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1.1 Introduction

SolarEYE is an integrated luminescence imaging hardware + software analysis platform that automates the
workflow of luminescence imaging + Griddler Al autofitting and cell parameters extraction + Griddler model
building + loss analysis. This manual will cover the software aspects.

SolarEYE was created at the Solar Energy Research Institute of Singapore (SERIS) in 2017. It is an
automation of many important steps in the analysis of silicon solar cells and related samples, and forms an
important backbone in the development cycle of solar cells employed at SERIS, which can be represented
by the chain below:

Design  Simulate Analyze Learn Improve

SolarEYE Luminescence )
Griddler Imaging with Autoanalysis Griddler Channel

EE‘J@@LE@

1.2 SOLAR.EYE Core Model

SolarEYE combines Griddler, a finite-element simulator for solar cells (see Griddler manual), and tailored
multivariate regression techniques, in a general computational routine which seeks cell parameters that
can best explain a set of luminescence imaging data. Below we show the generic computational process
flow that leads to the cell parameters of best fit.
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Below we show the set of luminescence images for a solar cell and the corresponding best fit simulated
luminescence images from SolarEVYE.

9A EL in dark -9A current extraction
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The auto fitting procedure allows detailed cell parameters to be extracted, so that the user can separate
out the different factors limiting a solar cell’s efficiency. For instance, the fit above enables SolarEYE to
delineate the spatial distribution of a cell’s front metal grid contact resistance, shown below to the left. This
map is compared to contact resistance values measured by the much slower and destructive TLM method,
as well as to the emitter sheet resistance. Agreement is decent though SolarEYE predicts a higher contact
resistance. There is also good correlation between SolarEYE'’s extracted contact resistance and the emitter
sheet resistance, which is within reasonable expectations.

Contact resistance by

Griddler Al (mQ-cm?) ) ) )
20 Contact resistance Emitter sheet resistance

— by TLM (mQ-cm?) by TLM (@/sq)

5.7 4.0 5.4 . 88.5 | 81.0 | 84.1 .

4.9 3.8 3.8 9.2 78.9 | 77.9 | 79.0 | 86.6

4.1 35 3.2 5.3 76.5 | 76.4 | 77.2 | 80.0

5.1 4.0 4.4 4.2 755 | 75.1 | 75.1 | 76.9

In a 2017 study (J. Wong, P. Teena, D. Inns, “Griddler Al: New Paradigm in Luminescence Image Analysis
Using Automated Finite Element Methods”, 44" IEEE PVSC, Washington (2017)), 80 solar cells that went
through the SolarEYE autofitting procedure, led to best fit cell parameters in contact resistance and
recombination currents that, when input into Griddler, yielded simulated |-V curve fill factors that agreed
with experimental data:
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2.1 Installation and First time Use

SolarEYE comes preinstalled with the luminescence imaging tool, but for updates, you can download
SolarEYE installers for 64 bit windows computers. The installation process is automatic and easy to follow
and is described by the diagram below. SolarEYE is written in MATLAB and requires the Matlab compiler
runtime (MCR R2013b) to run. The installer will autodetect the presence of the correct MCR version and
download it if it is missing.

E‘ SolarEYE Setup

Verified publisher: Solar Energy Research Institute of
Singapore
File origin: Hard drive on this computer

[E] Setup - SolarEYE

Informati
[=] Setup - SolarEVE -

Computer
already has
correct MCR?

NnO | @

Select Additional Tasks

(5] Setup - SolarEVE -

Ready to Install
B 10 b e

[ Setup - SolarEYE -

Resume
SolarEVYEsetup
window

Installing

[] Setup - SolarEVE -
You have chosen to open:
Completing the SolarEYE Setup
Wizard

FO"OW # MCR R2013b win64 installer.exe

Instructions to |

install MCR )
Click Finish to exit Setup. Would you like to save this file?

[ Launch SolarEVE! I I Cancel

which s Binary File (486 MB)
from: http//www mathworks.com

etup has frished instaling SolarEYE on your computer. The
appication may be launched by selecting the installed
ortauts,

.

By default, you should be able to launch SolarEYE either from the start menu (below), or from
C:\SolarEYE\SolarEYE.exe
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SolarEYE needs either a physical USB dongle provided by us or online activation to run. Either method
requires periodic internet connection (for USB dongle about once a month; for online activation about once
a day). The USB dongle looks like the one shown below and needs to be plugged into the computer while

the program is running.
E

When you run the program for the first time, if it doesn’t detect the USB dongle, then a pop up screen will

show up with the option to enter a product key. Use the one provided to you and you can then continue to
use the program.

File Interface Abou

¥ TurboActivate

Activate Griddler now

Your activation period has expired and Griddler is no longer working. To use your software
you must activate this copy of Griddler.

—> Activate Griddler online now

—> Buy a new product key online

—> Retype your product key

—> Other options...

[] use custom ROIs
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2.2 SOLAR.EYE Front Page

Upon launching SolarEYE, a splash screen should appear. Wait patiently for the program to launch as for
the first time it may require half a minute or so to load the MCR. Below we show the front page of the
SolarEYE program.

- - ]
solareve> paoWitch to advanced user interface | — X
File Interface  Settings About = -@ Directories -
I Change| Root Directory: CWsers\ohnson\Google Drive\010 - Griddler LLP\videos\2018-10-31
1 Change| Working Drrectory: \
'-___________---_ls"m“’ ®AngLcoun
I Cell Type |JustFinished Cel I I -
: Finished Cel v : I
| Select cell and sample type 1 1
| and choose samples for 1 :
1 analysis 1
L -2 1 : Map recombination currents
- . s and series resistance
| E4 non-uniform ¢ }rCondltlonsfor Fitting | | L
£4 non-uniform Jo1 — . — — 5) m - ————————
g seteel s I I Wafer shape and orientation 5
set peripheral ROls I | WaferSize | 15.675 |cm | segments
Use Griddier Paraliel ~
I (4] use Griddier Parallel |4 core compu I I Water Diagonal| 21.00 | em 15 3 -
I ] F to Vioc and FF i J| Trensetex .| Transiste y m;r;n Image Allgnment
I Voc (mV) FF (%) I RCES : 518.793 and regions of
f Make interest
EA known emitter Joe = | 50 | fA/em2 | A -
: : 1 Stretchx = | Stetchy "'*:Szd
I Model | Build | none Cancel I I 613 | || 613 x offset
BusbarMask | none Cancel 1 | A =) Taumo 0
l——————————————— I Rotation y offset
un Job  Queue Job View Queue ' Suns-PL @ I 0.00 0
® A Wicked
I —————————— e mes it ses sl s s Gofis s mief s a—

The front page can be roughly divided into the sections as shown above:
1. Directories and sample listing window (see 3.1).

