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Development of complex micro-structures with inclined rotated UV lithography and applied for bio-devices

TH KA, A FHT (ER), BF AT, ME GRT, hF FHET

Daisuke HIRAMARU, Takaaki SUZUKI (Mem.), Ariko FUKE, Isaku KANNOQO, Hidetoshi KOTERA

Fabrication of complex 3D structures becomes more important for improvement of soft-MEMS. Then, we
propose the new fabrication method that can fabricate complex 3D structures with inclined rotated UV lithography on
only one process. The simulation of the proposed method was developed to calculate the fabricated structures to assist
design of masks. The validity of the method and the simulation were confirmed by demonstration of fabrication of the
complex 3D structures and by similarity between fabricated structures and simulated ones. In addition, to indicate the
availability of fabricated complex structures, the fabricated structures were applied to the FISH (Fluorescence In Situ
Hybridization) process that is the method of observation for chromosomes. In this study, the proposed method showed
the potential to fabricate the novel structures and to improve the performance of micro-device.
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a. Exposed area. b. Exposed position.
Fig. 1 Influence of rotation factor.
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Fig. 2 Light path of inclined lithography.

ZIT, Ak y2) BT ARERE Uk, y, 2), Bt
Rra, Rx y ) ~BENXT HRERFEN O SEEE (0,
@)}, REOHEEOBRRERET L~ X7 A%
mpy g1, HFROBIRRZ 1, LA FNOKEOBE)
PR [, LR MEARFOBIGRELY L, L L, LY
A NOENNKEN & Z 2 TRERE e L35 L,
X, y, z) ORIEEUR, y, DITHBENOE S35 DN
BOBMOOLELNDT-D, LFOXTRbENS,

275

NI | -El ectronic Library Service



The Japan Society Applied El ectronmagnetics and Mechanics

HARAEMF &S

Vol.17, No.2 (2009)

)

U(x7y7 Z) :Z J.m(Pk,qk)Olfoe_“lkdl (2)
k tk

ZIT, VYR MNDA®E 3 2) LAY O,

QDT AEG, )T HE, A7 EOS(pL q &

BENREE L IX LU A MDA, 3, 2) DI L 723/

LY, UTOLITREND,
p,=x+ztanf cosd,,q, =y+ztanf, sing, (3)

z

b= cosf, @)
WrkeH) 22 [EHAERI L OGS NI —EILR D |

FNEIVEBIOFESE IR RIS R A b L
ZEDDL(2), ), MO EITUA T O L D IZEHE X
No, ZITCvAVEABEEELELDTMET D,

U(x, ¥, Z) = aloegamM (5)
M =3 (t, —t)m(p;.q,) ©)
k

AR ERERE L OGS, 6N FIC—EILe D
72, By, 3 2) BT D REE (0w gV 3, ), 2) B TH
e LMD EMME BlcHET D, £, v AT
DESREE CHEMET D55, ¢ (FHFRIBIE L 22 D720,
R (o g TG DR L 22D, ZHIT XKD
k IIRRIC Lo TREATE D, TNHLOFRMEEZEL
TRQ), OWILUTFOLIEREND, ZZTTAZD
R0, gD ATEREE 0, PREFFEE 1, &1 5,

[m(p,rq, 00 1 )

z

Ux,y,2)=ale  ©°

p, =x+ztan@cosg(t),q, = y+ztanOsing(t) (8)

RIT, BRRRER] 4 3+ RWES. Fy 70
EHEEIAT 2 D & ty=nT (m: BHRE) LTfElTx 5,
ik, EAEREN OGS R g} BIE
WEHIICE SN DT, o 7R ARGE U745
A, BN EOENG BRIFRE, BINH06T
b, £l7. gt)=ot THDHNL, FEoEke & 1o
TEEEE L, MERWTLUTFORIZEITE 5,

z

U(x,y,2)=ale <M ©)
¢ 2
M=t mip, Ly.q.Dpdp o)
2z § ® @

2U(5), (6) & (9), (10)7 b eI EIEAERI BRI, Wi
RIBEAERHECIZRB T, v A7 MEV T LT A B

276

NOBIESAADRD HILD, T OGN BERI72
LA MEGEERD DT, BAEE VYR FOREE
DOFMRZH &N Laidiud7e 570, AREFFETHW
HLYAMIBEERT LY R SU-8 ThHY ., f#kic
VERBHREOBM K 28> T D7, LTFO&ME
oV WY EINRVALN | 3 - RaR AN I S - e S
BEERT 5%E, LLFNOEAOEREELT 5,

LZ:K'<M

et
cos
alge

K<U(x,y,z)= (11

EEOV I 21— TR, A0SR ESx,
TARAITRIZE OV RET DR ESAT M 2RD, K
w5252 LTS OEERIET D,

2.3 [mERERNEIC L DG ER

AL TR LT BEAERFROGEIC W T, Rl
NAED Y I 2L —rvavick<rr, 7o
T AERRETH, ZNHIZHESET AL ZOER AT
FZLT, VIal—a D SERTFED
FEREE LIS, LTy I =2 —va v OFH
PEOFHI S RIRHIZAT 9

231 &S av—r gy

AL THERLS 2 BRI & 133 A A7 S A AD O
LD THDRAEMERT N1 A[5] ~OF|FHNAIHE2
gL LT, MR L/ AR BN, REFDS AlREHE
EOEREZ BEL TS, v Ial—va v
A7 F =X 5 pm OIEHTEHS 10 pm [EFE CTHOE
S EIFID 50 pm FIRR TR D IR ST B8 F —
ThHY ., EFEEDUIN~ AT ENTND, 20T
— Z DWW TR 72 [BIEREEDE & EeR 7 BIEAEE e D
FNFNTYI ab—rarzird, Wik ebdsgk
HCIL 180 deg. = L D 2 [MIFE N & T A,

FNENDY I o b— 3 UFEREFig 3a, b ITRT,
Wt n 72 RIS K DHEECid~ A 7 2% U CHEE
TR A v a EEDPERENCTER STV 5, ZOE
O B VIEEEER H Y | S E ok R RS
HIZHAIT T OBREEILR > TR AEPHEE LEE X
N5 ERHIRFEND, R LT, EERREERFEET
PR SERERENERICE/2 D Z & T EICHAE o T
BENER SN TN D, RBEROEFEOHEE R DS
. WRAR BT L AEEICEMYER H D B XD
DT, ARFZETIL 180 deg. & OWrer 72 [AlEAER
Ik HAEIEER AT o 72,

NI | -El ectronic Library Service



The Japan Society Applied El ectronmagnetics and Mechanics

HAAEMFS

W

p=lite
>4

Ul

Vol.17, No.2 (2009)

b. Continuous simulation.
Fig. 3 Simulation structures.
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a. Discontinuous simulation.
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Table. 1 SU-8 process.

Method Properties Time
O2 aching Ozone cleaner 30 min/10 min
Bake 200 deg. S min
OAP primer
Spin coating slop 5s
3000 rpm 30s
Bake 95 deg. 3 min
SU-8 3025
Spin coating slop 5s
500 rpm Ss
slop 83s
3000 rpm 21.7s
Pre-Bake 65 deg. 5 min
95 deg. 15 min
Relaxation slow cooling 30 min
Expose 400mJ/cm’ 800 s
PEB 65 deg. 1 min
95 deg. 6 min
Relaxation 1 hour
Development SU-8 Developer 10 min
Rinse IPA over 10 min
Hard Bake Room -> 200 deg. Over | hour
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b. Simulation.

a. SEM image.
Fig. 4. Mesh structures with 5 um holes.
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Fig. 5 Light path of inclined lithography.
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