: o e *
i
JFony—
o e <
"‘{Ha{

e e N

. e e

o - st e e}
5 T

LIGA 7O+ X

— L 20FN1 ANDICAESEDODBE—

P i —

LIRS R

9 B PE SR A BN T A2 R

T678-1205 LLdIRRFEAT_LATHIEHR 3-1-2

Z B

BRM « HP « B « AL FRRERAE A —E OFIRICER L 7o~ A4 7 0O FHIL, NEEERS R

RS OTELTM BN TEHA 78UV « VAT ADRREIZES DAY v PR bT 0 EHffsn5, ¥4
7Oy e VAT A, EEAEEARBEOFREM > OIREL 72, MEMS (X478« TV 7 P« AR -
VAFL) FErHOCTER I TO 5L, 558, L0EVWEBEELEWT AXRY FHEHT 5 3 RITESGEOEI N K
HOENTWAS, TNEEHITHHEMELT, BEXHBEV VYIS 7 ¢, BEE RUBEERD» G5 LIGA 711t A8 %
HXhTw5b, AT, LIGA 7Ov ZADOEEYL, ZOFNA Z#EAEHENL, bW CHMFREL 5, &5
TR LIGA 7102 2% FRRE B\ ODDOB 725 RAIC OV TR T 5,

1. LIGA 7A€ R

[REEHREE ), [BRE « TroLF— 1, TBEF /1 4]
D JREEIMELEY AT AMTEWT, INUERL L 7-HiE
FNARATHSD [RA4A 7BV AT A OISHAPZHRITHEA
TWh, CNHDTA 7Y AT Al PCREHEFTO X
O iEmbRE, KERS, ABHE, kLU, BEHEVA
TLE VS TR ICE B S, Th O OEREO# A
BATEHE L S— YRR L T\W5, <A 780V AT ADIG
XKz TWAHED, BV —, T77F 2T —X
—, RF 24 v F, hF—F)7x D<A 7 BB AFHEET
m, KA v F, AT+ S, HEHERLEO< A 7k
HFEF, AV Yy b, EBIESHF Y 7, BRE
Fih7e FO< A 7 OREFEFICKIISNS, ChbHDER
WML EF BRI L ABESABICIN ., rn, By
R UML) 7 B BE & AIRFIC KBl 4 72 D12 3 ko it &
EBBEM N, TO LY A 7By AT LAOFRUTH
BN TWAHDH, MEMS (Micro Electro Mechanical
Systems) & MEEN AWM THEMTH 5, fEkiZ o
VSRR A BN, DEEE, R DN T OB T 08
J&, FHik, BEELEOT VT UEMEEGT A LIk
THAELNTE e, LOLESE, KDMMTET AT b
B (B OREERERRT A EANELEINTE
TW5b, CHUIEESE RO EA MM T T 513 &k
mRE (ERE/ (AR NREL /A, BENCLEEES, £
H#HE ), REALEIGEO~ A 7 DS R OBEERBLIC
FHHE BRBGORRPEAE L7520, i s L TOMREDR
M Ed2720Thb, £, XA 7BV AT AOEER/N
A XA &R % T, Ak M, DNA Offe
IS A L7c 3 koG, WL+ HHEEEH L EEIC

136 © &+ May 2005 Vol.18 No.3

Bibo- Tk, EEFRICES 7 VFEY T IVRRER7
MERO vV 7 BRERN e TV — 7 20— 7o b
ZEnifFI NG,

CDED ‘T ANY P WOBERE VR T HEM & L
TRMENEMFEINTHEDR, BaHEE vz LIGA
(Lithographie (V¥ 757 ), Galvanoformung (F&£#5),
Abformung () 7t ATH AV, TOSt AT
Fig. 112739 & 5 1C Deep (JRIED OFEMR) XAV V757
S L BET AN PO T 5 AF v 7 HEERIC K S
AR —%ERL, ChERICEHICL 8BS OMER
BTV, CO8MEZOF EHERTHEL THV %, &
HNIINEHERE L CTI5AF v 7R ETD Lo
ML AR E RO BERAMN CTh %, BAEEMi%Z AV 5729,
BRI SN L EEEOMEL, SRBIMTHEIE, 75
A, ¥T Iy 7 EAREREV, BEfOL—YIEFAYO
A= 2V —TRFEER (KzK) 1I2h 0, ZORRE

