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Abstract

The conductive polymers, polyaniline (PANI) emeraldine base and 3, 4-polyethylene dioxythiophene
(PEDOT) were synthesized and coated on the PET film primer-dealt with acryl type to find out the
electromagnetic shielding effectiveness. When conductive polymer such as PANI and PEDOT is used, if
the thickness of coating increases then the electromagnetic shielding effectiveness increases, too, but

the visible light transmittance decreases. For PANI, when its conductivity increased,

its electromagnetic

shielding effectiveness increased, too. For PANI, if the surface resistance is about 140 2/, the
shielding effectiveness is about 11 dB in the far field, and about 13 dB in the near field at 1 GHz. For
PEDOT, when the surface resistance is about 200 2/, the shielding effectiveness is about 3 dB.

Key Wards(Z 2 20]) : PANI, PEODT, EMI shielding effectiveness, conductivity, surface resistance

1L ME

AT TV, AFH T FF AAEFES B AHE
A A, olEoiM A AR Ao} ;I T
Aol EolAlm gt [1, 21 o]& AXAES <A
A AHE3E7] A8 E olErYY dAHE MAL
g Ausofste s Axtg AHAARE 2 A&
MNge o AAF dAod FHE H|ZFE AA
A FAe ZE ARAFA g Axm AHE
TRl Y Ax FH°] 7AAdRL indium
tin oxide (¢]3} ITO)E WAE F S AWHA 2

« nPYEtT HEIFS

= gt Frie 74
(MEEEA AET LT 51,
Fax: 02-927-4546,

E-mail : kakushow@popsmail.com)

Aol vidg ggolet dF FHAT AR A
7leo]l ALHT Je AAoltt 4Fe AAH
deo] B3 FAE IR E &7t 25 gFHA
Aot

E d7qME A=A 12EAU  polyanilinest
polythiophene$ ©]&3te] Hztst s Eds §7l
A7l A==, EAANYE = A}

2. &F
2.1. PANIZ} PEDOTS &4
PANI® aniline ¥ & ammonium persulfates
AMAAE dtd HCIZE =3 F PANI emeraldine sait
& #4392, IM HCI3 0.IN NHOHEZE 4+3H4d )
£ Z#43}o PANI emeraldine base (¢]3} EB)E ¢
E%ith. 283 PANI 947 dopant®] EH|7} 1:27F
HA sl @myEksled =3 @ PANIE 4%t (31
PEDOTS =% #A3& #37] s F38 A

- 306 -



A A 2 ferric toluene sulfate (o138 FTS)E AM&
sl ZHAoez Argsr] {3 e FA
sonification& ¥ 3}7] 3 A 719 o) A9 =
HE 3t FAAEAT o] A n wgEo %
el A HA" ol &ulle] o3 vz HA A
A7 7 W&ol viny DA A=Y zHES
4 F AR

22 3¢

PANIZ} PEDOTE ¥4 £uld =9 % polyeth-
ylene terephthalate (°]3t PET) & ¢l zZ¥ &
AAstgth 29 WEoezE dAT ZNY &
JtA 3 Qo] 3¥ "Y FA F™o] £ol3tn &Y
9] &4le] H& bar THEL AAS4) Spin Z®
e He "W FUFE FAR =Yy o¥z,
spray 2% E3 57 ZHFo] ojPa B &4
gon WA 5o EEEY Yol AHA olE B
&7t 8 bar 2R o]E3H [4]

/g Y1ge] FYAO & 9L "YU EY F
Ho] foldty A F& 4 U] W& PET €&
< M™slg e PET ¥E& Z¥ A HAHEL 7]
A17171 #9189 acryl A%9 primer A7t Hol 3l
e AL AgEan £ AAS AWHMERE Fol
7] 85t ITO’F $349 PET ¥E= AH&s4 o

23 5yx 9

EgQ == UV/VIS (UV/Visible Spectrophotometer
- MPDS 102)2 H =& FAHT § 7IA3A o
A9l 380~800 nm GGl HAEs] AU

24 MI| Mz ¥ moids X3

A7 AEEE 4928 (Keithley 236 source -
measure unit)g o83t dLelA g AlEd A
FE Mg ¥ AL SAsY W A AERE
Fatgem 3A v AYEZA7] (surface resistivity-
meter - PINION SRM-110)& ©]-§3te] WA S
A& A}

25 HMXjua xi=f g3

9G] A& FHeE Duel TEM cell
g o] &3AY F MY cell2 H e BE
< B8 ANBE AT F AVFE AERHI
FAF Yoz x7)FL AW FYPI WP
2 243l Axs AHEAHE 24

