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The Electrical Conduction Characteristics of Polyimide Thin Films
Fabricated by Vapor Deposition Polymerization(VDP) Method
based on PMDA and 4,4’ -DDE monomer
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Abstract

The electrical properties of vapor deposition polymerized polymide thin films for getting an in-line

system with manufacturing process of semiconductor device,

have been studied. Polyimide thin films

fabricated by vapor deposition polymerization(VDP) method based on PMDA and 4,4'-DDE monomer
were confirmed by FT-IR spectra. It is found that the major conduction carriers of thin films are

jons, and the hopping length of ions is almost same with monomer length at the temperature over
120 C through the analysis of electrical conduction mechanism. Also, The activation energy is about
and it is shown that the resistivity at which thin
films can be used as an insulating film between layers of semiconductor device, is 3.2x 10" Qcm.
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Table 1. Structure and properties of monomers.
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Fig. 1. Experimental flow of PL VDP

films.
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Fig. 5. Current variation as a function of time.

o] 2ol A dAldd W AFLERY AAE
R 6ol dEldlel. "Ae]l E kel whah xR
Lol F7h7F 30T A 1500 2 &7 Jglsied s
ARG FA 2w B 300 kV/emeol A
90 kV/emolat@ =y, Srolake] wlF M HQl
o] mEA FA(mye s ¥}

"Ll dAd diFd oEde EAEv] 9
A log J o log E'9l #HAI A ng ke,
a #e A9 29 g viR 3 el Childel WA
of #-grxuy, ool gt FIrASASHHLE o]

of Ari =) Felsh e Aow Az,

e Ed flolA A Aol M
S AAE), THAD o)A
sk AAE7 v A7 Qe
of ot o] &HAEE st
G ER ARAGGAA A

779

AN AAARFEA Vol Y, No. 8 September 1996,

Euiste] #AGlel A dAsAY. ol HHA
cgorolx WARE/NE exvistl 2 TS
WA e @ A

Bge oleane olEAoln”

J = ]Uexp(*g-%)exp(;k%) M

7] A, et AST(162x10 " C), als o]29]
o2 A (A), ki BEEUAAF138X107 JPK), J

= ASYE(A/em?), U 489 1A(eV), TE
)2 =(°K)

sRede FAAR] AE AT AN
AMOFA BAS T Y AR B 3 AEF

Ma + My — Ma + My 2 2ol AHEA M)
= on etk olm HAE MaEAe] o3 xd
Al MpEAbe] Mzt stg o] apef st 4
& ekt Hid, Yo (HEE o8y 1Y
AulE Fsl E®, 30CoAAME 94A, 60T =
11A , 90CAA = 10.8A, 120CAME 1754, 150

10°% ¢
/’ 150{°C)
am f
2 : 0/
0 v ¥ 1200°C)
E i
i / '/
(1) : S
< 7 * :' v’ v
8 L H
R I o e
= v
g 109 | / / o 60PC)
o v / 0/
5 F . e
5 _a N 30rc)
O . .
10-10 :— / /./
i /' P
o/‘ //.
11 |
0 . e
L]
H 4 a4 Ll " i1
10 10° 10°
Electric Field {V/cm]
ad 6 AAC B didee] Wt
Fig. 6. Current density variation as a function

of electric field.

TAAM= 187Ac s wWalsln QQov, &5 &
kel mk ol 9] o] A= Frksa lof, Wk

o F Aelol ojede & F Stk
olAe w@Ael Zo| 1815A[10]7 XRD 4

o oj%k wibAZ 17A%ek wlwated 1207 ol ol



o .
=

Mz ol hopping el 7t @A e] 7elwy) x
Avk relgel enedlNE Aol fale Aow
120T o] el A13= 0] 2-2] hoppingo©] W aFA o] 7lo)
o e o 5 gl
A e gAsUAE Aue 4 gy,
AAE gt ol ohdu g sdon epw 4
I
a o ()EXD( ) (2)
A7IM o3 S, o NelM @4sloux U
logo o 1/Te] puiiA AAbe 4= o)d) -
g7 AA 15625 kV/emd o] =g ) 1/T9
WA dehlolg. d@is otel o el
0.69%V @& viehdgeiur
10" ¢
102 E
= [
g |
;5 10 L
2 E
g
e
<
[o]
(&)
105 |
10-15 1 1 i L 1
22 24 26 28 30 32 34
1000/T [°K}

ad 7 2xd w2 du
Fig. 7. Conductivity

temperature(1/

variation as a function of
.

EoaES /]ﬁ_—”HRLh()ttk\ Jell tf 31
f1ste], zigl 8o 4
¥ A L}EI'L” Rt

ok el vheky 4 ogrop

(BLE"-U)

kT

HE7rel el 4
ACVE) whi 4§

qe

kol i | 7]

9] o) o7 § o)

J = AT exp |

A7) A,
(Tixe, <,

»

AT Richardson- Dushman 4R

780

o

& ol&dtel PMDAS 44 -DDE -7

944 ]

AANA In] o VE of Tt golm
-f’,(s.r)% TE 7 Aed, 6,9 e &
oAl 150CH B W, 054~018 W&

o

o] 3= DupontA} €] H &

359 abel 7k wolu},

& # GLO],/(] o oo

Kapton H o] HHA8
LHEZIAR 9% 7] Fa)A]

o 4 o)
LIS

A el M

o~

e

3T
=

- S il ’;‘1(1’0()10 FrenkeD ®
ojriz Ao HW EnlL
Ao tpHat o) L*H‘}Hoi ?JE}.
1
2kRT

o ’@ 2]

o

-0

s

=}
g
U5

1%}

h

U5t

a = 0y eXD{

AN, By = Yene, e,
7Y By S 2KT 7F E
9ol ASH Aol WA ehy
Bt HE e PR A9 ao
%] 1 9]. i1} 2}

HA
A PR L;Oll

Aol Ing o} | Ee
iz

gt

¥
] 1] 8-

7 7} 4 4 HE7l 8 %

I HI— J]L 01 ]
Hqgsha e
ool

o] gk v}t Al

.
T A

2] o]
k.

