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Printed Electronics is Everywhere
- From diapers to precision missiles!

TechBlick @®

CONNECT - ENGAGE -LEARN

Process Innovations in Additive and
3D Electronics — From Analoge to
Digital

Addressing issues like speed,
resolution, digital, material choice, etc
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Agenda: ,Process” Innovations

From screen to dry inkjet less laser printing

#Screen #Capillary #Dispensing #Inkjet #EHD #Microdispensing #LIFT
#LaserPrint #DryMultiMaterial and Beyond

No Time For Material or Application Innovations € €
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Incredible linewidth improvement in screen
printed photovoltaic metallisation....
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Reearch progress in ultrafine screen printed fingers
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Sources:. Tepner & A. Lorenz, ,Printing
technologies..”, Progress in Photovoltaics, 2023
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And the Iindustry has followed...

100

Linewidth (um)

2012 2014 2016 2018 2020 2022 2024

Year Sources:. TechBlick compilation
from ITRPV roadmap data
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Team work: Paste and screen evolution

Paste optimization
(rheology, particle size,
wall slip)

Ultra fine stainless
steel meshes (today:
520-11 mesh)

Laser opening of
screens (channel width
< 20 pm)

Paste optimization (@I
» Rheology parameters / Particle size
» Wall slip behaviour

Screen optimization (finer meshes) ©!
» More (stainless steel) wires per inch SN
» Finer wires (today: 11 ym thickness) ? :: >,

Sources: Fraunhofer ISE

TechBlickge®
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Not just linewidth but also production speed...
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Incredible print speeds and parallelisation
I I E T S

Throughput 14400 pcs/h @half size 12521 pcs/h @half size
Printing Speed 490mm/s 400mm/s
Ink Return Speed 1300mm/s 1200mm/s
CT <1s <1.15s
Printing Accuracy +20um(Mark point positioning)
Uptime 295%
Breéﬁ%%iia‘e <0.2% <0.23%
MTTR 2 hours
MTBF 200 hours

Source: Suzhou Maxwell Technologies Co., Ltd.

Half-cell TOPCon printing as example

Full wafer turnkey solution in industry now 8470 PCS Wafer/Hour @M10

T@Ch B"Ck. www.TechBlick.com .
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Automatic full solar wafer screen printing

.l... ..m” e .8 " =z

- T O
C WL R = D |1 B

.,.,; B

& s ; g7 ; Item Technical Index
The “X" DUAL Lane production line provides a printing capacity up to 8,470
Th hput
pcs/hour, a breakage rate less than 0.2%, and a printing accuracy up to 6 pm, (p::;ﬁ o::; 8470 pos@182mm wafer, CT=0 85s;

7578 pcs@210mm wafer, CT<0.95s;

which significantly improves the throughput and yield of solar cells. BOC WRERE O e

Printing ACGBy | i o L pouitining with 4 cameran
Compatible for M6 to G12 Wafer Size NET THROUGHPUT : Uptime 208%
7578 PCS Wafer/Hour @G12 450 MW / Year for G12 Breakage Rate  <0.2%
8470 PCS Wafer/Hour @M10 580 MW / Year for M10 MTTR > Niviaia
INTRODUCTION YEAR: MAY 2023 MTBF 200 hours

T@Ch B"Ck. www.TechBlick.com w
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Can we do rotary screen printing....?

Rotary screen printing
(single lane) - up to 8000
Wafer/h (cycle time of 0.45

s)
SHJ PVs

50um linewidth or so

Source: Fraunhofer ISE
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And many approaches going beyond screen
printing in photovoltaic metallisation....
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Parallel homogeneous extrusion of metallization
pastes

Finger width: 20pum

Speed: 500-1000 mm/s

Source: HighLine Technology

T@Ch B"Ck. www.TechBlick.com .
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Narrow fingers with good aspect ratio.

