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ABSTRACT

Research on Low-temperature and Low-vacuum polymer deposition
reactor design and application methods.

Hyo Seong Lee

Advisor: Prof. Jae B. Kwak.

Dept. of Mechanical System & Automotive
Engineering.

Graduate School of Chosun University

Deposition is generally a method of forming a thin film having mechanical, chemical, and
electrical properties on a desired substrate using physical and chemical reactions under a vacuum
environment. It is similar to the plating known in general, but the plating uses the electrolyte in
which the metal source is melted together to form a film in solution, whereas the deposition
forms a film using vaporized metal and polymer. A thin film having a film thickness of 1 um or
less is called a thin film. Products using deposition can be easily found in aluminum packaging,
semiconductors, and OLEDs that are commonly found in the vicinity. In addition, the field of
application of thin films using Deposition has become a major research for next-generation
technologies such as batteries, medical, machine tools, and automotive materials, especially
flexible displays. As vapor deposition methods, physical vapor deposition (PVD), chemical
vapor deposition (CVD), and atomic layer deposition (ALD) are widely used in various fields.
Each deposition method has advantages and disadvantages, but most deposition processes are
performed under a high temperature environment of 200 ° C or higher. The reason is that in order
to increase physical and chemical reactivity under the vacuum environment of the gas, the
reaction is well performed under a high temperature environment. Thus, in the case of a

conventional display, since deposition and processing are performed on a glass substrate,
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deposition methods such as PVD and CVD, which have high-temperature process conditions,
have been used. However, the existing deposition method applied in a high temperature
environment and a high vacuum environment has limitations on the substrate and a lot of voltage
is applied to create a high vacuum environment, resulting in poor energy efficiency. For example,
in the case of a flexible display, even if a thin film is used, a display should be manufactured
using a polyamide substrate (P1) instead of an organic substrate due to the limitation of bending
of the glass substrate itself. When using plastic substrates, problems such as heat resistance and
chemical resistance, which were not a problem in conventional glass substrates, occur [1].
Therefore, research on low temperature deposition process below 200 ° C is required for flexible
display implementation.

Most of the processes applied in the semiconductor industry are performed in a vacuum
environment, and energy consumption is an environmental issue. ITRS (International
Technology Roadmap for Semiconductor) established a policy on energy saving by setting
targets for energy use per wafer during semiconductor manufacturing. According to the energy
benchmark study conducted by SMEATECH, process equipment uses 36 to 40% of the total
energy consumption in universal Fabs, and among the proportion of process equipment, process
pumps consume the most energy. There is a demand for equipment capable of a deposition
process in a low vacuum environment.

In addition, the important judgment factors required for the deposition are the quality of the
thin film (Quality), the thickness uniformity (Thickness Uniformity), Step Coverage is required.
In particular, As a deposition process used in a semiconductor process, a nanoscale process is
progressing over time, and research that satisfies both the quality of the thin film, the uniformity
of the thickness, and the step difference of the thin film is required. Much research has been done
to ensure competitive semiconductor, display and electronic device thinning, miniaturization and

high integration technologies. In order to achieve miniaturization of electronic devices, a circuit
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design in which semiconductor circuits are highly integrated on a nano scale is inevitably
required, and competition among companies is fierce to minimize gaps (line widths) between
circuit patterns. As the required difficulty of the exposure and etching equipment applied to the
semiconductor pattern forming process increases, the required difficulty of the deposition
equipment increases. In the semiconductor pattern forming process, a deposition process is used
to form an insulating layer, external influences such as moisture, and mechanical stiffness.
However, as the pattern is refined, a deposition method capable of ensuring uniformity of applied
thin film thickness and step difference of the thin film is required. Figure 1-2 shows the overall
process sequence of semiconductor pattern formation. Exposure and development / ion
implantation / deposition / CMP / cleaning are repeated according to the process sequence to
form a pattern. The finer the pattern is formed, the narrower the spacing between the patterns.
The thin film step coverage is shown in Fig.1-3 It is represented by the ratio s / t of sand t. The
closer to uniform deposition, the closer to 1. h / w is Aspect ratio, and the higher the value, the
more difficult the deposition is. When deposition is performed as shown in (b), when the
insulating layer is filled on the deposited pattern, voids such as (c) are generated, leading to defect
of circuits. In this paper, iCVD (Initiated Chemical Vapor Deposition), which can deposition in
low temperature and low vacuum environments and has high step coverage, is used as a
deposition method to compensate for the above problems. In the case of iCVD, it is possible to
deposit under low-temperature and low-vacuum environments and has high step coverage, unlike
deposition equipment used in conventional display and semiconductor processes. However, as it
remains in the current research stage, it has difficulty in establishing a process and securing
thickness uniformity. The establishment of iCVD process and optimum design method of iCVD

reactor that can form uniform thickness should be derived.
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Fig. 2—2Mean Free Path
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3. 724 7Y (Dry Coating)
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7}. PVD (Physical Vapor Deposition)

