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Influence of Heating Profiles on Crack Inspection in
Polysilicon Photovoltaic Cells Using Electronic Speckle
Pattern Interferometry

Student: Sau-Yuan Li Advisor: Dr. Ching-Chung Yin

Department of Mechanical Engineering
National Chiao Tung University

Abstract

The 6-inch polysilicon wafers for use of photovoltaic (PV) cells are
thin enough, and possess both flexibility and brittleness. The latent defects
which could not be found in PV cells by the unaided eye in the production
line usually result in efficiency reduction and damage of solar panel. It
remains an important issue to eliminate defective products before module
process or end applications. Solar cell is a-laminate structure mainly
composed of silicon and porous aluminum. Thermal mismatch usually
causes a bow of the cell exerted by temperature variation. This study
numerically explores eight types of heat flux patterns and their influences
on transient thermal deformation of the PV cell by the finite element
method (FEM). The out-of-plane thermal deformation measurements were
carried out by electronic speckle pattern interferometry (ESPI) with the
suitable heat flux patterns that can induce clear fringes for identification of
crack. Both the contour of out-of-plane displacement calculated by FEM
and speckle fringe patterns detected by ESPI reveal the obvious changes
near cracks due to heating profile gradually decreasing from periphery
inwards. However, the crack initiated at one-quarter periphery off the

center of edge can be only detected by use of unsymmetrical and long



stripe-like heating profiles. Speckle patterns for surface cracks at the edge
of cells appear with chevron-shaped fringes. Broken fringes are found for
the through-cracks. The outcome of this study can be implemented as a
real-time, whole field, nondestructive testing system for detection of

surface cracks and through cracks in PV cells in the production line.

Keywords: Crack detection, electronic speckle pattern interferometry,

polysilicon photovoltaic cells, thermal deformation
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kB g kenT W BV e BB HERIE 23

B 2.1 14y i cho b B R| kS RETT A K- Bhehde k2 ST k2

THRRAEAT S
E,=ae% (2.1)
E =ae" (2.2)



B L&A

I, =|E +E,|° = a2 +a? +2a,a, cos(4, — 4,)

=a; +a; +2a,a, cos(¢) (2.3)

B(2-3)7 > p=¢—¢ o F FRIFMLIIH S ARG Pa gL Pk
Wiz F - TR EAG > TH IR LH G

E. = qg,e(fo+i) (2.4)
Flf L fp e g A AP ALS 0 FH LR R ES ],

|, =a’ +a’ +2a,a.cos(¢+J) (2.5)
4 (2-3)% (2-5) v @i Fs=2nm Rl =1, » B HRT 0 A%
6> CCD A = #dpT 2 kg B g A= fehs ES=2n+D) 7z ¥ > P %
%ﬁéﬁiﬁ%ﬁﬁﬁgﬂﬂﬁo%w&wkﬁ%%ﬁﬁkﬁ’%ﬁ
PRI ER > AR VR R R gt > A (2-5)50 ¢

5=(k,—k))-d, (2.6)

v

d, s & “F B o @ kfrk, 5 » kDR B2 e g 0 LTS

Ky :27”(sin 61 —cos k) (2.7)

K, :%(sin 61 +c0s0) (2.8)

#(2T)F £ B K~ (26)7 ¢ T I RUAL ok TS

4rdz
A

g mtskakip B ApR > ¥ L E D

5=(k,—k)-d, = (2.9)

sub
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lswo =12 =11
=28,3,[cos(¢) —cos(¢ + )]
=4a,a, sin[ (4 +5/2) Jsin(5/2) (2.10)
2(2-10)7° ¢ > daa K- B §EERP TR R OV EIF > AP

L% aiEY o sin(6/2)hE g 1D 12 o f BaRiA T
i g xS A E R EE R EL > sin(S/2) 1 F E_MAE e v 5E

AP MR e 3 km T ik o @ sin[( ¢+5/2]E R

iy ApIE 0 5 ket (speckle noise) o 4r % t,ﬁ BARRE > 2
B B2 F RS L LB AR B 2§ TS A K

