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StarJet Technology

For direct, non-contact printing of molten metals

Molten metal is ejected from nozzle in liquid state

Metal solidifies upon impact on target

Pneumatically driven printhead

Star-shaped nozzle chip
» High directional stability
> Oxidation reduced by sheath flow

No temperature limitation for material
» Bulk Tin alloy (Solder) > 150 °C
» Bulk Zink alloy (ZAMAK) > 400 °C
> Bulk Aluminium & its alloy > 660 °C

No chemical / post-treatment needed
(no inks / pastes / particles)
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StarJet Operation Modes Hahn <
Schickard

Two independent pneumatic pressures

. : ROT
" Rinsing (p,inse) Pressure and actuation pressure (P,

= Pressure mainly depends on nozzle diameter (< 1 bar)

: &
Two working modes: &
®
= Drop-on-Demand Mode &
(up to 50 Hz) ® &

= Jet Mode
(printing speed > 1 m/s)
> Continuous Jet
> Jet on demand
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High bond strength on PCB contact pads Hahn <
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= Solder deposition on standard PCB pads with ENIG ~ Searofftestvs. substrate temperature -
coating (Electroless nickel immersion gold) '

=  Solder ball has a diameter of ~ 250 um
» Target diameter is customizable
> 3000 mN - 61 MPa in shear strength
> ~64 MPa shear strength for SAC solder [1]

ma. shaar-alf farca imbkh

B

Printed solder balls are totally sheared off from ENIG surface Printed solder balls were totally deformed during shear-off jest

>
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High compatibility on thermal sensitive plastics Hahn <
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= Jet mode can be triggered on demand - Jet on Demand

= With either high printing distance or high traversing speed, uniform line structures can be
directly printed

Printhead heated
@ 400 °C

Printed PETG,
Tg @ 85 °C
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2D electronics printing: Examples with Jet mode Hahn O
Schickard

=5 M. Jehle et al. EPTC conference, Singapore (2017) 1-4.

. Gerdes et al. Sol ials and Solar Cell  83-90. I . : . .
B O o g i Pt Direct printing of interconnections on printed circuit boards (PCB)

Direct printing of jets for solar cell front-side metallization
!

Z. Shu et al. NIP & Digital Fabrication Conference, Printing for Fabrication 2018, pp. 72-75(4). M li . £ il / bl
Metallization for flexible electronics: printed solder lines on a bent PET foil etallization for textiles / wearables 4
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Interconnection printing on 3D samples Hahn <
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P Irect . Vertical Interconnect Access
interconnection (VIA) holes filling:
between PCB and 9-
Interconnect 3D placed
connectors

electronic components

1 mm

20° Slope

Z Fraunhofer

< -
StarJet Technology for Smart textiles - Zhe Shu - 2026-05-19 B A L L u |- F ﬁHE“nE 7 innBW,N:ATIONSALUAN
I

BADEN-WURTTEMBERG



More flexibility with Drop-on-Demand mode Hahn ¢

Schickard
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Free-standing stru s
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Conductive feature on 3D printed Polymer Hahn <
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Printable on rough surface, and high adhesion, e.g. 15 N/mm?2 on PETG

No necking or

bulging observed

StarJet Technology for Smart textiles - Zhe Shu - 2026-05-19 9 innBW
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Examples of printed flexible electronics Hahn <
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20 mm

A
v

9.6 mm

20 mm

PET sheets, 100 pm thickness =
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Results — Assesment of conductive trace bendability Hahn <

Schickard
Assesment of bendability of printed traces A) o0
=045 T o . ' .
=  Traces printed on PET with a length of 80 mm Sm ! rh % g F
» Bulk SAC305 traces Eu.as
. . . B 030 -
" Bending tests on a cylinder of a diameter of 16 mm . by i
(sample are rolled up) -
. . 0 a0 100 130 200 230
" A-wire resistance B Number of bending cycles
measurement in bent and —oss
un-bent state S 040
> Un-Bent: (394 +5) mQ 2 035
and (431 mQ +1.2) mQ 2 030 .
E - . ant sample

> Bent: (399 + 16) mQ and
(426 £ 18.9) mQ

= Withstanding 200+
bending cycles

# - LUn-bant sample

0 a0 10d 150 200 250
Number of bending cycles

Bending endurance test on 80 mm long
conductive traces performed

lllustration of a bent SAC305 line
printed on PET sheet =
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Example of printed stretchable electronics

Printed Model

StarJet Technology for Smart textiles - Zhe Shu - 2026-05-19
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Substrate:

25 pum PET (cover film)
100 pum Foldable sheet
75 um cover film
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Selective soldering via StarJet
technology
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Soldered samples - example Hahn <
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Solder joint shape
=  The shape of the solder joint is different from the ,standard” optimal meniscus
=  However, initial results showed great strength printed with Jet-on-Demand mode
> The solder heat up the solder pad and the component
= Positional accuracy is important for proper melting SMD LED Printed solder joint

- g

Fo U NN TR A A e e

Selectively soldered SMD (top view: left, tilted view: right)

StarJet Technology for Smart textiles - Zhe Shu - 2026-05-19 14 innBW
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mag «
X-Ray Imaging H"Sh"" ”

No voiding is observed

Solderonthe -
component \
; Solder wetting the pad

StarJet Technology for Smart textiles - Zhe Shu - 2026-05-19 15 innBW
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Microstructure of the printed solder and solder joints Hahn <
Schickard

= Microstructure is a complex function of cooling rate, solder volume, solder composition
> Cooling rate in standard reflow processes (~3-4 K/s)
> Faster cooling tends to reduce the size of IMCs