PVD (Physical Vapor Deposition) & =84 ®gS &3 Alg 7IAE T2 359

2YL YSE Aol 1ad el del PsE AL sbetel mPStuA

T ARE 7Fdste] ZIAE vhEo] AL ZA7E Ak 719E v Ao 3YE

A= Aotk Aoz o9 ZFZ(Thermal Evaporation), A W Sz (E—-

beam Evaporation), A~ ® (Sputtering)©] th. Al W2 ®FE 7)x Ex}p9} 7] w3

o] whgo] EAQl wkg-g Fall o]Fo] A1, ANEE VIAE A= deleol wet

TEAYG. 4 THAUL FHo] U= Chamberold 12& 718l A8E 714
KR

55 9 S5AA deE I He dyelth
Il

e} 107 Torrolahe] I ATl Aed Bl A4 W E3 We d Fayw
t o9 "ehIES Aol AANES WAAYIT AW AE 98 AR
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L}. CVD (Chemical Vapor Deposition)

CVD(Chemical Vapor Deposition) = 8= 3}std o2 7]3}st0] F2bsl= W o

2 Fobzeh} 98 w3eluAR AHgdtel Wue FYss THolth AN AR

Fl2 shabsa )aeel e whes 4ol ¥ ouieky JAst Fate s 2E o]
HEEcth CVDe E£HE APCVD(Atmospheric Pressure CVD), LPCVD (Low
Pressure CVD), PECVD(Plasma Enhanced CVD) 2.2 ZA Y= 4 Ut}t [10, 11].

APCVDi= tl71$he] 44 #7154 (Metal organic) & ARgste] AAdrs A3t

= vHoR, ¥ 2 A FH wel 200~1000 CTAFolo]

ki
o
A

2
2
i

PECVDE AAAQl ®EGo] ofH 9] o] Q=& gl dds A7lste] 1714
0F HESVIAIE ol AA A F 59 ZEAvE EIste] wheS do= I

Itk AR o ® 71& CVDE Bt 24 Lnvh o

O

FN

al
Aol of#&o] 3tk CVDEAE 2 7IA dx& 78] A8 I T=sh= A o139

2 AUA7E e Hed ZQ ouAE AdE w2 2L d=R JHE F
Fo] AL}, b e I 257 200 CTAHEoOla, 1 9 tFE 500 T o4

1o
of
o,
o

ek 71E PYD nth W WA mE SER S| sbsetel thal

of ATE TPl WEAAE AGIHL, B3 W] ME W} Wel TY L,
4 o9 24 870 3% 8 wue F42 295l "t [12]
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A 2 8 iCVD (initiated Chemical Vapor Deposition)
1. 74 % 49

ke
iz
_>|~l_‘
)
o
<

8

(@]

2
g
i
oft
o
o
©

£ greketAl Arehd, 27001 dxte Add

A4S BAE B2 © B2 25 o|F = EHS d=A Monomer) 2 Sl ©FEF

Z HEgA =407 wEel, 71

949 WA (Monomer) & 718kste] 1R FE Wt wute] 433 L FA

& AL olu N} nEA FA FAHANA Wol <A U= A @z (Free
Radical) & AH&3lo] A4 T &S doA s A4A7= 52 3ol Fig.
2-32 iCVDe] 5Aolt}. 7]& CVDe] A %ol Monomer7t 8t wb-g-& s17] $lalA
T Tl s oA 18 HAo] o]Fo] Hof gdst F2o] 7 Tk 19
U JHAIAIE o] &3l Radical % WHeES dOo7|Al HW 129 3HAo] FastA ¢
A Hol T2 Z1Ael gk Algto
FA7E Ao Z1Ael &% o] Radical¥ Rty A%atr] wjZel Step Coverage’t

el

= = PN o

5 15 Abgstol FAE ulute) Euo) B ol 74 Ut
o

uk < F Se ™ol Atk

:"room-temp&solvem-freeprocess Y (" surface-growingmechanism -‘i { Pure-polymer

: i No substrate damage
' Can be deposited on fiber, paper, plastic

ngh purity polymer thin film

Fig. 2— 3 Characterlze of iCVD deposmon
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WAL A (initiator) & @Al (monomer) &= W3] £33 S uf wh-3o] dojypx|= ¢
= Fig. 2-47 24 gz S kel tigk o Alolt. Wz ¥ &Aoo = (Benzoyl
peroxide) ¥ & #}AHEE (Peroxide) o] A$ols HEHE zte 3utA B2z o