2. Cell and sample type selector (see 3.2).

3. Luminescence image display screen and manual alignment (see 3.3).
4. Conditions for fitting, model used to fit (see 3.4).

5. (Optional) Suns-PL plot of the sample luminescence data (see 3.5).

6. (Optional) For samples with luminescence images amenable to recombination currents/series resistance
separation, map the spatial distributions of Jo (saturation current densities), Rs (series resistance), and
display the voltage map at open circuit (see 3.6).

7. (Optional) Display list of average PL count for close-to-1-Sun images (normalized to Suns and exposure
time), within defined ROIs for all samples in working directory (see 3.7)

8. Run job or queue job (see 3.8).
9. Switch between simple and advanced user interfaces (not covered in this manual).

Below we show what the SolarEYE front page typically looks like after the sample directory is listed, and
after cell and sample type is chosen and the conditions of fitting have been defined.
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. <SolarEYE> = X

File Interface Settings About

Change| Root Directory: C:Wsers\Johnson\Google Drive\010 - Griddler LLP\videos\2018-10-31
- L) HELP
mm :Y: Change Working Directory: 2018-06-05-15-04-26 bifacial cell and samples

Sampies i B
Cell Type | n-type Biifacial Cell v spit3_rear_metal_01 06-Dec-2017 21:06:10 N
spit3_front_metal_02 | 06-Dec-2017 21:06:08

Finished Cell spit3_cell_09 v spit3_no_metal 01 | 06-Dec-2017 21:06:04
== pit3 cell 09 06-Dec-2017 21:05:54

Cell without front grid | spit3_rear_metal ... v
Cell without rear grid spit3_front_metal..

Cell without grid on spiit3_no_metal 01 ~
either side

M non-uniform ¢
™ non-uniform Jo1

[ set cet Jsc [ ft front metal J02 BBs Map

— Wafer shape and orientation— 5
[ fit rear metal J02 : | ==
[ set peripheral ROIs WaferSize | 1568 |cm| segments = SR E
[ use Griddier Parallel |4 core compu... ¥
Wafer Diagonal| 21.00  cm | 15 = o= =
[J Fitto Voc and FF Transiatex | Transhtey | margin = : :: :
Voc (mv) FF (%) s11.75| [_|[513.851 . = B
Maki == == =
M Known emitter J0e = | 50 | fA/cm2 “ » LJ e = =]
Wicked
Stretchx 4| Stretchy RO =i =
Model | Build  C\UsersUohnson\Google Drive\d o 6270 | ||/ 6270 PO = == =
BusbarMask = none Cancel Jif_»J ~| [avr0 0 =] =] ]
Rotation y offset | =l
Run Job ' Queue Job View Queue Suns-PL -0.1119° 0 - === =

RN Wicked =

2.3 SOLAREYE Update Notifications

For SolarEYE, we roll out periodic updates, and you’ll be notified of one when you reach the simulation
page (below). Please be diligent, and click “Take Me to the Download Page” and download the latest
installer. You can simply run the installer and it will overwrite the previous SolarEYE version from your
computer.

<SolarEYE> - X

File Inteface About Settings

Change| Root directory: C:\WUsers\ohnson\D data folder
Change| Working Directory: \

Samples

Cell Type |JustFinished Cell  ~

Finished Cell

non-uniform ¢ X X
A new version of SolarEYE (version 1, June 8,

non-uniform Jo1 2018) is available.
[ =et call Jsc Use Grigdler Paralle
set peripheral ROls  Number of paraliel
processes.
[ Fitto Voc and FF Take Me to the Download Page!
Vec (mv) FF (%) Mo thanks

Model | Build  nene

Busbar Mask none

J > Wicked

Run Job | Queue Job | View Queue = Suns-PL ‘ 0.00 0
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You can always check your version numbers by clicking “About” on the top menu bar. Hit “Download
Release Notes” to see the changes made in each version of SolarEYE.

B <SolarEvE>

File Interface Settings

SolarEYE version 1 ~
Released on June 8, 2013

For inquiries or to report bugs, please write to johnson@griddlersolar.com

Wait....Downloading release notes..

SolarEYE Change Log from June 8, 2018 (version 1)

1. Beginning of version history info.
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3 Step by Step Guide of Using SOLAREYE Software

SolarEYE combines luminescence imaging hardware, measurement routine, and the SolarEYE software
to parse the images and perform analysis. It is expected that you are running the SolarEYE software on
the computer that collects and stores the luminescence images.

3.1 Directories and Samples Listing

The SolarEYE luminescence imaging measurement routine places all data in a common root folder, and
places all data belonging to each series of samples in a separate subfolder. You can always press the
HELP button to get an explanation of this file structure.

B <SolarEve> - X
File Interface About Settings

P u 131138 =Root diegtory: CiseralonnsoniDeskiopllminescence data foider
mmm - ange| Working D\rai:tnry ST bene 459425 yfachl celland samples

L Samples [ELLTT

Looks like you need an explanation about the directories! L

Change Root Directory: C:\Users\Johnson\Desktop\SolarEYE examples directory

Working Directory: multi-SERIS-format

Root Directory is a folder where all PL data goes. The Working Directory is a subfolder, containing a set

PL data is further organized into subfolders called of images that belongs together, to be analysed ©
working directories. Root directory also stores the together.
cell models. The root directory should seldom change.
+ | SolarEYE examples directory - =] X . Picture Tools Multi-SERIS-format - o X
[ JE— ™ v Viow | ane ®
> s 2 B [ T B ¢ - X - T T &
~ [ Nme ’ fie
# Quick access # Quick access
i nbifacial-SERIS-format 2 \
¥ £ PERC-SERIS-format i %
g 7 cell-split1.mat 4 7570 - 57571 -
multi_rough_model_noflatfield.mat & Pictures. o Multi 7 Multi_MHE _ 57 Mu\l
& Google Drive # & Google Drive # (PLOp (PL Open-cir (PLOp
Image).if I ageyll Image).tif

2017-06-18 5t 2017-06-16 5t #

18-02-18 Griddles 18-02-18 Griddle:

Material Material

quotes Screenshots

with installer with installer

57573 - 57575 -
r';,:Droubcx v € > | a: Dropbox Multi_ MHE_S7 Multi_MHE 57 Mul \t MNE 57

5 items = | 12 items =

To select a sample series for analysis. Click “Change” working directory to select one of the folders
containing luminescence images of a sample series, previously measured by the luminescence tool.

