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Research on characterization of stretchability for metal universal
interconnect structure in stretchable eletronics

ZUO Feng, PAN Kai-lin, QIN Qing, YANG Fan, JIANG Ting-biao
(Mechanical and Electrical Engineering College, GuiLin University of Electronic Technology
GuilLin 541004 , China)

Abstract: Aimed at a series of problems of interconnect structure such as complexity of performance analysis and uncertainty of structure de-
sign in stretchable eletronics, a universial interconnect structure, through which common interconnect structures can be formed by changing
its geometric parameters was proposed by the means of summary and analysis of the common structures. Based on the beam structure theory
and aimed at the proposed structures, tensile displacement and bending displacement formula were derived by energy method in free condi-
tion. Furthermore, their corresponding tensile stiffness and bending stiffness were calculated according to Hookes law and combining the dis-
placement formula above. The finite element numerical simulations model were built to verify the validity and generality of the stiffness formu-
la. Finally the validation results indicate that the tensile stiffness and bending stiffness formula of universal interconnect structure is correct
and characterization of stretchability for universal interconnect structure is proved. This research provide a meaningful design guide for inter-
connect structure design.

Key words: stretchable electronics; metallic conductors; universal interconnect structure; tensile stiffness; bending stiffness;

N O 55 1 S SCHE 1 P P61 1 T 70 A 1 R
0 5 5 . PP TR L0 G 1 %

WHm B EA:2015 -03 -28

BEEUWA : EXK AR E G FIH (61474032)

EERIA: A2 BE(1990 — ), 5 LRI BF S8 A=, 3220 DAl S0 Jo P v - 5 T (5 . E-maaill ; zuofeng901222@ 126. com
BIEBREREAN GBI, B 11, #4%. E-mail; PankL@ guet. edu. cn



57

fr B AR ATIE R R TG R kTl L A A S R R AR ST - 889 -

OLED \H1L 4% 2Pk HRE AR 28 55 0 . 33X 28 1 T 1Y
I Ry S A U R IR A R AL T A, HE
HAToy 2t d 5 0 R & — e B il H
ARAZPER IR B ANTRYIER . PR S AT &
by T2 B H 7 o e SRR T HL TR B B
T 4k & B3, T ( Stretchable Electronics ) HAF {5 #5714 55 F
T RIE TR R e R G T B A R A B —
FE AR A AR RE T, Re 0 ELEE T T =48 B
F T TAE SR

X AT Sk Ji/ 38 PR HL - A HL 2 7 AL AN B
BE RO 58 e R A A AR AT BE R S e
% FRVF R i B HL AR S T 2 08 A AR A% B A — R
fip BEE T R —FE Tl XA R A
TR LSy ik 2 HIPL 2 2 BRI ECR T
VARG o IR BT B B O B R v T
ARBEI ) B0 HR BROR BAD AR AL UM AR A B
7 S i [ ) T = S e P ) £ = B A
$& IDTechEx f% 7 B 5¢ F 1] 4 # 7 R ( wearing tech-
nology) (9445, [ 2014 % 2024 4F | ZE #7113
W15 3 i 0 & i, Hrh Z2 80K SR T AT AT i v 1
Ao AR AT HE JE HL 7 A R R AT Y
Ko

S PR FT A R v A PR R SR AS 2 A B — T s
LT P 2 5 A 85 1 B B 3] 52 3500 7 1Y) 55 1 R IS
RO MBI 1R R R B A K B
TE M BUIREEA o 5 — bR WA A - B
i 23T AT S R S LA Ry A R A A R R
P XN ZEA IR IR 2540 . IR SIS T
A R PERE L T ooa i, SRS E T 2R O
ELUAT DA 3 A 7] 235 46 152 T A0 T e S 2 i A8 HL S e
e, HALH G 5 & T8 —Fh s, R AR £ %
BEXFER b By G P A B SR T ST

