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A Dark Past

 Sinton PCD Tester: The most common tool in
any photovoltaic research laboratory

* Used to measure carrier recombination
lifetimes

» Less recombination — Higher device
efficiencies

-Sinton

Instruments

R.A. Sinton, A. Cuevas, Appl. Phys. Lett. 69, 2510 (1996).
https://www.sintoninstruments.com/products/




A Dark Past

B. Hoex, et al. Applied Physics Letters 91 (2007).
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A Dark Past

B. Hoex, et al. Applied Physics Letters 91 (2007).
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A Bright Future
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A Bright Future
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Recombination in Silicon
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Recombination in Silicon

Intrinsic Recombination

Shockley-Read Hall
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Adjusting the Single-Diode Model
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Hamer, P, et al. "The intrinsic adjusted single-diode model: Solid State Physics meets
accurate yield simulation." Solar Energy Materials and Solar Cells 300 (2026): 114218. UNSW
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Calculating Intrinsic Recombination

Vadj ] V
_ adj
['=1Ipn — Irad(Vad]" W, ND) IAuger(Vad]» W, ND) — I [ethh —1 R
Vaaj =V + IRg Cell Volume (width) Bulk Doping
Hamer, P, et al. "The intrinsic adjusted single-diode model: Solid State Physics meets
accurate yield simulation." Solar Energy Materials and Solar Cells 300 (2026): 114218. UNSW
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Calculating Intrinsic Recombination

Vadj ] V. .
adj
I = Iph o Irad(Vadj» w, ND) o IAuger(Vadj» w, ND) — Iy [ethh — 1= Rey
, (qub) Kerr, M., and Cuevas, A. Journal of
np = Niefre "™ | Applied Physics 91.4 (2002): 2473-2480.
I Ryaq = BuownZoe®r (1 — o)
n; = 1.541x1015T71712 72T rad = DlowMN; o€ PR

Richter, A, et al. Phys Rev.
B—86.16 (2012): 165202.

Ap =V + JRg oxt

9exn = 1+ (Gexnmax — 1) (n + p\TAuger

Niewelt, T., et al. SOLMAT Black, L., and Macdonald, D.,
235 (2022): 111467. SOLMAT 234 (2022): 111428.
Black, L., et al. SOLMAT 295 qhweeny !
Ayce= Dyce1 XDyce2X (2026): 113985. 9.71)(10_32(1 + 2e kT !
Hamer, P, et al. "The intrinsic adjusted single-diode model: Solid State Physics meets

accurate yield simulation." Solar Energy Materials and Solar Cells 300 (2026): 114218. UNSW
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Cell Fitting — Quokka (Pyax
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Cell Fitting — Quokka (Pyax .
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Cell Fitting — Quokka (n-RMSE »
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Fitting to Real Cells

» Real Cells — Hard to know actual cell thickness and doping

« We can instead use them as fitting parameters
@U NDRIVE

» Bulk Doping has minimal impact
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Hamer, P, et al. "The intrinsic adjusted single-diode model: Solid State Physics meets
accurate yield simulation." Solar Energy Materials and Solar Cells 300 (2026): 114218.




Pilot Production Data
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Pilot Production Data
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Fitting Results
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Convert to Module - SunSolve (1)) LIGHTHOUSE
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Implications of the Model
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Summary and acknowledgement

 Silicon solar cells are rapidly approaching the -
intrinsic limit LONGI
« Explicitly accounting for intrinsic recombination

allows more accurate fitting of the entire IV curve

’jﬁ_

« This has implications for simulations of V5 and 4 Sl
Under mismatCh ConditionS u Australian Government
Australian Renewable
< Energy Agency
We want to hear about PV modelling challenges! ol
p.hamer@unsw.edu.au EEEE
This work was funded by the Australian Government through the AC Ap

Australian Renewable Energy Agency (ARENA). The views expressed
herein are not necessarily the views of the Australian Government, .
and the Australian Government does not accept responsibility for any Fv reS|g ht

information or advice contained herein.




