LIRIDDLER g3

TWEREEEEB MRS
PRk




GIRIDPLER piF#v7.0. 2023-00-15

1.1 & 4
1.2 Griddler FZE &5 5
21 | ZEMBEIXER 7
2.2 Griddler kiR 9
23 Griddler 2.5 PRO E#mEA 11
24 Design H-Pattern TQE 13
2.5 Meshing TaH 22
2.6 8\ Autocad.dxf 25
2.7 Simulation Ta[E 26
28 | IELTER 38
29 Load session Ifjgg 41
2.10 | £ YouTube/ Youku %3] 42
3.1 | IBSSEImEH 42
32 | Bt SHEEE (PRO MRA) 47
4 it “IRESHItE (PRO IREF) 50
41 BhA 50
4.2 Cell Cross Section Diagram TdE]  (PRO hRA) 51
4.3 Base Transport Calculator Ti@E (PRO hig7N) 52
4.4 [llumination Optics TAE (PRO ki) 55
45 | BFEREXITE (PRO IRAE) 60
46 | BitERYERAZ Griddler Simulation (PRO FRZ) 62
5 WERFALAR Command B0 (PRO hRE) 63
51 | 3==BUHE (PRO RA) 63
5.2 | Command & (PRO frA) 70
5.2.1 | 'B#E(ER command &0 70
522 | Ef®w< 73
5.2.3 | FOR LOOPS R#BX#< 76
5.24 | #17 FOR LOOPS 79
6 Griddler 2.5 PRO BYEL{thEiF 79
6.1 i luminescence EFZEURE 79
6.2 | EHIMES AC AL 85
6.3 | FEEEEIANS -V UE 89
64 | ERMTIAED 91




CRIPDILER /i vr.o.

2023-09-15
6.5 | BHUABHRER R 94
6.6 | HERI\BSOKBHAER A 96
6.7 | WRILEEUR S 97
6.8 | ISR AGRIR A RIE SR 100
7 RENGEREEM (PRO RAF) 104
7.1 HEAR 104
72 | RIEEEE 105
A fft* A: 7£ Cell Cross Sectional Diagram #{1 Base Transport Calculator TafEHR{ 111
BRBELR
A1 | BREISM 112
A2 | kB IZiE}ZE’Jﬁ‘l’:é‘SIEEiIT‘I 113
A3 | EXIBIIESHEREE 115
A4 Auger %DEE.ET_TE:. 117
A5 | BEBEERXIEER TR, R AR ES AR X EE 117
B B5 B: L4 Griddler 2 # Gridsim LARIR iR EHEE 121
B.1 | EkiF Griddler 2 #1 GridSim 5.3 I+ ERIBIHZ MY 122
B.2 | LEERF Griddler 2 I —IREREITEFIREE 123
C fiz C: Eb#: Griddler2.5 PRO(v2.50021) cmd-PC1D-6.2 Caller ¥1 EDNA2 120
(v2.5.5)3SiAFnes A g thAYTER
C1 B& 124
C2 | HRSRHE 125
C3 | BERSIRE 127




GIRIDPLER piF#v7.0. 2023-00-15

RIS EER(E Griddler AP, $H=4! Griddler E—/ME%5 AR APRREE SRR, XATFAR
AILAESERSESTRLER S, INRGEE(FERA Griddler B—EREFET, FEIVSEFE, BWREHE
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1.2 GRIDDLER
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Griddler AY#Z/ (240 _E Fr7AIYS ABERERR it FERVEIRTIER. (FEM) TR, BERLAE 1 2 8 NEmE:
HERENEREA 1 MNEREAEERERNESEME, BRESEEN, FeammeE, MRAFE
simulation TAEAY Rear Current Extraction I ’EEE “Full Area Rear Chuck Contacting”, FiEiXtE
NER, &0 274, EEZFIERE, EENSESNEFSHTE. SBMETE (NRMEMESAK
ZBfFfEEfiteEi) . €BEEMYE IRBFERDIRENR, JERSEM, £ &%) FEHEE (0
B AF7E Current Extraction %I Fik#E “Solder ribbons at probe points”), EERITEEG, XLEF
H (BRTIETYHE) St o B =AM, LSO AHRERE NS HEE, FEPRRE=RAER
TEMEZ G, Bt EEMSEFSAFEPN— =R R, = AN — MR A— M R (node)
BN REE— 1 HBE. =ARNE% (edge) BEBRETREEE—E, BENBEIATZXIERE
EEEFE (fik0, FSHRESENRS, EEMEMNEMIESENRRK); FEEFTEXE, BENE
HEURTF=FFAIRAR.

EESMEREEIEEFES, MREXTIES, BAETS TEFEEER/RT Rt EER (B0
2.74), MNRAFIEFEEEMEBE (I02.7.1), eSS TErmEIREEE, IRgE, WEF5T
BFHERZEE, REERE. MREMER[FN, BAEMFESESBMEFERZAIHESIRRZ T RIBEA
EER. MREFEIFENER-FSNEMAER, IRASBMEFE NS M T RIBTEMERERE+S
RFECERMEN TR, IRSEER-FSNEMEE, WISHEA+ESEFESHA— .

HEEFEMEEFSAFEZER—MNRE, X NREEN T KPERERMRI AR, XMREEMIRE T —

B, BAEARTEERE |-V SN REREA T RRRENE SRR, SXE _REHERIBRIERER
USRS R, FEARID MR SAT RS RER (WNRENE), XNSEBHAY |-V FIER:

QVaiode,i QVaiode,i
1(Vaioaes) = I; — 101,1'99529( kl; = l) - Ioz,iexp( Z;cOTe L) — Gshunt,iVaiode,i

Vdiode,i = Vnode,i - Vref,i

HA Viiode, 5B EIEBE, q 2EAEE, k BR/REASES, t ERMERE, IR, L
BRERIETR, lori F lozi B n=1F1n=2 ZIRERVLFBITR, Gshunti B REBS. Viiodei B Viodei— Vrer,
LG, B Viode X MR 1 BIBE, Ve 2 DRMEENIIFSAFE _ ERBERREE,. B,
ENILFBERERD REEBHAET R | ERmIEEREFEA:
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Vnode,j - Vnode,i n I(Vd- . ) -0
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. Rsertesi)
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nodes j

FLEFA T LA — B R FRITI REBERISTEE, A TIEKRE., — B ST RBEEES N FELHK
f#, Vaiodei M I(Vaiose,) tBRTLAKEIRITEE, M5, APHRERIhAYS RN R EIEEEE B+ ST E AT
BERLE (Vo) BIGH, TABRBEREAISEENZERERNT RS, EoHAIEETREEZE
HIZE(E.

APRREFEIAVERF R B ERRIRRE [, FIRURFRIERE M. 12 InEEEE X 7 IR B At AV IEE T AT SR 5.
NS ETRNEERERREANT (i), BIAMERRBEAMESX—IE, AR
fREEERE, FRAIBURTLASERIHAER thAYEE(R |-V it

32 {35, 64 189 Windows I+EH1EFEMERAY Griddler 2.5 @2:kRF0 PRO AREIZAFZ R ol it FEfnZess,
EEIREBTN, IEEZTEIE, 52N TE, Griddler 2F MATLAB RS/, FEZF Matlab compiler
runtime (MCR R2013B) 517, LEEFBEMENEEFEIER MCR A, NRISENBTE.

Computer
already has
correct MCR?

NO

Resume Griddler
setup window

You have chosen to open:

Follow ¥ MCR R2013b winé4 installer.exe

Instructions to
install MCR

which i: Binaey Fle (486 MB)
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FIABR T, BROIZESEMNTHASEE (B TE) kM C\Griddler2 5 \Griddler2 5.exe (free version)
C:\Griddler2_5 PRO\Griddler2 5 PRO.exe (PRO version) [3z/ Griddler,

G
kS = I Windows (C) I Drive Tools - o .
Q Get Help
Home Share View Manage
- . -

L]
& Google Chrome A . > This. > Window.. > v O  Searc y-)
. Griddler = Pictures ~ O nName
B cidders free version & Goagle Dri $GetCument
2017-06-1 Griddler IBC
— -
- Griddler2_5_PRO PRO version 18-05-03 Gric Griddler2 5 free version |
P—
manuals Griddler2_5_PRO :
- Uninstall Griddler2_5 = PRO version
Screenshots ntal
. Uninstall Griddler2_5_PRO with installer Perflogs
Program Files
pon
B  uninstall SolarEYE_launcher &* Dropbox Program Files (x86)
v o< >
~ - a - 14 items -
O [ |

SNEREMERS PRO R, T Griddler 2.5 PRO FEEF( RAHIING USB B{ELRIE A REInIT. PIFUiEER
HEEHRY Internet IEE  (I1E USB XKEIBA—IX; HLBIEALIER—IX) .  USB INEIRISNRINT
Effr, SRR TIHSERBALT S

6 E

BURIB TR, ARARICUEIINZE USB, NSsEH— B LA TERNFER. ERESHTEE (software
bundle = Griddler 2.5 PRO + Griddler IBC + Module f2FEME; standalone =3#37 Griddler 2.5 PRO),

You Need to Activate Your License Online ,Ro CAMT Dma
I have license for this standalone program USEB DONGLE. THIS
I have license for software bundie FIST UNTIL THE CORRECT
iLE IS INSERTED

IF THERE IS A TECHNICAL ISSUE,
PLEASE CONTACT

griddlerseris@gmail.com
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(ERRIRMESIERTER, AT LA ERERRG.

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

— Other gptions...

Cancel

CRIDPLER

=17 Griddler B9FHE, MiZEHM—NEHEE. BPOSFHAEFE, BAS—XIREEEFDEA
RUBJIEISRINE MCR, Griddler 2.5 % 2Z:hR#0 PRO IRATETIAFEELL, HE 4 NEEEW.

Command e el n About
B <Grddier 25> =

CRIDDLER2S CRIDDLERRS

FZDESOILARNGELLESIMUTATIORY

Johnson Wong 2017, Solar Energy Research Institute of Singapore Johnson Wong 2018, Griddler LLP, Licensed from Solar Energy Research Institute of Singapore

Griddler 2.5 3R AE T Griddler 2.5 PRO # T
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Griddler FYHRIRZ [ERYIZERIFR BIEME
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H-Pattern Design Page

Simulation Page
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v

Simulation Page
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2.3 [ LER 2.5PRO FEHRELT

X4F Griddler2.5 PRO, EAIIEEHEHER, &S7E simulation WA (TEFR) SEIEM. HANEER
EHAEH, mdh “Take Me to the Download Page”, FEEINILERRRF, LRSTLERRF, ©EE
EETTEN EAYIBAY Griddler FRAR.,

E(Gnddler 255 - x
Command Base Transport  Cell Cross Section  About  Efficiency Improvement -
X
Front Metallization Rear Metallization
finger sheet res 5| finger sheet res -
(mohmisq) 3 3 Mimohmeal 3 |3
busbar sneet res 2 busbar sheet res 3
(mohm/sq) 3 Ij (mohm/sq) ﬁ
finger contact res| 0 ﬁ finger contact res 0 il
(mohm-cm2) Ilmnhrr;;cmZ]
layer sheet res 2 layer sheet res ?
(ohmisq) 80 3 {ohm-sq) s0 g
wafer intemal series 21 T, 21
resistance (moh ) 0 €[ 25
intemal shunt cond- ﬁ External sefies 2
uctance (1/kehm-cm2) 0 res (mohm)
ncy  Metal Optical Transparency

Metal Oplica!,Trarupare %
fingers | @ sbars fingers 0

A new version of Griddler PRO (version

Front Current Extraction Rear Curre 250021, May 25, 2018) is available
Extract current at eac... ~ Extract cur

20 &

0.1 I} Take Me to the Download Page!

contact paints 2| contact poir
resistance (mohm) 0 11 resistance (
Front Diode Parameters Rear Diode

Mo thanks

1-Sun JL 5 1SunJL, 2
non-shadedarez 396 j non-shadedarea | 396 [y
(malemz) (mAicm2)
passivated metal passivated metal 8
area contact area contact -8 6 4 -2 0 2 4 6 8
Jo1 21 21 Jo1 2 =
wem2) | 80 [y 600 [y wemz) | 60 i 60 i
Joz = 21 Jo2 2 ] Cell Front Side  100gle Front/Back View
10 3 50 W 0 [
(nAlcm2) (nAfcm2) Vmpp= mV
E Recombination 401 21402 =
ngeuu inati (w:m)R ° mﬁtr_\Nc‘m] 0
ron umination 27 ear lllumination =
(Suns) 1 j| {Suns} 0 w

ERISEEIEE (W 3.2) BEEHEN, AN MAEH—X. EFEalE, JEERIEREIERN,
Griddler 2.5 PRO BEzHEZA THEH (2 TE).

Ii <Griddler 2.5> - x
Command Base Transport  Cell Cross Section  About  Efficiency Improvement £
ey
Front Me Rear M
finger sheet res :H finger sheet res 2 s
‘mohm/s: {mohm/sa) ’ i i i d T A
bu(sbar snelyt res ﬂ busbar sheet res| il Wafer area =242 21cm?2; optical shading4.05% 3\
{mohm/sq) (mohm/sq)
finger contact res finger contact res 9 6 —
o i o i
{mohm-cm2) {mohm-cm2)
layer sheetres ) _j:d layer sheet res 20 __ﬁ
(ohm/sg) (ohm-sa)
wafer intenal series 2 21
Te rati C.
resistance (mohm-cm2) 0 Il emperature (C) 25
intemal shunt cond- 0 il External senes 0 |24
res (mohm) 2 3

uctance (1/kohm-cm2)

HetaIOplicalempamnch Metal Optical T p
2 2

fingers @ shars ) fingers 0

Searching for cell parameter database.

Front Current Extraction Rear Curre
Extract current at eac._. ~ Extract cur

20 2

01 o
contact points 2| contact poit
resistance (mohm) 0 I] resistance |
Front Diode Parameters Rear Diode i
1-Sun JL, 1-Sun JL, )
non-shadedarea = 396 non-shadedarea | 39.6
() vated . ) vated metal

passivated m{ : passivated me h
01 area _Jco click area ﬂ:nntau -8 -6 4 2 0 2 4 6 8
2 —

wem2) | 80 Ty 600 i gqaemz) | 60 [y 60
Joz ] 21 j02
(nAicm2) 10 50 Ml (naicm2) 0 ﬂ
Edge Recombination 401 z1J02
49 m) 0 _.d'lnNcm)

FA/CH
Front lllumination % Rear lllumination

(Suns) 1 (Suns)

EE

Cell Front Side  10ggle Front/Back View
Vmpp=mV

R o) [P e M)

o o |o
EEE g ER

-

1



GIRIDPLER piF#v7.0. 2023-00-15

ERLABE RTEIERsEt= FRY “"About” SEMERHINRAS. R "Download Release Notes”, E&EE
MEAHY Griddler 2.5 PRO Z/aH0X 3.,

B <Griddler 255

Command  Base Transport  Cell Cross Section

e 8 P

Efficiency Improvement

Griddler PRO version 2.500;
Released on March 25, 2020

Parameter Database version 14
Released on March 25, 2020

Griddler 2.5 Change Log from March 25, 2020 to now (PRO version 2.50039)

1. Dopant profile import funcion now made compatible with ECV files from WEP. Now
user justneeds to selectthe CSV file exported from the WEP tool without modifying itt
2. For n type cells the run JL function sometimes encountered errors. Now this is fixed.

Griddler 2.5 Ghange Log from March 15, 2020 to March 24, 2020 (PRO version 2.50038)

1.In some cases with contact point resistance, Griddler hangs (especially when
used with Module). This is now fixed.

Griddler 2.5 Change Log from March 12, 2020 to March 14, 2020 (PRO version 2 50037)

1. Certain patterns with many finger breaks defined couldn t be parsed corectly.
This is now fixed.

Griddler 2.5 Change Log from Feb 21, 2020 to March 11 (PRO version 2.50036) v
<

>

< Download Release Motes )\ose

12
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2.4 Design H Pattern

B <Griddler 2.5 - X

Command Base Transport  Cell Cross Section  About  Efficiency Improvement

1B & 84 J Wafer Shape and Size |__ _ Pattern Display
= Wafer Shape and Size |

Wafer Type |Psuedo-sq... ~ Wafer length | 15.6 cn@ =8 3 T T T T T T +|
Ingot diameter, 21 | cm Wafer width | 156 | cm I
. . SN N B N B . - L i
@ [ Shingling Pattem (L2)):A Enable Rear Pattemn :
Al )7 AR FUIl area metal . v I
c Front Busbars — | Rear Busbars ]
Q| noofBB 5 @ Mo of BB 5 1
S (2 Solder/Prob % | solderProbe |
older/Probe B
% 6 Paints 8 O |Points |
T | B widh 06 |mi S | BB width 15 |mm |
@ % il
c @ Style Two Split = Slyle@ Round Pad Ta... ~
o
II Edit Details &" Edit Details _=
Busbar - -
Ending Puointed L Straight I
Edit Detail -l
@ Print o - -
Method single print l
I Front Fingers _I
Mo of fingers
@[Pitch is164 mm) | 95 82 :
3 1 1 1 L 1 1 1 +H
I Finger width 45 |um 60 G - s ol e e -

@ i Toggle Front/Back View @

UNDO REDO Cell Front Side

Next @ Save to AUTOCAD Dixf @ @

0.5 05

End Joining All ~ Pairs

Edge Gap 1 mm

@Edge Gap 1 mm

 I—

1
i
i
i
i
1
I [Jtaper fingers from| g0 l taper fingers from | g0
I 1
i
i
i
|

£ Griddler &, XPHBEEBBANRITINEREERZMMA H-Pattern AUIRITTUEAR. BHTASHBBEE
H-Pattern &EMILE, FRLAXANTRERSTF KSR R EEBH. XITFIE H-Pattern AYEEIHE, 40
£BYESE, (metal wrap through, MWT) 4543, #E]LATE AutoCAD Fii—MESERNEEEIZR,
REBZEZREENE Griddler 7 (I 2.6), L£EZ Design H-Pattern B9TAE, TEFA BB SFEEIAY
&,

@ wafer Type

Wafer Shape and Size

Wafer Type |Psuedo-sq... v w

Psuedo-square

Ingot diamet

[] Shingling

ME of { o
Patt

Circular

13
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HEREE—REENTIK: SRE—REEST, RRFE—REELELST. LR=ANRR—RERN.

© Ingot Diameter

Ingot diameter| 21 |cm  Ingot diameter, 20 | cm
8 T T 8
6 6
4 4

TS RRRERR, EEEENERRE 7RI AL,

@ Shingling Pattern

Wafer Shape and Size Wafer Shape and Size
Wafer Type |Psuedo-sg... Wafer length | 3.1 |cm Wafer Type Psuedo-sq... ~ Wafer length | 156 | cm
Ingot diameter| 21 | cm Wafer width | 156 |cm Ingot diameter| 21 | cm Wafer width | 156 |cm

Shingling Pattern [1 Shingling Pattern

One busbar at wafer

(AT

RERFEBREHN, WiZEtNERNSELSIRE—FEM, DRAAGHE. BF, SREHEM

IE7S T aEEIE SRR LRI, FrARRRIKEERARER, A LR, 6 EER—
IRBEBERARIREEIRLT.

14
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@ Wafer Length and Width

Wafer length| 7.8 |cm
Wafer width | 156 | cm

Wafer length| 7.8 |cm |4

r Wafer width | 156 cm 'I,

@ Number of Busbars, solder/probe points, and busbar width

Front Busbars Front Busbars
No of BB 5 No of BB 21
Solder/Probe g Solder/Probe 12
Puoints Paints
BB width 0.6 |mm BB width 0.12 mm
Mo of BB 5 No of BB 21
8 ' -
<) B
6 ? ]
4t E
=
2} - %
a
or E
g %
T &
2t o E
o O
0o
i3S 74
g A 58 widtn
! 66 - ! N TN [ 1 wi 0.12 'mm |
3 s " 5 '°[ | |- BB width 06 |mm—7 75 5 ) e i
64 j— 71 I —>:—
6.2 3 7
6
7 !("!.‘ ’l 72 ’l| E Slﬂ 5!6 I"'] 5!5

78 76 74 72 7 6B 66 64 62 6

H-Pattern 2HEMFIMLIIRAY. 23 “No of BB” #1 "BB width” BILAMEEFHHIEEFEE.

“Solder/Probe Points” JEAMEEAEM FAOEMANEE, 7 -V Wit (B simulation A%
$# "Extract Current at Each Probe Point” SEt&#l, £ 2.7.4), XL SWIRIRET =, T -V Ui
rRiRET SRR s, 7E4B(4 b (@iTi%#R “Solder ribbons at probe points, extract current at ribbon ends”
KA, B 274), REFMAEOER, RrRAPRIETS MRS,

15



@ Busbar Style

Style Three Spl% i

Straight (@)

Rectangle Pad Tape

Round Pad Tapered
Digital@

Two Split

Three Split o

ré
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15[, T T T
a s2(b) [
4t 1 (
st 48¢ }
46k
3l
44F
25¢ .
o as & |mm
ol |} b= 0.4 |mm H
b Ia c=[0.12|mm
150
. CLOSE WINDOW
a.ar
L L L L L L 1 1 1 1 1 1 L 1
8 75 -7 6.5 6 5.5 a 45 72 7 68 66 64 62 £ 58 56 64
y i ; :
s2f(c ( 5_2_-Od
st ' ol
481 , 481
Fa
46 46
44F 44F
e - -
c a=| 5 |mm ﬁ ] a= 5 mm
) b= 0.4 [mm || | b=/ 04 |mm
b Ia ¢ =[012|mm ” b Ia c=[012]mm
CLOSE WINDOW " CLOSE WINDOW
“l | &
12 -7 68 66 64 6 6 68 56 54 72 7 68 66 64 6£2 K 5B 56 54
5aF : : . : .
48}
© ®
5 18
48r 44F
46k 42}
44F Al
< a= 8 mm ’C’ a= 8 mm
| | b= 06 mm ||| ‘E’ b= 06 mm
b]a c =012 mm a c=/01 mm
CLOSE WINDOW CLOSE WINDOW
| ’F
7 68 66 64 B2 6 58 56 54 52 7.2 T 68 66 64 - 6 58 66 54 &

B EMRO AETHERETR, 8—RES—MNER/RT R TMTVEERE 7 ERITREYFZA. £ Griddler

2.5 PRO 1% 6 fiiFz(A ik, S, EFTERBNAAREMRITEA. £ Griddler 2.5 %28k

b, B 3 MEAMIEE, BRSBETRBXNRITEERE.

16




@ Busbar Ending

Bushar

Ending Pointed

Straight @

Pointed @

Apnlln@

Wine EIDttIe(e)

GIRIDPLER piF#v7.0. 2023-00-15

7.8
!
T6F
ol
T4r
ol
T2r
b
1
i
H H - -
. Straight simply - O PR
) | means thereisno [ b= 06 |mm
r | || extrasegmentat || c= 02 |mm =
a d= 10 mm
s4. | Ll the end of busbars b
Wl —
5ol CLOSE WINDOW
6
o 1
78 TJ6 T4 T2 7 68 66 B4 B2 76 74 T2 -1 68 66 -64 62 6 58 -hE
N —r—_—
76 :
76} q
74l 74
725 T2
() T/
- -
c a= 2 |mm c a= 2 |mm
d b= 06 mm d b= 06 mm
c= 0.2 mm = c= 02 mm W
a d= 10 mm a d= 10 mm
b b
L Lo
CLOSE WINDOW CLOSE WINDOW
N ] L
— — — =4 [, N
78 76 T4 -T2 -7 68 66 -6 78 76 T4 -T2 -7 68 66 -64 B2 -6

76
74
72
T
- -
a= 2 mm
d b= 06 mm
c= 0.2 mm ]
a d= 10 mm
b
—
CLOSE WINDOW

L
T8 76 T4 T2 -1 68 66

I
64 6.

BEFMTUEERETRITRNERER, %% “Straight” FMIERER, TRKEFUMILEDS. Rt

2Z4b, 7E Griddler 2.5 PRO &7 4 fheE sttt o] (i,
¥rBE, 7E Griddler 2.5 (aZEbRAR, 4%

FMEN, EFTEEEENIARERRT
T REISEREIMIE R,
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Print Method
Print - - Print -
Methad single print ~ Method dual print ~

il

1L

1

BXRERNEREREEMIMEATR—SBEY. BMERES ARSI (R5R) Zit, 7
BESEEMIME TFEERESHNES, HERMS JoEX (B 27.5), 2XEIRIEHREREM
HLEAPRRERMHESEM, AFESBEASES, NRREME "&F" 89, EMRSHiLER, mH
TERHSIE,

(© Fingers Definition

Front Fingers 8 T T T T T T T 5
Mo of fingers 05
(Pitch is1.64 mm)
Finger width 45 |um 6 i
[~ taper fingers from 200 | um
over distance of 0.2 |em 4r J
Lo - :
[=>]
51 ' ™ [ taper fingers from| 200 |um ]
E !
0 o o f | _
o C over distance of
E"; 7651 Finger width p.2 |cm A
E,‘: # 756 45 [um
=
4 755+ | |
T5f
6 7.45
T4r 1
8 1 ] e ——
8 6 4 |73 ]
T3t
56 655 65 645 64 63 61 625 B2 615

H Pattern 2B iF0iEiakay., SZE “No of fingers" 1 “Finger width”, LABEHELAVEEFITE,
keI LABISEER “taper fingers” &I, {FMiEEIETMATHEREERS, “taper fingers from” 1EMiEEREELL

18
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RYZEEE, "over distance of’ TENX THHENRFEAEEERENRITRAHSE,

@ End Joining

End Jaining All ~

Edge Gap 1 mm Edge Gap 5 |mm

@ Enable Rear Pattern
Enable Rear Patterr ] Enable Rear Pattern

11 i
i
, A
i Ez
]
0

.
¢ i
s

5

BN
HEN

BN
NN

]

£ £ 4 2 ] 2 4 6 8

4Ji%k Enable Rear Pattern, AILIE X BEittEENESEMEA "M, EMESENESBEERAZEYSN,
BRIRE AR EE N "ML B (BEPBE) FIA/NI"EM" (1RE) AIE. i1RA4A)% Enable Rear Pattern,
NEREEEHIA R, EAXMERLT, BiIRREtEmaEmEE.
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@ Rear Metal Pattern

Pattern |Full area metal ... ~

Full area metal contact e
Line contact, full area metal (b)
H-pattern @

@
|

1

8 5

| ||
E |
A1 |
! |

0

A)i%k Enable Rear Pattern, EeJLUERE=fREAI&EL: a) Full area metal contact, {{Z AI-BSF Ejth;
b) Line contact, X PERC & LBSF (HHEAEXKEHEEES) BEith, (BLE-FSArviEhtEhEEAM:
BOEFZFFORZRRAY. FRLAX NSRRI LAFESRAEH] PERC 5% LBSF E8jth, (BEI7E S S IAYZ(ER "full area metal
contact” J%EIR, FFHH local contact calculator (iI52 4.3) FITHEEWSEATA R FKEHL PERC 8 LBSF
EBith; c) H Pattern, FAFXUEIAPHREEEIAIIELL,

@ Rear busbar style (for full area metal contact)

Style Round Pad ~ @ 8
Straight (@)
Rectangle Pad (b) 6 a E g a
Round Pad @
Rear Busbars 4
No of BB 5
® s e ,
Points
s BB width 06 |mm
Style  |Rectangle Pad ~ a= 20 mm
Rear Busbars 4 Edit Details g é
No of BB 5 a
SolderPrabe |, 2
Points,
BB width 0.6 mm
o — o CLOSE WINDOW
Style Straight v
2 HL\ n T n n
8 5 4 2 0 2 4 6 8
4 ¥ T [
© ’
K]
6
]
8 6 4 2 0
4

Rear Busbars

No of BB 5
Solder/Probs 2
Points 4

BB width 06 mm

Style  Round Pad ~ a= 20 mm

Edit Details
a

CLOSE WINDOW ﬁ B

N

6 4 -2 0 2 4 6 8

-8

UNER4)3% Enable Rear Pattern, Fi%#® “full area metal contact”, BRATEERtiSEEMITURERL, 1&aTLA
20
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ERIERIERONIE, ISRIERE "H Pattern”, NI EEEMEFIANEISEIEERRR (B2W% 6 [).

RS/ BRI

Toggle Front/Back View

Toggle Front/Back View | Toggle Front/Back View ‘
Cell Front Side Cell Rear Side

@ Save to Autocad DXF

B sevefile name X

A > ThisPC » OS(C) » Griddler2 5 PRO v ©/ | Search Griddler2 5 PRO

o

Organize ¥ New folder - @
o) manuals

o] website
. OneDrive

3 This PC
new Al BSF_exa
B 30 Objects mple.cd
72 Desktop
5] Documents
¥ Downloads
D Music
] Pictures
B Videos

- 05(C)
naTa

Toggle Front/Back View
UNDO REDO Cell Rear Side

End Joining Al v A m
Edge Ga Edge Gay mm
ige Gap 1 mm ge Gap 1 Next Save to AUTOCAD Dxf /

H-pattern BILURE/ AutoCAD.Axf 3214, RTEMARE. .dxf HEHREFAARIERESS 2.6 TIPAYHE

HIE5eRk H-pattern BUIRITFHERIFA meshing TUERY, =& “next”

i “Start Over” IXEIEN (MLRIHESSWENRE).
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Bl <Griddler 2.5» — x
Command  Base Transport  Cell Cross Section  About  Efficiency Improvement
%S W

Front Metallization: click Analyze
Front for Griddler to parse the
metallization geometry

B T T T T T T T i

Optional Step @3 i

Click for post editing

2 .

Step @ | _

Analyze Front ‘

Med

Step @) | 1

Med

Mesh | Step @ ‘ 1
|

B ) e A — @m
BA

EZ A, EX A KPRt EEME BRGS0 A= AR, BT ATHREFE AR (I
$1.2%). S5 LEEE, ITMTREMFBECRTERNEFNRE (PR 1-4), BEFEHEIE—T
MISHIKID RESIE, ZIUSETEREMIEREAMNIE, AEBEREDSHEIMNE,

SNERIMIENT EBMZH T —EARENEN, AR T — P RAIE R 0. 2R 2 b, ST LAREEMTE
R

(FIiERY) S8R 0-fRLE

B “Click for Post editing” &, 38 H B INZEIR

Create Breaks
Create Extra Rectangles

. - Create Extra Terminals
Click for post editing

in |Fingers w

) Y

UNDO REDO CLEAR

22
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SR AN T RSER R SREE "Fingers”  ("#i&") B “Busbars” ("Fif") E.