XoF T3 Ao S I B P A S 1Y) 4 R R L AR A Jre
PERY B SR & , A0 R ) AT JE 45 1 HC S Je 1
ABR, Alaca B E 2 A7 % B 94 A R 1 (144 R 7
FBERL AT RE ) T 2R I AR 1% ~ 2% o [R5 2238
b AT S Ji B S R AT R R AR T R4 e B AR 25 AL 1
SEFEVERE . A T AR S A A 0 G R A A AR T
BT — A ] 9 B 3% 2540 f LR A 31 B KA S
JEPERE . HRIRT Y Gonzalez %5 A% ¥ S5 i3t 1 11 4
Tl (ERIE U IR DL R SIS ) B &8 T2,
FEXSHHAT 7T 1500 . A, e — 2 B 52
P HL B P i R HE AR 78 T IR TE (1) Sy - At 142 T
— R LS DB LSRR HAA

U A J e, (HL 2 S RAT — 1Y Jm) BRE , 431 dn %o T
170 82wy, P oy Hod: O R R AN T S B8 4544
J& TN IF EOE 2 B3 450 2 To vk iz IR O
T, Z 98 SMETE | TE SXIE S5 T IS Y B 45 4
FEIIE RE e iz s O o

e H B S S50 87 J5 Tl . Bavani Balakrisnan
2 N B B o R OSSR R RS T
PR TT S e A 08 i Fn 2 iy g 2 35 8 2
A6 T 3k R B LA AN 1 A2 B 43 Fr o A HIHE Y
AN T T SR B2 SO S5 NI B B 520, A
AL 2 B4R v 45 A0 I8 JE PR B Yung-Yu Hsu 45
NI Z TR IEAT T iR A T
REER M T A RS Z FIRRAR T7 1w AL A 2
3, ASE AR 7 1) S 26 0] 7K A2 04 Jie KPR R F7 A 20
Yihui Zhang %5 A" 60t [ 4783 T AT AE & 1 AR
T SERGEE T 2R AR SR - T AMETE |, R AT BE
RIS T AR A R AT 1R P AR T B A I
FELRE AR AE 25 1 110 S JRE 1

L5 ERTIR AT A S EDE S
R AT HE M 53 B , T VA B R — i 1T A9 B 3% 4544
(3K i FH 45 4 T 38 o R LA A 28, 7T LA B3
—NEE B S5 B AT A A5, R % Jd
FHE S5 WG 43 o6t B S5 M B T A B2
TET0=9"88

YT AT S B W T L SR A B
— i L R 25 [ i MR A 25 1 T, 4
A HCRES N 8 BRSSP R AL R 5 AL RS A S
ZRER R AR L A D R i P R Ok RAE A RS
T E SRR RE R, I A BT R B, R
> A LE R Bl I o

1 )3k el 1 w5 408 H 0 A

JE S AR B K 25 il 62 %

A JR 1L T3 4 4 A R A,
ST REEH I Ik 1 PR S 5 L e
O P A 22 G AR D o O 4 ) ke 19 1
5 TR LA R K, 0 SR AN DR, A
PR 45 R4 00T 2 45, 5 — 3 1 12
FEGEH SRR B G )% bR S
by PR 5T D L 4 9 A 67 25l
B, 15ty UL A RO E 125 RO, D e 3
JRAERE
1.1 BRE&ES%

HRLAR 4 1P 93 R LB .34 LI 4 , T



- 890 - HL L,

™ % 33 &

FEAEIXAR A IEIE , 25 18 o sl e 645 5 R mT A7
PG UM E ST i 5 2, W R LR B 5 R
JUAIBHECZ AT — R A AL C &R o b H
R.T o BRSO B PR IS . 2 H N0
B, AR R S RS54, 2 R Ry O B, W] 2R il N B TR 45
4,24 H AR 90 i, ]88 Z FHE . @il e M o
AR SCHAR A EE o 25 LBk, 38 1A 58 n] i
BB HI USRS AR 58, R, AP ST A E
TIPSR E RS T AR S BE 23 3R A e i
AT HABRZ
iR A A R A 1 fs .

Kl S EE

=

A

1.2 BREESZNBUBES

M AT AR e AT 4548, A R ) 22 i Ay
AT A ) R A 8 3K, AR 5 Rk g ik rh
P FC o BER A

HR A8 ] EIE 2548, 32 T3 LA B9 1 Seds
SR AIESZ 10 B, — A T 09 8 DR B 25 0 ]
DA il VOB 4, MRl 327 A O, T 0 B Az LY
S, B, HEOR o — B B I O, ) —A>
JEL A 38 DB A RSt ] LR, i B S5 T 4 B
SR Z G

—A™JE I A B SRR B A 2 pos .