[ ST T P e
U]I,‘A oIQA]ql b

1T
v )

10®

150(°C)

\
\

107 7
E ¥ 1200°C]
/. - /

108 3 90[°C]

w00 b ¥ 60[°C)

Current Dencity[A/crf]

30[°C]
1010 |

10"

! 1 1 1
400 600 800

Electric Field [V/cm]'?2
a2 8 2xwde e

Fig. 8. Schottky plot with various temperature.

wEY) RS,



10"
150(°C}
10"
E e
1201°Cj
E -13 o
§ 1w e //
= 90[°C]
>
= A
§ 104 L “\A A——A
© £
g F
(&) 60[°C]
..\O—Q—H/./A
w0k
3 300°¢]
'\u\.\.k._’./n
10-15 L 1 " 1 " 1
200 400 600 800
Electric Field [Viem]'?
a3 9. HAWG e F-ZdE Axy,
Fig. 9. Poole-Frenkel plot with various
temperature.
4 8

PMDAS} 44 -DDEvF# 4]
- Alxeta, 1o AV HEAS
ZANGE A= b 2ot
t‘fl}ﬂ_ogr fg*é—?] ]L g /qg]ﬁ_'é;:'\
Jolm =g o
(2) Azy B2 Amrite] gk Aol A o] 2
= .1 120°C o)
ol Atz dolst 2
& st
(3) A=y ol Ao =)= 30T ~ 1507 <l
Al ok 069evel g Thxm, 30°Col A &k 32
x10" Qeme] AT & Ve ga wre A4
FE5& ez JAg S dAo A
A Azbe] g-8-3hd = 748 ¢
Kol Aol zrralE 4 Uy glHo] itk
L A zbE o)

o,

U

HZ 2

A 03:

K —i> .Lﬂ

o2 s ganeAve 54
¥ $:93-0300-06-01-3)ll

olo| ZHAFE Ut

7344 (24 4]
ol FyEYon

o

11.

. G.Conte,

4714452884 Vol. 9, No. 8 September 1996.

]

ra

1 &F

g (FLL, BYR %, NATHE - OB, T K,
SR A I FRBIROAER R T T, Hek
MOEHEESE €1, pp.l ~ 14, EIM-85-48, 1985.

K. Iida, T. Nohara, K.
and G
Photocurrent  of

Totani, S. Nakamura,
"Molecular Orientation and
Alkyl-Aromatic
Prepared by Vapor

J. Appl

Sawa,
Pé]yimidc
Films Deposition
Polymerization”, Jpn. Phys., 28(12)

pp 2002~ 25*_)5 ] 989.

AP0, Wl AR E T LA Al
Wy J-zw}»i', y#ju o, 408 9%k, pp. 432~
437, 1991.

M ML TSk, CREME S 2 TR, -

i, pp.127~141. 1984.
M.M.Koton,

“Polyimide-thermally

M.I.Bessonov, V.V Kudryavtsev
and L.A.Laius, stable
polymers™, Consultants bureau, pp.1~82, 1987.
F.W.HARRIS, “POLYIMIDES”, Chapman and
Hall, pp.14~26, 1990.

JR.Salem, R.M.Yang, et al,

polyimide films by vapor

"Solventless
deposition”, J. Vac.
A, 4, p.369~347, 1986.

Donald A. Seanor,

Sci. Technol,,

“Electrical Properties  of

Polymers”, ACADEMIC Press,  pp.d5--595,
1982.

Yasuhiko ITO, Masayuki Hikita, Toyoaki
Kimura and Teruyosi Mizutani, “Effect of

Degree of Polyimide Thin films Prepared by
Vapor Polvmerization on the

Physics,

deposition
Electrical Conduction” Jpn. J. Appl.
Vol.29, No.6, pp.1128~1131, 1990.
L.D’llario, N.V.Pavel, “An X-Ray
and Conformational Study of Kapton H”, J.
Poly. Sci @ Poly. Phyv. Ed., Vol.14, pp.1553~
1560, 1976.

A OOR A RO e, YRS

HE5H", A

W, pp.220~242, 1985,



F 0 AT5AETES o143k PMDAY 44-DDE - 784, 0|42

BT

g%

19393 14 294, 19634 29 st
so AZIEES EY. 1966 28 ¥
etgd dristat &b, 19764
94 Y aopdish Ay EEst &9
(Fdh). 19814 8Y-829 79 o 1}
ofefst Av]yetat Hiuis 19959 |
4-129 digtar)sts ad 10943 19-dA et dehg
olAb, 1994 19-954 129 =R AN AL &

ettt 2o drgeht wa.

AY4
19661 39 494, 19923 2lghet
A1 29, 1943 F oy A
A3 YA, @ E de

A7) g8kt babatA,

782



