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Cutting-Induced Edge Recombination
®m Shingle solar cells: cut full host cells into sub cells

Conclusion

B Application of laser ablation of emitter windows
D, (E) dE PP

— Cut edges: increased recombination ratel!' Ry, ¢ = vth(ns Ds — leff) f

— Proof of concept for edge passivation behavior

B Reduce R, by: Ey

surf

— Lowering conductivity near the edge (emitter window)!? 3!
— Implementing a field barrier for ng or pg (field effect passivation, PET)! >]
— Reducing defect quantity Dj; at the edge (chemical passivation, PET) >!

Option 1
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As-cut wafer

o (E) B Improvement of passivated edge technology (PET)
— Effect on lifetime sample: +75 %
— Recovery of cutting losses increased by 24 %
- Up to 80 % recovery achieved
Option 2: Dielectrics
roaches Field Effect and Chemical Passivation
Option 2
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B Laser ablation process
— Symmetric lifetime samples S 600
— Ablation on front, rear or both sides <
— Evaluation after passivation >400
m Ablated regions 9 500
with increased lifetime o
— Laser process variation
reveals little effect (not shown here)
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Fig. 3: The photoluminescence of the life-
time sample shows the removed emitter.

B QSSPC measurement
— Different positions
— Applied constant 7,
B Lifetime in ablated regions
increased
— Differences due to
changed optics of 0
lasered surface
B Ablation removes emitter
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Fig. 4: The effective lifetime 7.4 is measured from both
sides for each field from Fig. 3.
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Emitter Windows on Shingle Cells

B Comparison of PERC shingle cells with and without emitter window

ApFF (Host — Shingle)with window = 17 %

— Advantage in pFF:

ApFF(Host — Shingle)without w1ndow

| Em|tter free regiol

m Challenges
— J. . loss 0.24 mA/cm?:
optics + less emitter area

Fig. 5: Two shmgle cells S|de by S|de with the emltter
— Alignment: metal + cutting g0 after cutting using thermal laser separation (TLS).
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Cell separation

PET: ALD + annealing

Passivated Edge Technology (PET)“!

® FZ-Si lifetime samples and
cut shingle cells

m Coating AlLO5: plasma
enhanced atomic layer
deposition (PE-ALD)!®]

® Annealing: batch oven

m Characterization
— T by QSSPC
— |-V by cell tester
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Fig. 6: FZ-Si wafer Fig. 7: Stacked shingle cells before
running the high throughput ALD reactor.

® Variation of ALD process 0 400

— PE-ALD layers require =i —— Deposited

anneal for high lifetimes = E — Annealed
m Reference process!¥: 0 \%2 0
T.e=2.1ms g =
B Adjusted process (same cycle time): &
0.0 —=— —-—
Tee = 3.8 Ms (+ 75 %) Reference Enhanced

Fig. 8: The effective lifetime 74 Is strongly
increased with an enhanced ALD process.

Effect of Improved ALD Process on Cells

m Cells cut by thermal laser uzi’ 1k T
separation (TLS) '45_3 . L»
Gain of PET improved by 24 % =~ <10 % ;
Relative improvement less S o5 iR | |

' Reference Enhanced

than on lifetime samples

. Fig. 9: The enhanced ALD process increases
PET achieves recovery of up to 80 % ° ’

the pFF recovery on cut silicon solar cells.
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