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Welcome! Module is an easy to use finite-element simulation program for solar panels. Module session
files are ZIP files, which packages the module layout and reduced cell models. It may also package the
original Griddler cell models. To start, you can download models for a wide variety of common solar cell
types, for different wafer sizes and cuts, at

http://ariddlersolar.com/index.php/cell-and-module-files-library/

Wafer Size Cut Multicrystalline PERC ~ Mono SE PERC n-type TOPCON multiwire HIT n-type IBC

125 mm Full Griddler IBC model

125 mm Full Module cell model

125 mm Half Cut Griddler IBC model

125 mm Half Cut Module cell model

M1 (156 mm)
M1 (156 mm)
M1 (156 mm)
M1 (156 mm)
M1 (156 mm)
M1 (156 mm)
M1 (156 mm)
M1 (156 mm)
M1 (156 mm)

M1 (156 mm)

Full

Full

Half Cut

Half Cut

6th cut top
6th cut top
6th cut middle
6th cut middle
6th cut bottom

6th cut bottom

Griddler model
Module cell model
Griddler model
Module cell model
Griddler model
Module cell model
Griddler model
Module cell model
Griddler model

Module cell model

Griddler model
Module cell model
Griddler model
Module cell model
Griddler model
Module cell model
Griddler model
Module cell model
Griddler model

Module cell model

Griddler model
Module cell model
Griddler model
Module cell model
Griddler model
Module cell model
Griddler model
Module cell model
Griddler model

Module cell model

Griddler model

Module cell model

Griddler model

Module cell model

Griddler IBC model
Module cell model
Griddler IBC model

Module cell model

The file links called “Module cell model” are zip files that you can directly load into Module via File - Open
Session, or in the Cell Library of Module via “Add cells from another zip”.

The file links called “Griddler model” and “Griddler IBC model” can be opened in Griddler 2.5 PRO and
Griddler IBC, respectively. If you have the software bundle, then you can launch these cell simulation
programs to load these files, edit them, and load them into Module for cell reduction.


http://griddlersolar.com/index.php/cell-and-module-files-library/
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After you have downloaded the installer, double click it to initiate installation. The installation process is
automatic and easy to follow and is described by the diagram below. Module 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, but you will need to install the MCR separately.
Once setup is complete, hit finish with the “Launch Module” checkbox checked, and Module will launch.

i Userkmunt
Do you want to allow tt
changes to your device?

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

Show more details

Setup - Module — x Setup
Information
Setup - Modale - % Computer uires the Matlab Compiler Runtime
P YES already has NO omputer? The installer cannot detect
Select Additional Tasks [~ v L il 4b. Click yes to download
Which additional tasks should be performed? COI’I’ect MCR') MCR R2013b (You'll need to run the MCR installer yourself after
Setup - Module — : download!)

"
<
Completing the Module Setup
Wizard No
Setup has finished installing Module on your computer. The 1 Resume MOd U|e
application may be launched by selecting the installed .
T, setup window
Click Finish to exit Setup. You have chosen to open.
Aiaunch Fodle ¥ MCR R2013b win64 installer.exe
Follow
. P which is: Binary File (486 M)
Ir!StrUCtlonS to - from: http://www.mathworks.com
- install MCR Would you like to save this file?

Module 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.

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 following options. Select the appropriate (software bundle = Griddler 2.5 PRO + Griddler
IBC + Module simulation program purchase; standalone = Module only).
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Command Base Transport  Cell Cross

ction About Efficiency Improvement

B license_option

You Need to Activate Your License Online :Ro CAHOT DE"ECT

| have license for this standalone program USB DOKLE THlS
-
| have license for software bundle ST UNTIL THE CORRECT
iLE IS INSERTED

\

IF THERE IS A TECHNICAL ISSUE,
PLEASE CONTACT

griddlerseris@gmail.com

Then you will be give the option below to enter a product key. Use the one provided to you and you can
then continue to use the program.

T&. 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

— QOther options...

Cancel
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Here’s Module’s main screen. In it, you can define the module layout, set the temperature, access the cell
and diode libraries, subcircuits library, conductive backsheet, and coarsely adjust the cell parameters of the
cells inside the module. Of course, you can also run simulations.

Bl <Module> — b )]
File About Import Sunsolve sllm & o
] Al
A .8 RE S | ] cells O [resistors [ details [~ - -
r. HE BE BN BN [ nodes [ node (xy) [] subcircuit Circuit
(A 4 A 4 1 Rescale | | Refresh
[] Override layout pattern with custom netlist 9!‘5_0-5”1£ﬂ|-
Module Dimensions -
Cell gap String gap
Rows| 10 |Columns| & (mm) 2 (mm) 2
Margin to ) + - dist
frame (mm}TUp 20 |Side | 5 | Bottom| 10 (mm) 100
Cell Connecting Ribbons String Connecting Ribbons
width sheet res width sheet res
(mm) (mohm/sq) 0.07 (mm) 6 (mohm/sq) 0.05
Ribbons Cables connectors 0 |[Calculator
optical scatter | = resistance (mohm)
Temperature (C) | 25 Two parallel halves

Cells, Bypass Diodes, Subcircuits, Conductive Backsheet

Cells | | Diodes | | Subcircuits || Conductive Backsheet

1E30 Smm

Place cell type into positions

Extra ribbon contact
res (mohm) Front, ul Rear | () M

Extra shunt cond (1/(kchm-cm2)) = ¢ u

Front 1-Sun Jsc 1 Rear 1-Sun Jsc 1
multiplier Ll multiplier Ll
JO1 multiplier 1 M J02 multiplier | 1 m
Front lllumination 1 Rear lllumination 0
(Suns) Ml (Suns) i
LS

FIND v B
o\ NP swssp\ {Iﬂﬂ! {T‘H "
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Let’s start by choosing File > Open Session, and then choosing mono-SE-PERC-cell_M2.zip downloaded

from the online library.

FIND

Place cell type into positions
Extra ribbon contact
res (mohm) Front| 0 il Rear| 0 il
Extra shunt cond (1/(kchmcm2)) | o ul
Front 1-Sun Jsc 1 Rear 1-Sun Jsc
multiplier ] multiplier
J01 multiplier 1 l J02 multiplier
Front lllumination 1 Rear lllumination
(Suns) il {Suns)

e b MPP SGJ\IVEEF\ M g;

B <Module> - X m
File | About Import Sunsolve a
@ & &

Open Session  \Ct+0 | oo -

T | cells[] [ resistars [] details | Circuit ~

TS Ctrl+s [ nodes [ nade (xy) M subcircuit Rescale | Refresh

h c m netlist 960.5mmy

Import netlist [ - |

Export netlist "
Rows 10 | Columns| § —ell gap

(mm) = ThispC » Downloads v &| | search Dowr
Margin to
ﬁamge (mm}TUp 20 Side 5 | DBottol o lder
Cell Connecting Ribbons String -
width sheet res width 2 Name Date modified Type Size
(mm) mohm/s 0.07 mm
{ a (mm) ~ Yesterday (1)
Ribbons Cables conne 7 N P—
optical scatter | - resistance (m % mono-5E-PERC-cell_M2.zip Compressed (zipp... 8,078 KB
Temperature [C) 25 Twopard Last week (2)
Cells, Bypass Diodes, Subcircuits, C download_2020-08-10_16-43-49.zip Compressed (zipp... 254 KB
download_2020-09-10_16-45-49 File fold:

Cells | Diodes = Subcircuits || Cond owmeac - i

As soon as the zip file has been loaded and there is information of the solar cell, the module shown in the
Module_figure will be populated by the first solar cell type by default. You can make a lot of changes---

populating the module with differ

ent cell models, changing the details of the cell (if user has access to

Griddler 2.5 PRO or Griddler IBC), etc. These will be explained later on in the manual.

B <Modulex - x Module_figure - O X
File About Import Sunsolve k]
. %8 W
lr. 1] —- == ] cells[] [ resistors [] details | Circuit v
LA 4 & Jd 1 __J [ nodes [ nade (x,y) ] subcircuit Rescale | | Refresh
[ Cwerride layout pattern with custom netlist 960.5mm (simiation mesfycount = 33784}
: . ——
Module Dimensions 1M IR ER U CE o
Rows | 10 | Columns| & CEI(II_E;F; 2 Smng(ra:p} 2 20 40 60
- 2 1 |22 11 [42 1]
Margin to . + - dist
frame (mm) Top | 20 | Side 5 Bottom 10 {mm) 100 " . -
Cell Connecting Ribbons String Connecting Ribbons 3 T [z m TR m
width sheet res go7| Width| o | shest res 0.05 :
(mm) (mohm/sg) == (mm) (mohm/sq) = 18 38 58
i 4 Ol ENt 1 [e4 I
Rlb_bons 02 Cal_)les connectors 0 |[Calculator 1l 1 1 n n 0|
optical scatter resistance (mohm) . - o
Temperature (C) | 25 Two parallel halves T 1 1= m 0 [+ m - 1
Cells, Bypass Diodes, Subcircuits, Conductive Backsheet E . - -
Cells | Diodes | Subcircuits | Conductive Backsheet H% [ m [ m - 1
Place cell type into positions 15 35 55
Extra ribbon contact ER 1|27 1] 1] |47 11 1]
res (mohm) Front, 0 wl Rear | 0 ol " . .
Extra shunt cond (1/(kohm-cm2)) o ul G =T IR — o
Front 1-Sun Jsc ] Rear 1-Sun Jsc
multiplier Il multiplier Il 13 33 52
Jot muttiplier | 1y Jo2multplier | 1| & m ez I fe o
Front lllumination Rear lllumination 5
1 0 12 32 52
(Suns) A (Suns) - 10 01 1 |30 m CRER 1
FIND JV 11 31 51
o\ WPP| | | SwWEER
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The Module_figure window can be resized. After resizing the window, pressing “Resize” will cause the
program to redraw the module in the correct aspect ratio.

Module_figure -
g o x
R &
cells O [ resistors [J defails Circuit
B <Module> - X [ nodes [ node (xy) (4 subcircuit Refresh
file About Import Sunsolve ~ B50.5mm (simiation mesh.gpunt = 33794)
- mE 1o mo[zom m e om i
lr. HE B BN .
. 20 40 &0
[ Override layout pattern with custom netlist
Module Dimensions 2w noEw v "
Cell gap String gap 19 38 59
Rows | 10 |Columns | 6 {mm) 2 (mm) 2
Margin to +- dist 3m mo|z=om mo e om i
frame (mm) 709 | 20 Side 5 Bottom| 10 | (™ | 100
Cell Connecting Ribbons String Connecting Ribbons 18 38 58
width sheet res width sheet res B - - - B B
(mm) {mohm/sq) 0.07 {mm) B {mohmisq) 0.05 4 0 o240 mo|em )
Ribbons Cables connectors
7 k1g 7
optical scatter | 02 | resistance (mohm) 0| | Calculator
Temperature (C) 25 Two parallel halves 1l U EE 1| om 1
Cells, Bypass Diodes, Subcircuits, Conductive Backsheet E 16 s 5
Cells | | Diodes | | Subcircuits | Conductive Backsheet B w P P T e m 0
Place cell type inta positions ; e

Extra ribbon contact
res (mohm) Front| 0 [y Rear| 0 |y T mofzr om mo e om 1

Extra shunt cond (ti(kohm-cm2)) | o |y

14 34 4
Front 1-Sun Jsc 1 Rear 1-Sun Jsc |
multiplier Il multiplier |l g m m & m m & m ]
J01 multiplier 1 J02 multiplier | 1
. " M " P . M 13 33 53
Front lllumination 1 Rear lllumination 0
(Suns) I (Suns) - | 1 [z om 1 [ om m
FiND v P e [
n“ - 1 ¥ = 12 32 52
"‘“ W | [save
101 1 [ m 1 [s0 m m
" 3 ]

There is a variety of options of what to display for the module, which will be explained later in the Subcircuit
Library section because that is where these options become useful. For now, we demonstrate for instance,
if you press “details”, then the full details of the module down to cell ribbons and fingers will be displayed,
and then you can use the zoom tool to look closely at sections of the module.

B Module_figure - O X
Ceelis[J [ resistors (4] details [Circuit
[ nodes [] node (x) ] subcircuit Rescale | Refresh




optical scatter
Temperature (C) | 25 Two
Cells, Bypass Diodes, Subcircuit

Cells  Diodes | | Subcircuits

Place cell type into positi

Extra ribbon contact Front
res {mohm)

resistance (mohm)

B <Module> - X
File About Import Sunsolve
Al . E BE S
lr. HE BE BN
(A 4 & 4 L ]
[[] Owerride layout pattern with custom netlist
Module Dimensions
Cell gap String gap
Rows| 10 Columns & (mm) (mm) 2
Margin to . + - dist
frame (mm}Tnp 20 Side 5 |Bottom| 10 (mm) 100
Cell Connecting Ribbons String Connecting Ribbons
width sheet res width shest res
(mm} (mohm/sq) 0.07 (mm) 6 (mohm/sg) 0.05
Ribbons Cables connectors

0 | Calculator

parallel halves

s, Conductive Backsheet

Conductive Backsheet

ons

0 ml Rear | ( il

JO1 multiplier | 1
Front lllumination

Extra shunt cond (1/(kchm-cm2)) ¢ ul
Front 1-Sun Jsc 1 Rear 1-Sun Jsc 1
multiplier | multiplier

]
i J02 multiplier m
Rear lllumination

N

(Suns) 1
FIND JV
e Ve PP S\NEEP\ M @

1
Ml (Suns) 0 ]|
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u Module_figure

& [E
%N

To run simulations, the Module interface resembles Griddler and Griddler IBC. Click “Find Jsc Voc MPP”
and Module will run the I-V curve, focusing on finding the main I-V parameters.

BF Voc=41.08V 4
lsc =964 A
- FF = 79.39%
§' 81 Pmax=314.20W ]
5 Vmp = 34.49 V
S 4F mp=911A B
Rs = 0.162 ohm
2 ]
0 . . . .
10 20 30 40 50
Voltage (V)
350
300 4
250 4
E i
5
£ 150 4
o
100 4
50 4
0 . . . .
10 20 30 40 50
Voltage (V)

Find Jsc Voc MPP stops after the maximum power point has been found, so the |-V curve might not look
very smooth. If you want the |-V curve to be smooth, you can press “JV sweep”, and specify additional
As long as you have not made changes to the module simulation
parameters, Module will add the newly simulated |-V points onto the existing I-V curve.

voltages to run the simulation.

optical scatter

Temperature (C) | 25

Cells | | Diodes | Subcircuits

Place cell type

Extra ribbon contact Front
res (mohm)

resistance (mohm)

B <Module> - ®
File About Import Sunsolve ]
1
[ |
L}
[] Override layout pattem with custom netlist
Module Dimensions
Cell gap String gap
Rows 10 | Columns| § (mm) 2 (mm) 2
Margin to + - dist
frame (mm) T9P |20 Side | 5 Bottom| 10 | oo™ | 100
Cell Connecting Ribbons String Connecting Ribbons
width sheet res width sheet res
(mm) (mohm/sq) 007} (mm)| 8 (mohm/sq) 0.05
Ribbons Cables connectors

0 | Calculator

Twao parallel halves

Cells, Bypass Diodes, Subcircuits, Conductive Backsheet

Conductive Backsheet

into positions

0 ul Rear | ( nl

Extra shunt cond (1/(kechm-cm2)) | 0 ul

35 |to 41 |step 1

SWEEP RANGE @ @
V b s

—
JV

FIND
e Ve VPP

| [ 4|

)]
SNk
&Y v
10 v v , .
8 Voc=4108YV 1
Isc = 9.64 A
— FF=79.39%
< 61 prmax = 314 29 W ]
5 Vmp =34.49V
S 4f Imp=911A 1
Rs = 0.006 ohm
2 4
0 . . .
0 10 20 30 40 50
WVoltage (V)
350
300 B
250 1
£ 200 |
o
£ 180 4
o
100 1
50 1
0 \ \ . \
0 10 20 30 40 50
Woltage (V)
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To visualize the voltage distribution, you can press “MAP” and then specify what to map (here we chose
Cell front voltage) and what operating condition to map (here we chose 34.49V which is the maximum
power point. You can also enter “OC” to simulate open circuit condition).

B <Module> - X

File About Import Sunsolve ¥

[[] Override layout pattern with custom netlist
Module Dimensions

String gap

(mm})
Margin t + - dist
fram (mm) TP | 20 | Sice 5 Bottom| 10| ;0| 100

Cell Connecting Ribbons String Connecting Ribbons

Rows 10 |Columns & CEI(II,E;F; 2 2

width sheet res width sheet res
(mm) imohew'sq) 007 (mm) & | (monmysg) 002
Ribbons Cables connectors

0 || Calculator

optical scatter resistance (mohm)

Temperature (C) | 25 Two parallel halves
Cells, Bypass Diodes, Subcircuits, Conductive Backsheet
Cells | | Diodes

Subcircuits || Conductive Backsheet

Flace cell type into positions

Extra ribbon contact
res (mohm) Front| 0 MREE" 0 il

Extra shunt cond (1/(kohm-cm2)) o wl

©09®

Jv
SWEEP

Map Cell Front V. v

At (3449 V

FIND
)

SAVE

Cell Voltage (mV)
595,62

56974 Map (hot)

591.70
Rescale

(New Since March 2023) For detailed simulation of a cell inside the module, after a MAP simulation, press

the “j icon in the Module Figure and enter the cell number to zoom. Press OK and Griddler will launch to
calculate the detailed voltage distribution for that particular cell inside the module.

Command  File About Improvement

(] Owerride layout pattern with custom netlist
Module Dimensions

Cell gap String gap

Rows| 10 | Columns| & (mm) (mm) 2
Margin to . + - dist

frame (mm)TUp 20 |Side 5 |Bottom| 10 {mm) 100
Cell Connecting Ribbons String Connecting Ribbons
width sheet res width sheet res

(mm) (mohm/sqg) 0.07 (mm) 6 (mohm/sq) 003
Ribbons Cables connectors

0 | Calculator

optical scatter resistance (mohm)

Temperature (C) 25 Two parallel halves

Cells, Bypass Diodes, Subcircuits, Conductive Backsheet

Cells Diodes  Subcircuits ~ Conductive Backsheet

Place cell type into positions

Extra ribbon contact
res (mohm) Front 1548"M Rear| 0 il

Extra shunt cond factor Exp
(1/(kohm-cm2)) @15un| 0w @osun 4 |Param 55

Map |Cell Rear V

08

At 3665 V

N’ .
FIND Y, -\
e Vo MPP| | | SWEEP SAVE

B Madule figure = [m] X

Map (hot) ~
Rescale

10
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Note: user needs to choose the right map inside Griddler (e.g. Rear voltage).

Command File About Improvement % 2 @

— Cell Voltage (mV) =
B <Griddler 25> - X

Command Base Transport  Cell Cross Section  TCO Layers About Efficiency Improvement  License Tandem
[ Override layout pattern wi_

Module Dimensions

14047103 1403925 18U37 45

Rows| 10 | Columns| &

Margin to B
frame (mm) Top | 20 ' Side

Cell Connecting Ribbons
width sheet res
(mm) 1 (mohm/sq) 0.0

Ribbons 02 | caili
optical scatter | res|

Temperature (C) 25
Cells, Bypass Diodes, Subjii
Cells  Diodes = Subcircu

Place cell type int

Extra ribbon contact |
res (mohm)

Extra shunt cond
(1l(kohm-cm2)) @1Sun

Map Cell Rear V

At (3665 V

) )] % 3

You can save the |-V curve and |-V parameters information by pressing REPORT.

“Module> 2] 1) mono-SE-PERC-cell M2_Vixt - Notepad ~ — [ X
File  About Import Sunsolve File Edit Formst View Help
save file name %
mono-SE-PERC-cell M2 IV.txt
A s ThisPC » 0S(C) > Module v @] | Search Module »
[ Override layout pattern with custom net] ~ Orgenize = New felder Q P‘f Pir:mte” -
. ront Suns .
Module Dimensions (R SolarEVE Filesfo * Name Date modified Type rear Suns ©.000000
Isc 9.636411 A
Rows| 10 Columns & CE‘(LE;‘; 2 58 website Griddler_mcr File folder Voo a1.031238 v
Margin to & OneDrive module_content jdBh2euh File folder FF 79.390803 %
frame (mm) 10P | 20 | Side | 5 | Bottom Moduler_mer File folder Pmax  314.288897 W
Cell Connecting Ribbons String Co 3 ThisPC =] Griddler_directory.txt Text Doc \Ihr:E ;ﬂﬁ;igi x
mm sheil = (507 u(un\:m 8 1 3D Objects B Griddler_IBC_directory.txt Teect Do Rs 8.006138 ohm
(mohm/sq) [ Desktop ] hemepath_mat txt Text Documer
Ribbons o | Cables connecto ] Documents =) homepath_zip.tct Text Documer 1V Curve
optical scatter .~ | resistance (mohr| - d2inBueihdd2.txt v I Power
T e (C E = 3 Downloads =l ideg : ) (A) (W)
emperature (C) | 25 [ E B s 0.000000 9.636411 0.000000
Cells, Bypass Diodes, Subcircuits, Con 8.216248 9.636374 79.174833
o [oas | T o = Pictures 16.432495 9.635837 158. 340841
it 1
ells | Diodes | Subgircuits |~ Conduc B videos 24.648743 9.627574 237.307606
) ) 32.864990 9.480918 308.961087
Place cell type into positions L 05 33.730155 9.277793 312.941402
Extra ribbon contact 1~ ¥ nata v < > 34.491961 9.111946 314.288897
res (mohm) font| W Iml T 34.595320 9.0883906 314.260638
: ~ 35.800000 §.958421 313.544748
1/(kohm-cm2)
Extra shunt cond (1/(kohm.cm2)) | g save a< type: [R0) » 36.000000 8.511167 306.402029
Front 1-Sun Jsc Rear 1-§ 37.200000 7.787628 288.142223
multiplier | 1l m 33.800800 6.675271 253668285
L Cancel 39.800000 5.074273 197.896665
J01 multip! J02 mi| ~ Hide Folders
multiplier | 1|y m , 10.000000 2.929256 117.170243
FS“’"“"“’"'"“““" 1 | RS‘*“""“ ination / 50 18.670426 1.184758 48.184625
(Suns) (Suns) l A . ‘ . ‘ 41.000000 0.241032 9.882300
FND = 0 10 20 30 0 0 41.081238 2.000000 ©.000000
]
PP S\I\.IEEP SR Voltage (V)
el SAVE

11
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After changes have been made, you can also save the session back into a zip folder, either through the
SAVE button in the main screen, or via File > Save New or File > Save.