[ w25 - X
a) Base Transport  Cell Cross Section  About  Efficiency Improvement
W w

Front Metallization: Click on two
points to define the comers of the

break.
75 4
o
Create Breaks >
1
7 1) E|
p— Create Extra Rectangles r
65 . H B
Create Extra Terminals I
6 Lol B
1T

in |Fingers w

CLICK HERE TO FINISH

) Y f |

UNDO REDO CLEAR

45 1
, " T T " : : =
8 ES El 55 3 Sk = <::| 5
Save to AUTOCAD Dt
BACK ‘OVER'
v ™Y
1 er2s - X r ler25> - X
b Base Transport  Cell Cross Section  About  Efficiency Improvement C) 4 BaseTransport Cell Cross Section  About  Efficiency Improvement
N w |
Front Metallization: Click on two sl ' T T T T T T T ] Front Metallization: Click on a sl | T T T T T T T ]
points to define the comers of the spot on the cell to place the
extra rectangle terminal.
751 | g 75 g
1 [ 1
T+ T 3 7 T =
I i+
T T
651 H E 65 1

o
a4

q
q

8- S B 5 = ]
1] i
CLICK HERE TO FINISH o5 I CLICK HERE TO FINISH o
o =
i i
43 U B 5 U B
n n
i I
450 I 1 45 i 1

w25 - x 2r2.5» - x
U " DRAWEXTRAFRONTSHAPE 1 t g
« BaseTransport Cell CrossSection  About Effid 4 §8225-7.7 -4.67775-7.7 - e Base Transport  Cell Cross Section  About  Efficiency Improvement
SSl> W 4.677757.7-4.682257.7 SN W
B command
Front Metallization: click Anal V - T T Front click Analyze [T T T T T T T T ]
Front for Griddler to parse the PRAWEXTRAFRONTSHAPE T 68225 -7.7 4 6771 | Batch | a Front for Griddler to parse the
metallization geometry geometry
List of Commands __(®) By Group () Alphabetical Order R ] I
EXECUTION COMMANDS 75 H 1
Create Breaks TTLESCREEN 4 Create Breaks i
DESIGNHPATTERN ‘
PORTDXCF {fiename dx
ErEs (Bim ErEy I ILOADSESSION {filename.mat} {1-go to simulation screen; 2-go to design sc Create Extra Rectangles 7 1
Create Extra Terminals || [PARSEPATTERN b Create Extra Terminals
MESHDETAILTANGENT {1 to 4 v
in |Fingers - < 2 in Fingers - 65 1
s - -
v T ) Y i
UNDO REDO CLENR i UNDO REDO CLEAR © I 1
550 B
Analyze Front - o Analyze Front s =
Mesh detail L I . Mesh detail -
(tangent to led v i (tangent to Med v I
metal) u 0 etal) 5
Mesh dstail i Mesh detail ‘ ‘ 7
(perpendicularto Med v~ i to|Med ~ U
metal) 45 | metal)
Mesh Mesh 45 b
ab || ]
OK , . . . . . . L oK L : T T T T T =
-8 75 7 5 A 55 -5 <::| 5 8 75 7 65 A AE & <::| 5
Save to AUTOCAD Dxf Save to AUTOCAD Dt
BACK OVER/ BACK OVER'
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W_EEFR, AR ST ™MERIX="M%4H “Create Breaks” . “Create Extra Rectangles” . “Create Extra
Terminals” Z—, JARGEA+FiEL, RIFRIERENESBEREEMNME. WREE "Create Breaks”
g} “Create Extra Rectangles” , I8FHBEEEZE F BHMMUBILLEN —MEAIRI /. £ a) “Create Breaks”
PEMEENEEER, EHUNEETFENXNMNEERNEABERSRE (BN AiEk); &
b) “Create Extra Rectangles” HETE X BVEHER RN, XM HEX B ISHEM—FESINIEER
FEEENNEEFEES (BHEiRAmESBME 2 BREELE1E). £ C) “Create Extra Terminals”, &R
BT FEENRRE—T, LIENEMIUE R/,

BT LS RE X BRIBRINE, BB LUERaSHTENETEEX (W 5.2). fin, &R d &,
AN S "DRAWEXTRAFRONTSHAPE 1 -4.68225 -7.7 -4.67775 -7.7 -4.67775 7.7 -4.68225 7.7",
KEER 1 (M) FEX—TMIYMISBEZUN, BFIRAE (-4.68 225, -7.7) cm, (-4.67775, -1.7)
cm, (-4.67775, 7.7) cm, (-4.68 225, 7.7) cm, XtEMERH SRADIREZEMIIXN T,

8£1% - 9% Pattern

HEREXMEE, Griddler KIEFMBEEXNBEREFHA—E, W& e frr.

5625 - % Mesh B4

- = = - x
i D T e —
Itz g
Creata Breaks
Crnat Extra Ractagies
Create Extra Tarminals.
o Fngws &
Yy ™ Y
e — uNDO  REDO  cLEn
Increase node density
Analyze Front " ?
perpendicular to the fingers
fngnte  Me
et
t.teshﬂe\a\
Craste Breaks PPttt Mo
Create Extra Rectangles 4 — = = S Mesh
Create Exta Tormnals = Increase node density in
= . . oK
o — direction of the fingers
L [Mesh detail vy Y = Mesh detail =
(tangent to Low ~ uNbo mEDO cuenx (tangent to Med ~
mthl}detail e ﬂmhl}d tail
Mesh detad es etal
(perpendicular to |Hi... ~ togue ol (perpendicular to | Max ~
metal) retiiato B metal)
ats)
Mesh
oK === IS
1 08 06 04
Mesh detail
(tangent to Med ~
metal)
Mesh detail
(perpendicular to |Hi... ~
metal)

X8, B ESSREIA R LRMESET, EREEZR, SALARE Mesh, RRBISHAIR
HF REREREENEET, CRERTER=MARMSET (mesh detail) IRERIRERN. —&
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Xk, EREFMERFELE 4R (REGERZEM, FHEZENESEMERRE), MkzEt
REFELH 4N

£ 3% - Mesh
HIBREXNMEE, Griddler BFHAERMIEHER, 1 EEFR.
4% -0K

FEREMEZ G, NREBEFERY, BRE "OK". RA, NIRREIFEEE 2 BifrP & 0 thigig pattern,

Griddler AR BEFASRIENL H-pattern FUREEIEIT! EATLAA AutoCAD SIZBTRECH, (FENEE
B2, (#5759 dxf XXHEHHEN Griddler, FEAGERIMEHIPX—IRE.

@@@@&E@&

- [ZDESOLLA RYGELLS

CRIDDILERZ:3

- E)m
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EBERERE “Import AutoCAD DXF”, AJFHII— P RHEE, ERBANEE—dxf 3, BANEET—
27 "snowflake3.dxf" RIFIF, Griddler fIEFHE Mesh WA ERIX dxf HHIEIZR, [ENERE
R, XPMERERE—NE H 2a9eirit. Bk, BR—1MAKE 3.8x3.8 ERRIBETERAMAIE
BESEE (MWT), HERMESSUTERER, Rit_EHP 0. Griddler REREBIHIXEIZRME
WABSEN=FAFMIE, FHEB, XEitBEIEIRBRESHEFTBESN. XEREXNMNIEEEEN.

SNEREXITE AutoCAD el ECHIEBER

AUTOCAD
Design Rules

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 (front and
rear) should be drawn as
circles

5.Use PURGE and
OVERKILL commands to
clean up your drawing

6. Save as AUTOCAD
DXF 2013 version. If
that doesn’t work, try
other versions.

OK

R, BEUSE TERITL. SHALEERRE
“Import AutoCAD DXF" #Z$H FEIRY "help” IZEHAHIXER AN,

A
/’ AN
— K — ——— 8 metal layer which makes —
contact to the “fingers” layer —

¥ — ——

metal layer which makes

QS Bl busbavs/ ] contactto the

semiconductor front side

Q@ X 5 Il fingers = =i il

X metal layer which makes
Q L o5* [ rear_busbars <l g mmmEETE contact to the

“rear_fingers” layer

Q@ & 5 [ rearfingers — al
@ 3 o [ rear_terminals | E— m(y; :hv:“d‘ -

: L semiconductor rear side
Q@ 1 i Il terminals —‘\_ T
Q ﬁuﬂ' .wafer - Rear side

X St sckch pobns
1

+— Boundaryof | Front side current

the solarcell | extraction points

Hoa s
\
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n <Griddler 2.5> — *
Command  Base Transport  Cell Cross Section  About  Efficiency Improvement
5 e &
Front Metallization Rear Metallization 1 E_R_'_J@HH_N_JIGE ﬂ I I )2
finger sheet res ? finger sheet res 2 i E LER
3 :‘ P 3 I gF T T 5
(mohm/sq) N (mohm/sal Ml
busbar sheet res 2 busbar sheet res 5 12 ! Wafer area 242 21cm2 Optlcal Shadlng4 05% =,
(mohm/sq) 3 I‘ (mohm/sq) I‘ !
finger contact res 7 finger contact res 7 o6l i
{mohm-cm2) 0 I‘ (mohm-cm2) 0 I‘ i
layer sheet res ? layer sheet res 7 1
(ohm/sq) 80 3] ohmeal | 80 & )
wafer internal series 2| T, ture (C 2! i a
resistance (mohm-cmz2) 0 empera ure.[ ) 25 i
internal shunt cond- i‘ Extemnal series o
uctance (1/kohm-cm2) 0 Wl res (mohm) o 2F i
tal Optical T i
etal Op |r:a_!L ransparenc.\nI Metal Opﬂcgl Transparerﬂ i
fingers | (0 Tbusbars g fingers) 0 Thusbars 0 T | ;| .
i |
ront Current Extraction Rear Current Extraction :
Extract current at eac... ~ Extract current at eac... ~ i
2k 4
20 24 20 [
1
1
01 |2 01 i Ll _
contact points > contact points | '
resistance (mohm) 0 nf _resistance (mohm) 0 mMH
@ront Diode Parameters Rear Diode Parameters H &t i
1-Sun JL, S 1-SunJL, izl H
non-shadedarea | 39.6 jﬂ non-shadedarea | 396 [y |
(mAlcmz) (mAfcm2) :
passivated metal passivated metal 1 8k L L L L L L +
area contact area contact | 8 6 4 2 0 2 4 6 8
Jo1 ? 4 Jo1 7 2!
davemz) | 80 |y 600 3 aremzy | 60 i 60 |y | .
J02 2] Al 402 2 211 Cell Front Side| T09gle Front/Back View
10 m 50 1 0 [y 0 !
(nAlcmz2) A4 (nAlcm2) Vmpp= mV
@ dge Recombination J01 0 2]J02 ] Ji 7 Nt it e }
(Alem) Bl{nAlcm) Tl {8 _
ront lllumination 7|l Rear lllumination 4| FIND JV
(Suns) | (Suns) 0 [ S\ NWPP| | | SWWEEP
. ———————T—1 T o o o o o o o e e s s S S S

FEFeRMIEIZ I, Griddler A BEIGEAIRIRIRTHEIRR AT AR RO ERRITIEREL, EEZ Simulation
E, TEHIMHSHBSFNEIRIMER.

@) Front and Rear Metallization Parameters (IEH &S 4R BRESEH)

X—HEN T M. EMENFSHE (BFRE) EHEIbE, SELNERE. MTHSHE, FIaNEmAST
W FEEGESE BSF I, EEEEER— M EEERNE. WTERE, JLMERTIILEGEAEEEE
NEERE, MNRESBARRYAREREN, WER

Psheet = Pbulk / tlayer

Hcppsheet Z%EEEEBE, Pbulk /_\EE{$$JBH$I iayer %@EEE"JEEo Wﬂﬂ, Phbulk = 3 x 108 Om, Liayer = 10
um =1x10°m, HLAEE pseer= 3 mQ/sq. NREEMEEAILEZESEIRT (LAQ/cm B4, NER

Psheet = Riine X Wiine
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Ecppsheet /_\EEEE%BHI Riine /_\EE%%BHI Wiine %@Eﬁﬂﬁ%ﬁgﬁﬁo Wﬂﬂﬂ, Rine=0.333 Q/cm, Wjne=60um
=60x104cm, MY Psheet = 2 mQ/Sq

@) Wafer Internal Series/Shunt, Temperature, External Series Resistance (E:F &8 /3FEL, &
B, AMEBERBCHED

yau---]

BB T, fER ARBEREXFEIEM it B SR

RENT. W% 1.2 DERBEAR, IFERIER R AERERERE
BERNTE node ZiEHEA—MERSMERE. IFFRIER H BB R

MR SEREESNEBEPE D RTHRA D
2. TENFEEERT 7 SRERREFEEEAEHERFE SIERTS, EBitbhY |-V 45 EEE L,

Il

\ 1| light
\ induced
1l current

T 2
cency £
n‘r}

fngers| 0 Thusars

Internal
series
resistance
light n=2
induced diode
current

shunt
conduct-
ance

\§

| DY
o " . light n=1 n=2
= A induced diode |diode

YL current

o " " " N 1]
W0 200 300 400 500
Valtage (mV)
2y 2 Cell Front Side
u

Voc=667mV.Vmp=569mV

v or
0 0 2 w
A nem) I 3
i 2 J " ‘ ‘
o " 0 - si’vm @ OVER

Toggle FrontBack View

f£ Griddler2.5 PRO 1, iREAILAIRSY 25°C BUMELIYMYE, SMEREREREETLIRENATE. MTEHEHE
ROEISKIR, XREHEIFRERN, EAEGEREERESTEE, AEAHIBSIEERERESIANGSIMI
HMNEBEREXFERE.,

INTEFR, MRIEFEARTF 25°C fGEE, Griddler2.5 PRO BRIETEHNAL, IRHAERSENSE (B
WL 5 R)
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<Griddler 2.5>
Command

o ¥

Front Metallization
finger sheet res

2
(mohm/sq) 3 I‘
busbar sheet res 7
(mohm/sq) EI
finger contact res 2
{mohm-cm2) 0 EI
layer sheet res 2
(ohm/sq) 80 I‘

wafer internal series

Rear Metallization
finger sheet res
(mohmisa)
busbar shest res
(mohm/sq)
finger contact res
(mohm-cm2)
layer sheet res
(ohm-sa)

i

il

05

80
ilTemperature (C) ﬁ

Base Transport  Cell Cross Section  About  Efficiency Improvement

CGRICELER

B F

i

Wafer area =242 21cm2; optica_\ shading4.69% \
| _——m—————————= |

S=s=—==————- =
4t 4
=E=—==—-——-—=|

resistance (mohm-cm2) 0
internal shunt cond- 5| External series g 2
uctance (1/kohm-cm2) 0 res (mohm}) 2+ 4
Metal iy~ Griddier 25> _ «
finger
. Command  Base Transport  Cell Cross Section  About  Efficiency Improvement
Tont|
Snlde% &9
ibbo Front Metallization Rear Metallization E m B E E
. finger sheet res 2 finger sheet res 2
ribbo (mohm/sq) 3 II {mohm/sa) 1‘ 8 ! T T T T T T
(moh{  buspar sheet res 2| busbar sheet res 3 fl Wafer area =242 21cm?2; optical shading4.69% EN
conta (mohm/sq) 3 I‘ (mohm/sq) N
resist finger contact res 0 fl finger contact res 0 il 6
Fronl (mohm-cm2) N I[mohrrpl-cmZ} N
1-Sun| layer sheet res 7 ayer sheet res 7
non-sf (ohm/sq} 80 II [ oot 0 h
(mAe|  wafer intemal series 0 We can auto-adjust the values of Jor's and Joz's ding ta
resistance (mohm-cm2) Al e
internal shunt cond- i - d
T) = [ (25) % (T) = Jo2(25) x [—=
ﬁfi}cm uctance (1/kohm-cm2) 0 Jon(T) = 25) ("r{25)) fn Joz {HEKZS))
i T+ 27315 —6880 -
J02 Metal Optical Transparenc} n{T) =915 x 10% ( + ) erp( ) -3

(nAdc fingers | 7ustnars 0

300 T +273.15

Edge Eront Current Extraction Where T is the set temperature in Celsius.

Fron{ |Soldsr risbons at prob_ ~ *A. B. Sproul and M. A. Green, Joumnal of Applied Physics 70, 846 (1991)

(Sund  ibbon width (mm) | o 2! Yes please E=—————
ribbon sheet res 1zl
(mahm/sq} 0.07 EBE==——=——==—0
contact points 0 jl No thanks

resistance (mohm)

1-Sun JL,
non-shaded area

Front Diode Parameters

306 i‘ non-shadedarea | 39.6 [y

2

<Griddler 2.5>

Cemmand

(LX)

Front Metallization
finger sheet res

(mohm/sq)
busbar sneet res

(mohm/sq)
finger contact res
(mohm-cm2)
layer sheet res
(ohm/sq)
wafer internal series
resistance (mohm-cm2)
internal shunt cond-
uctance (1/kohm-cm2)
Metal Optical Transparen(:,v

fingers | 0 usbars| (

3
0
80

o|[c | EEEEEEEE

Front Current Extraction
Solder ribbons at prob... ~

ribbon width (mm) | gg 2l
ribbon sheet res
007

(mohm/sq)
2
0

contact points
resistance (mohm)
Front Diode Parameters

1-Sun JL, -
non-shaded area | 39.6 EI
(mAicm2)

passivated metal

01 contact
? ?
(iWem2) im’ oefifess B

Rear Metallization

finger sheet res 7
(mohm/sa) EI

busbar sheet res 3 f‘
(mohm/sq) N

finger contact res 2
{mohm-cm2) 0 I‘
layer sheet res i‘

(ohm-sa) ]

il Temperature (C)| 40 2]
+| External series 1
3 0

res (mohm})
Metal Optical Transp

Base Transport  Cell Cross Section  Abeut  Efficiency Improvement

CGRICELER

i

8F T T T T T T
Wafer area =242.21cm2; optical shading4.69% \
_\EEEEEH_

S==—==————-— =
=
=_—_———————————————————11

2 ?
fingers| 0 _étusbars 0
Rear Current Extraction
Solder ribbons at prob... ~

ribbon width (mm) | pg 2l
ribbon sheet res

(mohm/sq) 0.07 2
contact points |
resistance (mohm) 0 |

Rear Diode Parameters

1-8un JL, |
non-shadedarea | 39.6 |y
(mAfcm2)

passivated metal

area contact

J01 .
(fa/emz2) EGG,UE IN‘IGBG,D P

Jo2 5 2
(n&/em2) H

Edge Recombination J01

Front lllumination
(Suns) N

fA/cm)

J0z 2 3|
tnaemzy 0 ﬂ 0 |
2J02 )

Bl inAfcm) 0 M|

2| Rear lllumination A |
(Suns) 0 o

Tt

2k J
4+ J
6k J
3 N N N N N N 4

-8 B -4 -2 0 2 4 B 8

Cell Front Side  109dle Front/Back View

Vmpp=mV

FIND JV Mﬁ ;
Joc Vi PP EU\IEEP\ @ SAVE
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Joa(T) = Jo1(25°C) x (n;(T)/n;(25°C))?
Jo2(T) = J62(25°C) x (ny(T)/n;(25°C))*

T + 273.15\° —6880
—300 ) | )

(T) =915 x 1 19( __ 0098
ni(T) = 9.15 x 10 300 T+ 27315

Heh, Jor Ml Joz DBIE n=1F1n=2 “IRERVENERERE (756 1.2 RN lor F0 lo2 RYIBFNEER
B), T BEREE, n ZEPNMIBRFRE. DASGEERS EREWERATHEHRFRENSSHEME
BEREIEINMIEN. XSETTHREE (Vo) MIEREEETEM N, DRSEEAREA T APHBERME Voo
MEPRIRERERS. B2, Griddler FRBHEEBHTRENTS, EHER/, LN EFRICEINT
SlEERy, FEREIRERE (Jo) PENE/MIRER, AENBETRERERNZAS AR FIRRNEN,
Griddler FREXFSNERLEBFHENFZE,

® Metal Optical Transparency (&EtFEHE)

XE—AREEBEMAMEMEEREERILLENE, BEXTEMER (contact area), LIKE(IH

"FEFBEE" ("optical widths"), BIEBMLEERED ENSHEARVEE. BFE, EEEMRCERE
INFYIEEEE, RANFEIEEME CAYERTLABGIRIR ., NTENE R ZR TR 8ERIsEIHE. £
—MERT, AU EENEBMERN— NESEIEEET, B—MER, ESREEMGFHM, B
ALUNERBESGT, AREHEE- =S FREIATRSIFIREIEE A,

light ray

! glass

metal finger.»

ERNFERE = 1 -EBTPFRE/ERTHERE. B, BAMET, EWENFRESFTIIER
E.
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® Current Extraction Method (HEEFHSHFR)

Front Current Extraction Rear Current Extraction

Extract current at eac_..

Extract current at eac... ~

Extract current at each probe point

Extract current at each probe point

Solder ribbons at probe points, extract current at ribbon ends Solder ribbons at probe points, extract current at ribbon ends
Floating (Voc calculation anly)

Full area rear chuck caontacting
Floating (Voc calculation only)

XFEHIE, SEFE, SRLUSERERHRINEIINEBIRAIAE, SEiRENREENE. TENE R
BR T A ER B FARY S AIX Bl :  “Extract current at each probe point” %1 “Solder ribbons at probe points,
extract current at ribbon ends”, 1%E## “Extract current at each probe point” &l 7 |-V IiXEE, EFE
0 probe point #5 |-V XAV HERL, XFMERH TER L5 oFRR, HPLLaRINRRERERE
M. B AERIREA, 1% “Solder ribbons at probe points, extract current at ribbon ends” FAF
BB SEAERIEN— R, XFERE TENERN RS, HPIRmES E’JEEﬁﬁ'ﬁ,
G RN EEE NREEBANA%. W 1-V RERTR, BTFERSURDIEEH RS RIKANES, X
B RS A8 SRR = I S KR IR AR N R RAVER E F.

Front Current Extraction .
Rear Current Extraction

Extract current at eac... 40

ue Z5Tw

351 Voc =669mV

Jsc =3BmA/cm2
FF =8076%
Eff=2053%

Vmp =573mV

251 Imp=B.69A

Jmp =35.86mA/cm2

}

Current Density (me/crfiZ) —

. . . . , , |
acti 100 200 300 400 500 600 700
Front Current Extraction Rear Current Extraction Voltage (mV)
- . Solder ribbons at prob._. j~
Solder ribbons at prob... ~ current extraction points ‘ itk
ribbon width (mm) | gg 21 ribbon width (mm) | 0.6 =
- ribbon sheet res
ribbon sheet res 121 (mohmisq) 007 2 20
(mohm/sq) 0.07 o q ) -
23
[ ) N 351 Voc =669mV
Wiafer area =242 21 Waler area =242 21em; oplical s/ Jsc =37 TAmA/cm2
| gl FETB3%
Eff =19.78%
[ Vmp =557mV
. . . S 25| Imp=8.6A
ribbon  ribbon || ribbon E :
bbo bbo = Jmp =35.51mA/cm2
-
Ve £
]
£ 15
(&3
10
5
100 200 300 400 500 600 70
Voltage imV)
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SIFEEIEEE, SHALUEREE “Full area rear chuck contacting”, FEXFfMER T, Hi |-V IidFXE
SithisiaoaEit—e, BRIREE LS node #iEHE,

B[5, 1% "Floating (Vo calculation only)” 2ECERMERRY, AE Rt IEmEE SHEFRX—E,
XGEERER N SINEREERE, Griddler FIHIERETT -V figk, RELIEEEINFRSEHE (HRmRE
HEURNENERT), EAFEERMNE N —BOERR BB, ZERILETR,

® Diode Parameters (—iR&ES%0)

55 1.2 159, HIINETEENEENEEaSHFEZER—NKRE, HPKIEsEREIRa AR EREFN
FRERERIL, MRANIRERREL, EAMEIZERD PATEAR), PN IREERENY -V &IER

QVaiode,i QVaiode,i
I(Vdiode,i) =1Iy; — ly1exp (%) - Ioz,ieXp( 2;:Te l) — Gsnunt.iVaiode,i

HAF Viiode, BFIBIE FRIBE, g REABR, k BRREEEH, TEHEWEEUFICCARM, L
BYCRNERTR, lor; F lozi B n=1%1n=2 ZIREAVEFIER, Gsruni BD MBS (EELXKXFHZER
™). MBXYEAIEES node RIEITRALLS] (XE5=HEREE node WETREX), EULABREERINIS
XEAFENMRIFSE: 1L > Ji, lors > Jor, lozi > Joze XBRYJIEHNEEREE. TRLI=NE, SEHHBE
RN _IRERXIIEEREE Jo, Jo FRANREHCXEBESRFEE2E-FSMNEMIXIE+hR
BEARIE, WHh, EEXiET, BEXINRTE Jo, JoEBOARME, 23R pn ERNNES
it TEEFIRERTIXERS A

* emitter
301 = 80 fA/cm? front metal induced recombination

J = 800 fA/cm?
Joz = 10 nA/cm? 01,front metal
- ‘]02,fr0nt metal = 50 fA/cm?

Hatched region is base: ) o
n* BSF Jo; = 100 fA/cm? rear metal induced recombination

‘]Ol,rear metal = 2000 fA/cm?

Front Diode Parameters Rear Diode Parameters
1-3un JL, 5 1-Sun.JL, 2
non-shadedarea | 396 [y non-shadedarea 396 |y
[(mAlcm2) [(mAfcm2)

passivated metal passivated metal
101 area Jcontad 2 Jot area . |:0n1;a|:1ﬂ

? 7 : :

(Wcm:?}- 8[} M 800 M I:f.-oq.l'I:ﬂ"IE} 1[}[} M 20[}[} M
Joz2 il 21 Joz f‘ Jicd
(nAlcm2) 10 ul 20 Ml (naiemz) 0 /il O |
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Xz 1 R A RIRNEES REFAVTE. 1ZBIEEIMES p*njnt RYZEN, EILE pn &2 pr R59REEM n
BUERAMt TS, ZRINERY, IR EE Jor, Joo BHDARERS, 28R pn SHRMIKIE S8R, XA
BIRT, A Jor = 80 fA/cm2, Jo2 = 10 nA/cm? 5345 p* BURGIMR, #BJor = 100 fA/cm? B4E4TR.
£ Griddler &, 5 p* &53tkiBXBEIT/ “Front Diode Parameters” - “passivated area” Xig, 5%J
[EAEXANEITA “Rear Diode Parameters” - “passivated area” XiF, XiF 2 2EHIFASEXE, I
i34 Jor = 800 fA/cm?, Joz = 50 nA/em? DECIZXIKAVESIRMI, FTLATE Griddler Hh, XLEEFIE “Front
Diode Parameters” > “metal contact” Xiff, &5, XiF 3 EFESEXIE, F1E Jor = 2000 fA/cm? &
NVAZKIFHTRXE, FEL7E Griddler 1, XLLE{7F Rear Diode Parameters->metal contact 31,

IEXERE—EE, HIMGER

_ gpass pass metal metal contact pass pass metal pmetal contact
IOl,i - 01,frontAfront + ]01.fTOntAfront + ]01,rearArear + ]01.T€aTAT€aT

pass pass metal metal contact pass pass metal pmetal contact
A + ]OZ,frontAfront +]02,rearArear + ]Oz,rearArear

102,1' 02,front* front

Eq:'z‘l?fj,it EIFEE#LX node ZEIRIER; AV, SEMEFUX node ZIEMNER,; Afcd RIFEEE
X node ZIBHERR; ATeid 2EEEEX node ZERIEA.

EEIFEEE, HEIEE. SE_RESHTEE UM "1-Sun JL, non-shaded area (mA/cm?)” HIHE,

X R PAREE XIS P AERRE R, DalATRINGRIEAT. A5, £—1 node LEHWY
LHERE
1Sun
I; = ]Z"?Zosr’ft“deSunsfmm (A;’fjfw + Afielel X metal transparency front)

1Sun

non shade pass metal
+] Lrear Suns;eqr (Arear + A5 X metal transparency rear)

1Sun 1Sun
Hiep jronshade gynonshade 2 1Sun N, EARAERBAORERSIKE, At EEASEAAEBREE

Sunssrone FASUNS,cqr RMFBMIEEAISEIAGIHIFEARRE, LA Suns A8, [EEMEESEBAIEE
EBEAEATSE 3 /RPiTie.

® Edge Recombination G454

YT DYy

. Edge Recombination J01 7 JO2 21 .
g (tvem) 1000 il nascm |19
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BAILSHRAINDLE XSRS HIER TEREZE G RE. X seRHTRAANEHNHERERIRE
VR, LARKH edge isolation (11 45ka%:) TZ5INAHRIG. X TFHER IS node, BRTILSTS
REFARLIELLAI R ERR RIS, 1EarS S HEIWMIREN n=1 1 n=2 NTREBERTR. B LEER
EEMATIRE, 7 edge node £, B IERZEH

pass pass metal metal contact pass pass metal pmetal contact
A + A +]01,TeaTATear +]01,rearATear +]01,edgeLedge

101,1' 01,front* front 01,front“*front

_ jbass pass metal metal contact pass pass metal pmetal contact
IOZ,i - 02,frontAfront + ]02,frontAfront + ]02,rearArear + ]Oz,rearArear + ]02,edgeLedge

E¢iggiﬁggé%ﬁﬁélégﬁga J01,edge *D J02,edge I%E%H m?%§$1ﬁﬁﬁﬁ'ﬂ|3ﬁﬂﬂ'f@ﬂ%ﬁ, Ledge ZEE nOde
BERIKE,

@ lllumination G&HR)

Front lllumination 5
(Suns) 1‘

Rear lllumination 2]
{Suns) 0.2 m
SEARATE S5 &, XEE I, AERPFHIA Sunsion F1 Sunsrear I, _EEIE R RER 7 — 1N WEAPHEE

EEitbAYBIF, IEES 1Sun BIANSS, BEA 0.25un BINGY.
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Ll Voc =669mV
Jsc =38mAJcm2
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Vmp =573mV

I Imp =8.69A
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1 1
0 100 200
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Voc=868mV,Vmp=573mV

|FII\D il JV
Vi, PP

300 400 500 600 A0
Vaoltage (mV)

Toggle Front/Back View

e
Ll

SAVE

SWEEP
B ARERRERE "Fin

d Jsc Voc MPP",

SWEEP RANGE

20 to| 669 step 20 mV

| FnD
o\ M.PP!

mmn

SAVE

ELrEAEEH, Griddler BEhESEIRBREE (Js). FHIKE

£ (Voo), BRAIIER (MPP) LARAEXH -V SE K. EFEF FF. ERAINERR MPP BYERE Vmp

FOERAR Imp) o

BTEN EXHFE 125,

;;C—F;E ;ll] %IC’R

Zit 8%,
{ReJLAEL

o= acAd=] N =
BEIREFE

XEIRGER |-V SHNRRTE. LHORFIRERT 6 MkBEHRAEXE |-VEH, &

B9 1-V ik, TTLUBISIET “JV Sweep” BRINEZHNTEEUE, AGi%E
EHATEEFIS K. REARNEMEIR TS THAEIRSEL

, EaILUEE JV sweep AR INEZRIEUE=E!

IR "“Map” ALt E/ ERERE/RIGRE, XIREH— 8=, R
~HIE (Diode voltage —#REHEE, Front Voltage IFEFEE, Rear Voltage #

BELE
SHEEE, Luminescence

Ziﬁ'ﬁ Current Density EBRZE) ; UREHABEBERNER FTERXLE (TE, FEiNERT 573 mV,
BEADEANBE, 5—REF, RIIERTEIE "OC" RFTHERBESM TAER) . B

"Run” t&HIgE

FHMENZADh. [REETNERREER.
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I
I

cnn L“ﬁ ! —

Map |Front Voltage ~ at | 573 mV @ @ | Map
N .
—\

FIND AP e a0 | v > m

e |sieer M - e L\ PP | | sivee? L ey

B/U.3D LN oLY. 11 MV v.uy -u.uu -u.uu mv

) s:ze\\@ .~

i@ “Find Jsc Voc MPP" B “JV Sweep” 1&1T |-V Hi&Z/G, Bdi "Report” {RIFEEIth/LASEL (6
an, BAER. SEEMER), 1-V 24 (Yo, Voo, FF, X)), IREDTER (B, B2W 28) f11-V H
XA,

E =
oo [V __vatmmv @ @ s Va,nmv @ @ @

) 2
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Orgenize v New folder = - @
| manuals @
40r | website
@ OneDrive
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Jsco EThisPC
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" FE= J 3D Objects
30+ Eff =1 F7N Desktop
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5 | 4 Downloads
[z 25 Imp
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= Jmp
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E 15
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Saveastype: | (%) v
10F
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L\ NPP| | | SWEER \ AVEr TART)

EHARHZ, B “Save” ALMRFEANSE (BBRIHERFIBEBESE). SEXEHFERFA mat X,
R LAUEIT IR EE T “Load Session” ENESIFENSIE (B 2.9),

B Lozd file name x
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~
40 # Quick access 4\ L
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fEiEIY "Find Jsc Voc MPP" iz1T |-V HiIZ& 2 /5, 7E |-V HEMA TAREI—1NZ 5 “Loss Chart” AUIZH.
REEER—MNEN, TSRO RS ERRIERHE RS T ERZ B, E—IERINRIRE
FWE, BRTLA mWiem? BEAIRY, FERATIERRLL, HEB%S (shading). &5 (recombination) FIEE
BE (resistances) 3IECHITHEIRAE.