S wrom gAY FxoA AEL HTH AAE ZtE FF Radicale A #

WSS QoA mEAZ FYAT (131, PU2 e Aol ool AW wgo] F
253 NYIFY F294E BAS 59 F e el uHsE Fth of
Ae NAAE ASS FENSS B AW AP AW} g, AAAY FRE
YAAA, GANA Fol Ak [14]

—‘ 1. ¢12] 7) A ¥k-S-(nitiation) I— —4 2. 912 44 W-5-(Propagation) Ii

QR0 — QoL K ]
Oy — O

I-R-
: T

p— gy — - |
P
[y
2
N

I

X
==/ \z
e

|
+
+

=

-

=
=
=
=]
=

_‘ 3. A4 A A ¥b-& (termination reaction) ! } 4. 94 o]% B-8-(Chain transfer reaction) |—
HHHH HHHH D o
[ 1] | || | H*‘:?*H H H H-C-H H H
—it b L N e B
- N Hbw
HHHH HHHH o H H -l
H—({—H H—(g—n
e f
— s (—LC-C—C—C—C—Cise e
WK K MM D e o o o

ot

Fig. 2—4 Example of benzoyl peroxide radical polymerization.
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2 AT AFSE iICVDE GAIAIE AHE-3te] Free Radical 8 ¥8S F %
3 A9 F}AANME FE7sst T2 Wijolth. Z|AIAl TBPO (tert—butyl peroxide)
+ 180~200 C 2%°] g E 93| Free Radicals 37 sttt

AYHE 2= MAAE Gt o] e oAt o] dkA= 4
A E LA Fal] H A ool whul Aol FAIZF WASHA dkeEvh dEAlE F
ol wekA  FAdE ¥ Jes Feo

Methacrylate (MAA) ¢} Styrene (St) ¢} £ @&+ Hardness& 997} 7153}

e

(]
-
30
rlr
__q(_“
=
=4
a
o
i
=
QDF
=
<

al

Methyl Acrylate (MA), Ethyl Acrylate (EA)+ Flexibility, 9199 U34S =4
S+ Glycidyl Methacrylate (GMA), Acrylamide (AAM)-s Cross—Linking¢]

SRR Eo] EAEH [15, 16]. o]¢} o] aEAH(Polymer) & @dsh= 7] &9 &
&)

FA G FH= sl Wol EAskaL ol F olgstel A4S T aEAE 4

d =4 A8 Polymer®/Ad Al &
E Besty] flald ZtuAE o] AbgshdA uigde] gRE 44 /7] vtes
FA skt Fig. 2-5¢} Fig. 2-6 iICVD g Ad™olsl& st 74 2 sigkxo|t)
Canister Wl5-ol 72l @A W /A AE FolFil 2o Heat jackete SIHHO
ZA A mumrt 71gE Qe FYoE et ZskE dRE A9 AAAE ¢
Hxlel gkl 9|4 Gas lines E3 Reactor WHZ FU= 1, FdE kel 7l
AlAS] A &Rl flall Baratron 9¥ AloJAE o] &3t Reactortl ¥ #<
7] Aol Baratron¥} Out vent E5F $X8tal 9l o, obg Ao & o] &5}o] wh&k
ek HAIA L] FhEE FdFe S8k, FYF =

& o]Fo] Zt}. Reactor Aol %3 Filament:= 7HAIA2] d&3137] Y&l <X

o
ol
rlr
=
oX,
()
o
ol
N
)
iy
L,
N,
Of
ol
2

O : (e}
AL Canister 2% 2385 %

rlr

3 9131, Reactor slF-ole= 52 9498 FHE7] £33 Cooling Stage’} YA 3t

2

¢

o MFC= 74 A¥ F, 52 &4

g # No= o]83}o] Gas line Purge Aol N»
& 245 &, FY 84S 98] Vacuum Pump® Fd 5 o] lt}

14

Collection @ chosun



Baratron

(Pressure gauge)

Canister Throttle valve

(Vaporization and storage of (process vacuum
Monomer and initiator) pressure control)

Fig. 2—5 Schematic diagram of iCVD components.

