0 s RO BE. E R e 2 A
HL 0 77 vk A G HIAE B R T8
A AE G FAGE T 0 45 4 f77 B 2 L HL 3
FERE J32 3 A3k B 2R, 75 5 22 n T, S BUHL Al
Pl 2 B3 031 4 245 M8 257 1) D sk 780 404 4 A o 4 1Y
TR 5 P 4 WA P 5 3 0 1l 8 3% T A T 41O
EHIER A i UV-LIGA 1 T #i /6 & % 58 1
SER S Z% FURS FE RUZIR B R BE e 0 SO s . 2 2
I Z0HL 0 TR 48 A 6 X SU-8 e ik 4706 %1, 4%
] 2 W 3K R AL S8 % 20 iE AT ik L B A 22 2R
B2 R EAR MR/ B R G T Ak
TE R SU-8 JREA , T34 17 13k 20 R 5% 45 30 30ORE I L 41
J& 7 UV-LIGA 9 3 FH 3 [, fff H 7 o 2 A 5L Y
il 3 v ke 7 T AR .

KB, 2014-12-06; {EEBEH: 2015-07-20.

H HT, G0 AR R 32 B h R 4w A R
FEPR AR B T I VR Y B e 8 R L R A RE
MEMS il T4 A, 76 ik 7 b il 75 5 % 140 Y s L 3
T R BE 1 AELRE A R 118 i 5 i L A AGE
FHF /Nt A 7 R Sr BEZEN B UV-LIGA
T WRARK T ETE 45 # WEE NS b6 5ok 8
FR A LR P, R 45 4 7 B FLJRE B U 80 pm.
Shen 2100 ) JH M0 9 UV-LIGA T2 i 4 H wt
SEFTEIHLIGE Sk (9 flr S8 AR L AR s L 2 78 s B M
AR M SRR T R A R T R
77 i S R A AR R AR R L BT
G R A A 2R ROE AL RS St
JEEAYES, T2 BB,

A SCB IR B 20 M 55 55 2 10 SR RE L A s
AT LA Ao T 28 %) T 5 K A e o S R RN G 3R
) 3% 38 T ) 3 0 R Y L ke i — A, S A
N A Eh S 0 B R AR ) 2 TS R R HR B
20 L 55 TR 1) B P A0 25 SR ) ST T T Y
YEPRIFE o 98 5 11 DL R dh L A BT B A S HE

EE&TE. “+— 1 EFRH SR % B (2006BAF04B13).
TEEB . DHERG (1983-) , Z . Wi+, B %L, E-mail : mayali928829@163. com; Xl LT * (1980-) , 5 , W 4, il , E-mail : lwk2003188@

163. com.



%5

D HW%E. UV-LIGA T % #|1F ok B4 B A 479

A3 T A HE AL AR 2 o D 5 A B IR L R
L ORGSR A L BT 2 M B RN AT O
JE. S, S B b R R JE R AR KA R UV-
LIGA % ZI 5 A U 5265 1ok 52 AR AH 25 & 0 J7
B H7E 5CrNiMo & 4 WAL b il /E b A s . &
SR 350 pm R SU-8 e @i T2 &, 5
S5l DA R 3L B8 BB R pHL AN D TN N R 4 F

R E R R AR AT OO SE T E S
1 9% 485

Tl ST EL AR I I PE T2 AR a1 By
7N, E A AL K SU-8 i 6 2 A1 Ni 1) 435 28 H,
IR i R & SU-8 i B £ Bk,

SRR
SU-8Ji
W Ni%)2
— ey

ISP,

(b)JEZISU-8f%

THER

(d)ﬁ‘éZIJSU-a)’&
M1 T nkr

Fig.1 Process chart

L1 U5k et

S AR 4 26 [ MicroChem 2% & 2R 7 )
SU-8 I F 5% W » 5CrNiMo 4 45 4K JE b . 28 S fiff
TR R HL 85 W (L4 M 550 g/ L By SLAR R B L 10
g/L &AL .35 g/ L MR & 0. 10~0. 15 g/L A1l
TR o 3 B 2 AR
1.2 SEUSERR

(1) AR b B

W FEMTE B A 56 5 5 43 500 FH TN T R 2 T
F BT KR AT BEAE B N

(26205 — 2 SU-8 i

T SETE B AR R T U Tk 2 1 B ) D e S A
S%FB@W%ﬁ TR SCHR O] B 30 0 0 %

i [ 2 R R A T TR AR F] 350 pm JE

SU-8 g, H V% B/ wl J5 347w AL, 8O = 7E
BGJ-3 RUESEHL #4789 . F &8 630 m]/cm?,
gtk 85 °C, 15 min, 5 20 min 5355 — JZMIE
D531 SU-8 i HH.