10
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B <SolarEVE> _ %
File Interface About Settings
spusnups amsmmuans® SamBIes
. 10 ~
B select Waorking Directory X s
04
1+ > ThisPC » Desktop » luminescence data folder » v ©  Searchluminescence data fol.. @
Organize *  New folder = @
A Name Date modified Type Size
# Quick access
2018-06-04-09-36-00 wicked test structures 201 File folder
P Desktop
-26 bifacial cell and s File folder
& Downloads .
20 File folder v
| Documents ) 2018-06-07-11-14-36 single multi cell 2018-06-07 11:13 ... File folder

57| Pictures »*
& Google Drive #
/| 18-05-03 Griddle
< 2018 Johnson [Et
| Camtasia Studio

. SolarEYE manua
@ OneDrive

I This PC
¥ 3D Objects
P Deskton v

Folder ||

Cancel

Select Folder

Upon selecting this working directory, SolarEYE will search through the files inside and extract the sample
name, luminescence imaging conditions, of each image. It will then list the different sample names
contained in the working directory.

Bl <solarEve> = »
File Interface Settings About
Change Root Directory: C:WUsers\Johnson\Google Drive\010 - Griddler LLP\videos\2018-10-31
- - HELP
mm :Y: Change Working Directory: 2018-06-05-15-04-26 bifacial cell and samples
Samples VAvg PL count
CeliType |n-type Biffacial Cell [spit3_rear_metal_01 06-Dec-2017 21:06:10 -

|spit3_front_metal 02 | 06-Dec-2017 21:06:08

Finished Cell split3_cell_09 v |spit3_no_metal 01 | 06-Dec-2017 21:06:04
— pit3_cell 09 06-Dec-2017 21:05:54

Cell without front grid
Cell without rear grid

Cell without grid on
either side

M non-uniform ¢
™ non-uniform Jo1
[ set cell Jsc

[] Fitto Voc and FF

Voc (mV)

Model

Busbar Mask

[ set peripheral ROs [ fit rear metal J02

M Known emiter Joe =

Build = C:\Users\Johnson\Google Drive\0”

none

spit3_rear_metal ... v

spit3_front_metal..

spiit3_no_metal 01

[ fit front metal J02

E Use Griddier Parallel |4 core compu... Vv

FF (%)

50 faicm2

Cancel

Cancel

Run Job ' Queue Job View Queue Suns-PL

— Wafer shape and orientation—

Wafer Size

15.68 |cm
Wafer Diagonal| 21.00 | cm
Translate X | Translate y

s51175| [|[513.851

Ao

Stretchx 4| Stretchy
6270 | '_{ 6270

2 [ =] [avmo
Rotation
01119

W

BBs

segments
15
margin

05
Make

Wicked
ROIs
x offset
0
y offset
0

Wicked

Map

|
|

=8

=
E
El
3
=
|
E |
2
=
=
|
|
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3.2 Cell and Sample Type Selector

The current SolarEYE hardware supports three kinds of measurement routines, depending on what kind of
cells you would like to analyze, and what cell parameters you would like to extract. See section 4 for more
details.

In the current working directory, the samples form the set that belongs to routine 1 (bifacial cell). So let’'s
go through the procedure of setting up the analysis. In the red box region of the screenshot below, select
“Cell Type” = n-type Bifacial Cell. The corresponding sample type names then appear. You must select
the correct sample to its type. In the example below, we have “Finished Cell” = split3_cell 09, “Cell without
front grid” = split3_rear_metal_01, “Cell without rear grid” = split3_front_metal 02, “Cell without grid on
either side” = “split3_no_metal_01".

Bl <solarEve>
File Interfface Settings About

Change Root Directory: C:Wsers\ohnson\G
un I- v I- HELP front ielectric
Change| Working Drectory: 2018-06-05-15-

Finished Bifacial Cells

Metal grid (contact fired)

Sampies
CelType |n-type Bifacial Cel v spit3_rear_metal_01 n-type base
Spi3_front_metal_02
Frsned cet wmoeo 8 T —— ‘
pR3_Ci rear glielectric

Cel without front grid | spit3_rear_metal__
Metal grid (contact fired)
Cel without rear grid  spiit3_front_metal .~ o )
Bifacial cells without the front metal
Cel without grid on spit3_no_metal 01 print, but with rear print, fired
ether sde | o e oy

spit3_rear_metal_01

spit3_front_metal 02

front dielectric

4 non-uniform
4 non-uniform Jo1

Dl seteetsc e Cell Type |n-type Bifacial Cell e bese
[ set peripheral RO .
£ Use Grager parate Finished Cell split3_cell_09 ¥

[N T A ——— / Metal grid (contact frec)
Voc (mV, FF (% Cell without front grid | split3_rear_metal ... ~ Bifacial cells without the rear metal
print, but with front print, fired

[ known emiter Joe = 50 | faicm Metal grid (contact fired)

Cell without rear grid split3_front_metal... ~ ~

front dielectric

Model | Build  CWsersUohnson\Googie Drive]

Beb ekl  none Cell without grid on split3_no_metal 01
either side

split3_rear_metal_01 \
RunJob Queue Job View Queue Sur| nonunifarm ¢ spit3_front_metal_02
=plit3_no_metal 01
nen-uniferm J01 e

D set cell Jsc
set peripheral ROls

n-ype base

rear dielectric

Bifacial cells without metal print at
Il on either side, fired
e AARAAAAAAA

split3_cel_09

Use Griddler Parallel

nype base

[ ] Fit to Woc and FF TAAAA AL A A A A
— rear VVVVVVVVVVVY

3.3. Luminescence Image Display Screen and Manual Alignment

BBs

— Wafer shape and orientation— g

Wafer Size 1568 | cm| segments

Wafer Diagonal| 21.00 | cm 15
margin
Translate x . | Translate v 08

51025 [ | 516

4 b Z

Wicked
Stretch x 4 | Siretchy ROIs

6270 | | |16270 || xomset
. 0
! =l | auTo
Rotation y offzet
01119 0 : =—

1 L Wicked

12
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When you click on a sample in the directory listing, one of the luminescence images for the sample appears
in the display screen below. There will also be a blue wafer outline that should more or less contour the
wafer image. This wafer outline will define the coordinates of the Griddler model used to simulate the
luminescence images in the fitting routine later. SolarEYE tries to autoalign the blue contour to each image,
but it is always a good idea o check whether the alignment is good or not. If the alignment is not good, you

should choose different values for “Translate x”, “Translate y”, “Rotation” in the above screenshot to get the
blue contour into good alignment with the wafer edges.

