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Fig. 1 (a)Theoretical model of film/substrate system,(b) Schematic of the change in overall dimensions under tension

WEE LT 48 R /L RS 45 44 1) A o R e LA YA B B
(1) SR Bt B st o B 4 J8 T IR 3 51 A8 4 J T 6 1 v LSRN AR DU 98 58 v B A A8 AR R
L L, (1+ oL, L, 1+e¢
*P§*P§‘*NyﬂmWALﬂ@m*PWm@*&[u—wf 1}
K R ARG B s o HiZ A R B H FHR s v 2 & TR WIS s e & T8 IR K JE Ty i)
RS I e, == —ve,

(2) YAVERY B . s PERY B JE , 4k S X3 1F n 2% 0 A BB PR AR B I B . IR IR I B 4 SR RS R A VA
AR T B B o L B B T TS A AR RN AR L SIS (R 0 4 FELRHL R R, BT UG IR AE R e, AR V= SL, ¥ B Bt
HLBH AR PR IE R AR, W ARG B Ae, A
L, _ L~ Liy_ RP[4(1+IAEP) L,

AR = R— R, (D

PSPV Py

Amznvﬁg:p%— - U= RLA+25,7 =17 @)



L TR AN - B TN R R R R A 3 S R SR BE S 135

WA 2 Fros S B B 4 Ja 5 1R O 1) 7Y 24 0 1
N e= e, + A, HoHh e, Sy B i Bl JIE A4 400 4 7 2 0
A8 5 Ae, S VBVE Y Bk I A 1 AR B, B L BEE N R
=R, +AR,. o R, g BB YER B A9 W) LR FL R s AR,
IRV B S R BH ) AR A, 28 A bR AR 46 TT A5 46 S v
WL ) 728 b I 7 28 72 1 18 O R 0
AMR=R—R =R, +2MR,—R =R,(1+e—¢)?— R,

(3) K2 ArpRAR

(3) AR B « 15 58 PE B By, 26 4 3 7 77 76 401 18 Fig. 2 Schematic of coordinate transformation
R R AN 24 20 B T B S B S R R B AR B B . < T AN P AR B A AR I | JR) S A T T AR R
TRl /0N 5 T o e I J A8 A 7 T | A v I A i BEL AR A R

(4) WIRHY B - 2 Jm W™ 2 Ry ¥ AR T Jim o 5 4 3 A MR S i 7™ A TR L BE 3 28 ) 39 R L R BH
S B BTG R RS SR 5 1 O A BT A GIOCR S A R O I v A i BE S RS O B
(B Jm W B DU IR b ol TR B0 R EE A, R A & 5 B sg el

2 LGEENFAR

AR L 2 BRI G RS / S IS 25 A8 A B A A A T R R A A3 SO R e vk . S
JEANE o 26k 2 o 3k A2 1 A 7 AN 28, SR FH R i o o A O 2 R 1 T A S AR Ak
2.1 X

ARSI JTFH A AR A SR P 4 0 S I T2 L R e Y 125 e JEE ) R IR TV e v AL AR 3L RS L B A
22 TR R IR M TE RS FE R TR PR U TR . ORI VR T 09 BRI HEAT TR b B L 0 B B AN 0 S
Mo SIS JEJefliH Ar B FAE 320W B9 DR T BUIE ST Smin. 125 2006 515 Ve 3L R w9 1EH . RS 7
R IR — )2 500nm JE Y 4 S H I . B IR, AT O 5 X107 Pa, MR ST DR R 120W, IR S R AK
A Ar, AR 0. 5Pa. I H 28 13, 3nm/min, J 5F BF 7] 24 38min.,

T i ; ‘IWJ' = W i

AR (m£2) + AR, (m€2)

—_—
Ag, (%)
0 €p £(%)

i )

2
ol 1y
!

o
e

20

Ee I eoF Y
- 38 - sefrk e
&3 I/ BREn BRI R mm) B4 s s A
Fig. 3 Schematic of film/substrate system Fig. 4 Specimen installation

(all dimensions in mm)

WPFSME RS A& 3 fros [ EVF PSS e s P iy EVF P E . Bl0F A st s ml
oI 8 AT LAk G 1 Sy e rh . P A SCHRE SR BT A PSR T e — T 51 A A AR A I o R
SR 3 B A AR T L G TR AR TR X E AR A L 8 R 5 R RS R i R A i R 2D i
PEAE B B A 22 28 5 A o I B R . AN TR 4 Jrom PR 22 e Sl 70 A e FL B RGBRET 47 L IO e
B g B 7 A B2 A B R il i B A EAR O ©2 B A AL L E A RS I A R
AR (22 3 7 T TR v oA T R R [T 5 A e B B AR S B I LT L R ET 4T R TR R B E L B e B
HRE AL o XA B R e B A A S T 0 ) S AR AT 3 v e B B A N A A i
() AR B R b r BE A4 28 A AR o i S S 2% L BELOT B A 52 i o S92 6 i e v ofg D2 fin 28k B A T&T 5 FT 7R