)| - x
/
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1
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,’ 20 —
1 12 1 121 121 4 12
]
! a
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= ,’ I r=ar recomb osses I fioating 56 res I fioating BE res I rctal (n=2) I rretal (n=1)
1
10
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: AR \x |
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Recombination Currents at V = 587.7 in mA/cm2
1.44e-01

1.07e+00 7.80e-01

I front passivated region (n=1)
[ lrear passivated region (n=1)
I front passivated region (n=2)
[ front metal region (n=1)
I rcar metal region (n=1)

[ front metal region (n=2)
1.80e-01

3.71e-02

1.14e+00

(O Power Loss Bar Graphs (® Recombination Currents () J0's (at Voc) (O FF Loss Analysis (may require additional simulations) Save
(can only be performed after MPP found)

)| - x

Saturation current densities at open circuit, in fAlcm2
3.06

I front passivated region (n=1}
[ TIrear passivated region (n=1)
I front passivated region (n=2)
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80.18
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21.68

(O Power Loss Bar Graphs (O Recombination Currents (@) Jo's (at Voc) (O FF Loss Analysis (may require additional simulations) Save
(can only be performed after MPP found)
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4.2 Cell Cross Section Diagram (PRO [Ras)

£ Griddler 2.5 PRO simulation TIESEI=ZET “Cell Cross Section”, &t cell cross section diagram
(FEtEsERERR) W,

B <Griddler 255

Command  Base Transport ICd\Cross Section Innm Efficiency \n.m"fd'agrﬂm - X
%, & & Front lllumination
Optics Import
Front izati Refr izati .
finger sheet res 5| finl [ textured Metal Recombination
(mohm/sq) iJ (mohm/sal 122
busbar sneet res 2 busbar shest 1as [ =
(mohm/sq) ﬂ (mohmisq)
finger contact res ﬂ finger contact res/ Bﬂ o Enmiter (127.0
(mehm-cm2) (mohm-cm2) |1 2 ohmisq) | Calc | Apply
Iayer sheet res ﬂ layer sheet res ﬂ
(ohmsq) 12704 {ohm-sa) 9556 wakriype [p B Frontuunct
wafer internal series 2 T 2 | waer font Junction
1¢ 0 ‘amperature (C)| 25 -
resistance (mohm-cm2) _El msckness 800 Bulk Lifetime (us) | 3000 Ii switch
internal shunt cond- 0 |2 External series o 2
uctance (1/kohm-cm2) res (mohm) Base transport/Local contact calculator
Metal Optical Transparency  Metal Optical Transparen;
fingers P'O A*mha:' 0 =l W L 2 b = ﬂ 4 Use rear J0 by base local contact calculator No BSF Defined
? ngers| 0 TRushars| 0 <+ (oulk 556 | Calc | | Apply
Front Current Extraction  Rear Current Extraction ohmisq)
Extract curent at eac ~ Extract cumrent at eac. v
20 & 20 [textured Metal Recombination | Calc
01 = o1 = Rear llumination [
contact points ﬁ contact points 2 cs
resistance (mohm) |0 resistance (monm) | 0 (i JL = J(Siabsorb) - J(FCA) - J(emitter coll loss) - J(base coll loss) + offset [mA/cm2]
Front Diode Parameters  Rear Diode Parameters 1
e eun L . front 41777 = 4210° -0.103¢- 0.0257 - lo19s +| 0 Apply
- 2 -shaded 3
o e sres (417773 oy e 3BININ | rear [3631] = [37.70] {0069 - 0 - haz o+ o0 Apply
asshated metal passiated meta 10passivated smiter = 43 20( tem2 Aoply
2
Mmg) 43. ZBCﬂMG Q”Jﬂ [ng, T3 W73 _‘MJ Jo,emitter metal contact = 548.9: fA/cm2 Apply
J02 10 2 5p |2l 02 o & o o =
- p = = Appl
Inkiem2) ul W inircma) i l J0,passivated BSF = |7 g71; fAlcm2 —> Effective Base Passivated J01 pply Apply All
Edge Recombination :& )0 f“:/ L0 ﬁ J0,BSF metal contact = 529 7( fAlcm2 —> Effective Base Metal J01= 732 Apply
em nA/cm
Front lllumi 2| Rear inati 2l
(Suns} 1 (Suns) 0 [ e SWEEP

TELFAIRE—&EXTUHE, XEEifs l5EER B, SRR, SHEAGSRET
B, ExXE, & __]-LJ\IEMEIEI)ZIL HNEE. EXVEERTEGIIREXIEZRE, WTFHMBINSEH, —MN%
$ARTLAFTFF base transport calculator (EXiNETESE),

Front lllumination
Optics

textured ¢ Metal Recombinatio

T L - | Emitter (127.0
: + ohmisq) | Calc || Apply

Wafer type |p ~

Import

Wafer Front Junction

thickness |qgg g Bulk Lifetime (us) | 300.0 ﬂ
{um}

switch

Base transportiLocal contact calculator

Use rear JO by base local contact calculator No BSF Defined

§ (bulk 55.5 | Calc | | Apply
ohmisq]

Metal Recombination | Calc

[ textured

Rear lllumination

Optics [WEET
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Base transport calculator (%0 _EEIFr7=, ®JLART cell diagram TREARY“Base transport/local contact
calculator” EE#EM Griddler 2.5 PRO ZZE4=HR/55f]) #0 cell cross section diagram —i#2fZAL 7 —MER
1, HEFTEREREFRAING., X NWNEEFR TGN E SR ESENAR S EEE (FiEFE.

1Sun 1Sun
K. BR), FHitE—L Griddler shERMITRESH, W Jronshade | jnonshade  jpass

metal pass metal
]01,fr0nt » Jo1l,rear 01,rear ()rll-’ 265 ) o

£ Griddler 2.5 PRO B9 simulation TRH], rRdisEE4=HY "Base Transport” 3i=1T base transport calculator
(EXEnmitEgs)., SBWalLATE cell cross section diagram WE TG “Base transport/Local contact
calculator” SRSCHLX—INEE,

B <Griddler 25> - X

Command IEESET’anspDrlICEHCWSSSE(UUH About  Efficiency Improvement

ik 2 ] - X
Front Metallization Base transport Parameters Base local contact calculator
finger sheet res fing

(mohmisq) 3 i‘ {moh [[] simulate lateral base currents contact stripes
busbar sneetres |, ||  busbar{  Wafer thickness | 180.0 |um geometry
(mohmisg) j (moh contact width / contact pitch 2
finger contact res 2 fingerc{  Wafer resistivty | 20 |ohmeem  cOVe MO 60 00 21 ) 1:234 2
(mohm-cm2) 0 H (moh WS'BY Junction 1
layer sheet res i‘ layer type v isat front ~ 1 4
(ohm/sg) 80 i (oh -
wafer internal series 0 |2 Ted Base doping | 7.11e+15 cm3  joc5| contact resistance | 0.00 ﬁmohm{mz
resistance (mohm-cm?2) Du
] update mobilities with Si base
internal shunt cond- 0 i‘ Ext bulk lifetime 55 o J rear passivation SRV
uctance (1/kohm-cm2) N r{ base e mobility | 1264 Kcm2/Vs (us) 2 ooon il
m
Metal Optical Transparenzy Metal base h mobility| 414 | cm2/Vs conlacl SRV 600 OOIﬁ
fingers | Hosbers 07 fingers m |.ne Guuulel pattern, (¢ 2oa
Search the rear contact is

Front Current Extraction Rear C
List of reported or suggestive values

00 1.2¢
Extract current at eac... + Enxtract] [Listbox

"

2
20 Effective rear J01) 164.5 y fA/cm2
01 |2 Effective rear (o 3559 Apply
contact resistance 2l ohm-cm2
contact points contact
resistance (mohm) | 0 :I resistan Effective base diff length = 3285.0 um
Front Dmde Parameters  Rear Dj Colcilos @ Rt O Fi s
4-8un JL, o 1-Sun Ji
non-shadedarea | 39.6 | non-sha v | A update JL front = 41.84; JL rear = 36.33 mA/cm2
(mA/em2) od il (mA/cm.
passivated metal
| area contact _ Apply  Get Source
2 ri i =
tem2) | 80 [ 1600 R gweme) | 60 [ 60 |ay
Jo2 2l 2 Jp2 2 2l Cell Front Side  Toggle Front/Back View
10 5 10 5 0 & 0 u
(nAemz) N (nAlem2) _
Vmpp=mV
Edge Recombination 01 2]J02 |
(f /Cm) il nAvem) | D
Front lllumination Rear lllumination 2] Fi
{Suns) il (suns) l e Ve VPP
)] | Base Transport | | Rear Local Contact | X
s - o o
! Base transport Parameters = Base local contact calculator
[ simulate Iateral base currents § contact .
stripes  ~ square

:Waferth\ckness 180.0 | um @999’“9”}'

contact width / z|contact pitch [y gy 2]
n': diameter {um) 50.00 (mm) =

] 1963 4 25000

! Wafer resistivity 2.0 | ohm-c

Wafer[ | Junction front
1 type is at

I Base doping |7 11e+15 | cm-3(AYocal contact resistance | 0.00 ilmnhm-cmZ

O

1 update mobilities with Si base

bulk lifetime j tion SRV
| base e mobility | 1264 |cm2Vs {us) 300.0 1, rear passivation
1 - contact SRV 20. oooj cm/s
I base h mobility| 414 |cm2/Vs § (emvs) £00.00(
i B In the Griddler pattern, =
Search 1 the rear contactis full area
List of reported or suggestive valuesl 50.0 129

Listbox o

Effective rear J01) 164.5 i fAfcm2
Effective rear
contact resistance 0. BSSSJ ohm-cm2

Effective base diff length = 3285.0 um

=
=]
=2
=

Calculate (®) Rs,light ) Rs,dark

update JL front=41.84; JL rear = 36.33 mN:mE

Apply | GetSource
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LT EE7RT base transport calculator B9=ZININEE, TEFAIKEZ—NLE.

@ Simulate Lateral Base Currents (itEtaREXHR)

FIABRT, WEIEXARY, %% 1.275, Griddler KR EE— 2D #&#ds, HPERREREHIE
BEmRs), MAEIRERMERRN 2l Bhimal. 2%, XMREEH R RESEMHEINESE, EAS
FR A L ER S ARERIYT A, HELVERBRRINAFERNER. FIFF “simulate lateral base
currents” JEIEINXLEXEBRI, (BBREKBEIWSIREFEZBAINIEIIRES T,

Jn = quanVep,

Jp = auppVerp

TEXE, J,HJ, BERNEBREE, o SEAEE, 1 1 1, SRFNSITEE, nil p 2BFMEN
B, &, Fle,, SERTHESEEKER, BRANESOBIE: 1) 1 My STE(E; 2) EENREES
l p SAEEH.

XTRZEE R, KA simulate lateral base currents” FFk, EIHERTLAMMIERAY I-V iITE., TE, B
TEFR/FABRT, — Voo = 669 mV HIEEIBEY IV 538

Commentl Jsc(mA/cm2) Voc(mV) FF Eff Vmp(mV) Jmp(mA/cm2)
without 37.997627 669.1464 80.76277 20.53472 572.5797 35.863513
with 37.997627 669.3543 80.77673 20.54465 573.0274 35.852824

EXFERIERT, |-VEHULFER, LeEEtheEE EFT, % “simulate lateral base currents” SEHIRS
ERIZIEIEIN. BN, TLFBEITR—EEIthYE 3.6 Suns JERRTAY I-V S50

Commentl Jsc(mA/cm2) Voc(mV) FF Eff Vmp(mV) Jmp(mA/cm2)
without 136.79145 702.4682 77.84141 20.77753 578.7787 129.236087
with 136.791451 703.4755 78.12487 20.88309 582.1547 129.139407

BRI, Voo, FF, MR LB, WREAIMMANERBERANTE.
@ Wafer Type, Thickness, Resistivity (G238, [EfE, HE=R)

HEX LB EGH T REBZIVKE, G TFERS TR LOEERTFRE, NTHENESERTE. 2%
PR A

@ Base Contact Geometry (ELEIERLIL{)

EX—0, SR LEXEX S EEMAIESITESAVEIIR (X8, EXI{SEEEH). Griddler 2.5 PRO
LU SRR N AR =R EHIE SRS E SRR Jo © T, EATHRBIE R SOAZHMERY

& = .
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contact point contact : point
contact points (... v square v points (... v he
geometry stripes el jua geometry pattern geometry pattern ...
contact width / 2|contact pitch 2] contact width / _2|contact pitch 2
idth / 2|con itch ? - 05 . 05 =
contact w‘dl 30.00 210 tact pitch |9 9024 diameter (um) 30.00 (mm) diameter (um) i (mm)
diameter (um) (mm) - : z x : :
point contact point collection point contact point collection
; , 706.9 125000 \| 706.9 121650
area (um2) area (um2) area (um2) area (um2)

contact pitch [§ g

e 6 6 6 o o o
e 6 6 6 o o o
e 6 6 6 o o o tact width /
contact width /(500 'E;Janmaeclerv(lum) 0 0o @ 0 O
diameter (um) = contact width / 000 © © O
diameter (um) PS ././. ® o o
L /'/ ¢ & o o e ©o 0o 00 0 0 0
e 6 6 6 o o o ® © © © © 0 ©
® &9 o o o o ® &0 06 o o o o
e o o

|contact pitch 05 -

I (mmll ( {mm]

|contact pitch 05 .
mm'—0® @® @ @

@ Base Local Contact Resistance (B X SEREALFFE)

I[EUNIFESE-FSAEiBEE—F, EXEAREMEIUEEIFESRE-F S EitEE.

® BuK Lifetime, Contact SRV, Passivation SRV ({F&iikFEd, BREESSER, HHEE
SaiEE)

HERFEPEERERTPHERFED. KASSEE (SRV) EAXEARBEEAAEX (BFEES
H) WEEHEREENSE. HFEFRTEEEM, £8-FSIFHREM SRV, SE&ZaitE-+S
{AZRMERI SRV F[E,

@ Effective Base Jos and Effective Contact Resistance (ZFHEK Jos FISBUERtEBFE)

Griddler LR FEKRIUAT (WHMRA), EEEXER. IBE. BHREE. BttSHERtSERE
i UErEe. EXERTEm. BIkERE SRV, #iEFRE SRV, RitEEEKX Jo FISESUZHEE. &
Griddler simulation Ta@E, m=ds “Apply” 15 effective base Jos [ERTR AT rear diode parameters XigHY

passivated area Jo; #] metal contact Jo1, 59}, effective base contact resistance 1&F3T rear metallization
X1EAY “finger contact res”.
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4.4 lllumination Optics TWE (PRO [iaS)

7E cell cross section diagram TR, s “Front lllumination Optics” or “Rear lllumination Optics”
X3z illumination optics TR,

[~ Jr— - X

water
Mickness g0 o
um)

Front llumination

9 textured Metal Recombination | Calc

Emitter (127.0

ohmvsq) Calc | Apply

Waler type P~ Front Juncion

B Nlumination_optics

{| Inthe box below, fil in the substrate absorptance vs wavelength, which can be simulated in one of three ways

(41| Recommended PVL's (_OPAL (fres) | with [[ightTrappingi|) OR Wafer Ray Tracer (fres) | OR _SunSalve (paid)

1
e T e = 1

Upload file B e o Oeerane 2 s
k= ozma o assasrze k]
s wsmss o ar ]
or =0 23 . arszEns s

[Jtedure| PasteData = a1z o asres E 06
intothe Box |5 : e &

a0 wesmn 0 oy o Zos

- sauzms -0 S B | transmitance into sustrate
1 - mov T 0z|l—
A 5 XS adsor)-X Wavelength is in column with units 3 0.2|— absorptance before FCA

—— absorptance after FCA

600

800 1000 1200
Wavelength (nm)

font 4177] = 4210° -0 Substrate absorptance is in column |4 ¥ with units |3bs. ol
rear 36310 = 37700 -0{ Inthe box below, fillin the incident light spectrum. This can be obtained on PV Lighthouse
J0.passivated emitter = Ve S T
Upload file o Al 2
J0 emitter metal contac or xz E
% s
Paste Data x4 £ 15
J0.passivated BSF = 7| into the Box % =
or w .2
J0 BSF metal contact = Select £2] g 1
Spectium - Wavelengthis incolumn 1 | with units nm E
~ E os
Am-5g Spectral iradiancelphoton fluxis in column |2~ H
&

with units | W/m2/nm .

400
Normalize Jgento | 46.3

in the wavelength range | 300

mAicm2
to | 1200 | nm

600

800 1000

Wavelength (nm)

1200

lllumination optics TNEITRZMMEUE: 1) EEFIRESEE 300 ~ 1200 nm AYRERIRIIRICER, 2) IR

KEERAIRREE

2335
150

BANERT, Griddler ##ft—MEERY PERC FEIHAYIRITERIIEL.

ERILAS T,

MaF— AR EIIERBEIROANEIE. FARPBNEN AM1.5G, HIF—UFERNBREER 463

mA/cm?2,

Import or paste
Si absorptance
data here

Choose, import
or paste
illumination
spectrum here

B lumination_optics — X
In the box below, fill in the substrate absorptance vs wavelength, which can be simulated in one of three ways
Recommended PVL's ( OPAL (free) | with )OR  Wafer Ray Tracer (free) | OR  SunSolve (paid)
1
Waveeng (nm)  Redected kot Az bred ool A —_
Upload file ] Q26171 184102085 2 oe
1] 0256756819 Q8337 = =
30 Q257036515 ATIEI2I04 c
or 30 Qz2En 0753426128 S
Paste Data 3 a1E127E 08IERTIE B 08
into the Box o |20 o preciog) z
44 02EPEXN [ 0STEIINR v p 0.4
L At : B B —— transmittance into substrate
= Wavelength is in column |1 | with units nm  ~ B 0.2|— absorptance before FCA
@ —— absorptance after FCA
Substrate absorptance is in column |4 | with units |abs. o
400 600 200 1000 1200
In the box below, fill in the incident light spectrum. This can be obtained on PV Lighthouse Wavelength (nm}
Wavedangdh (rm Spactral irradianos (W m-2 nm-1) Cumulaive photon flux (om-2 =-1)
Upload file wo Q0010145 ] _ 2
n E
or oy £
Paste Data 04 g 18
: 305
into the Box bt =
o
= v.oog o
5
Spectrum Wavelength is in column |1~ with units nm  ~ E
v E oos
All1.5g Speciral irradiance/photon fluxis in column |2~ g
2
w
with units | Wim2/inm ~ 0
. 400 600 200 1000 1200
Mormalize Jgento | 463 | mA/icmz2 Wavelenath (nm)
in the wavelength range | 300 to| 4200  nm
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M PRO 2.50034 hrAFF4a, Griddler 2.5 PRO B EHIENSANEIETARESE 3B XRERREEFIRN
iR, WERSNRIEURTE 1200nm &ETF 30%, Griddler NREL L FESIER, K5, Griddler &fF
FAIEREET/ PR EAR (SR A2.2, 2.3) ITERSMNIRKERIS. FEAPEPEETANHEER
TeRHER (ERUKESIFERUKEEILEESARNAIMRGIER), IIRERBEMZREST (B
R TFIREEEXLSHMEN), AR RENEBHERSERAISHhZE Griddler HEEE
FTABREGT T EEREE R AR R k.

Rz, SNRENFIEHETE 1200nm {ETF 30%, Griddler MR EIZIE&RESE B BHER T RKAIER T
IR, Griddler AR SERAREREGT/ R ATURIT BB R XA AR B BHEiR F IR
[ERITRYIER L,

‘Wirvedengsh {rm) Resfecied o Emcapwsd fror Abearbesd ool -
300 Q265855173 a 0641302045
120 0256758619 a QE93472352
340 0257036515 a O 1HE23056
360 Q237235809 a 0753428148
350 Q1812793 a DUEIE2ITIET
00 QIS0R0555E a 0919144
420 Q045427353 a 0953573044
2] QIREPE>13 a ke e 2 "
R0 001175529 i 0 SRRA0151
@ RSO B 7R 1200nm Ak T30 %
1 GriddlerlI 5 Bk i 26 3B 3t % . SR)F
—_ S~ Griddler£x i F A &R HIUH /B G R K
) 0.8 BN 3T AR AR SR th 28
m .
c
2
T 06
7
2 ga ~ RS ARHEE1200nm £ T-30%,
o - l Griddler Ui 52 % #h 28 & £ 3% H I
Iz transmittance into substrate TR BT IR R % . Griddler
B g2 b ; before FCA &5 2z ia F N R I YR P A 2 20k
g V.| absorplance betore VS 325 X RIRE Y PR BR  HTE T
o —— absorptance after FCA W 2 e R s 2R i 2k
|:| 1

400 800 800 1000 1200
Wavelength (nm}
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AT EANRBAGER PV Lighthouse HrRJ OPAL2 (REBRIELITERR) ITESESIR, SR Griddler i

Bt fRRIR BRI 2RI TR,

$£B,1: 7 "lllumination Optics” &, % OPAL (free) #%iH

n Ilumination_optics

In the box below, fill in the substrate absorptance vs wavelength, which can be simulated in one of three ways

Wadenghi (o) Reecedbod | Escpedfod | Almarbed o .
Upload file am 0255626173 a 0641302045
e Q256756613 0 agsMTIE
340 Q25706515 0 aFiEeng
or 3 a7 o Q75348148
Paste Data 3m a7t a amerem
0 Q090805206 a asatarss
into the Box a1 Q026422053 a Q9537
s Q0247213 0 sz w
250 Q011758 0 Q3E0151

w

Wavelength is in column |1

Substrate absorptance is in colu

w

with units |nm

mn |4 | with units |abs. ~

In the box below, fill in the incident light spectrum. This can be obtained on PV Lighthouse

Normalize Jgento | 46.3

in the wavelength range

300

Wavedengh (nm Specyal irradance (W m-2 nm-1) Cumuaiive photon fux {om-2 5-1) A
Upload file am 00010145
o 0001925
ar aw 00032
3 Q00875
Paste Data 304 Q00325
i 205 Q01585
into the Box b danarms
ar w Q028025 w
Select = L0505
Spectrum Wavelength is in column |1 | with units [nm  ~
AM1.5g ~ . . .
g Spectral irradiance/photon fluxis in column |2~
with units | W/m2inm ~

mAlcm2

to | 1200 | nm

Recommended PVL's {I OPAL (free) I with "i:ightTrapping | ) OR  Wafer Ray Tracer (free) | OR  SunSolve (paid)
1

Substrate Absorption (abs)

Spectral imadiance (Wm2mm)

- X
(k:
06
04
—— transmittance into substrate
0.2 |— absorptance before FCA
—— absorptance after FCA
o
400 500 200 1000 1200
Wavelength (nm})
2
15
1
05
o
400 500 &00 1000 1200
Wavelength (nm})

£ 2 {RISHE] PV Lighthouse 1A OPAL2 I E2ENHE, EXE, (RALIENREMSHINRITIRE

BIMER, AR EERREAEE.

{4 | https://www2.pvlighthouse.com.au/calculators/OPAL%202/OPAL%202.a5px

\J
,d LIGHTHOUSE

CALCULATORS SIMULATION RESOURCES

Calculator INPUTS

Surface morphology Incident

Path data [ e
Upright pyramids
Charact. angle, w | 54.74 °
Planar fraction %

Zenith an

Load custom data
t (nm)

Superstrate
xFilm 1

Layer Optim. Material
Air
SiNx
5102

si

O
O

65
xFilm 2 20

Substrate

OUTPUTS

Reflections _ Unique paths Fraction
1 reflection 9

PV Education:

Texturi
L 2 reflections 68.3%
25.6%

Wafer ray tracer 3 reflections
6.1%

Spectrum |AM1.5g [Gue9 v

CONTRIBUTORS PV LIGHTHOUSE

RESTORE EXPORT

illumination Light trapping model
Z= 4+ In[n+(1-n2es~ v

gle, 6 0 ° Substratewidth, W | 180 um

+ Add Film 3
hdii|

| PECVD [Bak11]
~|[Rao19]

v |Crystalline, 300 K [Gre08]

I Fiip layers » Visit RI library

Photon current mA/cm?_Fraction

Incident

Reflected

Absorbed in films
Absorbed in substrate

44.00 100.0%
0.93 2.1%
032 0.7%

42.76  97.2%

Jine
Ir
Ja
Je

1
3
4+ reflections 3
Total 7 100.0%

— Reflection

— Absorption

—— Transmission Spectrum

RAT (and IQE)

Spectral int. (WimInm)

600

700

800 900 1000 1100 1200 1300

‘Wavelength (nm)

ErToT-wsTIT

X

SunSolve'

y it now

How do textures impact
angular performance?

Spectral weighted reflectance (%)

Random pyramids

0 10 20 30 40 SO 60 70 80
Incident angle (degrees)
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$£8] 3 BITHRIREITERE, =& "RAT data” IR, MEF7=, SEHFE1T5.

New Tab x @ htps

w2pilighthousecom. % +

C @ www2 pviighthouse.com.au/calculators/OPAL%202/0OPAL%202.aspx e o :

Apps Wl NRC-IRAP - Canada.. %) AuroraSolar Techn.. @) epostfor onlinebil.. “) MGS:Dashboard @ myaccess— Univer.. (&) saucfile0t

\J
q ‘, LIGHTHOUSE

CALCULATORS SIMULATION RESOURCES CONTRIBUTORS PV LIGHTHOUSE

OPAL 2 RESTORE EXPORT

Calculator Su I'ISOIVeYM

TABULATED OUTPUT FOR REFLECTION, ABSORPTION AND TRANSMISSION
Options

Path data
RAT data
Load custom data

About

Simulate losses in
o 2 : L g each HJT layer.

