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HIGHUNE

The Idea: Using our Resources more Efficiently

Screen printing

Screen printed structure*

Dispensed structure*

*Gensowski et al. "Dispensing of low-temperature silver pastes",

AlIP Conference Proceedings 2367, 020007 (2021)
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m Reduction of Fingerwidth on Solar cells, ITRPV
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o Dispensing allows for up to 42% effective
silver reduction on SHJ cells

* Gensowski et al. SolMat 245 (2022) 111871 Ein Spin-oft des:
*VDMA, ITRPV 2022 ZZ Fraunhofer
¥ Pospischil et al., MIW 2021, Genk, Belgium ISE
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HIGHUNE  p55)e 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

Homogeneous Low width /
Geometries High Aspect Ratios

(up to 25% silver savings) (1% rel. n increase)

High Throughput
Process
(= 4000 cph)

- Significant savings in CoO and increase in n

*Pospischil et al. AIP Conference Proceedings (2019) Ein Spin-off des:
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HIGHUNE HighLine Dispensing System

T E C H N O L O G Y

Paste conveyor system:
From 960cc syringe or
conventional pots

Central Paste Inflow with
Valve technology

™, iR e = 2, f."
3 H\GH'NE RS ;ggrssttrlylzedﬂmd

i | e H N 0 L O G

Exchangeable Nozzle-KIT
(Consumable)
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HIGHUNE

T E C
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R&D Activities at HighLine
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Process

Paste
Development

» Application

HJT

2

 Machine
Control (PLC)

 Process
Control

* System

» Durability

Development
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HIGHUNE Challenge: Ag Reduction vs. Contact Resistivity

T E C H N O L O G Y

o Before changing the material
—->How small can we get?

o Values of around 3 mOhmcm? are too
high for fine line printing
- Can we compete here with pastes?

o Flake like particles are problematic for
dispensing with small nozzles
—> Are there other solutions?

contact resistivi
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HIGHUNE Enhancing Pastes for Dispensing

VPI‘GCESS

--- nozzle Width: 24pm
- Height: 9um

\V‘

exXtrusion

V1= 2400 um

EHT = 5.00 kV WD = 49 mm Mag = 1.06 KX

Gensowski et al. SolMat 245 (2022) 111871

StageatT= -83° Detector = SE2

Solution 1: Solution 2:
Impact of tackiness: Stretching the paste thread Nano-Pastes allow for excellent conductivity and
allows smaller line width at larger nozzle diameters contacting behaviour (< T mOhmecm?!)

Ein Spin-off des:

y
Z Fraunhofer
ISE



HIGHUNE

T E C H N O L O G Y

Latest IV Results, high AR and low AR paste
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HIGHUNE  eries Resistance Analysis

T E C H N O L O G Y
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HIGHUNE  Rop Activities at Highline

TTTTTTTTTT

* Paste * Machine e System
Development Control (PLC) Development

» Application * Process » Durability
HJT Control

~
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HIGHUNE HighLine's Software Projects

T E C H N O L O G Y

o Machine Control:

accurate height control is key for high Printing Time
y|e|ds 118 4 —— original time
1.16
o Process Control: ve
« Cellimaging and processing enables insitu E ~10% reduction
optimization of printing parameters T 1121
1.10
» All parallel dispensed lines can be seen as \
average result of process parameters H8 T | | |
1 2 3 4

cell number
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HIGHUNE Fxample: Impact of Automated Optimization

T E C H N O L O G Y

Percentual difference in recipe and output

Key resylts after —— difference in velocity y
° —— difference in height
four consecutive 60 ! n neig
. —— difference in total paste
cells:
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past %
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Time
> Goal: fully |
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HIGHUNE  Rop Activities at Highline
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HIGHUNE  ighLine Dispensing System — Integration KIT

HighLine's Cuckoo (Integration-KIT)
« (Collaboration with equipment manufacturer (= 3-4 months)
« Upgrade of existing screen printing lanes/platforms (new and retro-fit)

% i a-" i ‘\-‘
= =
Industrial screen printer

Ein Spin-off des:

y
Z Fraunhofer
ISE

15



m Products & Consumables protected by [P

EXC/us'

Lj cence
pat@nts

Dispensing Print-heads . The Upgrade KIT (Cuckoo) The Nozzle-KIT Consumable

* High printing speed » Upgrade of existing screen-printing platforms . Integration of ultra-fine nozzles (10 - 25um)

« Ultra fine nozzles (<25um) . * Integration in new production lines . * Flexible regarding design

« Contactless process . Prototype in operation in PVTEC, Freiburg . Quickly exchangeable for high uptime
Pospischil et al., MIW 2021, Genk, Belgium Ein Spin-off des:
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m Hardware Enhancements

T E C H N O L O G Y

—_—

| o Single Nozzle
: ‘.“ * For flexible paste and process

testing

o Scaleable Parallel Print
Heads
* Improved paste distribution
«  Now with horizontal mounting
 Quick exchange of nozzle kit
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HIGHUNE  pyrability of Nozzle KIT

Goal: KIT Livetime >> Screen Lifetime

Number of Printing Cycels without Failure
/KIT

ekl

Ready for FAT
25000

\ 20000

15 000

/Flexibility regarding:
o Number of nozzles
o Arrangement of nozzles 10000

o Pitch between nozzles 4 a0t I
5000 4 049
I . 2406 2518 3.152

May 21 Jun21 Jul21 Aug2l Sep2l Oct2l1 Nov2l Dez2l Jan22 May?22

\9 Quickly exchangeable (< 30 sec) /
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HIGHUNE Impression of Pilot Processing

T E C H N O L O G Y

o Tlargeted industrial
testing in PV
for Q3/23

o Current focus on
* vyield and stability

* alternative
materials/pastes

« different PV applications

o Open for potential
scalable applications

Enduring dispensing at Fraunhofer ISE's PVTEC with HighLine's Cuckoo 2.0

Ein Spin-off des:
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m Outlook: New Site in Freiburg from Q3/23
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JHIGHUNER
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