136 O N (2014 4F) 55 29 %

FEAE Tolk %2 B 55 COLYMPUS DP10 #1,2000 X)), JH LAWE £ 2 35 0 A9 % 35 S H AR 4k
2.2 MEFE

SR P VLB S v A5 AR T 2R 7 1 6 HO2 2l 2 I AR ASC I F 4 Jag v R 1Y ri BEL AR b . sl A AR %
e B B L Lab Jack U12 2 Dy g 5006 R A 12 1 45 2 B R AR i BH AR AU A5 B . s i &l 6 fF
s I R 4 TR A R N AR Bl ELF A B A R L 53 AR IR 7 A E R B RT 1 AN HL
P& — A4 W R B L O A6 A N R BEL B IR I SC , E  FR BELRT R 7 3 T A R R S B T
HLBH Ry b FREE 1 4 A e BE AT 56 FH ok (5L 18 48 4 T 9 58 9 7 S I 0 BELAE . 214 00 o 5 o 5 BEL {1 344
st o BICKe 8 2k 2l 25 1 A8 A R B AR UK X 4 A4S A BEL O 56 A LI il SIS AR DL AR SR AT AN S &
RSB BAE L TE S0 2 AR FE X AR I D b S 0 v ek 2 Y [ LM SR B S A SRR B T A B 5
W ST RO . B AN AR A AR R 2000 e, I HE T 1L BORS JBE AT 3K 0. 2pe,
2.3 MFLHEE

XoF iR B / 5 TP 23 P it Jon i 1 P of 28 A L SRy T BRIE R B A 3 v I UL R A XIS 4 R A R RS L SR
HhR FH DA N e L WL 5 BT L 1 A B S R AT 90mm, S /ML AS R 0. 5 e, (8L S RS
0. 1pm, JEIRES 4 BER T 0. IN, Bl e eI B bl i 0 dE L 3 3l 2 A A e B
) 25 S5 A B AR A, RAIE T 2 U 3 D9 A 5% DXl & AR AR A

LIGTE R IR (21°C) N TR 3k 3. B 5s gl — . A8 gt (14 18 A8 3 93, 75pue/s,
FA AL = 0. 5pm WIALES . BN A, B E 2 1w e A BSE S BE Jy I A  B ., AR A gt
FErp R R AR Y L 5 4 T VR F BEL Y AR b, 38 e DA o 2 2 R gl S g AR S A3 S D A A Y A
175 JE R 45 T8 7 JEE ) b JOEL 72 P 175 50, o DAL T 5 380 9860 I b L I 17 A8 73 Ak F il %

¥ B JL

5 ALk

Fig.5 In situ tensile test device
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Fig. 6 Schematic of full-bridge circuit
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Fig. 7 Micrographs
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Experimental Investigation on Determining the Bifurcation of
Micro-Nano Scale Metallic Thin Film Subjected to Tensile Loading

ZHANG Guan-hua, WANG Shi-bin, LI Lin-an, WANG Zhi-yong, JIA Hai-kun, HE Wei

(Department of Mechanical Engineering Mechanics, Tianjin University, Tianjin 300072, China)

Abstract: In order to determine the bifurcation of micro-nano scale metallic thin film subjected to
uniaxial tensile loading, using magnetron sputtering technology, copper film with 500nm thickness
was deposited on a PI(polyimide) substrate to manufacture stretching specimens with film/substrate
structure. Under uniaxial tensile loading, the relation between film resistance and film strain can be
obtained through measuring the resistance variation of copper film during tensile loading.
Experimental data were compared with theoretical result. Thus, it is determined that the separation
point between theoretical curve and experimental curve on plastic stage is exactly the bifurcation point
of copper film. Based on above argument, the bifurcation behavior of copper thin film subjected to
uniaxial tensile loading was studied. Results show that the bifurcation of micro-nano scale copper film
deposited on PI substrate and subjected to uniaxial tensile loading occures soon after elastic
deformation stage, which causes film damage and shorter plastic deformation stage and localized
stage. There is very small increasing rate of resistance on elastic stage and slightly larger increasing
rate of resistance on plastic stage; when micro crack occures on film surface, resistance increasing rate
rapidly increases.

Keywords: micro-nano thin film; bifurcation; resistance; electrical resistance measurement method



