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Trend for remaining silver for metallization per cell (front + rear side)
(Values for 166.0 x 166.0 mm? cell size)

250

Why going for Ag ink-jet printinge

Reduce the silver laydown on HJT n-type cell
High conductivity nano-particles silver ink
High materials usage in production

Go to thinner wafer & reduced passivation damage
Contactless technology

Fast and continuous optimization of metallization
pattern
High versatility in printing design

Challenges

Control of the ink wetting (TCO, pyramids,
conditions, ... )

Low Ag mass deposition per prinfing pass
Clogging of the nozzles
Relative high cost of silver inks (should reduce with

2 CSem volume)
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ITRPV

HJT n-type B TOPCON n-type

A158.75 % 158.75 mm? (G1)

+182.0 x 182.0 mm? (M10)

ITRPV 2021

bifacial p-type O monofacial p-type

166.0 x 166.0 mm? (M6)
0210.0 x 210.0 mm?* (M12)

International Technology Roadmap for Photovoltaics (ITRPV), 12th Edition, April 2021, VDMA
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Piezo element

o . o . (a) Continuous (b) On-demand
Inkjet-printing for photovoltaics ]
2 types of ink-jet printing [1]: o . —
Continuous ink-jet (ClJ) JI Heat or piezo

Drop-on-Demqnd (DoD) Deflector element

~—— Ink droplet Ink droplet ___
Recycling gutter

Todoy g'ObQ' market represenTs 100 billion $ []]

From: Micromachines 2017, 8(6), 194; https://doi.org/10.3390/mi8060194

First report on direct metallization on PV cell was
demonstrated in late 80’ by Teng and West [2]

Lachowicz et al. used for patterning HIJT cells before copper
electroplating to reach 24.7% cell efficiency two years ago [3]

Ink-jet Silver line width of 32 ym with only 9 mg of silver per HJT Paviet-Salomon et al. about
cell and mini-module of 19.7% efficiency has been Reinforcement ofscree}v—printed
demonstrated using SWCT® [4]. copper paste by

For the news, please follow
tomorrow presentation from

Recently, ink-jet printing overperformed screen-printing on HJT electrodeposited copper for
cells but no module integration has been reported [5] metfallization of heterojuncfion

solar cell
[1] E. b. S. D. Hoath, Fundamentals of Inkjet Printing: The Science of Inkjet and Droplets, John Wiley & Son, 2016.
[2] K. F. Teng and R. W. Vest, IEEE Transactions vol. 11, no. 3, pp. 291-297, 1988.
[3] A. Lachowicz, et al. "Copper Plating Processes for Silicon Heterojunction Solar Cells: an Overview," in 36th EU PVSEC, 2019
.o Csem [4] J. Hermans, ef al., Advanced Metallization Concepts by Inkjet Printing, 29th EU PVSEC, pp.518-522 (2014).
** [8] J. Schube, et al., "Advanced metallization with low silver consumption for silicon heterojunction solar cells," in AIP Conf Proc, 2019.
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Equipment

Ink-jet printer: Pixdro LP50

Print head: Konika Minolta KM512

T =3 ——— .'E":DRO L5 - =<
14 pl droplet (=3 pl with defined parameters) ™

256 nozzles x 2 lines = 512nozzles
Piezoelectric actuator for drop on demand (DoD)

Opftimization of printing parameters:

)
{-——— Piezoelectric

Voltage tl | actuator
Applying time

Pressure

Resolution: dots per inch (dpi)

Print speed

Substrate temperature
Number of passes

= CSem

[1] E. b.S. D. Hoath, Fundamentals of Inkjet Printing: The Science of Inkjet and Droplets, John Wiley & Son, 2016.
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Temperature & Resolution Opfimization

Resolution is
459 dpi.
Substrate Temperature g Or—r—— =%

Temperature [°C]

Higher substrate temperature - smaller width due to
higher evaporation rate.

At 90°C, heating of the printing-head induces nozzles
clogging (instable process) -2 limited to 60°C.

