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Novel analytical looped package line structures for flexible electronics

LI Zhou-ping, WANG Long-fei
( Department of Numerical Control Engineering, Shanxi Institute of Technology, Xi’ an 710300, China)

Abstract: Aiming at the problem that the flexible electronic layer and structure can not be applied to the straight line product, a new flexible
electronics looped package linestructure was proposed which is composed of silicon and polymer, the plane applicationturns to the linear appli-
cation was achieved. The stress / strain of siliconmaterial was reduced by a polymer package, the linear equation of each region of the struc-
ture was established by using the classical mechanics theory, the analytical solution of the structure was solved by the principle of virtual work
and the boundary conditions. A finite element model was designed to obtain finite element solution according to simulation experiment analy-
sis. The analytical solution was compared with the finite element solution to verify the correctness of the theoretical model. The results indicate
that the values of strain in silicon region approach to zero and guarantee the active device area can work normally. The structure is less influ-
enced by external force and torque, and has a high structural stability and good performance.

Key words: flexible electronics; loopedpackage linestructures; stress/ strain

N %5, KHALEEL H R"”'fi1 VYAS RV HFSE 4007 T 2

0 51 7 THARE KL HIIR KT 11— 13 ] 5907 T 46 %

T T AR T B AR Sk & R, AT 1 T ER S PER AP L i 1 = R BRI R A SR A A 1A

Wl R 2R Bl AR b T Rl sLINZ T, KALLMAYER C 4 R il 1% 7 —
gl A ML SRR RS e TR D RIER R ISR L L (EKG) £5 5

CHIOLERIO A" 1 YIN Z P™ Bf5¢ T 2Pk i 7= i i MACDONALD W A, LOONEY M K 2536 T

Mt SR AT ED R AR AT M 45 N T Se bR ARG ) A o 11 P v A o] 0 28 R A ) DA R ] 3 o i

Y75 H#9:2017 - 10 - 09

EETE : Bevs E B Tl BOE B AR =B #L5H (Gly -30)

EE R (1962 — ), 5 BV 3G A i, AR, 2 NEEHLH (5 T 1 FE o E-mail : lzpgfxy @ sina. com
BEBREAN: TR S, B M+, E-mail:iculover@ 126. com



8 1

RS, A5 — PR R A T Il AL B LA I A 23 A - 787 -

FRFA I 114 B8] 348 o o5 452 4 M 6B ) G gk [n) T 5 JAIN
K, KLOSNER M 45" A 28 17— Foft 397 84 14 7 5 X0 2
ARG, Z RGBT H 0 e BE R AR R
Tk A IR AR T b ) Ak 2R 7 i A n) A
CHEN Ying'""' ,MCALPINE M C'™' HBF5% T 44 K #4
FEZMER T H AR K B AR H ;JONG Y H, CHANG
T H & R4 T — Rl vk BE 00 2 VRO Ak 7 vl 1
Pl E IR AR T TE A W R A AT R i N T 25 ) £ 4
RYUKRA4ER HIRTER A #HY5; TOK J B H, BAO
Zhe-nan 25200 24 27 Sk EVE T L AL RS AT H
T8 S5 7 A R i Y JL A B B 4518 ; ZARDETTO
V, BROWN T M %52 75 % 45l v i i ol 5 — 2 51
R A A o AT R D 2 PR R R AR
(HL S % FIA5IE) ;CHAN B D, HSIEH K H 252§ 11
T T A I R A ML AR R e B e R T
2R T AR T e /B L A A,
M AR AT AT HLAY S 1 F %5 s CHEN X, HUTCHINSON
T WEBESE K B AE— R B TR R e g
M B NF IR RS FE T fe /g s SCHR [ 24 - 26
T A S AR O A B 22 1k H - A Y N
AN WAE PRI A R

