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(57) Abstract: The present invention relates to a method for
forming a dielectric layer using iCVD. According to the
present invention, the method for forming a dielectric layer
on an organic thin film transistor using iCVD comprises the
steps of: thermally decomposing an initiator by the heat in-
jected on the organic thin film transistor to form free radic-
als; activating monomers by using the fiee radicals to form a
polymer by chain polymerizing the monomers; and deposit-
ing the polymer on the organic thin film transistor to form a
polymer dielectric layer. According to the present invention,
it is possible to solve, through iCVD, a shortcoming of a nar-
row width of a dielectric layer prepared by PECVD or CVD,
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tional process, and a very low leakage current is shown in
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erties through a high dielectric constant, and the manufactur-
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vent damage to a deposition medium due to a solvent since a
desired polymer dielectric layer can be deposited with
monomers and an initiator in a vapor phase condition
without a solvent, particularly, an organic solvent.
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W o e gk 7o EelmE Al &eh] el ehy] wiiell iCVDR A S
SHAl WhEolFRe] A7) &S kA ek Aol

=, A7) &7l A kko] AvkaL s i dgho] Avk Cof gho] ZobA A ¥y

: 7 kgkol] #hobis dgkol 2k €9 ghol 4171

7] wj el g dA A ekar & 5=l o] AE Zhebslo] iCVDE
R, BE EE v o] kgke] 2.5~3.5 Abol el A&
F o3 S 7FskAl St

LL

W, 47) Aelute] Fxo 8 5Y0RE ) E5% Lk

3%
[Table 5]
Monomer Polymer Major characteristics
g OCH,CH,{CF 3, CF
o _ .
1 4 “/u\acnchaz(cp?),cfa *\[\,Z; Supéfhydrz%:ahobm
..I..—L-T
perfluorodecylacrylate | nojv(perfluoradecylacrylate)
e i
\xﬂ%rag;\ : Lsii,gla = ~trifunctional
2 0.0 d_ ™ A3 57
“/ S /S‘} -UV crosslinkable
g / A998 A5
eyclotrisiloxane poly(eyelotrisiloxane)

g ol 9 3HICVD T2 o] &7 A dA Wil ofdl A H =

AAutel 34 2712 Felv &2 9] poly(cyclosiloxane) 5=+

poly(perfluorodecylacrylate)Q! 7 -9 T} 2 A A A] &k,
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[54]

[55]

[56]

[57]

[58]

[59]

A, 37 EelH &2 o] poly(cyclosiloxane) Q! 74 -5, A &4 212
=719 35 v & (d=ZA: 7N A Aol 2.0~3.0:0.5~1.50] 3L, T4 3
250~350mTorr ©] 2L, A& E 3|8 25 += 200~300°Co] a2, 8] 7] 3 3zt
542 100°C o] 3o] a1, FA Al 7k 1~3nm/min ©] ™, vl-5h2] 3} A =
B (A A Ao 2.5:10] a1, F A =2 300mTorr ©] 37, A E 3
1= 2500C0] AL, ¢ 713 2t 2212 50°C o], &4 AL
Z4 2™ &4 o] poly(perfluorodecylacrylate)1 74 -5-,
& & GFA: AT ADO] 0.5~1.5:0.5~1.50] 31, FH
50~150mTorr ©] 31, A} E 3| 8] &2+ 150~250°C] L, 2] 7]
100°C ©]&}o] 3L, &4 Al kL 50~150nm/min ©] ™, W}-gk2] 3} A = 7]
H] S (= A): 7 A 1:10] 22, 34 948 100mTorr ©] 27, E &}
LI 200°C0] AL, 2] 719 B2 L5 40°C o] M, 3 Ak
100nm/min©] t},

U $o], =30 EAlE 225 B, Akl Zan B o]
poly(perfluorodecylacrylate) <} poly(cyclotrisiloxane)o] 735, TS FA o A =
IMV/emol| A 108A/cm20] 81 9] 1] -$- w2 A A {5 1ol 53],
poly(perfluorodecylacrylate)2] 74 -$- 25nm 2] §F-> vl9} =7 o] A &= 100nm el A 2]
FA Ao 22 Y A AFakS 7hIT

O3 B4 EAE O EE B e A A8 B
poly(perfluorodecylacrylate)2} poly(cyclotrisiloxane)2] A 7] &% 54
7 &= = B IMHzO 52 Tk G ol A e w5 ek g d
1 %131, poly(perfluorodecylacrylate) = 100kHzoll 4] 35nF/cm?2] 7] &

7]153}9 a1, poly(cyclotrisiloxane)< 100kHzol A 45nF/cm22] A 7] &%=
AR =

o
[\
o]
g
=
=
o,
kY

just

o

!