A D .

K2 — A e SRR
ASBIRFE I e rp— o3, R AT B A
RN 174 2K I3 TR AL AN 7R

F
—{Tsinza + %R[Za - sin(20)] + TR + H}+

L76coszoc + aR(Tcosa + Rsina)® + 2R’ (Tcosa + Rsina) cosa +

5, = 3
El

(1)

EIN-R’[2a - sin(2a) ] + ER( Tcosa + Rsina)’ + L77-]*?3

4 2

+ H(Tcosa + Rsina + R)”

K E— VPR A— RS R R A, I — B
LW B
HI A58 20 i 222 4 — A R R 26 03y 4
Gy, PSARSR n ARG X D7 18] SRS I, A
S = n x48, (2)
A8, — A1) EraiR,
1.3 BEREESK&THUBES
AT X B AR ALAS , 5 B M o> B 45 352 2
Foits BN A5, th TR R S5 i 19 1 A
2R, T2 Fh 2% B4 b 21 R i ) BE 8 DR /Y,
T 1 7SI 1 RS i 00 ARk 2 DS 2 o T
FHEDE B 45k /s = R A 3 s o B3 R 1 AN A B
FANTE 73 A, HerboE SCEAS I o — B, — JR I mT LAY
il S — AR B
H2s o B KR
L, =2(2n - 1) (Rcosa — Tsina + H) (3)

4

1

GRGNE

2 1,

3 s EDE BIELH R EIE
s n— BB G5 14 A 1918
BEXS A2 TR UL, AT T B S5 F 2R 4T T Ak A
ik i FH T g fag Ak, — A 80 e Y 510 173
it N R ANIA 4 B o

K4 —JAEHEIE Y J716 5o i # s B 1A



57

fr B AR ATIE R R TG R kTl L A A S R R AR ST - 891 -

PALAR R BEZE AL, kb 2 R HOCF R e A T 13

EA

3

2
N n A JEHARG Y J7 B ) SRS R
6_»',5"\ =0, 8, +0; + 0 +08,, +08,, (5)

2l MR 2 S X e i

2.1 EREHERLERNIEFNE i R E
AR 2 AR W 22 3K, n A4 Jo] 300 L 3% S 2 A L 1
I J32 01725 T 32 -

ko == —— (6)

k= — 7
’ a}é ( )

F20 (1) A (6) nTHINIE KX (4,6) 1R
A (T) ATASAS IR
2.2 EHE5HE

AR IT Python S HUIL A, d 57 — 4 -1
S FE AT 05 BLTHAAL, B TR 25 SRS A 1) - 1
HMETE R P 4 () TR B A T 05 BT RS
PEIT I AHEFEAT B B S AR 7, 0K A0
RSB RL, oA [RGB E = 85 Gpa, JA#ALLY = 0.
3190 R A S A O T, AR5 B A T A 4 4 2 i
() oy BERS B0 B ER R, IFAE S5 R4 4 s B G y iz fif
Bl JLhl b, B« P07 RS 2 Aar o AR 4 5 v
(5 LB 0 00 R IE 285 49 A8 T it /N LR 1 2 sk
) W LB RN K 3% .

PAAS 5 THT, A BIF5E R DU S 5T T R ) BT
(CPS4R) o3 sz XA AR () U0 1), HEA T4 B A X 4 o

FELE AL S A R 1T , A B 5 45 U A% i 283 1) 47

2L§[H+ T+R(a +%)]+
4L, (Reosa = Tsiner + H) [ H + T+R(a +%)]+

Tzsinza[%T +2H + RQ2a + 77')] +

H[4T + LI R(4a +2m) ] +

1fR3[2a + 7 +sin(2a) ] +4HR (sina + 1)

TSR @ BERYTE BT 0] )DL RS AR B

F
7{2Tcosza + %R[Za +a +sin(2q) ] }+

F|Rcos’al[4T +2H + R2a + ) ] — 4)
EI2HTsinacosa[3T +2H + RQ2a + 7)) ] -
HTsina[6T +4H + R(4a +27) ] +
HRcosa[8T +4H + R(4a +27) ] +