KIM S H, CHA H Y %7 Fil FH#E 32V B Rl i J M
VB — i SIS, DAl R A A A 9 AR T
B B2 SPWAE TR 0958 [ R00 JLF- 7T DL Z2 86 AN 15
LI Shuang, LIU Xiao-li 25" ffF5¥ F2BH . 8y ) A5 T 46 32
PR R G RREE2 2 v G 4l T A e o B
PR 1 3 BT AR, R DL 20 TE H Y N AR 15 5 AR TR
LEE Y, BAE S %510 A P25 - J | 85 5 ik 14 £ B0 0
JEE 38 2o 45 8 )2 1 I T ok 220, o FLA% 326 BT R 2
I ;HUANG Yong-an, YIN Zhou-ping %[30] T8 1T ALK
SIFTAIRGE T 3 FhAS [R] 22 14 o 455 20 L IC I 1 3k B8 A%
Ji7 ;SONG J, HUANG Y 2PV 5 7 — M AR Sk i A%
BT, AT BT R G BE E ORISR TRk AT 3 Kok
SR RE ST IS T — A Ty 2R AR S B R Y
Y)PEE ;SONG J™, KHANG D YU BFSE T e 7
2 AR AP N TFIE 3 Fid .

BT XL 28 10 21 L - 5 /) 22 02 J2 S A ), AR
SCR AR H — o R [ A B 4 S P T 54

1 5 A

Tk B S RE AR AL S PR RO F AR F T A
R AFERR A, AT S R A A4 ) A 0k R
A PRl AL S R RRI R AL R R

[0 ) B RS — e SRR RN IAL 1 iR

RaW

I « : +,4
"

K1 e 7 DB A5 =4 E K

AW 2 AR DX Sl 1B A o ()57, DL RAIE
TEZ FI SN ke e, SRS W R ORI B RE DX I8, A
. AR — RS2 A 6] 3T A2 6

Tk T A L A A A 2 ANIE] 2 s

w
z
L .,
12 RE 32
22 h
11 21 p, 31
REYW — —H REeD x
h,
h
e
fe— [ —>
L,

K2 b 7 DB A5 — 4

SRR LT BT R, AR IR S A 2 —
ASXIFREEHE , PR A S R 3 BT R RS |2 3R 03 A Y Y
JUA RS A 2hy = 20 pm,h = 40 pm,L, = 25 pum,
L, =50 wm,L = 75 wm.PDMS 555 b e
Eopys =2 MPa, vy = 0.48,

R AR 28 it g 2 ST 4% DX A DT A

0 <x <L

u=u, =60,(x)z,0 <z<h, ()
u, =60, (x)z +0,(x)(z-h),h <z<h

u
w = w,(x)

L <x <L,

U=y, =0,(x)z,0 <z<h, 2)
U= Uy =0y (x)z+60,(x)(z—-h),h, <z<h
w = w,(x)

L, <x <L

u=uy; =0;,(x)z,0 <z<h,

w=uy =05(x)z+60,(x)(z-h),h <z<h

(3)

w = w3<x)
AP sa— A [E] AR AR s — B ] AR AR s u—a 7 [0 30 B
w—z J7 iR 60— Jee A B s L—x I K g s h—z J5
[0 e B 5w, w, 0 BYER— T BR 1.2 .3—« J5 [a] 19 X 45,0



- 788 - Lo T o35 &
<x <Ll <x<lL,L, <x <Ljuw,@dE24 F L, <x <L
b 12—z I IXIE,0 < 2z < hy,hy <z < h, o, =04 =Eey = E05(x)z

AR R TR Sy, Fhn 1.2 3 BAME RS .
T A SR A5 ) 25 B4 ) 7 AR D B ) N AR
0 <x <[

ou
8:\: = ‘9x|| = Eﬂ = e,ll(x)z
0 <z < h,
ou qw ,
’y,‘rz :‘y,«czll :gll-l-aixl :0]1(.96) +wl(x)
ouy, , ,
& = &mn < E = 011(95)5 +0]2(x)(z _hl)
o / ’
Yar: = V2 = azlz +aixl =6, (x) +0,(x) +w' (x)
h, <z<h (4)
L <x <L,
ou
8;\1 = 8){2' = EZI = 0’2' (x)z
0 <z <h,
o qw ,
‘y,*(z = ‘sz2| = EZI +87x2 = 021(.%) +w2(x)
oty , ,
& T &m = E = 021(x)z +022(x)(z _hl)
Iy O / ’
’y,rz = Fy,tz22 = 822'2 +aixz = 621(96) +022(x) +w2(x>
h, <z<h (5)
L, <x <L,
o
8); = 8}31 = EM = 0’31(.%)2
O <z <h
ou ow ,
’sz = sz3l = ;31 +87; = 031(.76) +w3(x)
ol , ,
E T E&xn = E = 031(95)3 +032(x)(z _hl)
gy ow , ’
Ya: = V2 = 8;2 + 6963 = 0y (%) + 05 (x) +w'5(x)
h, <z <h (6)