LA FoNM e AHAaAF} &3]+ flanged circular
transmission line WY& ol &3} (6] 28jn A

At GA71 £A7] 715§ 2%FE network analy-
zer (HP8720C)& AH8-3to] AHAFAE FAHIA

.43 33

1Y 19 camphorsulfonic acid’7} =3 ¥ PANI=
acryl A w9l E£3¥ PANIE PET ®3ol =
B33 A5 Fogo] wE AGFMe Axlg A
d5dst vet ok &3 49 A7l A==V 20
S/cmeolZ FA7F 5 zm¢l PANI ¥& A5 Az
3 AHade &3 F3 49494 7~10 dB A
28 BE3 FA 18 ymd HE ANBEE 12~15
dB Ax9 AR AHEAARE Bgr) o] AdA3E B
W PANI FA7 $184E Axtg Adazst $
AgS ¢ £ NS 6l =T AVNHEE=S 1
S/cmelxr 38 um® FAE 2zt PANL/Binder
(50/50 wt%)E& PET ¥ & ¢ Z®3% 2% Axd
A EFA7 9~13 dB A E, AV|AEE7 05 S/em
A3 65 £m FAY PANI/Binder (15/85 wt%) A]
E¥ 3~5dB AR AASH AHazns 24 o
gA ArlHdEZst F1ESE Ag A ms)
ZMEE ¢ 5 AT

N
&

d-PANI (20 S/cm, T 18 =)

d-PANI (20 Sicm, 7 5 i)

d-PANUbinder (50/50,wiw)(1 S/icm, F7 38 #my
d-PANIbinder (15/85.w/w)0.5 Sicm, T 65 #)

Ll

- N
o o
)

P me

Shielding effectiveness (dB)

124 [ ]
v v Av ™
o] 7w m gt e
L ]
4 A A A, ‘AAM‘AW
0 T T
100M 1G

Frequency (Hz)

1Y 1. PANIS} PANI Ed=9] A=z 8 219 53
(44

a2 2 2 ¥ 14 FAYE 3"3 PANIY €
Ago e HAAs AAESS Job gloh H7)y
BEel FA F/ESFE Auanst SHEe ¢
T+ U &A% #10 bar coaterg °l&3% ©WH=E
Hi dHuzgg vusd guaye] Fe HAA =
H% A #16 bar coater®T FAZAE EBFsln
AA 2HE WA= #16 bar coaterd ZF$Hct

2 Aoz =AY #10 bar coater ¥ IE

- 307 -



Shielding effectiveness (dB)

Frequency (Hz)

¥ 2. PANI®} A7 A as (49%)

¥ 1. PANI9] dA7)s5 asas (997%)

Bar coater A1/ 2} 5] 23 (dB)
Bar 5 5% 10° 4-6
Barl0 3%10° 6-7
Barl6 1.4x 10 11-13

Barl0dual 3%10° 10-12

Bar5ITO 5% 10° 8-10

B9 A AHEZFA7 7~9 dB AEYH v F
d ZEE AMAEFRE 10~12 dB =2 YHI
B2 A$ ddzyd 6 AdeHA 267 HA ¥
£ ¢ F£ UYL 53] 11~13 dB A== .ZAHE
#16 bar coaterETHE W& AFEAAE AL & 5
Asith ol AL AR YAHE FA 9
Hial& o] AAT AW AT FEAHY FLE 1
7] fEoz Algd.

2% 39+ PEDOTE PET EWo zZ®3 A=
Q) Fupo] e YGFoNA e AR XHEH)
Usk glh o] Ax%E By PEDOTY A¢ EHA
&o) 1000 /0 A=l A &7t 1 dB
A=z AAEFHI A9 a EHAEe] 200 /0
Fzold ¢ 3dB AE7 FAHUAG. 2dA AxH
ANEHE o F7] 959 ITOZ $3€ PET ¥
£ 9o PEDOTE z®3lgich ITO $3 PET ¥
g& EAAS ] 100 /0 A=EA 7HABAH 53
o] & 70%2 RE LA FHEI F 6%
¢l PEDOTS ZB UL 4% FHUEE 62% AR

— 200 Q/T:76.5%)
.......... 1000 Q/0J(T:88.0%)

Shielding effectiveness (dB)

T
100M 16
Frequency (Hz)

29 3. PEDOTSY A7 A Es (4973)