10 pen BT = S00WW Signal A = IsLem Date 20 Sep 2010
WD 29 mm Mags 118KX Refwance Mag = Dolarcic 545

Source: HighLine Technology

T@Ch B"Ck. www.TechBlick.com .
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Capillary printing under pressure

20 um opening in . Finger \.Ni.dthi 12 um = Finger he@ght: 6.4.um
glass. Capillary SR : = SHJ efficiency 22.96 % = 60% silver saving
under 10 mbar — " Fluid : compared to screen printing

Speed can be 500mm/s

11 bar pressure .
|/

Ag NP inks

7 A A
z 7

Source: Fraunhofer ISE

T@ChB"Ck“ www.TechBlick.com .
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Now lets switch from analoge to inkjet and
DIGITAL printing

T@Ch B"Ck. www.TechBlick.com w
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Inkjet sets the reference but many questions:
scale, stability, material choice, resultion, etc

T@Ch B"Ck. www.TechBlick.com w



http://www.techblick.com/

CONNECT | ENGAGE | LEARN

So first question was: can IJP be scaled??

T@Ch B"Ck. www.TechBlick.com w
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HUGE |J printers for area and (future) pixel printing

M 06/05/2024 03:53:16 PM

Gen 6.5 (925x1500mm)

YIELDjet® Lassen
(TFE/M LP/PHF MaSS Source: Kateeva
Production)

TeChB“Ck. 925mm x 1500mm
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And can we digitally print high viscosity (even
screen printable) pastes....?

T@Ch B"Ck. www.TechBlick.com w
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Jetting higher viscosity materials...

Damper Relief  Reservoir  Pinch Pump Damper
Nozzle Count o6 valve  +heater valve
™ i
NovoJet™ Printhead Rows of Nozzles ,
Developed by Quantica, manufactured by Xaar
Nozzle Pitch 1.27mm /
Material

Cartridge

Fluid Viscosity Range

(Jetting temp) TmPa«s-250mPa-s

Operation Temperature 15C-80C

30mm

Frequency 8kHz
Viscosity ranges (Jetting Temperature) of inkjet printheads on the market
P : N Surface Tension 1-750 mN/m Pump Pump Pressure  Printhead Levelsensor Pump
Competitors _ : : Dol (emptying)  (cycling)  sensors (emptying)
Max Range : : :
NovoJet™ _ - Flow Type Full Nozzles Recirculation _ Curln StartS In rlnt headf)
; Z:U :‘.EI E.IJ 80 100 IZ:IJ 140 li;D WE:D ZI.)U 1;20 2:QD 260 ZED 300 mPa-s g p
Polyimide = - Low nozzle count (20 per inch)

Source Quantica

T@ChB"Ck“ www.TechBlick.com .
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LIFT: R2R digital laser printing of high viscosity
materials

Transfer film

T@Ch B"Ck. www.TechBlick.com w
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Wide range of viscosity with modest resolution

Acrylate & Methacrylate 0.5-70 40 pm up to 2 um
Epoxy - 2K 5-70 UV & heat 50 um up to 2 um
Silicone - 1K & 2K 10-300 UV & heat 100 um up to 2 um
Metal paste (Ag & Cu) 5-40 Sintering 80 um 0.1-5 um
Solder paste -type 4to 9 20-40 50 pm - 250 pm 3-35 um
Solder mask 20-40 UV / heat 40 pm up to 2 um
Polyurethane (acrylate) 0.5-70 uv 40 um up to 2 um
Ceramic paste 0.5-70 40 um upto 2 um
Carbon paste 20-40 100 um wires of ~10 um
Polyimides 0.5-2 40 pm up to 2 um

Source: io-Tech

TeChB"Ck. www.TechBlick.com w
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190 micron Ratio = ~“46%

3
234

Exmaple: Solder printing

height [;zm]

o
o o

0.3 0

0.2 0.1

0.2
0.1 0.3
distance [mm)] 6 0.4 distance [rmm]
120 micron Ratio="~ Zoj

E o 8
3 0

& 40

0
0.2 20
0.1 02 i

distance [mm]

T6@120um and T9@45um with 5M drops/hr (13888 dots per sec)

0 -03 distance [mm]

Source: io-Tech 2023

T@Ch B"Ck. www.TechBlick.com .
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Can we do R2R with LIFT....

Print width 180 mm
Print speed 2-10 m/min
Resolution: up to 600 dpi

Source: Coatema

TeCh B“Ck. www.TechBlick.com »
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And can one have high viscoisty digital
printing AND ultra fine resolution beyond
Inkjet...?