B,
Qo

o

=

o N

I = =

o] & o]&3lo] Fd & A kE AL poly(perfluorodecylacrylate)+= 3.95,
poly(cyclotnsﬂoxane)v— 59 & g 7E YT S8 Ao s wol
2% 0] & poly(methyl methacrylate) 2} polystyrene®| %15 <77} 3 QFE2Q1 31-&

A PE W, iCVDE 218 e v ddo] Fojd om v ks &

01%74], - g o A e} o] iCVDE
st = 7] el 7)1 A4

A (semiconductor) ¢ o Za] ™ A S 4
gate) -2 24 A A8t o] A4l &
TS Alo|E A=9 Aol & & Alo]E 429k uiE Alo|E
TE T AR RSk, dRkA o 2

AFg-E T ThA] 2, iCVDE o] &-8Fo] ] Al
vl A 233 (Bottom emission) RELEA| o] A Al o] E & 7 7
ROV B A0 E &9 &R E o] o]Fo] §

bottom gate)
T ol
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[60]
[61] Sk, 2 kg ol A A8 75 gk 35 2] v = poly(perfluorodecylacrylate)2F

poly(cyclotrisiloxane)?! 21 &% 4218 5} 3 2.1}, o] o] 2] of| poly(FMA), poly(IBA),
poly(EGDMA), poly(V3D3), poly(PFDA) ™ poly(V3D3-PFDA copolymer) & =
s} oAl 285 5 3L,

[62] 36 7L Eg ol A AR 7 gk =27l poly(FMA), poly(IBA),
poly(EGDMA), poly(V3D3), poly(PFDA) = poly(V3D3-PFDA copolymer)®l U] 3
A7 Al71el w2 A8t o] & 54 J-E) RiCVD a4 52 21 FEj=ol
t &l A g gk}, o] w], RMS(Root Mean Square) roughness+ 33 W+ A5 A A 7| &

ERIL,
[63] 6
[Table 6]
Monormer Polymer HH HE]
ChHg
@/C X (P MA; Fusfuryl
1 o g i SCHs poly(FMA: Furfury
o methacrylate)
Furfuryl methacrylate(FMA)
HiG. CHa
i CH;,O
2 FSH 5 | polyBA:Isobany! acrylate)
Tsobonyl-acrylate (IBA) RMS(Root Mean Square)
roughness ~ 047 nm
Gy e}
P A Gty
, H’CA\D’f oj\g‘a poly(EGDMA: Ethylene
Ethylene glycol glycol dimethacrylate)
dirmethacrylate {EGDMA) = L
RMS roughness = 1.2 oim
\5{,//«' a0 f ,
Wy
/S,“o”s' poly(V3D3 1, 3, Strimetyl-
4 > 246-trivinyl
1,.3, S-trimetyl-2. 4,6 cyclotrisiloxans)
trivinyl cyclotrisiloxane :
V3D3) RMS roughness '~ 0.5 hm
0]
Hilisy,
EO\AJ*OCH@H&CF@:% poly(PEDA:1H, 1H, 2H,
5 1H, 1K, 2H, 2H- 2H-perflusradecyl §
perfluorodecyl acrylate actylate)
{(PFDA)
RMS roughness = 12-nm
oly(V3D3-PFDA
6 | V3D3-PEDA copolymer palyly
copolymer)
RMS rolghness ~ 24 nim
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[64] 357
[Table 7]

