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Digital image correlation research on deformation
mismatch of composite flexible electronics
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Abstract:In order to quantitatively characterize the degree of deformation mismatch of adjacent layers of composite flexible
electronics, an experimental system based on digital image correlation ( DIC) and a method of evaluating deformation mismatch
are designed. First, a composite flexible electronic sample was prepared, and the experimental system was verified through
translation experiments. Second, the sample was uniaxially stretched at different temperatures and the Von Mises strain was
calculated. Finally, the degree of deformation mismatch was Characterized by defining the patterned strain fluctuation index P.
The experimental results showed that the translation error of the experimental system was within 1%, which meets the
requirements of deformation measurement. The sample was stretched by 2 mm at 50 °C, and the maximum and minimum
strains of Von Mises differed by about 65%. The sample showed deformation mismatch with uneven strain value but uniform
strain distribution. Under the same tensile conditions, the degree of deformation mismatch changed little from 25 °C to 75 °C,
and it changed significantly at 100°C, the increment was about 60%. This method effectively characterizes the degree of
flexible electronic deformation mismatch.
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Fig. 1 Schematic diagram of sample preparation process
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Fig.2  Composite flexible electronic sample diagram
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Fig.3 Schematic diagram of the experimental system
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Table 1 The error of measured displacement

IR d/mm 0 0.5 1 1.5 2 2.5 3
MRS YIE u/mm 0 0.497 1 1.003 73 1.504 95 1.995 54 2.503 62 3.004 75
TFAIRZE/ um 0 2.9 3.73 4.95 4.46 3.62 4.75
R il % 0 0.58 0.746 0.99 0. 892 0.724 0.95
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Fig. 6 Von Mises strain diagram of the sample

0. 043, AHXF T e /N AE ) 0. 026, FH 22 2 65% , M 7AE
AYAT R AR DX IR /N AR DA B AE R R,
ST SR IBT R 43 A, HL 2R ) 55 7K S A )
Z IR LR 60° 3% 5 4 )@ 2 — AE R R MIA T G,

o AR B R /INB R A G AR TR i AR B B T PDMS 3
R RIEMELZ B 2= e B K225, S BUHERZE
FETE A 3 i v 07 28 R /INAS — B, S BTk A 1 L AR TR 2k
Bc, P, & ERAEEIZNE G R FAERRE
AR R, TR I 4R )2 AR AR AL, anE 2
IR BE A R TH 23 AN 3457 AR R/ NI 59 1 A% 43 A
HIIE

ST S BB 5 B 3 P AR I R BE 1) AR AL RRAE , AR SC
PEHAE 50 C N HiAiEE B 4000 0.4 F1 2 mm F£45 Von
Mises Jj 42 37 1) 42 37 W A2 5546, AT MATLAB 23 il — 4
NS AP 7 s, T LA Jo R fr SO 0 1 7 A Y ) B
OYARRI L AR RN R 22 50 B 7 (a) BE i B
0. 4 mm (1) =2 [0 A5 37 A J B I8t YRR, 2 4 AR 06 1Y)
R EZEZ 0 0,008, 14 B 1 AR < I AR DX 3l 1 25 I 2%
BCARRE . 181 7(b) BEL AT 2 mm [ =2 3 A8 37 1 0k 73 1
W K E 2229 0,025, FLIE 7 (a) B K T3 300%
LI YRR N 7 3 11 R A a2 e R R B 156 B A i
PE B AR A OL T, B 5 2 1 AR TP 2K L AR e AR 1S
PRI, o D VR PR 0 Bl R/ INiEA T Ak, BT DA N B 1Y
R A 2 5 R M SR 2 AR R R B AR B

R F Von Mises J A5 47 4= 35 520 1) 1 25 0k SR AF
526 e LT R 1 N AR A B O, DR L SR %

B G MR F YR B BRI .51 -

0.012

*10°3

H 0.011

10

4 £10.009

7

¢ 0.007

1 !