R fi I £, 18 i 405 2R it 2 A RER I S IR
HT T TR B4 O P T 45 ), A A A R
TSN | LAk e 3 BN 28 (57 3% 7 1 2 g I 1 B0
RAYMH
2.3 ERAREAXBEIE

SEHIIATHE T A BRI | K2 i IR ) 25
BPJe B35 AR M ETHSH, 000 SHUE S — i, I
TE B RAELX IO AR A P S8 T A Sg Bk, P fif s A
KAHEAFIAMEIE A RAE X — 264 T A SR BUE
T RIS AR AR, o T sl NBUE T TR, 28 3 B 1 7
A

(1) TEARFZIE SRR, KIEREH ARV =
L2 mm, ¥R, HEIRREREK L =
5. 816 mm, FLLI TR BEEANE S Fior

H

5 SAEHRSTRER

(2) M FRT B % S 2 TR A M O 5 L, B9 T 2
B AN, B 1 = wi’ /12, Hoh SR IRIE N R | 58
B 25 %, BRI ¢ = FEJ% w = 0. 048 mm, 7 R
E =850 00 MPa,

BT BRI IR AT TSRS R B A R R 2
BRARHA 5% 5/ 0. 1% S F ¥R 2204 3% , ¥Ifen]



. 892 . HL

e 33 &

FVFRZENFN RS0 EXT LA R 1 iR,
F1 NETEFEILER
- Mgk fiER RERl ERE FED il
% R fRRIEE BRI NI EhNIE EiRE
a H R T Kx1 Kx2 KxlI Kx2
100% 100%
(rad) (mm) (mm) (mm) (N/mm)  (N/mm) (N/mm)  (N/mm)

BT -m/2 0.727 0 0 33 673 33643  0.0891 0.573 4 0.56 2.33
VASS -0.540 0 0 1.4 6.984 3 6.80 6.9 0.303 7 0.29 4.5
-0.500  0.064 0 1.367 6.283 9 6.15 2.13 0.297 3 0.29 2.45

-0.400  0.212 0 1.303 5.048 4 4.92 2.54 0.280 1 0.27 3.60
SMERIE -0.300 0.348 0 1.256  4.2577 4.15 2.53 0.263 9 0.25 5.2
-0.200  0.476 0 1.224 3.694 5 3.51 4.99 0.248 1 0.24 3.2

-0.100  0.599 0 1.206 3.396 3 3.26 4.01 0.2325 0.23 1.07

A 0 0.720 0 1.200  2.9140 2.79 4.25 0.217 1 0.21 3.27
0.100 0.810 0 1.206  2.6929 2.65 1.59 0.2239 0.22 1.74

. 0.200 0.902 0 1.224  2.4930 2.36 5.33 0.230 7 0.22 4.51
ek 0.300 0.998 0 1.256  2.304 1 2.21 4.08 0.237 7 0.23 3.24
0.400 1.100 0 1.303 2.126 6 2.06 3.13 0.245 8 0.24 2.36

U JE 0 0 0.720 0.480  4.3186 4.20 2.74 0.2558 0.25 2.27
0.1 0 0.751 0.377 4.2345 4.10 3.18 0.258 2 0.25 3.17

0.2 0 0.772 0.279  4.206 8 4.10 2.54 0.260 4 0.25 3.99

0.25 0 0.781 0.233 4.1759 4.10 1.82 0.259 8 0.25 3.77

0.3 0 0.788 0.188 4.156 0 4.10 1.35 0.259 4 0.25 3.62

e 0.35 0 0.793 0.144  4.1476 4.00 3.56 0.259 2 0.25 3.54
0.4 0 0.796 0.102  4.143 4 4.00 3.46 0.259 7 0.25 3.73

0.45 0 0.799 0.06 4.1312 4.00 3.17 0.258 7 0.25 3.36

0.5 0 0. 800 0.019  4.1322 4.00 3.20 0.258 5 0.25 3.28

0.524 0 0.800 0 4.131 6 4.00 3.18 0.258 5 0.25 3.28

(iE: A AT R 5 R R a8 A X P 3 A A gy @ 89 B U AR B A X E K, B SUEA A TR 4138 An, 5 A6 & 7 18 B 4+
¥m,)