B <Module> X o - o X
File About Import Sunsol —
fe fhodt Impermiunsove B save Session X
4 & » ThisPC > Downloads ~ ©  SesrchDownloads ¥
[ Override layout pattern with custom net] ~ Organize = New folder - @
Module Dimensions @ sharewith Dupa * Name Date mc(hﬁ;d Type
Cell
Rows | 10 | Columns| § E[n?ranﬁ 2 & share with Nafis ~ Yesterday (1)
| share with 5P . . R X
Margin to # mono-SE-PERC-cell M2zip 12/3/2020 11:36 pm Compres
frame (mm}TDp 20 |Side | 5 | Bottom 2 share with Spark
Cell Connecting Ribbons  String Co| 5 solarkveFlesto ot ook ()
width sheet res width # download_2020-09-10_16-45-49.zip Compres
0.07 6 48 website .
{mm} (mohm/sq) (mm) @ download_2020-09-10_16-45-49 File folde
Ribbons 0 Cables connectol @ OneDrive  Last manth (5)
optical scatter |~ resistance (mohr i
Temperature (C) 25 Two parallel o i pC 1 Sample A_T20min.zip Compres
Cells. B Diodes. Subcircuits. C B 3D Objects § Trina+ data-0825.zip Compres
ells, Bypass Diodes, Subcircuits, Con B Deskiop #| Trina+ data-D824.zip Compres
Cells | Diodes | Subcircuits | Conduc| 2 Documents sup-Measurements-0825-F102-L1 (1) File folde
. S le_A_T30mi File feld
Place cell type into positions b Downloads ample_A_TsUmin ile folde
Extra ribbon contact K Mic & S >
Front
res {mohm) ot u File name: “
Extra shunt cond {1/{(kohm-cm2)) | o )
Save as type: ~
Front 1-Sun Jsc 1 Rear 1-§
multiplier |ml m
0t multiplier | 1|y J0zmy ~ Hide Folders Conce
Front lllumination 1 Rear llunginationT L33 T
(Suns) Ml (Suns) J/ 1
0 . . . .
FIND v 0 10 20 30 40 50
VU NPP| | | SWEER Veltage (V)

12
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We roll out periodic updates, and you’ll be notified of one upon program start (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 version from your computer.

B <Module> - X

File About

e .8 B
r. Bl Bl BN
(A 4 & 4/
[] Override layout pattern with custom netlist

Module Dimensions

Cell gap String gap
Rows | 10 Columns & (mm) {mm) 2
f’\iargm.m Ton 20 | ide [ & | Rostam 40 | £330
C A new version of Module (version 1.00032, tons
‘E:l January 1, 2021) is available. 05
5 ulator
T Take Me to the Download Page!
C No thanks 1eet

C

Place cell type into positions

Extra ribbon contact

res (mohm) Front

0 nl Rear | 0 I

Extra shunt cond (1/(kohm-cm2)) | ¢ M
Front 1-Sun Jsc 1 Rear 1-Sun Jsc
multiplier Y] multiplier
JO1 multiplier 1 ml J02 multiplier
Front lllumination 1 Rear lllumination
(Suns) il (Suns)
F0 | v ﬁ
i\ MPP| | | S\WEER |

Import Sunsolve ~

B Module_figure - O x
% &

cells ] [ resistors [ details |Circuit ~ ~

[1 nodes [] node (x,y) - subcircuit Rescale | | Refresh

950.5mmy

mm

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.

B <Module> - X
File

Import Sunsclve L

Module version 1.00032 A

Released on January 1, 2021

For inquiries or to report bugs, please write to johnson@ariddle

Module Change Log from January 1 2021 {version 1.00032)

1. Introduced conductive backsheet loading and interconnection
2. Extra risbon conductive backsheet solder contact points cont
a spatially resolved manner.

3. Remembers directories now (before does not upon reload)

Module Change Log from November 2 2020 (version 1.00030)

1. Griddler and Griddler IBC new versions are incorporated

Module Change Log from September 12 2020 (version 1.0002¢

1. Recalls the last directories user navigated to assess Module
2. Added a button link to the Griddler cell and Module cell file lib

Module Change Log from September 7 2020 (version 1.00028)

4. Some IBC cells reduction did not converge. Mow this is fixed v

< >

Close

Download Release Notes

X

cells[] [ resistors [] details | Circuit ~
[ nodes [] node xy) [#] subcircuit Rescale | Refresh
860 Emru.!_
g
E
=
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Sl
0
s
l-l

n <Module» — X u
File About Import Sunsolve E ®, & {m;, -
A .8 BE & | cells [ [ resistors [ details [qp -
lr. HE BE EE BN [ nodes [ node (xy) [ subcircuit Cireuit
(A 4 4 4 L ] Rescale | | Refresh
[] Override layout pattern with custom netlist SEC.Cmm
<$odule Dimensions
1 Cell gap String gap
1 Rows | 10 | Columns | § 2
1 (mm) (mm)
I Margin to + - dist

:frame(mm}TDp 20 | Side | 5 | Bottom 10 (mm) 100

I Cell Connecting Ribbons String Connecting Ribbons

2 Jwidth sheet res width sheet res
< f (mm) ! (mohm/sq) 0.07 (mm) 6 (mohm/sq) 0.05

I Ribbons Cables connectors

| optical scatter 0.2 resistance (mohm)
é)Temperature (C)y | 25 }'wo parallel halves
I

N\

Cells, Bypass Diodes, Subcircuits, Conductive Backsheet
Cells | Diodes | | Subcircuits | Conductive Backsheet

1A38 Amm

1 )Place cell type into positions

I Extra ribbon contact
res (mohm)

1
: Extra shunt cond (V/(kohm-cm2)) | o |
(4) Front 1-Sun Jsc 1 Rear 1-Sun Jsc

Front, ul Rear| (

multiplier |l multiplier
: JO01 multiplier 1 | J02 multiplier
: Front lllumination 1 Rear lllumination
1 (Suns) 2l (Suns)

FIND 1 | |=
Een | |ser | AR S |

The main screen has the above categories of option groups 1) module layout options (for commonly
encountered, rectangular patterns; for arbitrary patterns see Subcircuits Library Section), 2) Ribbons and
cables connectors, 3) Temperature, 4) lllumination and cell diode properties.

This group of options allows you to quickly change the layout of a rectangular module. For more arbitrary
layouts, see the subcircuits library section.

Here we show for illustrative purposes a module that consists of two cell types. To show this clearly we
create a module that is a mixture of full size cells and half cut cells, but of course usually you want to create
module with similar sized cells. For this to work, your module session has to have more than one cell type
in the cell library (see Cell Library). To repopulate parts or all of the module with another cell type, see
below. Enter the cell type number and positions of the module (which can be seen in the Module_figure)
you wish to insert that cell type. If you want to place that cell type into all the positions, enter “all”.
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<Module>

File About Import Sunsolve
.y v |

| T |
- -

[ Override layout pattern with custom netlist

Module Dimensions

Cell gap String gap
Rows| 10 |Columns | § (mm) 2 (mm) 2
Margin to + - dist

ﬁamgtmm)TDp 20 Side| 5 | Bottom 10 (mm) 1
Cell Connecting Ribbons

optical scatter resistance (mohm)

Temperature (C) | 25

Two parallel halves

Cells | | Diodes | | Subcircuits || Conductive Backsheet

String Connecting Ribbons

width sheet res width sheet res
(mm) (mohm/sq) 0.07 (mm} 8 (mohm/sq) 0.0
Ribbons Cables connectors 0 |[Calculator

Cells, Bypass Diodes, Subcircuits, Conductive Backsheet

-

X ll Module_figure -
«| |® &
cells[] [ resistors [] details | Circuit
[ nedes [ node (xy) ] subcircuit Refresh
960.5mm (simlation = 32324)
10 DR EE 1 (41 m
20 40
2 m o[22 m |42
00

44 1] T

== Manual v7 Sept 16, 2023

B Module figure

Place cell type | 2 into positions 5116126,38,59‘

nf&ls @
Oeensd

L

Rescale

X

[ resistors [ details |Circuit
[nodes [ node (xy) M subcircuit

Refresh

)

i

Note that all the cells within the module must have the same number of ribbons.

Extra ribbon contact el e e o ol
res (mohm) Front| 0 oil| Rear | 0 nl 14
Extra shunt cond (1/(kohm-cm2)) 0 wl G ™

Front 1-Sun Jsc 1 Rear 1-Sun Jsc 1

multiplier ] multiplier Y] . i .
0 multiplier 1y 02 multiplier | 1| gmm

Front lllumination 1 Rear lllumination 0 12
(Suns) il (Suns) |l o o

FIND JV 1
i\ WPP| | | SWEER

Z N | ‘ ‘ ‘ ‘ =
2 \
26 [1] I :
33
S
29 1] I
a2
<
® 1] ! E | ‘ ‘ ‘ ‘ |
=

i

¥ %]

Here we show what

happens, for example, if we have a third cell type that has 5 busbars, when the existing cells inside the
module have 6 busbars. If we try to place cell type 3 into certain positions of the module, an error message
will appear and you won't be able to do it.

B <Module> - X )]
File About Import Sunsolve » oN[CR g\ﬂ?
r.‘..-_- -= = Oeensd [ resistors [] details |Circuit v
H'-' (S—] [ nodes [ nede (xy) (4 subcircuit Rescale | | Refresh
[ Override layout pattarn with custom netlist 960.5mm (simiation = 32324)
—T—
Module Dimensions
Cell gap String gap
Rows| 10 Columns 6 (mm) (mm)
L in.t — it —
B Warning - X
Cell Type 3 has 5 busbars, Cell number 1 inside the madule has & bushars.
This is not allowed!
Temperature (C}) | 25 Two parallel halves
Cells, Bypass Diodes, Subcircuits, Conductive Backsheet E
Cells | Diodes @ Subcircuits || Conductive Backsheet b
Place cell type 3 into positions
Extra ribbon contact
res (mohm) Front O il Rear 1wl
Extra shunt cond (1/(kchm-cm2)) | ¢ I
Front 1-Sun Jsc 1 Rear 1-Sun Jsc 1
multiplier Il multiplier Inl]
J01 multiplier 1 l J02 multiplier 1 ml
Front lllumination 1 Rear lllumination 0
(Suns) Al (Suns) ]|
FIND JV
i\ MPP) | | SwuEER
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For rectangular layouts, you can easily change the dimensions of the module via the options in red below.

B <Module> - X B Module figure - = x

4

File About Import Sunsolve o

A . E RE S . S -
lr. HE BE BN e [ resistors [] details | Circuit
- . —-—— [ nodes [] node (x,y} 4 subcircuit Rescale | | Refresh

[] Owerride layout pattern with custom netlist

Module Dimensions

i 787.0mm (simlation mesh count = 10702}
Rows| 5 |Columns 4 Cell gap String gap 2 _
(mm) (mm)
Margin to . + - dist L =
frame (mm) T0P | 20 | Side | 5 Bottom| 10 | o ¥/ 100 P m "M i
width shest res width sheet res 10 20
(mm) [mohm/sq) 007 (mm) 8 (mohm/sq) 0.05
2 1 1 12 1 1
Ribbons Cables connectors 0 | [Calculator ! ! ! !
optical scatter | = resistance (mohm)
Temperature (C) | 25 Two parallel halves ¢ 1
Cells, Bypass Diodes, Subcircuits, Conductive Backsheet E 3 11 1] 13 1] 1
Cells | | Diodes | Subcircuits || Conductive Backsheet $
8 18
Place cell type 0 into positions
4 M 1] 14 1] 1]
Extra ribbon contact
res (mohm) Front, 0 ml Rear 0 ml
Extra shunt cond (1/(kchm-cm2)) 0 il 7 17
Front 1-Sun Jsc Rear 1-Sun Jsc 1 151 T
multiplier 1 |l multiplier 1 \mi
JO01 multiplier 1 nl J02 multiplier | 1 ml [
Front lllumination 1 Rear lllumination 0
(Suns) Ml {Suns)

[ Fno v |
e\ T | Sweer M@mv&

Because it is common to layout half cut cells into two symmetrical, parallel/series connected halves of the
module, we have also added this as a quick option. Here we show for an example, a module consisted of
entirely half cut cells. Press “Two parallel halves” and then check “two parallel strings” and module will
layout the cells as shown in the Module_figure below.

File About Import Sunsohve G| S,
-‘..-- == —_— cells [ [ resistors [] details | Circuit ~
[ nodes [ nede (xy) [ subcircuit Rescale | Refresh

n other_options — *

787.0mm (simlation mesh count = 10792)

Opposing End Junction Boxes Btring gap
Central String Connecting Ribbons Emnl::st E Bh
10 | . 100 | [
T [12.00 heet 15 g s (mm)
(mohm/sq) hnecting Ribbons [ L
T Eer e sheet res il
(mm) (mohm/sq) (mohm/sq) 0.05 F
Ribbons bl
optical scatter 0.2 Calculator i L
Temperature (C) 25 |
Cells, Bypass Diodes, Subcircuits, Conductive Backsheet i E L
Cells | Diodes | Subcircuits | Conductive Backsheet U=
i
Place cell type into positions i =
Extra ribbon contact
res {mohm) Front| il Rear | 0 il
Extra shunt cond (1/{kchm-cm2)) | wl b I
Front 1-Sun Jsc Rear 1-Sun Jsc 1 i L
multiplier ] multiplier ml [ L
J01 multiplier 1 nl J02 multiplier | 1 ol J V
Front lllumination 1 Rear lllumination 0
(Suns) Ml {Suns) il l

FIND N K
i) (o) 09 50 L
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Shingled cells can easily be defined by simply setting the cell gap value to a negative number. To give ane
example, we will start from scratch and build a module that consist of 6" cut mono-PERC cells laid out as
shingles.

We download from the online Module cell library the following Module cell files: mono-SE-PERC-
cell_M2_6THCUTTORP.zip, mono-SE-PERC-cell_M2_6THCUTMID.zip, mono-SE-PERC-
cell_M2_6THCUTBOTTOM.zip and load them into Module via Cell Library > Add cells from another zip

Below we show the difference between arranging these cells with positive cell gap versus negative cell
gap (shingling).

Bl <Module> - X | Bl Module_figure - =} x
File  About Import Sunsohve ~ *:\ {\
Al Sl 8 BE S M cens [ [ resistors [] details  Circuit v
i EE BN BN .
e 4 4 4 [ nodes [ node (xy) [ subcircuit [ 1] | Refresh

[ Override layout pattern with custom netlist

Module Dimensions
Cell gap String gap

() () S,

Margin & + - dist :
tame () TOP |20 |Side| 5 Battom 10 | (ot 100 1 n

Cell Connecting Ribbons String Connecting Ribbons

width sheet res width sheet res
{mm) 1 (mnhm,gq}D,DT {mm) [

Rows| § |Columns 1|

(mohmsg) %05 2 @

Ribbons 02 Cables connectors
optical scatter |~ resistance (mohm)

Temperature (C) | 25 Two parallel halves 3 2

0 || Calculator

mm

Cells, Bypass Diodes, Subcircuits, Conductive Backsh

Cells | Diodes = Subcircuits | Conductive Backsheet x|

Place cell type into positions

Extra ribbon contact
res (mohm) Front| 0 |y Rear| 0 |y 5 12

Extra shunt cond (1/(kohmcm2)) | 0 m

Front 1-Sun Jsc Rear 1-Sun Jsc

1

multiplier ] multiplier 1 Il & )
J01 multiplier 1 i J02 multiplier . 1 ml
Front lllumination Rear lllumination 0
(Suns) Tom (Suns) i}
L=l
FIND v )
Joc \b NPP| | | SWWEER SAVE]
H <Module» - X B Module figure - o x
File  About Import Sunsolve L 8, &
r.".-- == = cells[] [ resistars [] detai\? Circuit ~
L 4 & 4 [J nodes [] node (xy) i suncircuit 1| Refresh

[] Override layout pattern with custom netlist

Module Dimensions
188 Smm (simlation mesh count = 1014)

Rows & |Columns| 1

Margin t
fr:n;gam(mnm}TUp 20 |Side | & | Bottom 10

Cell Connecting Ribbons String Connecting Rihg

width sheet res width sheet res
(mm) 1 (mohm/sg) 0.07 (mm) 6 (mohm/sq) 0.05 \
Ribbons P Cables connectors 0 |[Calculat 2 el
optical scatter | = resistance (mohm) aleulator
Temperature (C) 25 Two parallel halves 3 ]
12
Cells, Bypass Diodes, Subcircuits, Conductive Backsheet g
Cells | Diodes Conductive B =
= 4 2
Place cell type into positions

Extra ribbon contact
res (mohm) Front| 0 |y Rear| 0 |y 5 2

Extra shunt cond (1/(kchm-cm2)) | o I

Front 1-Sun Jsc Rear 1-Sun Jsc

P 1 oo 1 € &
multiplier |l multiplier Il
JO1 multiplier 1 i J02 multiplier 1 ml
Front [llumination 1 Rear lllumination 0 \_7'-/
(Suns) 2l (Suns) ]

FIND v
i e ) 0
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Firstly, the Griddler cell design page enables shingle cell type of grids to be defined. See
Griddler_and_PRO_manual section 2.4. Assuming that you have the right kinds of shingled cells in the cell
library of Module, simply set the Cell gap to a negative number, and you're all set. Now the cells are
shingled with an overlap equal to the magnitude of the cell gap. The decrease in current of any cell due to
the overlap shading is automatically calculated, for both front and rear illumination cases.

You can adjust both ribbon width and sheet resistance in the options below. Here we show what happens
if you adjusted ribbon width to 20mm. The module figure will be updated, and there will also be a window
that shows you the shading on the cell. You can choose which cell type to show. Here for cell type 2 the
shading is 29.43%.

O
File About Import Sunsolve % (B4 B <ol display - x
AN EED. 8 RE S [ cells resistors (] deta
lr. HE B BN . B cetis L] d =
[ 4 4 4 [ nedes [ node (xy) B subcircuit Rescal

[ Override layout pattern with custom netlist

Module Dimensions 787.0mm (simiation mesh count =10 |
Cell gap String gap
(mm) [ 5 mm) | 20

Margin to + - dist

frame (mm) Top | 50 | Side 50 | Bottom 50 (mm) 200
Cell Connecting Ribbons String Connecting Ribbons
width heet res width sheet res

mm)| 10| S = 0.05

Rows 5§ Columns 4

Ribbons Cables connectors 0

optical scatter 0.2 | resistance (mohm) Caleulator

Temperature (C) 25
Cells and Bypass Diodes Within the Module

987 Ffmm

Cell Library | | Diode Library | | Subcircuits Library

Place cell type 2 into positions

b L L L L L L L d

Two Parallel Halves

Show cell type |2 « | Front Side | Toggle Shading = 29 43%
Extra shunt cond (1/(kchm-cm2)) ¢ I
el T
Front 1-Sun Jsc 1 Rear 1-Sun Jsc 1 [ J
multiplier Il multiplier Il —
JO1 multiplier 1 il J02 multiplier | 1 ml l = ‘
Front lllumination Rear lllumination 0
(Suns) 1w (Suns) nl

FIND N =
o |

The shading depends not only on the ribbon width, but also on the ribbon optical scattering properties.
Some ribbons are designed to scatter more light inside the module, resulting in higher cell light absorption.
To reflect this, you can adjust “ribbon optical scatter’”. Value of 0 means that any light falling on the ribbon
is not scattered back into the cell. Value of 1 means that all light falling on the ribbon scatters back onto
the cell. You can see that adjusting this number results in a different shading percentage.
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B <Module> — x M Module_figure
File About Import Sunsolve IS
FNY NRTHEr O M eetis [
lr. HE B BN BN
- -

Rows| 5 | Column

Margin to
frame [mm}Tﬂp s

width sheet

Cells | Diodes

Place cell type

res (mohm)

Front 1-Sun Jsc

multiplier

J01 multiplier

Front lllumination
(Suns)

[1 Qverride layout pattern with custom netlist

Module Dimensions

Cell Connecting Ribbons String Connecting Ribbons

(mm) 10 (mohm/sq)

ns 05 Cables connectors
optical scatter |~ e gunohm)

Temperature (C) | 25 Two parallel halvé
Cells, Bypass Diodes, Subcircuits, Conductive Backsheet

Extra ribbon contact

Extra shunt cond {Ukehm-cm2)) | 0 |,

[ nedes [ nede (xy) B4 subcircuit Res!

787 Omm (simlstion mesh count =

cell_display —

O resistors [ def

Cell gap String gap
s 4 {mm) 5 (mm) 20
. + - dist
0 | Side 50 | Bottom| 50 {mm) 200

s (07 width sheet res

mm)| € | (mohmisg) -9

0 | Calculator

a5 mrrl

Subcircuits | | Conductive Backsheet

into positions

0 il Rear () il

Rear 1-Sun Jsc
i multiplier

1 1 )

L

-
Toggle Shading = 19.02%

. —
FIND Y, |
e )| R 51

Similarly you can adjust the width and sheet resistance of string connecting ribbons.
exaggerated example, below we adjust them to really large values.

