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Pastes with Self - Generated Pronounced Slip Layer A\‘(IT

® Several studies have shown that a pronounced slip of the paste is crucial for
achieving good results in the front side metallization of Si solar cells

B The presented study investigates how the slip and rheological properties of the
pastes can be specifically varied by adding slip agents to the paste formulation

B The effect of varying slip on the printing process has been investigated using
high-speed imaging

® By varying the print substrate in terms of wettability and texture, the
requirements for the organics used in the paste can be further investigated
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Slip in Concentrated Suspensions

® In concentrated suspensions, a particle -
depleted layer forms at contact surfaces

® This thin layer differs in composition and
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adapted after D. M. Kalyon, J. Rheol. 2005
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Preparation of the Model Pastes ﬂ(".
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Description Conventionally formulated  Paste R with added slip agent Paste based on the capillary
reference paste containing (co-solvent) adjusted to the suspension concept
polymeric rheology control  same solids content containing a slip agent as
agents secondary liquid

Paste structure Homogeneous Heterogeneous Heterogeneous

Constant for all pastes

@ Solid fraction 90 wt.-%
® Metalor K7418P Ag powder Xsq 3= 1.42 um
® Glass frit PSGS-2016 (BASS Co., Ltd.) X593 = 2.15 pm

® Main solvent: Texanol (= 7.4 wt.-%)
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Capillary Suspensions A\‘(IT
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@ Addition a small amount of a second, Pendular State Suspension
immiscible fluid alters the flow “
properties of a suspension

® A percolating particle network is
formed due to capillary forces in the
sample

Hydrophobically CaCOys in diisononyl phthalate
o

Hydrophilic glass (6= 60°) in DINP
(¢ = 0.30) with 3% added water

Bossler and Koos, Langmuir, 2016

(r =0.8 um, ¢ =0.111) with added water (8= 139.2° )

0.00% H,O wt. 0.10% 0.20% 0.30% 0.40% 0.50%
Koos and Willenbacher, ,Capillary forces in suspension rheology”, Science (2011)
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Paste Rheology — Yield Stress

® Addition of a slip agent to the reference
paste leads to a substantial increase in 800
yield stress indicating a structural change

within the sample (heterogeneities) 500

® Highest yield stress for capillary

suspension type paste characterized by a 400

percolating particle network

Paste R Paste S Paste C 2007

presumed
particle
distribution
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Yield stress cy/ Pa

Paste R PasteS PasteC
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Paste Slip Velocity A\‘(IT
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, Slip velocity vg / mm st

102 - .
® Addition of the slip agent leads to a . oli determinedata |60 mm/s
significant increase in the slip velocity ;“:gf_;‘;jss
by 8 decades due to the induced 107 SIS
formation of a distinct slip layer 10
102
® Percolating network in capillary 103}
suspension type paste facilitates slip 10_4?_
layer formation to a smaller extent 3.5.10°
10 mm/s

Paste R PasteS Paste C
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Experimental Setup

@ Printer
8 Customized Ekra E2 lab scale printer

B EoSens Minil highspeed camera
(1000 frames per second)

® Nikon ELWD 20x/0.4A objective

2 Screen - e
Scree Pre-injection zone Printdirection 0y o one

® 430 - 13/17 screen fabric \ <—(//
® 22.5° mesh angle b, e T et

® 9+ 1 ym emulsion over mesh Squecgee = GRS easnsaas oo
® 30 um screen opening width o |

Table nip contact Snap-off

Camera
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Printing Process Steps & Line Spreading Phenomena ﬂ(".
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Process 330 x slower

® Printing is subdivided in different process steps
(Pre Injection, Squeegee Stroke and Snap Off)

® Line spreading and retraction is a feature of the screen printing process
® The line width is set when the screen detaches from the substrate

Empty Pre Squeege] After
Screen | Injection § Stroke | Printing

Rt Y o L)

S \

Squeegee
contact

Screen
opening

rm————————
| I

Final width

Width under squeegee
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Effect of the Addition of a Slip Agent - | AT
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® The aspect ratio (AR) increases remarkably by adding a slip agent to the
conventionally formulated reference paste R