Referring still to the above screenshot, SolarEYE also will define regions of interests (ROIs) in which the
experimental and simulated luminescence intensities will be averaged and compared. Click “Make” in the
above screenshot to reveal these regions of interests. It is important that in the field “BBs” you have the
correct number of busbars for your cell type. If you have the incorrect number of busbars, then some of
the ROIs will land on busbars which would not be good areas for the luminescence intensities to be
compared.

3.4. Conditions for Fitting, Model Used to Fit

Bl <solerEvE> = x
File Interfface Settings About

Change Root Directory: C:Wsers\ohnson\Google Drive\010 - Griddler LLP\videos\2018-10-31
Change| Working Directory: 2018-06-05-15-04-26 bifacial cell and samples

Samples Avg PL count
Cell Type |n-type Bifacial Cell v spit3_rear_metal_01 06-Dec-2017 21:06:10 A
lidmiiasimnaiaiia 2017 21:06:08
Finished Cell spit3_cel_03 v ETNE'EEC”_
Cell without front grid spit3_rear_metal ... Vv I'IIIII'I—IJI'IIfIZI rmc fn: I:.Sl"[al:.[ rEsis [arl:'E
Cell without rear grid | split3_front_metal.. non-uniform J01
Cel witou grdon spka_no_meta 01 |:| set cell Jsc fit front metal JO2
mEmm—m——————————— 1 .
| & non-uniformc set peripheral ROls fit rear metal J02
: non-uniform J01 =
Osetcetise o0t e 02 Use Griddler Parallel |4 core compu...
1 4 set peripherai ROIs fit rear metal J02 =
: Use Griddier Parallel |4 core compu... v |:| Fit to Vo and FF sHE
1 [ Fitto Voc and FF ==
! vee FF (%) Voo (mv) FF (%) E[=]

1 & known emitter Joe=| 50 | tarcm2

————————————————— Known emitter J0e = 5[] fajema ]
Model || Build @ C:Wsers\ohnson\Google Drive\ E=
Busbar Mask none —— —_— ::

Rotation y offset ==
Run Job Queue Job View Queue Suns-PL -0.1119 0 | |

RIS Wicked

In this section, it is best to start with the default settings. We recommend that you check “non-uniform ¢’
and “non-uniform Jo1” if your sample is multicrystalline. If you know the expected cell open-circuit voltage
(Voc) and fill factor (FF), and you would like the fit to also explain these I-V parameters, then check “Fit to
Voc and FF” and then enter the expected V. and FF into the corresponding boxes.

Update since version 3: If the single cell images contain biased-luminescence images that are necessary
for contact resistance analysis, then the box (“fit contact resistance”) will be ungreyed and checked.
Checking this box enables SolarEYE to fit to the contact resistance. Depending on the cell type (bifacial,
or PERC, or AI-BSF cell), the contact resistance represents the sum of all additional resistance not
accounted for by the doped layers and metallization grid. For bifacial cells the contact resistance will be

13
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the sum of front and rear metal grids contact resistance; for PERC cells the contact resistance will be the
sum of front metal grid contact resistance and rear local contact current crowding.

Update since version 8: There is a new box called “Known emitter Joe”. This is useful if the user knows
the emitter Joe Of the solar cell from a separate experiment, such as from a lifetime test of a symmetric
passivated emitter sample. Check this box and fill in the known Joe value, and SolarEYE will separate the
fitted Jo in the regions between metallization grid fingers into two parts: the known Joe will become the front
passivated region Jo1 in the best fit model, and the remainder (fitted Jo1 — known Joe) will become the base
region Joz in the best fit model. If the cell type is PERC, then an additional separation of the base region
Jo1 into contributing parts by the rear local contact and the rear passivated region will be attempted in the
rear local contact calculator page, by tuning the SRV values of the rear local contact and the passivated
areas. See Griddler manual v1, P.46 for more details about the local contact calculator.

Next, click “Model” to choose the Griddler cell model that you would like to use to perform the fit. The
Griddler cell model should have the same wafer shape, size, and metallization patterns as the actual cell.
If you don’t have a model ready, then click “Build” to create one from scratch.

<SolarEVE> - x
File Interface Settings About
Change| Root directory: D:\Google Drive\SunsPL pulloutluminescence data folder
- - HELP
Change| Working Directory: 2018-06-05-15-04-26 bifacial cell and samples
Samples
CellType |n-type Biffacial Cell Spit3_rear_metal_01 06-Dac-2017 21:06:10 ~
spiit3_front_metal_02 08-Dec-2017 21:06:08
Finished Cell spiit3_cell_ 09 Spit3_no_metal 01 06-Dec-2017 21.06:04
Cetwinout rom gnd[spits reor_meta Select cel modk x
ol without rear gl [spits ront_mel A [ > ThisPC > Desktop > luminescence data folder » v @ | Searchluminescence data fol.. 2
Cellwithout gridon | spit3_rear_metal_. Organize v New folder = O @
ciher side ~
A Name Date modified Type Size.
-unifc fit contact resistanc s Quick access
Hnon-uniorme (7] 2018-06-04-09-36-00 wicked test structures  2018-06-0 File folder
[ non-uniform Jo1 2 Desktop
it front metal J02 !l 2018-06-05-15-04-26 bifacial cell and sa.. M Filefolder
[ set cell Jsc: & Downlosds
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Voc (v} FF (%) /] 18-05-03 Griddle %) PERC cell model.mat 8AM  MATLAB Data 5163 KB
| o 4 2018 Johnsen IEE
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/| SolarEYE manua
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B 30 Objects
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File name: ] [maT-files ("maty ~

If you click “Build” without loading a model, then Griddler will be launched to allow you to create the cell
model from scratch. If you have already selected the model, then clicking “Build” will launch Griddler and
Griddler will open the cell model to let you edit it.
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2
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resistance (mohm) | 0 (| resistance (mohm) O [y
Front Diode Rear Diode 5
1-5un.JL. L TSun L, 121
non-shadedarsa | 41.6 1‘ non-shadedarea | 39.6 [y
(mAem2) Alcm3
passivated metal passivated metal 8 . 1 L
Jo1t area contact 20 3 area mntamJ 8 6 4 2 0 2 4 6 8
2 2 2 2
(iem2) | 200 3y 600 [y gwemz) | 0 ni 0 |
Joz [ 21 Joz 2 2] Cell Front Side  109dle Front/Back View
10 |5 50 5 0 0
(nAlcm2) N il (natem2) Vmpp=mv
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3.5. (Optional) Suns-PL plot of the Sample Luminescence Data

Suns-PL and Suns-Voc are special plots of the samples open-circuit photoluminescence (PL) data. Itis a
way of visualizing the cell quality and this is an optional step.

