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Abstract:LIGA technique has been developed since 1993 at BSRF, including the fabricat ion

of LIGA mask, deep X�ray lithography, elect roplating , the pouring molding and the applica�
t ions in some fields. The LIGA mask w ith gold absorbing structures of 20�m thickness and

5�m w idth and Kapton membrane of around 5�m thickness has been successfully fabricated

and applied to the deep X�ray lithography w ith the PMMA structure of 1mm thickness or

above. T he beamline from a wiggler is used for the deep X�ray lithography of LIGA station

and is open to other institutes researching the deep X�ray lithography. The normal process of

LIGA technique w ith the except ion of molding has been established with the PMMA struc�
tures of 500�m thickness at BSRF. The largest aspect rat io of PMMA structures can reach

about 50 with the height of 500�m and the lateral size of 10�m. The nickel and copper st ruc�
tures w ith the thickness of 0. 5mm and 1mm have been made by using the electroplat ing

technique. The SU 8 as a resist material of deep etch lithog raphy w ith UV light is also devel�
oped in the fabricat ion of LIGA mask and some dev ices at BSRF. Elect romagnet ic stepping

micro motor, heat ex change, accelerator, st ructures used in the EDM ( electro discharge ma�
chining) are being developed for the future applicat ions.
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1 � Introduction

� � LIGA process, w hich is a powerful method to

make the microst ruct res w ith the highest aspect ra�
t io of several hundred in MEMS field, was invent�
ed and reported in 1986, and many devices have

successfully been made w ith it , such as micromo�
tor , micro�pump, micro�f iber connect and so on.

T his technique w as developed at BSRF ( Beijing

Synchrot ron Radiat ion Facility ) f rom 1993 and

many results have been achieved, including the

fabricat ion of LIGA mask, deep - etch X - ray

lithography, electroplat ing, the technique of

moulding, and its applications. M eanwhile the

SU 8 technique is also under development to make

the microst ructures for the fabricat ion of LIGA

mask w ith the structure height of 20�m and some

application devices w ith the st ructure height of

500�m. In this paper, we w ill present our activi�
t ies about the LIGA technique and the SU8 tech�
nique, and w e also w ish that these techniques could

be widely used by other users in different institutes

and universit ies by the cooperat ion with us on any

situations.

2 � Mask fabrication of LIGA tech�
nique

� � The fabricat ion of LIGA mask is a very com�
plex process and w ill use many techniques, such as
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the metal deposit ion, dry and w et etching, gold

elect roplat ing. The SR ( synchrot ron radiat ion )

light had to be used to copy the LIGA mask from

an intermediate X�ray mask at the beg inning stage

of LIGA technique at BSRF because there w ere not

any other techniques chosen to make the st ructures

w ith the thickness of 20�m. How ever, SU8 and

AZ4650 resists have been developed for this pur�
pose and can be used direct ly to make the LIGA

mask w ith the st ructure thickness of 20�m once.

T he fabricat ion of the LIGA mask has been a nor�
mal process w ith the SU 8 technique.

T he SU8 has been used to make the structures

w ith the thickness of 20�m for the absorbing struc�
tures of LIGA mask. The gold structure is chosen

to be the absorb material of the mask, and can be

made w ith the gold deposition into the gaps of SU8

st ructures by elect roplat ing. The polyimide as the

membrane for the mask is spun on the w afer and

polymerized in a oven at high temperature. F ig. 1

shows the gold absorbing st ructures of LIGA mask

w ith thickness of 17�m.

Fig. 1 � Gold absorbing structur es of L IGA mask

3 � Deep�etch X�ray lithography

3. 1 � Properties of SR source
T he beamline for the deep X�ray lithography

of LIGA technique is ex tracted from a w igg ler

w hich has the 5 period number and the 1. 5T mag�
net ic f ield. T he LIGA station is located at 24m

from the source and receives the SR light w ith

1mrad in horizontal direction and 0. 2mrad in vert i�
cal direct ion. A scanner built in a chamber on the

beamline periodically moves in vertical direct ion to

form a uniform X�ray spot on the sample with the

speed of 10mm/ s and the distance of 40mm because

the dist ribut ion of SR in this direct ion is the Gauss

shape. The scanner is cooled w ith w ater to reduce

the X�ray heat ef fect on the PMMA. The exposure

area, w hich is mainly limited by the receiving ang le

in horizontal direct ion, are 24 � 40mm2.

F ig. 2 shows the X�ray spect rum of the beam�
line after a Be w indow used to separate the ultra

high vacuum from the scanning chamber w ith 1/

3bar He gas. The spectrum consists of large part of

very hard X�ray and is not suitable for the deep X�
ray lithog raphy with the st ructure height of

500�m. T herefore a nickel film with 4�m thick�
ness is selected to modify the spect rum of the

beamline before the mask by its absorb edge at

8KeV.

Fig .2 � X�ray spectrum of t he 3W1A beamline after a

Be window , nickel film, KAPTON film and

PMMA resist

3. 2 � Deep X�ray lithography of LIGA technique
3. 2. 1 � PMMA resist system

T he PMMA is usually used as the X�ray resist

in the LIGA process but its thickness should be

several hundred micrometers w hich is dif ferent

from the normal X�ray nanolithography w ith the

PMMA resist below 1�m thickness. T he PMMA

resist layer is polymerized direct ly on a metallizing

base plate by using a cast ing resin in w hich 30%
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polymethylmethacrylate ( PMMA ) of a mean

molecular w eight of 100000g / mol is dissolved in

methyl methacry late ( MMA ) . Polymerizat ion

takes place at room temperature using benzoyl per�
ox ide ( BPO) as the hardener and dimethylanlline

as the starter. The resist layer produced in this

w ay exhibits a relatively low number of st ress in�
duced cracks in the development process and the

high stability w ith the cross- linked st ructures.

