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Development of highly reliable three dimensional interposal technologies enabling
arbitrary shaped wiring within a substrate

Fujikura Ltd.
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Crank-shaped and Y-shaped through-hole interconnections (THIs) were successfully developed
in this study utilizing femtosecond laser irradiation / wet etching and Molten Metal Suction
Method. The THIs have enough airtightness which can be applied to MEMS application.

An interposer having crank-shaped THIs was made and demonstrated using an MEMS device.
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Highly Integrated, Complex MEMS Production Technology Development Project, Nano-mechanical structure fabrication technology
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@ Effect of grating pitch change on SPR

Dip angle shifted _Before pressure
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Highly Integrated, Complex MEMS Production Technology Development Project, Nano-mechanical structure fabrication technology
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Anisotropic etching of
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Removing Si walls Transerred MMS part on Si substrate

and surface smoothing MEMS FPI with nano gap
by isotropic etching

(left) Before isotropic etching
ﬁ (right) After isotropic etching
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gold/water interface changed.

Reflectance

3 I ] )

=ER - #AMEMSELERKITRAFE SR [MEMS. 7+ / HREDE S BT DR

E R g ALV
RE T/ HEERE BN

Y 7 i3 74




EffEit £ ALV =RE T / #HEiEikil

EBREET/HBEMNSPRIZEZ DR

« EHFREFEANDIET, ABORETERENR L
— KREMIG LI FRAR. EiFICXSSPRENE
- FURLE:AELEILTSPRABERET S
- EHTETE 5T AYIEEL TSPRO B B0 AHE ATk

GL—TavU®|L FL—F4THY
L e, sing  -F [, sin6 + 2m/a

AHTH _wA
| 7
| ©
I Swl _ ___ /L.
- g |00/
) : EvFa ® >
HmE €, | e g o
{1I1I1I1fﬂfﬂfﬁfﬁ]e TEAE
£IE : ew) R SPR 2 AT &E
oy
Yo—3 =
z >k,
< 2/a .l JE K [rad/m]
Cp IR E a7 i J

EiEEfTZAN-RE T/ BEEERE T
SiFYISPRtUYH

o« TYRLEI)IAVEFEIVFUT TR
- REOEBICEITEFEEERMK

Analyte solution | a |
Grating
L]

_—Si prism

a . ‘
Incident Air

ight A

Y 7 i3 754

2008/7



EffEit £ ALV =RE T / #HEiEikil

F/BHEF/NNE— ORETHE
(a) (b) base layer plane o

(1) Cr/Au deposition
C1r/Au(30 nm)
/ i o (3)"

LR
LB B

1000 nm
700 nm EM
ﬁ;;%

\
Si substrate(280 pum)

(ii) direct EB lithography
EB resist(280 nm)

(i1i) Au deposition Au(30 nm)
o B B M W
|

(v) lift-off
[ |

B R ) )

EffiTE ALV -RE T/ EE R E ik

HEmERBRO LR

. @ zalb—3ar =430
« £/NM00NmL/S(200nm pitch) - A
i 2 2 =
g’ \Jf /
! g 0.6 [/
G s 04
g
2 02 20
0
10 15 20 25 30
incident angle o [degree]
(b) EE&{E

W
N
s}
=]

=
=]
=]

w
=N
=]

reflection intensity [LLW]
[¥]
=]
S

Hof-IEICSPRAZEET S A e I
ZEITRR T INA RDINEEA 10 15 20 25 30

incident angle o [degree]

340

YTaY. 7S 7

2008/7



ERE E AL =RE T/ WE RS

B 5347 QR FA—RADSPREUY

Au grating
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Three-Dimensional Topograph

» For designing a prism angle for laser introduction

1. Formation of slope
Anisotropic etching of Silicon
with DRIE using RIE lag

2. Smoothing a surface
Surface smoothing by
removing residual Si walls
with isotropic etching

)
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Mask design for RIE etching

EB resist
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pitch: 500 nm

sizes of square holes:
200 nm - 350 nm
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Fabrication process

(1) DRIE etching

(2) Removing Si walls by isotropic etchings'l'con

(3) Thermal oxidation

(4) Removing SiO, by HF

WK 2
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after RIE, before wall removal  after wall remo;él isotropic etching

Concave structure with 20pm in dimater , 4um in depth
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Lift off & Stamping transfer
* Integration of hetero MEMS parts to ONE substrate.

PDMS sheets

- ..1&
"-—p'ﬁ

1st transfer i
Integrated
3D MEMS
structures

an transfer

MEMS structures 5
on sabstrates Stamping transfer

Lift off Adhesion control is the key point

A
SOl sub. - Si parts<PDMS sheet - Si parts<Si parts — Si sub.

Stam pin&?ransfer

B L W -7 [

RARAVEVHEBELEILITSA A FERAVEEEE - aEERB R

Lift off & Stamping transfer

Liftoff process Stamping transfer process
(A) Fabricate Si structures (E) Remove the SiO, by HF
Modify the surface by O, plasma
3~5um 10~30 um Si structure
+ R
Si0,
' I EXEEE RN EER
(B) Etch SiO, by HF HF & O, plasma
Aligna PDMS sheel  poys omn b P EE I EEE LY

o« —
Ll_'—|_'—l_'_] Si substrate

1 1 | (F) Stamp the Si structures onto

| the Si substrate

(C) Press the PDMS sheet

Break the SiO, columns
Local deformation

I |

(D) Liftoff the Si structures

(G) Transfer the Si structures

| ety
o RERE | | | | o7 4 [
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Lift off step (Si parts are picked up.)
Lift off by a PDMS stamper

o8

%éﬂb

%
™

Jo'
L |

AAVELDHEREERILIT M4 42 FERAVEBRE - BEERBERA
Stamping transfer to Si substrate

Alignment & Press

Transferring Si parts
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SEM photos of transferred Si parts

PDMS stamp & Si structures (Figure. 2(B))
a WS stamp J (B) Si structures

ABAVEVHEERLLILITSA4 Ay FEAW-EEE - EEERE R

Transfer of two Si parts with different heights

structure B

structure A !
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Stamping of parts on parts
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FEAIES/ ¥v v IRE#. RUS v v TEREHT
Nano-gap fabrication by stamping transfer

« Two mirror parts are separately fabricated, and
integrated afterward by Stamping Transfer.

Light path  Light

sub-micrometer step

.y
~

N\

Upper unit with D

: Apply the voltage
Lower unit to control the gap

(DMake an unit with flat @Transfer the unit by @Bond by fusion
sub-micrometer step  stamping apparatus  bonding

F7] J

b

o X

il

FEAEF / F vy TRARIN. RUX v v TR

10.0kV 13.2mm x50
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Releasing a mirror part by stamping transfer

PDMS stamp A released mirror part from
a substrate by a PDMS stamp

PDMS stamp with

=  —
- = a pillar-like structure
Breaking a frame and picking the part up -
g MR L L \ J |

Formation of Fabry-Perot Interferometer

S A 74
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Measurement of transmitting light interfered in the gap

The planar gap was increased
with applied voltage to the device.
spectrum|| The incident light was interfered in

analyzer || the gap, and the wavelength of
Sub-micrometer | the second order of interfered light
planar gap

was equal to the gap of mirrors.
Experimental setup
(a) Applied Voltage : 0V (c) Applied Voltage : 16V

Second order of Envelope of
£ 100, interfered light interfered light

-
o
o

80+ y

8 S
g 8 8 A
£ 60 5 601 o j
£ 40 £ 40t .~
5 20 £ ool /
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