Polymer J-E characteristics Polymer J-E characteristics
JE characteristics J-E characteristics
ooy A ), AN BVIBAX s £ (500
e ] ot el A
oly(FMA) (e ey Poly E ool
poiy = 10*: [;&W 4 V3D3) %mlﬂg S
e ] e
wmo’.a o5 20 & 20 24 ww-d R TR
E fiv/om) E (Mv/cm}
FE characteristics SE tharactaristics
o Ai{76 i ipoly(iBRY b nml A TD el 103 ASY simlipelyIPFDA) (n e AKSD fim)
10
10®
T A Poly i1
E 38l &
WBA) | 3§ oot % .
poly(IBA) 2 ] (PFDA)
1645‘4 im0
1 o
Bl - : + B
2 A E{M&km) 1 2 PRSI
& charsetesistics ) 3E charactenmcs
. AIOTMIPECDNA X Ramd/Al (i) i i el bSOt
) mju
Pl jg,, poly{v3D3- f:z@ T e
oly i 2 Ve
SN : PFDA 207
(EGDMA) 1 1& QW E N\QK/M
e R copolymer). m-x? B
102 i mt“ 5
W 2 1 g 1 3 Ll 4 s 2
E{Mvfem} E{MVfem)

[65] <A Al 4] 1>

[66] 5ol 2 gl A oo mhE CVD B2 o] &3 A G4 ol
o8] A d A e o] &3lo] F& Hfullerene) WM EWA] 2E & A X3
YR A F 0] Qom, ¥ el 1 ] A A o] W iCVD FH L
o] &3 At A WHHS S Al A o] 285 = E 2] ¥ (fullerene)
nlul E @l x| 22 ol| A] Transfer curve®} Output curve S 5 EWHA| AFH o] 55
e = 2 27 A o] Q)

[67]  ol% wwlell ¢)5hy, g el iovD 4L o 49 vk P e 5
film transistor: 100)+= -2 7]138(110), A(ZFV] ) A 1(120), 2 A 9H(130),
E21U3(140) 2 Al 222(150)9F =891 A F(152)S £ 3Hek}

[68] o] 7198(110)-= =2 32l Al Alo] E A =(120)0] & S2ell of 3l I € vt

[69] A A9H130)= AL Al 0] E A =5(120)0] & T2 32H S iICVDE ©] 8319
AR E o] A, P4 BHE ok A o] dEEA R AAIA Al dA,
Q9 WA, B2 A VA, SEA B B D A A 8
GAE 2k, Sk W sd s R 2 Ak A& A ERglo

[70] = o] §1 S (fullerene layer: 140)-> " ¢19}H(130) Aoll 524 9]

[71]

Y
Z(150)9F =d 91 A=(152)2 7] e A 2(140) ol & =
o7 A, AF-AEA L ¢tol B i= vk 0 22 o] E o] A eke o A3}
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[72]

[73]

[74]

[75]
[76]

[77]

[78]

[79]

Al7]1ar =e]lel]l del = ASkS WAl §- A=< Alo] o] AFE
3l= W (Output Curve) ¥, =891 ¢k a1

GA713L Ao E o] A9t
H

e
i=
A== 9l Abol o] A F{FE 543l "WH (Transfer Curve) -

AN

B AN K
Nofoh ox o
N>
X0,

o Sl

A 7F 10nm ©]3F, <, 7.1l 7
2ol iCVD A A o] A S o]-8-8F F | vhul E d %] 2 F (100)+ Transfer
curvedl| A & = )&= U354 Q1 A g o] 2AF2] 4 51| (on-off ratio), 71 3}

0] & X (electron mobility), 1~ E] 71 $}(threshold voltage) & ©] =] 2312
71+ 106, 23} 0] %5 iz 1.22em2/Vs, B A 9> 0.3V o]t}

=2 6(b)oll A £} Z-o] Output curvedl| A = A AFe| f & & = A Fo] nly] = Ao
upe} A2 gl Aupvt & o] Foj X=X F & ¢ =], A ko] 0.3vH
WHekol whel A} ] AFe] BF o] T1ol] v #|3le] Frhgkth &, iCVDE
o]-&3slof W= A AR (130)0] Ak el A 1 o eh& Zskar 9laS Fele <
Ao, o] & Tl 2ol A7 A Aol S A A A A o] &
AEF =5 5 .

