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Test Form Incoming Inspection
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Test Form Process Sequence
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Results Test Forms
Finger Geometry
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GridMaster Simulation
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Results

GridMaster Simulation
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GridMaster Simulation
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GridMaster Simulation
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GridMaster Simulation
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Results
GridMaster Simulation
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GridMaster Simulation
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520x11x22.5°| 25 |24.43|-0.09| 6.5 4.4 23.8 [] 640x9x22.5° | _
[] 640x9x0°
520x11x22.5°| 16 |24.44 | -0.08 | | 4.0 -6.9
i | i , .
0 5 10 15
mAg [mg/\N]
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Results
GridMaster Simulation

— q Mg
24.45% 3.2 mg/W

I
Reference: Ag 520x11x22.5° w =25 um - | | I
AgCU 640x9%22.5° W = 16 pm *00ee,, ]
AdE, my E 244 - ]
OF )
R e
Paste Mesh Wy n An m ag Am 4 c 242 - Oo -
[pm]| %.ps. | %aps. | [Mmg/W]| [mg/W] < O. ...‘
Ag |520x11x22.5°| 25 |24.52 | 0.00 1 o ® Paste
Ag |520x11x22.5°| 16 80 | -2.8 24.0 -0 =23Cu I
Ag | 640x9x225°| 16 |2455|0.03 | 6.7 | -4.2 Mash
Ag | 640x9x0° | 16 | 2461|009 | 64 | -45 1 o® B 520x11x22.5° )
520x11x22.5°| 25 |24.43|-0.09 | 65 | -4.4 23.8 g gjgggf-y u
520x11x22.5°| 16 |24.44|-0.08 || 40 | -6.9 N |
640x9x22.5° | 16 |24.45|-007 || 32 | 7.7 | 3 ' 5 | I ' 15

mAg [mg/\N]
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Results

GridMaster Simulation

Reference: Ag 520x11x22.5° w = 25 pm

AgCu 640x9x0° W =16 um

AdC, my E
Paste Mesh Wy n An m ag Am 54
[UmM]| %apbs. | %abs. | | [Mg/W]| [mg/W]

Ag |520x11x22.5°| 25 |24.52 | 0.00

Ag [520x11x22.5°] 16
Ag | 640x9x22.5° | 16 | 24.55| 0.03

Ag 640x9x0° 16
520x11x22.5°| 25 |24.43 | -0.09
520x11x22.5°| 16 |24.44 | -0.08
0640x9x22.5° | 16 | 24.45 | -0.07
640x9x0° 16 | 24.49 | -0.03
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d. mAg
24.49% 3.4 mg/W

24.6 - -
@9 @ @ -
O o
24.4 - u
X
€ 242 - L -
< S (2
O @ ® Paste
O B Ag
@ -
O Mesh |
0® B 520x11x22.5°(®|
238 [[] 640x9x22.5° ]
[] 640x9x0°
a) l ; :
0 5 10 15
mAg [mg/\N]
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Results
GridMaster simulation

Reference: Ag 520x11x22.5° w = 25 pm
A 640x9x0° Wy =16 pm

Simulation indicate: with the right screen and paste
low m,, and high d is possible

Paste Mesh Wy n An m g Am g
[UmM]| %apbs. | %abs. | | [Mg/W]| [mg/W]

Ag |520x11x22.5°| 25 |24.52 | 0.00 10.9 0.0
Ag |520x11x22.5°| 16 |24.35|-0.17 8.0 -2.8
Ag | 640x9x22.5°| 16 |24.55| 0.03 6.7 -4.2
Ag 640x9x0° 16 | 24.61 | 0.09 6.4 -4.5
520x11x22.5°| 25 |24.43 | -0.09 6.5 -4.4
520x11x22.5°| 16 |24.44 | -0.08 4.0 -6.9
640x9x22.5° | 16 | 24.45 | -0.07 3.2 -7.7
640x9x0° 16 | 24.49 | -0.03 34 -7.5
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Results
GridMaster simulation