PV Education:
Texturing

Wafer ray tracer

Absorption (mA/cm’)

| I iﬁmm .
e : |
o b

asin s st s
et L
Front flens Rear films

Find out how

$£& 4. BEHIRFFEMER] “llumination Optics” TUEMITRERER, (REJLAEZ Griddler Bai&iUEIFR
73 " Transmission” B9%l, BHEHIAGEHL, AREITREEETITESLAERKEERMLZ.

n lllumination_optics — x
In the box below, fill in the substrate absorptance vs wavelength, which can be simulated in one of three ways
Recommended PVL's { OPAL (free) | with Light Trapping | ) OR \Wafer Ray Tracer (free) | OR  SunSolve (paid)
1
Wereedengi Energy Refocian Femorgon Trarmmimmon A T
Upload file fem} () §os
250 43599 Q0178 Q.5976 0.3548 =
or 255 P andta 05572 Q801 =]
Paste Data 2 47691 noE 0508 04081 E 0.8
. 25 48791 0134 Q.4522 0.5084
into the Box m 255 Q2001 a3t wani7 é‘
5 45090 02847 03412 414t w - 04
= A4 = — e " ——transmittance into substrate
Wavelength is in column |1~ with units nm B 02|—absorptance before FCA
. } @ ——ahsorptance after FCA
Substrate absorptance is in column |5 | with units |abs. )
400 600 200 1000 1200
In the box below, fill in the incident light spectrum. This can be obtained on PV LI hthuusel ‘Wavelength (nm)
'Wavdengh () Speciral irradiance (W m-2 nm-1) ‘Cumulasive phatan fux {om-2=-1)
Upload file ) = 0000145 TB55ATISIEI & 2
301 Q001925 E
or N2 i) £
303 Q.008575 o
Paste Data 304 0009325 E 15
into the Box = s %
ar 307 0028025 Qa
A4 c
Select = Qe g’
Spectrum Wavelength is in column |1~ | with units nm  ~ E
v Eoos
All1.5g Spectral irradiance/photon fluxis in column 2~ 8
[=8
(]
with units  W/m2/inm ~ 0
. 400 500 800 1000 1200
Mormalize Jgento | 463 | mAlcm2 Viavelength (nm)
inthe wavelength range = 300 |to | 1200 | nm
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£, 5: B "Light Trapping”, BER—1MER, WLSEESIECEHESE, SRS MEBOIINER
REIR, URARNMENEBERTRK. E£TEERG, BEPRiIEENRERSIRIREHIFRRITEE
(0.1), SERKRKRERRIETEITE,

In the box below, fill in the substrate absorptance vs wavelength, which can be simulated in one of three ways

Recommended P¥L's { OPAL (free) | with §Light Trapping ) OR Wafer Ray Tracer (free) | OR  SunSolve (paid)
e — 1

Wanvdergh Energy Ao pr=— Tamn=m 7 %
Upload file (rrm) (&) 7 s
& 0.
250 ass55 o 5578 38 < L
u light_trapping ’ — < £ 05
z 3
< 0.4 ]
£ E
B 0 substrate E
B
textured gz
@ orptance after FCA

¢
400 600 00 1000 1200
Wavelength (nm}

5 2
= E
R=1|09 E
[] doped layer FCA oped layer FCA E 15
= 1]
®
R= 01 R= 01 g
o
doped layer FCA doped layer FCA g
E 05
3
& {
0

400 600 300 1000 1200 _

O ‘Wavelength (nmj) 1
textured

Count Rear Local Contacts as Metal Region (everywhere else as passivated)

I 6: REEE Cell Diagram BT Apply All, LASEFEIERBE.KISAOYLRRNERSR JL 4238, 20 “Apply
Lock” &bFHIFRIRTS, XIGSE Griddler @XENEBHEREN, BEMETAEEITE (LR J0 it
H), HEmINAERNIEBE X L, SrLiBE REHiEE NSRS Apply Lock,

B cell_diagram - x B cell_diagram - X
Front lllumination Front llumination
Optics Import Optics Import
textured ¢ WMetal Recombination | Calc textured ¢ Metal Recombination | Calc
Apphy lock is ON: if
P No Emitter A r
<= Defined | Calc || Apply grid pattern changes, ey cac sy
.
JL and s are )
Wafertyps |p ~ Front Junction Wafer type [P~ unctign
Water m wafer updsted 3= per cell .
thickness 4gp g Bulk Lifetime (us) | 200.0 ﬂ switch WDKHSES 180.0 Bulk Lifetime (us) | 30 T i itch %,
{um) dizgram calculations .
Base transport/Local contact calculator Base transport/Local conl { | k . to |'| } .
CIRCEC W00 Changs .
[ Use rear J0 by base local contact calculator No BSF Defined [A Use rear Jo by base local - s
} 4 (bulk111.1 | Calc | | Apply — 1| Calc | ppply
ohmisa) H H al K
H H M
“
5
[ textured Metal Recombination | Calc [] texdured ion | Calc .
0
Rear lllumination e Rear lllumination %
ptics P Optics %
C:
JL = J(Si absorb)- JFCA) - J(emitter coll loss) - J(base coll loss) + offset [mAicm2] JL = J(8i absord) - J(FCA) - J(emitter coll loss) - J(nasetuwmss)mﬁsei [mAcm2]
] " A lock is OFF: if '0 A lock is ON: if
front |38 71¢ = 38857 -|0.000{- 0 - Josoy ¢ 0 Apply | e e Y front 33714 = 38857 - 0.000- 0 S0 e 0 Apply|| e e o
AJL and J0s are not JL and JOs are
rear |37.51( = 37.697 -[0.007i - 0 0179 0 ApplY | upasted in Griddier rear 37.51( = |37.697 -0.007: - 0 - 0.179¢ AppIY ) upsated as per cel
{click icon to change) . diagram calculations.
J0,passivated emitter = | 100 | fAlcm2 Apply J0,passivated emitter = | 1pp | fAlcm2 '~,. Apply|  (sick ican to change)
¥ . .
J0,emitter metal contact= | 1pp | fA/lcm2 Apply & J0,emitter metal contact = | 1pp | fAicm2 e apply a
5
5
J0,passivated BSF = 100 | fAfem2 —= Effective Base Passivated J01= 1645 Apply J0,passivated BSF=| 100  fA/cm2 — Effective Base Passivated J01= 1645 Apply
I Apply All
J0,BSF metal contact= | 100 | fA/cm2 —> Effective Base Metal J01= 164.5 Apply J0,BSF metal contact=| 1gp | fA/cm2 —> Effective Base Metal JO1= 1645 Apply
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4.5 SZRENECSTM (PRO [jR7F)

7£ cell cross section diagram TR, md5 Emitter, BSF 8& Metal Recombination 5Zi8f “Calc” K&

MIBRERIBRS T, AR cmd-PC1D-6.2 KIHBEHRXIBNESGHEAREE /e LURAREFIER IQE.
.cell,dlagram - X

Use ionization factor at 25C phosphorus +

k PC1D for JOe 4 Surface is textured

SRV

Junction Depth = 0.70 um 10000( cm/s

SheetResistance 42978 ohms/sq
(room temperature)

Saturation Current Density 648 93 fAlcm2

BulkTau 0.1 us

Metal etch 29 nm
depth

Clear Dopant Profile

Front lllumination oo
Optics e
[ textured i Metal Recombination
) Apply
Wafer t p v
Wafer ype . Front Junction
thickness |4g0.o Bulk Lifetime (us) | 300.0 ]IJ switch
(um)
Base transport/Local contact calculator
Use rear JO by base local contact calculator No BSF Defined
(bulk 55.6 | Calc § Apply
1 ohmisq)
[] textured Metal Recombination = Calc
Rear lllumination o
Optics P
JL = J(Siabsorb)- J(FCA) - J(emitter coll loss) - Jgfse coll loss) + offset [mA/cm2]
- 0.025 - - -
PC1D Caller for metal JOe calculations PC1D Caller for PassivateNfEmitter Calculations
.doped_layer - X doped_layer - x
2 g
£ 2
@ Import Dopant Profile O Define Dopant Profile e e Import Dopant Profile () Define Dopant Profile | = 1° ————
c \ c —
S N =]
0 ZTiests s \ Pag 0 1.58e:20 B
Uploadfile | |, ;s 2116419 2 £ 10 \ Uploadfile | |; . 153020 S g
0.0047 338419 S \ 0.0087 1790420
OrPaste 150008 335419 g \| o] OrPaste o4 1716420 g —— Doner
Datatothe |50 3356419 S R \ Datatothe |5p132 1.8e:20 3 wor
Box 0.0901 33%e.13 ol E 10° | Box 0.0185 1.28e+20 o g 10°
n11zq 336018 d § 0 02 04 06 08 e S a 0 0.1 0.2
Depthis column 1~ withunit um v a Depth (um) Depthis column 1 | withunit um  ~ e Depth (um)
1
Donor densityis column 2 ~ withunit cm-3 + Donor densityis column |2 ~| withunit |[cm-3 ~ e
[] or set constant background conc 1155935 cm-3 [J or set constant background conc |1155936( cm-3 F
Acceptor densityis column 2 « withunit cm-3 + Acceptor density is column 2« withunit cm-3 ~ g il
[ or set constant background conc |1 50478; cm-3 [A or set constant background conc |1 s5p478; cm-3

2)Use ionization factor at 25C phosphorus

®

Junction Depth = 0.25 um

PCA1D for JOe and IQE

Sheet Resistance

127.04| ohmsisq
(room temperature)

0
400 600 800 1000 1200
Wavelength(nm)

Surface is textured

SRV 465.40| cmis

BulkTau 0.1 us

Saturation Current Density 43.290 1NCFC4)

Clear Dopant Profile

Define SRV = f(x) [cm/s] where x
[cm-3] is surface concentration

SRV = |min(10*({x/1€20)*1.5)*4 21,78 1e7)

Use Abott SRV parameterization (phosphorus only)

@) Import or Define Dopant Profile (‘S ABUE LB 40A6)

SO LAS A SMIERHS RS X, EiEHIRAD IR, ESORARE USRS RAVEHE. Fe]
UENRE. BZRENEIRS, FEETLIEMBNAVER, SREFZKRERMARBEIERER. AT

“set constant background conc” AJLUSEIERIBFUEA—MEEE. ERTXL /5, Griddler 2.5 PRO
BEREIRENEEREE.,
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SRR LUBIE T “Define Dopant Profile” 1&$HRIE M35 H IR TRIAZ.

— Profile

Type |n “
() Unifarm
Peak Dopin 1e+20 | com-3

ping ) Exponential

Depth Factor (0.2 um () Gaussian
(®) Erfc

Peak Position |0 um

Background Doping |1.00e+1: cm-3

BIRIARIRIAR 9
BEDT: N(z) = N, for z< z,, N(z)=0forz> z,

—

BEO: N2Z)= Ny - exp(—lz—z| | z))

SO NZ) = Np - exp(—(z — zp)? 1 27 ]

Erfc HIERDH: N@) =N, - [1-erf ((z-2)/ z)]

Hrh N BHIRTFIRE, z BRE, N, BISRIEE 2 BRERF, 2, REBNE,

@ User ionization factor at 25C (Fi J7 B & X 25°C FTHBE FHET)

£ 2006 &, Altermatt, Schenk, Schmithusen, 1 Heiser &3 7™kl AMBRIEESE C H95 | ASCE
8-9), XTFLAME, BEfSZURENRIMNFA=EBHNNE. NMRSNNEHRNERSH, ERLU%
£ "none” =& "phosphorus”; MMERSNNEMESHS R, ERILUEE "none” , "boron” &
“arsenic”

@ Textured, SRV and Doped Layer Bulk Lifetime (£(3, SRV AIB&ERNERR TH)
£ PC1D #hj%t®E “Surface is textured” IRESERRME, EWiiEiziT cmd-PC1D-6.2 ZH], EFiIREE
FXAVAFERTED ("bulk tau”) LIRAFIREASSRE.

@ Parameterization for SRV (SRV 2¥i+8&)

BRZBFEAR T AENLARERE N REBIFMUX &9 SRV NEREE. EILAEATUEF, B SRV =
f)BFERENENFRIAT, HA x 2L ecm3 ARURFRERE. fld0, BN SRV = 1e-14*x, NIZFRER
E3 102 cm? /4, SRV 73 1000000 cm/s,

&AL sads “Use Abbott SRV parameterization (phosphorus only)” &8

SRV = min(10((x/1€20)*1.5)*4.2/1.78,1e7)
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XEM Abbott KEFEZERIFAFHME

Mclntosh, A. Mei

Photovoltaic Specialists Conference (PVSC), 2013), 2013 £F), {EER FE (ARt LB EAY

sel,

2RI —MERRRYZ

“Simulation of emitter doping profiles formed by industrial POCIs processes”, 39"
4R

= =4

GIRIDPLER piF#v7.0. 2023-00-15

2ISEGHITAIL (M. Abbott, G. Scardera, K. R.

BB, a0 (e.g. A. Kimmerle, M. Momtazur Rahman, S. Werner, S. Mack, A. Wolf, A. Richter, and H.
Haug, J. Appl. Phys. 119, 2016).

@ cmd-PC1D-6.2 Calculations for Joe and IQE (F§ cmd-PC1D-6.2 1+ Joe #1 IQE)

=& “"PC1D for Joe and IQE"
cmd-PC1D-6.2 KiTEAFIIRIBAIETRIKRE Joo) FIRNETLR(QE).

e
520

caller 1 EDNA2 (EDNA2 22—/ Z&a94L EitHE Joe 01 1QE AYERE)

TEIERT cell cross sectional diagram TUESITEAMERXIRAY Griddler simulation

B <Griddler 2.5»

.

WHFHIZH.

@

(mohm/sq)

wafer intemal series
resistance (mohm-cm2)

hm/sa)

3
3 3 3 [@
e 0 j i E”m".‘fri'z[“ o ff
e ek Es—

4
> 2
0 E‘Temperalure © 25

Comman d  Base Transport  Cell Cross Sectign,
Front
finger sheet res sheet res

GRICELERZ

6

BB EE £l

Front Current Extraction

internal shunt cond- 2| External series 0 21
uctance (1/kohm-cm2) | O Wl res (mohm) 2
Metal Optical T i

etal Optical | y  Metal Optical T ey
fingers | 0 0T fingers| 0 0 0

Rear Current Extraction

8 T T T - T T
Wafer area =242 21cm?; optical shading. 76%

Front mummauun
Import

on | calc

Emmerlae 0 I
Calc || Apply

Mtextured E letal Recombinaf

Wafer
thickness [1g0
um)

Waer type |1 v

Bulk Lifetime (us) | 2000.0 :I

Base transportRear local contact calculator

Use rear J0 by base local contact calculator

Edge Recombination

Front lllumination
(Suns)

Solder ribbons at prob... ~+|  Solder ribbons at prob... v
ribbon width (mm) | 4 2l ribbon width (mm) '] [textured
ribbon sheet res iibbon sheet res
{mohmvsq) 01 2 (mohmisq) o1 2, Rt Mamnaion [y
contact points 5 —
resistance (mohm) | O Tl resistallce (mohm) | 0 [y L = J(Siabsorb)- J(FCA)- J(emitter col loss)- J(base coll loss) + offset [mAlcm2]
:rsnmJDLmde Parameters I}esf:rnll ode Parameters % AN o Biend = 210 -boorsi-  oaza board [0

un -Sun 4. 7
(”“1/5“32‘1)“ ares |41 8141 [mmm;)e" area 36 951 ¢y T as0s] = 37700 -oos3 - 0 ogeE  + 0
mAvc:

passivated metal pass\va‘eﬂ metal -8 0 passivated emmer:- fAlcm2

o gl =
hiem2) 1 089 47 (w:rnz 793 J Jo,emitter metal contact = {1089
Joz 1z 4 2 Gell Front Side  T0ggle Front/Back View B
aemz) | 10 P 0 4 4 J0pa3sivaled BSF = oa oz 1

TERE/R T base transport calculator

J0,BSF metal contact = 320.4)f fAlcm2 —> Effective Base Metal J01= 179.3

Apply
Apply
Apply
Apply
Apply

Apply

Front Junction

switch

gith bulk
bhmisg) | Calc | | Apply

Metal Recombination | Calc

Apply All

REITEIIEXRNAY Griddler simulation TWEHRISEL.

&4, Griddler 2.5 PRO BB RFIREXRDSHBUREMSHEAN
MR C Et#& cmd-PC1D-6.2
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Command  Base Transport  Cell Cross Section

% @

“ %

Rear Metallization

finger sheet res
(mohm/sa)

Front Metallization
finger sheet res
(mohm/sq)

w

o o | EEEEEEEE

3

EbER

finger contact res

3
finger contact res 0 7
(mohm-cm2) ‘fmnhrrpw-ch)
layer sheet res ] ayer sheet res ?
(ohmisq) 87992 tohm-sa) | 25-34 [y

wafer internal series
resistance (mohm-cm2)
internal shunt cond-
uctance (1/kohm-cm2)
Metal Optical Transparency
2 2l

fingers 0 0

i‘ Temperature (C) 25 4}
~| External series 21
2 0

res (mohm)
Metal Opllcal Transparerﬂ
fingers, 0
Rear Current Extraction
Solder ribbons at prob... ~

Front Current Extraction
Solder ribbons at prob... ~
1 2l ribbon width (mm)

ribbon sheet res
01 ] (mohm/sq)

7| contact points
0 II resistance (mohm),

Rear Diode Para

ribbon width (mm)
ribbon sheet res
(mohm/sq)
contact paints
resistance (mohm)
Front Diode Parameters

1-5un JL, 1-8un JL,
non-shaded area |41, 4E:| non-shaded are3
(mA/cm2) (mAicm2)

passivated metal
area contact

Jo2 ﬂ J Jo2 2 21
tnavemz) L 19l 50 | inaiemzy 0 ﬂ 0
Edge Recombinati Jm 21J02 2

ge Recombination G m) 0 W (nAfem) 0 |
Front lllumination Rear lllumination 1=
(Suns) (Suns) 01

%

Eﬂ.l@

LER2

GIRIDPLER piF#v7.0. 2023-00-15

Wafer area 242 21cm2 optical

=

| shad\j

type n

Base transport Parameters
[ simulate lateral base currents

Wafer thickness
Wafer resistivity 4.0

.Junclmn

Base doping
update mobilities

- X
Base local contact calculator
contact

stripes ~ square
180.0 | um geometry TP <
!
ohm-cm contact width / 50. UUJcama:t pitch 1. 73UJ
diameter (um) (mm)

from ~ 1963 4 25000

point contact resistance | 0.00 i‘muhmr:mE

bulk "fE“”f'D:I 2000. n:ll rear paaswalmn SRV

base e mobility | 1313
contact SRV 6233 N cm/s
base h mobility 483 | cm2Mg {cmis) 80.065
In the Griddler pattern, -
fI==—=—"—"NN e g 1. [cnpes
List of reported or suggestive values ' pitch 17
‘EEEE Listbox . mm) |-
2+ -
EES=———————— o 31, favem?
N
‘-
N==—="= contact resiatancAl COT i ohm-cm2 .
Effective base diff length = 6792.5 um
6 ‘%%%% Calculate @ Rs light ) Rs dark
v
Bl L L Apply | GetSource
8 5 4 2 0 [
Cell Front Side| Toggle Front/Back View
Vmpp=mV
FIND v \ m
S \LWPP| | (swuEER SAVE| SoaRT!

FA Griddler 2.5 PRO RUas S AILIAFE R ZitsL il — L E WARMLILTTR, fIIUamaisE, Frdiz

AV, RTLAEE
ERGIRAIRIMAETD

E/‘rh—\

B =zt

Fi%E. &M= D WRT Griddler frEm<HRLE.

RBHERT A e A

ARRISE

SRAYEEIR T, FRIRAER—N
B1E simulation TIEAVSEERIZHETE "Efficiency Improvement”,

TEMEINAE—EEERSER— I S8NRMNE, SREN—IREFBLE GRERLHE). BN
BEFER—ZY! Griddler 2.5 PRO ap<3kSEH. HINEIRS SHA M SEIRMIE,

0. NEHEA G MERIARER Efficiency Improvement 3ZEHAI—LE AR

ERIRFHREE BHRE,
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M <Griddler 25> - x
Command Base Transport  Cell Cross Section  About ¥
ey

Front Rear Metalli

finger sheet res 3| finger sheet res F

{mohmysq) 3 8 iomea 3 e . — . i
s et res 2| busbar sheet res Wafer area =242 21cm2; optical shading4 99%
2 3 Yeeme o 2 E e

finger contact res’ 3 i

finger contact res
(mohm-cm2) | 994 Ty

(mohm-cm2) .
layer sheet res 2 er sheet fES
{ohmisq) 9% fanmar 5656 3

wafer intemal series
resistance (mohm-cm2)
ntemnal shunt cond-
uctance (1/kohm-cm2) res (mohm)

Metal Optical l'lnmparencv Metal Optlr.nl Trnmpnrenj

— 2
fingers 0 0

0 i'Temperaiure(C] 25 =
—ij Extemal series 2]

resistance (mohm)
Front Diode Parameters
1-SunJL.

fingers () sbars
Front Current E Rear Current E:
Extract current at eac v Extract current at eac.. ~
0s 0s
oo7 & o7 A
contact points contact points 121

o G

non-shaded area 41,7375]]

resistance (rmhm) 0 Hl

Rear Diode F
1-Sun JL, — |
non-shaded area  36.0891

(mAlem2) (maiem2)

passivated metal passivated metal B.a -(.i .4- é C‘l ; é 3
™ S P e -
taem2) | 60 i 900 [ memzy | 712 712 3y
Jo2 15 2 15 [ oA, Cell Front Side  109gle Front/Back View
(nAlcm2) ul Ml (naicm2) N Vempp= mV
Edge Recombination Y01 10003 J02 30 2

(Wﬁ"‘) (nA/cm) I} AND

Front lllumination ——— 5 Rear lllumination 2 NV ! :
(Suns) 1 (Suns) 0 N A\ SWEEP L_ﬁ e

B “Efficiency Improvement” FEEGHSED (I 5.2). BHESE—

SWH—IIEE, EREBRTFERIS

aJ,

7/

S0F, LMESHEIGERS "baseline” ("BZL").

— SRR ERLGHE. BT,

XER (I S AHZRD

Command Base Transport  Cell Cross Section  About Efﬁci. ~
e L re
e e 1 .Load file name X
Front Metallization Rear
finger sheetres 1@ finger she 1 « Pc2d > 18-05-03 Griddl... » v 03 Griddler2.5... 0
(mohm/sq) j bu('gh";:
ee 2 sbar s Organize v New folder =58
| 38 motm x .
| finger contact res 3 i_] finger co A Name Date modified Type A
(mohm-cm2) lf"‘Oh . # Quick access
layer sheet res 2 ayer s Griddler 3/5/2018 7:30 PM File fol
| Deskt: *
aghpn\'/sq) e Ii (uhrm : esktop eylok_write 35 OPM  Filefol
wafer intemal series Downloads
Te 35/ 8
resistance (mohm-cm2) 0 i’ emP 2 keyloksdk 3/5 7:58 PM File fol
intemnal shunt cond- 5 il Exter {5 Documents # £ 2018-01-24_contact_patterns.mat 4/4/20189:43PM  MATU
uctance (_1”“"‘"’{"‘2) & Pictures 4 £ 2018-01-24_contact_patterns_with_termi...  4/4/2018%51PM  MATL/
I Optical Transparency me""gﬂ & Google Drive # £ 2018-04-03_cell_for_Slavica.mat 3 954AM  MATL
og|
fingers | 0 0 fingers { 2017-06-18 5t # £ ECN1b-630-1142.mat 16/3/20151:37AM  MATL
Front Current Extraction Rear Cur 18-05-03 Griddie = egm.mat 31/5/2018 11:09PM  MATL
Extract cumrent at eac... ~ Extract ¢ ; £ example_for_nonuniformity.mat 1/6/2018 4:23 PM MATL/
.| manuais .Y
08 21 £ example_used_in_manual.mat 29/5/2018 2:52 PM MATL »
Screenshots 9| 7@ >
007 &
contact points ii contact pi [T RIPERC_example.ma "l
resistance (mohm) Save as type: | MAT-files (*.mat) %
Front Diode Parameters Rear Diog
1-Sun JL, 1-Sun JL,
non-shadedarea 41 737‘jj non-shadf . Hide Folders Cancel
(mA/cm2) (mA/cm2)
passivated metal T T VT
s R oo s owid = 6 8
Ls Tename summary txt Plot
@vem2) | 60 [yj 900 i gaema) | 712 jl e 2 Comment comment
J2 [ 2l s (2102 0 ii 0
(nAjlcm2) Jll Ml (narcm2) —— sy
Edge Recombination J01 Jo2 30 2 P -
e fA/cm) (nA/cm) | FIND
Front lllumination Rear lllumination 124
(Suns) (Suns) 0 e Vo
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ARRFEEIIEZE, command BOFEAEREFER— MR, TENNEGSES, 1) #A
baseline, 2) i&4T baseline {9 I-V g%k, 3) FIH—1SERIYE, SBA “summary.txt” 3745 baseline
B 1-VESHBEAE—1T.

Command  Base Transport  Cell Cross Section  About  Efficiency Improvement Bconmend = qx

ey

- %

Front izati Rear i Eﬁm Batch | Il

f";gfo’hs:j:;]’es 3 ﬂ ""?;’0:':/1:” ﬂ 8p————— Listof Commands @ By Group O Alphabetical Order Buid |
2 h Wafer area 3 o
j bu(sr:‘z‘hf,fs?]'es 3 ij |— EXECUTION COMMANDS —
finger contact res 2| finger contact res 2 6HE=— fmescreen -
(mohmcm2) | 2 M  (mohmcm2) 994 b
layer sheet res 0 2 layer sheet res 5556 2 MPORTDXF {filename.dxf}
(ohm/sq) ol (ohm-sa) ol 4 LOADSESSION (filename. mat) {1-go to simulation screen: 2-go to design sc
wafer intemal series 21 T 21 YOUTUBE
‘emperature (C
resistance (mohm-cm2) 0 ﬁ pe © 25 PARSEPATTERN
internal shunt cond- "‘J External series 121 MESHDETAILTANGENT {1 to 4) v
uctance (1kohm-cm2) | O ]  res (mohm) 2 : < >
Metal Optical’ Iransparencv Metal Optical Ti = | Script

2 |
fingers | 0 ( fingers| 0 Husvars 0 0 Recort 0503 A
FINDJSCVOCMPP
Front Current Extraction Rear Current Extraction Stop | ICLEARFLE “summary b
Extract current at eac... ~ Extract current at eac... v SAVESUMMARY “summary.txi" “base fine"
—— Play

g 2 08 &
Delete
007 2 7 2
-4
contact points 3{ contact points 21
resistance (mohm) | 0 j] resistance (mohm) | 0 Ty T
Front Diode Parameters Rear Dlode %
1-Sun JL, 2 ! 21 Save
non-shaded area | 41.7375 ] nan shaded area 36.0891y
(mA/lcm2) (mAlcm2) Clear )
passivated melal passivated metal B S ——| > 5
i area conta aea o contsd 8 6
2
wemz) | 60 3} 900 Ej tem2) | 71.2 [ 71.2 |3 Log | Fiename summary bt Pt

102 21 21 302 21 Comment base line
naiem2y L 15[ 15 3 navemay | © j 0 -NJ Vmpp—mv

Jo1 2 J02 2
:lg:tRecof‘nbmauon fM’")Rmoo narem) |30 )
2| Rear
(Suns) 113 (sunn 0 js Jx\(: “ VE + 100

WtE, X Griddler BE—MEEENTHISE, LURESHETRE. SOLMEHEERSH. BEETLISRE
“STARTOVER'[EZIET, #Af5% "Design H Pattern” TaHE] , RIMLIRHI— AL BRI LIFTFF Cell Cross
Section Diagram &Y, Base Transport Window &, HEEPM—LEN, FIEXSENERIESHN, 7
Bi%H command EOIiCR.

N E

E

BMPIFRE, TERARIMSEEIRR kI ATERY PERC Bt EMAAH<E At BASUHFTF N T,
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. =
Command Base Transport  Cell Cross Section  About  Efficiency Improvement .
X 5] = x |
Front Metallization Rear L B?lch a
finger sheet res 2 finger Explanation Build
(mohm/sq) 3 ﬂ (mo| & tal Order ;
3 2 busbal and BSF at the rear) may have signficant resistance for screen print metallization |
. I mo  [Relatively high values of contact resistance can impact the cell fil factor significantly
finger contact res| aé i
(mohm-cm2) ‘mol
layer sheet res % ii laye
(ohm/sq) (o jcreen; 2-go to design sc
wafer interal series 2] Te
resistance (mohm-cm2) Id
internal shunt cond- 21 B v
uctance (1/kohm-cm2) 0 ij | >

Metal Optical Transparency  Metal
2 2

§ E
ngers | 0 0 fingerg List of reported or suggestive values Search PERC e Drive\Pc2d\16-05-03 A |
Front Current Extraction Rear 0.0€; p-type PERC (2017) Low a ge contact resistivity for 3mn |
Extract current & cac_. 1B Extrad of R10x wrap-around om p- h S BB. At optimum ne”
firing tempe:
08 A of AlOx wrap -
P cells with § BB. At optimum
21 rature range of 7€ 727 OC.
0.07 100; (2017) High average contact resistivity for
contact points 2| contac wrap-around on p-PERC cells with 5 BB. At
rsance (robm) | 0 3 rent s i
Front Diode Parameters Rear . phosp of 50 ohm sq and Al-BSF.
1-Sun JL, 1-Sun 'rho ccnu:c zesistivites for the front Ag paste are v
non-shaded area 41 737‘]] non-sf | ¢ g o=t >
(mAlcm2) (mAlcn v
passivated metal |
W area contact o 0.1 Apply || GetSource |
21 S — rnane y
(@Acm2) | 60 _m 900 i @aem2) | T2 TR _uJ TT2TH TLogT y.xt Plot
J02 2( 21 102 21 Cel Comment base line
15 15 0 0
(nAlcm2) o Al (nwem2) Al Vinpp=mV T
Edge Recombination 201 000%‘]02 o 2
o cm| (nA/cm) |
Front lllumination 2 Rear lllumination 21 FIND JV
(Suns) (Suns) T SWEEP + 100
&= FAN X L’;E&/ N
Command BB SIERXELHE.

Fommand Base Transport  Cell Cross Section  About  Efficiency Improvement

Ree - - g

Front Metallization Rear Metallization E! Batch [
finger sheet res finger sheet res 2 Build
(?noh misq) 3 ﬂ Gohniao) j 8 v List of Commands  (® By Group OAbhubetul Order i
2 busbar sheet res 2 er ar
3 ]d (mohm/sq) 3 Il — EXECUTION COMMANDS —
finger contact res 2| finger contact res 2 L
(mohm-cm2) | 0-11 Ii (mohm-cm2) | 994 I{ . PHESCREE:I'ERN
layer sheet res %0 ﬂ layer sheet res 5556 ﬁ MPORTDXF {flename.dxf}
a#ohm/sq) {ohm-sa) 3 4 LOADSESSION {filename. mat} {1-go to simulation screen; 2-go to design sc
wafer intemal series 21 T ature (C 21 'YOUTUBE
resistance (mohm-cm2) 0 empersture (O] 125
internal shunt cond- 0 ﬂ External series 121 MESHDETAILTANGENT {1 to 4} v
uctance (1/kohm-cm2) res (mohm) < %
Metal ()pli(:nl7 Transparenc_{] Metal Op!ical Transparen‘a Script
fingers | 0 0 fingers| 0 sbars| 0 Record [LOADSESSION "C:\Users\ohnson\Google Drive\Pc2d\18-05-03 A
|FINDSCVOCHPP
Front Current Extraction Rear Current Extraction Stop icmu “summary.bd”
= [EEEeeEee - T T A S A —
[PV RONTFINGERCONTACTRES 0.11
08 2 08 &
Delete
oo7 & oo7 |
contact points »{ contact points 121
resistance (mohm) 0 fu_'! resistance (mohm) 0 ol toad
Front Diode Parameters Rear Diode Parameters 3
1-SunJL, 1-Sun JL, Save
non-shaded area 41,737Eﬁ non-shaded area 36. 0891_]]'l =
(mA/cm2) (mAicm2) lear
passivated metal passrvaled metal - = b
J01 area cont: J cunlact“'
(em2) | 60 .Iil 900 Nl (wem2) 71 2 .NJ 712 _m Log Z"“"" summary.txt Plot
302 21 21 Jo2 - omment comment
(nAlem2) 15 w15 Nl ovemz) | © ii L Jﬂ Vmpp= mV
Edge Recombination Y01 2 J02 30 o
s 'cm) (nA/cm) i} FIND
Front lllumination 2| Rear lllumination |24 JV g
(Suns) ﬂ (Suns) | '&* SWEEP v

EET ARt S EuH T —RFIRIERN, command BOBMKRICRENER. EEEEFHITE |-V SH
Az, Z command BHOPA “Comment” IEES FERIERMEE, XBEHSHIE “lower front contact
resistance”, BEEIE, command BOSFEER, F8IE(T -V fi%k, HREEOXFPER (B) "lower front
contact resistance”) TR I-V SEL, {EA "summary.txt” FH—1NEH.,
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i M
Command Base Transport  Cell Cross Section  About  Efficiency Improvement .command _ X
& & &
Front Metallization Rear Metallization E! Batch &
ﬁr;'g:;hs:::;)res 3 ﬂ ﬁn‘g:":’;:;z:];es 3 i—l g F—— Listof Commands @ By Group (O Alphabetical Order Build
Wafer ary A
3 ﬂ bu?'t':;rhmeszt) ™13 ﬁ EE‘ - EXECUTION COMMANDS —
finger contact res 2| finger contact res 2 6
011 & 994 TTLESCREEN
(mohm-cm2) (mohm-cm2) i{ . TTERN
layer sheet res layer sheet res 2 IMPORTDXF {filename. dxf)
(ohm/sq) 90 il (chm-sa) 936 ij al === | oapsesson {fiename.mat} {1-go to simulation screen; 2-go to design S¢.
e aneanzy | 0_|3] T ) 25 2 o
internal shunt cond- ﬁ External series 0 21 —= |MESHDETAILTANGENT {1 to 4} v
uctance (1/kohm-cm2) 0 res (mohm) 2F < 3
Metal Opﬁca;Transparenczj Metal Optical T p = Script
fingers | 0 0 fingers 0 "éusbars 0 ok Record [LOADSESSION "C:Wsers\ 05-03 A
. - |FINDJSCVOCHPP
Front Current Extraction Rear Current Extraction Stop | [CLEARFLE “summary txt .
Extract current at eac... v Extract current at eac... v Y “summary.bt” “base fine”
— 1 2} Play | [FRONTFINGERCONTACTRES 0.11
og 2 0g FINDJSCVOCMPP
% PRSP S ;.\ ESUMMARY “summary txt* lower front contact resistance
007 & oo7 & |
contact points »{ contact points s |
resistance (mohm) | 0 II resistance (mohm) = 0 [yj % Load
Front Diode Parameters Rear Diode P: g -
1-Sun JL, 4 1-SunJL, 21 Save
non-shaded area 41.73753’ non-shaded area |36.0891 yj a
(mA/cm2) (mAicm2) ear
passivated metal passivated metal ] S— - 5 X
04 area contact area contact‘J -8 6 — .
2
oy | 60 | 000 [M o0 [112 [ T12 ] Log | Fiename P =
102 21 21 J02 ” 21 C [Pwer front contact e!
15 il 15 i 0 0 N
(nAlcm2) (nA/cm2) Vmpp=mV
Edge Recombination 01 1000 2] J02 30 2
fA/c (nA/cm) i
Front lllumination Real‘ Illumination 2| FIND
(Suns) 1 (Suns) 0 e Vo

PSRRI SEEH TEN, LEANENE— IR, SERAZEGSEOR “"Comment” 1,
REREEE, EEXMNIEERIETHFIEEEMIVER. R "Play” REfTiX M MEthEREHANIIE.

