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Introduction and Procedures

Motivation:

To obtain the basic data about the PID test
— Understanding Mechanism of PID

— Find knowledge for PID prevention

PID Test [1] : Water film method, 25 °C, 168 hours, Vgyg
Samples: PV module purchased from markets

Test modules

module type  cell type |module type  cell type
A mc-—Si E mc—Si
B mc-Si F sc=Si
9 mc—Si G mc-Si

[1] Koch S et al., “Polarization effects and tests for crystalline silicon cells”, 26th EUPVSEC (2011-9).

Results
[STEP 2] Check bypass diode health

Compare I-V curves, mask each cluster and no mask;

Module C: 6x 10 = 60cells

“cluster” separated by BPD

Natural recovery of PV characteristics in 4 months (“=" in figures )

V, drop is one thirds at masked, means BPD health is good.

Characteristic of B-mask is worse than others, which means
Front view of module degradation degree of cluster B is smaller than others.
mask area

-Box at back side

[STEP 2] Check bypass diode health
Module F: 6x 9 = 54cells

“cluster” separated by BPD Compare |-V curves, mask each cluster and no mask;

Natural recovery of PV characteristics in 4 months (“->” in figures )

V, drop is one thirds at masked, means BPD health is good.

Characteristic of A-mask is slightly better than others, means
degradation degree of cluster A s slightly larger than others

{773 J-Boxat back side

[STEP 4] Reverse potential application, EL images comparison

Reverse potential application to the most degraded PV module > Confirm recovery effect

Reverse potential test: Just changing the polarity of
applied voltage to PV modules, other conditions are
the same as PID test procedure.
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Conclusions

It was considered that:

*4 current affiliation is Chubu Electrical Safety Services Foundation.

Analysis Procedure:

Largely degraded modules - Ry, is decreased significantly.
- Analysis was conducted in the following procedures:

[STEP 1] Confirm degraded conditions

[STEP 2] Check bypass diode health

[STEP 3] Evaluate dark I-V for check of Ry,

[STEP 4] EL images comparison, Reverse potential application

[STEP 5] Chemical analysis for understanding degradation
factor

[STEP 3] Evaluate dark I-V for check of R,

Module C Remove BPD, compare dark I-V of each cluster and connected all;
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Connected all: Shunt characteristics are different each other. 803 has good shunt
properties in the second quadrant.

Each cluster: Cluster 8 in all modules shows good properties in the fourth quadrant.

- This is a result to support a result shown in [STEP 2]. Correspond to brighter area of
EL images indicated in [STEP 3]

[STEP 3] Evaluate dark |-V for check of Ry,

Module F Remove BPD, compare dark I-V of each cluster and connected all;
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[STEP 1] Confirm degraded conditions

‘The worst two module types (C and F) were analyzed in detail.
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Module C

[STEP 4] EL images comparison

€801

[STEP 4] EL images comparison

F801

€802

Natural recovery is faster in cluster B

€803

initial

after 8 months ‘ just after PID test

Module F

F802

F803
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Each cluster: Cluster C in F801 and F802 shows good properties.
> Correspond to brighter area of EL images indicated in [STEP 3]

[STEP 5] Chemical analysis for understanding degradation factor

Presence of Na fons in the vicinity of ARC [2]
- To confirm the relation between PID degree and the presence of Na ion
- SIMS analysis for different cell conditions of the same module type

(c) C801 (w/ reverse pot. test)

(b) 803 (/o reverse pot. test)

(a) C-blank (no exposure)

(a) blank cell from the module “C-blank” (no exposure to any test)

(b) cell from the module “C803” experienced only PID test and has dark EL image.

(c) cell from the module “C801” experienced reverse potential test after PID test and has some
recovery in EL image.

[2] Bauer J. et al., Phys. Status Solid RRL 6, No. 8, 331-333 (2012).

(1) PID degradation is a combination of reversible process and irreversible process because
the recovery of PV characteristics by the applied reverse potential was depending on the

module type.

(2) Degraded cells indicated higher Na concentration than no exposure one from SIMS

analysis; it was suggested that diffusion of Na is due to PID phenomenon.

Furthermore,

a possibility that Na collected by PID test was dispersed from the cell surface by reverse

potential application was shown.
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Cross-sectional view of the analysis site
SIMS analysis is made from the surface of cell. (D)

Na concentration on cell surfaces:
€803 = €801 = C-blank

Depbiun)

SIMS depth profile of Na
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