Barairon Gauge
MFCI
2[0szm AVDH AVTOT  AVTO2 Avo3
NZ | —p HE'_'E%J_;F Shower head
DI DI Chamber heater
I-CVD
CHAMBER
PCW IN
Heater biock (PCWR®) |
’} I BCW OUT
Canister heater ﬁ‘
Initiator
oo
R Bariron Gauge  ATM THY A3
2,000scem AVIZ  AVTOR  AVTDA  AVTOS
oA e FA i ‘ ?
T p

i wrily "] PUMP
ol T

B0cc @lcc Bocc

Canister healer

Fig. 2—6 iCVD Piping & Instrumentation Diagram.
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@=9 Initiator / Radlcal/cvdg, Monomer

////‘//////// g \\\\\\&\\\\\

Cooling stage > Max 40°C

Fig. 2—7 Schematic diagram of iCVD process principle.

iCVD ¥7%d Mechanism< SkellA AW AW Radicals ©]&sto] F@Rks o] &0
iICVD & ®bg wiziySel thall teks] dgshd v =49 2o A1) 2
o] JWAAl Ii= 718t ©] Reactorel] 9 € % HgWE % 180~200 T G elA
R(Free Radical) §Hl 2 A3l ¥z, Ry} S&FA 2 Hld 153 vk 2 (2) 2k 2] Al
2 #HYZ RM - & st} @A Filament$} 7] 3Abo] o] 2 afef o] &A] 7]
T How Fo wHa =9 Vel SFEH wEre] A2 4 (3) RM - I
Azl Tkl s s Wk, 4 4), (B)eM & 5 A% RMa - 3 RM, -
%ol Radicalzte] Ago] IA= wf vbgo] Lttt

Initiator decomposition: I(g) > R-(9) (1)
Initiation: R-+M — RM - (2
Propagation: RM, -+M -> RM,_4 - 3)
Termination: RM,, - +RM,,, ‘= RM,,,,R 4)
RM,, - +RMy; -— RM,, + RMp (5)
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Wel A4S iCVD #AEAL Feishzy AgH: 2o sehvgeld

Py =P T
M — T Chamber FM + FI (6)

[_AH,,,,,,( )
Pgqt = Py xexp R Tsw T2

()

AH,,a,,_l P1(1 1)-1 (8)
R "p,\T, T,
P
Mo ©)
PSat
DPM/Psat
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

-Fy Pe increase
-F, decrease

-Fu,Pen decrease
-F, increase

No deposition or slow The reaction speed was so fast
deposition rate. that the surface was cloudy.

Fig. 2—8 Deposition pattern according to Py / Psat range.
iICVD #FAA FA-AZALS ol do+= 21(6), (7) Clausisus—Clapeyron

Equations 3 A4tk

it

o [17]. Py 9&FA 9 E<(Partial pressure)©]th.
Baratron Gauge® ©o]&3] A" Fu(EZAe /U=, FUIAAL 4%,

Pchamber(—g‘;g ﬁﬁg }\] Reactorﬁ%?})% -JZ—;S—S]‘O% ]ﬂ"%}:jﬂ-ﬂ T']?TOHL PM %)\_Tg: 74])1\1‘—8}7“

a1, A (7) Psar 7B Eo 49 ¥3} F7]9(Saturated vapor pressure) & A 2
=401gt & F Qledl, 7 2LoAe k3t TV HEE FE A @) didl 2]

= AAsh= WE7E v Fig. 2.8 B AYdE Fa Trelldl Pu/Psardk2 0~1AF]

e A H1 1 eSS B S0t

p=-}

= A5 who] Mol B2 A whlo]
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3 0ol 7 7He 5%
EAs ol T ol wEol

Pw/Psate] ®917F EA18HA €.

ol SREA|

T EEdof vk B w=RelMe T HAE
W mEsn
2. 7154 et U ALg WA

B kel o] WAl o

wFg-o] 79| Qlofubx] spo} wbube] Aol ul$-

el weh 7l

i ge wue FaAA 5
27 QaAE A FRe 2

=xc
oo=

= T T L
AHE b et @Al = BId 155 ((CHe=CH-) & 7} oF gt}
Library of Functional iCVD Polymers
Functionalizable pc-lyrners Anti-bacterial polymers
Glycidyl methactylate 070" "ok, "y 4

propargyl met hacrylate phenyl

penta
methacrylate

;»,
\

n
2
I

S

)y
T Iﬁ
S
Q Q

Rfurfuryl methacryl ale

Smart polymers

o

M-isopropylacrylamide(NIPANM)