‘Mmlmm?ms

Mold Master
TR
T
Electroforming Molding @
Plastic Micro Parts iﬁ%%%

Fig. 1 Elemental steps of LIGA process.
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Table 1 Examples for the experimental manufacture of micro
devices using LIGA process

Category Concrete Devices

Sensor accelerated velocity sensor, position sensor,
distance sensor, chemical analysis sensor,

nuclear radiation sensor, supersonic transducer

micro turbine, electrostatic linear actuator,
electromagnetic linear actuator, pneumatic
micro actuator, micro gear

Actuator

Motor electrostatic linear step motor, electromagnetic

motor

micro electrical connector, micro electrical
switch, solenoid coil, micro capacitor, micro
electrodes

Electronics

Optics optical switch, optical fiber connector, lighting
guide panel, x-ray focusing lens, spectrometer,

diffractometer

Fluidics printer ink jet nozzle, isotope separation noz-
zle, micro membrane pump, bi-stability flow
switch, separation filter, micro mixier, micro

reactor, micro thermal exchanger
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Fig. 2 Electrostatically driven linear motor with submicrometer
nickel structures. This figure cited from catalog of KfK.

Fig. 3 Electrostatically driven rotating micromotor made of nickel.
This figure cited from catalog of KfK.
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a) 90° polarization

Fig. 4 SEM image of the micro-optical system.
a) Free space structure made by LIGA
b) Sensor chip mounted on a TO-8 CAN heater.
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Fig. 5 Photographs of Micromixer2V.
a) Mixing element fabricated LIGA
b) Overhead view of micromixer

Fluid Filter fabricated by LIGA
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Fig. 6 Micro reactor for vertical chemical operation using fluid
filters with micro bores.
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Fig. 7 Micropumps fabricated by LIGA and MEMS process. This
figure cited from catalog of KfK.
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Fig. 8 Outer appearance of the electro forming apparatus for 6 inch
substrate (manufactured Access Engineering Co., JAPAN).
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Fig. 9 Outer appearance of the molding apparatus. Left one
(manufactured by Engineering System Co., JAPAN) is for
hot embossing*? and right one is for injection molding
(manufactured by Jyuken Machine Works Co., JAPAN).
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(b)

Fig. 12 Expample of the application of 3D structures to lighting
panel.
a) Trapezoidal cylinder structures
b) Optivcal wave guide mounted at the lighting panel
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Fig. 13 Detailed drawings of the new LIGA beamline at the NewSUBARU facility.
a—(1) High-energy beam duct, a—(2) Low-energy beam duct, a—(3) Side view of the entire beamline
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Fig. 4 The PMMA resist patterns fabricated using the large-area
deep x-ray lithography system. (a) A4-size deep x-ray
lithography, and (b) high-aspect-ratio patterning.
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LIGA Process—Application to Microsystems and
Outlook for The Future—
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Abstract

The realization of 3D microstructures integrating multiple functions, such as, electrical, optical,

mechanical, and chemical functions, in a restricted space will bring many advantages to the industrial ap-
plicability of microsystems. Microsystems have been fabricated using MEMS (micro electro mechanical sys-
tems) processes. Recently, however, fabrication techniques with more precision and higher aspect ratio than
conventionally achievable have become increasingly important. The LIGA (abbreviated from the German
terms Lithographite, Galvanoformung and Abformung) process, which consists of deep x-ray lithography,
electroforming, and molding processes, is one promising candidate for such 3D microfabrication®. In this
report, the application examples of LIGA were reviewed and technical problems were extracted. The recent
new technical attempts for the next generation process have been performed, and future perspective of LIGA

applications is also expressed.
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