Click on “Suns-PL” and SolarEYE will gather the PL images belonging to each sample type, and display
the plots. Click “Enlarge” to show the plots in one screen. In this example, the yellow, black, red, orange
data points are the voltages against illumination intensity of the four sample types (finished bifacial cell;
bifacial cell without the front metal print, but with rear print, fired; bifacial cell without the rear metal print,
but with the front print, fired; bifacial cell without metal print at all on either side, fired). Without going into
the details, you can see clearly that the voltage of the cell without metal print at all is highest, and that of
the finished cell is lowest. This reflects the fact that metallization typically induces recombination losses.
The plot window provides fits of each samples Suns-PL curve to Joi, Joz (see Griddler manual 2.7.5). This
gives a rough idea of the contribution of metallization to the recombination currents. We will not go through
any arithmetic analysis using these plots here. The SolarEYE auto fitting method using Griddler is a
superior method to extract recombination parameters in a rigorous manner.
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B <SolarEVE> - X
File Inteface Settings About
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3.6 (Optional) Map Spatial Distributions of JO (saturation current
densities), Rs (series resistance), and display the voltage map at open
circuit

For very quick evaluation of cell uniformity in terms of its distribution of recombination currents and series
resistance, one can simply select in the list box a cell that has the correct luminescence images for Jo and
Rs separation. At this point, the “Map” button above the cell image will be enabled. Press on this button
and a separate window will pop up, displaying four spatial maps: C(X,y), Voc(X,Y), Rs(X,y), Jo(X,y). The first
is not used for ordinary work. The second (Voc) is a map of the open circuit voltage at 1 Sun. The third
(Rs) is a map of the series resistance, and the fourth (Jo) is a map of the saturation current density, which
is a representation of the uniformity of the recombination currents. As a rough guide, Rs <= 0.5 ohm-cm?
everywhere is excellent. Rs <= 1 ohm-cm? everywhere is decent but has room for improvement. Cells

16



SOLAR.EYE Manual v4 (SolarEYE version 22) March 2, 2021

with areas with unusually high Rs (larger than 5 ohm-cm?) is an indication of nonuniform contacts. Jo and
Voc maps magnitudes vary from cell type to cell type. One can usually observe the overall uniformity to
determine if there are process related issues.

B <SolarEVE> - %
File Interface Settings About
Change Root directory: DGoogle Drive\SunsPL puloutiuminescence data folder
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3.7 (Optional) Display list of average PL count for close-to-1-Sun
images (normalized to Suns and exposure time), within defined ROIs
for all samples in working directory

This button allows you to list the average PL count in the regions of interest defined (see blue boxes in the
below picture), for all samples within the working directory. The PL counts are selected from images as
close to 1 Sun open-circuit condition as possible, and further the PL counts are normalized to 1 Sun and

1s PL image exposure time. This way, you can compare the relative brightness (proxy for voltage) of all
samples in the directory. The cell with median PL count and the cell with median standard deviation in PL

17



SOLAR.EYE Manual v4 (SolarEYE version 22) March 2, 2021

count are marked (see window in the below picture). We encourage that the user create five of every
sample of the same type, and make use of this feature in SolarEYE to first pre-screen the sample PL count
to pick out the median valued sample for the full SolarEYE luminescence imaging and auto fitting routine.

B <SolarEVE> _ %
File Interface Settings About ~
Change| Root direcory: DGoogle Drive\SunsPL pulouthv33-SolarEYE PL count
O] - HELP
Change Warking Directory: 4 1
Sampies Avg PL count
Cell Type |Just Finished Cel v Cellt 125-Jul-2018 16:4¢;
Celd 25-Jul-2013 16:44.0
Finished Cell celn ~ Cel
celz
Mean PL count (normal) Stdev in PL count (normal)py
Celll 12464.54 2613.813
Celld 11€05.55 2220.573
Cells 12296.24 (median) 2595.185 (median)
Cell2 11708.19 2390.105
v
BBs
— 4
m| segments
Im 1
margin
Y [ os
Make
Wicked
ROl
xoffset
v
< > 0
yoffset
0
@ original order (O order by mean PL count (O order by PL uniformity | Close Wicked

3.8 Run job or queue job

At last, we're ready to run the autofitting of the luminescence images to extract the vital cell parameters.
We can do this either by pressing “Run Job” or “Queue Job”. “Run Job” will run analysis on the current
working directory. “Queue job” allows you to save the analysis instructions in a queue, so that you can for
example define the settings to fit many folders, and then ask SolarEYE to fit each folder in the queue one
by one. Because one analysis for one folder can take as long as 30 minutes, depending on the computer
speed, queue job has the advantage that all the analysis can be done at a block of time (e.g. over night)
where there is less demand for the computer usage.

Let's choose “Queue Job”, and now the job queue appears on the right. Currently we have one job, with
the working directory listed.

B <sclarEvE> - X
File Interface Settings About
SOLAREYE [ 1)obQueue jm============="1
Job Queue
CellType |n-type Biffacial Cell 1 1
1 lob Number 1 ~| [ add
Root Directory: D)Googi DriveiSunsPL puloutiumnescence das oker 1
Finished Cell spits_cell 09 d 1 Working Directory: 2018-06-05-15-04-26 bifacial cel and samples Delete 1
\Job Directory: 2018-8-7-19-32-4-F1_to_spita_cell_0%
Cell without front orid |spl3_rear_metal. ~ 1 1
1 Run all unfinished
Cell without rear grid | spit3_front_metal .~ 1
1 Compile all finished
Cell without grid on spit2_rear_metal... v 1
either side 1 1
Open Model
[ non-uniform fit contact resistance 1 - 1
[ non-uniform Jo1 1 ShowFit Results | g
[ set cell s it front metal J02 1 1
set peripheral ROIs fit rear metal J02 I I
Use Griddler Parallel 4 core compu... v | 1
[ Fito vocand FF 1 1
Vos ) e 1 I
Model || Buila | DAGoogle Drive\SunsPL I 1
Busbar Mask | none 1 I
1 Clear All
1 2 .
Close 1
Run Job ew Queue | Suns-PL 1 1
| T R —————————

Without creating more jobs, let’s click “Run all unfinished”. This will trigger SolarEYE to analyze that one
working directory for bifacial cells that we have done settings for. When you press “Run all finished”, the
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first job in the queue will show that it is Running. Be patient as it may take some time for any new information

to be displayed.

B <SolerEYE

File Inteface About Settings

SOLARLEYE

Cell Type |n-type Bifacial Cell

Job Queue

Job Humber 1 (Running)

Finished Cel spit3_cell_ 03 ~

Cell without front grid | spit3_rear_metal__.

Cell without rear grid | split3_front_metal...

