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AT INSTITIFTE O ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)

Masuda et al., 2014, EU-PVSEC
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Background

Proposed Current Transport Dissolution of Glass-Silver
Mechanisms in Silver Contact!) Boundary Layer by Acetic Acid?
2e-
Ag \\ Pb Ag
Cavity filled with e
e (CH,CO0),Pb “nm 2CH,CO0 |
Glass ” ‘ “ ‘” 20NN/ o ~\
s lass . :
n-type .. FE Tunneli g ﬁﬁ”ﬁ“
. . . 2 ‘Jmlk:‘s&tr - i ; hpme; ’I bulk-silver Q . | O
Field Emission (FE) aar TN | | - o
Ny > 10°0 emi &4
Thermionic Field Emission (TF E) 1) R. Hoemg et al., “Macroscopic and Microscopic
] 017 C'ﬂi'3 < N. < 1020 cnn- 3 Electrical Behavior of Screen Printed Silver
D

Contacts to Phosphorus-Doped Emuitters™ ,
presented at Sth Metallization Workshop, 2014.

Electron Tunneling
2) A. Kraft et al., “Investigation of Acetic Acid
thIOllgh glass layer Corrosion Impact on Printed Solar Cell Contacts”.

(directly or via nano-Ag colloids)  IEEE I Photovolt. 5 (3): 736-743, 2015.
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Objective

To Confirm the Formation of Gap underneath Finger
Electrodes, by the Evolution of AC Equivalent Circuit

Intact After Gap Formation
Glass Glass
PV Cell PV Cell L2
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Experimental Procedures
Exposure of Bare PV Cells to HAc (Acetic Acid) Vapor

Periodical Evaluation
at 65/75/80/85 °C
’ ] - .
Exp. to - - Visual Inspection
HAc Vapor PV Cells controlled at ca. 80% by - Flash / Dark IV Meas.
the saturated KCI Soin. - EL Imaging
. ) - Quasi-Rs Mapping
| { 3% Acetic Acid (HAc) - AC Impedance Meas.
Sat. KCl ag. Soln.
To Confirm the Corrosion by HAc
at 85 °C in Short-Term Experiment,
- >| by Quantitative Measurement
Control PV Cells Rel. humidity was

controlled at ca. 80% by -
the saturated KCl Soln. @ 65/75/80/85 °C

{Sat. KCl aqg. Soln.
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Flash IV Characteristics

IV Parameters IV Curves
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In Current (A)
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Fig. 2. Alternative equivalent circuit with multiple diodes, resistances in series with
each diode, and an outer shunt resistance.

Microelectronics Reliability 51 (2011) 2044—
2048

l-shunt: 0 h

I-shunt: 48 h

150707_10: Exposure to HAc Vapor at 85/80
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EL & Quasi-Rs Images

Exposure to HAc Vapor at 85°C/80% rh
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EPMA for the Ag-finger / Silicon Boundary ¥ CONTROL (85/80 48 h)
N9 ® . .

REI: Reflection Electron Image
SA937A COMP <B, 000 n

Secondary E-Image + Pb Secondary E-Ilmage + O
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REI: Reflection Electron Image

39372 COMF <8, 2008

g
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Secondary E-Ilmage + Pb
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HAc Vapor (85/80_48 h)
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AC Impedance Characteristics
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AC Impedance Characteristics

Exposure to HAc Vapor at 85°C/80% rh
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AC Impedance Characteristics
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AC Impedance & IV Parameters

1E-03

R (ohm)

= =
o o0

Normalized
o
=9

IV Parameters

=
o

=
o

1.E-05 & lﬁ—xx__ A—h

at 85 °C/80% rh

| Il
C3

—A——\

C2

1.E-04

1E-05 k£

at 75 °C/80% rh

AIST XX RBHE RREBES 2016

at 65 °C/80% rh
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4 Parameter Logistic Model

12 Ea[eV] mean

é Lo b: Shape Parameter Pmax @Phasel 0347
S e FF 0376
; ' Pmax @Phase Il 0.629 0.588
5 06 Isc 0.547
5 04 1.0
€ 02
(]
Z 0.0 | =
0 20 40 60 80 100 —
Exposure Time (h) g 2.0 + Pmax @Phase |
a—d = o g FF
y = p + d g [©]
1+(x/c) Bag |
1.2 = 2 [o]
30 E . Isc
E og | \ Pmax @Phasel A
3 240 | Pmax @Phase i .
@ 0.6 c
S04 [
§ Tl » . Pmax @Phasel|ll
202 | c N
- 5.0 ' ' ' '
0.0 1 | 1 | 1 | 1 |
0 0 40 € 80 100 2.7E-03 2.8E-03 2.9E-03 3.0E-03
Exposure Time (h) 1 / T [1/K]

EHRmEREEA B i i fa = I ZL P



. PV AIST XD AR ETE RRMESR 2016

Putative Degradation Process on c-Si PV Cells Exposed to HAc

Finger Electrode Emitter Ag Pillar

‘ ——  Phasel ——— ‘I:f} Phase Il
FF Decreasing Isc Decreasing

“Constellation” on PV Cell: Bright Spots are Only on Finger Electrodes
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DH Stress Test of PV Module
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DH Stress Test of PV Module
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