B gﬁi?}” ’m/,\}a /*Fl'+ir°d(210)’\"\’ ¥

S
TR T R g BB AR A H S

o=2nx n=0,1,2::- B B (2.11)
5=(2”2+1)n n=042- 4@ (212)
d (2-9)5% &2 (2-11)5% » 7 11 17 7]
Ard, _ong
BB RES o T
d =% (2.13)

AP0t d (2-13)F F o AviE o T kmE e Gtk SRR TR B R ek

o A R A2 e
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22 XA T A B

o s Bt T AR RS O R AT M B Tl i ok
A g g2 LR REE S F gl o S8
fhd B FLOITHEEIEG > L FEMS - et LA o
é@ﬁvﬁﬁﬁmf$°iipiﬁﬁ#@ﬂéﬁﬁéﬁﬁ%ﬁéﬁ
RS LBEFEFINAL DR BRBEFEF B R T A LHL PP

d 3R DR RIE Gl o EREARNIF L G B W

4
R b oo X8

R B T ARRnR o FRd R DA LR AR SR
GRIL S I F HIER > A B EFR S A RS e et

IR s K PN

B S B R4 T R B R (temperature gradient )pF > #uit € d A%
BECERB IR ORI FRECHTE 0 0 & H g oo ik

% (‘heat transfer rate)£2 ;= 38 & #- & ( normal temperature gradient) = &
A
oT
=—k A— 2.23
q=-kA— (2.23)

S AR (2-23) A 5 A ik = L =(Fourier law): > 4254 ¢ q A # @
fig % OT/OX 24 ym = w auE B H A 0 Kk % 4 ed i@ % % #5c( thermal
conductivity) » X3 P 4c} B R LAES BN vE S Ad 3R D
3 MR s AeB 2.2 P o

YRABANTAEAEETR > U ERLIXPEIEN TR R
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% Bl 2397 0 TR T AN BTG
B x5 £, =—KA—
A% N oA 4 ehi £ = gAdX

I R =pcAa—de
ot

or

@M LG i B =00 = —KA—], .0

OX

A ka—T+§[ka—T]dx
OX OX\  OX

L. G=4 ¥ =804 “rAdigs X (W /md)
c = #(J1Kg - °C)
p="%%k(kg/m?)

Herr b N3 B E T A D] - RS es

—kAa—T + gAdx = pcAa—de— A ka—T +§(ka—Tde
OX ot

oX OX\' oOX
kT g e
X\ ox orr
heZ B g B T B 24T BTN

O +0,+0 #/0 (70, FHx +);:|GH,+E
(2-30);% ¥ ehgk £ 5

g, = —kdydz -
OX
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(2.27)

(2.28)
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or o, oT
=—| k—+—| k— |dx |dydz
s [ OX 5X( 8x) }y

g, = —kdxdz or

or of,oT
Oysay :{ngra(ngdy}dxdz

q, = —kdxdya—T
Z

or o, oT
=—|k—+—| k— |dz |dxd
v { oz 82( axJ } y

Ogen = Gdxdydz

—= pCdXdded—T
dr
PR

A o B B T

E(kﬂ)+ﬁ KON +§(kﬁj+q:pc@ (2.31)
ox\_ ox ) oy\ oy ) oz\ oz ot
ho# B alick S OF P > T R(2-32)% e B 4
T &°T 0T q 10T
2t 2t et T
ox- oy oz

—= 2.32
k aor ( )

(2-32);% ¥ o & R 20 AP AT S (thermal diffusivity) » o sniEd% < 5 B

SRR ERRE S SR ES TSR

2.4 = FBae W B SL 1T

#u 12 5y Thermal resistance) * % — $= f8 ek £ nid Eerae 2 0 o &
ERBEINQD)THE D S 20
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_x
Ak