File About ImportSunsolve

[ Override layout pattern with custom netlist
Module Dimensions

Cell gap String gap
Rows| 5§ Columns 4 (mm) (mm) 20
Margin to + - dist

frame (mm) T0P | 50 | Side | 50 Bottom 50 | (mmy
Cell Connecting Ribbons

width sheet res et res
(mm) 10 (mohm/sq) 0.07 mohm/sq)
Ribbons Cables connectors

05

optical scatter resistance (mohm)

Temperature (C) | 25 Two parallel halves

Cells, Bypass Diodes, Subcircuits, Ce"nductive Backsheet

Cells |  Diodes [l other_options ‘ x

Place cell type Two parallel strings
Extra ribbon c Opposing End Junction Boxes
res (mohm) .

Extra shunt co| -
wi
Front 1-Sun J|_(mm WUD{

multipl

JO1 multiplier 1 1l J02 multiplier

Front lllumination 1 Rear lllumination
(Suns) 1l (Suns)

FIND Jv
e e PP S\NEEP\ M

X

String Connectings&ibbons

LY

0 || Calculator

M odule figure - m] ®

%, [

% 55
| Acens O [ resistors [ details | Circuit vl

[ nodes [] node (xy) & subcircuit Rescale | | Refresh
787 0mm (simlation mesh count = 10792)

/ e % 2 E 12 % 12

{24 2] L
)
{23 2 i
{n 7] |
|

To illustrate an

By default, cables and junction box related resistances are zero. If you wish to simulate their effects, you
can click “Calculator” next to this field and a screen pops up which allows you to calculate the wire
resistance for all kinds of copper wire gauge and lengths, as well as junction box resistance. Hitting “Apply”
will enter the total resistance into the cable connections resistance field.
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Conductive jbrary

Place cell type into positions

C_ab\e wire resist- 1.7238¢
ity (uohm-cm)

- * — O #
File About Import Sunsclve &, 165 'iﬂ?
cells (] [ resistors [] details |Circuit -
[ nodes [ node (xy) & subcircuit Rescale | Refresh
[ Override layout pattern with custom netlist ‘ TE7.0mm (simistion mesh count = 10792}
. . k I
Module Dimensions B Cobles_connections_resistance_calculator — x
Rows| & |Columns| 4 Cell gap 5 S1ring gap 20
" . (mm) (mm) Internal and contact
argin to + - dist resistance inside 06
Top | 50 | Side | 50 Bottom 5k :
frame (mm) '°P e otomL 2y (mm) 200 | junction box (mahm) Internal and
C:{LC"""E"‘L"Q tR'bb""s 5‘5‘:9 Conhecting Ribbons  Contact resistance 02 contact
wi sheet res widt : i it
0.07 B0 | shest res per jack {mohm} resistance inside
{mm) (mohm/sq) (mm) (mohmisq) 00 _ junction box
Ribbons 05 Cables connectors Cable wire gauge (AWG)
optical scatter | “-” | resistance (mohm) |7-55 Calcu\alor} 10 -
Temperature {C} | 25 Cable wire f
Cells, Bypass Diodes, Subcircuits, Conduy|g diameter (mm) 2.5882¢
cable wire
Cells | | Diodes | Subcircuits cable lengh:

gauge or
diameter

Rear lllumination

Al {Suns)

Front lllumination

{Suns) 0

i
il
il

) Qyole length (m) | 1.0 contact
Extra ribbon contact 0 ul R resistance -
res (mohm) per jack
Extra shunt cond (1/(kehm-cm2)) | ¢ =
Front 1-Sun Jsc 1 Rear 1-Sun Jsc 1 Resst fo Defaut
multiplier multiplier m ‘ | L J | ‘ I
JO1 multiplier | 1|y J02 multiplier | 1 & 12 % 12

FIND
e e PP

stk [

3.5 Temperature

The temperature can be adjusted from the default value of 25°C as shown below. Module will adjust the
diode recombination parameters in the cell but the user will be reminded to adjust cell current density and
resistors (if there is any temperature dependence) manually.

User is responsible for adjusting the cell cunent density and resistive
elsments according to the temperature st point

- x

File About Import Sunsche E

Al (.8 RE S

rl HE BE BN .

[ A 4 & 4 L J
[ Override layout pattern with custom netlist
Module Dimensions

Cell gap String gap

Rows| § Columns 4 (mm) 3 (mm) 20
Bllecminn & -
B warning - X

Two parallel halves

Temperature (C) | 50

Cells, Bypass Diodes, Subcircuits, Conductive Backsheet

Cells | | Diodes | Subcircuits = Conductive Backsheet

Place cell type into positions

Extra ribbon contact Eront 0

res {(mohm) 0 l Rear l
Extra shunt cond (1/(kohm-cm2)) | m
Front 1-Sun Jsc 1 Rear 1-Sun Jsc 1
multiplier multiplier

JO1 multiplier | 1

Front lllumination 1
(Suns)

J02 multiplier | 1
Rear lllumination

Al {Suns)

] |72

FIND
e\ PP

- [m} X
% (58|
cells[] [ resistors [ details |Circuit ¥
[ nodes [] node (xy) &4 subcircuit Rescale | | Refresh

mm

116

787.0mm (simistion mesh count = 10752}

[F] [F] 35 2]
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Module makes adjustments to the cell recombination parameters (expressed by the two diode model)
according to

Joa(T) = Jo1(25°C) x (n;(T)/n;(25°C))?
Joa(T) = Jo2(25°C) X (n;(T)/n;(25°C))*

T+273.15)2 ( —6880 )
300 XP\T 27315

Where Jo1 and Jo, are the saturation current densities of the n=1 and n=2 diodes respectively (saturation
current per area values from the lp1 and lo2 explained in section 1.2), T is temperature in Celsius, n; is the
intrinsic carrier concentration in silicon. The above equations basically mean that the thermal equilibrium
carrier concentration, and therefore recombination currents, increase with temperature. This leads to open-
circuit voltage (Voc) and efficiency drops as temperature rises. The above equations capture most of the
negative temperature coefficient in solar cell Voc and efficiency. However Module does not model the
comparatively minor temperature coefficient in short-circuit current density (Jsc) that is due to increased
absorption of infrared photons as the silicon bandgap decreases with increasing temperature.

n;(T) = 9.15 x 1019(

The illumination condition from the front and the rear (in units of Suns) can be adjusted in this option group.
As well, without needing to access the original Griddler cell model, you can make adjustments to the cell
diode properties by setting multipliers for the front and rear 1 Sun short-circuit current density (Jsc), and the
diode recombination current densities Jo1, Jo2. You can also add additional cell level shunt conductance.
For more details on the definition of these parameters and the two diode model of solar cells, refer to the
Griddler and PRO manual, section 1.2 Griddler Core Model. By default, all multipliers are set to 1 and the
extra shunt conductance is set to zero, meaning that there is no alteration to the diode properties of the cell
model.

Below we illustrate the case where we set the extra shunt conductance to 1 (inverse kohm-cm?) and plot
the I-V curve under low light condition of 0.1 Sun from the front.
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B <Module> - b B Module figure — [m} x
File About Import Sunsolve MIESENkE
e .8 BE S v ~
HE B BN .
e 4 & 4 L _J
[ Qwverride layout pattern with custom netlist 9
Module Dimensions
Cell gap String gap 038 K 1
Rows 5 Columns| 4 (mm) 5 (mm) 20 lsc = 0.82 A
Margin to . + - dist — FF = 65.62% |
frame (mm) T0P | 50  Side | 50 | Bottom | 50 | ()" 200 ji_:, 06 Pmax = 5.94 W
Cell Connecting Ribbons String Connecting Ribbons E Vmp =902V
width sheet res width sheet res S 04r Imp=066A 1
(mm) 10 | (monmisg) 297 (mm)| 89 | (monmisg)/0-05 Rs = 0.044 ohm
Ribbons Cables connectors 0.z 1
optical scatter | =~ resistance (mohm) 7'55‘ CE i
Temperature (C) 50 Two parallel halves 0 L L L L
0 2 4 6 8 10 12
Cells, Bypass Diodes, Subcircuits, Conductive Backsheet Voltage (V)
Cells | | Diodes | Subcircuits | Conductive Backsheet 6
Place cell type into positions 5 E
Extra ribbon contact
1o {mahm) Front 0 |y Rear 0 s 4 ]
Extra shunt cond {1/(kohm-cm2}) 1 l = 3 |
Front 1-Sun Jsc 1 Rear 1-Sun Jsc 1 E
multiplier | multiplier | 2 q
JO1 multiplier 1 nl J02 multiplier | 1 ml
Front lllumination 01 Rear lllumination 0 1 1
(Suns) -1 |l (Suns) Il
0 L . L L .
0 2 4 6 8 10 12
FIND JV Voltage V)
Vo VPP| | | SWUEER

If you have used Griddler the solar cell simulation program before, you will recognize that next to certain
parameters there are blue N buttons (shown below). That means that for these parameters you can define
spatially non-uniform distributions. Let’s click on the blue N button next to “Front illumination”. An
interactive screen pops up with tools that allow you to create a non-uniform light field.

B <Modules x B Module figure - m] X
File About Import Sunsolve (1 & (S|4
Al .S BE S - e
HBE BN BN .
A4 & 4 . J
[] Owerride layout pattern with custom netlist "
Module Dimensions
Cell gap String gap 0.8 . 1
Rows| & | Columns| 4 (mm) (mm) 20 e =082 A
Margin to + - dist —_ FF = 65.62%
frame (mm}Top 50 | Side | 50 Bottom 50 {mm) 200 §, 0.6 Prmax = 5 64 W R
Cell Connecting Ribbons String Connecting Ribbons 5 Vmp=9.02V
width sheet res width sheet res S 04F Imp=066A 1
(mm) (mohm/sg) 07| (mm) 80 (ryohmisg) 000 © Rs = 0.044 ohm
Ribbons Cables connectors 0.2 R
optical scatter |~ resistance (mohm) ?'55‘ ooy
Temperature (C) | 50 Twa parallel halves 0 L L . L
| L " ] 2 4 6 8 10 12
Cells, Bypass Diodes, Subcircuits, Conductive Backsheet Voltage (V)
Cells | Diodes | Subcircuits = Conductive Backsheet 6
Place cell type into positions 5 E
Extra ribbon contact
res {mohm) Front| 0 i Rear| 0 i g 4 1
Extra shunt d (1/(kehm-cm2)
xtra shunt cond (1/( D1 s 3 ]
Front 1-Sun Jsc 1 Rear 1-Sun Jsc H
multiplier | multiplier i} &g E
JO1 multiplier 1 il J02 multiplier 1 |
Front lllumination Rear lllumination 1 1
{Suns) 0.1 |Suns} 0 ]
0 L L . L L
EIND B 2 4 VUhaEe W 8 10 12
SV VPP | | SwueeR SAVE 9
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You can directly draw the light field by selecting the value to draw (specified in Suns), and then painting

over the module schematic just like using paint tool. Below we show an example of such a free style
illumination field definition and the resultant simulated front cell voltage near MPP:

Bl <Module> - X B Module figure - O X
File About Impert Sunsclve @, (5
CellVoltage (mV)
1.JfZT 1.0464 55035 535.42 520.48 Wap (hot)
5

Introduce nen-uniformity in front
illumination

Enable

ﬁl pattern from tif or txt

Draw in the module area to define spatial distribution
Brush Size Small 4 + | Largd
Brush Hardness  Sof « G I
Value to draw Assign to

cell pos

Model backsheet scatter

Using reflectivity | 0.61 | and scatter distance | 3.61 'mm

Normalize picture to 1.0135

Set max to | 1.0927 | | Set min to 1

) - (e

unoo  cLenz | N

Done

You can also select “Import” to load a picture that represents the light field. The picture is always resized
to fit right inside the module frame. If you select a greyscale tif, the grey scale will be translated into
numbers representing the nonuniform parameter; if you select an RGB jpg, the R, G, B values will be
translated into numbers according to number = sgrt(Rvalue? + Gvalue? + Bvalue?).

File About Import Sunsolve

Select file to apen

X
Introduce non-uniformity in front €« « 4 [ ] « menuals » Module manual v | Search Module manual P
illumination Organize = New folder e T @

|68, share with Spark »  Name Date modified Type
patter from tif or txt 8, SolarEYE Files fo [5) light field.xt ) 5 Text Documer
Seichiiic P[5 tree shading 13/9 o JPG File
> gipg P

Draw in the module area to define spatial distril & OneDrive

Brush Size Small « v[Lar = ThisPC
1 3D Objects
Brush Hardness  Soft  « v H

[ Desktop
Value todraw 2 024¢ As;lgn o [5] Documents
galls 4 Downloads
Model backsheet scatter b Music
Using reflectvty | 0.61 | and scatter distanc =] Pictures
Videos
Normalize picture to 1.0135 i, 05(C)
Set maxto || 1.0927 | Set minto 1 = DATA (D) ol R
n % i File name: | tree shadingpg <] [Allimage formats (*jpg:* itk ~
@ \ v
; M Done

UNDO CLENAR INVERT

After loading the picture, you can make adjustments to the intensity by setting the maximum and minimum
levels of the imported image as shown below. Here we set the maximum to 1 (Sun) and minimum to 0.8
(Suns). To the right is the resultant simulated front cell voltage near MPP.
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B <Module> - x
File About Import Sunsohve

Module figure — a x

CellVoltage (mv}
562683 51296 48579 Map (hot) ~

Rescale

09 08

Introduce nen-unifermity in front
illumination

Enable

ﬁ pattern from tif or txt [

Draw in the module area to define spatial distribution

Brush Size Small « »|Large 736
Brush Hardness  Soft  « »| Hard 1

Assign to E

Value to draw |2 026¢ cell pos

Model backsheet scatter

Normalize picture to 0.96327

I Set max to 1 Set min to 08 I

A | |
R

Using reflectivity | 0.61 | and scatter distance | 3.61 /mm L [* WF H“ H*E J i
G
A

n S
uwoo  clenr N

There is a more precise way to import picture representing a nonuniform pattern, by importing a text file
that has within in an N x M matrix of numbers. In this case, Module will assign these numbers exactly to
the nonuniform picture inside the module frame.

File About Import Sunselve
09 0,8 ‘ T T T T T T T T T 1
B select file to open X
Introduce non-uniformity in front + <« manuals » Module manual v O Search Module manual ped
illumination Organize = New folder =- ™ @
[k sharewith Spark »  Name Date modified Type
pattern from tif or txt G SolarEVEEL = light_field.txt 11/3/2019 1145 am  Text Documer
G4 website [] tree shading.jpg 13, IPG File
Draw in the module area to define spatial distril ~ # OneDrive
Brush Size  Small « v|Lar B iseC
J 30 Objects
Brush Hardness  Soft 4 M H:
[ Deskiop
Value to draw |1 926¢ Asﬁlgn to [ Documents
o ¥ Downloads
Model backshest scatter Jy Music
Using reflectivity | 0 61 | and scatter distanc =] Pictures
Videos
Normalize picture to | |0.96327 m 0S(C)
Set max to 1 Set min to 08 = DATA (D) wla 3
n 3 File name: | light,_field.bxt | | Allimage formats (-jpg:if: k ~
s
unDo CLENR
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B <Module> - X B Module figure - O hd
File About Import Sunsolve 2, G|

Cell Voltage (mV)
499,65 41212 Map (hat) ~

1,3Tns mias Mim s 99,6
I T

Intreduce non-uniformity in front
illumination

Enable

pattern from tif or txt

Draw in the module area to define spatial distribution

Brush Size Small « v|Llarge 736
Brush Hardness  Soft ¢ » | Hard 1

Assign to
cell pos

Value to draw  |1.926¢

Model backsheet scatter

Using reflectivity | 0.81 @ and scatter distance | 361 mm

Normalize picture to 1.0038

Set maxto  1.3505  Setminto | 0.65648

- Done

In this example we imported a text file called light_field.txt. If we open it in excel, we see that it is a 100 x
100 array of numbers. The upper left corner of the matrix has a value of 0.657. This is exactly the
number which has been assigned to the upper left corner of the module frame.

m Nachar

fle  Home Isert  PageLayo Data  Review View  Help Tell me what you want to do Share = Comments
b B wop T A B R [rems e cood P i B R [F) | T
Po E:::m;w.‘,, BIy-|5- ElMegeaconer - | § - % 9 G 45 | oot Formter x input Note || e Dol Foma | S0 sens Fedn
Cipbourd . Font 8 Asgnment 3 Mumber : sttes cen Eating -
F13 - % | oms v
E F G H U 1) K L M N 0 P Q R S T v v w X Y z AA

0667 06695 0672 0675 0677 06795 0682 06845 0687 06895 0692 0.6945  0.697 06995 0702 07045 0707 0703 0712 07145 0717 07195 072 Queries & Connections A
06715 0674 06765 0679 06815 0634 06865 0689 06915 0694 06965 0699 07015 0704 07065 0709 0715 0714 07165 0719 07215 0724 07265

0676 06785 0681 06835 0686 0.6885  0.691 06935 0696 06985 0701 07035 0706 07085 0711 07135 0716 0718 0721 07235 0726 07285 0731
06805 0683 06855 0688 06905 0693 06955 0698 07005 0703 07055 0708 07105 0713 07155 0718 07205 0723 07255 0728 07305 0733 0735

1
2

3 Queries | Connections
4

5 0685 06875 069 06925 0695 0.6975 07 07025 0705 07075 071 07125 0715 07175 072 0725 0725 07275 073 07325 0735 0737 074

6

7

8

quey

06895 0692 065  0.697 06995 0702 07045 0707 07095 0712 07145 0717 07195 072 07245 0727 07295 0732 0745 0737 07395 0742 0745 O fgnt feld
0634 0635 0639 07015 0704 07065 0709 0715 0714 07165 0719 07215 0724 07265 0725 07315 0734 07365 0739 07415 0.74 07465  0.149 0o iouded:

06985 0701 07035 0706 07085 0711 07135 0716 07185 0721 07235 0726 07285 0731 07335 0736 07385 0741 07435 0746 07485 0751 0.7535
3| 0703 07055 0708 07105 0713 07155 0718 07205 0723 07255 0728 07305 0733 07355 0738 07405 0743 07455 0748 07505 0753 07555 0758
10 07075 071 0715 0715 07175 072 0725 075 07275 073 0735 0735 07375 074 07425 0745 07475 075 07525 0755 07575 076 0.7625
1M o712 o745 0717 0719 072 0745 0727 07295 0732 0785 0737 07395 0742 07M5 0747 07495 0752 0745 0757 07595 0762 07685  0.767
120 07165 0719 07215 0724 07265 0729 0735 074 07365 073 07415 0744 07465 0749 07515 0754 07565 0759 07615 0764 07665 0769 07715
1| o[ oms] oms omms o071 07335 0736 0738 0741 07435 0786 07485 0751 07535 0756 0758 0761 07635 0766 0768 0771 0I7M5 076
1407255 0728 07305 0733 07355 0738 07405 0743 07455 0748 07505 0753 07555 0758 07605 0763 07655 0768 07705 0773 07755 0778  0.7805
15 073 07325 0735 07375 074 07425 0745 07475 075 07525 0755 07575 076 0765 0765 07675 077 07725 0775 07775 078 07825 0785
16 0T3S 0737 07395 0742 07445 0747 07495 0752 07545 0757 07595 0762 0.7685 0767 07635 0772 OJMS 0T 0I5 0782 075 0787 0.7835
17, 0739 07415 0748 07465 0749 07515 0754 07565 0759 07615 0764 07665 0769 07715 0774 077%5 0779 07815 0788 07865 0789 07915  0.734
18, 07435 0746 07485 0751 07535 075 0755 0761 02635 0766 07685 0771 07735  0.7% 0J785 0781 07835 078 07885 0791 07935 079 0.7%5
19 0748 07505 0753 07555 0758 07605 0763 07655 0768 07705 0773 07755 0778 07805 0783 07855 0788 0795 0793 07955 079 08005  0.803
20| 07525 0755 07575 076 07625 0765 0767 0.7 07725 0775 07775 078 07825 0785 07875 079 0795 0.7 0.7975 08 08025 0805 0.8075
21| 0757 07595 0762 07645 0767 07695 0772 0775 0777 07795 0782 07845 0787 07895 0792 0795 0797 07935 0802 08045 0807 08095 0812
22| 07615 0764 07665 0769 O0J7S 0774 07765 0775 07815 0784 0785 0789 07915 079 0795 079 08015 0804 08065 0609 08115 0814 08165
23| 0766 07685 0771 0775 7% 0775 0781 07835 073 07885 0791 07935 079 0795 0801 08035 0806 08085 0811 08135 0816 08185 0821
24 o7ms 0773 07755 0778 07805 0783 0785 0788 07505 0793 07955 0798 0505 0803 08055 0808 08105 0813 08155 0818 08205 0823 0825
25 0775 07775 078 07825 07 07875 079 07925 0795 0.7975 08 08025 0805 08075 081 08125 0815 08175 082 0825 085 0875 083
2| 07795 0782 07845 0787 07895 0792 075 0797 0795 0802 08045 0807 08095 0812 08145 0817 0819 0822 0845 0827 08295 0832 08MS
27, 0784 0785 0789 07915 0794 0.7%5 0799 08015 0303 08065 0309 08115 0814 08165 0819 08215 0824 08265 08209 08315 084 08365 0839
28 o788 0791 07935 079 0798 0801 08035 0806 08085 0Bl 08135 0816 08185 0821 08235 082% 08285 0831 08335 0836 0838 0831 08435
29| 0753 07955 0798 08005 0803 08055 0808 08105 0813 08155 0318 08205 0823 08255 0828 08305 0833 08355 0838 08405 0343 08455 0848
0| omm 0B 08025 0805 08075 081 08125 0815 08175 082 08225 0825 08275 083 08325 0835 08375 084 08425 0845 08475 085 0852
31| 0802 08045 0807 08035 0812 08145 0817 08195 082 08245 0827 08295 0832 0845 0837 08395 0842 08445 0847 08495 0852 08545 0857
32| 08065 0809 0815 0814 08165 0819 08215 0824 08265 0829 03315 0834 08365 0839 08415 0848 08465 0849 08515 0854 08565 0859 08615
33 0811 08135 0816 08185 0821 08235 0826 08285 0831 08335 0836 08385 0841 08435 0846 08485 0851 08535 0856 08565 0861 08635  0.866 "
34| 08155 0818 08205 0823 08255 0828 08305 0833 08355 0833 08405 0843 08455 0848 08505 0853 08555 0858 08605 0863 08655 0368 0.8705 Asynced folder is missing.
38 082 0825 0825 08275 083 08325 0835 08375 084 08425 0845 08475 085 08525 0855 08575 086 08625 0865 08675 087 08725 0875 087 packupand Syncis tryingto sync Desktop’but
3| 08245 0827 08295 0832 08345 0837 08395 0842 0845 0847 08495 0852 08545 0857 08595 0862 08645 0867 08635 0872 08745 0877 0875 08 thefolderhas either been moved or deleted

37 0829 08315 0834 08365 0839 05415 054 08465 0849 08515 0854 08565 0859 08615 0864 08665 0869 08715 0874 05765 0879 08815 0854 0388
33 08335 083 0885 0841 08435 0846 03485 0351 08535 085 08585 0861 08635 0.866 08685 0871 08735 087 08785 0881 03835 0336 08885 08 ¢

Sheet2 _Sheet! S ‘ V

Select destination and pre:

Besides using the brush, you can also set the value to draw, and then put the cell numbers to assign the
value to. In this example we assign 1.5 to cell positions 1,6,32,40:
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<Module>

File About Import Sunsolve

1.3?05 W.UEBS U.BiEiE

Introduce non-uniformity in front
illumination

Enable

H pattern from tif or txt

Draw in the module area to define spatial distribution

Brush Size Small 4 v|Large 738

Brush Hardness  Soft <| >|Hard

1

Assign to

Value to draw 156 o

1,6,32,40

Model backsheet scatter

Using reflectivity = 0.61

MNormalize picture to

and scatter distance | 3.61

1.0038

mm

Setmaxto 1.3505| Setminto 0.65648

3 ’
ol -
CLEAR INVERT

Let’'s go back to the example where we imported a jpg representing leaf shading. We hit “Done” to go back
to the main screen, and we can hit MAP to run a simulation (at this example at 37V) to see the impact of
the shading on the cell voltage near MPP condition. Of course, you can also re-run the I-V curve on your
own.