U o], A7) Fel &l nha ERA2E o] Al B2 HAYH130)9] Ee
&4 o] poly(cyclosiloxane) 0] A, A A2 =7 7} 10nm ©] 31 78 -, ]
713(110) 2ol Z 2] poly(cyclotrisiloxane) 0. = iCVDE ©]-8-3}¢] 10nm ©] 3} =
AAH130)= IR L ol WHEA QL 2 d(fullerene) S 5 2 8taL, BHA] 11
ol Al 222(150)2F =29l A 51522 2u] o EdAAEH E

o] i o] H g £ 05 gl Al Aol oF I ol of 3] AW H Lo,
g2 A7) 9] Ao el] dg H = Z& oy, i ik o] &3} H-ofol A
e A2 7h Ak o] 2%k V) A 2B sk = L W o] Tttt
e R by o 9= AR A ool gk o] s A A= of ] HH,
Sk 55 A U oy g} o] 58 AU Aok w3 Al Bl o)
Al x of gt

A4 o] &7

A2 ICVD T A o] &8 M Avt FA el #E o R, 1w
U2 iCVD &8 o] &3 At 4 Wi, 7R E A 2 A
AAuS A zske Wi ol oA, A7) 71 E @A 2 E Al =g Aol
ol &) MA A S Qs alo] 2] ghr) Z(free radical)S &4 8h+= wA; A7) H-2
] ZH-E o] &oto] BFAE DA S B A7 S E A S
WS AI A LA} Z8 W& PAd ek Tl D A7 71 E AR 2~ g
A7) AL el 7F Sk E o] s At A AdvkE P ek Gl S EekEt
Wb of 9] 8 PECVD &4 3= CVD 4ol A A2 = doute] A%
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4T

T E AR 2F Aol d A kS A&k el Jlo] A,
7 7 E A 2 E Aol =]17E Aol o8l HAIAlE

A 1238l 3}o] F7] gFv] Zr(free radical) S F A 3F+= WA,

7] 1l ehH S o] &sto] ©EEAE FA S R oA AT
SFAE A T NHSAA LA E E sk 9 B
7N T E A 2 Aol ) sk A Eef v vF 5 A o
A dAvrs dAdsks GAE 2 de=iCVD s o] &3t
A G4 .

A 13kel] Qlol A,

7] 2% 2] v = poly(cyclosiloxane), poly(perfluorodecylacrylate),

poly(FMA), poly(IBA), poly(EGDMA), poly(V3D3), poly(PFDA) %
poly(V3D3-PFDA copolymer) 5 ©] = 3}1}%1 iCVD &4 < o] &3¢k
AdHr g .

A28l 9l A,

g 7] =29 7} poly(cyclosiloxane)?l 74 -5-, A 54 212
%719 5 vl d A A Aol 2.0~3.0:0.5~1.5 ©] 3L, T4
3} 22 250~350mTorr ©] 31, HepA E 3] ¥ 2% 200~300°C
o] i1, fre] 7]¥ W7t & X = 100°C ©]3}o]m, A
1~3nn/min §1iCVD 5782 o] &3k A v} &4 Wy,
A28l 9l A,

7] 22 v 7} poly(perfluorodecylacrylate) 1 74 -5-, A 19} &4
Z3L 5719 EF & (A A A o] 0.5~1.5:0.5~1.5 ©] I,
A & 50~150mTorr ©] 3L, e E 3] ¥ 2% += 150~250°C

ol
ox

O

o] 3, ] 7] ¥ZF &1 100°C o] stoln], T4 A THE
50~150nm/min ! iCVD &S o] 83 A 3 A] uhH,
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[Fig. 1]
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[Fig. 3a]
J—E characteristics of
5 poly(perfluorodecylacrylate) 100nm
10
Area
10—6 1000um=1000um
—a— 1-3
-7 ——1-4
10 ——1-5

10" 3
10_ T T T T T T T T T
-2 -1 0 1 2
E(MV/cm)
[Fig. 3b]
J—E characteristics of
5 poly(perfluorodecylacrylate)25nm
10
Area
10—6 1000umx=1000um
—a— 1-3
-7 —A—1-4
10 ——1-5
" ——1-6
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[Fig. 3c]
J—E characteristics of
poly(cyclotrisiloxane)100nm
1070
Area
1076 1000um x1000um
_7 —a— 5-1
10 ——5-3

E(MV/cm)
[Fig. 3d]
J—E characteristics of

5 poly(cyclotrisiloxane)50nm

10
Area

1076 1000um x1000um

7 —a— 51
10 ——5-7
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[Fig. 4a]

C—F characteristics of
poly(perfluorodecylacrylate) 100nm
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[Fig. 4b]
J—E characteristics of
poly(cyclotrisiloxane)100nm
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[Fig. 5]
120
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Transfer curve
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