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(The Electric Breakdown Characteristics of Polyimide
Thin Films by Self Healing Method)
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Abstract

The polyimide thin films were fabricated by vapor deposition polymerized method of dry
processes and studied the electric breakdown characteristics by self healing method. Polyamic-
acid(PAA) thin films prepared by vapor deposition-polymerization (VDP) from PMDA(Pyromellitic
dianhydride) and DDE (4,4’ -diaminodipheny] ether) were changed to PI thin films by thermal curing.

In the same sample, electric breakdown fields increase with increasing test number, and then
saturated over test number of the 25th. When the curing temperatures were 200T, 250C, 300C and
3507, the electric breakdown strengths of PI were 1.21MVcm, 3.94MV/cm, 4.61MV/cm and 4.55MV/cm at
the test number of 40th.
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Fig. 1. Flow chart of the thin film preparation.
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Fig. 4. FT-IR spectra as a function of curing
temperature.

1) 2% 165 1419 5%
KDETE ENERGY, o

a7 5. ws e FRYR 83
Fig. 5. Quantitative change of composition element
by AES.

Py

AT BdL GFolET A 758 olFR
ol dFulEe] Alsiel 2§t Aoz Az4E 4 gich
=3 e FRAE Al @S AE 25 sl
Ae FAZYPE FElopnal ke EFRjolviER 4
AgA7le gAodlA wte] 2o Y= Aem A%
& & ok WEE BelrlEA dRelEE seixz
gt vehdr] Aabshed ole ERlelml=e] A
Yty B 5 dok oF s FelE 7
How A4 AlRE deisizt vepta ds

o o
"=

S ECEERRIELE LU SRR LEL LS

(106)

4£FH 4t

4 ik

27elg] A7kl gk A4 oFd wEE ¥
6ol vieRiglel. AslE] A7kl digk $A Aae 120
[A/min] 22 3k ZAsgch AASERE
Abxol gBulgo] FEL olFwdl UFrlwF A A
ol 54A Axely GFvlEe] gashdA At T
71ahsdet.

ol AF A Ao AW Apetes AR
o} U2elEy Zejo|vi= il go) FAF] Q=
Abae] k& 200AFEolct ¥ whAhlas Eeol
o= uleke Jehlis Aeg ¢RvlEd gavt 34

£ FEo] 24 galsle] Foit 4FTlEe Aol
7} slEw), o] #ie] A7k 28 30% HEE B
AL Zlol7t F 300AA=S} HE ¥ 4 stk

100 F

80
o eof
5
< 40}

20

0
Sputter Time {min}
a2l 6. 25 Azl |E ub e FALdL
s}

Fig. 6. Quantitative change of composition element

with sputter time

npatge) AdTede vl S B5Eel oA
= QB B ¥ W "I o TR &
el oj3) BB et SAE) e %
o] Aol A FE FEES Asleiokt
o ApAe) e4dt dAAAAE 7 5 gt 7
agleg o AL oS ek U ddfse] 7
+ Advje A)AGSEE o83 B AY
3 AAAAE 7 4 sk

A7\ AAFEY L FAR Aol WS 4413
ZrM71 E5E Sl 3 A Hebve AAY
oAM= AbsladT7bel] wpde] dofuin], HPHAl LAYs)
£ odol o3 e doxl AR FAld w2 d
o] WHAsIA ok ojw whde] Aske T3kl AFH

2t



1999 6F ETIREHRXHE £3368H5 TH F2K®

§ ) Aol e 9 PAYEAT F
We R S84 gm PATER FaH0 A

Sl £, AHRSEA 1 4B BTl AEAS
2 AASES sk Woleh ol9} & wyel 23
Helo] Aokt 3ete] g AA B F 5UY A
2 Al o) QAR AAsklA A 2714
A 74 ool BFe] AAT Aekies ohe W]
$A e s Za H, oE BT Sl
o Mg BRI o] WS 2 ¥

o] AFe] AAL o9} Z& AHE A3 oW
yhEshd Ha-go] 9R3F HEL Fapdog A|AH

o] HAnHE doyle A HA s =Hu

o] HARE of o4t FolelA sk Esislel ol
St Zelolrlunke] sk WA BE + Uk

A1 Bgel o8 ol W] e
@ 7ol veblglel, 191 vhek A1k 2ol AR
gupge) EAL B2 Y & Yk Al A%
Hede) S29e Aol sfa) AFe] A=
Al Ve, o) wWEe) ¥Ee 9Rely
o] WA Fejolnl= Holck

:_‘L
’l-*l

7|43 Blo)] ogF Fejolrniute] A
SEEE |
Electrical breakdown pattern of PI film by
using self healing method.

a8 7.

Fig. 7.

AFzA2gE wluhe 200°C, 250°C, 300°C, 350°C
2 A3z Zelolv|unbebe At A 50V/
sec® sl 2| dqs B o3 FAE HAY=EH
A& 13 8o ehlisich

27143 8ol 23 AdgHAAHL FUL A8
of o) wtEAdez AFHY 4 sle FA] 7l #HE
of FUX g s HREA o AIAYHE o we)
sAgte] "l Frlste] 20~303] ofatollA] 31

(107)

ik
50
45 .
E R
5 4.0
= ; ,ﬂ&' m....v‘n-l.""n P 20000
Zast .
L .
30l x"p‘ I M Gused AL 200[ T
25 "ﬂ ..'. ® Cursd ar2807C1

& Cured at 300(5)
W Cured at3580 ¢}

bl
o

win -electtis fi

o
T

>

- ...'....-lll!.lliﬂ..-ll-lll-.l.-..-l

o

=] ,'{

>F

reakd

B
SRR
=

=
o .