With illumination light fields, you’ll notice that there is an additional tool to define non-uniform light
distribution, called “Model backsheet scatter’. This is a rough tool that calculates the enhanced light
absorption in the solar cell due to light incident on the backsheet, in the gaps between cells or gap between
cell and the module frame. The user must enter the backsheet total reflectance, as well as the scatter
distance, which describes the point spread function of the light scattering laterally inside the module. Feel
free to explore this calculator on your own and run some simulations. Here, first we clear the shaded pattern
light field by pressing “Clear” in the non-uniform spatial distribution page for Front illumination, and then
pressing “Model backsheet scatter” using the default reflectivity and scatter distance. You see that the light
intensity falling near cell edges is enhanced because of the backsheet scattering.
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B <Module> - X

File About Import Sunsolve

1.1?59 W.Ui34

Introduce nen-uniformity in front
illumination

Enable

ﬁl pattern from tif or txt

Draw in the module area to define spatial distribution

Brush Size Small « »|Large| 736
Brush Hardness  Soft 4 ¥ | Hard 1

Assign to
cell pos

Value to draw 15

Using reflectivity = 0.61 = and scatter distance | 3.61 'mm

Normalize picture to 1.0096

Set maxto | 1.1869 | Set min to 1

9%
n '- ﬁ Done
unDo CLENR

For the diiode parameter multipliers (1 Sun Jsc and JO1, JO2), one can also model cell to cell variability
within the module. In this example below, press the blue N button next to “JO1 multiplier”, which is a
modification factor to the JO1 (recombination) of the cell type at the positions within the module.

B <Modules = x <))
File About Import Sunsolve e Q’V?
ol .4 BE A cells[] [T resistors [] details | Gircuit ~
r. HE BN BN N
(A 4 & 4 [ nodes [ nade (xy) (4] subcircuit Rescale | | Refresh

787.0mm (simlation mesh count = 10792}

[ Owerride layout pattern with custom netlist

Module Dimensions

Cell gap 5 String gap
(mm) (mm)

Margin to + - dist

frame (mm) Top 50  Side | 50 Bottom 50 (mm) 200

Cell Connecting Ribbons String Connecting Ribbons

width sheet res width sheet res

(mm) {mohm/sq) 0.07 (mm} 60 (mohm/sq) 0.0

Rows| 5§ Columns 4 20 25 2 % 02 33 2 ]

Ribbons Cables connectors

optical scatter 0.5 | resistance {mohm) 7.55| iy

Temperature (C) | 50 Two parallel halves

Cells, Bypass Diodes, Subcircuits, Conductive B:

1163 Bmm

Cells | Diodes  Subcircuits | Conductive Backsheet

Place cell type into positions

Extra ribbon contact
res (mohm) Front| 0 il Rear ( il

Extra shunt cond (1/(kchm-cm2)) | 1 ul

Front 1-Sun Jsc 1 Rear 1-Sun Jsc
multiplier | multiplier

JO1 multiplier 1 J02 multiplier

1
Front lllumination Rear lllumination
(Suns) 1009y (Suns) 0

FIND v N |5
| [sanen)| TPORR [E50 |

In the window to define the spatial distribution of the JO1 multiplier, press “Model cells variability” using
mean 1 and standard deviation of 0.1. You can see that each cell will be randomly assigned a value
according to normal distribution of mean 1 and standard deviation 0.1. Below we show this and the resultant
front cell voltage at open-circuit conditions.
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B <Module> - X B Module_figure - m] b4
File About Import Sunsolve 2, (G| 4T

Cell Voltage (mV)

1..2?35 1.0271 (.84472 61293 62797 62300 Wap (hot)
H [ O caie

Introduce non-uniformity in JO1

Enable

ﬂ pattern from tif or txt

Draw in the module area to define spatial distribution

Brush Size Small « v|large 736
Brush Hardness  Soft 4 » | Hard 1

Assign to

cellnos

: Model cells variability

Using mean 1 and std deviation 01

Value to draw 2

Normalize picture to 1.0096
Setmaxto  1.2095| | Setminto | 0.84472

)

%

-

W > Done
CLENAR INVERT

3.8 Extra Ribbon Solder Polnt Contact Resistance

B <Viedule - X Module figure - o X
g
File  About Import Sunsche L ®, & -
e . E BE A cells [] [ resistors [] details -
lr. HE Bl BN B [ nodes [ nede (xy) & subcircuit Cireutt
(A & Jd L _J Rescale | | Refresh
[ Override layout pattern with custom netlist (——956.0mm (simiation meshycount =33314)
Module Dimensions 1 M Moz 14 1
Rows| 10 Columns 6 Cell gap String gap 20 40 60
(mm) mm) 2 M2z U E- 1
Margin to . + - dist
frame (mm) Top | 20  Side 5 | Bottom| 10 (mm) 100 1 - o
Cell Connecting Ribbons String Connecting Ribbons 3 0 TR EXT 1 |43 o M
width sheet res 0.07 width 8 sheet res 0.05
(mm) (mohm/sq) = (mm) (mohmisq) 18 38 55
Ribbons Cables connectors 4 1 M |24 U BB 1
. i} . e 0 || Calculator
optical scatter resistance (mohm)
17 37 57
Temperature (C) | 25 Two parallel halves E— PR = =
Cells, Bypass Diodes, Subcircuits, Conductive Backsheet E
E 18 35 56
Cells Diodes | Subcircuits | Conductive Backsheet e ) M |28 1 11 |46 1 I
Place cell type into positions 15 35 55
A ri - TN 1 |z 11 |e7 1
Extra ribbon contact [ . 0 Rear @ 1l Iy il il 0 n
res (mohm) m i
Extra shunt cond (1/(kohm-cm2)) 0 i > nd
xtra
ul 8 1 i [28m 1 |48 i
Front 1-Sun Jsc 1 Rear 1-5un Jsc
multiplier multiplier 3 3 53
J01 multiplier | 1|y J02 multiplier 8m N e N Rl r
Front lllumination Rear lllumination 12 32 52
(Suns) 2l {Suns) : 001 CH EXG 1 50 11 1]
FIND Jv ; 1 3 51
o \oc PP | | SWWEER SAV!

There is much interest in the investigation of whether a certain interconnection scheme is robust against
imperfect solder joint/conductive adhesive joint contacts, or deterioration of contacts as the module is used
in the field over time. In section 4.5, we will illustrate a very precise way of modelling nonzero ribbon joint
contact resistance, by editing the Griddler cell model and then introducing the cell model into Module.
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However, this method is time consuming because the cell analysis process takes a long time, and also,
only users with software bundle license has access to Griddler 2.5 PRO for cell level editing. So, we have
also introduced a much quicker way to allow the user to directly define joint contact point resistance in
Module itself.

To introduce front side ribbon contact resistance, you can either directly enter a non-zero number into the
box next to Extra ribbon contact res Front. This will assign that number in mohms to all front ribbon solder
joint points in the module. Very frequently, one might want to investigate the impact of incidental bad
contact resistance that occur locally in certain areas of the module. To do that press the blue N button next
to “Extra ribbon contact res (mohm) Front”. As above, this will bring you to the interactive screen to define
the nonuniform front ribbon contact resistance, where, as before, you can either import a picture describing
the spatial pattern, or use the drawing tool to define areas with high contact resistance, as shown below.

B <Module> - *

File About Import Sunsclve k]
Grey dots are the

T o T
solder points

Introduce non-uniformity in extra front
ribbon contact res

Enable

Im I pattern from tif or txt

Draw in the module area to define spatial distribution

Use drawing tool
to define areas
with high contact

Brush Size Small « r|Large | 10 resistance
Brush Hardness Soft  « »| Hard | 100

Assign to
Value to draw
200 cell pos
Model cells variability
Using mean 1 and std deviation 0.02

Normalize picture to 0.81407

Set max to 200 Set min to 0

Once done, the average front ribbon contact resistance will be displayed as a blue number in the main
screen, and the simulations will incorporate these additionally added contact resistance. In the example
below, we show the cell front and rear voltage drops at 1 Sun illumination and 30V. One can see that the
extra contact resistance has caused the voltage to swell locally, and has also slightly altered the rear side
voltage pattern of the neighbouring cell.
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Map >
At | 30 |V )
~ = =

Sl
0
s
l.l

Map |Cell Front V v

At 30 |V
H <Modules - X Module_figure % Module figure x
File About Import Sunsolve o &, S, {ﬁy a| & & {ﬁy a
P T Cell Voltage (mv) Cell Voltage (mv)
E. BE B BN BE 525,32 52194 51757 Map (hot) ~ €50 477 0.01 Map (hat) ~
B — N —— R | ®oscals Rescals

[] Override layout pattern with custom netlist

Module Dimensions

Rows 10 Columns & Ce!ﬂ?:ﬁ 2 Sm"%ﬂ:ﬁ 2
Margin ta + - dist

100

A— A— —
Top 20 Side 5 Bottom 10 [r—_— [R— [r—
frame (mm) =7 == {mm) — - —
Cell Connecting Ribbons String Connecting Ribbons
width sheet res 0.07 width 6 sheet res 005
(mm) (mohm/sg) ™" (mm) (mohm/sg) - —__—_—
Ribbons Cables connectors
optical scatter -2 resistance (mehm) 0 |iCeuay . . .
Temperature (C) | 25 Two parallel halves —— —— —
Cells, Bypass Diodes, Subcil Conductive Backsh
Cells | | Diodes | | Subcircuits = Conductive Backsheet A— — ——
Place cell type into positions [—— [— [E——
Extra ribbon contact Front) 9534 Rear| 0 " — —
res (mohm) . ul l
Extra shunt cond (1/(kohm-cm2)) = ul _—————
Map Coll otV ~| 7 [—— —— [—
— A—— —
At 30 |V
o e e P
= A—— A——, —
FIND JV
S \b PP | | SWEER SAVE
B <Module> - X B Module figure — O x
File About Import Sunsolve | [CRCR {fr:; ~
A . E BE S cells [] [Tresistors [] details [qjrouit w
lr. HE BE BN B [ nodes [] node (xy) [ subcircuit
[ A 4 & 4 L ) Rescale | | Refresh
[[] Override layout pattern with custom netlist — 856.0mm (smiation mesycount = 33314)
Module Dimensions 11 I A IO R 1l
Rows 10 |Columns | 8 Cell gap String gap 20 40 kil
" (mm) (mm) R EER R
argin to : + - dist
frame (mm) 1°P | 20 | Side | & | Bottom | 10 | 1y, | 100 18 28 g
Cell Connecting Ribbons String Connecting Ribbons 3 [l m |23 m |42 )]
width sheet res width sheet res
(mm) (mohmssq) 907 mm)| € | (mohmsg) 205 18 38 s
Ribbons 2 Cables connectors o |/ Calculator em e e l
optical scatter | =~ | resistance (mohm) 17 a7 a7
Temperature (C) | 25 Two parallel halves 5 [ M |25 [ |45 11 |
Cells, Bypass Diodes, Subcircuits, Conductive Backsheet E 15 a5 %
Cells | | Diodes | Subcircuits | | Conductive Backsheet g6 1 |28 0l o1 |4e 0l )|
Place cell type into positions 15 35 55
Extra ribb tact 7 M 11 |27 o 1 |47 1 1]
xtra ribbon conta
res {(mohm) Front| 8534) y Rear| 0 m| 14 34 54
Extra shunt cond (1/(kchm-cm2)) 0 ol 8 1] M (28 11 M |48 11 M
— T 13 33 52
Map Cell Front WV ~ @ @ 9 1 I b IO R |
At 30 |V ) 12 32 2
~ 10 [ M |30 m M |so n 1l
FIND Y, = 1" 31 51
J Vo VPP | | SWWEERP SAVE

Similarly, to introduce rear side ribbon contact resistance, you can either directly enter a non-zero number
into the box next to Extra ribbon contact res Rear, or introduce a spatial pattern by pressing the blue N
button next to “Extra ribbon contact res (mohm) Rear”. Once done, the average rear ribbon contact
resistance will be displayed as a blue number in the main screen, and the simulations will incorporate these
additionally added contact resistance.
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B <Module>

File About Import Sunsolve

points

Introduce nen-unifermity in extra rear
ribbon contact res

Enable

ﬁ pattern from tif or txt

Draw in the module area to define spatial distribution

Brush Size Small « v|Large 10
Brush Hardness  Soft 4 +| Hard | 100

Assign to
Value to draw
1000 cell pos
Model cells variability
Using mean 1 and std deviation 0.02

Mormalize picture to £.7446

Set maxto 1000 | Setminto 0

) L

unDo CLEAR

Done

1000 500 Grey dots are the
|:I H rear ribbon solder

Use drawing tool
to define areas
with high contact
resistance

Map |Cell Front V v

At | 30 |V At | 30 |V
— N~
B <Module> - x B Module_figure Module_figure - o x
File About Import Sunsolve | @ & o | & 8
4 &, N
CallVoltage (mV) Cell Voltage (mv)
520,60 52414 51767 Map (hot) 11,69 % 0.0 Map (hat) ~
Rescale

[ Qverride layout pattern with custom netlist

Module Dimensions

Cell gap > String gap

Rows| 10  Columns| & (mm) (mm) 2
Margin to + - dist

frame (mm) ToP | 20 |side| 5 | Bottom | 10 | (1,0 100
CellC ing Ribb String C ing Ribbons
width sheet res width sheet res

(mm) L (mohm/sq) 0.07 (mm) 8 (mohm/sqg) 0.05
Ribbons Cables connectors

optical scatter 0.2 resistance (mohm) 0 | Celacy
Temperature (C) | 25 Two parallel halves

Cells, Bypass Diodes, Subcircuits, Conductive Backsheet

Cells | Diodes @ Subcircuits || Conductive Backsheet

Place cell type into positions

Extra ribbon contact
res (mohm) Front) 9534 iil| Rear ?'241{M

Extra shunt cond (1/{kchm-cm2)) | @ ul

T 008

g

FIND NV
Js:VmN\PM swser-'\

Rescale

SIERR R R
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4 Cell Library

4.1 Introduction

The cell library stores different cell models ready to be placed into the module. Here we start from the
beginning and click File - Open - and load mono-SE-PERC-cell_M2.zip. Click Cell Library to open it.
There is one cell type in the library. Click view to look at the schematic of this cell.

B vvocuies - || B Modute figure s
File  About Import Sunsolve CHIcY éﬂy
E. 11 "- == = Il [ celis [] [ resistors [ details | Circuit ~ |
- || [ nodes [ node (x.y) i subcircuit | Rescale | | Refresh | cell_display _ «
[ Override layout pattern with custor Bl <=/l librar, — X = -

Module Dimensions

CeI1 ID #1: mono-SE-PERC-cell MZ.mat

Reverse breakdown voltage: -14 V

Analyzed: Yes At med detail, ribbon width = 0.50 mm, ribbon sheet res
lSun Voc Isc FF Eff Vip Imp Mesh M

Rows| 10 | Columns & CEH;‘; |

Margin to
ﬁame(mm)TDp 20 |Side 5 | Bot
Cell Connecting Ribbons
width sheet res

mm)|_* (mohm/sq) 007

{mv) (R} (%) (2 {mv) (2)
685 9.74 78.39  21.41 568 9.21 562

Ribbons 02 Cles conr
optical scatter e

Temperature (C)
Cells and Bypag# Diodes Within th

Cell Library |§ Diode Library Sub%

Pl |l t into position v
ace cell type p < s
Two Parallel Halves Add cells from another zip Rev breakdgef®= | 14V Griddler || IBC
Extra shunt cond (1/(kohm.cma2)) | - .
4 Add | | Reload | Delete dit | Fork 1~ workers
Front 1-Sun Jsc 1 Rea
multiplier ] Analyze | Selected ~ at Med + detail, ribbon width set by |Cell ~ g N - N
J01 multiplier 1 l ) Show cell type |1 ~| Front Side = Toggle Shading = 5.24%
Front lllumination Rear lllumination| | 0 12 | 32 I 52 1
{Suns} il (Suns) M 3 10 [1] R EXT i [so 0]

k1l

FIND Jv 1
e siier)| 0 @

There are two ways to add more cell types into this session:
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Clicking “Add cells from another zip” will load cell types that exist in other zipped session files.

type can be readily inserted into the Module and used in simulation.

File About ImportSunsolve

[ Override layout pattern with custor [

Module Dimensions
Rows 10 | Columns| 6 CE‘(‘ o

mm)
M 1
frome () T00 |20 | Sice | 5| Bot

Cell Connecting Ribbons Strin
‘width sheet res width
(mm) |1 mohmisg) 007 {mm

Ribbons
optical scatter

Cables conr
resistance (1

25
Cells and Bypass Diodes Within th

Temperature (C)

Cell Library | | Diode Library | | Subt

Place cal type into positior
Two Parallel Halves

Extra shunt cond (1/(kohm-cm2)

Front 1-Sun Jsc | Rea
multiplier i
Jot muttiplier | 1 |y

Front

cells[] [ resistors [] details | Circuit
1| [ nodes[] node (xy) (] subcircuit

4 B Select file to load

Rear
(Suns) 1wl (Suns)

== Manual v7 Sept 16, 2023

This cell

X
4 & > ThisPC > Downloads » ~ @ | search Downloads £
CelI 10 §1¢ mono-SE-PERC-cell M2.mat
[Reverse breakdown voltage: -13 V. Organize +  Newfolder - o @
Analyzed: Yes At med detail, ribbon width = 0.50 mm, ~
15un Voc Isc F: 34 n Inp Mest | Screenshots A Name Date modified Tpe A
(@) @ @) @) @ @) + borewith And
2 S74 7238 ) <
4 35 2141 5 2o Beewibide g0
4 share with Dupo
§ n-type-bifacial-cell M2_hafcutaip Comp,
@ share with Nafis ¥ mono-SE-PERC-cellM2_halfcutaip T
share with 5P
o  Yesterday (1)
% mone-SE-PERC-cell M2.zip 127 Comp,
SIRrEYE Files fo i
Gk website
omp
@ Onerive et
€ 5 This PC
3D Object:
IAddceHSﬁnmannmerzlp r Rev breakdown = | 14 | v 4 Jects omp|
I Desktop omp
Add| | Reload | | Delete | | View | | Edit |Fork 5] Documents omp
le fo w
Analyze | [Selected v atlMed | detail ribbony & Dowmleads B
il (ER | e File name: | mono-SE-PERC-cell_M2_halfeutzip | | (*2ip) -
N (o ]| one
11 ey -
B celllibrary — B cell_display - X

/|

A

Cell 1D §1: mono-SE-FERC-cell MZ.mat
Reverse breakdown voltage: -13 V
Enalyzed: Yes At med detail, ribbon width = 0.50 mn, ribbon sheet g5
1sun Voc Isc  FF Eff Vs mp  Mesh Num

V) (2) @) @ (a)

625 s.74 78.3¢ sez 9.2l

(%)
2141 s62
Cell ID $2: mono-SE-BERC-cell M2 halfeut.mat
| |reverse brearaown voltage: -1 v
Enalyzed: Yes At low detail, ribbon width = 0.50 mm, ribbon sheet res
Eet i fom.