REERPE T B SR SR R R iR 2%, b T
FUBBCR A2 S B, mif Ui 2 18 A, 75582
Pl 28 T S AEAERFIRAEL, B WK P R B R4 (B S B
Hop, — HE Sy i S At AN BRI & (B, e 2 )5
W 2R HeAy L, 24 5 BEIUE D i, 2 e PO B
/NERITAE . UMK R B /N BUE D 0. 006, 1 6 T
A AR R, i T IEPRA = il A S AR H,
P R fe/MELR S FETERE . VAT, tR2E49°4
RS2 AR ZE , pMCUE WA I 4 00 3 H W0 B2 T A 20
AR IERRY .

3 s

AHITFEES G AT A AN A B S5 EDE  fe
T — b B LR S5 R DY Al i ot il EDE
AIESHZ RO H iR IR EE IR 45 . ARG 2
I RS DY, 8 ek e 5 BEig i =
EHT A HRE T 2 59 ST S BT  WERE |
P U B IR 5200 55 B 3% 2R A5 A8 T 2 45 R Y

PRI RS A 782 , LUK, 25 T ve g i, AR Al 4 5
HR AT AR S A% AR 25" 37 A 4 5 LSRG I B8 1 8
BHINIEE . o), 2T 2T Python i 5 @57 1 - 1fiid
FHE RS H B SRR R, AR A 7 A AR TR B0 IE 1 4
SR PN JEE RS i P

B2 SRR 208 L S5 R R R s R
I, RSO HR B —E S H BT

£ % L Hk ( References) :

[1] SOMEYA T. Stretchable Electronics[ J]. Gomu. 2012,85
(3) :101-106.

[2] LACOUR, S.P. JONES, J. WAGNER, S. et al. Stretch-
able interconnects for elastic electronic surfaces[ J]. IEEE.
2005,93(8) :1459-1467.

KHANG, D. Y. JIANG, H. Q. HUANG, Y. et al. A
streichable form of single-crystal silicon for high-performance
electronics on rubber substrates [ J]. Science, 2006, 311

(57,58) :208-212



[4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

(12]

[13]

[14]

[15]

M oo AR T SE JR T e LR S ) S SR A SRR AT Y - 893 -
LACOUR,S P. WAGNER S, NARAYAN, R. J. et al. Stiff [16] DAE-HYEONG KIM., NANSHU LU., RUI MA, et al.
subcircuit islands of diamondlike carbon for stretchable elec- Epidermal Electronics [ J]. Science, 2011, 333 (6044 ) .
tronics [ J]. Applied Physics. 2006, 100 (1) : 0149131- 838-843.

0149136. [17] KALTENBRUNNER, M. Sekitani, T. REEDER, J. et al.
H. Q. JIANG, D.Y. KHANG, J. Z. SONG, et al. Finite An ultra-lightweight design for imperceptible plastic elec-
deformation mechanics in buckled thin films on compliant tronics[ J]. Nature,2013,499(7459) :458 - 463.
supports[ J ]. Proceedings of the National Academy of [18] SCHWARTZ. GREGOR, WANG HUI LIANG, BAO ZHENAN,
Sciences of the United States of America, 2007, 104 et al. Flexible polymer transistors with high pressure sensitivity
(40) :15607-15612 for application in electronic skin and health monitoring[ J ]. Na-
JIANG,H. Q. KHANG, D.Y. FEI, H. Y. et al. Finite ture Communications 2013 ,4(5) :54-56.

width effect of thin-films buckling on compliant substrate [19] COTTON, D.P. J. GRAZ, . M. LACOUR, S. P. et al.
experimental and theoretical studies [ J]. Journal of the A multifunctional capacitive sensor for stretchable electronic
Mechanics and Physics of Solids, 2008, 56 ( 8 ) : 2585- skins[ J]. IEEE Sensors Journal. 2009,9 (12) : 2008-
2598. 2009.

