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Deposition & patterning techniques for the organic
optoelectronics materials set
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Large area compasahihigh resolutava desirable
for OLEDs and other microelectronic applicatic
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Overview

Approach for Organic Small Molecules

] Patternlng Of OrganICS Multicolor OLED by PLOP,
Multicolor OLED by PLOP

Approaches for Metals

. Patterning of metals
OLED pixel by QRLOP

OLED pixel by QRPLOP

. Transfer of metals

Flexible MEMS by PLOT

Flexible MEMS by PLOT —
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Patterning organics by stamping

” Adhesion Applied
Transfer Add't've./ Substrate  Reduction Stam_p Time Pressure & Authors
Material  Subtractive Material
1Y Temperature
= Kim, Cao
A-NPD or n 1.9 MPa A
ANPD/AIG3 ANPD 20nm Au PDMS 20m 60°C Soboyejq
Forrest
0.5 MPa Park, Kwan,
Pentacene + polymer none PUA few m 30 °C. 5°C  Lee
15 MPa Choi Kim,
OLED + ITO 20 nm FEP PUA 5m 50°C Choi Lee
Wang,
CuP¢ 70 : partially-cured 140 Pa/30 Pa Zhang, Xing,
nm - S n/a epoxy 30 s/20, m 80-120°C Yuan, Yan,
Han
NPB or None Choi Kim,
Alg3, 50 nm - IO na PDMS Lh 90°C Yu, Lee
Silicon, ITO
TPD,TAZ, . ' None :
TPBj NPB* _ ggES)OT n/a PDMS few m None Yu,Bulovic

* Present work




Patterning of organics by PDMS Li@ff Patterning (PLOP

ASubtractive patterning
ANo elevated T or P required ‘ stamp HI
-
-

‘ substrate \

1. Evaporate organic 2. Contact with PDMS 3. Lift off stamp
molecular film relief stamp to pattern

substrate substrate

Patterned TPD (50 nm thick)

13 um lines 25 pm circles



Lift-off thicknesses
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Strongerinteratomic van der Waals forces

For patterning to occur,
PDMS adhesion must
overcome organic cohesion




PLOP device: OLED with patterned HTL
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Bicolor OLEDs fabricated using PLOP

TPD
PEDOT:-PSS
Glass

Single patterning step

' Mg:Ag
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Green Device

Blue - insert TAZ layer




Bicolor OLEDs fabricated using PLOP

Two patterning steps
|. Remove thick TAZ

For another device structure,
M.S. Bradley "Lateral¥Patterned
OrganicMicrocavityDevices"

Single patterning step

2. Remove

DCM2:Alq3
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Patterning metals by contact printing

Additive/

Method Subtractive

Mechanism

Requirements

Authors

Adhesionreduction layer

Pressurel50-180 kPa

Coldwelding + releases metal film where cold Kim, Shtein, Forrest
: Plasma etch poststep
welded to strike layer

Coldwgld 5 Rigidstamp fractur-eslfllm and R!gld stamp Kim, Burrows Forrest

patterning cold-welded material is removed High pressures

Heating N Physical interlocking of flowing Heatin Wang, Yuan, Zhang,

aboveTg polymer into metal voids g Xing, Yan, Han
Loo, Willett, Baldwin,

(an_l\F/)Hmetal + Thiolbonds to metal Suitablechemistry Rogers;Mewe, Kooij,
Poelsema

Quick Kinetic enhancement of

Release- o) adhesion leads to fracture and  Fast peel rate Yu, Bulovic

PLOP* removal of metal film

* Present work




Quick Release PDMS L#Dff Patterning (QHPLOP)

release rate
ASubtractive patterning >5cmls

ANo elevated T or P required
stamp
stamp
| substrate | substrate | | substrate |

1. Evaporate 2. Contact with PDMS 3. Rapidly lift off
metal film relief stamp stamp to pattern

Stamp

Transfer can be achieved by
rapidly peeling an elastomeric
stamp through kinetic

enhancement of adhesion Donor
substrate

Meitl M. etal. Nature Materials 2005



Quick Release PDMS L#Dff Patterning (QHPLOP)

release rate
ASubtractive patterning >5cmls

ANo elevated T or P required
stamp
stamp
substrate substrate | | substrate |

1. Evaporate 2. Contact with PDMS 3. Rapidly lift off
metal film relief stamp stamp to pattern

|

PatternedMg:Ag(20 nm thick)
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13 um lines Yu, Bulovic APL 2007 25 um circles




Quick Release PDMS L#dff Patterning (QHPLOP)

processing sensitivities

Peeling direction visi-vis feature orientation AloNg <~

Peeling along the feature orientation
eases crack propagation gives better
pattern definition

Film thickness & pattern geometry
17 nm thick Mg:Ag

11 nm thick Mg:Ag
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Better film patterning for thin films,
especially if geometry has few
stress concentrations ig. circles)

Againsﬁ

PDMS PDMS
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organic organic
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20 nm thick Ag

Yu, Bulovic APL 2007




OLED with top electrode patterned by GFRR.OP
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PDMS LIiftOff Transfer (PLOT)

release rate
>5cm/s

MRelies on kinetic enhancement of adhesion

ANo elevated T or P required ‘ stamp ! T
‘ substrate \ substrate ‘ substrate \

1. Evaporate 2. Contact with PDMS 3. Rapidly lift off
metal film relief stamp stamp to transfer film

An archetypical MEMS structure

il i

Actuator Sensor
Voltage creates electrostatic External force causes deflection &
force to deflect bridgevz measureable capacitance change

lFel oC ? l |:external Coc%



Using PLOT to fabricate MEMSs

An archetypical MEMS structure

A

How can we build it?

- S N

Traditional MEMS by transfer

Create this device via
Lift Off Transfer



Process flow for PLOT fabricated MEMS

Stamp Fabrication Transfer Pad Fabrication Transfer Process

1. Silicon master mold is 1. Thick PDMS pad is prepared

2. PDMS is spin coated on 2. Surface receives gplasma '
mold treatment
’ Light contact is made and the

3. ITO electrodecoated
substrate is applied

3. Organic molecule release layer is
evaporated through shadow mask

4. Metal electrode material is
evaporated subsequently

4, PDMS is cured at50C/
1hr.

5. Stamp is removed from y
mold

Does not require
- high temperature or pressure
- wet chemical or plasma undercu