Ko, — MRNAL 5y, — BIVIN AL
B MUY 7 3 AT LGRS B ) S A -1 7
i lF

Ll <x < Lz

o, =0y =Esgy = E60,(x): } 0<z<h
, 1

Te = Ten = Gy = G0, (%) +w',(x)]

o, =0y =Eey = E2[9’21<x>z + 0/22(95)(2 - hl)]}

Te = Tup = GyYm = G,[0,(x) +60,(x) +w'y(x) ]
h, <z<h (8)

},0 <z <h
e =T = Gy = 610, (x) +w'5(x) ]

L =0y = Eey = E2[0’3,(x)z + 0'32<x)(z - h])}}
Te = T = Gy = G,[05(x) +6,(x) +w'y(x)] ’
hy <z<h (9)
Ko, — BN T 57— BN )5 B, — B 5, Ak s PR A5
6 — PRSI E,— RE Wi 6, —
KRBV IR,

HR A5 K oy [ B, A LAAS 3]

L .h L
f J (0,8e, + 1.8y, )bdzdx = J q(x)dwbdx
0J-h 0

N

S

(10)

P 28, — A Y HE Bl 16] 778 5 &y, — S48 B HE 5T 1)

JVAZ 3 Sw— 45K 2 J5 0] AL 5 g (w) — S5 RIS 2%
o7 5 b— S TEJE

F2(4,7) ARAS10) FFEEA T3S, PTG .

- %M“(x)5911(x) + 0, ()86, (x)

L

J

_d%Mu(x)‘S@n(x) + Q1 ()80, (x) pdx

- L0, (08, (0) + 4y ()80, ()

+ [6011(95)]”11(7‘)151 + [6012(%)]‘412(90}8I

+ [Bw] (%) Q () Jél

— %MZI(X)(SOZI(x) + Qz1(x>3021(x>

I
+le _%Mzz(x)&%z(x) + Q5 (%)860,, (x) pda

- %021(90)8102(96) + ¢, (x) 6w, (x)

+ [5021(96)M21(x)}ﬁ + [5922(90)M22(x)}ﬁ
+ [6”)2(95)021(%)}%

_%M3l(x>5031(x) + Q5 (x)580, (x)
+JL2 _%M32(9€)8932(x) + Q3 (%) 8605, (x) pdx

= L0, (8w, () + 43 (1) ()
+ [6931(x)M31(x)]f2 + [8632(95)]”32(95)}52

+[5w3(x)031(x)Hz =0 (11)
A1) Ry R SCanh
M, (x) = jll2a'mzdz +fl20'mzdz
M,(x) = fh2a"r12(z—hl)dz
i (12)

y h
Qn(x) = fo 27,,dz + fh 27, pdz
1

h
le(x) = J'/ 27, pdz



8 1 RS, A5 — PR R A T Il AL B LA I A 23 A - 789 -

Iy b
M, (x) = JO 20 ,,2dz + L 20 y,z2dz
1

h
My, (x) = fh 20,5,(z = hy)dz

(13)
hy h
QZl(x) = f 27, dz +J' 27 o dz
0 hy
h
sz(x) = fh 27, dz
hy h
M, (x) = f 20 5,2dz +J 20 4,2dz
0 Iy
h
M, (x) = f 20,45, (z = h,)dz
" (14)

hy

h
Qu(x) = [ 270dz + [ 27,z
0 hy

h
Qs (x) = L 27,3 dz

KM, (x) — GEFAR X ISZ B 1150, (v) — S5HA
[] X 52 3 5580, () — RERERE AR (i) = 1,2,3)

4> Z8066,,,60,, 6w, ,80,, ,80,, ,6w, ,86;, ,60, ,6w,
FZE A LA BN o7 A

d
aMn(x) = Qn(x)

iMlz(x) = le(x) (15)

i@u(%) = q,(x)

d
@Mn(x) = @y (%)
iMzz(x) = sz(x) (16)