Reference: Ag 520x11x22.5° w =25 pm 4 6
A 640x9x0° Wy =16 pm
Simulation indicate: with the right screen and paste
low m,, and high d is possible
o 245
Paste Mesh Wy n An m g Am g c
[Um]| %abs. | %abs.|  [Mg/W] [mg/W] =
Ag |520x11x22.5°| 25 |24.52| 0.00 || 10.9 0.0
Ag |520x11x22.5°| 16 [24.35[-0.17 | | 8.0 2.8
Ag | 640x9x22.5° | 16 |[24.55 | 0.03 6.7 -4.2 24 4
Ag | 640x9x0° | 16 [24.61 | 0.09 6.4 -4.5
520x11x22.5°| 25 |24.43|-0.09 | 6.5 4.4
520x11x22.5°| 16 |24.44|-0.08 || 4.0 -6.9
640x9x22.5° | 16 |24.45|-0.07 || 3.2 7.7
640x9x0° | 16 |24.49 | -0.03 3.4 -7.5
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Cell results

Efficiency Ag/A AgCu/AgCu AgCu/Cu Cu/Cu
A A A A
| 1 || | !
. . 2 0 | I I I I | | | I
Variation of: =l
APastesAg, AgCu, Cu 1.5
AScreen / Opening 104
AFinger pitch . 1
gerp °© 05
- - O\o ]
Cell characteristic: ¢ 0.0
AOBB cells S -05
AIV:16 bars FS+RS 1 ]
1.5
2.0
#Finger 120 [ 9 120 90
Wy [|.| m] 20" 17* 20" 17+* 80*** 07 *kkk
paste Ag AgCu ~ 40% Ag Cu
#Finger 180
RS w) [um] 20" 17 20" (Vad 80" Y
paste Ag AgCu ~ 30% Ag Cu
34 " 480x11x0 " 500x7x0 " 400x18x22.5 7 430x13%0 o —
oFraunhofer iSE “Front + Rear: 16BB, busbar resistance neglecting, black chuck calibration NAMICS ZZ Fraunhofer

public front: 16BB, brn; rear. 16BB,loc, brn, nrc according to °M. Rauer et al. : https://doi.org/10.1002/solr.202300873 ISE



Cell results BAAAAD

Efficiency Ag/A AgCu/AgCu AgCu/Cu Cu/Cu
A A A A
| 1 || | !
. . 2 0 | I I I I | | | I
Variation of: =l
APastesAg, AgCu, Cu 1.5
AScreen / Opening 104
AFinger pitch . 1
gerp © 0.5 —p—
- - O\o 1 :
Cell characteristic: c 001 e
AOBB cells S -054 |
AIV:16 bars FS+RS 1 ]
1.5
2.0
#Finger 120 [ 9 120 90
Wy [|.| m] 20" 17* 20" 17+* 80*** 07 *kkk
paste Ag AgCu ~ 40% Ag Cu
#Finger 180
RS w) [um] 20" 17 20" (Vad 80" Y
paste Ag AgCu ~ 30% Ag Cu
35 " 480x11x0 " 500x7x0 " 400x18x22.5 7 430x13%0 ° —
oFraunhofer iSE “Front + Rear: 16BB, busbar resistance neglecting, black chuck calibration NAMICS ZZ Fraunhofer

public front: 16BB, brn; rear. 16BB,loc, brn, nrc according to °M. Rauer et al. : https://doi.org/10.1002/solr.202300873 ISE



Cell results

Efficiency Aa/A AgCu/Cu Cu/Cu
A A A A
| 1 N 1 |
L. 20 T T T T T T T T T
Variation of: el
APastesAg, AgCu, Cu 1.5 —
AScreen / Opening 104 |t
AFinger pitch s 05] - L
- I R
Cell characteristic: g 00 [ Hfeeo
AOBB cells S -054 |
AIV:16 bars FS+RS ~1.0d 20um A 17 um
15 D4+0.6%
2.0
#Finger 120 [ 9 120 90
w), [Um] 20" e 20" 17 80™** 27 *¥k
paste Ag AgCu ~ 40% Ag Cu
#Finger 180
RS wy [um] 20" 17" 20" e 80" 27%xx
paste Ag AgCu ~ 30% Ag Cu
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public front: 16BB, brn; rear. 16BB,loc, brn, nrc according to °M. Rauer et al. : https://doi.org/10.1002/s0Ir.202300873 ISE