200 0.005
0.004

(a) Hrf#0.4 mm
(a) The tensile distance is 0.4 mm

Von Mises [§0.045
Strain

0.040

0.035

10.030

0.025

0.020

(b) Prf#0.2 mm
(b) The tensile distance is 0.2 mm

B 7 #E£5h Von Mises WA =4 F
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Fig. 9 Change curves of index P with temperature

FHE RS R Z 5 30 M 3L 1) A8 8 % e B
75 CZHI5Z BRI BE 2 /N, 78 75 °C ~ 100 C B,
TR ()T 8 E oAb 4 2 5 R R IS i A8 T AR B iy ok
T HCE R | F TG e A X v ek 148 e A X I L 1) 5
Wi, B AT JHIS 2 Bt 25 P o B 8 A B I AE B G, IR PR A R
i FEBE R RPIRES T LT B B B 1, B 2k 4 08 )2
J PDMS FEJiE 2 8] Ji2 ik 22 BOAS DCJC | 20358 kB 1 ol 28 25
SIEFES N ER IR J7, iE— 255 m T AR T 2k O R R
PR 7 SR E - (R 1R A 408 2 6 436 12 ik 2R 50HH [R)
B MR}, 2RIV /NI X6 A8 T 2 B Tl SR 1) 5 i
P 5 FLAT A5
3 & g

ARSCRTE T —F I A M T AR R LY
SCH ARG T I T R R AN AR B SR B P AR TR

BCPPAN J7 1% TRAEAN [6) 3R 8 A5 140 T X AE St R AT 1 S S B

5, RIAER —Hi 00T ,25 C~75 CZ ), B AR TE

KRB AL ARE &, 75 °C ~ 100 °C i, 28T it i

H R TSR E R, WO R AR E AR IR R

BCFE AT T RN R, #E— 25 TR WM &

B R T ZREM BRI T 2%,

B2

[1] LEE J, WU J, SHI M, et al. Stretchable GaAs
photovoltaics with designs that enable high areal
coverage[ J]. Advanced Materials, 2011, 23 (8):
986-991.

[2] R 8, B, 5. P UL s r
HARE ERPFFE )], I HOR ) 2019,42(1)
78-82.
WU Y J, XU CH, ZHOU X, et al. Fast calibration
method for flexible force sensors [ J ].
Measurement Technology, 2019, 42(1) .78-82.

[3] LINW, LIEW G G, LI Y, et al. Implantable flexible

electronics; materials and techniques for implantable

Electronic

nutrient sensing using flexible sensors integrated with
metal-organic frameworks [ J ].
2018, 30(23) :1870166.

[4] XUF,LUW, ZHU Y. Controlled 3D buckling of silicon
nanowires for stretchable electronics [ J]. Acs Nano,
2011, 5(1) :672-672.

[5] KIMDH, SONG J, CHOI W M, et al. Materials and

noncoplanar mesh designs for integrated circuits with

Advanced Materials,

linear elastic responses to exireme mechanical
deformations[ J ]. Proceedings of the National Academy
of Sciences, 2008, 105(48) :18675-18680.

[ 6] WIDLUND T, YANG S, HSU Y Y, et al. Stretchability
and compliance serpentine-shaped
ribbons|[ J]. Journal of Solids and
Structures, 2014, 51(23-24) :4026-4037.

[7] LIM, XIA J, LI R, et al. Design of two-dimensional
horseshoe layout for stretchable electronic systems[ J].

Journal of Materials Science, 2013, 48(24) .8443-8448.
[ 8] GONZALEZ M, AXISA F, BULCKE M V, et al. Design

of freestanding

International

stretchable electronic

Microelectronics Reliability, 2008, 48(6) :

of metal interconnects for
circuits[ J].
825-832.

[9] KIM D H, LU N, MA R, et al
electronics[ J]. Science, 2011, 333(6) :485.

[10] FANZ, ZHANG Y, MA Q, et al. A finite deformation

Epidermal

model of planar serpentine interconnects for stretchable
electronics [ J ]. International Journal of Solids and

Structures, 2016(91) :46-54.