5
Printing resolution
Need resolution above 250 dpi to have a continuous
line
Substrate
temperature

Higher resolution increases spreading due to neighbor
drops coalescence

= 60°C,
textured c-Si,

printing
speed =
100 mm/s
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Resolution [dpi]

- 275 dpi should be an optimum
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New prinfing strategy

Profile
50
__ 40
Multiple passes effect L A LA L S
20
275 dpi (92um between pixels) 2 10
0] . . .
Valley and hill profile © need higher ° 0 Dtance )

resolution... but it will be bad for line width!

High aspect ratio line ‘
. . _ Scannmg n}olde ?(YZ fast I
First print — zz:;ﬁzﬁ'ﬁ;giétsi N,

bjective lens:MPLAPO

New printing strategy

Make two or three sequential prints
shifted by a pixel 2> avoid drop
coalescence

After 100 passes the finger width is

reduced by 40% and the aspect e’ ] ¢
rafio is of 0.7

: CSEem Inkjet printed Ag finger with aspect ratio of 0.7

Second prlnt»
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Line and bulk resistivity
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Pass height and number

Pass height approx. 0.3 um 50 100 150 200

Sintering temperature [°C] (20 min)

Need 15 passes fo have the finger height equal fo ® Spasses @ 15passes @ 40passes @ 100passes
the texture height.

Sintering Temperature

Need minimum 20 min 130°C to start sinfering E

The limit of 10 Q/cm is obtained with 15 passes :

and 20 min at 200°C
Sintering Time 8

The specific bulk resistivity reaches é uQ cm after ) 0.0E+00

20 40 60
Sintering time [min] (200°C)

60 min of curing at 200°C.

Specific bulk resistivity

2 CSem reaches 6 pQ.cm
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Cell performance Equivalent cell
performance using

Metallization
ink-jet printing versus

M2 tull-square HJT cells with 77 fingers ink-jet or . e
screen-printing

screen-printed (SP) at the font, cured 30 min at

200°C
. . Front: ink-jet or screen- Backside: Screen-printed
Screen-printed backside (on both cases) printed of 77 fingers 1 mm pitch mesh

Results 8
14 passes

Equivalent SP and ink-jet printed best cell performance

[n"]
(V8]

Best ink-jet cell with 14 passes (eq. of 14 mg of
silver at the front side)

Efficiency cell [%]

Best Cell

IV param. With inkjet  With screen-print Finger height | 2]0
Eff (%) 22.44% 22.60% b
Jsc (mA/sz) 38.9 39.3 20 passes 36 passes 76 passes
Voltage (V) 736.6 /733.6 97 passes

2 CSeM [FF (%) 78.26% 78.20% Measured with GridTouch®
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Module performance
Mini-Module

Multi-wire interconnection: 18 wires of 0.2 mm in
diameter. Glass-glass configuration.

Results

. . . . . Single cell mini-module
Higher performance for SP versus ink-jet printed cells in modules

Same module eff with 14 passes (high Jsc and low FF) and 14 passes
97 passes (high FF and low Jsc)

Best Modules

Efficiency module [%]

IV param. With inkjet With inkjet  With screen-
(14 passes) (9?7 passes) print
Eff (%) 19.43% 19.49% 20.75%
Jsc (mA/cm?) 37.3 36.4 38.1
Voltage (V) /34.0 728.0 /28.0
FF (%) 71 00% 73 51% 74 30% 20 passes 36 passes /6 passes 97 passes

= CSem
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Conclusion & Next Steps

Module Reliability

Direct relation between finger height and power
degradation after 200 thermal-cycles.

Need more than 76 passes to be stable over 200 TC

Needs ink-optimization for HJT metallization

14 passes 76 passes 7 PAsses

Power degradation [%rel]

10 15

os Csem Finger height [um]
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T 85°C
40min
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40min

T -40°C

v

Cycle time 4hours

Thermal-cycles (IEC 61215)

After 200 TC

10
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Conclusion

New printing strategy enables 1o ink-jet print finger
with aspect ratio of 0.7

22.44% efficiency for ink-jet printed bifacial HJT cell

Multi-wire module using ink-jet printing can pass 200
thermal-cycles test

Next Steps

New ink evaluation

Find an ink manufacturer that want to develop a E
solution for HJT cell metallization '

IEC limit of 5%

Ink-jet printing lines as seed layer for Cu-plating
= CSem
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