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@ Platforms

PixEL = EL, PL: Steady-state imaging
« TRPL Imaging, t>=5us
PulseQE = High speed Quantum Efficiency scanner

IRIS = Hotspot imaging, LWIR Camera

- Semi-custom systems
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J e UT:T16: 12ns, 105ns

] = TS:T16: 14ns, 110ns

Kyle Lu, Tyler Brau, Abasi Abudulimu, Jared Friedl,
Mike Heben, Randy Ellingson, Adam Phillips, Greg
Horner

Goal: Low cost TRPL system using TCSPC
Highlight: Ease of use, automation, MES hooks
Target: CdTe and Perovskites with Tt > 1ns
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First Step
Correlate to established TRPL system at UT
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TRPL: Perovskite Correlation Data
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Time-Resolved Photoluminescence
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TRPL: Perovskite Correlation Data R —
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U Toledo: 11 (ns)

TRPL Correlation Plot

T1 Correlation Plot
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T2 Correlation Plot
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TRPL: CdTe Correlation Data

Time-Resolved Photoluminescence
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@ TRPL: CdTe Correlation Data

TRPL Correlation Plot
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What is making the correlation difficult?
Spatial non-uniformity?
150um beamsize sampling different regions?
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TRPL, Next Steps

Understand & Improve CdTe TRPL correlation w/ U Toledc

Add automation:
Spotsize & injection ratio autocal (Z-stage)
XY stage for mapping spatial non-uniformities
Improved curve fitting algo’s

Improved time resolution 3ns =500ps
Add EL/PL Imaging:

Navigate TRPL beam wrt live PL image
Coupon contactor for EL

- Beta Machine Q2 2023




%‘ Arizona State
University

From 2022 Chicago CdTe Workshop

Parsing Voltage Losses in CdSeTe Solar Cells:
Drafting a Pathway to Reach V__=1V

Arthur Onno,'™ Carey Reich,?2 Adam Danielson,? Alexandra Bothwell,3 Siming Li,3 Mason Mahaffey,’
William Weigand,! Walajabad Sampath,? Darius Kuciauskas,® and Zachary C. Holman'

1Arizona State University
3Colorado State University
3National Renewable Energy Laboratory

Holman
Research
*arthur.onno@asu.edu Group
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@ External Radiative Efficiency Sl A5l |

Absorptance measurement ERE measurement J-V curve tracing
(EQE, PDS, PL, or optical model) (quantitative PL) (electrical measurement)

kg T

‘detailed balance’ iVoe = Voc,ideal — q [In (ERE)| Soc=Voc/ iVoc
Voc, ideal IV, V,.
Depends on bandgap and shape Depends on V, ;;..,and .
of band edge (band tails...) non-radiative recombination in Depends on /V;. and

the bulk and at interfaces selectivity of both contacts

N 4

Non-radiative recombination Contact selectivity




Vol 7, 2022 ARTICLES

https://doi.org/10.1038/541560-022-00985-z

{ ‘.) Check for updates ‘

Cu doped As doped

Understanding what a K |
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@ External Radiative Efficiency (ERE) e S

Photodetector

Currently negotiating
commercial agreement w/ ASU

Sliding filter
mount

'ﬂ’ ) . .
Arthur Onno, Zach Holman, ,

Mason Mahaffey et al

Achromatic
doublet 2

Achromatic
doublet 1

Arbitrary function
generator

Sample
Lock-in amplifier

Temperature-controlled
XYZ sample stage

System-control
computer




Measure ERE vs. lllumination: reconstruct the “internal” J-V curve of
the absorber
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@ Next Steps for ERE e S

ASU- Stay tuned for 2023 publications:
Doping
Lifetime

Tau Science- Develop into commercial system
Beta system in Q2’23
ERE + Doping + Lifetime
Implied |-V analysis
Conventional I-V sweep
Automation!!
XY stage, autocal, sample holders, MUX...
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Demonstration of combined measurement of ERE and lifetime on
CdSeTe absorbers

1-5 LI I I T T 1111 I I T TT1TT1 I 10 I I T TTTTI I I T TTTTI I I T T TTT1

i il 8 L _|

~ 1.0 — i 1
> I ] TD:\_ 0 5 Tesseces %0ee -
LL] ~ n LY _
d B - e B ’0.. i
LLl B _ 4 |
0.5 — i i

i il 2 L _|

0.0 _IIIII| | | IIIIII| | | IIIIII| I_ O B | IIIIIII| | | IIIIII| | IIIIIII_

0.01 0.1 1 1E13 1E14 1E15 1E16

Suns AN (1015 cm'3)

Measurements performed doiman %l
simultaneously Group




Demonstration of doping measurement on CdSeTe absorbers
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Comments, Questions, Collaborations are welcome!

Greg Horner
Ghorner@tauscience.com

Holman
Research
Group
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@ Steady-State Microwave Photoconductance ~ QE*u*t  EELNH=SEES
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@ P-i1-N architecture, different fabrication humidity
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