.command = X

Batch

List of Commands @ By Group (O Alphabetical Order Build

— EXECUTION COMMANDS —

TITLESCREEN

DESIGNHPATTERN

IMPORTDXF {filename. dxf}

LOADSESSION {filename.mat} {1-go to simulation screen; 2-go to design sc
YOUTUBE

PARSEPATTERN

MESHDETAILTANGENT {1 to 4} v

< >

Script
Record [SAVESUMMARY "summary.txt” “lower front contact resistance’ A
POINTCONTACTSRV 440.000
Stop | [REARPASSSRV 10.000
CONTACTWIDTH 40
CONTACTPITCH 0.6
CALCEFFECTIVEREARJ01
Delete FINDJSCVOCMPP
SAVESUMMARY "summary.txt” “optimized rear local contact”
EDGEJ01 0
EDGEJ02 1.72
Load | [FNDJSCVOCHPP
SAVESUMMARY "summary.txt” “ideally low edge recombination
FRONTJOTMETAL 713
FRONTJOZMETAL 0
Clear | [FINDJSCVOCMPP
SAVFSIIMMARY "summary txt” “inwer 101 matal”
< >

Save

Log | Filename summary txt Plot
Comment lower JO1 metal

Griddler 2.5 PRO 1SE##A baseline, 15 -V fiZ, #HTE—KE, HEE— I HEZEHI -V H
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%, T, TEHS |-V SEUERE ‘summary.txt"SXEF,

B <Griddler 25> - X

Command Base Transport  Cell Cross Section  About  Efficiency Improvement ~

Front converging to within99.099 %

* o

100 200 300 400 500 600
Voltage (mV)
Cell Front Side  10dgle Front/Back View

Voc=665mV

GriddlerizT5EmZ a B R — M ERBUAERR, B0 LA R HNENIE ISR R~ IUIRE Jse, Vo,
FF, ) RE—IiE, STl E Save (RIFUH

] - x
39.72 - - — 670
T 397
3 ) % 668
E L&)
5 68 $
2 666
39.66
664
\'\\Q‘b @%’5’ é&@& Jﬁb@ o\') < 2 w_d"? Q@'@O\ &ﬂgé? z‘?
2 e & @ g 3 &
,chf-" Q.,Pge §¢$ o“k&f\ \9»\ -Q'i’% Q.P{;c; é@'@\ 9 9\
o a'?\‘tk? 5 o .55“25? o
214
80
212
795 g
= = 2
= o
o s
“ 185 g 208
o
78 20.6
775 204 .
;\Q@ 5‘}(9 @@ §b§ 5‘?‘ ‘?Oa é‘v @.@ \@(‘P B‘é
) L)
o oﬁ* é% _@x > < °?5‘°" é% _,sg;p
@ Jsc 5@ Voc @ FF @® Emmency OXYPiot §@® Watertall Plot \c“ Save
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EE,

ik Stop %0, WWKEIEEFE, command BOKEILCRERVRE. ERTLURFILEIARLIES

BHATLATIF  “summary.txt” 3B Griddler iERA baseline LA SRR RISEIRELHE
= b2 summary.txt - Excel Johnson Wong &=
File Home Insert Draw Page Layout Formulas Data Review View Developer Help Qﬁe ch |&®
Al = fx Commentl v
A B C D E F G
1 |Comment1 JJsc(mA/cmVoc(mV) FF Eff Vmp(mV) Jmp(mA/cm2)
2 base_line 39.65634 664.6897 77.84019 20.51802 558.5404 36.73507
3 lower_front_contact_resistance 39.65634 664.8337 78.26543 20.63458 561.4105 36.7549
4 optimized_rear_local_contact 39.7201 667.4182 78.40223 20.78437 566.399 36.69563
5 ideally_low_edge_recombination 39.72011 668.4387 80.01384 21.24404 569.9683 37.27233
6 lower_JO1_metal 39.72011 670.2685 80.02183 21.30432 571.4376 37.28198
7
-1
summary O] ] »
Ready = g [ el ] + 100%

[CIRIDPLIER mpFvro, 2023-00-15

N—

=

=

1738

RIFFESS FAEMESE. NRERT TRNEE, AlLARE Load” {BEEHINEE command B,
& REXMEOIRERY “Batch” INEMIZR.

. command = X
Batch
: Build
List of Commands  (® By Group (O) Alphabetical Order
A

— EXECUTION COMMANDS —

TITLESCREEN

DESIGNHPATTERN

IMPORTDXF {filename.dxf}

LOADSESSION {fil mat} {1-go to simulation screen; 2-go to design sc
To resume normal work, YOUTUBE

PARSEPATTERN
stop the commanq MESHDETAILTANGENT {1 to 4} v
window from logging < >
your work by hitting the Seript
Stop button Record [SAVESUMMARY "summary.txt” “lower front contact resistance’ A

POINTCONTACTSRV 440.000
; Stop | IREARPASSSRV 10.000

YOL! can save this CONTACTWIDTH 40
script to rerun the Play | [CONTACTPITCH 0.6

efficiency improvement
or share it with
colleagues

If you saved this script,
you can rerun it later by
loading it into the
command window. Or
hitting “Batch” near the
top of this window and
loadin the script.

Delete

VAN

CALCEFFECTIVEREARJO01

FINDJSCVOCMPP

SAVESUMMARY "summary.txt" "optimized rear local contact”
EDGEJO1 0

EDGEJ02 1.72

FINDJSCVOCMPP

SAVESUMMARY "summary.txt” “ideally low edge recombination
FRONTJO1METAL 713

FRONTJO2METAL 0
FINDJSCVOCMPP
SAVFSIIMMARY "summarv txt” "inwer 101 metal” bl
< >
Log Filename summary.txt Plot
Comment lower JO1 metal
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5.2 Command &O (PRO [{zZs)

5.2.1

SiEeEEEY command B0

@ Load scripts

CIRIDDLER f/F#v7.0. 2023-09-15

Vi
command - X
1 - -
Enter single command lines here || Batch | a

ist of Commands

@ By Group O Alphabetical Order

Build

|i command

List of Commands

@® By Group () Alphabetical Order

Exdract current at eac_. ~

Extract current at eac.

Edge Recombination 401
{Wem)
Front Illumination

5
0 Winajcm)

Comment

lower JO1 metal

— ~
CUTION COMMANDS — - EXECUTION COMMANDS —
TITLESCREEN TITLESCREEN
DESIGNHPATTERN DESIGNHPATTERN
IMPORTDXF {filename. dxf} IMPORTDXF {filename.dxf}
LOADSESSION {filename.mat} {1-go to simulation screen; 2-go to design sc LOADSESSION {fiename.mat} {1-go to simulation screen; 2-go to design sc
YOUTUBE 'YOUTUBE
PARSEPATTERN PARSEPATTERN
MESHDETAILTANGENT {1 to 4} ¥ MESHDETAILTANGENT {1 to 4) v
< > < >
T Script
=== Record "
Bl <Griddler 25> IS
anmp.rr'feumoss Section  About  Efficiency Improvement Stop
ST - Play
Front Metallization Rear Metallization Eﬂm
finger sheet res 5 finger sheet res. =
NG I N ] * "[\Water area =242 21cm. optc B
1. heet " 1 e = er area =. cmZ; of a . .
(momisq) 3 I imenmisa) | 3 % Script Builder
finger contact res 2  finger contact res 2
(mohmem2) 0w imonmcm2) | 0 In
layer sheet res 7 layershestres oo e
(ahmisq) 80 'y {ohm-sal "
wafer intemal sefies ? 7
resistance (mohmcm2) | 0 |y |emPersture (C)] 25 Save
intemal shunt cond- + Extenal series -
uctance (kohm-cm) | O [ res (mohm) 2 Clear
Metal Optical Transparency  Metal Optical
fingers | 0 ousbars 0 fingers 0 Tousbars 0 0 =
Front Current Extraction Rear Current Extraction Log Filename summary txt Plot

20 20
01 [® 01 ™ |
contact points 5 contact points ?
resistance (mohm) 0 | resistance (mohm) 0 |y
Front Diode P Rear Diode % i
1Sun L, L 1-SunJL, -
non-shadedarea 306 |y non-shadedarea | 306 |y
(majcm2) mAcmz2)
passivated melal passivated metal £
s conta area contact 8 6 -+ 2 0 2 4 6 [
Jot Jo1 o) 2
wemz) | 80 [ 509 W wenz) | 60 [y 60 [y
J02 10 % 50 ¥ o2 o B o |E Cell Front Side  100gle Front/Back View
(nAem2) N N (naem2) N N

(Suns) 1 ?se.fn'g;";mt"“m 0 E &TA} 9&%‘] M a .
A simulation TOEEEEFEHR) “Command” 3EA command 0. EEERT command BHO/W
—LEIhEe, BAMEE FEE—NE.

@) Single Commands (B4

X8, BRLI—RmE—%a<, Griddler2.5 PRO BEEMNINEERITESN].

REANDSHRILNFE, thamit “front” Fmds "tab”, SEOKIR
FrarIas<. MRE[/E LTRSS, JUEERUTIZAISS.

WORRDANG,
RELCE (YR D) FRrELA “front”
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Type “front” and hit tab....

.ccmmand - X

front Batch &
Build

List of Commands (@) By Group O Alphabetical Order

— EXECUTKJN COMHANDS -

TITLESCREEN

DESIGNHPATTERN

MPORTDXF {filename.dxf}

LOADSESSION {filename mat} {1-go to simulation screen; 2-go to design sc
VOUTUBE

PARSEPATTERN

MESHDETAILTANGENT {1 to 4} v

< >

Command windows returns all commands that begin with “front”

B command = X
FRONTBBDIMA Batch & o
List of C ds (O By Group ® Alphabetical Ord Build
ist of Commands y Group Iphabetical Order Sets the dimension A of the front busbars in mm, if -~
FRONTBBDIMA {mm} A the busbars are segmented.
FRONTBBDIMB {mm} e.g. FRONTBBDIMA 2
FRONTBBDIMC {mm}

FRONTBBENDDIMA {mm}
FRONTBBENDDIMB {mm})
FRONTBBENDDIMC {mm})
FRONTBBENDDIMD {mm}
FRONTBBENDSTYLE {1 to 5}
FRONTBBNUM {number}
FRONTBBSTYLE {1 to 6} v 5

< > [[J Do not show this again

@ Glossory of commands (fy4ICE%)

,d:_JLJfoH‘JZJ‘ FREIMFEEWSILER. REETHRS, FHEH— MRS IERZS <.

.command - X
oo ) FRONTBBNUM Batch &

~1| Listof commands O By Group @) Alphabetical Order Build

|e.g. FRONTBBNUM 4 FRONTBBDIMA {mm} P
FRONTBBDIMB {mm)
FRONTBBDIMC {mm}
FRONTBBENDDIMA {mm}
FRONTBBENDDIMB {mm})
FRONTBBENDDIMC {mm}
FRONTBBENDDIMD {mm}
FRONTBBENDSTYLE {1 to §
FRONTBBNUM {number’

L ¥ || |[FRONTBBSTYLE {1 to 6} v
[[] Do not show this again <

@ Load Scripts (g

— MR ER— M TICRASHNAN . BNEFETE, Ea<ENRT "Batch”, BHAEER
W)Y 2T SR VA R N
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.:ommand - x

List of Commands

By Group (O Alphabetical Order

— EXECUTION COMMANDS —

TIMLESCREEN
DESGNHPATTER] [l Open batch file X
MPORTDXF {file
LOADSESSION { 05- earch 18-05-03 Griddler 2 5
oumoee A || « Pc2d > 18-05-03 Griddl... > v earch ] 2.
PARSEPATTERN
MESHDETALTAN  Organize v New folder = v M o

< Name Date modified *

P

# Quick access

B Desktop -

¥ Downloads

%l Documents *

&= Pictures *

& Google Drive +
¥ i
i L Py

File name: | script.bt v] (*.bdt) v

EXAMIFER, FI0ET 2/ 5.1 ISRk eIEERIETHERIMA, B, BiERT—&5IHw

PN
70

| script.txt - Notepad
File Edit Format View Help
|LOADSESSION “C:\Griddler2_S_PRO\PERC_example.mat" 1
FINDISCVOCMPP
CLEARFILE "summary.txt"
SAVESUMMARY "summary.txt" “"base line"
FRONTFINGERCONTACTRES ©.11
FINDISCVOCMPP
SAVESUMMARY “summary.txt" "lower front contact resistance”
POINTCONTACTSRV 440.000
REARPASSSRV 10.@800
CONTACTWIDTH 40
CONTACTPITCH @.6
CALCEFFECTIVEREARIOL
FINDISCVOCMPP
SAVESUMMARY "summary.txt" "optimized rear local contact”
EDGEJO1 @
EDGEJ@2 1.72
FINDISCVOCMPP
SAVESUMMARY "summary.txt" "ideally low edge recombination”
FRONTJQIMETAL 713
FRONTJ@2METAL ©
FINDISCVOCMPP
SAVESUMMARY "summary.txt" "lower J@1 metal”
PLOT “summary.txt" 2 Jsc Voc FF Eff

@ Script Builder (A4 m533%)

ERSEORT "Build” 3RHHIALMES. ME "Record” 12, fdENKBLGSHNFICREER

Griddler 9%, FHCRERAHH, FEIT, 7E record BT, ERARHABSEAWIIAIMNIT,
MRS BRIIERI A 4. TEREN A 7B ftti%HT6E.
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B command - X
If record mode is on, then any command | Batch | Il
you type here will not be executed, but
rather logged as a new line in the script List of Commands (@) By Group () Alphabetical Order Duiid )
below -

— EXECUTION COMMANDS —

TITLESCREEN

DESIGNHPATTERN

IMPORTDXF {filename.dxf}

LOADSESSION {fiename.mat} {1-go to simulation screen; 2-go to design sc

Turn on “Record” and the command ;g:;:s:mn“

window will record down every action you MESHDETAILTANGENT {1 to 4} v

do in Griddler as a command in the script < >
Script

Press “Stop” to stop the record mode Record [FRONTJ01 80 ~

FRONTJO1METAL 600
Stop | EZEITN

Press play to execute the script \ REARIOIMETAL 60
Play ' [FRONTLAYERSHEETRES 80

Select any line of the script and FRONTFINGERCONTACTRES 0
hit delete to delete that line Delete

Load previously saved scripts

Clear the entire script window\
Clear

Log Filename summary.txt Plot
Comment comment

B SAZE Griddler h—MNZHBATLMSEIRT, TER(IRNME—LERGS.

1. OPTIMIZEFRONTFINGERSNUM and OPTIMIZEREARFINGERSNUM
XA an S B LA H T LA KRR S IR I E A s SRV E. XEmSIMEE:
OPTIMIZEFRONTFINGERSNUM {range from} {range to} {summary filename.txt}

ZENNEIF, teandan< OPTIMIZEFRONTFINGERSNUM 50 200 optimize front fingers.txt, Griddler %
SfE 50-200 NEUESEEIN , AUTEEREIIEERIAEMEE , SHAERMER FNEIERS. B—FER,
Griddler #\&iTE |-V Hizk, R17F -V 284F! optimize front fingers.txt {4, &f5, Griddler B&Ex
VAR E AR S Voo, FF, BERRIERZEE.
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n command

n Explanation

Repeatedty changes the number of front fingers within
the user defined range, seeking the highest efficiency.
For every case Griddler runs an FV curve and saves
the -\ parameters to the specified text file.

e.g. OPTIMIZEFRONTFINGERSNUM 50 150
front_fingers_opt.bet

- X OPTIMIZEFRONTFINGERSNUM

[OPTIMIZEFRONTFINGE|

OUTPUTRESOLUTION {pixels}
OVERLAPPICANDGRID {image_file.tif}
PARAMETERGENUPDATEIL {1-yes O-no}
PARFOR {var_name} {start} {end} {step}
PARPOOL {num of total workers}
PARSEPATTERN

|:| Do not show th

iz again

PASSBASEID {fA/cmzZ}
. /)

OPTIHLZEREARFINGERSNUH {range from} {range to} {summary filename.tx
OUTPUTORIENTATION {x_stretch} {y_stretch} {x_translate} {y_translate} {r

v

OPTIMIZEFRONTFINGERSNUM
50 200 optimize_front_fingers.txt

B command M — *

ONTFINGERSNUM 50 200 0ptimize_fr0nt_ﬁngers.t)d| Batch |

List of Commands

O By Group @AIphabeticaIOrder Build

OPTIMIZEFRONTFINGERSNUM {range from} {range to} {summary filename.b ~
OPTIMIZEREARFINGERSNUM {range from} {range to} {summary filename.tx
OUTPUTORIENTATION {x_stretch} {y_stretch} {x_translate} {y_translate} {r
OUTPUTRESOLUTION {pixels}

OVERLAPPICANDGRID {image._file tif}

PARAMETERGENUPDATEIL {1-yes O-no}

PARFOR {var_name} {start} {end} {step}

PARPOOL {num of total workers}

PARSEPATTERN
PASSBASEJD {fAJcm2} - W
< >
u vV
385 863
- -
- ]
o -, 866
g s
5 . 664 ]
< 315 < *
H 8 662 ]
B
3 860 i
365 858
50 100 150 200 100 150 200
FRONTFINGERSNUM FRONTFINGERSNUM
82 208
L
o1 P 206 ]
S *
F . = 204 . ]
= 50 2
& S 202 ]
fiT]
79 " |
* -
78 19.3
50 100 150 200 50 100 150 200
FRONTFINGERSNUM FRONTFINGERSNUM
@ Jsc @ Voo @ FF (@ Efficiency @ %-¥Plot O Waterfall Plot Save

2. FINDJSCVOCMPP

PN
XRABL

SNERIMERTYIRETU

FINDJSCVOCMPP {parameter to vary} {value from} {value to} {step} {summary filename.txt}

ATLARSRITE |-V sk, ANSRIGRZFEN FINDISCVOCMPP, Y Griddler RiRESFIERITE -V,
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GIRIDPLER piF#v7.0. 2023-00-15

BN,

FINDJSCVOCMPP TEMPERATURE 25 50 5 vary temperature.txt

Griddler $87£ 25-50°C SBEA, LA 5°C gOEE

£ vary_temperature.txt {4,

&fa, Griddler SRRLIBEREIMEMAY fo Voo FF, RERAYHILE.

Bl command - X
B Explanation - % FINDJSCVOCMPP ~ BASEDOPING ™| Clpse | | | Batch | a
Runs many -V curves, each case varying the desired . REARFINGERSTAPERFROM ~
parameter in the range defined. List of Commands (O By REARFINGERSWIDTH -
For every case ran, Griddler logs the important -V FINDJSCVOCMPP REARFINGERTRANSPAREMNCY &~
parameters as a row in the summary text file. FINDJSCVOCHPP {paramete
&.g. FINDJSCVOCMPR TEMPERATURE 25 50 5 temp_series tet FINDLOSSES {1-power loss REARILLUMINATION
FINDLOSSES {1-power lnsg REARJO1
FOR {var_namej} {[valuel va REARJO1METAL
FOR {var_name} {[value1 v:
FOR {var_name} {start} {en REAR.J0Z
FRONTBEDIMA {mm} REARJOZMETAL
N FRONTBBDIMB {mm} REARJIL
[] 0o not show this again FRONTBBDIMC {mm} REARLAYERSHEETRES v
i REARPASSSRY |
REARPROBEPOINTS
REARRIBBONSHEETRES
FINDJSCVOCMPP TEMPERATURE REARRIBEONWIDTH
2050 5 vary_temperature.txt TEMPERATURE
J WAFERLENGTH
)] ‘°mmEW = X WAFERRESISTIVITY
1\
*MPP TEMPERATURE 20 50 5 vary_temperaturs txt| | Batch | a WAFERSERIES
= WAFERSHUNT
List of Commands O By Group @ Alphabetical Order Build WAFERTHICKNESS v
FINDJSCVOCMPP -
FINDJSCWOCMPP {parameter to vary} {value from} {value to} {step} {summz
FINDLOSSES {1-power losses 2-recombination currents 3-J0s at Voc 4-FF
FINDLOSSES {1-power losses 2-recombination currents 3-J0s at Voc 4-FF
FOR {var_name} {[value1 value2 ..}
FOR {var_name} {[value1 value2 ..J}
FOR {var_name} {start} {end} {step}
FRONTBBDIMA {mmj}
FRONTBEBDIME {mmj}
FRONTBBOIMC {mm} . v
£ >
)] ANVZ - X
385 668
- -
*
o oy 566 -
o
5 . S 664 .
€ 375 <
E’ 2 662
=
¥ 660
36.5 658
50 100 150 200 50 100 150 200
FROMNTFINGERSNUM FRONTFINGERSMUM
82 208
* 206
81 :
e g .-
F . = 204 -
= 80 H
w 2 202;
i]
79 20
78 . . 19.8 . .
50 100 150 200 50 100 150 200
FROMNTFINGERSNUM FRONTFINGERSMUM
@®Jsc @Voc @ FF @ Efficiency @ XY Plat (O Waterfall Plot Save

TRE. 8—MER, Griddler EEHERMNAY -V S8GCR
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3. SAVESUMMARY

SAVESUMMARY {filename.txt} {comment}

IBTRIFZZ SR RRY {filename.txt} ASHEHREFEER |-V B8(So Voo FF, 3R, Vinp Jmp)e 1&
BLAESTRAMN, HN&E, thamik, E5.1 B, EREESUAEREATRGSHE

SAVESUMMARY "summary.txt" "base line"

NTERERA baseline LINRERNZZEH -V 281, TEEIIBRETR—T summary.txt {4,

H 9 b summary.txt - Excel Johnson Wong &= b O X
File Home Insert Draw Page Layout Formulas Data Review View Developer Help QSearch =g
Al = f.\‘ Comment1 v
- B C D E F G -
1 |Comment1 JJsc(mA/cm:Voc(mV) FF Eff Vmp(mV) Jmp(mA/cm2)
2 base_line 39.65634 664.6897 77.84019 20.51802 558.5404 36.73507
3 lower_front_contact_resistance 39.65634 664.8337 78.26543 20.63458 561.4105 36.7549
4 optimized_rear_local_contact 39.7201 667.4182 78.40223 20.78437 566.399 36.69563
5 ideally_low_edge_recombination 39.72011 668.4387 80.01384 21.24404 569.9683 37.27233
6 lower_JO1_metal 39.72011 670.2685 80.02183 21.30432 571.4376 37.28198
7
= ) -
summary @ . »
Ready T FH | - 1 + 100%

5.2.3 FOR LOOPS RiESemS

&R LARS For loop &2 EH For loop (£ For loop BE5—* For loop) kR EHNZERBSEFN
BTN |-V HETE. TERIINE— N FE T —LIEEEA<SH For loop,  For loop 17945
HHARMIN. AERDAS I, Griddler FoEiTiXLLT.
DEFINE J02_VALUE 10 40 10
FOR JOe_VALUE 30 60 10

FRONTJO01 JOe_VALUE

FRONTJO02 [J02_VALUE(JOe_VALUE)]

REARJ01 EVAL<[JOe_VALUE]*1.5>

REARJO1METAL EVAL<[JOe_VALUE]*1.5>

FINDJSCVOCMPP

SAVESUMMARY Summary.txt FRONTJ01 JOe_VALUE

SAVESESSION test_cell_with_j01=[J0e_VALUE]_j02=[J02_VALUE(JOe_VALUE)].mat
NEXT JOe_VALUE

1£ For loop RY&EXRIEAH, BIUMEMSEFHEE: FRONTIO1 (IEEFELE Jos ), FRONTJO2 (IEEFE
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X Joz ), REARJO1 (HWEIFEAX Jor ), REARJOIMETAL (EEHZEKX Jor). THILEABREEE 1 S8HZE
BN,

B, X FRONTJI02 HIETFEESE—1T, DEFINE JO2 VALUE 10 40 10, DEFINE #<6IE—E/R
JO2_VALUE §3{& [ 10, 20, 30, 40 ] (XEREBENERM, FHaa= 10, £55R= 40, $K=10), AEHE
For loop 71, FRONTJO2 [J02 VALUE(JOe VALUE)] MEBEITEAIEEPHNME. FIEEH
J02_VALUE(JOe VALUE) R9EE R J02 VALUE(for loop 1 JOe VALUE RUIEKFRE). BBA, S—RER
i, SIESHRIZ J02_VALUE(1) = 10, AREXAMEMRLZ FRONTI02, RTLABANIDLRIENH, FRONTIO02
EFRORE 10, 20, 30, 40,

T—2, FRONTJO1 HH{EERER for loop 935 E JOe VALUE §9fE, 30, 40, 50, 60 (HEJHASHE
MHy FHa=30, £R=60, HK=10), KELREF, FRONTIOT AYESHIRZ 30, 40, 50, 60,

&/a, REARJO1 #1 REARJOTMETAL A9{E%B!A REARJO1 EVAL<[JOe VALUE]*1.5> #0 REARJOTMETAL
EVAL<[JOe VALUE]*1.5>EX, X§#=F EVAL<mathematical statement>RE2FRERA Griddler {&iE
MATLAB BERITERIESERE. FTLUXEIX for loop i£{H EVAL<[JOe_VALUE]*1.5> BYERIZ
[JOe VALUE]*1.5 = 45, 60, 75, 90,

£ for loop #, AEBMSHMEZE, T—a FINDISCVOCMPP, £IE{THITE |-V #iLk;
SAVESUMMARY Summary.txt FRONTJO1 JOe VALUE £EBRIER Z FTE Summary.txt 4igR -V
S# (BREHP, J0e VALUE BEEAEEWICR TK).

£/, SAVESESSION test_cell with_jO1=[JOe VALUE] j02=[J02_VALUE(JOe VALUE)]. matix—afyEE
2, [WRER D 56 & S test_cell with j01=30 jo2=10.mat, test _cell with j01=40 j02=20.mat,
test cell with jo1=50 j02=30.mat, test_cell with j01=60 j02=40.matFH{R{Z.

INRIEAEBLAEEBRRREX)0e_VALUE and J02_VALUE, B—HHELR

DEFINE JO2_VALUE [5 8 15 40]
FOR JOe_VALUE [30 35 42 60]

FRONTJO1 JOe VALUE

FRONTJO2 [J02_VALUE(JOe VALUE)]

REARJO1 EVAL<[JOe VALUE]*1.5>

REARJOTMETAL EVAL<[JOe VALUE]*1.5>

FINDJSCVOCMPP

SAVESUMMARY Summary.txt FRONTJO1 JOe VALUE

SAVESESSION test_cell with_j01=[JOe VALUE] j02=[J02_VALUE(JOe VALUE)].mat

NEXT JOe VALUE

JXE2, DEFINE JO2_ VALUE [5 8 15 40] & 5, 8, 15,40 R:XI#{EL J02 VALUE, FOR JOe VALUE [30
3542 60] $58 30, 35, 42, 60 #RKXM{ELS)0e VALUE,
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TERE(EHS—Mor loopayflF

FOR DOPANTPROFILENAME [D90_profile E_110_profile F_150_profile]
FOR METALETCHDEPTH_ [10 20 30 50]
LOADSESSION "E:\17-09-15 Griddler 2_5 PRO - PC1D\mono_example.mat" 1

IMPORTDOPANTPROFILE 1 "E:\17-09-15 Griddler 2.5 PRO
PC1D\[DOPANTPROFILENAME].dop"
DOPEDLAYERSRV 1

EVAL<min(10*(([EMITTERPASSSURFACECONCENTRATION]/1000000000000000000
00)*1.5)*4.2/1.78,10000000)>

DOPEDLAYERLIFETIME 1 100

RUNPC1D 1
IMPORTDOPANTPROFILE 2 "E:\17-09-15 Griddler 2.5 PRO
-PC1D\[DOPANTPROFILENAME].dop"

DOPEDLAYERLIFETIME 2 100

METALETCHDEPTH 2 [METALETCHDEPTH_]

RUNPC1D 2

APPLYFRONTLAYERSHEETRES

APPLYFRONTJL

APPLYPASSEMITTERJO

APPLYMETALEMITTERJO
FRONTFINGERCONTACTRES
EVAL<2E20*1/[EMITTERPASSSURFACECONCENTRATION]>

OPTIMIZEFRONTFINGERSNUM 50 150 front_fingers_opt.txt

FINDJSCVOCMPP

SAVESUMMARY "2017-09-16_phos_emitter_profile_screening_summary.txt"
[DOPANTPROFILENAME] [METALETCHDEPTH_]
EMITTERPASSSURFACECONCENTRATION FRONTFINGERSNUM

EMITTERPASSSRV  JUNCTIONDEPTH FRONTLAYERSHEETRES FRONTJL
FRONTJLOSSEMITTER FRONTJLOSSFCA FRONTJ01 FRONTJO1METAL
NEXT METALETCHDEPTH_
NEXT DOPANTPROFILENAME
FTEMOREFERE, BRNXITLUESr loophEXHF, BATLLENFHFH, XEB, FOR
DOPANTPROFILENAME [D90 profile E 110 profile F_ 150 profile] & (& R=FRTE) "DI0_profile”,
" E_110_profile * , * F_150_profile " & )X Mt {& & DOPANTPROFILENAME . For loop dh
IMPORTDOPANTPROFILE 1 "E\\17-09-15 Griddler 2 5 PRO PC1D\[DOPANTPROFILENAME].dop"7£
1, 2, 3IRERHE[DOPANTPROFILENAMENKRE#:4DI0 profile, E_110_profile, F_150 _profile.
XEFESIRERT, GriddlerESRIRFTAHSNX=MERD L.
Eoree FRE_ EmAYREEF, BRI ERBfor loop., Xfor loop2FAFARAIDOPANTPROFILENAME,
/Mfor loop 2R FABIKIMETALETCHDEPTH , /MiSfor loopRFREX{Tap<$ I METALETCHDEPTH 2
[METALETCHDEPTH_Ify. f&/)\@dfor loopiEfSH, iX—1TRUWERERME10, 20, 30, 50 (nm) HFORME(EL
FEEEEEMXESBMZIBAKORE.

E—ie, TENNBESEMIN=A TR RS, WE— M BROTHHEAAN TN TRNERE
IMZIRE, ME—FERITEESREXMEXAY0e, EITETECXA0eRS, RIBGSNAEVALES, LA
REFRERERE FREARETEARSEELSLIEESRY, B, XBRAMBENAEVALGS, LURSIR
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FHBERTFRENMRFTEFARSGSENELEIHER-¥SHKEMBHE. §8—RXRERF,
OPTIMIZEFRONTFINGERSNUM 50 150 front_fingers opt.txti§ast e ariE it EmEmELE.
BRI EZ S, 1TEERII-VEEEMRFE I+

2017-09-16_phos_emitter_profile_screening_summary.txt,

RN AFH T BRIz Tfor loop, TEHILLF( IREBWMA R TEIRIETZRI M 8RIfor loop:

PARPOOL 3
DEFINE J02_VALUE 10 40 10
PARFOR JOe_VALUE 30 60 10

FRONTJO1 Joe VALUE

FRONTJ02 [J02_VALUE(JOe VALUE)]

REARJ01 EVAL<[JOe_VALUE]*1.5>

REARJO1METAL EVAL<[JOe VALUE]*1.5>

FINDJSCVOCMPP

SAVESUMMARY Summary.txt FRONTJ01 JOe VALUE

SAVESESSION test_cell with_j01=[J0e_VALUE]_j02=[J02_VALUE(JOe VALUE)].mat

NEXT JOe VALUE

55—17PARPOOL 3fGriddler#i7 =£}{7i@E. PARFOR JOe_VALUE 30 60 10f0ZRIRITE T —HE,
EARZLUERS, MRUFHTIA. FERESHRE, EREEERMPARFOR loops, AWIEBNIEIRL/R
LA FOR A9 T.