1Sun Voc Isc FF £f Vi (mp Mesh M
) @) ©) ) o @
685 4.87 79.74 21.78 577 4.61 268

M
< >
Add calls from anotner zip | Revbreakdown= | -14 |v | Griddler | IBC
Add | | Reload | | Delste | | View | | Edit| [Fork 1 | workers
Analyze | |Selected + at|Med | detail, ibbon width set by Cell

Show celltype [2 | FrontSide | Toggle | Shading=5.16%

[For users with bundled software license] Clicking “Add” allows you to load Griddler cell models (multiple
selection is permitted). Because the cell model is in the Griddler format with a high number of FEM nodes,
this cell type cannot be immediately used in Module simulation. First it needs to go through a reduction
process, where a smaller Module cell model with fewer number of FEM nodes is generated based on the

Griddler cell model.
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D]
Fil About | rt S I ¢ 5
ile out  Import Sunsolve %, (64
cells [] [ resistors [] details | Circuit ~
| [nodes [ node pcy) [ subcirch Bl Select cell model x
[ Override layout pattern with custon Bl
+~ <« Module cells > all variants v O Search all variants 2
Module Dimensions
|  [CeI1 1D #1: wono-SE-PERC-cell M2.mat Organize New folder = @
Rows| 10 | Columns| & cotgen gﬁ:irfzdl?r;:;dcgg ;;étizzllmribbcn width = 0.5 ~
(mm) Thalyzeds = s o | (g2 sharewith Spark ®  Mame Type *
Margin to ) (%) ) o 48 SolarEVE Files f £ ;
frame (mm)Tnp 20 Side| & Bot |gg 5 s J'3e 3141 ses a1 (G2 SolarEYE Files fo E mono-SE-PERC-cell_G1_6THCUTTOP.mat MATL,
i H . 5% website mano-5E-PERC-cell_G1_halfcut.mat MATL
Cell Connecting Ribbons St lcol1 ID $2: mono-SE-PERC-cell M2_halfeut.mat = - -
width sheet res 0.07 width  Reverse breakdown voltage: -12 V) mono-SE-PERC-cell_M1.mat MATL
(mm) {mohm/sg) - (mm|  |Znalyzed: Yes At low detail, ribbon width = 0.5f @ OneDrive £ mono-SE-PERC-cell M1_§THCUTROTTO... MATL
15un Voc Isc Eff Vimp Imp . - i
Ribbons Cables conr (mV) (2) (%) (%) (mv) (2) & This PC mono-5E-PERC-cell_M1_6THCUTMID.mat MATL,
optical scatter resistance (I €25 4.87 78.74 2178 577 4.€1 £ _SE- . WA
P { 8 30 Objects meno-5E-PERC-cell_M1_6THCUTTOP mat IMATL,
Temperature (C) | 25 %] mono-SE-PERC-cell_M1_halfcut.mat MATL,
B Deskiop .
Cells and Bypass Diodes Within th mono-5E-PERC-cell_M2.mat MATL:
%] Documents P )
Cell Liby Diods Lib Subt meno-5E-PERC-cell_M2_6THCUTBOTTO... MATL,
- 1Dral iode Libral ul
& e ! & Downloads ) mano-SE-PERC-cell M2_6THCUTMID.mat MATL,
Place cell type into position < J" Music % mono-SE-PERC-cell_M2_STHCUTTOP.mat MATL:
&= Pictures mono-SE-PERC-cell_M2_halfcut - detach... MATL:
[ PEE G T Add cells from another zip Rev breakdoyy il Videos £ mono-SE-PERC-cell_M2_halfcut.mat MATL,
Extra shunt cond (1/(kohm-cm2)) | . ’ % mono-SE-PERC-cell_M4.mat 30/8/2020 12:16 am MATL,
W0 Delete | | View | | Edit| Fork & 0506 =
Front 1-Sun Jsc [ Red S mono-SE-PERC-cell_ M4_6THCUTBOTTO...  30/8/2020 12:21 am) MATL o
multiplier i} Analyze | Selected « at Med ~ detail, rf - < e
Jo1 Iti Jo
multipli 1w - _ File name: | mono-SE-PERC-cell M2_halfcut - detz ~| | MAT-files (.mat) v
Front lllumination 1 Rear lllumination 0 12 |
(Suns) 1l (Suns) 10 1 R ER Cancel
FIND JV i 1 I |
VL MPP| | | SWUEER
B cell_library - X
B cell_display / - X
Cell 1D #1: mono-SE-FERC-cell MZ.mat ,, ' ' ' ' j ' j
Reverse breakdown voltage: -14 V
Analyzed: ¥ea At med detail, ribkon width = 0.50 mm, ribbon sheet res
1Sun Voc Isc FF Eff Vg Imp Mesh Num b
(mV) (&) (%) (%) {mv) (&)
€85 5.74  78.39 21.41 568 9.21 562

Cell ID $#2: mono-SE-PERC-cell M2 halfcut.mat
Reverse breakdown voltage: -14 V

Analyzed: Yes At low detail, ribbon width = 0.50 mm, ribbon sheet res

15un Voc Isc FF ff Imp Mesh
() (&) %) (%) (m) (&)
€35 4.37 79.74 21.78 577 4.81 268

Cell ID #3: mono-SE-PERC-cell M2 halfcut - detached ribbon.mat

Reverse breakdown voltage: -13 V

Znalyzed: No

15un Voc Isc FF Eff Vop Imp Mesh Num

(mV) (2) (%) (%) (mV) (&)

2 2 2 2 2 2 2

< >

Add cells from another zip Rev breakdown = | -14 |V Griddler || 1BC
Reload | | Delete | View | Edit| Fork 1 | workers

Analyze | Selected + at|Med | detail, ibbon width set by |Cell ~

L L L L L L L I

Show cell type |3 ~

Front Side Toggle Shading = 5.19%

[For users with bundled software license] Choose the newly imported Griddler

cell model. Choose the

level of detail you wish to generate the reduced Module cell model. We recommend “Medium” for full size
cell, “Low” for half cut cells, and “very low” for 5 or 6" cut cells. Click “Analyze” and a process of Griddler
simulation and analysis will take place to generate the reduced Module cell model. This process will take

a few minutes.

It is also possible to analyze multiple loaded Griddler cell models. To do so, in the popup menu that says
“Selected”, choose “Cell #s” and then an edit box will appear allowing you to enter the Cell IDs in the library
you wish to simultaneously analyze. In the popup menu that says “1” workers, you can choose up to 8
Griddler workers to run the reduction process in parallel.
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\

n cell_library - x cell_library
Cell ID #1: mono-SE-PERC-cell_M2.mat o
Reverse breakdown voltage: -11
Enalyzed: Yes At med detail, ribbon width = 0.50 mm, ribbon sheet res
15un Voc Isc FF Eff Vmp Imp Mesh Num
{mv) (&) (%) %) (V) &)
685 9.74 78.39  21.41 568 g.21 562
Cell ID #2: mono-SE-PERC-cell M2 halfcut.mat
Reverse breakdown voltage: -14 WV
Znalyzed: Yes At low detail, ribbon width = 0.50 mm, ribbon sheet res
15un Voc Isc FF Eff Vip Imp Mesh Num
{mv) () (%) [ (m7) 2
| |ess 4.87 79.74 21.78 577 4.61 268
|
Reverse breakdown voltage: -14 V
| RAnalyzed: No
| 15un Voc Isc FF Eff Vip Imp Mesh Num /
[ () (%) (%) (zv) 12 i~ B cell_library
L 2 2 2 2 2 -
! v
| < >
| Add cells from another zip Rev breakd gy A\ Griddler IBC
|
Add | Reload | Deletg*Tew | Edit Fork 1~ workers
1 at|Low ~ detail, ribbon width set by Cell ~

cell_library —

REDUCTION TEST CASES: 2 OF 98

[Cell ID #1: mono-SE-PERC-cell M2.mat
Reverse breakdown voltage: -14 V

15un Voc Isc FF Mesh Num
L] (R) (%) (%) (mV) (B)
685 9.74 T78.39 21.41 568 g8.21 562

(Cell ID #2: mono-SE-PERC-cell M2 halfcut.mat
! IReverse breakdown voltage: -14 V

\Bnalyzed: Yes At med detail, ribbon width = 0.50 mm, ribbon sheet res

Znalyzed: Yes At low detail, ribbon width = 0.50 mm, ribbon sheet res

l5un Voo Isc FF
(mv) () %) {
€85 4.87 79.74 2

Reverse breakdown voltage:
Znalyzed: Yes At low detal

Cell ID #3: mono-SE-PERC-cell M2 _halfcut - detached ribbon.mat ~
-1TV
1, ribbon width = 0.50 mm, ribbon § res
£f VIp Imp Mesh I
) (zV)
577

Vmp Imp Mesh Num
5) (=) (&)
1.78 577 4.61 268

Selected ~

15un Voc Isc FF E
(mv) (&) %) { (&)
€85 4.37 79.74 21.78 4.6l 2é8

v
< >
Add cells fram another zip Rev breakdown = | -14 |V Griddler | IBC
Add = Reload | |Delete | View  Edit| Fork 1~ |workers

at Low  ~ detail, ribbon width set by Cell ~

4.5 Editing Griddler Cell Files in Detall (For users with bundled software

license)

[For users with bundled software license] For cell types loaded from Griddler models, it is always
possible to load the original Griddler model in Griddler 2.5 PRO (or if it is an IBC model, in Griddler IBC),
edit it in great detail, save it and then re-analyze the cell type in Module. To do so, select the cell type you
wish to edit in the listbox, and then press “Edit”.
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cell library - X cell_library
LT ID #17 mono-SE-PERC-cell_W2.mat 7
Reverse breakdown voltage: 13 V
Analyzed: Yes At med detail, ribbon width = 0.50 mm, ribbon sheet res
15un Voo 1sc 3 £E W
(wn @) @ @) o) @
65 74 7838 2141 ses  S.21 562
Cell ID #2: mono-SE-PERC-cell M2 halfcut.mat
Reverse breakdown voltage: -11 ¥
Analyzed: Yes At low detail, ribbon width = 0.50 mm, ribbon sheet res
1sun vee Isc  EE £z n Imp  Mesh Num
[t @) ® ) o) @)
65 87 1974 2l.7s 577 4.6l 268
(Ce11 ID #3: mono-SE-PERC-cell M2 halfcut - detached ribbon.mat
[Reverse breakdown voltage: -1 Vv
Bnalyzed: Yes At low detail, zibbon width = 0.50 mm, zihbon sheet res
15un Voo Isc FE =t n T Mes /
() @) ® ) o) @) L
& 487  75.74 2178 577 461 268 1
. _—
Add cells from another zip Rev breakdown = | 1. Griddler || 1BC
Add | | Reload | Delete  View 1 ~|workers
7 |sslected v at|Low | detail, ribbon width set by Cell  +

Launching Griddler.... 22s

<Griddler 25>

Command  Base Transport  Cell CroMNgetion  About

Front Rear i

finger sheet res 7| finger sheetres [~
Al 2 n (mohm/sa) N

> il il

3 -
finger contact res finger contact res 2
82 &

{mohm-cm2) mofm-cn2)
layer sheet res 2| layer sheetres -
(ohm/sq) 127 Ziﬂ (ohm-sa) | 3333 ﬂ

wafer internal series
resistance (mohm-cm2)

internal shunt cond-
uctance (1/kohm-<cm2) | O
Metal Optical Transparency.
: |

fingers | @) 0

Front Current Extraction

Iy i‘Temperalure ©) 25 2
f‘ Extemnal series &3]
N

res (mohm)
Metal Optical T

etal Optical Transparency
fingers| 0 0
Rear Current Extraction

Extract current at eac... ~ Extract current at eac... ~

05 2 o5 &
007 2 0.07
contact points 5| contact points ]
resistance (mohm) | 0 ﬂ resistance (mohm) | O i

Front Diode Parameters Rear Diode Parameters

1-5un L Ly 1-sun L, -
non-shaded area 4162325 non-shasedarea (3782123
(mAtem2) (mAlem2)
passivated metal passivated metal
oy e ortaet ., ges o conad
s s
woma) 357523154623 3 (icm) |28.557 17/28.55) 3
Jo2 = 2] J02 2 =
(nAicm2) 6 il 20 | (nAfcm2) 0 ﬂ 0
ination J01 21J02 Jed]
Edge‘ﬂecombl:mlmn (IA/-:m)RmO JMmNcm) o &
ron 2| Rear inati 121
(Suns) 1 ﬂ (Suns) 0

Efficiency Impravement

RIBELERZ5

Wafer area =122.16cm2; optical shading4.14%

Cell Front Side  10ddle Front/Back View

Vmpp= mV

L5 [k 0

[For users with bundled software license] In this example, we edit the Griddler cell model at a level of
detail not possible in Module: we introduce very large solder point contact resistance at 4 of the 6 busbars,
thereby simulating 4 detached ribbons. After doing so, we resave the Griddler model

<Griddler 2.5

Command  Base Transport  Cell Cross Section  About

3 G

Intreduce nen-unifermity in front contact
peint resistance
Enable

IMPORT | pattern from jpg or tif

Draw in the cell area to define the
spatial distribution

Brush Size
Small 4 *|lage 10
Brush Hardness
Soft 4 »| Hard 100
Value to draw 100000
Normalize picture to 0.001
vy
uUNDO CLEAR INVERT
Done

Efficiency Improvement

TUUeTUs R

20 40

Cell Front Side

Toggle Front/Back View

- x
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Back in Module, we click “Analyze” to re-analyze this cell type. You can see now the resultant cell FF has
dropped from 79.74% (before simulating the detached ribbons) to 60.16% (after simulating the detached
ribbons).

B celllibrary - *

Cell ID #l: mono-SE-PERC-cell M2.mat A
Reverse breakdown voltage: -14 V
Analyzed: Yes At med detail, rikkon width = 0.50 mm, ribbon sheet res

15un Voc Isc FF Eff ViR Imp Mesh Num
(mv) (2) (%) (%) (mv) (2)
635 9.74 78.38 21.41 563 .21 562

Cell ID #2: mono-SE-PERC-cell M2 halfcut.mat
Reverse breakdown voltage: -14 V
Analyzed: Yes At low detail, rikkon width = 0.50 mm, ribbon sheet res

15un Voc Isc FF Eff ViR Imp Mesh Num
(mv) (2) (%) (%) (mv) (&)
635 4.387 79.74 21.78 577 4.681 268

Cell ID #3: mono-SE-PERC-cell M2 halfcut - detached ribbon.mat
Reverse breakdown voltage: -14 V
Analyzed: Yes fmdetail, ribbon width = 0.50 mm, ribbkon sheet res

15un Voc Isc Eff ViR Imp Mesh Num
{mv) (2) (%) (mv) (2)
635 4.387 16.43 472 4.25 268
v

< >
Add cells from another zip Rev breakdown = | -14 |V Griddler IBC
Add | | Reload | Delete | View | Edit| |Fork 1 | workers

Selected ~ at|Low | detail, ribbon width set by |Cell ~

Now, if we created a module where every cell position is populated with cell type 2 (halfcut cell with no
detached ribbon) except for position 18 which is populated with cell type 3 (halfcut cell with detached
ribbon), we can simulate the effects of such a detached ribbon cell within the module. The picture to the
right below shows the front cell voltage distribution near MPP.

<Module> _ %

Module figure — O X Module figure - m] X
File About Import Sunsolve N R [ {fr:, %, & {ﬂ?
- _— CellVokage (mv)
r. ] - == — F Mean=0 [ resistors [] details |Circuit~ ~ 620,94 ® ;ﬂ;%; m caand Map (hot) ~
A 4 4 4 . ] [ nodes [] node (xy) (4] subcircuit Rescale [:__R‘escale
[] Override layout pattem with custam netlist m SB0 50 m inialion niesh cuw i = S2768)
Module Dimensions CRE R R [ B
BT DT |39 T 92 T [TO080 (1720
Cell gap String gap
Rows Columns
10 6 (mm) (mem) |2 ERE) o T [5 [ [T0e (e
Margin to + - dist T TS T T AT
frame (mm)TUp 20 Side 5 | Bottom 10 (mm) 100
Cell Connecting Ribbons String Connecting Ribbons BT ET = T T T TRl TS EeT
width sheet res width sheet res TS 12T B 12T [ L L L
(mm) (monmisg) 07| (mm)| 8 | (mohmisq)/0-02
BT T8 T 97 [ (T080 [T
Ribbons 02 Cables connectors o |[Calculator
optical scatter | resistance (mohm) B3 T 2 S R N e
Temperature (C) | 25 Two parallel halves B2 (78 [ T2 (7020 (1181
Cells, Bypass Diodes, Subcircuits, Conductive Backsheet g Em &) T T 8T T2 00T {107 20T
Cells | Diodes | Subcircuits | Conductive Backsheet é [ LI e LRI i L
F N T3 ) T T
Place cell type into positions f ]_ o & & & I
" T ]I ERE) &3] BN EERE T
Extra ribbon contact
res {mohm) Front| 0 |y Rear| 0 |y PR T o R R LR T
Extra shunt cond (1/(kchm-cm2)} | 1 ml o7 118 T T 156 T {98 7 138 T
Front 1-Sun Jsc 1 Rear 1-Sun Jsc 1 1 B 21 |15 2 3] T[98 21 T
multiplier ] multiplier T T P e Er e e
J01 multiplier | 1| J02 multiplier | 1 TR
Front lllumination 1| Rear lllumination 0 ERERS 2 e B
(Suns) il (Suns) nl S T2 8] [N R 2]
EIND ) \ ﬁ[ S R R B N i [ B - M R E
e\ MPP| | | SwueeR || lsAVE
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If the imported cell type does not have its own reverse breakdown behavior defined (i.e. hotspots and
edge breakdown), you can add a reverse breakdown voltage in the process shown below. If the
imported cell type has its own reverse breakdown characteristics, then Module will emulate it
during the cell analysis process (See next section 4.7)

B cell library - x
Cell ID #1: mono-SE-PERC-cell MZ.mat A
Reverse breakdown wvoltage: -14 W
Analyzed: Yes At med detail, rikbon width = 0.50 mm, rikkon sheet res
15un Voc Isc FF Eff ViR Imp Mesh Num
{mi) (B) (%) (%) {mv) (B)
685 5.74 758.39 21.41 563 8.21 562

ell ID #2: mono-SE-PERC-cell M2 halfcut.mat
Reverse breakdown ge

alyzed: Yes t low detail, ribkbog width = 0.50 mm, rikbon sheet res
15un Voc Isc FF Eff Vi Imp Mesh Num
{mi) (B) (%) (%) { (B)
685 4.87 79.74 21.78 5 4.8l 268
Cell ID #3: mono-SE-PERC-cell M2 halfgut - detached ribbon.mat
Reverse breakdown wvoltage: -14 W
Rnalyzed: Yes At low detail, ribbon wWidth = 0.50 mm, rikbon sheet res
15un Voc Isc FF Eff ViR Imp Mesh Num
{mi) (B) (%) (%) (mv) (B)
685 4.87 &0.16 16.43 472 4.25 268

v

< >
Add cells from another zip Rev breakdown = | -20 |V Griddler || 1BC
Add | | Reload | Delete | View | |Edit| Fork 1~ workers
Analyze | Selected ~ at|Med | detail, ribbon width set by |Cell ~

In the example above, we have set cell type 2 reverse breakdown voltage to be -20V. We can see the
effect of this setting by running a simulation in which one of the cell is current limiting, and there are no
bypass diodes in the module. Below, if we map the module front plane voltage, we can see a step at the
current limiting cell, and the step in the voltage is about 20V, meaning that the current limiting cell is revers

biased at approximately the breakdown voltage.

B <Module>

File About Import Sunsolve

r._ v N
r. HE Bl BN .
(A 4 & 4 L J

[[] Override layout pattern with custom netlist
Module Dimensions
String gap
(mm}
+ - dist
{mm) 100
String Connecting Ribbons

width sheet res
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Cell Connecting Ribbons
width sheet res
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N Calculator
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0
Temperature (C) | 25
Cells, Bypass Diodes, Subcircuits, Conductive Backsheet
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Subcircuits || Conductive Backsheet

Place cell type into positions

Extra ribbon contact Front
res (mohm)

Extra shunt cond (1/(kohm-cm2))

0 ul Rear
1

@@@

ul

Map |Cell Front V

n Medule_figure
@ B
%%
Voltage (V)
1101 -135

1271 Map (hot) ~

Rescale

Current
limiting cellin
module

withoutbypass
diodes

At 10 VW
FIND B
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4.7 Detalled Reverse Breakdown Simulations

Griddler manual section 6.8 covers the definition of hotspots and wafer edge breakdown on the cell level.
Once done, one can as usual add the cell model into the Module cell library to analyze it.

P — 4

|| I Module figure — O X B
Cemmand  File  About Improvement =Y
P %S4 W@ —
e (EER. 8 BE S K @cels) (O resistors () details [girayit )
r. HE BE BN B (O nodes () node (xy) @ subcircuit
[A 4 & 4 . ] i Rescale  Refresh
[ Override layout pattern with custom nstu cell_library - x

Module Dimensions

Cell [CeI1 ID #1: 2023-05-07 w hotspot and leaky =dge.mat
Rows| 10 Columns & E(ngriﬁ Z:I [Reverse breakdown voltage: -14 V
[Enalyzed: No

Margin to 1Sun Voc Isc FF Eff Vip Imp Mesh Num
frame (mm) T0P | 20 |Side | 5 | Bottom|  f(zw) (2) () ® (2
Cell Connecting Ribbons  String C¢ |- 2 : 2 2 :
width sheet res width [ o E
(mm) (mohmisg) 907 (mm)|_& .
Ribbons 02 Cables connectg
optical scatter | ~= | resistance (mohi
Temperature (C) | 25 Two paralle/
Cells, Bypass Diodes, retits, Cony

Subcircuits  Conduc]
Place cell type into positions I:
Extra ri:bcnccnlcl Front| 0 =
res (mohm) i Add cells from anather zip Rev breakdown = | 14V Griddler || 1BC
Extra shunt cond g, ¢ 0 actor
(1/{kohmcm2)) @15un| 0 wj @psy

Reload  Delete  View  Edit Fork 1~ workers

Front 1-Sun Jsc 1 Rear 1-§
multiplier |l m|

JO1 multiplier 1 Tl J02 m|
Front lllumination Rear Il 1
({Suns) T lm {Suns) |_|l

== mEL

The analysis will result in a reverse breakdown voltage that is consistent with the cell level reverse bias
characteristics.