T@Ch B"Ck. www.TechBlick.com w
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EHD Printing: MEMS multi-nozzles enable high

productivity

MEMS multi-nozzle printhead

<0.2mm

71NN

Resolution < 0.5 pym
Viscosity >10000 cP

Source: Scrona

~Tmm

Printing QDs with 128 heads

PR S a———— |
SN |

SCROMA

lechBlicke®
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But how to accomodate really viscous pastes
like adhesives with EHD printing...?

T@Ch B"Ck. www.TechBlick.com w
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v
~150um  ~10'000 cps
‘>

Threebond 3065E,
7Pas/700cP,
printing at up to
~100Hz Size of
droplet easily
adjustable from
below 10micron to
>50micron

© Scrona AG v ~20um
+

T@Ch B“Ck. www.TechBlick.com '
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But can we go even higher viscosity levels for
eg higher conductivity without e-field?

T@Ch B"Ck. www.TechBlick.com w
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Micro-dispensing technology (UPD)

1000000
XTPLUPD Wide-nozzle
microdispensing
100000 Unique area of work of XTPL method
10000
Electrohydrodynamic
1000 —
Aerosol-jet
100 — Low-viscosity
direct-write
10 —j
Inkjets
1
1pm 10 ym 100 pm
Feature Size [um)
. A unique area of XTPL where
i i ! I k area
no competing methods exist XTPL's general work a

Source: XTPL

TeCh B“Ck. www.TechBlick.com .
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Can we print with UPD Iin 2.5D and 3D?

Covering vertical steps even above 300 um height

step height & " TETRN »
12 um R B

Ag printed line width:

:‘\\\,\/ 10 pm

1 ; silver. <
7 " printed
d ! : lines ;

width 8 um o

x5 ny et ma } W it W : 7/20/202 HV Ui et mag HFW uit W 1 um vl ) 1V jet tilt
” T < > >
i :7‘ AM 2.00 kV0.10 nAETD 1 650 x 126 pm 52.0 * 3.9 mm N L X 50043 PM 2,00 kV 0.10 nA ETD S00 x 414 pm 52.0* 3.6 mm Nanores P 62847 PM 200kV S0pA ETD S500x 4l4um 520° 2 mm

Source: XTPL

T@Ch B"Ck. www.TechBlick.com w
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Too slow?!

8.3 dots per second

Source: XTPL

T@Ch B"Ck. www.TechBlick.com .
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High Pressure Capillary Printing

Ink Viscosity

100,000 cp
10,000 cp
CaP
1,000 cp l‘a'm- r\{w:; oOn
Capillary PrRERe
Macraresonator 100¢p

High precision capillary T
printing oor| L

100 pm 10pm s it o Mo e Tpm 0.1pm

No satelite or no splashing since printing head is very close

Source: Hummink

www.TechBlick.com .
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And can we additively manufacture WITHOUT
INks??

T@Ch B"Ck. www.TechBlick.com w
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SSAIL Process: Additive laser-induced metalisation
of diverse surfaces

sweet spot at ~10 pm

(including via drilling if needed)

| I — Trace width down to 1 um,

1 / / Laser process on blank substrate
l
— Laser writing speed: >3 m/s @10 pm
Chemical process — Laser ertlng Speed: >0.2-1m/s @2 pm
2. // %%/ % 1) Activation .
AT Wit — Electroless plating: 3-4 pm/h

2) Electroless plating

— Process temperature: <70 °C

. — Conforms to automotive adhesion
3. Final plated part
requirements

Source: Akoneer

T@Ch B"Ck. www.TechBlick.com .
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Fan Out on PI 15um on FR4 (sensitive surfae!)

Source: Akoneer

I

|

www.TechBlick.com w
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DRY (Ink-Less!) Mutli-material Printing

T@Ch B"Ck. www.TechBlick.com .
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FR4 Substrate

ENT= 16004V Signal A= SE1 Dete 20 Oct 2023 2EISS|
WO =722mm Mag= 750X Time: 1646 37

SEM imge

Optical Imagae

Optical Image

Source: NanoPrintek

TeCh B"Ck. www.TechBlick.com .
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Tungstan

\

Signal A = SE1 > Dafe: 11 Nov 2023
Mag = 1000 X Time: 19.:47.39 .
- - Source: NanoPrintek

T@Ch B"Ck“ www.TechBlick.com w
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Platinum
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Thank you

Printed Electronics Is Everywhere

T@Ch B"Ck. www.TechBlick.com »
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