(2.33)
Fsbe S RE G angiede B -5 KIW o x 2 #05 (heat flow) 7
s E R CHEELI M ARSI EEORHF ] Hi
ST (m’) kAR AR bRl B =5 (W/(Km) -
YeB AT 0 S H AR ¥ BT ARG - 4 # T 17 (Composite plate) > P A
BR 7w DRI L8 PR R L aER R PR R 4 e
Rp mepts » 2% 233582 £ 2123 #7512 fdc BT @I H I
206.217x10°(KIW) © @ G x B T4 & P > 5 B FR] 8 #
AL A e T B AR R R e 2 % 38233 2 £ 21-23 #7502 Sodw
Fl# s 18.18(K/IW) = d 07+ B &7 Mg 5 1 5 &R & o gL ft
am%@wﬁmﬁw’4%%ﬁ%m&5§%@@@m@%waﬁw
S bW R AR RAR B B A R f
L3 A RN s G O RBEAERE S e B B m A HBa
TR TR F R B ER R SR G oo g IR
Fofe o FPLAPT S AR R R b A T R B ek o

|

25 A w P 3

b S E A TR A E ARG N Rt A ko g

R F bR A TR MG B R BT TR
FEE S A T B BRE &R TS A
AERALTIRAPEHNLPIFNDTHS T UL ERT > 2ol

A Pz 2 &g 4 ¥(surface crack)r 7 5 4 &( through crack) » 35.p?

\
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AT ch R R R I R g R i endd o T
#ﬁﬁ*ﬂﬁﬁﬂi%ﬁ\%“U£ﬁ?ﬁn§$wpvmAMWS? = i
R ST, FEROH I AT R R4 8 § Huy

FHE2 P RP IR RS AT AR A G T BT A A 7

ARG G R F E RO ANSYS ITHCER A 170 FIR £ B B
FU T O RPTEFRGEL O BRZEARAR I AR E G i
B PEpHEREM N SH R A EAE TR oz 220 5248
£ ( 3-D 20-node coupled-field ) = % (element) SOLI1226 #7i% = > %”gzi 3
k8 ¢ K 2 KEYOPT & > # ¥ ~ % 3 #-F(structural-thermal)+g & 2 #*
o o 4B 25 7 > & B EBEY 3 Xo XY 2= P e pd F;.’“,ft“if’* ’
RIOREADAd R TRERDBELER D AAFL Y
TRl AS T AFEE S 5 PR 5 B AR A

S/ LR U

S5 e et b (S TR S BR  BORE B e s
VB Gl A )drk 21 3 2397502 2 6 et B E SRR
oA 0 * 5 156x156mm o oA ¢ o5 170um B g 4 ko R R
e T FE R IR A bR BR 30m endE R K
E12um 5 a6 T HRE F e T fk(bushar) > @ B R iE R cduR A

R

=
[and

WA R K BRI & 2Ol Y o 2 2 d]en 2 5 A 2 o Bin
ill] ’ _]‘;T_ ,{i.: a a’ﬁi )-%‘51‘3\' P ,a\_m;fw—m ’ ’fﬁiﬂ']—lir']% 2.6 EroR o0 oM
= Hae w2 8 % ff (cross-sectional area) + & B4 2.7 #7171 o d 3t 5 f,

PR Ee . HREAEES 5 0 TR ARG 5 5 BRI K
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RELEDER e HERREFFRADAIRE T AEL L LG H
Z 44 (through crack) » % & 2] e & 5 4 W4~
W F R E T G oo HEIFRR R FERS A o B iRk

W 4ER B 22 4 Al R L XA i

e

& (surface crack)¥ 7

LB A R Al - BLA BN 7 e ind B EEE @ AN B AE
Fut e - BREAT A BAROEL AR T AR S LG
ﬂ%ﬁw’iﬂ&ﬁ*??ﬂﬁﬁﬁaﬂﬁ’Eﬁ??ﬁ%%%ﬁ?
BB R BRI 5 LP AR Y 0 26228 Bk o B AL

Bowi* 7 4Bad o

2.6 #A)z. Hle > NE g R

SRR EMA L RPISER TR RSP o RSN T
PR IuERY > RATRZ SR AR LD H S L E - B
X B REOREA] 0 X BRADE T BT ag A2 k| E B
( rigid body motion)s 3R % > i € :E ANSYS f KjziEz? 7 3 <
A E o RALH a2 R R S B > FRE S IR Error 0

WA T AT R RN A B A RIER > L R D

BB S 0 s A AR A B Y Y s BUX=0 + Y=0 ~ Z=0)
T sl R, =U, =U,=0"> & TR+ FALH> &
RS R KRR T € A2 MRERBE A D A
SOEAIE A AT g g o

B HCRLER RiE Ak B RS S B T L R SR
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P AT EREA SRR S20°C 0 5 BERER DY TR P
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