Root Directory: C:\Users\ohnsomDesktopluminescence data folder
Working Directory: 2018-06-05-15-04-26 bifacial cell and samples
|Job Directory: 2018-6-8-14-33-31-Fit_to_spit3_cell_09

Job Queue

Job Number 1 (Running)
Hoot Lirectory: Co\Uzers\Johnzon\Desktopiluminescence data folder

'Working Directory: 2018-06-05-15-04-26 bifacial cell and samples
Job Directory: 2018-6-8-14-33-31-Fit_to_splt3_cel_09

Add

Delete

Compile all finished

Open Model

Show Fit Results

Add

Delete

Run all unfinished

‘Compilgfall finished

‘Open Model

Show Fit Results

Clear All

Close

As SolarEYE initiates the analysis, you will see that a screen appears that says “Starting up SolarEYE fitting

procedure...wait 30s”.

Starting up SolarEYE fitting procedure...wait 30s

Over the course of 5-30 min, you will see that SolarEYE displays comparison of the experimental
luminescence images to the corresponding simulated images, in several iterations of it. Upon obtaining a
good fit, SolarEYE will insert the best fit cell parameters into Griddler and run loss analysis. When SolarEYE

finishes analyzing, the fit window will close.
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]|

SolarEYE fitting: Iteration 1

T

SolarEYE fitting: Iteration 2

B ot s

SolarEYE fitting: Iteration 4

B SoletvE pane

SolarEYE fitting: Iteration 5

CEE

Running Loss Analysis

ental image Experimental Image Expenmental
Best Fit image Best Fit image

When SolarEYE finishes analyzing, the fit window will close. You'll then see that in the job queue, the job
which is finished now says Completed, and the cell parameters of best fit are listed. Now, you can click
“Show Fit Results” and SolarEYE will display the loss analysis windows (see Griddler manual 2.8),
goodness of fit, and the cell parameters of best fit.

B <SolarEVE>
File Interface  About  Settings

SOLAREYE

CellType |n-type Biffacial Cell v

Finished Cell spit3_cel_09 -

Cell without front grid | spit3_rear_metal_...

- X
i -
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FRONTFINGERCONTACTRES  FRONTJO1FACE PERIPHERALIO1
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Job Queue
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ot Difectony: :20485:8:1 43334 Fit 40- -spiit3- vell - 06 .

FRONTFINGERCONTACTRES FRONTJOMFACE
t [2.100000 122 487000

Cell Parameters of Best Fit

122 487000

Compile all finished

Open Model

| Show Fit Results |
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Compile all finished

‘Open Model
Show Fit Results.

Clear All

Close
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Job Mumber 1 (Completed)

& Add
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If you have ran multiple jobs, as in the below screenshot, you can compile all the best fit cell parameters
of all the jobs into a table for easy comparison.
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File Interfface About Settings
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3.9 Save and Open Session

You can always save the session and open it again later so reload the directory, settings, and queue, via
the File menu.

B <solarEYEs X
File Inteface About Settings
Open _ Ctrl-0 Change| Root directery: C:\Users\ohnson'Deskioplluminescence data folder
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4 Supported SolarEYE Measurement and Analysis Routines

The current SolarEYE hardware supports three kinds of measurement routines, depending on what kind of
cells you would like to analyze, and what cell parameters you would like to extract.

4.1 Bifacial Solar Cells

For bifacial solar cells, one routine requires the following four samples types: 1) finished bifacial cell, 2)
bifacial cell without the front metal print, but with rear print, fired; 3) bifacial cell without the rear metal print,
but with the front print, fired; 4) bifacial cell without metal print at all on either side, fired. We recommend
that you create 5 samples for each type, perform 1 Sun photoluminescence (PL) imaging for each, and pick
the sample with the median average PL intensity of each group (make use of the SolarEYE feature built
since version 4 to pre-screen samples 1 Sun PL to select the median sample, see 3.6). The SolarEYE
software will analyze the luminescence images of these four sample types and extract the passivated region
Jo1, Joz, front metal induced Jo1, Joz, rear metal induced Jos, Jo2, and the edge recombination Jo: (see Griddler
manual section 2.7.5). It will also extract a parameters called peripheral Jo1 which represents the
nonuniform Jo1 close to the edges of the wafer. Update since version 3: if the bifacial finished cell has
images that are amenable to series resistance separation, then in the conditions for fitting section, “fit
contact resistance” check box will be enabled, and checked by default. Keeping this checked will cause
SolarEYE to first run the single cell fitting routine (see 4.3) on the finished cell to extract the combined front
and rear metal contact resistance, and then retain this resistance to complete the bifacial fitting routine to
obtain the recombination current densities. This way, the extracted parameters include the spatial map of
the contact resistance too, although it will be a value that represents the combined contributions of the front
and rear grids.

Update since version 8: There is a new box called “Known emitter Joe”. This is useful if the user knows
the emitter Joe Of the solar cell from a separate experiment, such as from a lifetime test of a symmetric
passivated emitter sample. Check this box and fill in the known Joe value, and SolarEYE will separate the
fitted Jo in the regions between metallization grid fingers into two parts: the known Joe will become the front
passivated region Joz1 in the best fit model, and the remainder (fitted Jo1 — known Joe) will become the base
region Joz in the best fit model. In the example below, the known emitter Joe is set to 50 fA/cm?2.

Finished Bifacial Cells Bifacial cells without the front  Bifacial cells without the rear Bifacial cells without metal
metal print, but with rear print, metal print, but with front print, print at all on either side,
fired fired fired

Metal grid (contact fired)

Metal grid (contact fired)
front dielectric front dielectric front dielectric

front dielectric

n-type base n-type base n-type base
n-type base

n

rear dielectric !
rear dielectric

Metal grid (contact fired)
Metal grid (contact fired)

Shown below is the cell and sample type selection window (see 3.2). You must choose “Cell Type” = n-
type bifacial cell. The corresponding sample type names then appear. You must select the correct sample
to its type.
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B <solarEve>

File Inteface Settings About

SOLAREYE

Change Root Directory: C:Wsers\ohnson'C
Change Working Directory: 2018-06-05-15-

HELP

Sampies

spit3_rear_metal_|

01

spR3_front_metal 02

e

CelType |n-type BifacialCel v
Finished Cel spit3_cell 09 v
Cel without front grid  spi3_rear_metal .. v
Cell without rear grid spit3_front_metal . v
Cel without grid on spit3_no_metal 01 v

= =

Etier e spit3_rear_metal_01
[ non-uniform ¢ spit3_front_metal 02
4 non-uniform Jo1
[ setcet isc
[ set peripheral ROIs
[ Use Griddier Parate!