SEKITANI, T. NAKAJIMA, H. MAEDA, H. et al. [20] ZHE YU, OLIVER GRAUDEJUS, CANDICE TSAY, et
Stretchable active-matrix organic light-emitting diode display al. Monitoring hippocampus electrical activity in vitro on an
using printable elastic conductors[ J|. Nature Materials, elastically deformable microelectrode array[ J]. Journal of
2009,8(6) :494-499. Neurotrauma 2009 ,26(7) :1135-1145.

ROGERS,J. A. SOMEYA, T. HVANG, Y et al. Materials [21] VIVENTI, J. KIM, D. H. MOSS J. D. et al. A confor-
and mechanics for stretchable electronics [ J]. Science, mal, bio-interfaced class of silicon electronics for mapping
2010,327(5973) :1603-1607. cardiac electrophysiology [ J ]. Science Translational
HUANG,Y. A. WANG Y-OUAN, X. M. et al. Controllable Medicine,2010,2(24) :180-186.

self-organization of colloid microarrays based on finite length [22] OLIVER. Graudejus, CEIAR GOLETIANI, ZHE YU, et
effects of electrospun ribbons [ J]. Soft Matter, 8 (32) . al. Encapsulating elastically stretchable neural interfaces:
8302-8311. yield, resolution, and recording/stimulation of neural activ-

Yang, S. LU. N. S. Gauge factor and stretchability of sili- ity[ J]. Advanced Functional Materials,2012,22 (3) .

con-on-polymer strain gauges[ J]. Seoft matter,2013,13 640-651.

(7) :8577-8594. [23] DAE-HYEONG, KIM. SHUODAO WANG., HOHYUN

YONGQING D, YONGAN H, ZHOUPING Y, et al. Non- KFUM, et al. Thin, flexible sensors and actuators as ‘in-

wrinkled, highly stretchable piezoelectric devices by elec- strumented’ surgical sutures for targeted wound monitoring

trohydrodynamic direct-writing. [ J]. Nanoscale, 2014, 6 and therapy[ J]. Small,2012,8(21) :3263-3268.

(6) :3289-325. [24] HEUNG CHO KO., MARK P STOYKOVICH. , JI ZHOU

KIM. RAK-HWAN, KIM. DAE-HYEONG, XIAO. JIAN- SONG, et al. A hemispherical electronic eye camera based

LIANG et al. Waterproof AllnGaP optoelectronics on on compressible silicon optoelectronics[ J]. Nature,2008,

stretchable substrates with applications in biomedicine and 454(7205) .748-753

robotics[ J]. Nature Materials,2010,9(11) :929-937. [25] YOUNG MIN SONG, YIZHU XIE, VIKTOR MALYARCHUK,

LEE. CHUL-HO, KIM. YONG-JIN, HONG, YOUNG- et al. Digital cameras with designs inspired by the arthropod eye

JOON, et al. Flexible inorganic nanostructure light-emit- [J]. Nature,2013,497(7447) :95-9.

ting diodes fabricated on graphene films [ J]. Advanced [26] SOMEYA. T, SEKITANL T, TAKAO SOMEYA, TSUYO-

Materials,2011,23(40) :4614-4619. SHI SEKITANI, YUSAKU KATO, et al. A large-area,

DARREN LIPOMI. J, MICHAEL VOSGUERITCHIAN, flexible pressure sensor matrix with organic field-effect tran-

ZHE NAN BAO, et al. Stretchable organic solar cells[ J]. sistors for artificial skin applications[ J ], Proceedings of

Advanced Materials,2011,23(15) :1171-1175. the National Academy of Sciences of the United States

Nelson. E. C, Dias. N. L, Bassett. K. P, et al. Epitaxi- of America,2004 ,101(27) :9966-9970.

al growth of three-dimensionally architectured optoelectronic [27] Wagner. S, LACOUR. SP, SIGURD WAGNER, JOYELLE

devices[ J]. Nature Materials,2011,10(9) :676-681.

JONES, ZHIGANG SUO, et al. Electronic skin; architec-



- 894 -

HL W

e 33 &

(28]

(29]

[30]

[31]

[32]

(33]

[34]

[35]

ture and components| J], Physica E-low-dimensional Sys-
tems & Nanostructures. 2004 ,25(2-3) :326-334.

