VERRG W 1A 2003 TR (BRI K @i S

MEMS 7|8 0| &

A2 @AM 7|42, g2, 42

¢} Flexible Module

S, Ol E(HAAMILH ceral Z[ASeta}

Flexible Modules Using MEMS Technology

Y.-J. Kim(School of Mech. Eng. Dept. YSU), E.-S. Hwang, Y.-H. Kim, T.-H. Lee(Mechanical Eng. Dept. YSU)

ABSTRACT

A new flexible electronic packaging technology and its medical applications are presented. Conventional silicon chips

and electronic modules can be considered as “mechanically rigid box,

* which does not bend due to external forces. This

mechanically rigid characteristic prohibits its applications to wearable systems or bio-implantable devices. Using current

MEMS (Microelectromechanical Systems) technology, a surface micromachined flexible polysilicon sensor array and

flexible electrode array for neural interface were fabricated. A chemical thinning technique has been developed to realize

flexible silicon chip. To combine these techniques will result in a realization of truly flexible sensing modules, which are

suitable for many medical applications.

Key Words : MEMS, Neural interface, Prosthesis, Flexible module, Sensitive skin, Implantable

Fio] ohd el
A9l flexible 717
wearable 7]7|4, vlo] &
zog Jlgelth 53,
38& M e o
Jol Fasltl oE Eol, Alge
7+2} 1) B (sensitive-skin) & —9—5 4

A Eo] FIA 9= 7]{1—0“
AE flexible REo]ojoF 3}m, Aol 4+

£ wg Fuol gry 959

M ow

e (packaging)
+8771E

B

3

:”:B
>
%

T
i glm

© Z o &
18
oF JN
oL
> 2 it

)

B AtelAls Folu 3wl A

28 FYol e ML} Egrg MEMS 718
o] 8-} ‘IXL’EF} °olF  Hg EHgolux=
(polyimide) 7]#ol] &3t EZejoln|=s 1
AshEE A 7 7:1]240§ A% Y opye, A
A 58 (spin-coating), 7121 2 ZM(dry etching) B H 2

23] 7Fo] folsln, *gzﬂaﬁbﬂ'(blocompatlblc)
AEE deld ) o)t Egolvjze] HEE

223

AT Holo ggol Bad A
Eejoinl= sgrol PAsto] Azako
1, A% A2 E Y3 IC(Integrated Circuit) T3+ H-
AAESE A 7hEste] Eolv=
FoA A% volo oA A1
H flexible E%ra T8z 39ch
2. Flexible Module
2.1 Flexible Strain Sensor Array

A5 9] A h(piczoresistive) 43
ANEe AAH, Betd wa
39tk od S2AxE, dH BA
g HgE Eo] gE]

a2

g = ool
EMS 7 %_9] A‘ﬂ_}q 7} AlgH
s A8

o
= =
=
=

%!
2}

i)

/\}\]7]-05

fepdhe
o
l‘ll‘

oﬂ ﬂlt"
£ o

.

i 1S )
ol

o e . orE 32 pfn Ob > op
;942032
Oﬁ—\lr—ﬂlo—:‘iiﬂ@—%i

~
ot

2

Mo e

1
e
2
(8

it
E
x“
m
e
o
)
2
o |
]

ol
30um 010}9] Al ol 2

Frastoh] weba 'ffew —H7l 4

oZ
i3

(packaging)



e,

ESA r—o] )\Eeﬂol

oL A EZAS9 9 A 4
Al A 2 *}%% A},
Aol e EHUAZIE 7]1&& o] &3t flexible
YA E AA o el J&rsHH 71&3k]ict.

hoto-lithography) &4 &
Zgolvlz I5E A
1& o] &3t via ¢ dBHE AFFh
Zo/mg S flexible UF =z
(FPCB: Flexible Printed Circuit Board)©o. 2 Z-23} 7]
grh BE FA 4yl wi FHORE FA