Selected at Med  detail, ribbon width set by Cell ~

Bl celliibrary - >
Cell ID #1: 2023-0%-07 w hotspot and leaky edge.mat
Reverse breakdown wvoltage: -11.3%21 WV
Analyzed: Yes At med detail, ribkkon width = 2.00 mm, ribbon sheet res
15un Voc Isc FF Eff Vg Imp Mesh Num
{mv) (B) (%) (%) (V) {B)
T00 12.19 30.74 20.84 592 11.463 224
Add cells from anather zip Rev breakdown = | -14 |V Griddler ~ IBC
Add  Reload Delete View Edit Fork 1~ |workers
Analyze |Selected ~ at|Med - detail, ribbon width set by |Cell w
L
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The module reduced cell will have the same reverse bias characteristics as the full Griddler model.

FODULE 0 v Sept 16, 2023

Note

in the below, the left J-V curve (Griddler, with current density in units of mA/cm? and voltage in units of mV)
and the right I-V curve (Module, with current in units of A and voltage in units of V) have identical results,
cm?.

after accounting for the cell area of 330.69

110+ Griddler reverse bias J-V trace
100 Voc =0myv*
gpl Vs =0mA/cm2
4
. B0r
g T0r
L o Alem2®
= L
] ohm-cm2
i sol ohm
15 (Estimated b4sed on available points on the IV curnve.
E 40+ Click "Find Jsc\Woc MPP" for precise results!
! 30+
|
o2
10

| | | | "
-20000-18000-16000-14000-12000-10000 -8000 -6000 -4000 -2000
I Voltage (mV)

0

40

Module reverse bias I-V trace

0 Noc=-0.00V

Current (&)

MPP is estimate

ased on swept voltages

-10 -5
Waoltage (V)

20 -15

To illustrate a realistic module cell reverse bias condition, below we will simulate a partial shading condition
where the front illumination pattern is 1 Sun except at the top section of the module where a few cells are

partially shaded by a tree.

Command File About Improvement

ne
ll Module figure

2O m
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Rescale  Relrest)

B <Moduie>

Command  File About Improvement
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1 [0 Override layout pattern with custom netlist 455361 ity in front
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Module Dimensions T a1 11 ]
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1 frams (o) 9P | 20 | side | 5 | Bottom 10 | o[ 100 L " P e
né 19 33 59 7 37
| Cell Connecting Ribbons  String Connecting Ribbons TR R T I T o
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Cells, Bypass Diodes, Subcircuits, Conductive Backsheet q y 18861 call pos
o) E 15 £ o 1 7 n 5
Cells  Diodes  Subcircuits = Conductive Backsheet de m 1 |26 01 o JetT [ m Model backsheet scatter
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Extra ribbon contact £\ Rear | O & 7o )yﬁ [l [N G ]
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Below is the |-V characteristics under this partial shading condition (the module has three bypass diodes).

| Module_figure - a *
Command File About Improvement & —\_{"p[j.‘

%

B Override layout pattern with custom netlist

Module Dimensions

Cell gap 2 String gap

(mm) (mm})
Margin to + - dist
frame (mm}TUp 20 Side | 5 | Bottom 10 (mm) 100
Cell Connecting Ribbons String Connecting Ribbons
width sheet res width sheet res
(mm) (mohmrsg) 007 | (mm)|_© | (mohmisg)®-05

Rows | 10 | Columns &

Current (&)

Ribbons 02 Cables connectors
optical scatter | resistance (mohm)

Temperature (C) 25 Two parallel halves

0 | Calculator

0 10 20 30 40 50

Voltage (V)
1 T T . .

Cells, Bypass Diodes, Subcircuits, Conductive Backsheet

Cells Diodes Subcircuits ~ Conductive Backsheet

Place cell type into positions oal |

Extra ribbon contact

res (mohm) Front, Q nl Rear | 0 nl
Extra shunt cond factor Exp
(1/{kohm-cm2)) @15un 0 2l @0Sun 4 |param 59

SWEEP RANGE
0 |to| 42 step) 1 |V

FIND X‘ \‘ . % 02 04 08 08 1
s Ve VPP SWEEF' =AVE Valtage (V)

Below are the cell voltages and module cell voltage progression, at the voltage at MPP of 27V:
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C d File About | t l
omman e ou mprovemen ":\_ _\. {ﬂ-? ﬁj
A .S BE O W Cell Voltage (mV} :
H EE B BN . 866,02 ses. <=42533  |Map (hot) ;
2 b 4 A 4 . u Rescale
@ Override layout pattern with custom netlist i T T T T T
" Module Dimensions - .
1 : B
Cell gap String gap
Rows | 10 | Columns| § (mm) 2 (mm) 2
Margin to + - dist
frame (mm }Top 20 |Side | 5 |Bottom| 10 (mm) 100 ) | |
Cell Connecting Ribbons String Connecting Ribbons
width sheet res width sheet res
(mm) [mohm/sq) 0.07 (mm) 6 (mohm/sg) 0.05
Ribbons Cables connectors 0 | Calculator
optical scatter | resistance {mohm)
Temperature (C) | 25 Two parallel halves
Cells, Bypass Diodes, Subcircuits, Conductive Backsheet
Cells  Diodes  Subcircuits ~ Conductive Backsheet ¥ ' ¥
Place cell type into positions
Extra ribbon contact
res {mohm) Front| ( ml Rear | 0 ml
Extra shunt cond factor Exp
(1i{kohm.cm2)} @1Sun 0 1l @sun 4 | param 99
Map |Diode V
At 27 |V
FIND
-&VOEM.FP 1 1 1 1 1 1 1
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File About
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As in P.10 of section 2.2, one can select a cell to zoom in on with detailed Griddler simulation:

n <Module>
Command File About Improvement
| T I
[ [ |
A 4 & 4 ./

@ Override layout pattern with custom netlist

Module Dimensions
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Temperature (C) | 25

resistance (mohm)

0 | Calculator

Two parallel halves
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We pick on the shaded and reverse biased cell 41. Here are the detailed Griddler simulation of the shaded
cell voltage and hotspot distributions:

<Griddler 2.5>

Command

Front Metallization
finger sheet res

(mohmisq) 3 I‘

3 i‘

finger contact res 2
| (mohm-cm2) 1 1‘
layer sheet res ?
(ohm/sq) 150 I‘

wafer internal series
resistance (mohm-cm2)
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uctance (1/kohm-cm2) 0
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[=]

Front Current Extraction
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ribbon width (mmj) 1 2l
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<Griddler 2.5>
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Now, in Griddler, when one clicks on report, there will be a record of the hotspot and edge breakdown
power dissipation information at the bottom of the report.

i 2023-09-16 cell number 41 at MPP.

File Edit
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The diode library lists the bypass diodes. By default there is one bypass diode type. The bypass diode is
characterized by a two diode model with recombination currents lo1, lo2, Series resistance Rs and shunt
conductance in units of 1/(kohm). You can change these parameters and then click “Set Changes” to apply
the changes, or Add to define more bypass diode types.

In the next section we will show how to insert bypass diodes into the module.

a )]
File About Import Sunsolve s &
~ ~
r.‘.._“- == = [l cells[] [ resistors [] details | Circuit v
B - -— [ nodes [] node (xy) ] subcircuit Rescale | | Refresh
[ Override layout pattern with custom netlist S0 S (siniilivn 1 st o i = 37768)
o il El 10 11
Module Dimensions ”I []1 []I’E”I[]l []I 5
cal Sting . ] I e o O O L O K
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width sheetres 4 7| width [~ o shee 1000 o 1o0.00 0.00
(mm) (mohm/sq) (mm) (mok
Ribbons 02 Cables connectors D-
optical scatter | resistance (mohm) |
Temperature (C}) 25
Cells and Bypass Diodes Within the Module
Cell Library § Diode Library P
Place cell type 2 into positions
Two Parallel Halves v
Extra shunt cond (tkohm-cm2)) | 0 | 01= 10000 fA 102=| 00 nA Set Changes | Add | |Delete
Front 1-Sun Jsc 1 Rear 1-Sun Jsc
multiplier i} multiplier shunt conductance = 0.0 | (1/kohm)
JO01 multiplier 1 ol J02 multiplier i
Front lllumination Rear llluminatiol series resistance = 100.0 | mohm
(Suns) UB%M (Suns) e gy e I e e e
= T0 2 |17 12 [0 @[3 & [0 5 1=
FIND v [ |
SV WP | | S\WEER
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The subcircuit library offers the ultimate flexibility in defining cell layout patterns in the module, insertion
and deletion of connections, and other micro operations. It is also the window in which you can insert
bypass diodes. To access it, press Subciruits Library in the main screen. As a start, each cell type in the
cell library is one subcircuit, as shown below.

File About Import Sunsclve & B {ﬂ-p
% ~
A .8 RE S
lr. BE BE EE B | | A cells [ cell connections [ resistors [] details | Circuit o |
LA 4 & 4 L J n subcircuit_library - X
[] Override layout pattern with custom netlist &, &, &
Module Dimensions Subcircuits
Cell ga String gal 1 mono-SE-PERC-cell M2.mat ~”
Rows| 10 | Columns & gap 2 9 gap 4 [#=156.75mm H=156.75rm no of cells=1 no of nodes=
(mm}) (mm) 2  mono-5SE-PERC-cell M2 halfcut.mat
Margin to + - dist W=156.75mm H=78. 38mm no of cells=l no of nodes=
frame (mm) 10P | 20 | Side | 5 | Bottom| 10 | (5 3  mono-SE-PERC-cell M2 halfcut - detached ribbon.mat
W=15€.75mm H=T8.35mm no of cells=1 no of nodes=

Cell Connecting Ribbons String Connecting Ribl

width sheet res width sheet res
(mm) 1 (muhm.ﬁsq)o'w (mm) 6 (mohm/sq)

Ribbons Cables connectors

optical scatter 0. resistance (mohm) 0 ||Cal

Temperature (C) 25

]

Cells and Bypass Diodes Within the Mod

Cell Library | = Diode Library § Subcircuits Library

>
’#
(Save CurrentModule  Other micro operations (on main page circuit)
Circuit as Subcircuit)

Rename | Delete | Save

Place cell type | 2 | into positions Connect | 0Of | Disconnect | nodes 1 |and| 1
Place in Module (Place chosen subcircuit into
Two Parallel Halves Module) with & |ribbon  ~| of 1 mohmfsq
As an array of ith width thick
y with wi 1 mm, thickness = pA mm
Extra shunt cond {1/{kochm-cm2)) | ¢ | Num SPEENT (lower et | comer is at
Fronl1-Sur_| J_sc 1 Rear1-Sur_| J_sc (mm) - Set  or | Deactivate | node | 4 asa + | terminal
multiplier Il multiplier Rows | 1 1 xy)=(| 0 |.| 0 [)mm

J01 multiplier | 1 |y JOZmultiplier | 1[ g5 [ 4 1 | Then ratate about center by | Create | nedeat({| 0 |. 0 |)mm.or Remove node 0
Front lllumination Rear lllumination d
(Suns) 0.996 | (Suns) 0 0 |degrees Set 0r | Remove cell 1 to be type | 1

4 Nudge Subcircuit - 3
FIND FY, @] Clear Dangling Nodes | | Clear diodes
Jec M PP SWEEP\ c Clear Ungrounded Parts Clear All| UNDO REDO

To illustrate the use of the various functions in the subcircuit library, we will start from scratch and build a
module that consist of 6" cut mono-PERC cells.

We download from the online Module cell library the following Module cell files: mono-SE-PERC-
cel_M2_6THCUTTOP.zip, mono-SE-PERC-cell_M2_6THCUTMID.zip, mono-SE-PERC-
cell_M2_6THCUTBOTTOM.zip and load them into Module via Cell Library - Add cells from another zip

In the Module main page, we use the “Place cell type X into positions X” method, and adjust the module
dimensions, to first create a 6 cell shingled module, as shown below.
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Clear Dangling Nodes | Clear diodes

Clear Ungrounded Parts

Clear All
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Press Save to save the current module layout as a subcircuit which you can edit and reuse as a part. A
dialog box pops up asking you to give this subcircuit a name. We call it “6 cell block”.

n subcircuit_library e
& &8O
Subcircuits
1 mono-SE-FERC-cell MZ_6THCUITOP.mAt &
W=156.75mm H=26.13mm no of cells=l no of nodes=
2  mono-SE-PERC-cell M2 6THCUTMID.mat
W=156.75mm  H=26.13mm no of cells=l no of nodes=
3  mono-SE-PERC-cell M2_6THCUTBOTTCM.mat
W=156.75mm  H=26.13mm no of cells=l no of nodes=
4 & cell block
W=156.75mm H=163.75mm no of cells=é
v
< >
(Save CurrentModule  Other micro operations (on main page circuit)
AETEE JzEE Circuit as Subcircuit)
Connect | or | Disconnect  nodes ~ 1 and| 1
(Place chosen subcircuit into
Place in Module Modu! .
odule) with @ ribbon  ~ | of 1 mohmisq  ~
As an array of th width thick
with wi 1 | mm, thickness | pJA |mm
Num SPEEING [1ouer et | comer is at
(mm) Set | or Deactivate node | 1 asa + - |terminal
Rows | 1 1 bey)=(l 0 0 )mm
Cals | 1 1 Then rotate about center by Create nodeat( 0 |. 0O |Jmm, or Remove node
0 | degrees Set | or | Remave cell 1 tobetype 1
Mudge Subcircuit - .
Clear Dangling Nodes | | Clear diodes
Clear Ungrounded Parts Clear Al UNDO REDO

6.3 Removing nodes and deactivating terminals

We can also make edits to the existing module layout before saving as a subcircuit. First, in the module
figure, check “nodes” to show the ID of each node in the connection diagram. You can resize the window,

use zoom, and hit “refresh” to get a clear view of

the parts you would like to do editing on.

Module figure - u] X
K& O
cells [ [ resistors [] details |Circuit ~
nodes [] node (xy) ] subcircuit Rescale | | Refresh
+ - 4 3 55 52 8t s2—s- ™
2 2
4 + 4 4 5 SN S N N YA ST NS ST R+ S 24
3 2
3
£
&
3 G4 deoo i oot o4 o5 p——i——tpe—toe—t ST B i
4 2
e 7ees 43 o 435 43 o BUTTENOrTa edza B—peay—ige 135
5 2
45 SR paEg leico o T S yaza g
R R R tif * ¥ = = = = = i ¥
6 13
B0
210
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Let’'s remove the bottom ribbon from this circuit. To do so, in the subcircuit library window, type 196-210
next to “node” and click “remove”. You can see now that these nodes, as well as all ribbon connections
associated with them, are removed.

1] Bl Module figure — o X
B subcircuit library - x HR& &
SNCR cells (7] O resistors [] details |Circuit~ ~

Subcircuits nodes []node (xy) [ subcircuit [ Rescale | | Refresh

1 mono-SE-PERC-cell M2 €THCUITOP.mAt ~
[F=156.75mm  H=26.13Im no of cells=l  no of nodes=

mono-SE-PERC-cell M2 €THCUTMID.mat —
5 He26.13fm ~ no of cells=l  no of nodes=
0-SE-PERC-c21l M2 ¢THCUTBOTTOM.mat
75 H-26.13tm no of cells=l  no of nodes=
4 6 call block
WelSe.75mm  H-lé3.75mm no of cells=é  mo of nodess
oot it o4 TP S A SO OV S
2 1
b g
< >
Renome | Deleta | Save | (S2Ve Currentliadule  Other micro operations {on main page circuit) R T B B
Gircuit as Subcircuit)
Connect | 07 | Disconnect | nodes ~| | 1 |and| 1 e
Place in Module | (P12CE chosen subcireuitinto E
Wodule) witha ribbon ~ of | 1 mohmisq  ~ =
As an array of - Goat ioar o 5 Gon yee ieme s pper yeon eos
T with width | 1| mm, thickness [ NA |mm -t A S S S S
Num SPER9 lower left | comer is at 4 el
Set | or | Deactivate node | 1 asa + ~ terminal
Rows | 1{ 1 xy)=( 0 .| 0 |)mm
Cols | 1 1 Then rotate about center by Create nodeat( Q0 |. Q |)mm, o mjee,gml
0 |degrees Set | or | Remove | c2ll 1 to be type s 15 o = = £ 2
Mudge Subcircuit :
Clear Dangling Nodes | | Clear diodes.
Clear Ungrounded Parts | | Clear All| UNDO REDO
e ———— g TN [ s i
. 6 3]
e [seee || "] T savel \\ :

“ o

Let’'s deactivate also all terminal connections. To do so, set node to “All” and the popupmenu to “-“ next

to terminal, and click deactivate. You can see now the node 181 is no longer a negative terminal.

)] B Module figure - o x
QT cells [l resistors (] details Cireut  ~
nodes [ node (cy) (4 subcircuit [ Rescale | | Refresh

Subcircuits
T mono-SE-PERC-cell M2_6THCUTTOP.mat ~
[W=156.75mm  H=26.13mm no of cells=l  no of nodes=
~PERC-Ge11_M2_§THCUTMID. mat

B- m no of cells=l  no of nodes—

W=156.75mm  H=26.13mm no of cells=l  no of nodes=

block
W=156.75mm  E=163.7Smm  no of cells=6  no of modes=

v
< >

Rename || Delete | Save | (Sve Currentiodule  Other micro operations (on main page giffuit) 3 el
Cireuit as Subcircuit)
Connect | or | Disconnect | nodes v gf 1 |and 1 E
Blace in Nodue | (Place chosen subcirutinto &
Module) witha ribbon  ~ of | 1 ohmisq v &
As an array of T " ™ e I
with wi mm, thickpf€s mm o
NumSF(’“";Q lower lef | comeris at ¢ #
mm)
Set | O |Dsacllvat5 bde | gl @ asa - . terminal
Rows | 1 1 )= 0 . 0 [)mm -
Cols | 1 4| Then rotate about center by Create| nodeat( 0 |, 0 |)mm, or| Remove | node §-210
0 | degrees g HE i Nl
Set | or| Remove | cel 1 tobetype| 1 s @
Nudge Subcircuit
Clear Dangling Nodes | | Clear diodes
Clear Ungrounded Parts | | Clear Al UNDO REDO e e P ems lese tyace i st iss e

We can now save this circuit as a subcircuit called “6 cell block no bottom ribbon”.

Note that as soon as you do any editing to the circuit, Module will check the box in the main page “Override
layout pattern with customer netlist”. This means that the edited circuit is shown in the Module_figure
instead of the original rectangular layout as defined in the main page. If you uncheck this box, then the
original rectangular layout (with terminals and the bottom ribbon) are displayed again, and you can then
use this as a starting point to create other edited subcircuits.
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o - X B Module figure - o X
File About ImportSunselve 0\\ .:\ w

A GEn. S RS S [ Heeisk D resistors [J details [Gireuit [~ %

@ EE B BN N

nodes [J node (xy) (4] subcircuit Rescale | Refresh

Owerride layout pattern with custom netlist
—
Module Dimensions
Cell gap String gap
Rows g |Columns 1 (mm) -1 (mm)
Margin to + - dist |
frame (mm) T°P |20  Side | 5 |Bottom| 10 | )™ 100 I N S e S U N S PR
Cell Connecting Ribbons String Connecting Ribbons I 2 2]
width sheet res width sheet res
mm) 1| imohmisg) 097 | tmm) 8 | (mohmssg)/0-95
Ribbons 02 Cables connectors 0 | Calculator i S g N g TR Cps P T I TR £
optical scatter |~ | resistance (mohm) 3 2]
Temperature (C) 25 .E
Cells and Bypass Diodes Within the Module B
Cell Library | Diode Library | Subcircuits Library o
Place cell type 3 into positions e
fa pgms ema e b e uos eoa o aapd g as aga o
Two Parallel Halves = SRR =
5 @
Extra shunt cond (1/(kohm-cm2)) 0 ul
Front 1-Sun Jsc I Rear 1-Sun Jsc 1
multiplier multiplier Il E pqed s e aEe dee yesr juss iuse lucel uise s age iee e
1 d02multipier 1|, & &
Front lllumination Rear lllumination 0
(Suns) 1l (Suns) 1T -
B D e e L
FIND
Jec Vo VPP
| - | B Module figure - o x
File  About Import Sunsolve cHIcK {"’?
L Y N '[ ells ] [ resistors [] details |Circuit ~
| odes [] node (xy) b subcircuit Rescale | | Refresh
[ Qverride layout pattem with custom netlist ] 168 6mm (simiation mesh count = 1014)
Module Dimensions | ]
i
Rows| §  Columns| 1 CE'('"%’E"‘; K] S"‘"g(raan:’) 2
Margin ta + - dist B
ram (oo T0 | 20 Side | 5 | Bottom | 10 | (o™ | 100 |
Cell Connecting Ribbons ~ String Connecting Ribbons
width sheet res width sheet res
mm) " | (mohmisq) %07 (mm)| © | (mohmisg) %5
Ribbons Cables connectors 1
optical scatter |~ resistance (mohm) 0 | [iCactiaton §
Temperature (C) | 25
B g
Cells and Bypass Diodes Within the Module | E
o
Cell Library  Diode Library = Subcircuits Library B 2
o
Place cell type 3 into positions
Two Parallel Halves B N as Lac b -
5 2]
Extra shunt cond (1/(kchm-cm2)) o nl |
Front 1-Sun Jsc 1 Rear 1-Sun Jsc 1 e iem i s ae e tice oo dRA G ia AiAG Al
multiplier i multiplier i) TG R ‘[3 TR RS TR AR
J01 multiplier 1 ol J02 multiplier | 1 Il
Front lllumination 1 Rear lllumination 0
- g s A

It
ot | 8 e

We do so and with more editing, create other subcircuits called “6 cell block no top ribbon” and “6 cell block
no top or bottom ribbons”.
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Now we are ready to layout the subcircuits we created into the module. To start, in the subcircuit library,
press “Clear All” and the Module_figure becomes a blank canvas.