FEEURYE (PL), BBEURSE (EL), BEEFRIRN, ASCABRAERIEARNIIPRS TAIAEER AT
BIFEEANIEA. M 2016-2017 &, Griddler 2.5 PRO FHAHR BT A ERGRAIENL. TEFAIREIRR
—

TEERFERER FSantRIEFAM - BTIRFEATENL: a) FEIBEYRR 2.255uns T, EERMFR
BEIRZFAM PLER. b) HEN 650 mV {mERTRY EL B, X275k Zafirovska B9, XTMA PL £t
HESRANBIATRET, FER TSR NENEREX SRR, (1. Zafirovska, M. K. Juhl, J. W. Weber,

J. Wong, T. Trupke, “Detection of Finger Interruptions in Silicon Solar Cells Using Line Scan
Photoluminescence Imaging”, IEEE Journal of Photovoltaics, vol 7, pp. 1496 — 1502, 2017).
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TEZMNA Griddler 1) EL ¥ MPP 4TI Va DHEHRRIGIF. (a) RHUAY EL BR TAI Va, (d) &
B9 MPP £ THI Vo, (b) ERI EL B TARI Ve, (e) A PLIUERI MPP 44 TAI Ve,

delta VaEL
measured minus simulated
[-10 to 10 mV]

Vd‘mpp

,m|
Griddler simulation measured
[500 to 590 mV] [500 to 590 mV]

max

XESETE Frihauf B9, XTRIBHHERMEG. BERIFIERCREIXERMBN_RERESE,
¥ERtrEpE, MERRIBR AR SIS EERIERI= A2 M IIE. (F. Frihauf ). Wong, J. Bauer, O.Breitenstein,
“Finite element simulation of inhomogeneous solar cells based on lock-in thermography and

luminescence imaging” , Solar Energy Materials and Solar Cells, vol 162, pp. 103-113, 2017).

TEHE MR EN S EARNARIA SRR KRRt AR RS TR B CEIGRAIGIF. 1IXEB
R2751% Wong B SolarEYE f9—5B TIE. XERHD TIERXTERIESEN_IRERESE, iR,

WEEENEESHNESNZEIS Y. (J. Wong, P. Teena, D. Inns, “Griddler Al: New Paradigm in
Luminescence Image Analysis Using Automated Finite Element Methods”, IEEE PVSC 2017).
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9A EL in dark -9A current extraction
avvith 2 Suns

Data Fit Dat Fit

OC, 3.6 Suns

Data Fit Fit

TEHEIME—MELDCERCEGRINIF. 8%, BEIAZRT 3.1 MO ETHNERRIRITENX
Jor, AESSIRVERRFEREAYFEIARELTTIA.
LT R—EaI LIS BAR A RER EERA R BRI

INPUTRESOLUTION 1000 - INPUTRESOLUTION FFREBANNSH=EOHHEEID R, BN
K PL BIBREB A EENIDIER, FHEIRER Jo BIGHBEX Mo #ERMHE, FrAR( B BRI EER 1000
(BoPERIBERIRE N 1000x1000),

OUTPUTRESOLUTION 1000 — OUTPUTRESOLUTION FHF&ESHHY Griddler 2 A& LB
DR, AR 1000,

LUMINESCENCECAL {C, sEZRB88 C HEEIHIN4R) (B, SE 2SS B BRI 43}
XBE =% BRI EEN BB _IREBES IREE 2 BAVEIEE 0. Griddler N THEAIN
i

V.
=C (exp (—q Z;‘fde> - 1) + BI;

luminescence

Hepo BNRER, C M B BRF, Voo B—IREERIE, / BUA Suns ARMRDEIRERE. FA

luminescence

LUMINESCENCECAL &<, #&RILURE C 71 B AEL, 3B ABE C M B =EDHIFRISIFE.
XEHAIRA
LUMINESCENCECAL 1e-8 0

THEHRZ 1Sun BT, 500mV BRimEEETRIER:
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B <Griddler 2.5>

Command Base Transport  Cell Cross Section  About  Efficiency Improvement

iveTUi T.UIeTuu 31ZET0U Ao

Ivlat| 500 |mv @ @@ @
] ) 3 )|
TEZ 1Sun ??R\E—F, FFERETHIEIAR:
| B <criddrer 25>

Command Base Transport  Cell Cross Section  About  Efficiency Improvement

3. 39e+UZ Z55e+UZ 1.7 1e+uZ aro

E’fﬁ’fﬂ&%ﬂ%ﬁ?‘?ﬁi‘ﬁ@{% ?*ZTI]T’E?:{%T_jjSUK (txt) ﬁdflE RAXFLAREEBRIBRF SN,

5
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| -Save Image X 1 *
e
Pc2d > 18-05-03 Griddl... > Search 18-05-03 Griddler 2_5 E
il K v|d 2 ddler2 3 P | Foerz I/ 16+UZ aro
— —
. N: =———7
—

# Quick access

B Desktop v

& Downloads # = o
*

“| Documents

Griddler keylok_write keyloksdk
= Pictures *

& Google Drive # .
2017-06-18 5t # i3S

i

1l

B
=
1300 Saddle all_fits.jpg autocad_instructi back.jpg E ——
define high den< ons.jpg
manuals (o o
File name: | 1Sun_500mV_luminescence_pattern.txt M=
Save as type:

A Hide Folders

ANREREERNNB A ESISERKERETE, HHEFEERIEW (mesh) AIRHE, 7£ Mesh detail
IR REIRE High Bl BB — &< LIRS £ BMEMHARIMIERIE K, XK SHFEL RT "Mesh”
ZRIEA.

@ -
Command Base Transport  Cell Cross Section  About  Effi "(‘\(.cummand _ X ¥
SY ON L
I hmack -
ectang 220402 Balch &
Front Metallization: click Analyze 8 4Meshirg semica J — 1
Front for Griddler to parse the ——————— = Listof Commands  (® By Group O Alphabetical Order Build | S—
metallization geometry p— — -
= T ExecuTion coumanDSs — | —
sl —
I [TMLESCREEN | —
- |DESIGNHPATTERN —
IMPORTDXF {fiename dxf} | ——
= |LOADSESSION {fiename.mat} {1-go to simulation screen; 2-go to design sc e
4r YOUTUBE  —
PARSEPATTERN —
[ [MESHDETALTANGENT {1 to 4} vl —
Click for post editing 5 {E [« b _—
| |
| |
| |
1 1
0 | | 4
T |
| |
| |
Analyze Front 2F b
Mesh detail
(tangent to Hi.. v~
metal) 4 -
Mesh detail
(perpendicular to Hi... v
metal) i
6 1 .
Mesh
I i
OK sk 1 1 M 1 N N
8 6 4 2 0 2 4 <:|
Save to AUTOCAD Dxf
BACK

LTEFHIATd<: RECTANGLEMESHMASK -2204 0.2

XEENX—MIIRAIRE(-2,2)cm F1(0,4)cm RIZEFY, GEBUNMNEBEERSESEIRSS 02 mm, £F
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EHRNE R, SRILERIRETXEEEZENMNE,

| B <criddler 25 - X
Command Base Transport  Cell Cross Section  About  Efficiency Improvement -
Rl

‘ Front Metallization: click Analyze

Front for Griddler to parse the
metallization geometry

Click for post editing

enhanced mesh
detail

Analyze Front

Mesh detail

(tangent to Hi.. ~
metal)
Mesh detail
(perpendicular to Hi.. ~
tal H 1
e rdinary mesh detail
Mesh
| OK

NA

15 A
Save to AUTOCAD Dxf

TEHRHAICR—TXIRLIRE(-2,2)cm F1 (0,4)cm RIFERAER, RIS INEZEMIERTSATEEULE
EGNXE. SRLUEREXMER T, NMIEERSEAMRIGESHT,

SFRMIRE(-2,2)cm F1 (0,4)cm RUREAERSH  WRMIRE(-2,2)cm 1 (0,4)cm BIEFAEFSH
RUASCENR, RIS RURSCEIG, ANINEEERTES.
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NERBURSM (Bla0, YeRR. BBIE) FE\RTHaN, ATLAEAMERERtiInERS, BRA |-V BRI e
HGERIMEHAR, 2 Griddler AR ERHTISENN, EEAILULUEAMBN/IMES AC L, tBEiE
2D (ML) RERTIRIESZZ{URY, Griddler BILASH—NBERTAIIESZES(CAYRE Mt S 2L, HiIgn, a0
REBBAVERIRERIER Vappied = Ve + OVac x sin(wt), B Voc BRERIRE, Vac 2— M\ RIRE, H
IHERNHERNZNT kT/q, wE— MR, APATLATHBE AR IRERRY | = Ipc + dlac x sin(wt +
0). HA Ibc EEREBAAT, 6lac 2—MNIRRRER, 6 2—MEMA. R, HHESHEEEGXM
LAINARE,

RTEIVIMES AC IIRATITE, FAIJTE base transport calculator & FEEEITTE P T LA THER. &G,
BEREENZE, BRIIENT—1NEH, %ﬁ?ﬁﬁ-‘ﬂ@uu?ﬁnn ™

1
- == + lw
T T
XBS, FEUKER &YX, maF 7
Ldiff =+Dt*

XLERFREMR A RISRERNH. AR, ROUESHIHERA

QVaioa
@ yminescence = C f(w) (exp (%) - 1) + BI,

L S prLy: w
Flw) = it dsz (1+ eff dlff><exp< >_1>
D Ldiff

Se Li W
(1=t (1 — e (%))
t S I, W SerrLa; —w
e ) () on )
XFELAFTE ¢ PERXNELEW BIKER—HF.
TEENPE—EITE/IMEE AC IS, BRANERE T %917,

% load the large area cell file
loadsession 2017-05-19 _test cell.mat 1
FOR edgej01 [0]
FOR rhoc [0]
FOR JO0e [50]
FOR REARSRY [0 50 200]
FOR TAU [2000]
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% sets the region of interest to incorporate entire wafer
LUMINESCENCEROI -2-22 2
% background light is about 0 Suns
FRONTILLUMINATION 0
% no sinusoidal light
LIGHTPERTURBATION 0
% AC bias of 10mV
BIASPERTURBATION 10
% first we simulate the DC response using the bias light and voltage
% first, we specify we are solving in DC mode
DIFFERENTIALMODE 0
% we open up the base transport calculator, and calculate effective rear JO1
assuming certain bulk lifetime
EDGEJO01 [edgej01]
FRONTFINGERCONTACTRES [rhoc]
FRONTJO1 [JO€]
REARPASSSRV [REARSRV]
BULKLIFETIME [TAU]
CALCEFFECTIVEREARJO1
% we simulate the DC response with bias of 500mV
MAP 500 4
% we vary the frequency of the AC component from 10Hz to 1000kHz
% 1st argument is the filename to write results to
% 2nd argument (4) means we want to record the PL in the ROI
% 3rd is in the format NUM OF PTS to vary the frequency in a log scale
ACSWEEP 2017-05-19_test_cell DC500mV_AC10mV_results_tau=
[TAU]_rearSRV=[REARSRV]_frontJ01=[J0e]_contactres=[rhoc]_edge=
[edgejO1]_peri=[perid01].txt 4 10 1000000 50
% background light is about 1 Suns
FRONTILLUMINATION 1
% sinusoidal light
LIGHTPERTURBATION 0.01
% no AC bias
BIASPERTURBATION 0
% first we simulate the DC response using the bias light and voltage
% first, we specify we are solving in DC mode
DIFFERENTIALMODE 0
% we open up the base transport calculator, and calculate effective rear JO1
assuming certain bulk lifetime
CALCEFFECTIVEREARJO1
% we simulate the DC response with bias of 500mV
MAP OC 4
% we vary the frequency of the AC component from 10Hz to 1000kHz
% 1st argument is the filename to write results to
% 2nd argument (4) means we want to record the PL in the ROI
% 3rd is in the format NUM OF PTS to vary the frequency in a log scale
ACSWEEP 2017-05-19 test _cell DC1Sun_ACO0_01Suns_results_tau=
[TAU]_rearSRV= [REARSRV]_frontJ01=[J0e]_contactres=[rhoc]_edge=
[edgejOo1].txt 4 10 1000000 50
NEXT TAU
NEXT REARSRV
NEXT JOe
NEXT rhoc
NEXT edgejo1
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EREFE TSRS, SEERE, £ ACSWEEP 2T, BHNEGABERRIE MmN FERTRib
mﬂﬂﬁﬁe

B <Griddler 2.5> = X

Command Base Transport  Cell Cross Section  About  Efficiency Improvement N

B <Griddler 2.5> = X

Command  Base Transport  Cell Cross Section  About  Efficiency Improvement ~

.U -30.29 -bU_55 aegrees

Wait...calculating voltage distribution

100
200
300

400 F

500

O 0 00O
A0 0

I3

N 00
Map Luminescence v at | OC |mV @ @ @ @

BTz, HITLETAES— M, EEEEHEEHA, WF:
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Amplitude of luminescence AC Response
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SERRAY |-V R EFRPUERECE, HPrBiRFEENERA RS MO F5em. AT HREXFP I

B35 | iERRFERRAYARGIFINE, Griddler 2.5 PRO RILURHIANITUERET,

FRENX S MRETHIZRMEEE,

TmE, HE(IMERETEAEIFRNEX—INEE, £ H-pattern iki+7RE, Ad5< DRAWEXTRAFRONTSENSE
{x position (cm)} {y position (cm)}RFEIEEFNIBNEIRET. EtaTLABa< DRAWEXTRAREARSENSE {x
position (cm)} {y position (cm) REEERINUEIRET. EXBEHISEXEM.
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DRAWEXTRAFRONTSENSE 0 0.7
DRAWEXTRAFRONTSENSE 5.2 0.7
DRAWEXTRAFRONTSENSE -5.2 0.7

on  About  Efficiency Improvement

Command  Base Transport
% O
B command - X

8

DRAWEXTRAFRONTSENSE 5207 Batch T T
Build

List of Commands @) By Group () Alphabetical Order

6 Sense terminals
| DXECUTION CoMNANDS — indicated by Griddler in

DESIGHHPATTERN ¢ blue circles

IMPORTDXF {fiename. dxT} -
LOADSESSION {fiename.mat} {1-go to simuation screen; 2-go to design s¢ 7
YOUTUBE 2 1
PARSEPATTERN F

MESHDETAILTANGENT {1 to 4} v

<
Style  |Two Split ~| Style  |Round Pad -

Edit Details Edit Details ) 4

Busbar
Ending

Pointed ~ Straight

Edit Details 4

Print -
Mathod |Single print @ single print

Front Fingers
No of fingers
{Pitch is2.29 mm) | 98 82

Finger width 120 |um 60 8 6 4 2 0 2 4

[ taper fingers from| g taper fingers from | g0
Toggle Front/Back View

L 05 UNDO REDO Cell Front Side

End Joining | None v Pairs
Edge Gap 1.14 mm  Edge Gap 1 mm Next

Save to AUTOCAD Dxf OVER/

REEEMNARAHTER. SEFEHIMNEKE. RE, & simulation WEY, BTLLBEE®GS
DISPLAYTERMINALSNUM B R&ZiHAIFS., RS IS EEFR R, WES|IMIAEEERSR.

Command  Base Transport  Cell Cross Section  About  Efficiency Improvement

B command - X Eﬁn@ ERZ

T T T T T i

DISPLAYTERMINALSNUM Batch | = =

List of Commands () By Group (®) Alphabetical Order Build +

DIFFERENTIALMODE {1-on 0-of 4 B

fard

[DISPLAYTERMINALSHUM
DONORBACKGROUND {1-pass emitter 2-emitter under metal 3-pass BSF 4-
DONORCOLUMN {1-pass emitter 2-emitter under metal 3-pass BSF 4-BSF u 4 T gt i

DONORUNIT {1-pass emitter 2-emitter under metal 3-pass BSF 4-BSF under
DOPANTPROFILESHAPE {1-pass emitter 2-emitter under metal 3-pass BSF + 1
DOPANTPROFILETYPE {1-pass emitter 2-emitter under metal 3-pass BSF 4-
DOPEDLAYERLIFETIME {1-pass emitter 2-emitter under metal 3-pass BSF 4- 2F - 5z 4
DOPEDLAYERSRV {1-pass emitter 2-emitter under metal 3-pass BSF 4-BSF
DOPEDLAYERSRVFORMULA {1-pass emitter 2-emitter under metal 3-pass v - -

< 2>

Front Current Extraction Rear Current Extraction t Ha
Extract current at eac... ~ Extract current at eac... ~

L o

20 & 20 [

01 [ 01 [ ,

contact points -| contact points
resistance (mohm) 0 II resistance (mohm) 0
Front Diode Parameters Rear Diode Par: & i

EE

EE

1-Sun JL, 5y 1-5unJL,

non-shaded area | 36.89 EI non-shaded area | 39.6

(mAicmz) (mAlcm2) 1 it
passivated metal passivated metal 8 1 N N N 4

area contact area  _ contact 8 -6 -4 -2 0 2 4 6 8

Jo1 T 2| JO
ivemz) (13066 10078 raremzy | O [y O
Jo2 = 21 Jo2 2
(nAJem2) 0 [l O Jw (nAlcm2) 0 EI
Edge Recombination J01 o 2lJ02
o [FAJcm) W inAscm)
Front lllumination 2| Rear lllumination
(Suns) T |1l (Suns)

)

Cell Front Side  Toggle Front/Back View

EE B Ep B

Vmpp=mV
FIND v '
J Vo MPP| | | SWNEEP SAVE

P7ERATETLAFES < FRONTCONTACTPOINTSRES BYPIN, AS— MRSt AERYEREE (LA ohms H

%

7
7

90



GIRIDPLER piF#v7.0. 2023-00-15

Bfy),

FRONTCONTACTPOINTSRES BYPIN 15.3 45 64 7.3
93.3 40.5 81.3 25.6 246
73 3.8 69 86.1 55.3
74.8 14.2 171 60.2 10.3
29.1 89.5 90.7 48.8 52.7
17.3 76.4 55.7 25.2 54.2
68.6 81.1 0.7 57 41.6
4.1 13.7 6.1
jrovement ]
GRICCILERZ
(— EXECUTION COMMANDS — 8F T y T H T T J—
Wafer area =243.36cm2; optical shading6.78% f—
TITLESCREEN —
DI TTERN 6
IMPORTDXY {filename.dxf} [
LOADSESION {filename. mat} {1-go to simulation screen; 2-go to design sc
"YOUTUBE
PARSEPANERN 4
MESHDETAILTANGENT {1 to 4} v
< >
uctance |1/kohm-cm2) [ ‘E res (mohm) [ 2F
Metal Opfical Transparency, Metal Optical Transparen
fingers | | El 0 z fingers| 0 lé)usbars 0 ﬂ ok
Front Cufrent Extraction Rear Current Extraction
Extract cirent at eac.. Extract current at eac .~
2l
20 & 20 12
A4 o1 o o1 @,
contact points 22|} contact points k|
resistance (mohm) 0.011 ‘II resistance (mohm) 0 [ml
Rear Diode Parameters s
1-8un JL, 1-Sun JL,
non-shaded area | 36.89 i‘ non-shaded area | 39.6 ﬁ
(mA/cm2) (mAicm2)
passivated metal passivated metal Gk L L L L L L L e
0 area contact 2 301 area ﬂcuntac‘tﬂ -8 -6 -4 2 0 2 4 [ 8
2 2
acmz) 1308671007631 garemz) . 0 i O
Joz ET 21 j02 2 2l Cell Front Side | Toggle Front/Back View
0 g O | 0 W O |m
(nAlcm2) i} W (narem2) Vimpp= mV
Edge Recombination 01 21402 o =
L (fa/em) Wl nAjem) | s
Front lllumination 5| Rear lllumination 12 FIND Jv - 1,
{Suns) 1 3l (suns) 0 -\ N\PP| | | SWWEER cAve| OVER'

EXFER T, BRIV SHE5RAMER (RENER, RREHIBRMEE) (ENIFEEM.

Commentl Jsc(mA/cm2)  Voc(mV) FF Eff  Vmp(mV) Jmp(mA/cm2)
random_pin_contacts 34.387015 617.36178 79.53762 16.88522 513.445 32.886141
no_pin_contacts 34.387015 617.3891 79.68929 16.91817 518.6442 32.619993

AR S EEEERNERAIT A ERIEREIL. FRY F RSB E ESEE A — SRS MIRIA,
BRI LUXFER , Bl 11k« < EDGEJ01 BOTTOM, EDGEJ01 TOP, EDGEJO1 LEFT, EDGEJ0O1 RIGHT,
EDGEJ02 BOTTOM, EDGEJ02 TOP, EDGEJO02 LEFT, EDGEJ02 RIGHT. TEFEAIRE—MAI+F.
THEFHKAIA H-pattern RITTREZEY—HE&R. X2E—REEIRAHOFREN. BIMEeEMEt, RE
2 simulation T,
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B <Griddler 2.5

Command Base Transport  Cell Cross Section  About  Efficiency Improvement

SO
Wafer Shape and Size
Wafer Type Psuedo-sq... ~
Ingot diameter 21 | cm

Shingling Pattem

Front Busbars

Mo of BB 1

Solder/Probe 3

Points

BB width 06 mm

Style Straight ~
Edit Details

Busbar

Ending Straight ~
Edit Details

Print

Method dual print ~

Front Fingers

No of fingers 95

(Pitch is1.64 mm)

Finger width 45 |um

[ taper fingers from 200

02
End Joining Al

Edge Gap 1 mm

Wafer length 3,12 |cm
Wafer width | 156 cm
Enable Rear Pattern
Pattem |Full area metal . ~
Rear Busbars

No of BB 1

Solder/Probe
Points 4

BB width 06 mm
Style Straight ~
Edit Details
Straight

single print

120
50
taper fingers from | g0
05
All
Edge Gap 1 mm

Toggle Front/Back View

UNDO REDO Cell Front Side

bt Save to AUTOCAD Dxf

£ simulation TUHE, FMREEREESSINAEES, RAREXAZEETIN. FiIMEH< EDGEJO1

BOTTOM 1000 M#{E

) e
Comm

@, @, [EDGEJ01 BOTTOM 1000

B command

Fro
fing

b (F |- EXECUTION COMMANES —
ug

List of Commands.

By Group () Alphabetical Order

1000 fA/cm 28JEi8 n=1 BIIRE.

X hent

Batch A7

(r |TMLESCREEN
fing |DESIGNHPATTERN
{n |MPORTDXF {filename.dx|

lay| [LOADSESSION {fienamefnat; {1-0 to simulation screen; 2-go to desian s¢

Build

RIGELER

Vafer area =48.1cm2; optical shading4.64%

{ [vouTuBE
waf, |PARSEPATTERN
WESHDETAILTANGENT {ffto 4} v
resi
inte | € 2
uctance (1/kohm-cm2) [ §¥ [l res (mohm) [ ] sl
Metal Optical Transparen| Metal Optical Transparerﬂ
% 7
fingers |  Tousbars| ( fingers 0 1 07
Front Current Extraction Rear Current Extraction ér
Extract current at eac... v Extract current at eac...
20 B 20 @ *f
o1 [H 01
contact points contact points | 2r
resistance (mohm) 0 ::I resistance (mohm) 0 i
Front Diode Parameters Rear Diode Parameters
1-8un JL, 1-8un JL, | or
non-shaded area | 39.6 :I non-shadedarea | 396 [y
(mAlem2) (mA/cm2)
passivated metal passivated metal L L L L L L L
area contact area contact 8 6 -4 2 0 2 4
Jo1 2 b( Jo1 > 21
faemz) | 80 |7y 600 (iem2) | 60 i B0 [y -
102 10 = 50 0 f‘ 0 21 Cell Front Side  Toggle Front/Back View
(nacm2) nl N L y—
mpp= mVY
Edge Recombination 02 0 2
Front llluminati e u FIND
ront lllumination umination 7
(Suns) 0 j JS:\& \\PP

SNERF (15 Edge Recombination Jor 3580 MR4H, FAIATIABRIRARIAN nodes B Jor,cae TR

1000 fA/cm,
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<Griddler 2.5> — s

Command  Base Transport  Cell Cross Section  About  Efficiency Improvement ]

TUUe+U3 5 UUBTUZ U

Intreduce nen-uniformity in edge J01

Enable

.-M I pattern from jpg or tif
lmms Bottom edge nodes take on
J values of 1000 fA/lcm
Draw in the cell area to define the OLedge
spatial distribution

Brush Size

Small rLarge 10

Brush Hardness
Soft 4« »| Hard | 100

Value to draw 325
Normalize picture to 1.625
n %
@
200
unNDo CLENR 20 40 60 80 100 120 140 160 180  20C

Done Cell Front Side | '0ggle Front/Back View

EHER, BA IR LAR#®<$ EDGEJO2 BOTTOM 100 B{E 100 nA/cm £5fKIA n=2 AYdiodes.

Command  Base Transport  Cell Cross Section  About  Efficiency Improvement kY
% B command - X
Fr¢ [EDGEJ02 BOTTOM 100 Batch & Eﬂ!l@ ERZ =
finy
Build T T T T T T T T
{ 1
bj‘ List of Commands @) By Group () Alphabetical Order Nafer area =48 1cm?. optical shading4 64%
(I ZexecuTion commanos!
fing 4
(i [TmLEscReEn
12y [DESIGNHPATTERN
| [MPORTDXF {fiename.dxf}
wal |LOADSESSION {filename.mat} {\-go to simulation screen; 2-go to design sc -
res [YOUTUBE
It |PARSEPATTERN
uc MESHDETAILTANGENT {110 4} v
Met (_ = = = L
7 7 7
fingers | "rlusbars 0 £ finders| 0 = 0 =
Front Current Extraction RealCurrent Extraction &r 1
Extract current at eac... Extreft current at eac...
20 & 20 @ 4 ]
o1 | o1 &
contact points 5| contact pints 121 2r 7
resistance (mohmj) o I‘ resistance{mohm}) 0 i
Front Diode Parameters Rear Diod§ Parameters
1-sun L, Ly 1-Sun.L, a1 Or 1
non-shadedarea =~ 39.6 EI non-shaded yea = 398 ||
(mA/cm2) (mAlcm2)
passivated metal passkated metal L L L L L L L L L
o1 area contact 2 201 area cumac‘tﬂ -8 6 4 -2 0 2 4 6 8
2 2 ? ?
daiemz) | 80 [y 600 3 rraemz) | 60 \ ) 60
J02 10 |2 5o |2 ez Il Cell Front Side | T0ggle Front/Back View

(nAJcm2) u Ml (nvemz)

Edge Recombination .JU1I 1625 ';‘ 02 0 152{&1
m nAem i

i Vmpp= mV
Front lllumination Rear Il FIND v @ ] ¥
(Suns) 1 ’7“ |Seual:s) umination 0 L Jsc\‘;:WP Y. P| - }

HENMRRAERBRDASZEEERILAFESHIBR F, DRIEFR_IRERE, BATILISHYE
FIX3H, FERLERERAIRE.
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o JJo.uy u.uu mv bbo. b4 JI4. .34 uuu mv

Without bottom edge recombination With bottom edge recombination

000 e A

Map |Diode Voltage ~ at| OQC | mV [ : @ ( @ Map |Diode Voltage ~ at | OC 'mV t @ ( @
,,,,, T W e TN
‘ FIND ‘ Jv N\AP| REPORT m ‘ FIND ‘ JV \\AP| REPORT Q
SAVE SAVE

b WWPP| | | SWWEER OVER/ J\L PP | | s\neEP OVER/

NRFEANRBERLNEESTEROAFEEH |-V 24, HIFFEETLUERRBENXS). FES
MR Voo, BEER, BRIERET.