= No abnormal segregation of certain IMC phases was found
= Detailed comparison and differences will be assessed with SEM and literature

SMD solder joint printed with a reservoir temperature of 450 °C and StarJet preheat of 60 s =
StarJet Technology for Smart textiles - Zhe Shu - 2026-05-19 16 innBW
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Shear strength measurements

= Dage 4000 shear tester
> Shear speed =100 um /s
> Standoff height = 300 pum

Reference values

= (0805 SMD - SAC305: ~40 N, SnBi: ~50N

(reflow)

> BeneSova, Andrea, et al. "Connection technologies quality
improving." 2016 39th International Spring Seminar on
Electronics Technology (ISSE). IEEE, 2016

" (0805 SMD — Adhesives 10-30 N, solders ~20-60
N (reflow)

> Hirman, Martin, and FrantiSek Steiner. "A comparison of the shear
strength of conductive adhesives and soldering alloys." 2015 38th
International Spring Seminar on Electronics Technology (ISSE).
IEEE, 2015.

StarJet Technology for Smart textiles - Zhe Shu - 2026-05-19
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Reservair = 300 °C Reservoir = 450 "C Reservair = 450 *C, 5] preheat
450 °C, SJ
Test case 300 °C 450 °C  preheat 60
S
Average 12.3 34.1 37.5
St. Dev. 4.8 6.97 4.73
Sample number 10 12 B
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Wide range of possibilities — flexible substrates Hatohn
SCcivkkadd

Technology of assembly of flexible
electronics

= High resolution printing of traces with Drop on
Demand and SAC305 alloy

= Component placement and selective soldering
with SnBiAg

> Only partially melts with the printed trace, no
problems with disconnection due to melting of the
trace

> Wetting on the underside is not as good with a pad
not present

= Conformal coating to increase adhesion
> Peters SL 1800 cold-flexible acrylate
» Adhesion is a problem with a lot of materials
> The coating also reduces stress in the structure

Soldered and conformal-coated SMD LED on flexible

Substrate =

StarJet Technology for Smart textiles - Zhe Shu - 2026-05-19 18 innBW.N:AT.ONSALL.ANZ
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Examples of in-house developed hybrid printer for 3D ok &
electronics ‘Sthickard

Low-cost verS|on on Prusa system

Integration on various platforms possible

Top-view
camera

FDM module Starlet

Printhead

Side-viewe—————

camera Stroboscopic

camera

StarJet Technology for Smart textiles - Zhe Shu - 2026-05-19




Rapid design to products cycles Hahn <
Schickard
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Schematic of circuit 3D exploded view of CAD circuit Sliced hybrid circuit Printed hybrid circuit
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Additive manufacturing of 3D objects Additive manufacturing of 3D electronics /

StarJet Technology for Smart textiles - Zhe Shu - 2026-05-19 £ Khan, D Gururajan, S Kartmann, P Koltay, R Zengerle, Z Shu 20 innBW
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Smart Eye Glass — 3D interconnection Hahn <
Schickard

" The eyeglass frame is hybrid 3D printed from PETG + solder
= No cross talk up to 600 kHz during 12C communication

StarJet Technology for Smart textiles - Zhe Shu - 2026-05-19  Z. Khan, A. Saphala, S. Kartmann, P. Koltay, R. Zengerle, O. Amft, Z. Shu, 21 innBW
Micromachines 2024, 15, 750. BADENAWORTTENBERG
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Smart textiles & wearables

Potential application

StarJet Technology for Smart textiles - Zhe Shu - 2026-05-19 22 innBW
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Potential Application: Smart textiles

m Direct line printing on various textile substrates

ESD cloth Cotton band-cloth
High adhesion High adhesion

& Flexible & Partly Flexible
3278.9 mN 2843.6 mN

StarJet Technology for Smart textiles - Zhe Shu - 2026-05-19
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Glass fiber textiles

OK adhesion

max. shear off force

152.0 mN

Hahn Lrﬁ
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Cotton cloth with
Copper foil

Weak adhesion

23

PES cloth with
Copper foil

No adhesion

>4
innBW
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Selective soldering on Textiles Hahn &
Schickard

Direct integration of electronic components

StarJet Technology for Smart textiles - Zhe Shu - 2026-05-19 24 innBW

High adhesion on selected textiles (e.g. cotton)

Directly printing flexible interconnections from molten metal
(e.g. SAC305, BiSn, 100% metal content)

Low electrical resistance

Compatible with temperature sensitive substrates
(i.e. no sintering / post-processing)

Direct and selectively soldering of SMD electronic
components onto textiles

Further potential applications
> Interconnecting/bonding to electrical connectors
> Integrating micro-heaters / capacitive sensors / RFID antennas

Finished circuit with soldered LEDs

INNOVATIONSALLIANZ
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Summary and conclusion Hahn &

Schickard
_ . . . a . olde  Solderdd , c BiSnAg solder joint
= Additive deposition of conductive metal via StarJet molten [y S.cn SACI0S tace ::
ace w IVIL) » . My /_ - r.". .’/

metal printing technology

> 100% metal content, void-free

> No post-treatment (e.g. sintering, thermal curing)
> Sustainable - no chemicals, no solvents

» High aspect ratio > low electrical resistance b
(5.7 mQ / mm for conductive line width of 230 pm ) ! | congﬂltﬂfédidnaa

= Compatible with flexible & temperature sensitive substrates
» Polymer foils
> Textiles
> 3D printed thermoplastics

= Direct soldering of electronic components on temperature
sensitive substrates
E]'Ehi' I:-IE]
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Questions ? Interested in collaboration ?
O e- a Contact me @ zeba.khan@Hahn-Schickard.de or LinkedIn

Organic Electronics *
Association
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