B subcircuit_library - X
— 2SN
LS
. celis [ [resistors [ details Circuit

Subcircuits nodes [ node (xy) [ subcircuit | Rescale | [ Refresh

T mono-SE-PERC-cell V2 6TECUTTOP.mat =

[W=156.75mm  B=26.13m a0 of cells=l  no of nodes=

2 mono-SE-PERC-cell M2 GTHCUTMID.mat R

W-156.75mm  E=26.13m no of cells=l  no of nodes=

3 momo-SE-PERC-cell M2 6THCUTBOTIOM.mat | | jedededebeiededebiededid

W=156.75mm  B=z6.13m no of cells=l 0o of nodes=

4 Geellblock gy

i 75 E=163.75mm  no of cells=¢  no of nodes=

5 6 :ell Block no botton ribbon

1o of cells=é  no of nodes= | | [ S oo s oamee e et

% e blook no En:p ribbon

W=156.7Smm  B=157.75mm  no of cells=6  no of nodes= | [ [HitdddadE

7 6 cell block no top or bottom ribbons

W-156.75mm  B-151.75mm 1o of cells=é  no of modess | | (ool

v
< >

(Save Current Module  Other micro operations {on main page circuit)
Circuit as Subdircuit)

(Place chosen subcircuit into
Wadule) with a |ribbon | of 1 mohm/sq  ~

Rename = Delete  Save
Connect | o | Disconnect |nodes ~| 1 |and| 1
Place in Module

As an array of .
with width | {1 | mm, thickness A [mm

Num SP2EM9 iowerteft | comeris at
{mm} Set | or | Deactivate | node | all | asa '+« terminal
Rows | 1 1 ey)=( 0 |.| 0 |[)mm
Cols | 1 4 | Thenrotate about centerby | Create | nodeat( g .| 0 |)Jmm. or Remove node§-210

0 | degrees Set | or | Remove | cell 1 to be type | 1

Nudge Subcircuit
Clear Dangling Nodes | Clear diodes.

Clear Ungrounded Parts

R PR Y

We select “6 cell block no top or bottom ribbons”, and then we create the right settings in the Array section,
i.e. layout subcircuit as an array of 2 rows by 1 column, row spacing of -1 mm (for the shingling), and we
place the lower left corner of the subcircuit at (x,y) = (0,0). Then we press “Place in Module”.

Clear AII

o ] B Module figure - O X
4 S !
o Mcells 2 O resistors (] details |Circuit

Subcircuits nodes (] node (xy) 21 subcircuit Rescale | | Refresh
1 mono-SE-PERC-cell_MZ_6THCUTTOR.mat & e
[W=156.75mm  H=26.13mm nc of cells=l  no of nodes= 166.8mm (simiation mesh count = 1968
2 mono-SE-PERC-cell M2 THCUTMID.mat mEEEEEE = Es s
W=156.75mm  H=26.13mm no of cells=l  no of nodes=
3  mono-SE-PERC-cell M2 THCUTBOTTOM.mat | [ [edebebebeebebebedededbebed
W=156.75mm  H=26.13mm no of cells=l  no of nodes=
4 6cell bloek b
W=156.75mm  H=163.75mm Do of cells=6  no of nodes=
5 & cell block no bottom ribbon
W=156.7Smm  H=157.7Smm  no of cells=6 no of modes= | f [ oo oo o roisoaeee
6 cell block no tcp rikbon

1 )= & =3 £ nodes= | [ [TEEEEEEEEEEEEEE
7 & cell block no top Or bottom ribbons
H=lSeTSER SIS LT SER I nooEcellsScNEE ISEnoaess | | e

v

< >
Rename || Delete || Save | (S3ve CurentModule  Other micro operations (on main page circuit) el

Gircuit as Subcircuit)

3 o

s

nodes ~| | 1 |and| 1{

Place in Module L
with a ibbon | of 1 mohmisq v |
s an array of o wicth -

2 Num SPECING loer teft | cameris at it widt 1| mm, thickness | NA jmm K
Rows| 2 fm;m = 0 0y mm | 52| o [Deactiate | nods [ an | asa [+ ] teminal I
ows R y) = )

Cols | 1 1 Then rotate about center by Create nodeat( ( |.| 0 |)mm, or Remove node/196-2
0_|degrees Set  or Remaove cell 1 to be type | 4

Nudge Subcircuit

Clear Dangling Nodes | Clear diodes

Clear Ungrounded Parts | | Clear Al UNDO REDO

e e f

We select “6 cell block no top ribbon”, and then we create the right settings in the Array section, i.e. layout
subcircuit as an array of 1 row by 1 column, and we place the top left corner of the subcircuit at (x,y) = (0,1).
Then we press “Place in Module”. This will place this subcircuit below the existing laid out circuit with an
overlap of Imm. Note that if you made a mistake, you can always click Undo, or enter new
coordinates and press “Nudge Subcircuit” to re-place.
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Subcircuits
mono-SE-PERC-cell M2 _GTHCUTTOP.mat &
ne of cells=l  no of nodes=
ell M2 6TECUTMID.mat | [ ===============
mm no of cells=l  no of nodes=
€11 M2_6THCUTBOTTCM.Tat o R EEE
.13mm no of cells=l  no of nodes=
75mm  no of cells=é  no of nodes=
block no bottom ribbon NN
1 £ nodes=
€ cell block no top ribbon bbbttty
6.75mm H=157.75mm no of cells=é6 nofpf nodes= T
€.75mm  B=151.7Smm  no of cells=6  no of nodes=
e e e
< >
Rename | Detete | Save E:s”acvuent:airrseunw;m\)e Other micro operations (on main page circuit)
Connect | or | Disconnect | nodes - 1 |and| 1
3 = ce chosen subcircuit into
Place in Module
with a |ribbon  «| of 1 mohm/sq  ~
s an array of thick
m, thickness | |4 |mm
2 Num SPAENG yoner et | comer is at
(mm} Set | or |Deactivate | node | terminal
ows | 1 -1 Cey)=( 0 |.| 1 |)mm
bols [ 1 1 Then rotate about center by Create |nodeat( @ . Q |)mm.or|Remove node196-2
0 | degrees Set | or | Remove | cell 1 to be type 1

Nudge Subcircuit
Clear Dangling Nodes | Clear diodes

Clear Ungrounded Parts | Clear Al UNDO REDO

["|FIND NV ] |
e e | O] 15 e

B Module figure
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nodes [] node (xy) [Z] suncircuit

Rescale

[ resistors [] details | Circuit

Refresh

166 &mm (simiation mesh count = 2967)

=
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We select “6 cell block no bottom ribbon”, and then we create the right settings in the Array section, i.e.
layout subcircuit as an array of 1 row by 1 column, and we place the bottom left corner of the subcircuit at
(x,y) = (0,301.5). Then we press “Place in Module”. This will place this subcircuit above the existing laid
out circuit with an overlap of Imm. Note that if you made a mistake, you can always click Undo, or
enter new coordinates and press “Nudge Subcircuit” to re-place.

& €

W

Subcircuits
T mono-SE-PERC-cell M2 6THCUTIOE.mat @
[#=156.75: Tm of cells=l  no of nodes=
2 mono-SE-PERC-cell M2 6THCUTMID.mat
=156 7Smm 3mm no of cells=l  no of nodes=
3 mono-SE-PERC-cell M2 6THCUTBOTTOM.mat
[F=156.75mm .13mm no of cells=l  no of nodes=
4 & cell block
1 = f nodes=
6 cell block no bottom ribbon
.75tm  E=157.7Smm  no of cells=6 nodes=
.75mm  E=157.75mm  no of cells=é  no of nodes= oot
cell block no top or bottom ribbons
.75tm  E=151.7Smm o of cells=6  no of nodes= e I
v
< >
Rename || Delete || Save | (Save Current Moduy icro operations (on main page circuit)
" Lint Connect | O | Disconnect | nodes ~ 1 |and| 1
0sen subcircuit into
Place in Module
Hotule: tha ribbon ~ of 1 mohm/sq  ~
iAs an array of th width thick
with wi 1 | mm, thickness | A |mm
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Set | of | Deactivate node | gJ| asa |+ -« terminal
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ols | 1 1 Then rotate about center by Create |nodeat( Q |. 0 | )mm.or Remove node 195-2
0 | degrees Set | or | Remove cell 1 tobetype 1

Nudge Subcircuit
Clear Dangling Nodes | Clear diodes

Clear Ungrounded Parts Clear Al UNDO REDO

B Module figure
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M cells 4
nodes [ node (xy) [ subcircuit

Rescale

[resistors [ details Circuit

Refresh

165 8mm (simlation mesh count = 3965)

6.75,301.50)

5480,
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Now, if we go to Module_figure and check “resistors”, we can see the resistor values of every connection
in the circuit, shown in green numbers. We can see that there is no connection between cells 7,24, between

cells 1,12, and between cells 6,13.

<Module> — x
J- | _—
] - x
QWY
Subcircuits
1 mono-SE-PERC-cell M2 6IHCUTICE.mat &
[W=156.7Smm  E=26.13mm no of cells=l  no of nodes=
2 mono-SE-PERC-cell M2 6THCUTMID.mat ——
W=156.75mm  E=26.13mm no of cells=l  no of nodess
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[W=156.7Smm  H=163.75mm  no of cells=6  no of nodes= S
= LD DGR s TR
W=156.7Smm  H=157.75mm  no of cells=  no of nodes=
6 & cell block no top rikbon
W=156.75rm  H=157.75mm  no of cells=é  no of nodes= e
7 & cell block no top or bottom ribbons
[W=156.7Smm  H=151.75mm  no Of cells=6é  no of nodes= bbbt
-
=
< >
Rename || Delete || Save | (53ve CurrentModule  Other micro operations (on main page circuit)
Circuit as Subcircuit
- N o \ 1) Connect Or | Disconnect nodes v 1 |and| 1
Place in Module gd ZCTC osen subcircuit inte
odule) with a |ribbon  ~  of 1 mohm/sq v
As an array of th width thick
with wi 1 | mm, thickness | NA mm
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Set  or | Deactivate node | z|| asa |+ -« terminal
Rows | 1 -1 Gey)=( 0 |.301.5/)mm
Cols | { 1 Then rotate about center by Create nodeat( ¢ . 0 )mm, or Remove node{96-2
0 | degrees Set  or Remowe cell 1 tobetype 1
Nudge Subcircuit - -
Clear Dangling Nodes | = Clear diodes
Clear Ungrounded Parts Clear All| UNDO REDO

B Module figure
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resistors
subcircuit

] details | Circuit ~

Cells 7,24 have

no connection — |

56.75,301.50}

Cells 1,12 have
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Cells 6, 13 have
no connection

e T

£

To connect cells 7,24, set “cells” to be 7 and 24, set connection to be “shingle” and then click “connect”.
Module will search for nearest neighbours of + and — cell terminals and connect them with shingle

connections (which have near zero resistance).

<Module> - X
a | -
- >
Subcircuits
1 mono-SE-FERC-cell M2 GIRCUTTOP.mat @
W=15€.75mm  H=26.13mm no of cells=l  no of nodes=
2 mono-SE-PERC-cell M2_6THCUTMID.mat
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Nudge Subcircuit - -
Clear Dangling Nodes | Clear diodes
Clear Ungrounded Parts  Clear Al UNDO REDO
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We continue on to connect all adjacent cells with shingle connections.

resistors [ details | Circuit ~
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mm (simlaticn mesh count = 3968)

—
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We save this entire subcircuit and call it “string”
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As before, we now press “Clear All” to start with a blank canvas, and then we layout an array of 1 row by 4

columns of “string”
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168.8mm (simlation mesh count = 3968)
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with a shingle ~ of 1 mohmisq v
As an array of
gam with width | 1 | mm, thickness | pjA [mm
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0 degrees Set | or | Remove | cell 1 to be type 1

Mudge Subcircuit
Clear Dangling Nodes | Clear diodes

Clear Ungrounded Parts Clear AllL UNDO REDO

Again, there are no connections between the strings. For example, if you zoom into the top part, check
“nodes” and click “refresh” to display the nodes, you’ll find there needs to be ribbon connection between
nodes 765 and 1516.

<Module> — X
.u L B Module_figure - m] x
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Subcircuits M nodes [ node () (4 subcircuit Rescale
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(Place chosen subcircuit into

Pl Modul
ace In Module | yiogule) with a |shingle ~ of 1 mohm/sq v
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Cols | 4 2 Then rotate about center by Create | nodeat( @ |. 0 |)mm, or| Remove | node/196-2
0 | degrees Set | or | Remove | cell 1 to be type | 1

Nudge Subcircuit
Clear Dangling Nodes | | Clear diodes

Clear Ungrounded Parts Clear Al UNDO REDO

To establish the ribbon connection, set “nodes” to be 765 and 1516, then select “ribbon” of “0.05 mohm/sqg”
and width “6 mm”, then press Connect.
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Clear Dangling Nodes | | Clear diodes

Clear Ungrounded Parts | | Clear All  UNDO REDO

s

Oeelis[J [ resistors [] details |Circut

nodes [ node (xy) & subcircuit

Rescale

We finish off all the needed ribbon cross connections, then save this subcircuit with the name “4 parallel

strings”.
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IM@@

We press “Clear all” again to start with a blank canvas, and then we select the 4 parallel strings subcircuijit,
array of 1 by 1, and place the subcircuit with lower right corner at (x,y) = (0,0).

OeelsJ [Oresistors [J details Circuit

[ nodes [] nade (xy) [ subcircuit

Rescale  Refresh

B4 0nn (i

i e ol = §5584)
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Mudge Subcircuit
Clear Dangling Nodes | Clear diodes

Clear Ungrounded Parts Clear Al UNDO REDO

Then we again select the 4 parallel strings subcircuijit, array of 1 by 1, and place the subcircuit with lower
left corner at (x,y) = (2mm,0) then rotate subcircuit about center by 180 degrees. This places a 180 degree
rotated instance of the 4 parallel strings next to the one already placed.
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180  degrees Set o Remove cell 1 to betype | 1 -

MNudge Subcircuit
Clear Dangling Nodes | Clear diodes

Clear Ungrounded Parts Clear AllT. UNDO REDO

If we go to Module_figure, choose “cell connections” and “cells”, zoom into the upper part between the two
4 parallel strings and click refresh, we can see that establishing a ribbon connection in the red circled part
below will create a series connection, as it connects the negative terminals of cell 91 to the positive terminals
of cell 186.
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To establish the ribbon connection, we zoom in further and check “nodes”
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[ nodes [ node (x, subcircuit

Rescale

1278 0mm (simlation mesh count = 31728)

B Module figure - [u] X
aLlE
M cells B4 s O resistors ] details | Circult ~ ~

——————————————— FFFFFFFFFFFF T =
@z 12 185 12 181
--------------- FFFFFFFFFFFF T =
=) 12 184 12 160

and hit “refresh” to see that the

two nodes needing connection are 3060 and 5925. We set “nodes” to be 3060 and 5925, then select
“ribbon” of “0.05 mohm/sq” and width “6 mm”, then press Connect.
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6.6 Creating New Nodes

Now, suppose we wish to Extend the ribbons as shown in the red rectangle region of the module to make
the module positive and negative terminals, let's say 20mm.

B Module_figure - O X B Module figure - o x
R & S W

Oecens [ resistors [] details |Circuit v cells [ resistors [] details | Circuit v
[ nodes [] node (xy) [] subcircuit Rescale | [ nodes [ ] nade (xy) 4] subcircuit Rescale | [

4278 (yrym (simlatinn mesh coyrt = 31726

g45.0mm
INI
&
o
it
TR

Module Module
Positive Negative
Terminal  Terminal

In Module_figure, we select “node(x,y)” and zoom in further, then click “refresh” to see that the two nodes
we wish to extend the ribbons off of are nodes 2865 and 6120, with coordinates (-8.88, 3) and (10.88, 3)
respectively.

B Module figure - m} X
e, @

O cells [ resistors B details |Circuit ~

nodes [ node (xy) (] subcircuit escale | | Refresh
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In the subcircuit library, make the coordinates (-8.88, -17) and press “Create” (node) and a new
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node

appears at the coordinate specified. We can also make another node at (10.88,-17).
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We select node “6121” as a “+” terminal, then press set.

then press set.
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A cell connections [ resisters [ details

node (xy) (] subcircuit

(10.88,-17.00)

Similarly we select node “6122” as a “-“ terminal,

B Module_figure - | X
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(10.66,17.00)

6.8 Setting bypass diodes

After identifying the nodes we want to connect with a bypass diode using the zoom, we enter the nodes to
be connected (node 751 being the positive terminal of the bypass diode, node 556 being the negative
terminal of the bypass diode), select “diode” and type “1”, then press connect.
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Similarly we create another bypass diode for the other half of the module.
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top or bottom ribbons
51.75mm 0o of cells=6  no of nodes=

L ST PO v

Rename  Delete | Save (Save CurrentModule  Other micro operations (on main page circuit)

Circuit as Subcircuit)
) Comnect ot | Disconnect | nodes | 3631 and 3615
(Place chosen subcircuit into

Module) with @ dipde ~| of type 1

Place in Module

553.0mm

As an array of

Mum SPECNG (lower left  ~ comeris at
{mm)

Set | or | Deactivate node asa |- terminal
Rows | 1 1 )= 2 .| 0 |)mm ¢ eactiate 6122
Cols | 1 1 Then rotate about center by Create | nodeat( ( . -17 |)mm. or| Remove node 1962
180 | degrees Set | or | Remove cell 1 to betype 1

Nudge Subcircuit
Clear Dangling Nodes | Clear diodes

Clear Ungrounded Parts Clear Al UNDO REDO

Once we're done, we can simulate the |-V characteristics of the module (this example required module
backsheet scatter to be calculated in order for the simulation to converge well).

)] Module_figure - m} X
n File  About Import Sunsolve & | &

| =%
& E
% %

v ~
- 1 HE B BN Il
Subcircuits e 4 4 4 L J
1  mono-SE-PERC-cell M2 6THCUTTOP.mat
H=156. T5mm Hezf.13imm oof ol Override layout pattern with custom netlist 7
2  mono-SE-PERC-cell M2 €THCUTMID.mat . -
W=156.7szm  B=26.13fm _ no of cellss Module Dimensions
3 mono-SE-PERC-cell M2 6THCUTBOTIOM.m: Stri 6 Voc = 3275V
W=15€.75mm  H=2¢.13Im no of czlls: Rows| g | Columns| 1 | G2/ 93P [ | Stnggap oc =32
4 € cell block {mm) (mim) 5l lsc=644 A
[W=15€.75mm H=1€3.75mm no of cells: Margin to + - dist —_ FF = 79.29%
5 & cell block no bottom ribbon Top | 20 |Side | 5  Bott 10 100 S -
Welsc.7smm  Be157.75mm  mo of cellss fTame (mm) %P e ottom (mm) = 41 Pmax= 16729 W
6 15§ EE“ blC;kllle Egp ribben " Cell Connecting Ribbons String Connecting Ribbons 2, Vmp =27.30V
Wi=15¢.75mm =157.75mm - no of cellst g, sheet res width sheet res 3 Imp =6.13 A
7 & cell block no top or bottom ribbor 007 B =
Wel5€.75mm  Bel5l.75mm  ao of cellsi (MM) (mohmisq) (mm) (mohm/sq) ©-05 2| Rs=0023 ohm
2 string .
=188 7mm H—£16 Afimm ne nf ~a11=-  Ribbons Cables connectors
< optical scatter | resistance (mohmy) All] 5 EE 1
Temperature (C) 25 0 L L L L L L
Rename | Delste | Save | (S3v@ Cument blodu 0 5 10 15 20 25 30 3
Gircuit as Subcircull  Cells and Bypass Diodes Within the Module Voltage (V)
Pl Modul (Place chosen subcircuit intg 5 5 5 5 200
ace in Y€ Module) Cell Library | | Diode Library ~ Subcircuits Library
As an array of Place celltype = 3 | into positions
Num SPEEING (lower et +| comeris at 150
(mm) Two Parallel Halves
Rows | 1 1 y)=( 2 |. 0 |} L =
Cals | 1 1 Then rotate about center by~ Extra shunt cond (1/(kchm-cm2)) g | = g 100
180 | degrees SWEEP RANGE &
Nudge Subcircuit 28 to 32 step 1 |V 50
* : n 1 1 L L

0 5 10 15 20 25 30 35

|| Fnp N m :
e\, PP msep\ AP @ o Voltage (V)

3
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7 Conductive Backsheest

7.1 Introduction

Interdigitated back contact (IBC) and metal wrap through (MWT) are two solar cell types where both cathode
and anode metallization patterns are on the rear side of the solar cell. For these cell types, there is the
possibility of creating advanced module concepts that use conductive backsheets for interconnection, much
like surface mount components on a printed circuit board.

In Module, now there is the option to use conductive backsheet interconnection---and it is not limited to IBC
or MWT cell designs. It is also possible to combine ribbon connection elements with the conductive
backsheet, offering a wide range of possibilities in the research realm.

To illustrate the use of conductive backsheet in Module simulation, we load an IBC cell model where both
cathode (positive) busbars and anode (negative) busbars are on the rear side, as shown below. The design
is similar to the Zebra solar cell technology invented by ISC Konstanz.