Cell results

Efficiency Aa/A AgCu/Cu Cu/Cu
A A A A
| 1 1 W !
L. 20 T T T T T T T T T
Variation of: el
APastesAg, AgCu, Cu 1.5 —
AS_creen /_Openlng 104 |
AFinger pitch s 05] - L
x| -
Cell characteristic: g 00 [ Hfeeo
AOBB cells S -054 | —
AT\ /- 1 2 0.75
{ 15 D4+0.6%
2.0
#Finger 120 [ 9 120 90
w), [Um] 20" e 20" 17 80™** 27 *¥k
paste Ag AgCu ~ 40% Ag Cu
#Finger 180
RS wy [um] 20" 17" 20" e 80" 27%xx
paste Ag AgCu ~ 30% Ag Cu
37 “480x11x0 " 500x7x0 " 400x18x22.5 " 430x13x0 ° —
orraunhofer iSE “FFront + Rear: 16BB, busbar resistance neglecting, black chuck calibration NAMKS ~ Fraunhofer

public front: 16BB, brn; rear. 16BB,loc, brn, nrc according to °M. Rauer et al. : https://doi.org/10.1002/s0Ir.202300873 ISE



Cell results

Efficiency Aa/A AgCu/Cu Cu/Cu
A A A A
| 1 1 W !
L. 20 T T T T T T T T T
Variation of: 2
APastesAg, AgCu, Cu 1.5 — 20 um A 17 pym
AScreen / Opening 10- . D +1.0% .,
AFinger pitch s 05 . "gO-fW i
H H = et o X N md 4:~
Cell characteristic: £ 001 gt /
ye 1 s
AOBB cells S -054 | —f
AT\ /- 1 2 0.75
| 154  D4+0.6%
i -2.0
#Finger 120 [ 90 120 90
w), [Um] 20" 17" 20" i 80*** 27
paste Ag Agcu ~40% Ag Cu
#Finger 180
RS wy, [um] 20" 1w 20 e 80™* o7
paste Ag AgCu ~ 30% Ag Cu
38 "480x11x0  “500x7x0 " 400x18x22.5 " 430x13x0 o

oFraunhofer iSE “Front + Rear: 16BB, busbar resistance neglecting, black chuck calibration

public

front: 16BB, brn; rear. 16BB,loc, brn, nrc according to °M. Rauer et al. : https://doi.org/10.1002/s0Ir.202300873
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Cell results

Efficiency Aa/A AgCu/Cu Cu/Cu
A A A A
| M 11 W !
L. 20 T T T T T T T T T
Variation of: el
APastesAg, AgCu, Cu 1.5 — 20 um A 17 pym
A Screen / Opening ] 0 +1.0% .,
AFinger pitch
N 0.38
Cell characteristic: Aﬁ A
- .
AOBB cells —
AT\ /- 1 2 0.75
=} - » m -0.6% rel.
HE -2.0
L #Finger 120 [ o 120 90
218 Wy, [um] 20" 17 20* 17 80*** 27 *++
‘;:; 4 ; 5 2 paste Ag AgCu ~ 40% Ag Cu
HEH E: #Finger i
HHEES RS wy [um] 20" 17" 20" 17+ 80" 27k
paste Ag AgCu ~ 30% Ag Cu
39 “480x11x0  500x7x0 " 400x18x22.5 " 430x13x0 o

orraunhofer iSE “FFront + Rear: 16BB, busbar resistance neglecting, black chuck calibration
public front: 16BB, brn; rear. 16BB, loc, brn, nrc according to °M. Rauer et al. : https://doi.org/10.1002/solr.202300873
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Cell results

Efficiency Ag/Ag AgCu/AgCu AgCu/Cu Cu/Cu
S— A VVVVWVWWV VAV VAWV
A A A A
| M 11 W !
Variation of: RS AgCu 17 pm A RSCu 80 pm
APastesAg, AgCu, Cu 20 pm A 17 um D +0.5% .
A Screen / Opening D4 +1.0% .
AFinger pitch _——
Cell characteristic: / \4
AOBB cells
AIV:16 bars FS+RS 20 um A 17 um
04 +0.6%.,, FS #120A #90
. m.'O-G%rel.
~ 40% Ag
~ 30% Ag
40 "480x11x0  "500x7x0 " 400x18x22.5 ™ 430x13x0 o —
oFraunhofer iSE “Front + Rear: 16BB, busbar resistance neglecting, black chuck calibration NAMICS ZZ Fraunhofer

public front: 16BB, brn; rear. 16BB, loc, brn, nrc according to °M. Rauer et al. : https://doi.org/10.1002/solr.202300873
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