100 = 0

d
&Mu(x) = 031<x)
iMzz(x) = 032(96) (17)

%Qzl(%) = q;(x)
(4 ~9) F(12 ~ 14) fLAK (15 ~17) , 7]
DEEER
A" (x) +A,0",(x) — A6, (x) -
A0, (x) —Ajw' (x) =0
Ay 0" (%) + Apb",(x) - A0, (x) -
Ay (%) Ay’ (x) =0
Al (x) +AL0" (%) + Aw” () = q,(x)
(18)

B,0", (x) + B0, (x) — B30, (x) -

B0, (x) —Bw',(x) =0

B, 0", (x) + By0",(x) — B0, (x) -

B0, (x) - B,w',(x) =0

B30, (x) + B0, (x) + Byw",(x) = g,(x)

(19)

Cp 0" (x) + CL0",(x) — C360, (x) -
C.05(x) —Chw's(x) =0

Cy 0" (x) + Cpn0"5,(x) — Cy0; (x) -
C,05,(x) —C,w'i(x) =0

C 05, (x) +C L0 L (x) + Chw"s(x) = g;(x)

(20)
(18 ~ 20) MISCRFWFRAA AT
hy h
A, = J E,Zdz + | E,z°dz
0 hy
hy
Ay =4, = f} Eyz(z - hy)dz
hy h
Ap = [ Gz + | G,z (21)
0 Iy
h
A, = | Gydz
hy
h
Ay = lEz(Z _h1>2dz
y h
B, = J EZdz + | E,Zdz
0 hy
h
B, =B, = / Eyz(z = hy)dz
hy h
B, =f G dz + [ Gydz (22)
0 hy
h
B, =] G,z
hy
h
By, = ) E,(z _h1>zdz
iy
hy h
C, = f E,2dz + | E,z°dz
0 by
h
C, =G, = )Ezz(z - h,)dz
by h
C, =f Gdz + [ Gdz (23)
0 hy
h
C, = | G,dz

hy

h
Cp = | Ey(z- hl)zdz
h



- 790 - L H

H35 %

PN UR LS SESE X

N TAET R, R (18 ~ 20) H Y1
TrREHAT U ORI R A HUA (21 ~ 23) R
fit HOTREAR B A B R DT B ARAR A (4~ 6) L it m] LU
(RN Oh 22T ol I TR T

BOE R AT

x =0:6,(x) =0,0,(x) =0,0,(x) =0

x =L :60, =6,,0, =0,,w =w, M, =M,,
M, = M,,0, = 0
= 03,0, = 05,0, = w3, My = My,
My = My ,0, = 0y (24)
= L:M; = le My, = M}z’osl = 031 Qn = O32
Eqﬂ M, JT/I Q31,05 SEHEL
2,3) 7%, HigA (18 ~20)

.ﬁql'(x) (i =1,
H S RS Ao T Ak T DA B B A R A i

x = L,:0,

A
011(x> :—/le[alexp(/\lx) + a,exp(A,x) +a3}
11

+ o F sy + o
0,,(x) = ajexp(A,x) + aexp(A,x) + oy
A, A, )
w (x) = [22 _ il
1 (x) (A“ A, [Alexp(/\ x) +

- %O{Hf - %asxz — X + ;% + o (25)

eXp(/\zx) + o ]

B,
6, (x) =—B7[B16Xp(K1x) +,826XP<K2x> +B3}

+,84x2 +Bsx + Be
6,,(x) :B]exp<le) +B2€Xp(K2x) +B;

w,(%) = (i: Blz)[iexpwx) B o) +fo i

- 1B %&f—ﬁw+&x+& (26)

C
0y (v) = - 7clz[<o1e><p(mx) + @ exp(mx) + @3]
11

+ @7+ @sX + @
032(x> = @lexp(n1x> + gpzexp(nzx) + @3

wy(x) = (C12

¢
C 14)[ 1exp(’qlx) + exp(nzx) + @y ]
1

IR
3()04 2()05

o,y = [q(Aede —A)
o Ai ApA, _Aﬁz ’

Ky, =% 311(3711314 _34)
’ By BBy, B?z ,

— QX+ QX + @y (27)