Poly(styrene-alt-maleic anhydride

A

=
- =
= ].'n
lylamine

hydrophoblc polymers

Acrylic acid

n

Dielectric polymers

j\\/ Perfluorodecyl acrylate
D/ o7 : % ;

isobornyl acrylate

Cyclohexyl methacrylate

dimethylaminoethyl dimethylaminomethylstyrene

methacrylate

Bio-compatible polymers

L e FE s I
| g e o
= _\\lfn W Sed™
C—O—C-C‘C—O‘I'C C-o-C
o 0"“-.‘,.0H aH e e
.5:‘0
2-Hydroxyethyl '
methacrylate trivinyltrimethylcyclotrisiloxane

Anti-biofouling polymers

,...i:f-xT,;."--- AT mesT
N
O
T
)

vimyl pyrrolidone

] [
0¥ o~

Polyl{ethylene glycol)
methacrylate
<Polymer Science and Technology 22, 2011>

Fig. 2—9 Type of functional thin film using iCVD.

ATto =™ RE=A Chip A=

el Agst dyAF7 EA S [18, 19].
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TA) AFEHE AA=

AFsl A S 93 HS Film g4 A,

o<

Anti—bacterial FilmS <&

= (Dielectric Layer) &



Bacteria

-,-,

 Avp '[L g
) ( (N #
/ ( LX) ' H

J |

| % %4

J st o *" st P *"

r‘ I§ |4 8 5 | ¥

. d fotlly (] S g §

4 . +
Channel (Cps) ( % w

10 V3D3)
FG (Al)
Coating of AMP on the Killing of pathogenic
CG (A1) 50 nm

— surface of surgery glove hacteria

Fig. 2—10 Insulation layer thin film and surgical antibacterial gloves using iCVD.
o|g} o] 7]Ee ICVDE ol && uefdt 7leA et |4 el A& A7
wol AP At B =Fol = Reactor AAL vrute] A5 43t HrtE §5ho
Hydrophobic Thin Film 34& H3x = sto] d=kAlel /HAIA|, 7wl 9] a7 skal
muH e FH= PFDMA /V4D4 /DvB Al Ffolal detdE %o /A 7hs s
A/WAATBPOE AHE-&HSITE PFDMAE &5 A%
Al Z1A el =71 849 Nanostructure® dAste] = 4 3H 7hsdh dakAo]

DvB&V4D4+= 7}u A (Cross—linker) &= #tulo] 7]

AHg-ah s,
Table 2 —1 Initiator and monomer type.
Structure Name(abbreviation) Function Chemical formula
HiC CHs . .
_ Tert-butyl peroxide Radicals
HsC——0-0——CH
aHj JEHs 3 (TBPO) [20] (initiator) CaHae0
)ﬁfo VIV Y 1H,1H,2H,2H-Perfluorodecyl Hydrophobic CiHoE O
AR methacrylate(PFDMA) [21] (Mnomer) uriorire
0 1,3,5,7-tetravinyl-1,3,5,7
Mo siO~din ,3,5,7-tetravinyl-1,3,5,7- T
ﬁs‘ & ;%F;e tetramethylcyclotetrasiloxane %&;z;mgg C12H2404Si4
et g S, (V4D4) [22]
@ACHE Divinybenzene Cross-linker CaoHio
\—CHz (DvB) [23] (Monomer)
19
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7 219 g9 WS AdS S8 Pw/Psard] WAE 3= Zlo] 7 T stk
7] ¥4 21& G-sty] A8 B4 @A PEDMASH 7HAIA] TBPOE ARH8-3hod
grle FAxAs 3] S8 HAES st @Al Canister 2% 80 CTE
il QA Canister £540 T2 1At 4= WAt dFA 2 49 80 C
2 AAslEs "W ReactorF2 FY¥ = &F2 BaratrondHAlolA & E3 =43
A7 600 mTorr+30% A ATE MAIA L] FY %2 needle valves o] &3sto] %
Aol 7hsato] @Alel MAIAL vlEs 2ASAA FHE IBsT 71 2=

