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Cell cracks of half cut cells and
failures in shingled modules
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 Laser cleaved silicon
show less defects
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: « Crack-free shingle:  * Crack-free shingle:
[ e G g9 onlylmmoverlapp 2 mm overlapp « Probably less cracks

22 0 b2 3, Ppossible reduction of the risk of crack
o Cell overlap [mm] by stress volume optimization
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« M6 PERC half cells+ 380 um cell interconnect wires
* Interruption of lamination at specified pressures and
temperatures followed by EL for crack detection

500 mbar, 145°C 900 mbar, 155°C 1000 mbar, 155°C
” T —————
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« Test reveals critical lamination conditions
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Probability crack free string [%]

Connector wire Connector wire Connector wire end
curvature length
700 mbar, 150°C 800 mbar, 155°C 800 mbar, 155°C
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bifacial shingle solar cell - rear side

.

detector: SE2

acc. voltage: 10 KVl o '
N. Klasen, et. al, Sol. Energy Mater. Sol. Cells 238, 111590 (2022).
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mode String interconnection failure
EL > String disconnection (ribbon failure)

image »No problem on the shingle structure
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Same as TC

Same as TC

300
XTC

Same as TC

Same as TC

»DML has slight impact (APmax < 1%)
»Accelerated FF | caused by TC

»The number of cycles has no impact on
post-TC aging

T uﬁcll U
500 200 DML 1000/1000
XTC XTC & 200 XTC
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New LETID
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No BO LID losses \/
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Possible Workaround

Damp Heat
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possible
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Most precise comparison

MQT19.3*
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Most precise comparison

« B-doped Cz-Si PERC cells/)\iE#H 5 En 45
— DH1000: BO LID destabilization
— TC200 28B&EmEA:BO LID
destabilization
« Z%FRBO LIDHWEZ : Measurement
— BO LID regeneration (CID85) Test
— &5|2LETID
« #58CID85 £ LETID recovery
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Reliability

Measurement




Rear PID for PERC+,
front PID for PERT & TOPCON
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/" Cell types Cells with junctions (all)

n-diffused
“emiter ~ Mechanism  Na+ #E5FE 2 cell - ABIENREIRET
Negative string ShuntingF&{&FF

p-type Cz wafer

PV Cuider | Na* h
PID type PID-shunting (PID-s)
Glass/encapsulatio Leakagicurrent SiN 9

n

Sensitivities &4t & 1R, shallow junctions

Mitigation SiO,/SiNx #2ZAR coating,
=T ETERSINK,
BRI E A EM
/DR BB RV ERTREE, UV irradiation

Rear Ag contact

stacking fault

Current A

V. Naumann, D. Lausch, A. Hahnel, J. Bauer, O.

Breitenstein, A. Graff, M. Werner, S. Swatek, S. ,
GroBer and J. Bagdahn, | Pingel and coworkers 2010 IE
E&3 Solar Energy Materials and Solar Cells, 2014, wPVSL B de

Vorage (V]
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Front glass I

_ SIO//SiN,

== = V=

Y 9
. . B-diffused
Negative strlng\ p* emitter
n-type Cz wafer
P-diffused
~ 4/ n*BSF
™ Si0/SiN,
Encapsulant
Rear glass
Front glass
Encapsulant
_ SiO,/SiN,
= ; \ B-diffused
Positive string p* emitter
n-type Cz wafer
n-PERT cell
P-diffused
N +/ n* BSF
™ SiOJSiN,
capsulant
l . l l——— leakage current j

Cell types

Mechanism

Sensitivities

Mitigation

PID-Polarization

PID type PID-polarization (PID-p)

PERT & TOPCON front; SunPower type n*/n
front IBC and PERT rear

FEGRERIEENTEE
5 FEFERE
PERT rearti/x )

ZmAamE (IBC front BAPERT reartiz ) ,
lightly doped emitter

#EIZAR coatingl M EE

B BRI ERTRRE, UV irradiation

- IR 5| p-emitterf9 /> &
BHHBESERX (IBCfront &2



EE PID-Penetration

Cell types Various

Mechanism  Na+EBEEREMNIY  FONTEEENEH
BEGRE L (8B ERISAjunctionfd s )
Sensitivities ~ Z#EREE, lightly doped emitters

Mitigation #IZAR coatingl M EE
|Na- BRI E RRIFTERM

Lea kag current a) Bright field image b) TED pattern
SiN

Glass/encapsulatio

1INy

n / Pt
— . y =
emitter SiN,
Si
p-type Cz wafer . ‘

! 250nm

| —

- TEM results: a) bright-field image on a typical area showing no extended defects on PID-d ded area; b) diffraction pattern showing
[ that Si is crystalline.