M, == i(7(:13614 — C}) s
C13 CIICIZ - CIZ
Aij ,Bij,Cij ﬂuMiﬁ(zl ~ 23) EFI’T%EIJ,IEJHTJ‘,Q, ,Bi9

o (i = 1 ~8) AL (24) (5 A6 e P sk gt
(25 ~ 27) FRASK(4 ~ 9) B ATFEREILS R i1 9125

3 R

LTRSS B T nl S fu R A5 A4 N AR 73 Y
KU B S5 BROTs BAR B A 45 R AT X L

[ G ZE LR A A BRIE A  5 A BROTAS TR X e 7 2]
RS Z MNP 3 B (7 i R BROGR B 4 3]
FINAE N 28 , 2RI 2R PR B A B A B Y RS 2R ) o

400
16 —+— FEM results
300 X =loum ¢ theoretical results
200 +
100 +
B
S ool
3
< -100}|
-200
-300¢
-400 : : : : : : '
-40 =30 -20 -10 0 10 20 30 40
z/um
(a) x =16 umAb N AE 53 A7
400 &
_ —+— FEM results 3
300F  x=36um ¢ theoretical results 1
200
_ 1o}
E o
Z _100]
-200
=300 -
4
A
-40 =30 -20 -10 0 10 20 30 40
z/um
(b) x =36 umAb R AR /A 1]
500
&5
L —— d
400 x=40um FEM results &

9 theoretical results L

Axial strain

-40 -30 -20 -10 0 10 20 30 40
z/pm
(©) x =40 AR AR Sy A&



RS, A5 — PR R A T Il AL B LA I A 23 A - 791 -

400

N —— FEM results
300F  x=63um ¢ theoretical results

200

100+

Axial strain

—100
=200 +

-300} ¢

-40 -30 -20 -10 0 10 20 30 40
z/um

(d) x =63 pmAbR A A&
K3 PDMS ZRGA R B AL N AR 434

Kl 3(a) WoR:7Ex = 16 pum AOHRRIRIA 2 1 N
S AR — AR MU R A BT 46 181, i A PR e A% AU A5 31
as R — M R R T RIS R fE « = 16 pm
Ab#AREE R PDMS AW, SCA FROTHE R 45 5L 5 3 it
TR E R

EI3(b) SR :7Ex = 36 wm AbAg FROTHEIARYFIFH I
FRIASB L5 R IE L E - 20 < z <20 pum X, 54 5
R Sl PDMS 54 W60 2 , PDMS A1 RHAIAAS
0.48 ,Hz3K T 0.5, [N IHAEZ 5 , PDMS APEMA B 45
AN BERERT] RS, (R T S AR RE AR, e il 1)
P ASHEE T AHJETE 2 = =20 pm il z = 20 pm 247
FROCZE A — R Bk 3N, 3= T 74 BR oo 7Y
B A AEALRLRT PDMS 58-G-AH LR 42 fil 57 5 Ak P 44
BV BC R I B

K3 (c) Mg RS E3(b) BERAREET, &
(L B BRI, — ME B R RUJE 2 =36 pum,
T ME R RER AR x = 40 um,

B 3(d) B 7Ex = 63 pm A7 FROCAARIFI LS
RETUAR S B 25 S8, E 40 <z < =10 pm F110 < z <
40 pum XA PROTHE B 45 5L 5 R AR B 25 5747, B
TAEZRMZEERNAE - 10 <z < 10 pm XA R
JURLRIZE S S SR 25 e 45,

AT R 3 (8 43 HT A « ] DX SRt A DX, 7E
HPIIVEREF 32 B0 N AR fe /]S , BRI S5 R0 2%, 52 20
N7 R PRI AR R 25 S 5 BT R 25 R B2 RAT
AR RE ) R IE I T B AR A 1E i

4 LERE
ATFCEE ST, T 38 22 e o A (2 2 1 4%
AR 2 P B 3 2o ) A ) T TR 4 e

LR AL AR AT A , P8 A FROCAR A LA A5 21 T
BERE NS AT RT3 8 i LA, e T B AR

TUSEH R IERRPERN S R . 25800

(1) JET B 2 MR ST 1 e 7 M fu 2
LR Y PSR A T A 5

(2) R 7 AR L 4 b A BROCA R 45 2R 5
HNERORET A LU, GG, A FH R — Bk Fia s

(3) 4R T — R i) e vl 1~ 0 e 2 25 A 3
WREAY S MR 7 B AR I AR T
R JEL G, XRICEIT Y [ R R A5 4 AT T 2 1t s 1 25
Fa) BRI BILAE BE AR AE PR A 20 AT o

eIV ES EL IR T PIADE 32321 b PN (NS el
TR PERE AT R RE SR AL T — Ry 7 [ Al
WA, A S T HAR BT, by ~F T80 it O FH 2 1)
HEGT R, I B ROR B i T2 850 T
BT AT e

