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Replication of Microstructured Surfaces by Microinjection Molding
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In the present study, replication of microstructured surfaces by microinjection molding was carried
out. For a fabrication of mold inserts, nickel microstructures having various characteristic
dimensions were fabricated by nickel electroforming onto Si mother microstructures. In addition,
reverse nickel microstructures based on the electroformed nickel microstructures were

successfully realized by electroforming with passivation process.

The fabricated nickel

microstructures were used as mold inserts for a replication of microstructured surfaces by
microinjection molding. Microinjection molding experiment was carried out under three different
processing conditions, which revealed effects of a packing stage and mold wall temperature. The
microinjection-molded microstructured surfaces were characterized by using an atomic force
microscope (AFM). It was found that mold wall temperature could enhance replication quality,
resulting in the precise microstructured surfaces.
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s = distance between adjacent microstructures
w = width of square microstructures
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Fig. 1 Schematic diagram of the whole fabrication
process in the present study: (a) positive Si
microstructure, (b-i) electroformed negative
nickel mold insert, (b-ii) electroformed positive
nickel mold insert, (c-i) replicated positive
microstructured surface, and (c-ii) replicated
negative microstructured surface

microstructure) 2 A A3t} o] % A|ZtE ¢z wlo]
32 FZEL EFZE(mother structure)® g U
A AFEF TAE T3 Fig 1)k 22 ¥4
ool 22 FEEQ N A4 ule]gE $E of
g ol (micro well array) FHE 71X & &2 vlo]z
2 T ZE(negative microstructure) S A Hr}.
AZE 24 UA vle]a 2 TREL 242F4A}

243 F49 39 AMEE olgxv, FA
T owA Ud AFET $4Y RFZBZ o)

Aok oe} ZE F He UA AFeF TRE
FAGoEZN HE Axd IS A UMEE
257 22 9 44 UA vlelag 72
(Fig. 1b-i)E €&  IA d0 JFHo= %
FTHY ¥4 4 &4 welaz FxES e
yd 23 JMAEE 1—}0}711 Hu, olg ol &%
22PANEAY FAHLE FEFig 1(ci) B 4
(Fig. 1(c-ii)) LEA} vlo]22 TF WO UF 4
Fol 713k "k

22 M &8 2FEE AF
£ dredA AHgHE WA 33 JAAE AF
o] 7|Eo] HE mle]laR 7% olgele] %zt np

ola® TxXES AYE AF 34 7l FH 8



S

S EUSESX X 26 H 935 pp. 135-142

September 2009 / 137

"4¢l DRIE 3422 AZAHh uv XE 841
2}l 9] (photo-lithography) &4L o]&ste] A& 7]
T A 71-‘5"ZH(photorf:51st)a HE g3 ¥, DRIE
AL FRLoEN A8 FHY volaz %

o{aﬂo] AL A= :[Lz o AR 2 o)l

AZE mlolAR TFXEL Fig 2 9 o] A2

Fgoln, AdAY AL A1 WEHEE A7
.

AL g 3Jge) AgE o]z T2

Ae it 22 A FRY vlela

Z, AAZE wt

7\ (w = ngHY o,

7 PzE 40194 4 s>°1 6 A 10pm <

T2 AP

atola 2 FZREQ A ik o
o BEE wlolaR 7159 Eolx ¢ 2um o|n, A
Al 10mmx10mm ¢} GGl AAHF FHoz FAU
% I ESR el=
23 Ud ®ol=g 23

A E vpolaz FZRES X42JAEAHE F
4o 58 AMNEZR o|gde A%, FET 74
A IRAE 47 B wEsFolgE WA
Atk kA, 2 AFoME Ad AyPET njo]
42 FZ2ES BETZER 3 VA AFEF FA
< B3t YA 3 JdMEEZ AFZsYY. o9
Ze A3 ¥ AHEE ojfFozAN AA
A dF HA Fgdo| 7hsdA "o

A, AZE A& vlolaz FRE A w
A% (seed layen)S T2 F YA AFwgF FHS

FPsto] YA F2EEL AFEA € 27U
A 25=E 9@ W3 I (lapping) FAHE A
A F, AYE EFZREAN EYTFozn Lz
volAR FEES JMAE YA uvolag FzE

TEES ETZER 043¢ F WA Ua A3
< FEFoEN ¥ mlolaz FTRE
THRE YA stz T2ES ARE £ U
ol W &z} YA mlojAR FxEe FHL F
FA4t E"%(potassium dichromate)S o] €3l %3}
(passivation) A1Z] & F WA UA AF=F FA
S TR olg e RF3 AYES 3]'04,
E=5E ¢4 UA vlol3E FREL EFX
&2 glol ATAHeE EE"E £ I 4%75.
S22 AFd F F{HS YA vlo]laz FREEL
F7HE & AR F, vlelam Tz gW9

L

B
Bor

(AU R

Fig. 2 Schematic diagram of the characteristic dimensions
of microstructures (w: width of square micropillar
or microcavity, s: distance between adjacent
microstructures)
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Fig. 3 Schematic diagram of the mold base used in the

present study
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Fig. 4 Fabrication of nickel mold inserts for positive
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electroformed
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mold inserts, and (¢) fabricated three mold inserts
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Fig. 6 AFM measurements for microinjection molded
microstructures of s=8um: (a) positive and (b)
negative microstructures

Aol 4% AE ARM & ol83e] 244 o
ZhFig. 7) R +4(Fig. 8) #le|a 2 T2 89 dH
4L Bl A BAT 5 Aok

Fig. 7(a) B 8@t 2ol T4 33 ¥ 2y F
Aol o]Rox 2A 11 & AfolE nlojma= F2
=59 A¥Ado]l 23 19 vl3) A== AL F
A& 4 U o)F &8H AR F£XE FYe
A WFEZ wE2A FH3E 24 FAH T
Het 33E 483537 WEet. ditd ez &
FE LEA FAE 73 UER A9 79
dHozo ddg Wi =71 74 =9
I RH7t EAEA A4 o9 e ¥y FAE
B3 F7] 3t Fd 3AH F, AAEAE Y
=& T3t B2 48€s 9 e B TA
o] Ha3tA Hrt o] wW nEAR FAZ JlEjA =
F2 4HE2 4P EF AF 8 F(residual stress) Z
53 A (birefringence) 59 FFS FA =, A
o ZAFAIEAY FHAAME vlojdE2 FZRE9
AEdE Jgs T4 F9. d3¥ez g9 =
2 38 ANE AN 28R FA9 227}
BA3] ZFAA Hel FE7F v E w2 u3F
(solidification layer)°] FAdo] Ht}. wlglA], mjo]=m
2 FxERY FAo $HAFA o) FAA Y=

A7t ASA Aok A FY HHA 9
o7 AN FeH Fr LB FAE o}

—— s=10um
1000 - - <o 5B

s=Bum

Height (nm)
»
8

$can Length (um)

——s=10um

Height (nm)

T T T
5 10 5 20
Scan Length {um)
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