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HIGHUNE  pypy) Dispensing Technology for PV

T E C H N O L O G Y

HighLine Dispensing System
Homogeneous extrusion of metallization pastes through
parallel arranged nozzles

" HIGHUNE )

T E C H N 0 L 0 G YO

Homogeneous Low width / High Throughput

Geometries High Aspect Ratios Process
(up to 25% silver savings) (1% rel. n increase) (= 3600 cph)

- Significant savings in CoO and increase in n
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m Fundamental Advantage of Contact Geometry

Screen printed structure* Dispensed structure*

Screen printing

*Gensowski et al. "Dispensing of low-temperature silver pastes", Ein Spin-off des:
AlIP Conference Proceedings 2367, 020007 (2021) 2 Fraunhofer

ISE



HIGHUNE

T E C H N O L O G Y

screen printed structure

dispensed structure

Dispensing on SHJ Solar Cells

o Shading:

here: 3.8% > 2.8%
(despite +30% N;)

o Silver saving:

here: 25%
per finger: 42%

O Mmax = 22.69%
- DIS level above SP level

An/m = +1.3%rel.

-> Significantly improved
contact shape achieved
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Gensowski et al. "Dispensing of low-temperature silver pastes",
AlIP Conference Proceedings 2367, 020007 (2021)
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m Latest Highlights regarding Dispensed Solar Cells
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o Launching of Cuckoo Inline System at
Fraunhofer ISE PVTEC

o Establishment of PSQ Solution and
Demonstration for Potential Customers

o Substantial Improvement of Hardware
Functionality and Nozzle-Livetime
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H|GH;& Our customized Print-head Portfolio

~3cm

Gecko:

Multinozzle-System for
simple paste evaluation;
non-intermitting

HIGH{INE

TECHNDOL 06 Y

Single-Nozzle:

Flexible system for quick
application and evaluation;

+5um position accuracy ~20cm
Crocodile:
6" parallel print-head system . .
— developed for M0/2 solar cells Alllgator‘
Liza rd: Double-print-head system for

PSQ cell-formats

Intermitting parallel print-head for
small-scale applications
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HIGHUNE HighLine's Cuckoo — 2 business options

T E C H N O L O G Y

HighLine's Cuckoo (Integration-KIT)
JThe dispenser nests in the screen printer”
1. Upgrade of existing screen-printing platforms (~6000#)

2. Direct Integration in new metallization production lines (900#/a)

/.-'

~ 6000 Industrial screen printer in PV-market
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HIGHUNE  |jine Integration at PVTEC Lab in Freiburg

T E C H N O L O G Y

Kuckuck and Busbar Printer in between two scales in
Cuckoo System with Inline Cleaning setup and Alligator Print Head Fraunhofer ISE's PVTEC in Freiburg.
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HIGHUNE  pint Head: Crocodile > Alligator

T E C H N O L O G Y

o Double headed crocodile

o Allows for semistroke printing
o Designed for PSQ wafers

o Fast mounting system

o Scalable solution for large wafer formats

M
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m Our Solution for PSQ Solar Cells

T E C H N O L O G Y

[ Pre-Alligator: ]

Double-print-head system for
PSQ cell-formats

Solar cell printed by two nozzle kits within V2 stroke
—> Further potential for throughput increase

Ein Spin-off des
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HIGHUNE  |qystrial Samplings with Cuckoo

T E C H N O L O G Y

Comparison with

An/n (%)

first run 11 a0 o
300pcs) 13.8% 1.42%
second run -31.0% -0.09%

(600pcs)

—> Contact Resistance of LT Pastes as main
challenge to decrease Ag consumption

Ein Spin-off des:

y
Z Fraunhofer
ISE

13



HIGHUNE Cycle Time Simulation

T E C H N O L O G Y

o ldea:
« Simple solution for pseudo square corners
* Reduce stroke length to increase throughput rate

o Simulation Settings:
« Cell Formats: M2 — G12+
« Handling Time: 0.4 s @ M2 wafer
« Transport Distance between Wafers: 20 mm
Axis Acceleration a: 2000 mm/s® - 10.000 mm/s*
«  Axis Speed vpgip: - 100 = 500 mm/s
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H|GH@ E Cycle Time Simulation
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Substantial Reduction of
Cycle Time with semi-
stroke

Printing Time (s)

+4000 cph @ 200 mm/s
with M2 possible
L& % 2 - Further increase of serial
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m Possible Printing Sequence: Simplified Dual Print

o Conventional Dual Print Approach

Drying

Printing BjaYgle Printing + Curing

o Simplified Approach (wet in wet)

Printing Dispen- Drying

BB only sing + Curing

=t o 0 AR TS el
.

Simplified Dual Print: Combination of screen printed busbars with

- Safes one drymg step in between dispensed contact lines without drying step in between
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HIGHUNE HighLine's Nozzle KIT — The Consumable

T E C H N O L O G Y

/Flexibility regarding: A
o Number of nozzles

o Arrangement of nozzles

o Pitch between nozzles

—> Quickly exchangeable (< 30 sec)
\C )/

[ e e —
Goal: KIT Livetime >> Screen Lifetime
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HIGHUNE rease of Hardware Stability

T E C H N O L O G Y

o What s the lifetime of our components?

o The KIT" as core element

« Until Summer 2027 15000
Lifetime typically < 5k prints

« September 2021
Initiation of deeper development with strong
partners from industry

* November 2021: 7600
Substantial increase to 15k cycles

4300 4000
2400 [ 2500 >
o Goal 50 =100k cycles for production . .
May Jun Jul Aug Sep Oct Nov

18

Number of Printing Cycles without Failure
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HIGHUNE  njine Process Control and Analysis System

T E C H N O L O G Y

| production parameters
¥

— ,recipes”
o
/

Operator

Print Inspection |
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HIGHUNE  concjusions and Take Aways

T E C H N O L O G Y

Cuckoo as Inline Dispensing Solution in Daily Use, Second
System designed for Field Test (Targeted Q2/22)

Substantial improvements in Hardware Stability = Nozzle
Lifetime >15k cyles reached!!

Dispensing with smaller nozzles is technically by far not yet at
the limit!

* But we need respective pastes with excellent contacting behaviour
and dispensability

* New opportunity for paste manufacturers

CO, equivalent of Ag will contribute in the future!

20
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HIGHUNE  outiook: Dispensing with High Temperature Pastes

T E C H N O L O G Y

o First trials with commercial available Ag PERC pastes by Fraunhofer ISE
- Dispensing allows for even smaller contact lines in future applications!!
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|HIGHUNER

T E C H N O L O G Y
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