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|. Vapor Deposition Polymerization

Advantages of Vapor Deposition Polymerization

- No Solvent (Environmental Friendly)

- No limitation on Monomers or Materials

- No limitation on surfaces (materials, morphology)
- Relatively Easy Process

- Good Processibility

- Conformal Coating

iCVD, oCVD, pyrolysis CVD, Vapor Deposition Polymerization

- K. Gleason (MIT)
- J. Lahann (Michigan)
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Particle Coating
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o0 | m “~ /—Iuﬁ;‘ | i) Electrospin poly(styrene sulfonate) sodium nanofibers

= ——Qn‘f.— —_— ii) Vapor deposition polymerization of acrylonitrile

iii) Oxidative stabilization of poly(acrylronitrile) at 250 °C in airf

iv) Removal of poly(styrene sulfonate) sodium core with waterar

v) Carbonization at 900 °C under Ar flow

B Wall thickness : 14 nm
Quter diameter : 100 nm

50 nm || 50 nm

—100 nm
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Once upon a time:---

radical initiator

i
Adv. Mater. 2006, 18, 2216-2219

++» My works about CVD in the past
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Parylene Coater

VSI PARYLENE: THE VAPOR DEPOSITION PROCESS

STAGE 1:
Ulrnrlur
(150°C)

STAGE 2: STAGE 3:

Pyrelysis Furnace Vacuum Coating Chamber
*C) (Room Temperature)

Liquid vs. Parylene Coating
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Source BT

p-cyclophane

Source #2

o

System Pressure = 0.5 mbar

Gradient Film

Pyrolysis Zone ;|—J Pyrolysis Zone
600 ~ 800 °C Deposition Chamber 600 ~ 800 °C
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REVIEW

PNER.

Hall of Fame Article

INTERFACES Shece

www.advmatinterfaces.de

Functionalization of Poly(para-xylylene)s—Opportunities

and Challenges as Coating Material

Tobias Moss and Andreas Greiner*

The chemical vapor deposition (CVD) of poly(para-xylylene)s (PPX) is

an enabling technology for materials design as well as for numerous

high-performance lpplicaﬁons Additionally, PPX possesses of a unique set

of perty ionships that can be tuned over a wide range, Dif-

ferent stralggla vary from functionalization of the most used precursor [2.2]
paracyclophane to the testing of new precursors and the copolymerization

whh various monomers. In this review, some recent developments on syn-

thesis and properties of this unique class of polymers, the PPX, are reported.

systems, /14 organic  light-emitting
diodes,"” or in biological and medical appli-
cations.™ 1 A relatively new area in the
PPX research is the formation of reactive
coatings. This can be achieved by the intro-
duction of functional groups that are able to
react in polymer analogous reactions, -2
This review should also provide an
overview of the opportunities that espe-
cially functionalized PPXs made by CVD
provide. First, some general remarks and
examples of PPX made by CVD will be
given before functionalized PPX will be

Adv. Mater. Interfaces 2020, 7, 1901858
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Adv. Maz‘er Interfaces 2020, 7, 1901858
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CVD in Nanoscience- surface patterning
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Currently Available Monomers in our Lab

Monomer Library ‘;EF'}
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Functionalized Parylene
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Hydroxyl
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Dual (Salicyl Aldehyde)
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Methyl amino, Methyl hydroxyl Jéi";é

<Aminomethyl Parylene>
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Gate dielectric Layer

Parylene works in Electronics ‘;’:E'}

Majors are Encapsulation layer, Protection, and some of Dielectric layers in
electronics!

(a Wiight
1

)
..... b - Liquid Coating

s Photoresist Platinum of Pary film
® Parylene C film O Metal slectrodes, tracks B Parylene C
m Silicon substrate and pads O Metal

UV light 01 plasma

Pad e PslmottPannec Fummessmamonrca  P@rylene Coating

&

- - Parylene ¢ B Parylene C flexible array

| Parylene C O Hydrophilic Parylene ¢~ W PCB
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PROTECTING
ELECTRONICS

WITH PARYLENE
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Gate - Ag
Dielectric = Parylene C

Organic semiconductor
Substrate — glass

Bottom contact Top contact

I | S
Bottom
gate
Top
gate

Substrate

nsulator
B

Substrate

Issues in Dielectric layers?

/" Highlcapacitance with i /8
PerfectiThin Film 7 SR
Ve Flexibility

2SN Processing@ptimization

Parameters

-Monomer structure

-Molecular weight and MW distribution

-Density of film (number of pinhole)

-No Chemical reaction with organic semiconductors

Basic of Basic for Thin Film Field Effect Transistor {T‘}

2021-11-10
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Previous works with Parylene as dielectric layer

organic field-effect transistors

(a) (b)
lTl Cuhy, . S

Dielectric

Parylene based bilayer flexible gate dielectric layer for top-gated

Eul-Yong Shin ?, Eun-Young Choi ™", Yong-Young Noh *°

* Department of Energy Materials Engineering Dongguk University, 30, Pildong-ro 1-gil, Jung-gu, Seoul, 04620, Republic of Korea
® Korea Atomic Energy Research Institute, Daedoek-daero 989-111, Yuseong-gu, Daejeon, 34057, Republic of Korea
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Previous works with CVD polymer films in Dielectric

ARTICLES

PUBLISHED OMLUINE 9 MARCH 2015

and Sung Gap Im***

namre

Synthesis of ultrathin polymer insulating layers by
initiated chemical vapour deposition for
low-power soft electronics

Hanul Moon'?', Hyejeong Seong®?!, Woo Cheol Shin'!, Won-Tae Park®, Mincheol Kim'?,
Seungwon Lee'?, Jae Hoon Bong'?, Yong-Young Noh*, Byung Jin Cho'?*, Seunghyup Yoo'?*

materials

628 NATURE MATERIALS | VOL 14 | JUNE 2015

2021-11-10
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In addition to High dielectric constant, high capacitance, low leakage current,
operation stability---etc

> Interfacial Optimization with f- Parylene
> Obtaining InGaZnO (CVD based) semiconductor devices with Top or Bottom
gate from
I L e e i o
Cowork with joame iR
Prof. Kim H

N 2017

CNU 252

Schematic diagram of parylene coating with several monomer
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¢) FT-IR of parylene-C,D,AF4 on Si.
d) FT-IR of parylene-C,D,AF4 on Al/Glass
(c)

CF swetching
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TFT - Transistor

ims
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Parylene-C 100 IGZO 6.22 -0.52 0.21 4.11 x 101!
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SiO, Reference
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Parylene - ethynyl
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On-going Researches
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TFT - Click Reaction
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POLY MERS

Templated nanofiber synthesis via
chemical vapor polymerization into
liquid crystalline films

Jason V. Gregory ™, Xie™*, Alexander de France', Christoph Hussal®, Kai Sun®,
Nichalas L. Abbott™

1. Joerg Lahann***%§
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Cheng et al., Science 362, 804-808 (2018)
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Nano Fiber
|

Si wafer

Photoreactive parylene
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Liquid Material Encapped Parylene
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CVD conformal coating
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