Commentl Jsc(mA/cm2) Voc(mV) FF Eff Vmp(mV) Jmp(mA/cm?2)
with_bottom_edge_recomb 37.764091 667.2117 76.61959 19.30557 557.5009 34.628757
without_bottom_edge _recomb 37.764149 668.8941 79.51409 20.08543 564.7428 35.565625

FBRAERAREMEIS. BUHSIEARIVZEHFEFERNESSAM. Griddler 2—MEEREIITER,
AJRAATE XA S, B —, ARIAMEREL, SRLERUATHS:

DRAWFRONTCRACK {1=2THSFIE/E; 2={FFIFSF} (x y) LNEXRIBMUMRIIRIASIR (FBE)
LA 9 Ea AL

DRAWREARCRACK {1 =3 SMNEE; 2=XFIFSK} (xy) LUEKNBMAIIHIATR (BE) LU
R

f5len, DRAWFRONTCRACK 100551

BHERTAEEE— RN, FIRENESRE (EXMERT, AT, WREREINERR TR
EFEE, NEMNEX DRAWREARCRACK 10055 1), NEFIRZR T EEibRIUPROGHRAIZG], LK
EXRIFE R EAERIRN. BT ERRE— M E=ARIRAMTE T HE.
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i
Sl

37 19
36}
18
g 35
S 3 17 N
g, g g
_.E‘ 2 16 \
7 X = o
o \ s N
‘g 31 o g i
3 30 s »
\\\ 14 N,
29 \\
28 13
1 2 3 4 5 1 2 3 4 5
Scenario Scenario

OUTPUTRESOLUTION 1000

TITLESCREEN

DESIGNHPATTERN

WAFERTYPE 2

SAVEDXF 8u2he727365ys.dxf

DRAWFRONTCRACK 1 -1.383966 -8.000000 -8.000000 -0.620690 1

DRAWFRONTCRACK 1 -5.569620 -7.862069 -3.679325 -5.310345 -3.206751 -3.793103 -3.206751

-1.931034 1

DRAWFRONTCRACK 1 -5.367089 -3.517241 -3.206751 -1.931034 -1.248945 0.000000 -0.101266

2.344828 1

DRAWFRONTCRACK 1 -2.261603 -1.034483 -4.894515 1.517241 1

DRAWFRONTCRACK 1 -4.624473 3.517241 -4.894515 5.931034 1

DRAWFRONTCRACK 1 -1.654008 8.000000 -1.586498 6.000000 -1.046414 4.068966 -0.101266
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2.344828 1

DRAWFRONTCRACK 1 -4.894515 1.517241 -5.367089 -0.620690 1
DRAWFRONTCRACK 1 -4.894515 1.517241 -4.624473 3.517241 1
DRAWFRONTCRACK 1 -8.000000 3.931034 -4.894515 5.931034 -1.654008 8.000000 1
DRAWFRONTCRACK 1 -7.054852 4.551724 -5.434599 2.758621 1
DRAWFRONTCRACK 1 -7.864979 7.379310 -5.839662 5.310345 1
DRAWFRONTCRACK 1 -2.261603 -1.034483 -1.856540 -1.310345 -0.438819 -0.689655 1.113924
0.206897 8.000000 5.931034 1

DRAWFRONTCRACK 1 -1.248945 0.000000 -0.438819 -0.689655 1
DRAWFRONTCRACK 1 -0.101266 2.344828 5.367089 6.206897 1
DRAWFRONTCRACK 1 3.274262 2.000000 1.924051 3.655172 1
DRAWFRONTCRACK 1 1.924051 3.655172 5.232068 3.448276 1
DRAWFRONTCRACK 1 1.924051 3.655172 -0.033755 5.931034 1
DRAWFRONTCRACK 1 1.113924 0.206897 0.506329 -2.344828 -0.033755 -3.241379 1
DRAWFRONTCRACK 1 0.506329 -2.344828 5.974684 -7.931034 1
DRAWFRONTCRACK 1 -0.033755 -4.551724 3.544304 -7.931034 1
DRAWFRONTCRACK 1 5.367089 -3.655172 8.000000 -6.689655 1
PARSEPATTERN

GOMESH

OKMESH

PARSEPATTERN

GOMESH

OKMESH

REARCURRENTEXTRACTION 3

FRONTCURRENTEXTRACTION 2

FRONTILLUMINATION 1

FINDJSCVOCMPP

REPORT crack _IV_21.txt

FRONTILLUMINATION 0

MAP 700 4

FRONTILLUMINATION 1

SAVEPICTURE EL21.txt

SIS E AR AT e R E M RAIRR R E A sENB A FTHENNAY B EIA RS ERS  ANSREBET RS
MTEMHMERRRITR, TESSENERN -V S IEFEIREESIRE. A TIEINXMTH, ERUFE
BHERUTSSZ—!
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SETSWEEPRATE {V/s}
IRE |-V FHEFLAV/s HRARIEEBERE, =%

SETSWEEPTIMING {filename.txt}
INE—XA, HPErsl, SiToslRARARMHRERLL V ARMIEE, LIESERRRET
AOIER, [RETTREEAMRIEEA T |-V (A TEERR, RNl EErIRERE,

TERZEXE Voc it (Voc = 741 mV) #{7&A JV 3EEKRGI, o SETSWEEPRATE 3 100,

B <Grigdler 25> - ps
Command Base Transport  Cell Cross Section  TCO Layers  About  Efficiency Improvement  License  Tandem E
® &
Front Metallization Rear Metallization .
finger sheet res 2 finger sheet res 7 ’—:—:—:__
(mohm/sq) 2 ﬂ {mahm/sa) 1' ‘ T e
1 £ 3 &
i i)
finger contact res! 2 finger contact res 2
(mohm-cm2) 3 EI (maohm-cm2) 53 Voc =7T41mV
I heet layer sheet res -
a)f(irr];éz}rea 120 il yuhm ) 55 56 :I ol Jsc =39 94mA/cm?2
FF =162 45%*
ey o [ T 0] 25 [ | expon
internal shunt cond- 0 i‘ External series o 2fg spb  Vmp=681mv*
uctance (1/kohm-cmz2) | res (mohm) ? Imp =8.9A%
Metal OpticaI,Transparenﬁ Metal Optlcal Transparerﬂ Jml; 77'0 mAem2*
fingers | g 7 0 fingers| 0 £ 404 e . R
= £ "
Front Current Extraction Rear Current Extraction g = 0.970 mohm
Extract current at eac... ~ Extract current at eac... ~| = a0} (Estimated based on available points on the IV curve.
0.1 | 0.1 ﬂg Click "Find Jsc Voc MPP" for precise results!
005 2! 005 Al
contact points 5| contact points led |
resistance (mohm) 0 I‘ resistance (mohm) 0 ]|
Front Diode Parameters Rear Diode Parameters 10l
1-Sun JL, 1-5un JL,
non-shaded area  |41. 4085:‘ non- shaded area 41.327 j
(m&/cm2) (mA/lcm2)
passivated metal passwated metal ! . . ! L L L
101 area Jcnmam 21 J ea JmntactJ SWEEP HANGE y -
?
(falem2) 5 l 5 | [WcmZ) G 5764 74(6.576 | 741 Jto] 0 Jstep| 10 |my @
- -
Joz o 2 g 122 o [A o j
(nAfem2) | M (narcm2) WL ~
Edge Recombination J01 21402 0 ) 4
Front llluminati e |||M(Wcm) Y FIND =a AP ﬁl -
ront lllumination ear lllumination 2 1 7
(Suns) :I (Suns) 0 j KV PP | | sweeP I ISAVE OVER/

SR EEUR IR BT Imaging FFEIRI—FFiAR. Bl fERFERRISA G R TEROARE, FEE
(ER—REANEN, EAETERAERSR. SLiTMpGRIEEER—F, RARGBoBGHERE—ET
P APHEERE R AYEEATERRE .

AT BTSN PLARI, AJLMERLI ™M E—"<:

LINESCANPL {1=Fg1t, 2=2KFG} {pitch(cm)}
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f5lan: LINESCANPL 1 0.156
Pt/ RARE GRS, [BIEES/HEH ROl FUIEE, ELABERT, EiEREETIRE, L
R340 ROI, e tFNLeiafmEaY ROI 2R—UEN.

LINESCANPLMULTIPLECAMERAS {1=fgdt, 2=%RF5} {pitch(cm)} {RIEENE (SEENED {EREN
[B)EE(cm)}

f5%0: LINESCANPLMULTIPLECAMERAS 1 0.156 55 0.156

FEEIRERA, S48 ROI FUZEE =L B EE AT e SE AR E = [aiIEAR. mlifE, ATLENES
184 ROI #£78) ROI AYRIE. MISRIXE, FBATEEEIMBEREA txt BY, &84 RO EfE txt LA
HHEEIR,

LINESCANPLMULTIPLECAMERAS {1=Rgdt, 2=%RFG} {pitch(cm)} HEEE(cm)} (BIEENEY (EEENED
{EARTENEIEE(cm))

f5l%n: LINESCANPLMULTIPLECAMERAS 1 0.156 55 0.156

FEEARERA, L1811 ROI FUEEE =L iB BRI BE ST tRE =)t AR, XthrseSantaiE=
[B)EEA[E]

LINESCANPLMULTIPLECAMERAS {fg£} {pitch(cm)} S£5&(cm)} {(RIBTENNED (SEENED (LAR1EHE
BB (cm)}
FLAERF, AN sRILREERRE

HAVED 7 LU TSRS FE, (55 LINESCANPLMULTIPLECAMERAS A45 0.156 55 0.156, iEiF &,

HTEaEEU—RIIEERRNFIER, EEIIFRER. EXLRNHE, 2B EREIDT
B2, Fhkl, SERHEER
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Command Base Transport  Cell Cross Section  TCO Layers  About  Efficiency Improvement  License  Tandem ~

Front Metallization
finger sheet res

(mohm/sq) ? EI
- 8
finger contact res ?
{mohm-cm2) 3 1‘
layer sheet res ?
{ohm/sq) 10000 EI
wafer internal series
resistance (mohm-cm2) 0
internal shunt cond- 0

uctance (1/kohm-cm2)
Metal Optical Transparency
2 2zl
fingers 0 0
Front Current Extraction
Extract current at eac... ~

01 &
0.05 [

contact points >
resistance (mohm) 0 1‘
Front Diode Parameters
1-Sun JL, -
non-shaded area 41,40851‘
(mA/cm2)

passivated metal

area contact

2] Ji

Jod 2 =l
o e i
J02 21 |

maemzy 0t @
Edge Recombination J01
- (favem)
Front lllumination 2
(Suns) N

02260 ©ZU 45 015,10

Front converging to within198.6846 %

Map Diode Voltage ~ at| OC 'mV @ @ *

' Tewm | v \| FRaE ferod —m
\ || [NNA EPORT
‘J»,t\(j.rl\l\l'-‘P‘1 ‘S\NEEP\ P | |sAave OVER
<Griddler 2.5> - *
| Command Base Transport  Cell Cross Section  TCO Layers  About  Efficiency Improvement  License  Tandem >

" . B34 6o EER-E B4 .39
Rear Metallization

finger shest res
(mohm/sa)

finger contact res

S Il =

Hmnhn}wﬂ-cm?) 100
ayer sheet res ?
(chm-sa) 55.56 1‘

j‘ Temperature (C)| 25 2t
2| External series 5 200
E‘ res (mohm) 0 =t

Metal Optice_l.l Transparerﬂ
fingers| 0 0 300
Rear Current Extraction

Extract current at eac... ——¥7-— b+
————————————————————————
2 —
RE-gm—
0.05 [ |
contact points 1=l
resistance (mohm) 0 i 500
Rear Diode Parameters
1-Sun JL, =
non-shaded area | 41.327 ||
(mA/cm2)
passivated metal 600
area contact 100 200 300 400 500 601
(fAlcm2) G,ETG4MG,5TGM
J02 2 2| Cell Front Side  Toggle Front/Back View
oaemzy | Ol O [ Vo= mV
102 o PP
R |||mnwCrm ul ) JV A ﬁl :
ear lllumination = H 4
(Suns) 0 4  |[HWMPP| |S\weer | OVER/
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DR REEES

Griddler AILAEMARFIFERIBSNEFERIENEENRDRELSFER. I, WRIGHEEEEEAE
Module, Module IS EHMEN R ARELSFAER-BESE, NtEaTEEGEEEIEEN
HiES (1555 Module iBBFEAR 4.7).

T KU R, ETERIS (Mesh)FEs HERLITSS:

DRAWHOTSPOT {x y} coordinate in cm (radius) in um, (shunt conductance) in 1/ohm, (rev breakdown V)
in V, (rev 10) fA, (ideality factor)

DRAWHOTSPOT EDGE {shunt conductance} in 1/ohm (rev breakdown V) in V (rev 10) fA (ideality factor)

g

DRAWHOTSPOT -4 6 1000.1 -50 1
DRAWHOTSPOT -9.1 2 100 0 -5 10000 1
DRAWHOTSPOT EDGE 0 10 100 1

u'E'-::eriEn — X
Comman d Base Transport  Cell Cross Section  |deality Factors  TCO Layers About  Efficiency Improvement  License Tandem E
% S
| Front Metallization: click Analyze
B command = 3 | Front for Griddler to parse the
metallization geometry 8-
bRAWHOTSPOT 4610001-501 Batch

Build

Listof Commands @) By Group () Alphabetical Order

|~ EXECUTION COMMANDS — 1

ITMLESCREEN

DESIGNHPATTERN 4r
PORTDXF {filename dxT}

LOADSESSION {filename mat3 {1-go to simulation screen; 2-go to design sc Click for post editing

'vouTuse

PARSEPATTERN 2r

MESHDETAILTANGENT {1 to 4}

2+
Analyze Front
Med 4
Hi 6L
Mesh
s
oK

N I I I N N ! L
8 5 4 2 0 2 A <:|
Save to AUTOCAD Dxf
BACK OVER/
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BREMRRBNGET, BEERHABE:

B <Griddler 2.5> - *
Command Base Transport  Cell Cross Section  |deality Factors  TCO Layers  About  Efficiency Improvement  License  Tandem o
®

%

Front Metallization: click Analyze ) 5 ' i ! ! !
Front for Griddler to parse the n Hotspot defined at (-4, 6) I

metallization geometry al 4

Click for post editing

ol i
—_—— |
2t m
Analyze Front
Med 4r b
Hi s i
Mesh
B8t m
OK N N N | 1 1 I T
-8 5 4 -2 0 o A <:|
Save to AUTOCAD Dxf
BACK OVER/
M 4 E3 .
Griddler SRR BEEETES WIS :
B <Griddler 2.5> — x|
Command Base Transport  Cell Cross Section  |deality Factors  TCO Layers  About  Efficiency Improvement  License  Tandem o

Ul
5=

Front Metallization: click Analyze
Front for Griddler to parse the
metallization geometry

6.08 | Meshing semiconductor: Done - number of nodes 89059 i

Click for post editing & \1"‘1“!&
o

’ WAV AR eSS S|

Analyze Front

Mesh detail

(tangent to Med
metal)

Mesh detail
(perpendicular to Hi... -
metal)

Mesh

OK
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EEHUAE L, IETUHTRARESRN, FAE— P THERREIATAHARINESE (Hotspot
Map)., FEZ5IZ-11V -7V BREREFEE.

|B <Griddler 25> - X

Command Base Transport  Cell Cross Section  Ideality Factors TCO Layers About  Efficiency Improvement License Tandem

U.uu wicme

Note: actual edge power density is a factor of 0.12957 of shown

-/at 111000 MV | : @ @
A\
- - NS

Ao A [ INNAP| Aepodk | | _

[Ekc T [SNEER] | \ | [SAVE| ovER;
<Griddler 2.5> - X
Command Base Transport  Cell Cross Section  Ideality Factors TCO Layers About Efficiency Improvement License Tandem N

U.uu vw/.cms

|
|
|

SAVE| OVER/

fND || ov [N\AP\ Sepodr
(I

[Zsc Ve MPP| | | SWuEER
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AT LA

LHIRFEHRS (Report)
FERI7H,

1T ERE |-V HiZRER:

B <Griddler 25>
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Command  Base Transport  Cell Cross Section  Ideality Factors TCO Layers  About  Efficiency Improvement  License  Tandem

Front Metallization
| finger sheet res

s g
(mohm/sq) N
2
2
finger contact res: ] i‘
(mohm-cm2) N
layer sheet res il
| lohmsg) [ 190 [
| wafer intemal series
| resistance (mohm-cm2) 0
| internal shunt cond- 0

uctance (1/kohm-cm2)
Metal Optical Transparency
2

7
fingers | 0
Front Current Extraction
Extract current at eac..

20 2
01 [
contact points B
resistance (mohm) Y II

Front Diode Parameters

Rear Metallization

finger sheet res 2
{mahm/sa) 3 E‘

iz

2 4

finger contact res il
(mohm-cm2) H
layer sheet res 7
(ohm-sq) 150 EI

i‘Temperalure(G) 25 -]

5| Bxtemnal series 0
1‘ res (mohm) 0 _g
M

etal Opll:egl Transpalerﬂ’
fingers| 0 0

slly

Rear Current Extraction
Extract current at eac. ~

20 2%
01

contact points
resistance (mohm) Y
Rear Diode Parameters

EE

1-8un JL, 1-Sun JL, .
non-shaded area 42 i‘ non-shaded area | 39.6 j
(mA/cm2) (mA/cm2)
passivated metal passivated metal
104 area qumam 2 J0t area cumac‘tﬂ
2 2
| tvemz) 40 |3y 100 |3 gwemz) | O W O W
| Joz k| 21 Jo2 ? =
| mawemzy | 2 Il 2 | maemz) 0 j 0 |l
| Edge Recombination 01 2] J02 2
| 9 (f fcm) liparem | 0 Tl
Front lllumination Rear lllumination |zl
(Suns) (Suns) 0 v

RS, IREREBIFIERLX

2 2023-09-07 whotspot and leaky & X +

Fil Edit  View

1190 .800000
1260 .000000

1.222553
©.748758

B THIR A

[ T T T

B Ey— T T

43+
Voc =0mv*

Jsc =39.44mAfcm2
425 FF =NaN%~

Eff =0%*

Vmp =0mV*

Imp =13.04A%

Jmp =39 44mAjcm2™
4151 Rs =0.552 ohm-cm2
= 1.670 mohm

42

Al (Estimated based on available points on the IV curve.
Click "Find Jsc Voc MPP" for precise results!

L n . . .
-10000 -8000 -6000 -4000 -2000
Voltage (mV)

Cell Front Side 1 0dgle Front/Back View
Vmpp= mV

o) [ser)| P fof

Hotspots:
& ¥
(cm) (em)
-4.000000
-9.100000

radius power dissipation

(um) (W)
6.000000 100000000 1.372319
2.000000 10@. 000000 0.271171

MR ERIBEFINFE

Edge reverse bre
& ¥
(em)  (cm)
0.000000
-@.285658
-@.571315
-8.856973
-1.142638
-1.428288
-1.713945
-1.9996@3
-2.285260
-2.5708918
-2.856575
I -3.142233
-3.427891
-3.713548
-3.999206
.284863
.578521
-4.856178
-5.141836
-5.427493
-5.713151
-5.998808
-6.284466
-6.570123
-6.855781
-7.141439
-7.427896

Ln1, Col1

akdown: 8.836474
power dissipation

we—— NGEFEINFE

(W) N
9.100000 ©.030561

9.100000 ©.039559

9.099999 0.030634

9.099999 ©.830670

9.099999 ©.930729

9.099998 ©.030726

9.099998 0.030624

9.099993 0.030613

9.099997 0.030604

9.099997 ©.830689

9.099996 ©.030627

9.099996 8.030654 WG FEIERINFESD
9.099996 0.039692

9.099995 0.030623 >:Fﬁ (RLEFITHFE)
9.099995 0.030483

9.099995 ©.830399

9.099994 ©.030333

9.099994 ©.039385

9.099993 0.039340

9.099993 0.030483

9.099993 0.030793

9.099992 ©.830507

9.099992 ©.030235

9.099992 ©.030032

9.099991 0.030004

9.099991 0.030134

9.099998 9.935257)

100% Windows (CRLF) UTF-8

NEEHFFE. UTE-11V RES T
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7 SEBTEREREE (PRO fRZS)

7.1 R

INRIGCEAE Griddler WITFRE, FBABSRINGEEEAPRREREIEAMRILZE —FrIFRE R BB AR
TR, 2) WECAPHREE MR REA FRFNENR Griddler FEEthiEEUfRTE—E, MES i, FTRUT:
Griddler SREXTREREEE (VILH/ERREBHE). KB (HRESRME) FEIMIFNTEESE
IHEEE—IE.

Top Cell Part

Tandem Cell

M top cell position x = 0 |cm y= 0 |cm

5 g/ @ ——— upper interlayer sheet res | 80 _mclhm.n"sq

lower interlayer sheet res | 80 ohmisg

l

interface contact res 1 ul mohm-cm2

[J Photon coupling J0O1= 0 fA-'mAZ'?J
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TEVERPEENES TR MREANSIE, NN BEFIFTFRY Griddler Bit&EEIFF IR, —
BT TRERR, B— P ATRERRE L. lEsciia, FTLUSTERRIRERTE, FHEN zip XHHITRER.

1. 1€ Griddler 328arh, &5 Tandem LUBHNEXIR S R,

Command  Base Transport  Cell Cross Section  TCO Layers  About  Efficiency Improvement  License B

tandem_settings — x
File ~
Top Cell Part () Enable Tandem
File: none
Edit
File: none
Edit
Tandem Cell View overlay
4—» topcellposion x=| 0 |em y=| o |cm

/s
\% §/ @——— upperimerlayer sheetres | 80 | ohmisq

lower interiayer sheet res ohmis
y 80 |, ohmise
interface contact res | 1 yf mohm-cm2
1 Photon coupling 11| 0| ia/map2] Front lumination (Suns) - Rear Hlumination (Suns)
in tandem in tandem 0
overlap area (top) | Ml  overiap area (top) 1}
Front Current Extraction in tandem in tandem
Exiract cunent at onc.. [ overlap area (bot) 1Ml overlap area (boty| 0 1
Rear Current Extraction 1 0
Extract current at eac. .+ Reset @ Mk cqual @ Mok equal

2. BREISH-> NNETREREEME . IEERTNEREE It Griddler #E2L,

tandem_settings - X
File ~
Open tande file (zip) ¢ () Enable Tandem
Losdtopcellfile ~  mm==—=—= 3 File: none
Load bottom cell file * 1
Save s !
1
Edit
File: none
Edit
Tandem Cell @ View overlay
g¢—p- top cell position x= 0 |em y= 0 cm
5 5 @——— upperinterlayer sheet res | 80 Mnhm/sq
lower interlayer sheet res chm/s
e 80 M q
interface contact res 1 ul mohm-cm2
) Photon coupling 01 =| 0 taimag] Front lumination (Suns) - Rear lilumination (Suns)
in tandem in tandem o
overlap area (top) L overlap area (top) ]
Front Current Extraction in tandem in tandem 0
Extract current at eac... « overlap area (bot)| L overlap area (bot) ]
Rear Current Extraction 1w 0w
Extract current at eac... ~ Reset Make aqual Make squal
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3. TREREEIARELINEE] Griddler ERMFRTR. CHERENEARERF =P F IR,

B <Griddler 25> — X
Command  Base Transport  Cell Cross Section  TCO Leyers  About  Efficiency Improvement  License  Tandem N
oo @
Front Metallization 1l
finger sheet res 2 3 il EIB ER
{mohm/sq) EI N 2 p—]
2 2 Wafer area =16cm2; optical shadingd 03%
3 E‘ 3 N
finger contact res 2 2
ohmans) 0|31 O Il 15 i
layer sheet res 2 2
(ohm/sq) 80 ﬂ 80 [y ,
wafer intemal series 2 21 1
resistance (mohm-cm2) | 0 ﬂ Temperature (C)| 25
intenal shunt cond- i‘ Extemnal series 21
uctance (1/kohm-cm2) (0-07927]  res (mohm) 05 |
Metal Optical Transparency
fingers | 0 T 0 o of 0 -
Front Current Extraction Rear Current Extraction
Extract current at eac... v Full area rear chuck c... 08
20 2 20
Tandem Cell
01 [ o1 B, |
contact points 2 12
resistance (mohm) | 0 [ 0 Im
Front Diode Parameters 15 B g/ §/ -
1-8un L,
nonsnadeaarea | 25 4] 306 |
| Er—— X %% %% X% % %]
(mAkm2) 2
passivated metal passivated metal L L L L L L L
Jo01 arsa J:untad 21 J01 area . :nmamﬂ -2 15 -1 05 0 05 1 15 2
2 z
taiem2) |1-030€ ) 1.0308 i traiemay | 0 [ O 3l - [ Photon coupling 01 =| | sa/maz?!
Joz Ex 2| Jjoz 2 2 Cell Front Side  T0ggle FrontBack View
0.001 0001 ]3] & o |
(nAcm2) (nAcm2) Vimpp= mV Front C E i
0 i o 'mpp=m' ront Current Extraction
Edge Recombination ivem) O Tlimavem L © Tl Extract current at eac... -
Front lllumination 8 121 ‘ , .
= - Rear Current Extraction
(Suns) 1N 0 |
4 SAVE| over’ Extract current at eac.. ~ Reset
BUSTAE> INERJERARE I 4, IR ECERERI Gri EES
4. BEEISH> NS ERARAE; . WEERJREBFEID Griddler tREL,
B tandem _settings - 4
File a
Open tandem file (zip) ;¢ [l Enable Tandem
Load top cell file w0 File: C:\Google
Load bottom cell file Drive\Pc2d\22-02-09
Griddler PRO - First Git
Save As
Repo'top cell.mat
Save -
Edit
Bottom Cell Part
File: none
Edit
Tandem Cell 8 View overlay
top cell position x = 0 |em y= 0 |cm
&——— upper interlayer sheet res | 80 M|:|hm,’5q
%/ §/ lower interlayer sheet res | 80 MUhmi'sq

A mAZLI

() Photon coupling JO1=| 0

Front Current Extraction
Extract current at eac... ~
Rear Current Extraction

Extract current at eac... Reset

interface contact res 1 m mohm-cm2

Front lllumination (Suns) Rear lllumination (Suns)

in tandem in tandem

overlap area (top) 1 Ml overlap area (top) 0 i

in tandem in tandem

overlap area (bot) | Ml overlap area (bot) 0
L 0

@ Make equal @ Make equal

(J Enable Tandem

File: C:\Google
Drive\Pc2d122-02-09
Griddler PRO - First Git
Repo'top cell.mat

Edit

File: none

Edit

@ View overlay

top cell position x = 0 |om y= 0 |cm

upper imerlayer sheet res | 80 | ohmisg

lower ineriayer sheet res | 80 | ohmisq

interface contact res 1 g Mohm-cm2

Front lllumination (Suns) ~Rear lllumination (Suns)

in tandem in tandem 0

overtaparea (top) | M| overlap area (top) l

in tandem in tandem o

overlap area (bot) 1 NI overlap area (bot) 1}
L 0w

© Make equal 8 Make equal
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5. [RBREEMEELRINZE] Griddler EEFRT. BHEENKIREFFTENREETEET.

B <Griddler 25>

Command

BaseTransport  Cell Cross Section

TCOLayers  About  Efficiency Improvement

License

Tandem ¥

aay

o

Front Metallization
finger shest res

Rear Metallization
finger sheet res

OTTOM CELIL

1@ Enable Tandem

File: C:\Google
Drive\Pc2d\22-02-09

2 >
{mohmisq) 2 El (mohmysa) El Griddler PRO - First Git
1 ﬂ 3 ﬂ 6 "Wafer area =122.69cm2; optical shading2.47% q Repo'top cell. mat
finger contact res 2| finger contact res; 2
i SR mahm-<m2) 52 it
Iayer sheet res 2| layer sheet res B 4 ]
(ohm/sq) 120 El fohm-sa) | 29-56 El
water internal sefies 2
focisance mommamz) | 0| Temperature ©)] 25 2! File: C-\Gaogle
internal shunt cond- 5| External series B 2 ] Drive\Pc2d\22-02-09
uctance (1ikohm-cmz) | 0 ﬂ res (mohm) 5 3, Griddler PRO - First Git
Metal Optical Tmnsparencj Metal Optical T ey E :‘3\ Repolbottom cell.mat
2 B 2 5
fingers | fingers| 0 0 olf 1[4 ]
Front Current Extraction  Rear Current = = Eqiit
Extract current at eac. Extract current at eac. e £
)] 2 2 B
2 = Tandem Cell 8 View overlay
01 | 01 2 . _
op cell position x=| @
contact points 5| contact points 20
resistance (mohm) | 0 1:| resistance (mohm) 0 [ 4 b et neet
Front Diode Rear Diode g/ g/ @ ——— upperinteriayer sheet res
1-Sun UL, 1-8un L,
non-shadedarea | 20 ﬂ non-shaded area | 41.327 ﬂ lower interlayer sheet res
(majcm2) (mAicm2) -6 e q
passivated metal passivated metal L L L L L L L interface contact res 1
o1 area contact 2 1 area ﬂcnmamﬂ R 4 -2 0 2 4 6
2 - _
(wom) | 5194 [y 5.154 ) (raema) B-576476.576) 1y () Phaton coupling J01 = (0 famazt) ‘:Z;’:;:'r'n”m'"a"“"‘s""s)
J02 o Ao e o ﬁ 0 Cell Front Side  100gle FrontiBack View overlap area (top)._ 1l
(nAfcm2) | Ml (nascm2) | Vmpp= mv Front Current Extraction in tandem
Edge Recombination éﬂA}m) 2 fﬂﬂi om0 2 Extract current at eac... overlap area (bot) Tl
non-overtapping area (mA/cm2) | 41 |l SAVE| owvER/ Extractcument at omc. <] | Resst
@ Make equal
LEFAT HRR XKL B R AV AR D
Ay
LB (PR N ERIR B R AV ER .
B tandem_settings = X
File N
Top Cell Part @ Enable Tandem@
T . File: C:\Google

1
1
1
L ey pp——

+

Bottom Cell Part

Drive\Pc2d\22-02-09
Griddler PRO - First Git
Repo'top cell. mat

Edit @

File: C:\Google
Drive\Pc2d\22-02-09
Griddler PRO - First Git
Repo‘\bottom cell.mat

Edit @

B View overlay

top cell position x=

0

0 cm@

cm y=

._____i upper interlayer sheet res | 80 l ohmisq :
lower interlayer sheet res | 80 Muhm!sq :
1
i 1
H interface contact res 1 1l mohm-cm2 i
T [
; 2|1 Front lllumination (Suns) Rear lllumination (Suns| KS)
(CJ Photon coupling JO1=| ( meAZ"Jl in tandem ( ) in tandem ( )
1
i | overlap area (top) L overlap area (top) 0 Wl
Front Current Extraction 1 I in tandem 1 in tandem 0 :
Extract current at eac.. ~ H overlap area (bot) Ml overlap area (bot) _NJ:
Rear Current Extraction @ @ : 1 il 0 !
Extract current at eac... } Reset : @ Make equal @ Make equal :

1
1
1
1
1
1
1
L

em y=| o |em
80 ‘muhm/Sq
80 | ohms
s
y mohm-cm2
Rear lllumination (Suns)
in tandem
overlap area itop) O ul
in tandem P
overlap area bot) 0l
O m
8 Make equal
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1. [EFHWREX
BUABR MR, SNREGHEES, NZFEIMNERY Griddler HRELSHIARRARMEID, WNREITEHEE
M, SRR e,

2. JREETNGER/EERAit
FEVHSIE Griddler EARIFRHEIRES/ RABEIbC EIR, LMEETILRES ML (FESICHRE).

3. TREReRjthiE
SNERTRAREE LU EREREE /)N, MIRTLAGEREEAERI EBERER I, AP ERERARIEE b8 37K
EREE A XA !

4. HR[E)R rapEFNEAdFR e

Griddler SREXTREREE (VIH/ERREBHE). KB (DHRESRME) FEIMIFNTFEERE
IEEE—E. BRILEXEE X LetaEn AR B EERHRIL AR . SAZ4L Griddler
S, BEAILIBEEEN N R, A8 SEEXIRISTER.

5. IE/REAREB
X3 FRUERABRBERE T, XA LASRIRE ) IRAREE. JReRBrE AN RIS TRAREE . AY/RCERRE It ER o HIRREA.
EXLEXIFRIRRIAARER, B50EE "HEE SIRE,

6. IE/REFRIRENTE
FERIRBUS R RN ERENECREFRET (7 Griddler EEHNEFKEARTA).

7. ¥FES J01
FFREEIRARGESEOCFREIL. EREREEIPIESE & I IR FRet N EERFEITRAYIL
%, REHIRBGFR A ERT. Griddler BRISCHL T —Fp & sRaIah 4.

q (photon flux emitted from top cell to bottom cell in units of cm?2s™') =

(Photon coupling Jo1) X (exp(qVatopce/KT)-1)

HEF' q EEZKEE’T%_ ' VJtopceII ETJﬁ%BEEﬁBE'\J%EEJ:T: ' T %;DEJII )0
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7. ZEREEIVSARS, Griddler TEHFRESBERAHEN. REAFEILBMNGRERNT
REFR). TBERE—NME,

EHEKIR
INFREBFEIBRIEIR ).

