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@ MEMS
MEMS

(in German: Lithographie, Galvanoformung,
Abformung, LIGA in English: Lithography,
Electroforming, Molding)
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B %
70Kg, 30000 cm, 1200 W
Europa Scientific, UK

(high aspect ratio) 3D
LIGA
LIGA 0.2 0.6 nm
X X
X-ray LIGA
4
X

LIGA (LIGA-like)
LIGA X

67

810)

(exdimer lager micromechining)’
(reactive ion etching, RIE)™™

X
1.LIGA LIGA
LIGA LIGA
X
o mm . <1mm
> 100 <50
o X .
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MEMS

WMEBELWEREH

0.2 Kg, 3cm’ 0.5 W

LIGA

LIGA

LIGA
Karlsrule (FZK)
Technology (IMT)

(hot embossing)
LIGA

X
acrylate (PMMA) X
(mask) PMMA
(devel oping)
(pattern transfer)

(15)

LIGA

DARPA, USA

LIGA

Forschungszentrum
Institute for Microstructure

(injection molding)
2

poly-methylmeth-

X

(mold insert)
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(moulding
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4. EBRIC

l i ﬁ L Mould cavity

R
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Resist
structure

6. BRI

Plastic
structure
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LIGA

X-ray LIGA
3(a)

LIGA

30
3(b) 1.3 nm

X-ray LIGA
LIGA
X

X-ray
APS LIGA 4 FZK/IMT X
X-ray
(intermediate mask)
X (working mask)
(sputtering) 2 um (Ti)
3 um
(E-beam)

APS

3.(a)
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LTI

(@) membrane

Membrane
sputtered (Ti)

Patterning by SR

(b) (e) (h)
T o — =
[ [
Substrate etched Au electroplated Electroplating for
absorber (Au)

(c) ﬂ ) Intermediate mask (0) Working mask

4. Resist spinning ot ations
FZK/IMT X S PMMA stripping
(16)
(Aw) LIGA
(absorber)
LIGA
X (soft X-ray) MEMS 5
20 um ( ) (PIDC) LiGA
2um 15 um SUSS MAG6 Exitech
7000 KrF STS
2 um Multiplex ICP
X LIGA uvV-

LIGA laser-LIGA

®)
5 LIGA @ (UV-LIGA) (b) (laser-LIGA) ()
(ICPRIE-LIGA)
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BBBA3E26

(b)

B388 2B kv x189

(d)

(inductively coupled plasma - reactive ion etching,
ICP-RIE) LIGA

1. UV-LIGA
LIGA LIGA (poor-man
LIGA) IC
SU-8 JSR430N JSR611P
AZ4620 SU-8
SU-8
« ) (72
85 wit%) uv SU-8
( )
SU-8

SU-8
© 6 SU-8
6(c)
220 um 15 um
15
5 um 10 um
SU-8
SU-8 @200 °C
(curing)
MEMS
LIGA (sacrificial layer)
LIGA
um
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50 A Cr /2000 A
Au (lift-off)
3 5um AZ1500
50 A Ti /2000 A Cu

(seed layer) 70um  JSR 430
N
65 um
(release)
8
65 um
3 um
25 um 100
\% 20 um
65 um
2. Laser-LIGA



Ablated material

Excimer laser beam L
ejected at high speed

incident on surface

9.(a)
(b) 1)
LIGA ArF (193
nm)  KrF (248 nm) ArF
PMMA KrF
(polyimide) (polycarbonate)
(pulsed) 20
ns 10 1000 mJ

(repetition rate) 200 Hz

9 (photoabl a-
tion)

(mini-explosion)
8

MW/cm’
100 500 nm

10. LIGA

20 ns

(thermal damage)

Exitech 7000  KrF

(£5% RMS)

CNC
(repetition) (fluence)
(numerical aperture, NA)
(dose)
3D 10(a)
PMMA
Fresnel zone
PMMA
10 PMMA 10(b)
Fresnel zone
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eeesse

250 um 10 um 25 100 um 4.34 Jem’
420 g/L 60 Hz 5 mm/min SU-8

40 g/L 0.5 g/L 40 °C  pH Si uv

37 1 Aldm’ 5um 0.1 um
1.5 L/min
pH
pH
(stress reducer)
o
(wetting RIE M
agent) RIE
11
CNC
X-Y-Z
13
12(a) (mask

dragging)

(moving workpiece) 12(a) shaped mask

T T

uv
12(b)
SU-8 S
uv
250 um 12. (a)
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(computer
generated hologram, CGH)

]
r n
B <:> BHAE
/

BE2NIBE=E
(BEIH) 3. ICP-RIE LIGA
XEE=E
(BEXE) (RIE)
RIE (< 1 gm/min)
13 (<10 1)
MEMS
(electron cyclotron resonance,
ECR) (high density low
pressure, HDLP) RIE
0.1 um
(110 °C)
14
Gurlmce Profile A Ir
500.00 [ : '_ N I_ ¢ A
o - I “” “ ‘ |
E-7sn00 | ' i
%i:m.nu m-l-.. . e
'?"“""“,.l...|..--|---‘-' l"llylll'
! 5IZ‘:istsnce [um} o " i | [ ! | y | |
= Profile Plot ::"‘ ::6: == 1 9 ! !
yDst: +553.729 L 0.07s um - ]
uDst: +16.4 m  SIm 0892 ue
angle: +1.93372 degs :; ::::3 um
L
(b) (c)

(d) (e) ®

14.
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13.56 M

RF power

Hz

pumping
port

process
gas inlet

plasma
chamber

== wafer/sampl

%

2218

ceramic process
chamber

isolation
valve

13.56 MHz
15. O e
STS |CP-R| E cooling
2. STSASE ‘“’) 75 1
150 1
>3 um/min
>75 1
>150 1
>0.98 BOE N
10 500 um Bosch ~ ASE (advanced silicon etch)
<20 1
1 STS ASE “ | i B;)SChl Saion
5 ternating etch and polymerization
<60°C W
2 STS ASE 16
500 pum ASE CF,/SF,
CF,
(18)
15 STS Multiplex ICP SFe
F Si
1000 W 13.56 MHz RF
30300 W 1356 MHz  RF
(backside ASE
helium cooling)
(18 (18)
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{ mask
silicon nCFR¢
nCF* Sidewall polymeric
* passivation (nCF,)
F SiFk
C x® SFX+ X
‘ mask
silicon F
” R Sidewall polymeric
SFx passivation (nCF,)
(b)
16. STSASE
17 ASE
17(a)
210 um 7.5 um
28 ASE
ICPRIE
( )
(feature size)
18 ICP-RIE

@ (b)
17. ICP-RIE

(grass) (dimple)

(RIE lag)

(micromask)

S
SOF, @
19 ICP-RIE LIGA

275 um (
AZ4620
125 um ( 19(b) 19(d))
400 um
KOH
(elease) (

19(a))

( 19(c)

19(e))™

ICP-RIE LIGA

LIGA

LIGA

(©
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18. ICP-RIE

(d)

LIGA

LIGA

X-ray LIGA

LIGA

LIGA

(PIDC)
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(b)

(e)

LIGA

X-ray

MEMS

PIDC

19.
ICP-RIE LIGA

(13

PIDC
MEMS
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