@ Capillary suspension type paste C based on a slip agent as secondary liquid
shows even higher AR values

Aspect ratio / -

0.5 T
400 mm/s speed
'3 Bar pressure ]
0.4 12mm snap off
0.3 |complete EOM Release & 3oum fine | * ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, l ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, i
I ‘
0.2 -
0.1r
®  Epoxy| |
® Glass
O.o 1 1 1 1 1 1
Paste R Paste S Paste C
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Effect of the Addition of a Slip Agent - I AT
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® High AR corresponds to high Height - the line width is close to the nominal width

® Increase in AR is predominantly due to the easier release of the paste from the non EOM region.

® High slip (Paste S) and high slip combined with a percolating particle network (Paste C) promote paste transfer

® Good adhesion of the paste to the substrate should promote paste release

16 Height / um

[ 400 mm/s speed = Epoxy| ]
15 .

- 3 Bar pressure e Glass|
14 | 2mm snap off
13+
12 |
11+ "
10
g [EOM - B R .

M OO N ©
T T T T T 1

Paste R Paste S Paste C

Group Applied Mechanics (AME)

1 November 21, 2021 Institute of Mechanical Process Engineering and Mechanics



Addition of a Slip Agent and Spreading A\‘(IT

® Adding a slip agent to the pastes
leads to more pronounced spreading during squeegee stroke

Width under Squeege / um

T T T T
400 mm/s speed ®  Epoxy
3 Bar pressure ® Glass
2mm snap off

150

100

T

50

Paste R Paste S Paste C
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Impact of Substrate Wetting on Line Interruptions ﬂ(IT
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Fraction of interruptions / -
. : .

: . : : 0.3 :
Interruption: Line height below 2 um - Eroxy
® Glass |
400 mm/s speed
. . . 3B
Line length fraction of interruptions 0.2 2mm snap off
I . . Alinterrupted I !
. ltotal
Interruptions 01 |
9 Laser Scanning Microscope images from 3 different runs are evaluated A 1 }
0.0 - :
| Paste R | Paste S | Paste C

Line interruptions much more pronounced on glass than on epoxy
despite similar spreading underneath the squeegee

- A good ratio of adhesion to the substrate and the slip behavior of the paste
must be found to transfer the paste instead of sticking to the screen
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Impact on Paste Slip on Screen Clinging A\‘(IT
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@ High slip and a percolating network reduce the extent of screen clinging

B Longer cling zone on epoxy substrate indicate a better paste adhesion

Cling Zone / mm

400 mm/s speed ] | Epoxy
'3 Bar pressure e Glass ]
g |2mm snap off |

10

T T T T T

Paste R Paste S Paste C
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Outlook — Texturized Epoxy Plates A\‘(IT
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® An exact copy of a Si-wafer surface was created on an epoxy plate as printing substrate
® The substrate serves as printing substrate in current experiments
® We look forward to presenting the influence of the texturization soon

Texturized Epoxy Plate Surface

Epoxy
resin Dissolving of the Silicon and Al

L -

Al Plate

Substrate

Silicon Wafer 0.58 £+ 0.21
Texturized Epoxy Plate 0.62 = 0.08

O o O
@] O 0

NaOH Bath
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Summary and Conclusion A\‘(IT
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® Adding slip agent to pastes influences the pastes yield stress by introducing heterogeneities
® Paste slip can be increased by up to 8 decades

® Adding slip promotes paste release from the screen
—> Increased aspect ratio
= Increased paste transfer

® To achieve interruption free high AR lines a good ratio of adhesion to the substrate and
slip on the screen must be found

® Strong slip and poor substrate wetting reduce the extent of screen clinging
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Thank You For Your Attention! A\‘(IT

Karlsruhe Institute of Technology

Group Applied Mechanics (AME)

17 November 21, 2021 , . . . .
ovember 21, 20 Institute of Mechanical Process Engineering and Mechanics