()M FHH— 2 Ni 4514

A S B TR A P R AT O L L X L B
WG IR L 9 IF Pk, TAEIRJE 50~55 C,pH
3.8~4. 4, LR EE 0. 5~3.0 A/dm?*, H 7 i ]
24 60 h.

(DOIEZI5 2 SU-8 K

JHE VA A 2 1 6 500 AR B 50 pm 19 SU-8 iR
HHE R 6 3 =X TR 1 7 =, v 85 °C (i Bk % et
6]k 50 ~60 min. 56 4= # filt 20, R HL S5 S
SR P G 3L M bk 1) O vk B

(5) HLBEER 2 Ni 454

HE L2205 %S 2 Ni
[F]. HLEERTRIZ 12 h.

(6) ' Z i HE 38 i

B it S ok e ) o 2 e
W5 R ML T2 %

(7)) 8 ol B A=

I FH ' 220 s A ki 22 » 3 3 4 ) N ik v
2P IR 1 T LY R el R ) A A A S ok O
JE. g5 A TR B 25 4 R HE AL 22 TR A 30 IR
10~15 pm Y flCHE 8 18

(8) % Bx SU-8 ik

FIHTCHL IR K 85 42 T8 1) SU-8 i 45 35 ok
S 5 ot 8 ARLRR AR R T 2 B K U L 3R AR
foE SRR L AR s

S5 VR B e AR L N &) 2 R, E
R R B 5 S5 A8 L R S e 11 L Bl HE KA T 4R
] s SO HESAL AR G W A R T AR 2 . L
X B 8 g 14 T R B AR 57 TR B P S 20 A o
WENG LU SE L 3 23 i I 22 20 0 XoF Y KG EE E 4 5 Al
B 8 AN HERRIC SRR, LB S I R R
FRE B R, =0. 075 pem. FI 6 B 4000 o5 ff 78 s
A GER I RSE QR - B 9 510 285 4 1 AR R SF
I mm>X1 mm, WE 3 i, T8 640 i 5 5+
s R UE J7 T BE S T IR BN I B 3R A% R
HLXW X H=200 um X 200 pm X 300 pm. ]
k100 g s B AT B 510 11 B2 40 A 355 5% 56 1
PKIEIE . HAE 30 pm, = BE 50 pm. fOE B O Y

G A0 FE A AN



480 A # # L K

VS

¥ % R 555 %

B BE R BE 43 508 200 pwm A1 50 pem. SHES G 8
HE TR 2 25 F RN HE AL 3l L VR BE 10~15 pm. 7
TACAE S 3 R v, 1) P il 2 2 T s b S HE
A R R 0 A T U Bl T B R 0 AR Y AR

T

RAEWISETE
TG
FEFEEH
IS

HEAL

rrrrrr

B2 %AW SEM B A

Fig. 2 SEM photo of micro cavity
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Fig. 3 Micro array structure
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Fig. 4 SU-8 photoresist mold
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Fig. 5 Exposure result of SU-8 photoresist with fluidity
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on process of microinjection metal mold based on

Machining micro-injection mold cavity by UV-LIGA process

MA Ya-li', LIU Wen-kai*', LU Xue-cheng', LIU Chong’

( 1. Department of Military Logistics, Military Transportation University, Tianjin 300161, China;
2.School of Mechanical Engineering. Dalian University of Technology. Dalian 116024, China )

Abstract: A micro-injection mold cavity is designed and manufactured. By the method of no back
plate growing technology, the micro-injection mold cavity with micro-array structure, micro-injection
gate, micro-exhaust passage, exhaust vent and polymer melt flow channel is directly manufactured on
an alloy steel substrate applying overlay UV-LIGA technology and mask etching technology. The
optical lithography parameter of SU-8 thick photoresist is optimized and the proposed fabrication
process for 350 pm SU-8 photoresist is given as follows: scraping photoresist by fixing the thickness
of frame, prebaking by gradient heating-up and temperature rising every 5 °C from 65 C to 85 °C, at
85 °C for 5.5-6.0 h, UV contacting exposure with dose of 630 mJ/cm’, post-baking at 85 °C for 15
min and development for 20 min. The causes for generating nodules in the process of Ni micro-
electroforming are analyzed, and the process parameter is improved by controlling current density and
pH respectively under 3 A/dm’ and 3. 8-4. 4. As a result, the micro-injection mold cavity of good

quality is gained successfully.

Key words: UV-LIGA technology; SU-8 photoresist; micro-electroforming; micro-injection mold

cavity