£ 2% 30k ( References) :

[1] NATHAN A,AHNOOD A, COLE MT, et al. Flexible elec-
tronics ; the next ubiquitous platform[ J]. Proceeding of the
IEEE, 2012,100(5) .1486-1517.

[2] SUNDM, LIU C, REN W C, et al. A review of carbon
nanotube-and graphene-based flexible thin-film transistors
[J]. Small, 2013,9(8) :1188-1205.

[3] CAIL, WANG C, Carbon. Nanotube flexible and stretch-
able electronics [ J |. Nanoscale Research Letters, 2015, 10
(1) :320.

[4] MCALPINE M C, FRIEDMAN R S, LIEBER C M. High-
performance nanowire electronics and photonics and
nanoscale patterning on flexible plastic substrates[ J]. Pro-
ceeding of the IEEE, 2005,93(7) :1357-1363.

[5] SUN Y, ROGERS J A. Inorganic semiconductors for flexible
electronics[ J]. Cheminform, 2007,19(15) :1897-1916.

[6] LIZ, WANG Y, XIAO J. Mechanics of curvilinear electron-
ics and optoelectronics [ J ]. Current Opintion in Solid
State and Materials Science, 2015,19(3) :171-189.

[7] CHIOLERIO A, MACCIONI G, MARTINO P, et al. Inkjet
printing and low power laser annealing of silver nanoparticle
traces for the realization of low resistivity lines for flexible e-
lectronics[ J ]. Microelectron Engineering, 2011,88(8) .
2481-2483.

[8] YINZP, HUANG Y A, BU N B, et al. Inkjet printing for
flexible electronics: materials, processes and equipments
[J]. Science Bulletin, 2010,55(30) :3383-3407.

[9] KHALEEL H R, AL-RIZZO H M, RUCKER D G, et al. A
compact polyimide-based UWB antenna for flexible electron-
ics[ J]. IEEE Antennas and wireless Propagation Let-
ters, 2012,11(11) :564-567.

[10] VYAS R, RIDA A, BHATTACHARYA S, et al. Liquid

crystal polymer (LCP) : the ultimate solution for low-cost

RF flexible electronics and antennas [ C]. Antennas and



<792 -

HL W

e H35 %

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

(19]

(20]

(21]

Propagation Society International Symposium, Henolulu:
IEEE, 2007.

PU J, YOMOGIDA Y, LIU K K, et al. Highly flexible MoS
(2) thin-film transistors with ion gel dielectrics[ J]. Nano
Letters. 2012,12(8) :40134017.

KIM B J, JANG H, LEE S K, et al. High-performance
flexible graphene field effect transistors with ion gel gate di-
electrics[ J]. Nano Letters, 2010,10(9) :3464-3466.
MAJEWSKI L A, GRELL M, OGIER S D, et al. A novel
gate insulator for flexible electronics[J]. Organic Elec-
tronics, 2003,4(1) :27-32.

LINZ T, KALLMAYER C, ASCHENBRENNER R, et al.
Fully integrated EKG shirt based on embroidered electrical in-
terconnections with conductive yarn and miniaturized flexible
electronics[ C]. International Workshop on Wearable and Im-
plantable Body Sensor Networks, Cambridge: IEEE, 2006.
MACDONALD W A, LOONEY M K, MACKERRON D, et
al. Latest advances in substrates for flexible electronics
[J]. Journal of the Society for Information Display,
2007,15(12) :1075-1083.

JAIN K, KLOSNER M, ZEMEL M, et al. Flexible elec-
tronics and displays: high-resolution, roll-to-roll, projec-
tion lithography and photoablation processing technologies
for high-throughput production [ J]. Proceedrgs of the
IEEE, 2005,93(8) :1500-1510.