40 CT= 237] 93l Cooling Stageol AF¢¥H+ W7 28 &% 30 C2 1143}

i

Atk 71L& % 40ColA PFDMA®] Psar #6<> Chem spiders &3l T2311 T)ollA
Z3} F719 Po(760 Torr) 9 T1(120 C), P1(4 Torr)S #Fx3sle] 21(8)o ] *
THAl 2] (7)ol Wrg3te] 66.256 mTorr®2 A4S At Psarghs 17838k 24 A3t
Pehamber & SFA S} AAA L] ¥ & Py 2] Pu/Psarskd WS =E3HTh

ZT 674 A 3AZAS F8 Pu/PsarB SIS =&k Ak 833, Table 2-2+= 3%

ot}
T2 FHE st AL AAA Q] Hl&S 1:0.59074F, 1:11A0A4¢=
710 % st ¥4 A FY 30 mTorr, 60 mTorr, 120 mTorr Z+2+2] FAZAE v

PN
A HRE e mW g4 wasta s F% 478 FA 3 A8

Table 2 —2 Process table for establishing process conditions.

Fm Fi Pchamber Pwm Psat P./p Time

(mTorr) | (mTorr) (mTorr) (mTorr) | (mTorr) MITSAT | (Hour)
Condition.1 577 301 30 19.72 66 0.3 1H
Condition.2 613 607 30 15.07 66 0.23 1H
Condition.3 618 295 60 40.51 66 0.61 1H
Condition.4 597 605 60 29.80 66 0.45 1H
Condition.5 624 302 120 80.86 66 1.22 1H
Condition.6 595 613 120 590.11 66 0.89 1H
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M:I=1:0.5 M:I=1:1 M:I=1:0.5

P anper-30mTorr P anuper-30mTorr P ranber-60mTorr
. I I Condition.1 Condition.2 Cundmon..}
Py/P- 0.30 Po/P- 023 Py/P,,- 0.61
M:I=1:1 M:I=1:0.5 M:I=1:1
. P e 60mTorr P arnper-120mTorr P e 120mTorr
Condition.4 Condition.5 Condition.6
Py/Poy- 045 Py/Po- 1.22 Py/P - 0.89

Fig. 2—11 Deposition image for each process condition.
Fig. 2-11& 34 X7 w& F2 o|u] A8} Table 2-32 2 € uhete] 77 9 v}
u AE 24ES S gholth weke] A9 2l me 24 ES AASHA T &7

AWAHEAD 7V 22 2dE e R fdl 132 VIeeR 34xA

Table 2 —3 Deposition rate, thickness and refractive index measurement.

icneston) | P | Fefeee | g,
Condition.1 529 8.81 1.36 0.30
Condition.2 289 4.82 1.32 0.23
Condition.3 808 13.47 1.27 0.61
Condition.4 652 10.86 1.34 0.45
Condition.5 1,607 26.78 1.06 1.22
Condition.6 1,241 20.68 1.2 0.89

e vhute] FAL A A PEAS Fa vuhe By Y aelay

. Pu/Psar #t©] 1] 7F7k2 Condition5,62] 73-%-
ZA%50] dryE ¥4 =712 Condition 1,2,49 %ol sidstdAw £2 £55 1

Hste] HA o ¥ FHS Condition.dz A4 =t}
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A3 F2AHS o] &3 iICVD HE A P
A 14 e e EA4H
1. S 8x

b ey, wAl el i A9le] tig nAe s A, FAelA @ wure] A

4o a uhel WAk @A, AMAS $HAZL Reactor R FH

Model.1

-

s

- . ey
Thickness Deviation
Fig. 3—1 Thickness deviation of the existing Model.1 and thin film.
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Fig. 312 2w 27] /4 @ 4w wes 7)E4uE o galo] F4g urute A}

Qolth, T2 #els] BW §Y5E inletTEE Filament 2o 938 438 33
1L
1=

Improvement Model.2
Fig. 3—2 Showerhead application model2.
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7]& Reactor Model.1E 7H4d3t7] fl&l -l Shower headE F7F 7-/d3to] 7]
Slol SR el HAIAN S A7t BAE T st FdTE ST Fig. 3-339 Y
T ZA shollA Biere] Eje} ojmx|o]tt,

B

&

Fig. 3—3 Thin film digital image formed from Model.Z.

dde 9] A9 Showerhead F/dol whel, 7@l A2 HAIAIE #AF
st FAoR fFilue]l A Zow A, 1 A3 AFEHE H ves F4
ghS FIeltt. Wafer %S THoZ U3 F4E5 dA8 Y75 Outvent”}

#moz WEFH] Qo] FANA Woluh @Eow HFHe wUAF TAZ 7

oF @Adol o] FolA A ekttt ool wel ReactortfFolA A sk= 7] SEl

_H
2
=

upet vrey el JFES vAs Ao AdE .