Fi to Voc and FF

L —

Voc (mV) FF (%)

[ Known emitter Joe = 50  falcm2

Model | Build C:Wsers\Uohnson\Google Drive)

Busbar Mask

none

Cell Type |n-type Bifacial Cell

Finished Cell

Cell without frent grid
Cell without rear grid

Cell without grid on
either side

non-uniform c
non-uniform J01

[ =&t call Jsc

set peripheral ROls
Use Griddler Parallel

[ | Fit to Voc and FF

split3_cell_0% w
split3_rear_metal_

split3_front_metal...
split3_no_metal_01 V1

split3_rear_metal_01
split3_front_metal 02

=plit3_no_metal 01

=plit3_cell_09

Finished Bifacial Cells

Metal grid (contact fired)

front dielectric

n-type base
-

rear flelectric

Metal grid (contact fired)

Bifacial cells without the front metal
print, but with rear print, fired

front dielectric
000000000
n-type base
o
rear dielectric
Metal grid (contact fired)

Bifacial cells without the rear metal
print, but with front print, fired

Metal grid (contact fired)

front dielectric
n-type base
.
rear dielectric
Bifacial cells without metal print at

Il on either side, fired

frodielectric

ntype base
n

rear dielectric

Shown below are typical loss charts, goodness of fit display, and best fit cell parameter page for the
bifacial solar cell analysis routine

(® Best Fit Cell Parameters

() Goodness of Fit

(O Loss Analysis

Generate Report

Go to Griddler Model

Cell Front

Cell Rear

Front Grid Contact Resistance (mohm-cm2)

Passivated Region JO1 {fA/cm2)

Fitted Cell Parameters

Passivated Region JO1 = 122.02 fAjem2
Passivated Region J02 = 2.69 nAJcm2
Front Metal Induced JO1 = 2685.14 fA/cm2
Front Metal Induced JO2 = 3488 nAfem2
Wafer Edge JO1 = 146.58 fAJcm

Wafer Peripheral JO1 = 122.02 fAJem2
Rear Metal Induced JO1 = 921 57 fA/cm2

Rear Metal Induced J02 = 74.91 nAfcm2

24



| 000 IR

SOLAR.EYE Manual v4 (SolarEYE version 22) March 2, 2021

(O) Best Fit Cell Parameters (O Goodness of Fit

@ Loss Analysis

T

Saturation current densities at open circuit, in fA/cm2

932 16.69

58.41 373

80.85

8.36

96.38

I passivated region (n=1)
[rear passivated region (n=1)
I passivated region (n=2)
[_front metal region (n=1)
[ rear metal region (n=1)
[ front metal region (n=2)
I r==r metal region (n=2)
[edge recomb (n=1)

7254

SolarEYE fitting: lteration 5

rear CDﬁﬂE

rear fing|

83
rear semi

frongonta
82

t fing

=
Fil& actor

front seg}li

80

79

Generate Report Go to Griddler Model

Fill factor drops waterfall diagram

Et resistance

Er resistance

onductar res
t resistance!

Er resistance:

tonductor res

ideal FF

Tesistive
losses

shunt metal

resistance recomb
= n=2
recomb

peripheral  cell
recomb FF
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4.2 PERC Solar Cells

For PERC solar cells, the second routine requires the following three samples types: 1) finished PERC cell,
2) PERC cell made without the front grid, fired; 3) PERC cell made without front grid and without rear laser
opening, fired. We recommend that you create 5 samples for each type, perform 1 Sun photoluminescence
(PL) imaging for each, and pick the sample with the median average PL intensity of each group (make use
of the SolarEYE feature built since version 4 to pre-screen samples 1 Sun PL to select the median
sample, see 3.6). The SolarEYE software will analyze the luminescence images of these three sample
types and extract the passivated region Jo1, Joz, front metal induced Joa, Joz, rear metal contact induced Joa,
Joz2, and the edge recombination Jo1 (see Griddler manual section 2.7.5). It will also extract a parameters
called peripheral Jo; which represents the nonuniform Jo: close to the edges of the wafer. Update since
version 3: if the PERC finished cell has images that are amenable to series resistance separation, then in
the conditions for fitting section, “fit contact resistance” check box will be enabled, and checked by default.
Keeping this checked will cause SolarEYE to first run the single cell fitting routine (see 4.3) on the finished
cell to extract the combined front and rear metal contact resistance, and then retain this resistance to
complete the PERC fitting routine to obtain the recombination current densities. This way, the extracted
parameters include the spatial map of the contact resistance too, although it will be a value that represents
the combined contributions of the front grid and the rear local contacts.

Update since version 8: There is a new box called “Known emitter Joe”. This is useful if the user knows
the emitter Joe Of the solar cell from a separate experiment, such as from a lifetime test of a symmetric
passivated emitter sample. Check this box and fill in the known Joe value, and SolarEYE will separate the
fitted Jo in the regions between metallization grid fingers into two parts: the known Joe will become the front
passivated region Jo1 in the best fit model, and the remainder (fitted Jo1 — known Joe) will become the base
region Joi in the best fit model. In the example below, the known emitter Joe is set to 50 fA/cm?. Since the
cell type is PERC, then an additional separation of the base region Jo1 into contributing parts by the rear
local contact and the rear passivated region will be attempted in the rear local contact calculator page, by
tuning the SRV values of the rear local contact and the passivated areas. See Griddler manual v1, P.46
for more details about the local contact calculator.

Finished PERC cell PERC cell made without
front Ag grid PERC cell made without Front grid and without rear
Front grid

i laser opening Sinx

n* emitter n* emitter
p-type bulk
AlOX AlOx

tear Al rear Al

p-type bulk
p p | AlOx

Shown below is the cell and sample type selection window (see 3.2). You must choose “Cell Type” = PERC
or LBSF cell. The corresponding sample type names then appear. You must select the correct sample to
its type.
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Finished PERC cell

B <solarcve> front Ag grid
File | Inteface  Settings  About

SiNx
n* emitter

Change Root Directory: C:\Users\Johnson\G
Change Working Directory: 2018-06-06-14-
- —— Samples

PERC_no_laser_C09
PERC_W_laser D10

p-type bulk
p

o e e
Cell Type |PERC or LBSF Cel v

Finished Cell PERC_cell_£22 v
Cell without front grid | PERC_W_laser_D10 v

Cell without front grid | PERC_no_laser_C09 v
or rear laser opening

T Cell Type |PERC or LBSF Cell
4 non-uniform ¢ fit contact resistance

[ non-uniform Jo1 -
Osstcaiss Finished Cell PERC_cel_E22 w vy ol
p* p* p* p*

[ set peripheral ROIs . .
Cell without front grid  |PERC_W_laser_D10 ~ LA _o & &
4] use Griddier Paraliel 4 core compu... v SiNX

[C] Fitto Voc and FF

PERC cell made without
Front grid

SiNx
n* emitter

Cell without front grid  |PERC_no_laser_C09 ~

Voe (mV) FF (%)

or rear laser cpening PERC cell made without
[ Known emiter J0e = | 50 | tasem2 Front grid and without rear
Telen® =] Svetweny i
Model = Build | C\Users\ohnson\Google Drive\0" Cancel 62.70 [:j 62.70 l:z‘:ﬂ Iaser Opemng SiNx
[ L
BusbarMask  none Cancel R R ) 0 n* emitter
Rotation y offset bulk
Run Job Queue Job | View Queue Suns-PL -0.1119° 0 AR Y
A Wicked AlOx
ear Al

Shown below are typical loss charts, goodness of fit display, and best fit cell parameter page for the
PERC solar cell analysis routine.