CHEN Y, LU B, OU D, et al. Mechanics of flexible and
stretchable piezoelectrics for energy harvesting [ J ]. SCI
China ( Physics, Mechanics and Astronomy) , 2015,58
(9) :594-601.

MCALPINE M C, FRIEDMAN R S, JIN S, et al. High-per-
formance nanowire electronics and photonics on glass and
plastic substrates[ J]. Nano Letters, 2003,3 (11):1531-
1535.

JUNG Y H, CHANG T H, ZHANG H, et al. High-per-
formance green flexible electronics based on biodegradable
cellulose nanofibril paper[ J]. Nature Communications,
2015(6) :7170.

TOK J B H, BAO Z. Recent advances in flexible and
stretchable electronics, sensors and power sources [ J].
Science China Chemistry,2012,55(5) :718-725.
ZARDETTO V, BROWN T M, REALE A, et al. Substrates
for flexible electronics: a practical investigation on the elec-
trical, film flexibility, optical, temperature and solvent re-
sistance properties[ J]. Journal of Polymer Science Prt
B Polymer Physics, 2011,49(9) :638-648.

A5 AR

Ee & —FoE R BT B L 2

[24]

[34]

CHAN B D A, HSIEH K H, YANG S Y. Fabrication of or-
ganic flexible electrodes using transfer stamping process|J ].
Microelectron Engineering, 2009 ,86(4-6) :586-589.
CHEN X, HUTCHINSON JW. Herringbone buckling pat-
terns of compressed thin films on compliant substrates[ J .
Journal of Applied Mechanics, 2004 ,71(5) :597-603.
CHENG H, WU J, LI M, et al. An analytical model of
strain isolation for stretchable and flexible electronics[J].
Applied Physics Latters, 2011,98(6) :2-5.

MENG X, LI M, XING Y,et al. A piecewise linear model
for analyzing thin film/substrate structure in flexible elec-
tronics [ J]. Acta Mechanica Solida Sinica, 2014, 27
(4):420-428.

WANG K P, HUANG Y Y, CHANDRA A, et al. Interfacial
shear stress, peeling stress, and die cracking stress in trilayer
electronic assemblies| J]. IEEE Transactions Components
and Packaging Technologies, 2000,23(2) :309-316.

KIM S H, CHA H Y, MIESSE C M, et al. Air-breathing
miniature planar stack using the flexible printed circuit
board as a current collector [ J]. International Journal
Hydrogen Energy, 2009 ,34 (1) :459-466.

LI S, LIU X, LI R,et al. Shear deformation dominates in
the soft adhesive layers of the laminated structure of flexible
electronics [ J ]. International Journal of Solids and
Structures, 2016(110-111) :305-314.

LEE Y, BAE S, JANG H, et al. Supporting infro wafer-
scale synthesis and transfer of graphene films[J]. Nano
Letters, 2010,10(2) :490493.

HUANG Y, YIN Z, XIONG Y. Thermomechanical analysis
of thin films on temperature-dependent elastomeric sub-
strates in flexible heterogeneous electronics[ J]. Thin Sol-
id Films, 2010,518(6) :1698-1702.

SONG J, HUANG Y, XIAO J, et al. Mechanics of nonco-
planar mesh design for stretchable electronic circuits[ J ].
Journal of Applied Physics. 2009,105(12) :123516.
SONG J, JIANG H, CHOI W M, et al. An analytical study of
two-dimensional buckling of thin films on compliant substrates
[J]. Journal of Applied Physics, 2008,103(1) ;1-11.
KHANG D Y, JIANG H, HUANG Y, et al. A stretchable
form of single-crystal silicon for high-performance electron-
ics on rubber substrates[ J]. Science, 2006,311(5758) .
208-212.

M. RVE SR R R/ (IR AN KA B H 2R 1
LMEREWFFE[ D] . ALt E R HOR KA SRR
Bl e ,2017.

[4mig: JH B R

I IR A AT ] HLH T ,2018,35(8) : © - ©, Q.

LI Zhou-ping, WANG Long-fei. Novel analytical looped package line structures for flexible electronics[ J]. Journal of Mechanical & Electrical Engineering,

2018,35

(8):0-0,0.

CHLHL THE Y 247 - hitp : //www. meem. com. cn





