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Applications
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Solution Processing Approach and Needs
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Recurring challenges:

Mask/master-free patterning

Material formulation

Waste reduction

Process complexity

Tool clogging

Scalability

Slot coating advantages:
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Research objective

Objectives:

To develop and implement a slot coating-inspired approach for
heterogeneous micro-scale pattern features, without subtractive steps,
masks, or pre-patterning of the substrate, by studying the effects of liquid

bridge behavior, fluid properties, and wetting and diffusion of one or more
fluid species.

Key Questions:

1. What are the physical mechanisms enabling pattern formation?
2.How does the process drive and/or limit material formulation?
3. What physical limits exist on minimum feature size?



Materials — Fluids, Substrates, and Tooling

Coating fluids (Primary)
1. Polyvinyl alcohol (PVA), Mowiol® 4-88, aqueous solution

2. Poly(3,4-ethylenedioxythiophene): polystyrene sulfonate
(PEDOT:PSS), Clevios™ PH1000 doped with 1% Triton X-100 and
6% ethylene glycol

Coating fluids (Secondary)
3. Polydimethylsiloxane (PDMS)
4. Glycerol, 95% aqueous solution
5. Vacuum pump oil (VPO), KMP Corp. L340

Solid phases
6. Polyethylene terephthalate (PET), film substrate and shim stock
7. Polymethyl methacrylate (PMMA)



Materials — Rheology and Wetting

Material u (cP) o (mN/m) 0 on PET film (°) 0 on cast PMMA (°)

PVA (10% aq.) 29 44 56 59

PVA (15%aq.) | 107 43 58 62

PVA (20% aq.) | 392 42 60 65

PVA (24% aq.) 1057 42 -- --

PDMS 970 20 -- --

PEDOT:PSS 29 32 17 17

Glycerol 400 63 - --

31 - -

Viscosity Surface tension (o) 3 Contact angle (0)




Methods: Slot coating tool and techniques

 Multiple inlet ports can accept multiple coating fluid species (some can be unused)
* Shims with cutouts implement internal geometry (multiple shims can be used)
* Localized outflow regions can be actuated independently
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Liquid bridge ' Fluid inlets cutouts in shims (not shown)
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Y% o~
i ¥ ORCKGO& Upstream |
.................. : O die block
H
R e \
. Shims

Upstream meniscus (interchangable)

Downstream meniscus

Outflow region s S Downstream
Liquid film die block

[1] Parsekian, A. W. and Harris, T. A. L., US Provisional Patent Application No. 62/593,323 (2017) 10



Process control — one fluid phase
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Slot coating tool for alternating-stripe patterns

* Localized outflow regions correspond to an array of inlets
* Internal geometry manipulates flow for each inlet-outlet pair, and assists feature size scaling
* Flow through each inlet can be sourced independently, or left unused

G| |-

Liquid bridge - Fluid infet
(a.k.a. coating bead) uid inlets

y — Inflow of two
coating fluids
//_ at alternating

z @% inlets
C

oating fluid

at liquid bridge

Upstream meniscus
Downstream meniscus

species interact

"

Outflow region
Liquid film

Slot coating tool — processing parameters Alternating-stripe coating configuration

[1] Parsekian, A. W. and Harris, T. A. L., US Provisional Patent Application No. 62/593,323 (2017)
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Process control — Two Fluid Phases

Coating fluids: PVA, 10% aqueous (transparent) and with >2% dye added (dark)

Single coating fluid (separate coating beads) Two coating fluids (interaction within coating bead)
Stripe widening with decreasing /===
0.6 =—_be 5. v & | 0.6
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: : -—--Q=0417ul/s
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Coating fluids:
1.  Polyvinyl alcohol (PVA), 10% aqueous (transparent)

2.  PVA, 10% aqueous, with >2% dye added (dark) 3



Wetting transition in immiscible stripes

Single coating fluid Interacting immiscible fluids

— — (1a)
A PDMS/PVA 0 = oyp — 04 COSQ4 + 0 COSPp

0 =04sinp, — o Singp (1b)
0= —Ya <+ VB <+ OAB COSGB,A 2)

20 3
T PET films > mm

VPO/PVA
PVA

Liquid-liquid-gas contact line (2)

31 :
PET filmy , ey

Glycerol VPO/Glycerol

Liquid phases:
. PVA -  Polyvinyl alcohol (PVA), 24% aqueous
. PDMS — Polydimethylsiloxane
< VPO— Vacuum pump oil L430 Substrate
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Wetting transition for immiscible fluid phases

PVA (10%) + dye
PDMS

Coating fluids:
1.  Polydimethylsiloxane (PDMS)
2. Polyvinyl alcohol (PVA), 24% aqueous, with >2% dye added

|

Severe spreading
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Liquid bridge breakup event defines a minimum feature size (w_,;,) for narrow-stripe slot coating

[1] Parsekian and Harris, Chem. Eng. Proc. 109, 2016.
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Feature size improvement with two fluids

Inlet array connected
/_Fo two quigl sources,
in alternation

Fluid species interact
~~ within the coating tool

Heterogenous
alternating-stripe
pattern deposited

‘ - 46 um Slot coating tool

Coating fluids:
1.  Polyvinyl alcohol (PVA), 10% aqueous (light)
2.  PVA, 10% aqueous, with >2% dye added (dark)
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Conclusions

Alternating-stripe slot coating
(two coating fluids)

Material formulation

* De-wetting issues mitigated

* Miscibility of coating fluids required to
circumvent unique wetting issue

* Mixing phenomena must be minimized to ensure
pattern fidelity

Process capability

* Independent control over pattern geometry
(stripe width and spacing), and film thickness

* Micro-scale pattern features demonstrated

18
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