(®) Best Fit Cell Parametars (O Goodness of Fit (O Loss Analysis Generate Report Go to Griddler Model

Cell Front Cell Rear

Fitted Cell Parameters

JO1 (pass + rear contact) = 230.49 fA/cm2
J02 (pass + rear contact) = 21.62 nAJcm2
Front Metal Induced JO1 = 3289.29 fA/cm2
Wafer Edge JO1 = 162.30 fAJcm

Wafer Peripheral JO1 = 230.49 fA/cm2

Rear Local Contact JO1 = 46.12 fAJcm2

Front Grid Contact Resistance (mohm-cm2) Passivated Region JO1 {fA/cm2)
Rear Local Contact JO2 = 10.33 nAfcm2
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SolarEYE fitting: lteration 7

imental Image Xperiments age Experimental Image
Co edV 82.8 Converted V Converted V =688.2 mV
Probed W = Probed V = 580.5 mVv/

Fit Image
Converted V = 688.4 mV ried V' = 587.7 m\/

nental Image Experimental Image
ed V = 6955 mV Converted V = 599.7 mV

Best Fit Image
Converted V = 589.9 m\/
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(O) Best Fit Cell Parameters (O Goodness of Fit @ Loss Analysis

Generate Report Go to Griddler Model

Saturation current densities at open circuit, in fA/em2

Fill factor drops waterfall diagram
T

5179 122872 T T T T T T T
|  _ idealFF
84 B
120.28 contagt resistance
80.25 831 T
front finger resistance
- 82| metal n=2 B
e recomb recomb
ﬁon%emu.onductor res: shunt
E | resistanc
v resistive
i 31 losses B
121.30
- non front grid region (n=1) 8o b
[ rear passivated region (n=1) edge
I non front grid region (n=2) recomb
[ Ifront metal region (n=1)
[ rear local contacts (n=1) L
[ ront metal region (n=2)
[ edge recomb (n=1) ) ) ) ) )
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4.3 Single Solar Cells

For AI-BSF solar cells, or if you have only single cell as sample, the third routine requires only the finished
cell. The SolarEYE software will analyze the luminescence images extract the passivated region Joi1, Joz,
front metal induced Jo1, Jo2, and the edge recombination Jo; (see Griddler manual section 2.7.5). It will also
extract a parameters called peripheral Jo1 which represents the nonuniform Jo: close to the edges of the
wafer. It will also extract the spatial distribution of the grid contact resistance.

Finished cell

Ag (contact fired)
SiNy

P-diffused

n* emitter

p-type multi wafer

Al (contact fired)

Shown below is the cell and sample type selection window (see 3.2). You must choose “Cell Type” = Just
finished cell. The corresponding sample type names then appear. You must select the correct sample to
its type. If the cell is multicrystalline, we also recommend checking the “non-uniform C” and “non-uniform
J0” boxes, so that nonuniform spatial distributions in the luminescence calibration constant and
recombination currents will be used in the fit.

Update since version 8: There is a new box called “Known emitter Joe”. This is useful if the user knows
the emitter Joe Of the solar cell from a separate experiment, such as from a lifetime test of a symmetric
passivated emitter sample. Check this box and fill in the known Joe value, and SolarEYE will separate the
fitted Jo in the regions between metallization grid fingers into two parts: the known Joe will become the front
passivated region Joz1 in the best fit model, and the remainder (fitted Jo1 — known Joe) will become the base
region Jo: in the best fit model. In the example below, the known emitter Joe is set to 80 fA/cm?2.

Cell Type |Just Finished Cell W

[E<sotareve- Finizhed Cell multi R

File Inteface Settings About

SOLAREY]

Cel Type Just Finished Cel

LLP\vide0s\2018-10-31

Avg PL count )
Ag (contact fired)

SiN,

P-diffused
n* emitter

Finished Cell muli v . i .
For single multicystalline cell, turn on
non-uniform ¢ and non-uniform Jg;

p-type multi wafer

non-uniform c
: non-uniform J01

fit contact resistance
(takes longer time)

i Al (contact fired)
[ non-unitorm ¢ [ 1t contact ressstance

(takes longer time|

a
.
.
.
.
4 non-uniform Jo1 .
.
-

[ set cell isc
5 okt acknersi ik [ EEEEEEEEEEEEEEEN
set cell Jsc

4 use Griddier Paratel 4 core compu..

Clfao Voo mar et peripheral ROIs

Voc (mV) FF (%)

i omorti <o s Use Griddler Parallel |4 core compu...
I —

Model = Build | C\Users\ohnson\Google D D Fit to VYoc and FF
BusbarMask  none
Voo (mv) FF (%)

RunJob Queue Job  View Queue

Knuwn emitter J0e =| B0 | fAjcm2

Shown below are typical loss charts, goodness of fit display, and best fit cell parameter page for the
single solar cell analysis routine.
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®) Best Fit Cell Parametars (O Goodness of Fit (O Loss Analysis Generate Report Go to Griddler Model

Cell Front Cell Rear

Fitted Cell Parameters

Avg contact resistance = 4.20 mohm-cm2
Passivated Region JO1 = 134.53 fAjcm2
Passivated Region JO2 = 27 47 nAjcm2
Front Metal Induced JO1 = 1435.10 fAfcm2

Wafer Edge JO1 = 87.26 fAfcm

Wafer Peripheral JO1 = 134.53 fAfcm?2
Front Grid Contact Resistance (mohm-cm2) Passivated Region JO1 {fA/cm2)

*/

Experimental Image

Probed V' = 654.2 m\/
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(O) Best Fit Cell Parameters (O Goodness of Fit @ Loss Analysis

Generate Report Go to Griddler Model

Saturation current densities at open circuit, in fA/cm2
866629 54
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