Hol AT HAn AHEFE 3dB oA 7 dB A
T2 Z/1eHh &= 2§ 2014 HXo] PANI g4
& #5 bar coater® ZEHEL # ITO’ 4
PET 489 7% 4~6 dB oA 8~10 dB & A3
7 F71Ee 2Qd ¥dAZe] 100 /0 A%
91 ITO 53 ¥E Ay A Ed7 2k 5dB 9
L Zosld A IHE 499 AAg AHaFdE
Aot 2o Ae g2 Ao $FFRd g
A AxA ARY ITOE I FAZ 293 F
2 gol A=A nBEAE IHSH HAFA B4
S fA3EA AR AHadE 2Y 5 AES
<t

2% 43} 59] PANI® PEDOTE PET %Wl 32
23 Qg Fogd wE 2ggadAe Axs F
HEazst Ut dd F A BF FaLst 48
+2 AMEzst %S 4 + 3Tk PANIY
7S Ao 500 /0 ¥ W 1 GHzolA < 3
dB A= HEFHNE HolE €A 300 /0 I
140 /0 9 7ASol= 1 GHzA 2 13 dB A=Y
AWEAE 29 PEDOTY A% EUAFo
1000 /0 A=Y A$ Axs A949L ALY dle
Aoz ZAGYc} vl EHA Tl 200 /0 A=
Q) 7S 1GHzolA ¢ 7 dB A= AAT AHA
FE 2yt

B 29 59 Ao W ddR3n 2GR g]
AAs AN EFE Vel vlaEe e e
7o) d49A3 293 AHAIH} HRE FES
Back a8y PANISl A4 300 /00 o 29A4%
S 7HE AS 493N Avads 7~9 dB A
& HolE wd 2934 ME 13 dB AEE ES
t}. = PEDOT $Al 200 /0 o ¥HAEE 713
AL 9o A¥AAE 3 dB HEE Kol

- 308 -



g 2ol e 7 dB AEE HAY oAz
Hol A=A TEAE AvARE AT B+ 49
FoMe AWAARTG SN A AEAI
& Aoz HHUD

-
'S

4 ——sx10%/0h ]
...... axt0i(a/l
.......... 1.4x10%Q/

- o
o N
L
.

bt

Shielding effectiveness (dB)

400.0M  600.0M B800.OM  1.0G

Frequency (Hz)

200.0M

a9 4. PANI® Az7]s A Es (297%)

——2x10% /)
[y [— 1x10%Q/Ch

Shielding efficiency (dB)

T T T
400.0M 600.0M 800.0M 1.0G6

Freauency (Hz)

T
200.0M

2% 5. PEDOTS A&7 AA &3} (29%)

¥ 2. PANI®} PEDOT A8 t§ Azb7]s

2w & 3
29 Z3HdB)
= o} 143 (R/AD
e AR far field near field
5x 10 4-6 3
PANI 3x10? 6-7 13
1.4%10% 11-13 13
2x10° 3 7
PEDOT
1x10° 1 05

4. 48

(1) PANI®} PEDOT %9 HAZA ZEAE AHE
% A4 ZYFAZ F7EE AR AMade 5
74 SIABA BHEe Zade AR Ygy
t}. PANI®] A% EH A 140 /0 A=W 949
ZFelAE 11 dB A, 28 2939 2% 1 GHz
o4 ¢ 13 dB AEe AHanE zeth PEDOT
o) A% HAXF o] 200 /0 A=Y # ¢ 3 dB
Az Aas A aHE 7o

2) ¥ ZAHARR ITO &4 IZHs4E 74
FA BREE wolHAM AR AHEARE =Y F
AE Ho2 Yelgt

o 28

[11 C. R. Paul, “Introduction to Electromagnetic
Compatibility”, Wiley, 1992.

(2 H W. Ott, “Noise Reduction Techniques in
Electronic Systems”, Wiley, 1987.

[3] A. Ray, A. F. Richter, A. G. Macdiarmid, Pol~
yaniline: Protonation/Deprotonation of Amine
and Imine Sites”, Synth. Met., 29, E151, 1989.

[4] J. E. Kim, J. H. Shim, K. S. Suh, H. G. Yoon,
M. W. Kim, K. H Hwang, “Preparation and
Characteristics of Transparent Anti-static
Films”, KIEE, Vol. 13, No. 1, 52, 2000.

[5] ASTM D 4935-89: “Standard Test Method for
Measuring the Electromagnetic Shielding Effec-
tiveness of Planar Materials”

[6] J. Joo, A. ]. Epstein, “Electromagnetic radiation
shielding by intrinsically conducting polymers”,
Appl. Phys. Lett. Vol . 65, No. 18, 2278, 1994.

- 309 -