~
'c

sof Q7] Wol, AR FHE Fel Eel4le
2 22 AolAe 2% WS AFEA 3
d @ 5 At 3ol dth A% fA9 A4
ofdlel mES @7 ANAE, Eeolus sl
Fgyale 2289 AolAr} Bug 42 9ol

smie B oo} @k Az tholdios ¥
A §AE ol 83ty HAEFE AAFZH(Ewh-
Release Process) flexible polysilicon strain gauge array &=
FAHAAG [2]. 2¥ 2 © TEE 2EH AolA
olgiole}  Ap¥elm  AA  RES  AVE
15mmx6mm ©] ¢},

2E#A Aolx e

Factor)T= 7}ail 2l

Alolx]  MMEJ(GF:  Gauge
A E(strain)oll gk A3 grol
W&z Ao doh AzE F2DE flexible 2=
E#QA Alo]A GF & FRE o] &3 AFgHA
Z F3A A8 Y. 1Y 3 & HYE g A

substrate material
thin sensing material

sacrificial layer

carrier wafer

.

Sacrificial Layer Removal

Figure 1. The concept of flexible module by removing
sacrificial layer: the sacrificial layer, sensing material
are  deposited by conventional semiconductor
processes. The thin sensing material is packaged by
proper FPCB, and released from the rigid carrier wafer.
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Polysilicon piezovesistor

Figure The realized flexible polysilicon
strain gauge array (15.7mmx6mm) (a)
hanging on wire (b) placed on table
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Figure 3. A graph of strain versus resistance change
rate. The gradient of the liner graph indicates the gauge
factor of the flexible polysilicon strain gauge.
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Figure 4. A cross sectional view of a rat sciatic nerve
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Figure 5. Fabrication process and optical picture
of the microelectrode array

(a) Fabrication process of the device
(b) Ontical picture of  the realized
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Figure 6. Optical pictures of the implantation to a rat sciatic
nerve
(a) Implanted device with a conduit
(b) Implanted device without a conduit
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(a)
Figure 7. Numerical analysis models of SMT package and chip embedded flexible package
(a) A SMT package model
(b) The stress concentration of SMT model at the interconnection bump

(¢) A chip-embedded flexible package model
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Figure 8. Flexible silicon wafer obtained by chemical
thinning
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Figure 9. Process flow of chip-embedded flexible package
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(¢} Interconnection mold coating (PRPI)

(ﬂp Flectro pl ating I'ox interconnection

(b)

226

(c)

£ o]g3lo] flexible 3 Z7)|FHFPCB)) AR sl&
waog olfojyrt. 7|AA WEo| stelld AL,
olglg wAHe FAHZEYG 7w Atold §H
AFE For7] wfFo) gl FHe  AAol
Brtsatth (29 7 a b). wekA H(chippt 71
257t flexible 3 EES FIHIY] HiAE
71&9 9714 ede B2 AR 7lE ol
Fasich M2 A7y 7lee Ade dEE
AAE FH3A w=s oo Ak Al A
A HE 300um A= FAE Zeth ol
FEleld dEEe AR A HAE  wEd
NAE WEE Jste ol Erbssich ey
Ao FA7F 30um ©jstE gkelAH FAAE
SRt slo] B& 7AE BEg g gdddA
&2 5 doh[1,8] el FAE Fo)7] A3

AME-ElE WS Z1AIA Ak CMp,
REE ZIAHA Axe) B 2 FREEI}
vla  wExw 2Ao)
wogk shEel A
£3E FLE Aol woI0L E=F
E%'ﬁﬁéiwhwﬂJé}ﬁﬁwaﬂ

gl dag =474

a7

4zt

5ol

i

e
X 7 Q)
AAH v

mqﬂq R

H39

WSS A7k glod 4B A7
d

wo gwnom
O
=

Figure 10. A 30um thinned silicon chip embedded
in Kapton ® film
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