B cell_display — * B cell_display — *
Cathode Anode (negative) 1
(positive) busbar busb

Show cell type |1 ~ | Front Side Toggle Shading = 0.00% Show cell type |1 +| Rear Side Shading = 23.14%

7.2 Conductive Backsheet Window

By default, Module always creates a rectangular module that is interconnected by ribbons. To replace that
with conductive backsheet interconnection, set the cell connecting ribbons width to zero----this will remove
any conducting elements along the busbars of the solar cell, other than the busbars themselves. Press
“Conductive Backsheet” to open the conductive backsheet window.
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H <Module> - X n Module_figure - ] X
File About Import Sunsolve ] &, €, w ~
Al . RE S [ eells [ [ resistors [ details -
r. HE B BN B [ nodes [ node (xy) ] subcircuit Circuit
[0 4 & 4 . B. ! Rafrash
[[] Override layout pattern with custom netlist B conductive backsheet - x
& S W ~
Set ribbon width to Cell gap Sting gap ;
zero 3 (mm) 2 (mm} 2 Import | o
ITATgT o - dist 08
e () TP 20 | Side 6 | Bottom 10 | (o™ 100 xoffset | 0 [mm
G4l Connecting Ribbons String Connecting Ribbons yoffset | 0 |mm o8
sheet res width sheet res
(mohm/sq) 0.07 (mm) 6 {mohm/sq) 0.05 Material 07
Ribbons 02 Cables connectors 0 |[Calculator AT T
optical scatter |~ | resistance (mohm) Thickness 08
Temperature (C) | 25 Two parallel halves 500 |um s
Cells, Bypass Diodes, Subcircuits, Conductive Backsheet /V Sheet resistance
ot
Cells | | Diodes | | Subcircuits || Conductive Backsheet 0.053 | mohm/sq o4
Place cell type into positions Contact pt resistance , ,
0 ) mohm
Extra ribbon contact
res (mohm) Front| 0 nl Rear | 0 nl 02
Extra shunt cond (1/(kchm-cm2)} | o l connect to cells
ttot |
Front 1-Sun Jsc 1 Rear 1-Sun Jsc 1 connectto :":ma ¢
multiplier il multiplier connzet to diodes . L L L L L . . L
J0t multiplier | 1 J02 multiplier 1 0T 0z 0F 0 05 0807 0E 08
Front lllumination 1 Rear Illumination 0 12 32 52
(Suns) Al (Suns) 10 1] M |30 1 RN ER |
FIND JV — 1 a1 51
o\ MPP| | | S\WWEER SAV
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As of v33, Module does not have a native conductive backsheet design tool, so the user will have to import
CAD designs (in dxf format) of the backsheet which are usually created in AutoCAD or Solid Works. You
can press the “Help” button to view the design rules.

u conductive_backsheet

O

B conductive_backsheet

8, &
A

AUTOCAD

1

9 : 3 i‘ [l conductive backsheet

Design Rules

08

xoffset | 0 |mm

yoffiset | 0 |mm 08

Material

Aluminum

Thickness
500 |um

Sheet resistance
0053 | mohm/sq o4

Contact pt resistance .
0 ™ mohm
02

connect to cells
connect to terminals
connect to diodes

1. All units are in mm

2. Layers should be named
as shown to the right

3. Draw all structures as
closed polylines

4. Terminals (p and n)
should be drawn as circles
5. Use PURGE and
OVERKILL commandsto
clean up your drawing

6. Save as AUTOCAD DXF
2013 version. Ifthat doesn't

work, try other versions.

OK

‘N‘\
b

Name of layer describing the
backsheet should be either “Al
Foil” OR “conductive_backsheet”
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Press “Import” to load your conductive backsheet pattern.

B conductive_backsheet - X B conductive_backsheet - *
2 S5 £ 2 S5 o
B Oopenat
guae  Newtode 10
xoffset | 0 |mi 2 xoffset | 0 |mm i
.
yofiset | 0 |[mm yofiset | 0 |mm
. . 40 1
Material Material
Aluminum Aluminum
) 50 b
Thickness . Thickness
500 | um 500 um 0 i
Sheet resistance Sheet resistance
0.053 | mohm/sq 0.053 | mehm/sg-100 1
Contact pt resistance - v k& Contact pt resistance 20
0 | mohm Fle pame: | ) 0 mohm
- ] [ B
140 g
connect to cells connect to cells
connect to terminals connect to terminals 4
connect to diodes connect to diodes
0 01 02 03 04 05 06 07 08 08 1 -20 0 20 40 80 0 100 1200 140

The conductive backsheet pattern deserves some explanation. Any shape within this pattern is considered

to be a conductive foil.

If we zoom in, we see that the backsheet consists of many interdigitated, but

unconnected conductive foil sections. Here we show how the IBC cells are intended to be laid out on the
conductive backsheet, showing the alignment of the busbars to the different foil sections. Notice that within
a column, adjacent cells are rotated 180 degrees with respect to one another, so that a common foil section
connects the anode busbars of one cell to the cathode busbars of the next cell.

B conductive_backsheet 4

®
%y ’

oT
xoffset | 0 jmm .
yoffset 0 |mm

40
Material
Aluminum

-0
Thickness
500 |um 20

Sheet resistance
0.053 | mohm/sq-100

Contact pt resistance
0 m mohm

140
connect to cells
connect to terminals
connect to diodes

-20 0 20 40 60 a0

cathode (positive) busbar
anode (negative) busbar
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The conductive backsheet pattern in this case requires that within a column, adjacent cells are rotated 180
degrees with respect to one another. We make use of the subcircuit library to make this kind of custom

layout.
descriptions of the steps.

See Section 6 Subcircuit Library for details.

Here we simply show screenshots and brief

Step 1: Create a subcircuit that consists of a pair of cells, spaced 1mm apart. The lower cell is rotated 180
degrees (see 6.4 Place Subcircuits into Module and 6.2 Save Current Module Circuit As Subcircuit).

subcircuit_library
&
A &

Subcircuits

1 zebraZ.mat
W=166.00mm

2 cell pair

H=166.00mm no of cells=l

no of cells=2

W=166. 00mm

~
no of nodes=

Num S?amr;g upper left  ~ comeris at
mm

ky)=(| 0 |.| 1

Then rotate about center by

180 | degrees

Rows | 1 1 ) mm

Cols | 1 1

Nudge Subcircuit

v
< >
Rename || Delete | [ Save (Save Current Module  Qther micro operations (on main page circuit)
Circuit as Subcircuit)
. N 5 it Connect | or | Disconnect | nodes ~ 1 jand 1
. lace chosen subcircuit into
Place in Module
Module) with @ |ribbon  ~| of 1 mohm/sq v
As an array of )
with width = 1 | mm, thickness | jjA mm

Set | or | Deactivate node 1 asa |+ | terminal

Create nodeat(| Q0 |. 0 |)mm. or Remowe node (

Set | of | Remove | cell 1 to be type | 1

Clear Dangling Nodes | Clear diodes
Clear All

Clear Ungrounded Parts UNDO REDO

backsheet: [] contour [] conneciions
176.0mm (simiation mesh count = 1288)

Module figure — m] X
K El
cells O resistors [] details Circuit -
[ nodes [] node (xy) (4] subcircuit

ctions Rescale | | Refresh

63 0mm

Step 2: Now insert a 5 rows x 6 columns array of the cell pair, with 1mm spacing. This creates the 60 cell

B subcircuit_library - X
5 8
v N
Subcircuits
1 zebraZ.mat ~
[W=16€.00mm BE=16€.00mm no of cells=l no of nodes=
2 cell pair
W=16€.00mm B=333.00mm no of cells=2 no of nodes=
v
< >
Rename | Delete || Save (S2ve CumentModule  Other micro operations (on main page circuit)
Circuit as Subcircuity
Connect o Disconnect |nodes ~ | 1 |and 1
(Place chosen subcircuit into
i Place in Module WModul
i i Module) with a |ribbon  ~| of 1 mohm/sq  ~

As an array of
Num SPACING (lower left | comeris at
(mm)
y)=(_ 0 |. 0
Then rotate about center by

Rows | 5 1

Cols | B 1
0  degrees

Nudge Subcircuit

with width | {1 | mm, thickness | NaA mm

Set or  Deactivate node | 1 asa |+ - terminal

) mm

Create nodeat({ @ |. O |)mm. or Remove | node @

Set or Remove | cell 1 to be type | 1
Clear Dangling Nodes | Clear diodes
Clear Ungrounded Parts Clear Al UNDO REDO

B Module figure -

%5
cells [ resistors [] details Circul
[ nodes [] node (xy) 4] subcircuit

backsheet [ ] contour [] connections Rescale

it v

Refresh

1011.0mm (simiation mesh count = 38640}

1001.00,1

1650 Omm
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Step 3. When there is a conductive backsheet, the Module Figure allows you to select whether to view the
backsheet contour or connections. Here we select contour and press “rescale”. We can now see the
conductive backsheet and also see that it is not at all aligned with the cells.

] cells [ U resistors [] details [qjqquit o
] nodes [] node (xy) [ sub l:|rcu|t .
backsheet [] contour [+] co tions :

it
Refrs
;
)
IR
Cells —] 0
m
2T
17}
.
)
[ )
Conductive
Backsheet

Step 4. Now open the conductive backsheet window. Adjust the x and y offset values to bring the
conductive backsheet into alignment with the cells. If the box “connect to cells” is checked in the conductive
backsheet window, then any solder point defined on the cell busbars which lie within the conductive
backsheet, will be displayed as a connection points. In this design, we have perfect alignment when the
positive busbar connection points and the negative busbar connection points are lying in different backsheet
sections, as shown below.

x offset | -167 'mm R it E——
i fltit
y offset | 1670 'mm R, & R
e S e o< Conduci
T nodes node (x, DSU‘JCWCLHI Con UCtlve
Material Import Help (] Eiq{iﬁsgtmuﬁﬁa acksheef contour [ connections Rescale | | Refresh backsheet
Auminum [ I %WWW -
A By offset 1670 |mm : | i[ 1 ié
Thickness Matsial -:U i T
J 4
RO0 (um [ Aluminum ~ 1'[.
Thickness 1 / 1T
Sheet resistance 500 \um ,in 4 A5
0.053 I'T'IDhﬂ"I.l"Sq =10 § Sheet resis tance 1
0.053  mohm q-1|U
Contact pt resistance 1] | Gontactpt resis tancedn
H 0 mohm
0 mohm il L N1
Ll b
1 c t to cells 1
N A connect to terminals
connect to cells [ connect to diod : . ‘
connect to terminals / ot
connect to diodes
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Step 5. Now that we have interconnected cells, we still need to define the module positive and negative
terminals and connect them (see 6.6 Creating New Nodes and 6.7 Setting Module Terminals). If you go to
the subcircuit library to create nodes and set them as positive/negative terminals, and these points are lying
inside the conductive backsheet, and that the box “connect to terminals” is checked in the conductive
backsheet window, then these points will be connected to the backsheet, as shown below.

B Module figure - m} ®
QR D =
B subcircuit_library - X ells [ [resistors [ details gy
® & i"? ~ nodes [] node (xy) [] subcircuit
i backsheet: [] contour ctions Rescale | | Refresh
Subcircuits _
1 zebraZ.mat ~
W=l€6.00mm  E=166.00mm  no of cells=l  no of nodes= Create node
2 cell pair
W-166.00mm  H=333.00mm 0o of cells=2  no of nodes= here and
designate as
module
negative
terminal SE01:(17.85,1679.00)
h | PRI 4EEEEES
< > '
Rename || Delete || Save g?c\fjnzirrseunég;;ml)e Other micro operations (on main page circuit) Ml a1
Placs ch rcut i Connect | or | Disconnect  |nodes ~ | 1 |and| 1
5 ace chosen subcircuit into
Place in Module
Moduls
Module) with @ |ribbon  + | of 1 mohm/sq v ol oo
As an array of ith width 1 thick NA
with wi mm, thickness mm
Num S?amn'g lower left  ~ corner is at
mm P
i Set | or | Deactivate | node | 01 | asa |-« terminal
Rows & 1 Gy=(_ 0 |.[ 0 )mm B “|4a o|e
Cols | § 1 Then rotate about center by Create node at (|7 85 .1679 )mm. o Remave | node
0 | degrees Set  or | Remove  cell 1 to be type | 1 Al Al
Nudge Subcircuit
Clear Dangling Nodes | Clear diodes
Clear Ungrounded Parts Clear Al UNDO REDO ole nin
B Module _figure - m} ®
B subcircuit library - x RS & >
OO ells[J] [ resistors [] details -
i w * [ nades A nade (xy) (] sub it Cireuit

Subcircuits backsheet: [ contour Rescale | | Refresh
1 zebraZ.mat a +
W=16€.00mm  H=166.00mm  no of cells=l  no of nodes=
2 cell pair
Welg€.00mm  H=333.00zm  no of cells=2  no of nodes= Create node
here and
designate as
module
/ positive
Ceesesasrady  terminal
v
< > a )
Rename | Delete | Save | (53ve Currentlodule  Other micro operations (on main page circuit)
Circuit as Subcircuit) Mg NI
o Connect | of | Disconnect  nodes 1 land| 9
Place in Module (Place chosen subcircuitinto
Woaule) with @ |ribbon  ~ | of 1 mohm/sq  ~
As an array of th width thicka 4| +|[+
with wi 1 | mm, thickness | pA mm
MNum S?aclqg lower left  ~ comeris at
mm
Set | of | Deactivate  node | §02 asa |+ -~ terminal
Rows | § 1 ey)=( 0 || O |[Jmm E :
R |
Cols | 6 1 Then rotate about center by Create | node at (5,65 . 1679 )mm. or| Remave | node,
0 | degrees Set | or | Remove cell 1 to be type | 1
MNudge Subcircuit X ol e
Clear Dangling Nodes | Clear diodes
Clear Ungrounded Parts Clear Al UNDO REDO
o of|e
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. Module figure
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71

.+.|ﬂ=....:....m_:;?ii;;;%;3..33..33.#:.""""""“" R

| T A FETYTTY Y FFTTT YT F¥ T T T FETYTTTT Y Ty
i
T bl e b bl e ol e bl et e e, el bt ol b bl ol bbbl sl b b ol bbb

gt

[ AT T R HEHHHE
1l P TETTTTR TR T IR TR T TR R TR TR T W TR T TR T T .r.r.-..r.-..r.r.r.-..r.-..-.-
1 Ty ory FYTTR PTTRTYTTITY AT Yy Yy PPTTTTTY ey

Ircul

Sf ol = 35042

C

| T ——— Y FTTYTY Y T TS F¥ PP Y Y YTy YT b
i
N Y Ty T T T T T T T T T T T Y et sl e s ol e

- - -

.ziiiiuuuuuuuuuuu AR R - AR

FAE 1B

R M DK R e

FLICLL L IPTEALIA T e

i

| |

iz .%uuuuuuuuuuu bbbl bbbl

Ircul

connections

=[] resistors [] details

2 el ol el .
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We can now review the entire schematics. This module is now ready for simulation!
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As with any module design, you can simulate the I-V characteristics, view the spatial distribution of cell
voltages, etc. When there is a conductive backsheet, you can also choose to Map “Backsheet V” to see
the voltage drop along each conductive backsheet section, as shown below.

u <Modulex - has n Module_figure — a *
File About Import Sunsolve L oN[EN {fr:, .
Cell Voltage (mW}
r‘-- - seaa2 se037 seser  |Map(hoy v
r. HE B BN . e > ey
P - W - Rescale

Cwverride layout pattern with custom netlist
Module Dimensions

Cell gap String gap
Rows| 10 | Columns| & (mm) 2 (mm)
Margin to + - dist

frame (mm}Top 20 |Side 5 | Bottom| 10 (rm) 100

Cell Connecting Ribbons String Connecting Ribbons

width sheet res width sheet res
(mm) (mohm/sq) 0.07 (mm) 8 {mohm/sq) 0.0

Ribbons 2 Cables connectors o |[Calculator
optical scatter " resistance (mohm)

Temperature (C) | 25 Two parallel halves

Cells, Bypass Diodes, Subcircuits, Conductive Backsheet

Cells | | Diodes | Subcircuits | | Conductive Backsheet

Place cell type into positions

Extra ribbon contact
res (mohm) Front| nl Rear | Q nl

Extra shunt cond (1/(kchm-cm2)} | ¢ ul

N l( @ @
At 13478V 3

N
FIND Jv
Vi WPP| | | SWUEER SAVE
Maodul —
B <Module- X B Module figure - O X
File About ImportSunsolve ~
%S & e
A . BE & Backsheet Vottage Droo (v
lr. HE BE BN e 559603 235003 37606 Map (hot) ~
»

- —— — [T

Qverride layout pattern with custom netlist m m]

Module Dimensions

Cell gap 5 String gap 2
(mm) (mm)

Margin t + - dist

fram (o) TP | 20 | Side | 5 | Bottom 10| (20 100

Cell Connecting Ribbons String Connecting Ribbons

width sheet res width sheet res

(mm) ! (mohm/sg) 0.07 (mm) 8 (mohm/sq) 0.05

Rows| 10 | Columns| &

Ribbons Cables connectors 0 |[Calculator
optical scatter | — resistance (mohm)
Temperature (C) 25 Two parallel halves

Cells, Bypass Diodes, Subcircuits, Conductive Backsheet

Cells | Diodes | Subcircuits | Conductive Backsheet

Place cell type into positions

Extra ribbon contact
res (mohm) Front () M Rear () l

Extra shunt cond (1/(kchm-cm2)) | o u

@08
At 3478 |V \

T
FIND NV
Js:\ltMPM S\NEEP\

o8 = | I
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You can simply follow the steps in section 3.8 to define extra connection point contact resistance between
the cells and the backsheet. In this case, “extra front ribbon contact res” means extra contact resistance
between cell positive busbar connection points and the conductive backsheet, and “extra rear ribbon

contact res” means extra contact resistance between cell negative busbar connection points and the
conductive backsheet. An example is shown below.

File About Import Sunsolve

:‘rﬁu WHD i

- X

Map [Cell Front V. |

| = @ @ Map [Backsheet V| & @ @
At 3478V K y At 3478V K y
L
- o

Introduce non-uniformity in extra front

ribbon contact res
Enable X Module_figure - o x
IMPORT 8 -1.c 1, from tif or txt S e o WS @ .
. el Valtage (V) acksheet Vollage Droa (V)
lamm sc022 593,60 sgeer  Map(hon v 155602 780003 ssoete  Map(ot v
Rescale Rescale
Draw in the module area to define spatial distribution
BushSize  Small « »[Large[ 10
Brush Hardness  Soft ¢ »| Hard | 100
Valuetodraw | 200 | Assignto

cell pos
Model calls variability

Using mean 1 and std deviation 0.02

Normalize picture to 16387

Setmaxto || 200 || Setminto 0

n %
s s y
& Done
unpa LS IVVERT

When there is conductive backsheet, an alternate way to view and edit the contact point resistance is in the
conductive backsheet winow. Here, click on the blue N button next to “Contact pt resistance” to view the

backsheet connections coloured by contact resistance. You can see that whatever spatial pattern was
defined in the main screen, is displayed here as well.

conductive_backsheet

R
A &

Setindividual contact
ptresistanc Help ire
conductive_backsheet red numbers are
S {m’] cathodes and blue
. numbers are anodes
show cathode points
0

Import Help

xoffset | 167 mm

y offset | 1670 mm

) 0 to 0 mohm
Material y
[] show anode point:
Aluminum ™ [ <how anode numb
Thickness | Set anode points: i
600 |um

80
Sheet resistance
0.053 | mohm/sqg-100

Contact pt resistanc
-120
1.0519 m

140

to 0 mohm

contact pt resistance (mohm) '
1989 9998 0

connect to cells
connect to terminals
cannect to diodes

20 0 20 40 60

n n n . \ §
s 100 120 140 \

73



ROUULES

Manual v7 Sept 16, 2023

If we check the box “show cathode numbers”, then we can see the indices of the positive connection points
to the backsheet as well.

u conductive_backsheet — >

= &
% '\-'ST? e

Setindividual contact 320
ptresistanc Help e

red numbers are 3
cathodes and blue |
numbers are anodes 23923
show cathode points 2304
show cathode numbers 1239

Set cathode points 23354
2388

to 0 mohm =
52386

[] =how anode points 2334
|:| show anode numbers 2384
Set anode points 2383
12383

2381

to ] mohm

238

contact pt resistance (mohmj =)
199.9 99,99 0 242
s [
24270

Close _
2423

To make edits, you can set the value for the contact point resistance in mohm, then type a series of cathode
points (or anode points), e.g. if we want to set another series of points 2614-2620 to value of 500 mohm,
we simply set 500 and type “2614-2620” and hit enter, as shown below.

B conductive_backshest - X B conductive_backsheet - et
% &1 = SN ~
Setindividual contact . 44 + 4 -+ = 25 Setindividual contact 4 = 25
ptresistanc Help re | posa 32 o Biel g6 46471 biseh fici: i 25 ptresistanc Help re | g k32 s g i 25
red numbers are TS I R Raol  fasd  gar|  peds meall AT red numbers are S I e A godll AT
cathodes and blue — — — — — — = cathodes and blue — — —
numbers are anodes v I 61 sof|  gesd  gEsd  dEeS) 74 TEE numbers are anodes 527 ez 61 74 TEE
show cathode points 521 534 614 de2g e 651 E64 74 W7ES show cathode points 521 534 1 Tad WTES
show cathode numbers 52 533 611 Gt e [ BE3| 741 T4 show cathode numbers | 52 53| 611 74 76
Set cathode points s1d| a3z 61 62 Gl P GEE [ o 74 i3] Set cathode points s1g| a3z 61 74 763
2614-2620 51 531 Glits I v N G R B 1 st I 5 51 531 50 Rt I
517 asan) B0 621 GEL R I GE 73 71 517 asan) 60 7 761
0 mohm » to mohm
500 516 as2s) 607 62 63 GXT: I G £t I T 500 | dsg a5z 07| FET i ]
Show anode poms. 51| ez GITE P T e I EE N R £ls I T E] [ show anode points 515 absag 60 FETE
D show anode numbers 514 527| Lol | B1 531 Fid4 657 739 FHE D show anode numbers 514 527 L=l 739 THE
Setanade paints 51 526 G N el TR 6 656 Tadl  ETHT Setanode paints 51 526| 60 7ol ETHT
1| g1z as2s B0 GAl= I G (2 I R 73 T 1|51 ss2g 60 73 THE
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Now we can see that the updated spatial pattern of contact point resistance is reflected in the simulations.
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