- 1 A 1 A L
20 a9 40 £l
Test number

ABEAFY oY BIAYRFA HE
EEEERR

Effect of test number on the electrical
breakdown characteristic of thin film.

gl 8.

Fig. 8.

eolrle] dedstale Yidez wHALl Wil
sl WAL ©E WA AAsd dehie
Aoz A7k AYA ADURE 10 AZ SRE
o el FekAms) s SNl o] Hh
o EAl e o) wAslel A AR ol
2A e e B2T 4 AN 2000 2R
A7) wtehe Aedalepiz) e wtelel wle BE
& % e, olE ok Felolrl=s WA
FeEA Tosdcke 2e ¢ 4 stk

=
=

-

Bkt scric S W]

-
Teost raamber : 40

86

586 > R

Curing tempearature [°C)

9. 9473 wE AduAaA
9. FElectric breakdown field as the curing
temperature.

g
Fig.

=3 dubdez Aase A5 2Ay FZol
AadHerrrt god 233 hrﬂoﬂ o5 Az= 2%
2 AdHopvt 2l AFHA Wsict 1A
AFEAel o3 Az upehe maje] FIME 4



6 eHEEEEERIENE DAL EEEEEEEY

2re] o] Agivhs e & & ek

a3 9% g AlY 39l 403 o 2
A AAE weRie) 200°C, 250°C, 300°C, 35
0CelA 73t Azl wpete] AwAHAE 2zt
1.21MV/cm, 3.94MV/cm, 4.61MV/cm, 455MV/
cmE 3007, 350°ColA G vtk vl 9}
-GS ez glon, EBeER agshe Ao
IR E A Aog A7)

=
L]

=

¥ At AFSAEl 95 EFovl=E A
el whate] Al)desi @ e Sal Grsheme
o A EA4E zAslh

PMDA (Pyromellitic dianhydride)®} DDE (4,4~
diaminodiphenyl ether)& *3FaF3sle] Zajo}
e FASRL olF AAEeEA FEelo|v|=E
Az ov, o}& HARIAH HAEREANL B
8 skt

ATFAFA o8 AzH Sejolmlssiute) 4
AsfHEge FAAEe s WHEUYe) Aseln
wpote| Hebd(weak point)e] AAY 4 gl x7)A
1318 (self healing method)g o]-838}sdc) o)u
Ao AME dFulEe] o HE Zjojv=
st e SRS LARARFRYL o8 =
ARIgen o Az gl Zeols 3004 Axeldth
Eelolv= utte] AHodmaAdAE ARt 203
ojAellA E3pgE o = itk 2007C,250°C, 300°C,
350°Cellx  B7EAR wbete] AaAsFAAe Zzt
121MV/cm, 3.94MV/cm, 4.61MV/cm, 4.55MV/
cm °|3la, 9733} 250 F7KRe njet ddsw)z
Ae 371k & %+ ek

2o d
(11 K. Tida, T. Nohara, K Totani, S.

Nakamura and G. Sawa, “Molecular
Orientation and photocurrent of Alkyl-
Aromatic Polyimide Films Prepared by
vapor Deposition polymerization”, Jpn. J.
Appl. phys., 28(12), pp.2552~2555, 1989.
Kiyomi TsukaGoshi, Youichi sakakibara,
Masayuki Lijima Yoshikazu

[21]

and

(108)

[3]

(4]

(5]

(6]

[7]

E5H 5t

Takohashi, “Bidirectional Orientation and
Micro Crystals Doped in Polyurea Film”,
Jon. J. Appl. phys. 33-2(3B), pp.L463~
1465, 1994.

J. R. Salem, F. O. Segueda, J. Duran, W.
T. Lee, R. M. Yang, “Solventless
polyimide films by vapor deposition”, J.
Vac. Sci. Technol., A4(3), pp.369~374,
1986.

E. Sacher, D.G. Sedor, “The possibility of
Further Imidezation in polyimide Film”, J.
Polym. Sci ; Polym. Phys. Ed., 12, pp.62
9~632, 1974..

Yasuhiko Ito, Masayuki Hikita, Toyoaki
KimuRa and Temyosi Mizutani, “Effect
of Degree of Imidization in Polyimide
Thin films Prepared by vapor Deposition
polymerization on the Electrical Conduc—
tion”, Jpn. J. Appl. phys., 29(6), pp.1128~
1131, 1990.

N. Klein, “The mechanism of self-
healing electrical breakdown in MOS
structures”, IEEE Transactions on
Electron Device, ED-13. pp.7838~805,
1966.

S. Sapieha, MR. Wertheimer, and A.
Yelon, “A simple method for breakdown
voltage measurements in thin films”,
IEEE Transaction on Electrical Insula-
tion, EI-14, p.229, 1979.



1999 68 BEFTREAWIEE £3648 TH F28 7

& F HERR)

19661 39 4948 1992+d <lstl
3 AEEt E9] 1949 B
gigkd ArFEl) (AP,
19974 5 dishd Arlgsts &4
(4hah, 1997 ~ 1998 A& o}
Fok3t post-doc B 73AE #A
Qslefeta A7)geta) 2ag 4] Boke Erp=nt
e, % - 524, EL&A}

= B RERE)

i 1046 99 594 19749 A
skl FAL 19799 F o A
71333 AL 1992 Al
g3 Arigsst gk 1972
~ 1977 LG71A. 1978'd ~ 1995
9 oARPIA 71 AFelAL
1995 ~ A ek A7 AR FE I A

2
e

(109)

PPN |

¥ i E(GESR)

1964'd 44 15944, 19879 <13}ty
st A7|geh &4 19899 &
ekl ARt E(HAD.
19924 & W e S
(2. A f3E A REA
Eag. 34 Eoks FEARAL
HEE A 2R], HEY= AT E e