Rear Ag contact
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TN ekt Poene [Wowseeen
4+ 5 8 = CIN IR L PID type PID corrosion

Cell types Various

Mechanism ¥icell WERE : WHIEIHBKRE - E4ENH;
A hydrous silica
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Mitigation  #HFEAZ - BEFEBMERNERNTEMS
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Na-based domes which partly destroys

- P. Hacke et. al, Ohdairaet. al. EUPVSEC 2019 the surface SiN,. -1000 V to cell
. 2014IEEEPVSC 1 Sporleder et al Phys. Status Solidi RRL2019,13, 1900163
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Si,N

EE PID-Delamination

PID type PID-delamination

Cell types
Mechanism

Sensitivities

Mitigation

Various

S{RE - NaREEcel REEREaLENRE,
BRIEYRENELEERE

=&E, UV light
MRAZL  BERBENERANNEMEE

J. Li, Yu-C. Shen, P. Hacke, M. Kempe
Solar Energy Materials and Solar Cells 188

(2018)
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\. E# &M K AIPID-s fronts PERT cell®JPID-p front

Luo and coworkers |IEEE J. PHOTOVOLTAICS, 8(1), 2018

= HEPOE/glass:2 A5 & %PID-p

a 50 °C, 30% RH, and —1000 V with test configuration
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Degradation Modes of
HJT and TOPCon Cells
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Jordan et al.
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O Series resistance (Rq)

Subsequent studies [2, 3]
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12 th A9 il

—N

Non-radiative

- a-SiH =R recombination
S

O Diode one recombination current density (Jo;) A cawaosos:

Increased Jy;

Reduced FF

Silicon Heterojunction Degradation

90 Module |-V parameter
O 63BA02518 @ Pmax

+ 63BA03526 @ lIsc

O 63BA04062 @ Voc

X 63BA04069 @ FF

Normalized parameter (%)

]
w

Normalized parameter (%)

8o Olsc
A Voc
75
X FF
70
S P N & & @

Month

Fig. 4. Indoor I-V measurements on the LACSS for all 5 modules (a), and
outdoor I-V measurements on the system adjusted to a module temperature of
45° (b) and normalized by nameplate value. Uncertainty bars, only shown for
one data point, are indicated by dashed vertical lines and are offset for better
visibility.
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HOT CELLS in new PV modules




2R ER Y B A T B AR

T

PV Cuider -
1261 T T <
o S=0cm g
[ ] <
10 r ] .5
©
[ | Z
< 75F ] 8
= I 1 )
& | 3
£ [ Igbon S=7cm °

3 st 1 g st ]

[ 3 Frist order regression

[ z

25F 1 ® 2.5} 4
[ c
F o

O L 1 1 1 1 8 0 1 1 1 1 1
0 10 20 30 40 50 2 3 4 5 6 7 8
Voltage V' [V] Shading strip width S [cm]

=
=

“R. Witteck, et al, EUPVSEC 2021, 4AV.1.25
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R. Witteck, et al., EUPVSEC 2021, 4AV.1.25
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Single cell shaded

Temperature difference °C)
Estimatad reverse power (W)

20% 30% 5% 100%

60.0

N24°4633.47" o
Eiz1o2aa27 &3
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Partial shading of the cell
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Short circuit MPPT Imp
1 cell 2 cells 2 cells
20% shading 50% shading 25% shading

P.ovee= 68.87 W P.ovee= 52.67 W P.ovee= 64.99 W
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Perovskite and tandem degradation
challenges and mitigation strategies
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EE Degradation Modes for Perovskite PV
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Perovskite PV # I BU45 4
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« SMEREZEExtrinsic ( water, oxygen, mechanical stress, PID )

« ATEEZIntrinsic ( HIZE M, R{EMRAT, 0 fE, B 7812 )

- LB R ZEDevice specific ( EMRES, EEENIE, PRE )
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