Out Vent W 3}t=E 98] A 22 iCVD ReactorA|2He €3t AAS 3P s} t}. Fig.
4% MAE mdel ndEeE xpzlolt). 7] Model.12 405x365x133mmelA]
Reactort| i 3= 430x430x1453712 AA AAS R, #L3F v go] HQ
g 715 & AolE $18 Showerhead inlet T&& 543 AASFAAT, F9+
oA #FAbEo] ReactorHlf2 S0+ Gass Huh #d3% FAaks d8) HA
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236.6mmelA 356mm=E AA AAS T B 7]Ee] Model.l 7S 98 %71
view windowell Shower head® %% Al#sto] AFE-3to] Reactors4l# Shower
headF4lo] AAIHA] ekskar, o] = 7WAst7] $lall Reactor T&ell 1AAI71aL a3}
AdAFoz AAS Y. nAe o Z Out VentE Reactor Showerhead T ¢9o = A

gotol FHE BH AU

Out vent

Model.3

Fig. 3—4 Reactor center outlet structure model .3
A2E /3 24§44
1. Modul A3

7] A4 ARS CVD W B WAL WY F, Ay FAL 99 BF B

(

A @ Ao go]d COMSOL MultiphysicsE AFE3FAth Reactort -+ 43 2}

3] A= 7l A0S #1381 Laminar Flow Modul®] AFE3, dddE g1 93t

Heat Transfer in Fluid, 3} wWk8-2] WS 93k Chemistry, ©A 2+ /A A Q] &
ARty W 7F 2 ddde] & 24 d9S 98] Transport of Diluted Species

Modul 47} & A5 31A4-S 28T} Fig. 3-5+ x7] 34 e dist 7jgkrolty,
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Boundary Temperature ,Inlet ,
Outlet ,Chemistry, Mechanism
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Fig. 3—5 iCVD numerical analysis module configuration.
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Fig. 3—6 Initial analytical shape and boundary conditions (Model 2)
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Fig. 3—7 Initial analysis results—air flow & temperature & Flux.
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Fig. 3—8 Correlation between air flow direction and Flux.
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Fig. 3—9 Thickness pattern of thin films deposited using Model.Z2.
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o] E7Feto] 7| Aol WP e w3 EE ChemistryE wiAlstal &
Aol AT Jidste] djAlS st s 2EdE F 3714 REE AAste] 2l
3}t 7] Reactor Model.1, Model.1S 7§43t Shower head Model.2 ¢} #| &+
gt &= Model.3+ Outvent®] X5 WAE mdx XAdsta A7k mde] o

SRR S

Model. 1 Model.2 Model.3
Fig. 3—10 3 Types of iCVD reactor simplified geometries. (Model.1,2,3)

2 os el b 2De FdE TRl shol s whetstyl fsl Fig.

3-109} o] ©este 29l 37449 F9-E Hlws] Bkt

*7] 3D

o

=107 initiator Flux
1.2 ; : . :

Model.1
Model.2
Model.3

Total Flux magnitude(mol/mz*s)

0.15

Position

Fig. 3—11 Graph of initiator Flux on the Substrate of Model 1,2,3.
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Fig. 3—12 3D geometry & mesh of showerhead application Model 2.3
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Fig. 3—13 3D Analysis Results—Air flow & temperature & Flux (Model.2,3)
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Fig. 3—14 Initiator flux contour and graph on substrate. (Model.2,3)
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Fig. 3—15 Deposition image and thickness graph using Model.3
Ao A ®Hl WAIA Flux=L7| 2} vteke] F7= dinjest, Fd3st contour
Uebl 1, Ellipsometer® o]§-3to] 77 543t A3 a9 74 HA

ol st ddES Fal
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Table 3—1 Thickness measurement results of thin films using model .3.

