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Semprius’ Approach to Flash Testing

Steven Seel & Brent Fisher
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Semprius Design Advantages

World’s Highest Efficiency High Efficiency, Low-Cost Microcells
« 35.6% efficiency « 600 x 600 microns

* Near-term path to 42% « >41% triple junction cells
« Substrate reuse cuts cost in half
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\\ — Zero Cost Thermal

— Management
High-Performance, Low-Cost Optics / o
« 1,100 - 1600X concentration
- Wide angle of acceptance \ Standard Manufacturing
« Uniform energy flux on cell Processes

High Efficiency — Low Cost — High Reliability
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Overview of Semprius CPV Approach
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100% Quality Control Testing

Solar cells
* Printed solar cell within 10um of nominal position
« NIR inspection for voids in cell attach
« Automated visual inspection for defects

Solar cell on interposer
« Dark & Light IV
« Electroluminescence image inspection for defects
« Thermal transient testing to evaluate die attach

Backplane
« Dark-1IV testing (shunt & series resistance)
« Reverse bias for by-pass diode check

Module
« Electroluminescence image inspection for defects
« Leak test of seal integrity (pressure decay)
« Hipot (3600V for 1sec) & wet hipot on sampling basis

 Flash test

© 2015 Semprius 4
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Semprius Flash Test System

* ABB rating (ASTM E927-05) for
spectral match, spatial uniformity,
and temporal stability

e Xenon flash bulb capable of nearly
1000 W/m? in test plane (Si detector)

e Collimation better than 0.4 degrees

e Custom spectral filter to match
AM1.5D spectrum

e 3isotype cells, silicon reference cell,
and triple-junction mini-module

Flash Reflect lluminate Measure Label
' = —— | E T

BEMPRIUE
i i Fiareloe . DD WO 0000

B N o Tt bl o

Bl P’ e ] 1w e e e WRLY

A T A mey
MEE R e M HE D Sl i
HEE v 0N a1 o BT B BANLAG I e et

f
REHERRCHEAED 4
i||i1|11 i

I AR e D S e ook e

© 2015 Semprius 5 SEMPRIUS




Temporal Stability

Flash Pulse Duration
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Flash duration of several milliseconds

[ ]
e 200-point LIV curve acquired in 1.0 msec
* Temporal stability of < + 5% (Class B)
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Spatial Uniformity

« 40 measurements with Si detector over 1m? area
« 2.8% non-uniformity, defined as (max - min)/(max + min)/2
« Class A uniformity defined as <2% non-uniformity (ASTM E927-05)
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Spectral Match

mini-
{3 isotypes} module

I —

« Custom filter designed so spectral
matching ratios (SMR) for triple-junction
cell emulate AM1.5D spectrum

« 3 isotype cells (grown by epi supplier
and calibrated at NREL) allow SMR
measurements during flash

« Minimodule measured during flash to
correct for spectral response by
normalizing measured module current

© 2015 Semprius 8 SEMPRIUS



Flash Repeatability (without removing module)

e 10-sec interval between flashes

* Repeated 25X in a row

* Demonstrates recovery time of flash bulb system

* Demonstrates repeatability of data acquisition during 1ms window of flash

Read 25 [V Curves
Date: 2012-06-26 ... 2012-06-26
Time: 105409 .. 105849
WV="ModVE" & I="ModIE")
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Variability of Flash Power by Appraiser

(with removing module)

A Variability Chart for Power
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Appraiser
A Variability Summary for Power
Std Err
Mean Std Dev Mean Lower95% Upper95% Minimum MaxXimum Observations
Power 86.59033 0312271 0090145 8639193  B36.78874 85.669 86.846 12
Appraiser[Belinda] 86.762 0090598 0052307 8653694 B6.98706 B6.666 86.846 3
Appraiser[Craig] 86.39633 0630701 0364136 8482958  87.96308 85.669 86.792 3
Appraiser[Jeremia] 86.673 0046184 0026665 8655827 BG6.78773 86.634 86.724 3
Appraiser[Jerry] 86.53 0108761 0.062793 BE6.25982  86.80018 86.457 86.655 3

© 2015 Semprius

Flash test repeatability better than + 0.5W (~0.5%)
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Reference Module Over Time (SPC of Tool)

Run Chart of Pmax
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Beside Pmax, also monitor flash intensity, Voc, Isc, SMR ratio on daily basis
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Flash Test Results

« 1000 modules produced in Jan & Feb 2015
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CSTC to CSOC correlation
« Concentrator standard test & standard operating conditions

Irradiance (W/m?) Temperature (C) m Wind Speed (m/s)

CSTC 1000 25C cell AM1.5D
CSOC 900 20C ambient AM1.5D 2.0

« Reference modules measured at Fraunhofer & UPM (Spain) to correlate on-sun
performance to flash test results

« At Semprius, 75 modules flash tested then placed on-sun to compare performance

CSOC v CS5TC: Pmax
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Additional Flash Test Projects

« Zero voltage ramp testing

* Monitor module current vs isotype cell currents during entire flash duration (during
which spectrum shifts) to determine which subcell limiting

+ Enables characterization of Air-Mass dependence of module response
* Module angle-of-acceptance testing
« Tip-tilt stage allow full AOA map in 15 minutes
* Further development will allow full AOA map in single shot
« Flash test performance vs temperature
« Heating/cooling to simulate on-sun performance vs temperature
+ Check for impact of pitch variation, focal length, etc.
« Future considerations
+ Automation: horizontal module orientation to allow conveyorized flash testing

* More powerful light source and larger mirror for larger modules
4] & 5] solar cells

More sensitive to spectral matching to AM1.5D

Custom light source & filter required but can’t sacrifice light intensity
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Thank You!
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