T he PMMA and MMA were produced by the

chemical inst itute through the cooperat ion at the

first stage of LIGA technique, but now the PMMA

can be bought from commercial company w ith

mean molecular weight of 100000g/ mol. T o ensure

adequate adherence of the microst ructures on pol�
ished untreated surfaces, internal coupling agents

must be used which are chemically bound to the

metal surface and can be integ rated in the polymer

matrix .

3. 2. 2 � Deep X�ray lithography

Fig. 3� Influence of the X�ray on the accuracy of later al

dimensions w ith Fresnel diffraction and photo�

electrons

T he precision of the final product w ill be de�
termined by the accuracy and spatial resolut ion in

each fabricat ion step. Fig. 3 show s the influence of

the SR light on the accuracy of lateral dimensions

w ith Fresnel diff ract ion and photoelect rons. T he

diagram exhibits the typical asymptot ic increase of

cross- sect ion for the creat ion of photoelect rons at

shorter wavelengths and the dom inat ion of Fresnel

diffract ion at larg er w avelengths. T he best accura�
cy is achieved in betw een 2- 3 angstrom. Mean�
while the X�ray w ith much shorter w aveleng th w ill

penet rate the absorb st ructure of the mask and pro�
duce the fluorescence radiation f rom the plat ing

base. This fluorescence radiat ion will expose the

PMMA thin layer near the plat ing base and cause

the PMMA structures to be removed off w hen they

are under development . To improve the spectrum,

the nickel f ilm is used to cut the harder X�ray w ith

it s absorb edge at 8KeV ( see f ig . 2) . This measure

produces a good effect in the process of deep etch

X�ray lithog raphy.

( a)

( b)

Fig. 4 � PMMA structures made in the L IGA station at

BSRF
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4 � Electroplating process

� � Fig . 4( a) shows the PMMA comb structures

made in the LIGA stat ion at BSRF w ith the thick�
ness of around 500�m and f ine lateral size of 10�m,

and fig. 4( b) the PMMA structures w ith the let�
ters BSRF. The larg est aspect ratio the PMMA

structures can reach 50.

Fig. 5 � Nickel structure wit h the height of 1mm and

the lateral size of 50�m

T he resist st ructures had to be t ransformed in�
to the metal structures for the application dev ices

by metal elect rodeposition in the gaps of resist

st ructures. The metal deposit ion must start on the

bottom of the st ructures. To get the low st ress

nickel st ructures, the sulphamate bath is chosen to

be the elect rolyte w ith 400g/ l nickel sulphamate,

40g/ l boric acid as buffer, and small quantit ies of a

w ett ing agent . T he electrolyte should be continu�
ously circulated w ith the filter of 0. 5�m holes.

T he current densit ies for metal deposit ion range be�
tw een 1- 10A/ dm at the temperature of 52  , de�
pending on the microstructure. F ig. 5 exhibits the

nickel structure with the height of 1mm and the

lateral size of 50�m.

Besides the nickel deposition, the copper elec�
t roplat ing is done w ith the elect rolyte of 220g / l

copper sulphate, 60g/ l sulphate acid.

5 � Pouring moulding

� � Moulding is a very important step in the LIG�
A process, and can provide a g reat number of plas�
t ic st ructures to be deposited w ith metal for the

metal parts of many devices in a large scale. In or�
der to get experience about moulding, the pouring

moulding w ith PMMA is in research because there

are not complex and expensive moulding equip�
ment . Fig. 6 ( a) show s the moulding insert of

nickel st ructures made w ith the nickel elect roly te,

and f ig. 6( b) exhibits the PMMA structures w ith

the nickel moulding insert by the pouring process.

( a)

( b)

Fig. 6� Nickel moulding structures and the PMMA structure

w ith the pouring pro cess

6 � SU8 technique

� � SU8 as a negat ive resist is used to make resist

structures w ith the height above several hundred
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micrometers in MEMS technique on large scale.

F ig. 7 show s the SU8 structure w ith the thickness

of 320�m and the w idth of 10�m. The largest as�
pect rat io can reach 32. The SU8 resist should be

baked at 900C for 20- 50mins before exposure de�
pending on its thickness and at 800C for 20mins af�
ter the exposure. The high internal st ress of SU8

after exposure to the UV light is a tough problem

for its applicat ion, and often causes the removal of

st ructures off the subst rate after the development .

F ig. 7� SU8 structure w ith the thickness of 320�m and the

w idth of 10�m

7 � Application of LIGA technique

� � T he aims of the MEMS technique is to make

the devices for applicat ions in many fields. During

the research of LIGA technique, the applicat ions

are also considered and developed at BSRF. Fig. 8

shows the SEM structures of elect romagnet ic micro

stepping motor w ith 8 stators around the rotor of

diameter of 2mm. This micro motor is just a proto�
type needed to be improved and can run w ith the

pulse pow er.

Fig. 8 � SEM structures of electromagnetic micro�stepping

motor

8 � Conclusion

� � The LIGA technique has been developed at

BSRF for many years, and can be used to make

some parts for applications, such as the electromag�
net ic stepping m icromotor, the micro g ripper and

micro head exchange. LIGA technique is superior

to other technolog ies in many aspects such as high

aspect ratio, large thick structure, great profile of

structures, and can be used to make the structure

in most MEM S fields.
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