X Axis Y Axis
Position Thickness(nm) Position Thickness(nm)
-150 800.68 -150 690.99
-125 975.2 -125 924.94
-100 1056.66 -100 1035.96
-75 1108.57 -75 1107.09
-50 1136.53 -50 1148.6
-25 1156.75 -25 1169.77
0 1170.75 0 1170.75
25 1172.92 25 1168.75
50 1161.06 50 1148.89
75 1132.74 75 1101.85
100 1081.64 100 1023.53
125 993.75 125 786.51
150 876.24 150 658.65
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Flg 3—16 Measurement of temperature deviation according to height.
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Z7te] Wafer® FU% BTN AAstol FAZ ST 4gE vere
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Table 3—2 Measurement of the thick of the temperature deviation deposition.

PLA (80C) | Cooling Stage (407TC)
No.1 45,14 nm 170.81 nm
No.2 45.57 nm 171.63 nm
No.3 45,35 nm 168.77 nm
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Fig. 3—18 Temperature deviation elimination model. 4 (Sample cover applied)
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Fig. 3—19 Analysis Results—Air flow & Temperature & Flux. (Model.4)
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Fig. 4—3 Hydrophobic thin film and durability improvement thin film structure.
AFEsE dEEA|Sef st 3 Z271E Table 4-13 2t} Copolymer? 739 wheEkA] 2}
WAIAS] B &S @Y PFDMA 5733 2ol 43t 7tuwAl DvBE PFDMASH &
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Table 4—1 Process conditions of formed thin films.

V4D4+pPFDMA)Stacked P(Copolymer

P(PFDMA) p(1Step i )ZStep Dv%-cg-Pz/:Dl\/l)A
Initiator TBPO TBPO TBPO TBPO
Monomer PFDMA \VAD4 PFDMA PFDMA / DvB
FI (mTorr) 600 600 600 600
FM (mTorr) 600 900 600 600/600
Pchamber (mTorr) 60 225 60 80
Pm (mTorr) 30 135 30 40/ 40
Psat (mTorr) 66 347 66 66 /1701
Substrate T (°C) 40 40 40 40
Pm1/Psatl 0.45 0.38 0.45 0.60/0.02
Time 60 20 60 60
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Fig. 4—4 FT—IR measurement results.
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pPFDMA
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Fig. 4—6 Static contact angle and dynamic contact angle measurement.

Table 4—2 Contact angle and Contact angle hysteresis.

Type Contact angle(®) Contact angel hysteresis(°)
p(PFDMA) 142.1 51.1
p(V4D4)+p(PFDMA)Stacked 144.7 56.4
P(DvB-co-PFDMA)Copolymer 116.6 23.2
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(a) abrasion tester (c) tested surface

Fig. 4—7 Abrasion testing device& set up.
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Fig. 4—8 Abrasion resistance test Contact angle measurement.
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Fig. 4—9 UTFT measurement for three polymer thin films.
Table 4—3 Adhesion measurement calculation result.
Type(kN/m) 1 3] 2 3 33 Average
p(PFDMA) 0.063 0.060 0.061 0.061
p(V4D4)+p(PFDMA) Stacked 0.065 0.063 0.064 0.064
p(DvB-co-PFDMA) Copolymer 0.073 0.079 0.076 0.076
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4. W) HEE L 24 B7 3N

7}. FT-IR (Fourier Transform Infrared Spectroscopy)

Fig. 4—1 clructure& composition analis device FT—1IR
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Fig. 4—11 Thickness and refractive index measuring device Ellipsometer.
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t}. SEM (Scanning Electron Microscope)

Flg 4—12 Surface morphology measurement device SEM
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Universal Thin Film Tester (UTFT)

Name Max Resolution

Y — Piezo stage 500um 20nm

® ® @

Z - Piezo stage 80pm 2nm
Z— Force sensor 6N 1m/N
@ Y —Force sensor 6N 1m/N

Thin film

Merchant forces diagram _‘

Fig. 4—13 Universal Thin Film Tester (UTFT)
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T (f-a) m _1,Ft 13)
=3z T @)
P = Fc(avg) (14)

Fs(Shear force), As(Shear plane area), Fc(Horizontal force), Ft(\Vertical force), b(Blade width),
t(thickness), « (Rake angle), A (Friction angel), ¢ (Shear Plane angle)= “J ] ¥ t}. Load Cell=
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Fig. 4—14 Copper plating film cutting data and SEM image using UTFT.

Cor plating Thin Film
Fig. 4—15 UTFT and cutting digital images.
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5. 7]8F%4 [SMT (Surface Mount Technology)]
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Fig. 4—17 Stencil printing process and hydrophobic thin film application.
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Fig. 4—18 Copolymer applied stencil digital image.
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