STEFAN C. B MANNSFELD., BENJAMIN C-K Tee. ,
RANDALL M. STOLTENBERG, et al. Highly sensitive
flexible pressure sensors with microstructured rubber dielec-
tric layers[ J]. Nature Materials,2010,9(10) :859-864.
NANSHU LU, CHI Lu, SHI XVAN YANG, et al. Highly
sensitive skin-mountable strain gauges based entirely on e-
lastomers[ J]. Advanced Functional Materials,2012,22
(19) :4044-4050.

KIM D. H. ROGERS, J. A. DAE HYEONG KIM, JOHN
A. ROGERS. Stretchable electronics: Materials strategies
and devices [ ]| Adv. Mater. ,2008,20 (24 ) .4887 -
4892.

KIM, D. XIAO, J. SONG, J. et al. Stretchable, curvilin-
ear electronics based on inorganic materials [ J]. Adv.
Mater,2010,22(19) ;2108-2124.

MANDLIK,P. LACOUR, S P. W. J. Li, et al. Fully e-
lastic interconnects on nanopatterned elastomeric substrate
[J]. IEEE Electron Device Lett,2006,27(8) :650-652.
LACOUR, S. P. JONES, J. SUO, Z. et al. Design and
performance of thin metal film interconnects for skin-like e-
lectronic circuits[ J|. IEEE Electron Device Lett,2004,
25(4) :179-181.

GRAY,D. S. Tien, J. CHEN. C. S. High-conductivity
elastomeric electronics[ J]. Adv. Mater. ,2004,16(6) :
393-397.

BROSTEAUX, D. AXISA, F. Gonzalez, M. et al. Design
and fabrication of elastic interconnections for stretchable e-

lectronic circuits[ J ]. IEEE Electron Device Lett,2007,

A5 AR

e BEHEITAR 2R

[39]

[41]

[43]

28(7) :552-554.

ALACA B E, SAIFM T A, SEHITOGLU H. On the inter-
face debond at the edge of a thin film on a thick substrate
[J]. Acta Materialia,2002,50(5) :1197-1209.

HUANG H B, SPAEPEN F. Tensile testing of free-stand-
ing Cu, Ag and Al thin films and Ag / Cu multilayers [ J].
Acta Materialia,2000,48 (12) :3261-3269.

GONZALEZ M, AXISA F, BULCKE M. Design of metal
interconnects for stretchable electronic circuits [ J]. Mi-
croelectronics Reliability ,2008 ,48(6) :825-832.
GONZALEZ M, AXISA F, BULCKE M V, et al. Design
of Metal Interconnects for Stretchable Electronic Circuits u-
sing Finite Element Analysis[J]. International Confer-
ence on, Thermal, Mechanical and Multi-Physics Sim-
ulation Experiments in Microelectronics and Micro-
Systems,2007 ,48(6) :1-6.

BALAKRISNAN B, NACEV A, BURKE J M, et al. De-
sign of compliant meanders for applications in MEMS, ac-
tuators, and flexible electronics[ J]. Smart Materials and
Structures,2012,21(7) :416-422.

HSU Y, GONZALEZ M, BOSSUYT F, et al. In situ ob-
servations on deformation behavior and stretching-induced
failure of fine pitch stretchable interconnect[ J]. Journal
of Materials Research,2009,24 (12) :3573-3582.
ZHANG Y, FU H, SU Y, et al. Mechanics of ultra-
stretchable self-similar serpentine interconnects[ J]. Acta
Materialia,2013,61(20) .7816 - 7827.

NEGGERS J. Investigation of interface integrity in stretch-
able electronics[ D]. Eindhoven: Eindhoven University of

Technology, Department of Mechanical Ingineering,2009.

[4R4E 5 B R

i, 5. LA R v T R S S T B M A SR PERAE TS [ ] HLHL T2 ,2016,33(7 ) 888 —894.

ZUO Feng, PAN Kai-lin , QIN Qing, et al. Research on characterization of stretchability for metal universal interconnect structure in stretchable eletronics[ J].

Journal of Mechanical & Electrical Engineering, 2016,33(7) :888 —894.

CHLEL LY 247 - hitp ://www. meem. com. cn