5 6 3]

A TN T IE R PR B AR 5T - 53 -

[11]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

XU X M, HENAO D. An efficient numerical method for
cavitation in nonlinear elasticity [ J ].
Models and Methods
21(8):1733-1760.

JABLONSKI M, BOSSUYT F, VANFLETEREN J, et al.
Reliability of a
terminated, in-plane meandered copper conductor[ J].

Microelectronics Reliability, 2013, 53(7) :956-963.

Mathematical

in Applied Sciences, 2011,

stretchable  interconnect utilizing

HUANG Y, YUAN J, ZHANG Y, et al. Interfacial
delamination  of  inorganic  films on  viscoelastic
substrate[ J].  Journal of Applied Mechanics, 2016,
83(10) :101005.

CHEN H, FENG X, CHEN Y. Slip zone model for
interfacial failures of stiff film/soft substrate composite
system in flexible electronics [ J ]. Mechanics of
Materials, 2014(79) :35-44.

LUCCHINT R, CATTARINUZZI E, MARAGHECHI S,
et al. Delamination phenomena in aluminum/polyimide
deformable interconnects : In-situ micro-tensile
testing[ ] ]. Materials & Design, 2016, 89.121-128.
SRR A 2R RO IR AR G 7 1 B B S 1 24X
FOTREERMEL I ], B i 588 24 4], 2019,33(7) «
88-92.

CAL'Y F, FU X, LI F. Temperature compensations for
bridge deflection meter by using of digital image
method [ J ].
Measurement and Instrumentation, 2019, 33(7) :88-92.
NIU Y L, WANG J, SHAO S, et al. A comprehensive

solution for electronic packages’ reliability assessment

correlation Journal of Electronic

with digital image correlation ( DIC) method [ J].
Microelectronics Reliability, 2018(87) :81-88.
SREL,EEAE B OC, AF R T RS Y B B LEh
RrE AT R )] AR 3], 2015,36(12) -
2821-2827.

ZHANG K, DONG F, ZHAO J W, et al.
measurement of linear motor mover position using an
based
entropy[ J]. Chinese Journal of Scientific Instrument,

2015, 36(12) .2821-2827.

Precise

improved  digital image correlation image

[19] ZHANG X, WANG Y, YANG J, et al
Deformationanalysis of ferrite/pearlite banded structure
under uniaxial tension using digital image correlation[ J].
Optics and Lasers in Engineering, 2016(85) :24-28.

PAN B, XIE H M, HUA T, et al.

coefficient of thermal expansion of films using digital

Polymer Testing, 2009,

[20] Measurement of
image correlation method [ J ].
28(1):75-83.

SR KK, i A R B PRIGOAR S 7 0 X I
YR T]. AU, 2018,39(11) :258-264.
WU R, LIU Y, ZHOU J. Full-field deformation

measurement of wind turbine blades using digital image

[21]

correlation] J|. Chinese Journal of Scientific Instrument,
2018, 39(11) :258-264.
SUTTON M A, YAN J H, TIWARI V, et al. The effect

of out-of-plane motion on 2D and 3D digital image

[22]

Optics and Lasers in

correlation measurements [ J ].
Engineering, 2008, 46(10) ;746-757.

fEEE N

BRIk, 70 0I7E 2007 ££F1 2010 4 T Kt
REERZEPRAGT A A 22, A R
TR M KA R AR, 322585 1) A 2
IHAR B R RE AL 12
E-mail; chencheng@ tjcu. edu. cn

Chen Cheng received M. Se. and Ph. D.
both from Tianjin University in 2007 and 2010, respectively. He

is now an associate professor at Tianjin University of Commerce.
His main research interests include precision measurement
technology and intelligent sensors.

BRDEF, 2016 4 T K HERT R = 414
e SV VPN R PN S U R S
SRR 5 1) AR R R K RE A%
E-mail ; chsxtjcu@ 163. com

¢ B. Sec.

degree from Tianjin University of Commerce in 2016. Now, he is

Chen Shaoxuan received his

a M. Sc. candidate at Tianjin University of Commerce. His main
research interests include precision measurement technology and

intelligent sensors.