B <Griddler 25>

Command

o 8 ¥
Front Metallization
finger sheet res

(mohm/sq)
1
finger contact res 3
(mohm-cm2)
layer sheet res
(ohm/sq) 120

wafer internal series
resistance (mohm-cm2)

internal shunt cond-
uctance (1/kohm-cm2)
Metal Optical Transparency
7 gidl

fingers | 0

Front Current Extraction

oo EEEBEEER

Extract current at eac

20 =

01 A
contact points 5
resistance (mohm) o II
Front Diode Parameters

1-Sun JL,

non-shaded area 20 ﬂ
(mAicm2)

passwated metal

101 qunlac:l 2
{fAlcm2) 5 154 il 5154 [y
J02 0 & o A
(nAlem2) |l l

Edge Recombination J01
1 15un Jsc.tandem
: non-overlapping area (mA/cm2)

Base Transport  Cell Cross Section

= eml o

TCOLayers  About

Rear Metallization
finger sheet res

v
(mohm/sa) II

3 =

N

finger contact res 2
(mohm-cm2) 53 I‘
layer sheet res 7

(ohm-sa) 55.56

; Temperature (C)| 25 J
i‘ External series 0 =1
N

res (mohm)
Metal Optlcal Transparerﬂ
fingers| O
Rear Current Extraction

Extract current at eac

20 2
01 M
contact points ]
resistance (mohm) 0 [l

Rear Diode Parameters
1-Sun JL,
non-shaded area | 41.327 J
(mA/cm2)
passwated metal
contact

ez asmrua sraJ
J02 2 | ]
(nAem2) ﬂ 0 M

2]J02 2l
J(nA_-’cm} 0 Iim|

T
41w :

GIRIDPLER piF#v7.0. 2023-00-15

Efficiency Improvement  License

BOTTOM CELL

Tandem N

o

=)

T

-Wafer area -122 69cm2 o:t\cal shadin 2 47% q

4r 4
£ ]
6 4 D) P I P
Cell Front Side  100gle Front/Back View
Vmpp=mV
FIND v
L\ MPP| | | swweeR

8. SLARI—#f, AJLATE Griddler &R LiETiElL.

Bl <Griddler 25>
Command
LR

Front Metallization
finger sheet res

Base Transport  Cell

(mohm/sq) 3 il

: i
Tiranmere 0
‘asfurhf;ﬁi?) res 80 ﬂ
wafer internal series 0

resistance (mohm-cmz2)

Cross Section TCO Layers  About

o || || e

ks s ke

80
:;ITemperature(C} 25 2

internal shunt cond- 2| External series
uctance (1/kohm-cm2) D'OFQ‘II res (mohm) 0
Metal Oplica;Transparen% = &
fingers | @ 0 0 0 =
w
Front Current Extraction Rear Current Extraction _j%
Extract current at eac Full area rear chuck ¢ =
T
20 ® 20 I3
o1 o1 &
contact points 2 |
resistance (mohm) 0 1‘ 0 [l
Front Diode Parameters
1-SunJL, 7
non-shaded area 25 i‘ 396 j
(mAlem2)
passivated metal passivated metal
101 area contact 21 J01 area ) comamﬂ
7 ?
(aem2) | 10306 311 03083 (remz) | O | O |
Jo2 |2 21 Jo2 2 2
tnaiema) (0001 [t 0.001 | wemzy 0 W0
Edge Recombination 01 21J02 2
9 (fA/em) Winacm) | I
1-Sun Jsc, tandem
non-overlapping area (mA/cm2) 1w

|.r-v'crr|.7\2]) kB

Efficiency Improvement  License  Tandem >

TOP CELL

20F g

18F k!
Voc =1820mV

16} Jsc =1839mA/cm2 1
FF =87.4%

14} Ef=30.87% 4
Vmp =1714mV

12} Imp=029A
Jmp =18 01mA/cn2

0 1 1 L 1 n 1 1 L 1 L
0 200 400 600 8OO 1000 1200 1400 1600 1800 200(

Voltage (mV)
Toggle Front/Back View

a7

Cell Front Side
Voc=1920mV;Vmp=1714mV

FIND JV
]

i VL MPP| | | SWWEE:

B (B&%

BRI FE B XIS E X EREBEEIAY 1-Sun Jsc {8 (FETREBFEth
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9. AJLUSEE EREXFEIEIERTF zip M4, FEIES- >3RS (zip) FHERRE.

n tandem_settings = x

File N

@ Enable Tandem

File: C:\Google
Drive\Pc2d\22-02-09
Griddler PRO - First Git
Repo'itop cell.mat

Open tandem file (zip)
Load top cell file

Load bottom cell file
Save As

Save

Edit

File: C:\Google
Drive\Pc2d\22-02-09
Griddler PRO - First Git
Repo\bottom cell. mat

Edit

Tandem Cell @ View overlay

M_. top cell position x = 0 |cm y= 0 cm
80 ohm/sg

g/ g/ o——— upper interlayer sheet res ™

nl
(7] Photon coupling J0O1=| 0

lower interlayer sheet res | 80 ohm/sq

interface contact res 1 ul mohm-cm2

A 2| Front lllumination (Suns) Rear lllumination (Suns)

in tandem in tandem 0
overlap area (top) 1 Ml overlap area (top) Al
Front Current Extraction in tandem in tandem
Extract current at eac... overlap area (bot) 1 Ml overlap area (bot) 0 l
Rear Current Extraction 1 | 0 Al
Extract it at S
ract current at eac Reset ® Make squal ® Make squal
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FEiSR A:%E Cell Cross Sectional Diagram 7l Base Transpeort Calculator
[ S /N

Griddler 2.5 PRO Hh, cell cross sectional diagram #[] the base transport calculator 2i%E#& cmd PC1D
6-2, LIRSIMBFRITERMETSR/IRIERAIITESS (BI20 PV Lighthouse 2489 OPAL2 #1 Wafer Rray
Tracer) HRHE. B, XENFREEES T iFSERNALITERREENSEESHIAT. X—/\HH
IENBXENR, LMETFTRAFERE Griddler 2EAFITEHIXLEER,

B cell_diagram - X
Front lllumination
cs

A textured i

Wafertype n v

Import

Metal Recombination | Calc

Emitter (88.0
ohm/sq)  Calc | Apply

Front Junction

Wafer >
thickness 190 Bulk Lifetime (us) | 2000.0 ‘jj Bl
(um)
Base local contact
[ Use rear J0 by base local contact calculator BSF (with bulk

@~ s550nmisq)| Calc| | Apply

[ textured Metal Recombination | Calc

Rear lllumination |mport

Optics
E JL = J(Siabsorb) - J(FCA) - J(emitter coll loss) - J(base coll loss) + offset [mA/cm2]

front 141814 = 42107 -|0.075¢-  0.123 - 00s7¢ <+ | 0 Apply
rear 136957 = |37.70{ -0.053: - 0 ~ 0.698¢ +1 0 Apply
JO.passivated emitter = 75 99¢ fA/cm2 Apply
J0,emitter metal contact = |1089.; fAcm2 Apply
J0,passivated BSF = g3 87( fA/cm2 —> Effective Base Passivated JO1= 179.3 Apply

Apply All
JO,BSF metal contact = 820.4( fAlcm2 > Effective Base Metal J01= 179.3 Apply

- ped
“ 4]
Base transport Parameters Base local contact calculator
[ simulate lateral base currents contact .
stripes ~ square .
Wafer thickness | 180.0 um geometry
contact width / 2 |contact pitch [{ 75021
[? Wafer resistivity .4.0 ohm-cm diameter (um) 60.00 (mm) -
Wafer| | Junetion [gony o 1963.4 25000
type s at
Base doping | 1.16e+15 | cm-3 | point contact resistance | 0.00 ﬂmohm—cmZ
update mobilities with Si base .
R bulk lifetime 2000.0 ﬂ rear passivation SRV
base e mobility | 1313 | cm2/Vs {us] >
- contact SRV ﬂ 6.233 ﬂ cm/s
base h mobility| 463 |cm2/Vs {cm/s) 80.065
Inthe Griddler pattern, -
Search the rear contactis stripes
List of reported or suggestive values with line width 0 pitch 173
Tistbox - (um) (mm)
Effective rear J01) 179.3 ) fA/cm2
Effective rear 0.0179 Apply
contact resistance |7 'Y Nl ohm-cm2
Effective base diff length = 6792.5 um
Calculate (@) Rs light () Re dark
w
Apply Get Source
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TSR EEERE T EEAHIAE 25 °CRIRURERY. LRIMREBEFASRENERR, SRR, BT
IR EREL, LIRISREHFEABANEERERE (Joo), BEEEMAETER (IQE). B, XEHERE
XPEEEAA R} 25°C RRUER A =& ER. £ Griddler EIUHE (simulation TUH), SRJLAKENRE, BRLHE
FEEREE Jo BIRIBEAMEERFRE n(T) B (I 2.7.2), BAXEMSITEEIBITEIRRERE THY
TS, BERR—THERE, HTERT, Griddler FiBIREEBAIENZIRERNAIED
i, RAXFEEERIFSER, NikfEeER, FF, XERREH TXMERFIEZER.

]L = ]Si absorption — ]loss,FCA - ]loss,emitter - ]loss,base (1 )

HrhJ BXOESHREE (FEIFEEXIE). 1E cross section diagram J51E 1 51, —/MUIIRURIGETR
EOHREEESF, XAFRFPRETERN J. LHISSeERE—E. FEIEESH, XEBAEEA.
ELfr, ERRBIVAZEREXN, EACHARTRFPRR J MEHNEIDSEHZERNXER.

B

Isi absorption — 4 fOOO ASi,no Fca(D)P(A) dA (2)

Jsiabsorption TEAEAE [EE HEGR FIRUICAIER T, AFHsERE thhERAERIFEBIEM KRR FRIE
R, RLABAMERE, X2, q BEART, 12EK, ¢W)RBRLEKNNEFER (cm?s?2m™), KRN
FEi&e Asino rca DRAIRBERHERFIRKIIER T, ERBIPRGERIEE,

PRO 250034 hgA2ZHi, Griddler —E&i@id “lllumination Optics” BOBEEMNEMITEREFRSA
Asino rca(A)e A PRO 2.50034 hiAFF4a, Griddler 2.5 PRO S EaGNIS NNEE TAREE8 38 XER
REGEGTIFRRIEIE. WRSNRIEWEE 1200nm &&TF 30%, Griddler WRELEZE AEGIER, AfE,
Griddler &SRR ARG /Py eRERTTT R AT E BRI IR 2k

(1-T)+T1Rp1 (1-T2)+T1 T, Rp1 Rp1 (1-Ty) (1+RpnTp)
1-RpnRpnTn®

Asino rcal) =T (3)

Hep T BEHR, F2 3 AMIERSHE Basore [1EAMIMEEPRIFEUSIESEL. TERET
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Griddler FEHH EXEARSERIEEHIRR. EHRMERNSEE (FERNEFESCE), SBEXKEMIFEREX
IHRIRBERR SRR R RENE EBEZ, #EMEET1, T2, Tn, Rfl, Rfn, Rb1, Rbn NEZEMAE.

. B EEBRE
2% HEEEE T
__________ R RS E)
A and R, (BN
RNEB R §12)

G 0.5 ...................................... '-"'_I‘_1 ‘ (%_;ﬂmgﬁﬁi
[ doped layer FCA [ doped layer FCA A 7 L W S L gfiﬁ;ﬁﬁ;%gﬁ

Ro=| o R 04 ':> .......................................................... &) T, ENX
doped layer FCA doped layer FCA S| Eﬂﬁiﬁiﬁgﬂ'ﬁ)

textured

e s

“ETEMR, E—
RNER 5 5)
and R,, (B8NX
REYEED)

[ textured

A.2.3 EFEFESIRITSEEER

Griddler SERIRAT 3 BIMHIARBEETHT EATITE BBERFIRIAEIEIR FRIRKERTZ

Asiwith rca(d) =
TT app(2) (1-Ty)+Ty/Rp1'(1=T,1)+T1/To/Rp1 'R 1 /(1—=Ty ) (1+Rpp Ty !) )
0 apca(A2)+agp) 1=Rpn!Rpn!Tn!?

AXE, T1', T2', Tn', Rf1', Rfn', Rb1', Rbn' #1 T1, T2, Tn, Rf1, Rfn, Rb1, Rbn By BIFEREN
EERBEERTISRAXERERTRIC. FHMNI T0 RIEEMASSOBISMISRERESIER, Moes EHEK
KEE 2], o rea (A, 2) BNEFE 3 BHINBRERFIRKEE:

apca(A,z) =CNAY, {C =1.80 x 107%,y = 2.18} for p-Si, {€ = 1.68 x 107°,y = 2.88} for n-Si
For A>=1000 nm and
(ZFCA (A, Z) = 0

For 1 <1000 nm ()
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Heh N 2LA cm-3 NERMAFBRARE, 1 2L nm ABRMATRIK, apcAIBARE cm', B84 ref2 HhifthY
RREATERKER 10°-5x 100 cm?*ASEER, EREBRERERS), 1512 6 EERNATEN D
RIS,

e, BT BB FREMSERIEREREREN

Jioss,rca = 4 fooo (Asino rcaA) = Asiwien rca ()P (1) dA (6)

- 600nm
]loss,emitter =q fo

Asino rea P )(1 — 1QE, (1)) dA (7)

Jioss,emiter FAMERGTEFHICEHRFIIEEEE. E512 7 ., 1QE, WFRMEBREAIEERFRIKAY
BUKERIEE, REER TS e FAILLERATE XAIREFER. 1QE,(1) 2H cmd PC1D 6-2
HERY [4). TR, Asino rea MERN TR E---FH8MtH, XENIZFA;(), EEEEBRERFRIE
MIERT, SEHE-HRE (BF-=7IF4E) RIRKER, AT, BT7512 7 PRIFRSSEERM 0 ~ 600 nm
AR, HPBERHERFIREEMAEER. FTLARTLUREAsino rea(D) = Agg(A). £ 0~600 nm XANE
ERRD, XNBEREERT. £ 600 nm &k, HEFEEANRELN 241nm, EXFNAFXMNREES
EERSHRTTER. SWTFARSHCBIFRIARFRFKR, 600nm LLERY IQE,(WIETF 1. #Am, WHFIEE
ZRURGIR, 600nm LAERIIQE, WIBRPARILARZEART 1, MR 7 B EEEBEAASINS [FBAISTRRIL
SN
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]loss,base =q f0°° fowg(/l: Z)(l - fC(Z))dZ da (8)

Jioss pase WRSAEBRFERKE SRR, EHESH, gL 2HFR4GE, fRERKERE, K
REFRE z WERIRRF Sy ERRFRILLR, MR PN EEIEE, EXNESSH, () BA

_ z\ SeffLp/D cosh(w/Lp)+ sinh(w/Lp) . (i)
fc(Z) = cosh (LD) SeffLp/D sinh(w/Lp)+ cosh(w/Lp) sinh Lp (8a)

R PN &57E5@E

SeffLD/D cosh(w/Lp)+ sinh(w/Lp) . h (w—z)
SeffLp/D sinh(w/Lp)+ cosh(W/Lp)

fe(@) = cosh (*F) - (8b)

Lp

w REMHIERE, Lo BVHERTERERIY BKE, D ROBHATFHT B8R, S BEENNEEE
GIEE (YR pn FEEE; B4R PN EHEEE, WERSWWERSESEE), EREVSE N

—i4aH,

]recombination,base = ]01,baseexp (qV/kT) +]02,baseexp (qV/ZkT) (9)

EEF' VZ%EJ%B:$&§EEE, TZ%;EEI k Z%Eﬁfr\%gﬁ&o J01,base *D J02,base ﬁ%ﬂ%ﬁ@? n=1 *l:l n=2
N_IRENEIAEREE, BERIRAAIHREREAIN _IREIRE, (TEREFIRM Jor base EMETESTE.
£ cell cross sectional diagram #1, #5Ri%+ “Use rear Jo base by local contact calculator” BIEEHE, T

] _qn? D SefrLp/D cosh(w/Lp)+ sinh(w/Lp)
OLbase ™ N1 S,rrLp/D sinh(w/Lp)+ cosh(w/Lp)

(10)

ni BRENAMEBIRTFIRE [5], NEEREFISRRE. EXMIBERT, Jorsse TATEXAVHTMTT (5
FRESHE, WK PN ZEEEAVE; QN5R PN Z&ESHE, WIEE). W5RE 1 FRiEH "Use rear Jo base by

local contact calculator” &%, N Griddler £
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)i _ qn? D SpassLp/D cosh(w/Lp)+ sinh(w/Lp)
01,base,pass1D NLp SpassLp/D sinh(w/Lp)+ cosh(w/Lp)

(11a)

J _ an{ D Smetlp/D cosh(w/Lp)+ sinh(w/Lp) (11b)
01,basemet1D NLp SmetLp/D sinh(w/Lp)+ cosh(w/Lp)

J01,base,pass1D Mﬁﬁ:f%gﬁ%ﬁﬂﬂz, J01,base,met1D @ﬁﬁ:ﬁ%ﬁﬁﬁ)ﬁ |XE‘Z°

T RHESHEEREMERNERE, SBEXENRASSEE (SRV) BEMFEEXRE (HKX) &.
IR B EMEAREEARAIICR R ARV E B EE NS INER, BBA Saint-Cast FfttHIRISLETA]
RULT BRETISIE B3 SRV RI75Z([6]

S TS assf+1 L
Seff = ((1 - f)Spass + Smetf (TPP—)> X (1 + FDtanh (%)) (Spass - ((1 - f)SpaSS +

TsprSmetf+1

-1
Smetfw>)l (12)

TsprSmetf+1

EEEEMXIFEIR, Spass B EEEX (HAX) BISRV, Smet 2&£EXAI SRV, rspr 28 AL
fE,

Tspr = %(% atan (%W) + W (1 —exp (—W/Zp)) (13)
FINSEIRAARIEER, a REAERINFEE, w2EItER, p 2R TERPOZENES, AZBERTHA
TSR FHIERR,

Topr = 7 (0¥(@)/2 +w(1 — exp (—w/2p)) (14)

FENATVERTRZER, v A FERNATNEX

y(a) = %ln (2 —m) if tanh (ma/4w) < \/% (15a)
e \1-1
y(@=m [ln (2 %)] if % < tanh (ra/4w) <1 (15b)
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Cell cross sectional diagram TIEIHHE 2 AY JO,passivated,BSF Z#0 base transport calculator H#E 4 £
LXK SRV HEELZREY. EHEAY, JO,BSF,metal contact S&EX SRV 18%EL, XFAEALIEL TS
NIBH TR

qn?

]O,passivated,BSF = NL Spass (16a)

2
Jometavpse = - Smet (16b)

SNER{EA cell cross sectional diagram i&1T cmd-PC1D 6-2 K it 5 BSF 2] passivatea s BB ometal,psF
base transport calculator TAEH Spess 1 Smet FHERILUBIE 552 16 KitEFHEH, MR, 20R base
transport calculator TUEIS Spass #1 Smet #XZE, cell cross sectional diagram TUETRILAFESTE 16 KitE
TERIEY o passivatea,se ¥ o metal,psr o

£ Richter 1 Glunz[9]RIAT. Auger HHBSIE SR TEIEESITE, BIRE 7 HEARREHERIZRAY
LR, £ Griddler b, [REZEKBERSREEEN, HAEERMERFNEELFTEXAE.

HXHPE (5 base transport calculator F1#E 4 “effective rear contact resistance” HX) Ga=3%

Rs,base = Rs(lat) + Rs(crowd) + Rs(contact) (17)

RspaptEE X AERERETEEIRIERE, Rscon TESEBFEIRMHIAIFEFE, EEARMHIEIREREIE K. Rscontacy 18
FAR A SRIERRFERE.,
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Rs,base L\)\ Qcmz ?ﬂ%{ﬁe ﬁﬂ%@fﬂ%ﬁ%@%ﬁﬁﬁ, ﬁB/Z\ Rs,base = pc,eff, EEP pc,eff %&&@E*ﬂﬂgﬁﬁg%
fH, thELE base transport calculator TIEIHIHE 4 “effective rear contact resistance”, {1REEES Bz,
EB/A\: Pc,eff = Rs,base/f ' %@E*ﬂﬂﬁf@%gﬁ,

Cuevas [7] # Saint-Cast and coworkers [6] EBHERITHESDNS [#ERIFERE. RIEESHIARZE

0 A
Rs(crowd) = pf dx (18)

W Acrowd (X)
Acrowa (x)point =na® + n?a(w — x) + 2n(w — x)? (19)
Acrowd (O tinear = 2a + m(w —x) X 1cm (20)

RERRI (7]

Rs(crowd) = Dprspr (21)

He, 1, HAT 13,14 X, 7E base transport calculator 1 4 1, #NER“calculate Rsjigh" EIHEAIE, FB
LBFERATL 18-20. 4058 calculate Rs sk HETUEAE, NWERAATL 13-14 LR 21 (B A4.6).

X TFE AR5 8],

A 7Zn.ax max 1
Rettaty = Py | e i () — (22

2
2TW | "max—Tmin Tmin

o EEXHBER, w 2BEBEE, A B2— 1 BEIRATFKREBTFIIER. e = VA/T |, Thin = a +wr/4E

2 REIRTEBEIRAIFR. SNTRIER, BANREINFREENRTE

ps(s—2a)
Rs(lat) = T ow

(23)
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Hrp s SBRZEELE, a 2RFEREEN—FE,

INREBHEEEMEIRT, P4 Griddler (FEASSEIERBRREME. Eit, EXMBERT, W
RS Rt E SEMERRNEE, XMYAESEEEFR. B, EXMERERT,
base transport calculator #FiAESE 19 BU—N I, H s 28Rk ERYEEE, a 2FBIREERN

—,

i_s( IAHEI%E@%
R =L 24
s(contact) f ( )

Hep, p 2iEfteEfE, f2BENEEE.

£ base transport calculator, #€4 ®, B—MNEIRATLUERE Rsiignt 1BE Rs ok BIEIERIEZABHEE

HARARERRY, ERRRSIFMBEIRES, thHEiR, AR ENTES, EEREERESNSIN. EEE
MRS APHeeE RIS P IERRERT, BRRaIAmBRIRIES. 7 base transport calculator #1, {5
A7 UATXEIRTE:

INRIEFETE Rs gk

1. Rty IRENF

2. Rserowsy BB 13-14, 2118
3. Rs(contact) EFART 24 T8
SNERIEFETE Rsigh:

1. Rspay fEFIATE 22-23 118

2. Rscrowa) {HF3ATE 18-20 1+8E

3. Rscontact) EFART 24 1HHE

4. WNREBMEEREMEIRT, B4 Griddler (TEASBSIENEARRRAME. B, EXMERT,
INREFNRIEEIEAM BB BE SERRRRA B, XM E SRR, B, EXMERERT,
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base transport calculator FFESER 18 1BILEI— 1R, H s 2EMZENEERE, a EEFBEREERN
—3,

5. iFEFTEAY Rsiight —EARLE Rscar (K. WNRAZIXEFATE, BBARFA Rs.darko

1. Paul Basore, “Extended spectral analysis of internal quantum efficiency” Conference Record of the
Twenty Third IEEE Photovoltaic Specialists Conference - 1993 (Cat. No.93CH3283-9)

2. Martin A. Green, “Self-consistent optical parameters of intrinsic silicon at 300 K including temperature
coefficients”, Solar Energy Materials & Solar Cells 92 (2008) 1305-1310

3. Simeon C. Baker-Finch, Keith R. MclIntosh, Di Yan, Kean Chern Fong, and Teng C. Kho, “Near-infrared
free carrier absorption in heavily doped silicon”, Journal of Applied Physics 116, 063106 (2014); doi:
10.1063/1.4893176

4. Halvard Haug, Achim Kimmerle, Johannes Greulich, AndreasWolf, Erik Stensrud Marstein,
“Implementation of Fermi—Dirac statistics and advanced models in PC1D for precise simulations of silicon
solar cells”, Solar Energy Materials and Solar Cells, Volume 131, December 2014, Pages 30-36.

5. A. B. Sproul and M. A. Green, “Improved value for the silicon intrinsic carrier concentration from 275 to
375K”, J. Appl. Phys. 70 (1991) pp. 846-854.

6. Pierre Saint-Cast, Marc Rudiger, Andreas Wolf, Marc Hofmann, Jochen Rentsch, and Ralf Preu,
“Advanced analytical model for the effective recombination velocity of locally contacted surfaces” Journal

of Applied Physics 108, 013705 (2010)

7. Andres Cuevas, “Electrons and holes in solar cells with partial rear contacts”, Prog. Photovolt: Res.
Appl. 2014; 22:764-774

8. Andres Cuevas, “Geometrical Analysis of Solar Cells With Partial Rear Contacts”, IEEE JOURNAL OF
PHOTOVOLTAICS, VOL. 2, NO. 4, OCTOBER 2012

9. Armin Richter and Stefan W. Glunz, “Improved quantitative description of Auger recombination in
crystalline silicon”, PHYSICAL REVIEW B 86, 165202 (2012)

120



GIRIDPLER piF#v7.0. 2023-00-15

Griddler 2 2## 7 ABREIERN IR EMIRAIAPHEEE BAIMBEE N BEIRTIER! (FEM) 11828,
Griddler 2 #EHRIIEEFIEEMSEH TR (node) FI=FERTE (triangular elements), BEENX
TEANTAEKERY R, DR EESEFE LR A (terminal node) BEZfE, HEIEERS
B PRNBE. NTFE— MR, BIREESHENBES RS RS SEE X AIBRRIEE
EXIRIAY. AL, ETEBREaERRE EAREIIFES®E, Griddler 2 EEEfERAIIHFEAE E
B, XLBERFEANETREBURERBE—MIENBERRIMEE: &4 1) AB—BREE—
MNERBEHEHEENERERE,; &4 2) H-pattern lOMEIRIHH, BREEREOSRIENAM, ASFTH
WhmE M. WNREBEIZITAR H-pattern (Lbalii, SEELBEENEE), HESBEHnEEETRA
ThER (b, IXPISL BN IE AL, FRIC L3R, T AIThERIRREARBIR T — N B REE AR ERE,
XSFR—NEHRILR, REEERIVUFRE, T—ES=MRUBINE. EERFLERT, ShIEE
BEfR/\, TEITEERIhIREEERS, Griddler 2 BEBHN —IREERITE ER. F Griddler 2 @& T
SFERAER RS FB RIS,

e kA, SRR MRRERT, FERIIRERANEERR. £ TIBR T, BUEEELIHERN 1)
iR EE/ N RARGR, &R _IREREIXEFERER, AN D RIEREEASERR
8, 2) ZEEHNEBRMETFERITARESEUEMIVARRN. A, A—2ERERT, DRFEH
R, BRINFEATNEA LRERN, FEREERALUS Griddler 2 2t—MEHE,

B—HH, SEEFEIFESHE (BEFETRERNSRIME) B, NIREEEBRERN. EXME
T, B RIRERTUEMEREE, IR TRIREEHILEMIZHEK. XMERT, W=tk
EREHATL AT IREENERITE, RILUEALLE Griddler 2 RIEIE,
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GridSim 5.3 2 A. Mette FF&FH M. Hoerteis {7 /NEBSMERAI—NETFHE H-pattern BtHIHERIR
FEHY excel K, T 1 LK T 9B GridSim #1 Griddler 2 i+ EINFRIFFENER., T 1 STNSELOL—75,
#REARYE H-pattern BEXHT, B—FEIFAEBRERIEHARE BREINFEHLANNERM, IfE
HEmmaEEY R o] geAvEaAsCRR.,

&H— H-pattern, Griddler 2 #EFINSAAMAINIBMIRE, XBRHEIXFHAILSEN Griddler 2 7£
FAFERSPISIRENHB A —ERERE. TUEBNRERAEEMINIEKIS, Griddler 2 RUEESRIGENNER.
MNRIBHEILIEL, RMEENTENIEEMNXBIERE 6.5% Z2H.

[EfY, Griddler 2 #1 GridSim IHERIYGERZERRIXBIERE 1.5% 2.

& 2. SR RETTIREEER

Suns Front Side Rear Side Edge Recombination; Internal Shunt | Griddler | Hand Calc*

Passivated Area Metal Contact Passivated Area Metal Contact

Jol J02 Jo1 J02 Jo1 J02 Joi J02 Jo1 J02 Voc Voc

(fA/ecm2) i (nA/cm?2)i (fA/ecm2) | (nA/ecm2)i (fA/cm2) | (nA/ecm2){ (fA/cm2) {(nA/cm2)| (FA/cm2) | (nA/cm?2) (ohm-cm2) (mV) (mvV)

casel 0.1 200 10 600 50 0 0 200 20 0 0 0 568 566

case2 1 200 10 600 50 0 0 200 20 0 0 0 640 639

case3 0.1 200 0 600 0 0 0 200 0 0 0 0 586 588

cased 1 200 0 600 0 0 0 200 0 0 0 0 647 645

case5 1 200 0 600 0 0 0 200 0 1000 0 0 635 634

caseb 0.1 200 0 600 0 0 0 200 0 1000 0 0 576 574

case?7 0.1 200 10 300 50 0 0 200 10 1000 200 0 541 540

case8 1 200 10 300 50 0 0 200 10 1000 200 0 624 622

case9 1 200 10 600 50 0 0 200 20 0 0 100 635 633

casel0 0.1 200 10 600 50 0 0 200 20 0 0 100 366 365

WRERET, SEHERETENTREERN, SIS REEBEE N RIBNESHER
B ERYF.

JO‘I = JO‘I,front passivated area X (1 - ffront metal) + J01,front metal contact X f front metal + J01,rear passivated area X (1 - frear
metal) + JO‘I,rear metal contact X f rear metal T J01,edge X Ledge / A wafer

JOZ = JOZ,front passivated area X (1 - ffront metal) + JOZ,front metal contact X f front metal + JOZ,rear passivated area X (1 - frear

metal) + JOZ,rear metal contact X frear metal + JOZ,edge X Ledge / A wafer

SRR RSB ER R R I EEA S EIERE SRR TR,
LA SR BRTSRITISREERIE 1-2 mV 2.
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Griddler 2.5 PRO 375 cmd-PC1D-6.2 [1] 1H5EHEzRY cell cross sectional diagram TU@E, FBLATE
B ERIES SEREE Je, IRHREFHE IQE, cmd-PC1D-6.2 1 PC1DmMod 6-2 EiFEAETER A
RET (IFE) mERRE—HEFSREMENIZED, DaSTHTHERAFRRERE. SEFRNFER
LIRZETE. B— N AAMBIRZERAIEEAPHEERD Jo., IQE iHEE8E PV Lighthouse FFRFHEMIELR
FBH9 EDNA2 [2]. E—MEARI cmd-PC1D-6.2 (v6.NEWEERESIES, R TH cmd-PC1D-6.1
EDNA2 IHESEDMIFIBHERK e IER, HRUREERYE[3]. X—INF5, BIVESURA
cmd-PC1D-6.2 F1EDNA2 (v2.5.5) ERHE /e F11QE, FHEitEFERAHBHEIXISIMZY /R
FRE(C RS- EEANSHSLIRMZ., FERANE, cnd-PC1D-6.2 FTEEREEIIZIT Griddler
2.5 PRO (v2.50021)5%15H9, BTLA, A ISCFRELEAYRE Griddler 2.5 PRO (v2.50021) cmd-PC1D-6.2 Caller
#0 EDNA2 (v2.5.5).

= 1. WPt ETNAERESH

Griddler 2.5 PRO (v2.50021) | EDNA2 (v2.5.5)
cmd-PC1D-6.2 Caller

TTEIHERXAT, BIERER | 20 x 10> cm3 2.0 x 10" cm3
TTERHERXAT, WS RER | 8.0 x 10> cm3 8.0 x 10" ¢m3
HHES Richter 2012 [4] Richter 2012 [4]
RIS 100 us 100 us

BEESRM 0.55V 0.55V

R EEER Klaassen 1992 [5,6] for sheet | Klaassen 1992 [5,6]

resistance, Schindler 2014 [7]
for Joe and IQE

= avakit] Fermi Dirac Fermi Dirac

BRBEFHER Altermatt 2006 [8,9] Altermatt 2006 [8,9]

PR AN Yan and Cuevas 2013 [10,11] | Schenk 1998 [12]
KREIRARNE Poisson equation Quasi-neutral approximation

= 1 R TP MERR P AERISE. M MERSSERINIRETREREEEXE. thal, EDNA2 RIRASIR
REPHERY; B cmd-PC1D-6.2 BiIFEASIRTRIER. X MESSET ERREERN S EBEE AR
[,

AR AR MEL 2SR TIFS ARFIBEEZRA0ER. STTEMERXIER, BRINSZKER 2.0
x 10" em3, ST EBHSRXAIERAT, MEAEZRER 8.0 x 10" cm3, (K SRH ZHar—HEBKIR
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79 100us, SMMERMIKRESSHEE (SRV) #HARER, FIBESNZE 2 70% 3.

79 300, 350, 400 %0 450 nm BTAY IQE,

N
/

& 2 WRTRMEMSRITBRERREE, Joo

s
<
!

tIEMEZ<E SRV,
= 2. NMERIESTEN

EMITTERPASSSRV %I 21&H 1 {ERRVE

EEEBH, JOe *D |QE

)
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