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Current-Voltage(l-V) Characteristics of ITO/PTFE/AI device with a variation of PTFE thickness
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Abstract - We have studied the I-V characteristics
of polytetrafluoroethylene(PTFE) thin film depending
on a variation of thickness. Polymer PTFE buffer
layer was made using thermal evaporation technique.
The device was made in the structure of
ITO/PTFE/Al. We have observed the NDR(negative
differential resistance) behavior between 2.5V and 5V.
There are some reports on this NDR behavior in the
polymer thin film[ll. We have studied the NDR
behavior depending on a variation thickness. As the
film thickness increased, The NDR behavior decreased
and moved in low electrical field. and we have
studied the conduction mechanism of PTFE thin film.

LN B

71 B e W& FF AT S ¢, /4
A g B9 ddd we} s 44 71EE $
A7l W& Ev de AF dAde]l Hz Aok 19874
Tang® VanSlykeZ} AlpE o] &3l @& HYGolN #
7] B3 £AE FEE oY, & A& F1Fd WTF
Ag Ad W3 A28 dux & FokoA gt A
3 so] te2]

olgidt 7] W@ AAdA Wo] Yo e 7 A=
FH+H)Fo2HE HF(hole)°o] Ay I ZRE A
7t 237 FYH0, FUE I AR EFFoA A
A% wFe A g ol ukRY AZFFL &
E AU AAES HAS S$FHAY ¥z ug
Azldd. olg} o] 2% HEEE WF B U A
3159 AAY A 4FF).

Tr7] W4 AAe &S PAAT ko, B 7R
fF7180] ITO A= HFF AloldM FF F9 ¥y
Fo 7 o]gH"r} Copper phthalocyaine(CuPc), Poly(3,
4-ethylenedioxythiophene:poly(styrenesulfonate)
(PEDOT:PSS), starburst amines 212]3 polyaniline
(PAND) To| gutdoz o= AF 59 v¥HE: &
FASo|tH3)]. WHFoE AlgHe EHL #EF #
7218, 7188 AF Alo]dly A AW HZzo] &
A3 dyx FYe 2dste 9L 3ok o]v] Uniax
Abol A =L MEH-PPVE 33, PANI® =39
PPyE ¥HFo2 3ld ¥ FF5 A4 g2 43 &
£2 AUt =3 Zhenge ¢ Hung $& ITOSo W
HEo R EAE AHEEY ITOZFEH SIF9 F4+s
AAsA A4S wddStn Bustn Joi4,5].

i, B AP AxA 2EAI} old AIA
¥ PTFEE WHFo2 £9)8t9 &7 W3 &%
A2l 7] o)A PTFE @39 714 A& &3]
218t PTFE © ¢ utute] FAC we AF-AY &4
& ZAEIY Y.

24 3

F(+) AFoze A4 FZIAY ~15Q/009 EE A
g3 170nm  FH9Y AE-F4-43E (Indium-Tin-
Oxide : ITO) 71#& 33 2] patterningdtd Al¢
3ttt &o] 5mm¢l ITO AT & Ao GAHHCL)
7 AHHNO)E 3 @ 19 FHu|2 4L §q9 F7)d
oF 10~20% AE xEAA 443 ow, ITOSH §9
9 A o 2cmo)H, pattemning® ITOE =€ &
of A&ty 1 ¥ ITO 7199 A3 P o33 ¢
th WA olHEOY 22EFE0T 50THAM o 208
A= 288 AHIATY 23 Fo s regryoel
23t 2548 RHHZ 11159 HIEE e £9 &
off 7198 W3 of 80TY &xdA 1A3F A% 71ds
1, A} oM EejY S22 X E 7|WES Wi 50T
A e 2083 2&u MEE jh agm opAges |
A ZFShA ¢ 208 AT 2L NES F F AL
7t2g2 AZAN.

aE 1& a4 o]g" B2 7z 29 B P
Zolt}, PTFE £32 453y E o] 8439 < 05~1A
/s HIEZ 9 1x109(torr] A=l AFTolA 5 10,
a8y 50nm]e) FAZ utgg AR gRuE
A2 5x10torr]e] ATEAN £4 150nmE d%
0.2 ZF3}Yc =3, b3 BHL nfAaE o] L35y
15[mm?el 2712 #9ch Axe] AP-AE (I-V) EAL
Keithley 236 source-measure unit- ©]83}e} Z4sigch

(a) PTFE9] ¥4} Fx

A150[nm]

PTFE

ITO

Glass

(b) &2 7=
2% 1 A3e AHEE EA &4 T2

-1568-



4 1

3.

7189 AE WINELE T 4 AT Alold) gre
FNEZE P8 TEY F/AF FF
g AL-AFI-VE 24gogs 78 4 ok &
Z/HNEZ/AT PRGN A F42 AF
WelA devde #HAF ol #7185 e Ax 79
ohmic ¥4, ¥ A& A& HF (SCLCO) 949 zexn
Hyg odgoz 388 4 o}

% 2& ITO/PTFE 4tul/Al &xtejA) PTFE ghetel
FAel g AG-AFI-V) B4 vJehin ges o
£33 2ol (a) ohmic 94, (b) ¥ A3l AF AH
(SCLC) 99, (o) FAAEWNDR) %9 zgx (@)
hopfg%‘é‘fi T B4y 99 W] A gddeg
Hatgt

28
v
%
)
i

101[ A ITOPTFE(10nmYAl (a) (b)

Current Density [mA/cm?)

10

¥ 2. ITO/PTFE #et/Al 279 Ag-3Af 54,

(a) ohmic 9& JxeVE ul&dle 9ot}
o2 HAMNG wxAcre] Az A% Ax
Ag-ele Aole AA Qi ojFezE A Hre =
ZE(AAF; SA{E GEHed, BE aEA
A= shdole WEyl Zomg HFAHEE
FAlEg = 2R B Aol @M A
A7t A ¥& e Ay AR Y¥HoR jono) 9
8 Ao PFstm Yk wmEkA, o] JdgeiM Ax 4
ol 71dste F8 A "R elely] voke o)A
Re g Alg¥d,

by AAA dQoiMe SCLCE &29 FHdA Jo
Vi @Este ododolrh EAE Ui A 2o
9& #, I A A ARFSCLOY A7 s o
&3 gol & 4 167

2
i=%e#*;VT (1)

a71, e R FAE, dE e R, e A
3l $4kAle] olF %, gl Vi AsbAR el

Y EH(single discrete YA FHE )] 1y
Ao EAPCY, o] £=4-& &9 Pt

2
i=§8-50;x—;—/§‘ (2)

AN G=nf/(n+nt) B G=p/(p+ pJeE 7}
HAA R HAFe] F Aotk ne ARFHAY UE, nE
EYE HAAY TWE, pE AHF FFY IUE, 283 pE
EYE FF9 drolrh

HAAY 232 single discrete A F98 H9
A 23 o] F2e ERUR(FZTANE ddhe g
A gol FAd & W9 A EfAM A4 Fg B
¥ #g g ek}

h(E)=

e
i

&
2

N
o exp(*‘g':) @)

71 N B $4 4zl E & B4 duA
ojc}, o] A% AF L= A Ve o Z2oHsl

Vm+l

ST (4

AWM, mmrE B kT (K BEW Aaold T

' Ages)elth 4 (1), 2) 2 (@ JduA o 2y
oA FYUE guiale A%SS AFsed oY £ A
ot vjZAE B4 Afde AAFH A YR wd
viZAEe Aeel v19st gagelr, 4 (3o By
2o 2 duA FY€ OJFE cdged 71EoZ 3§
o Z2AHF £F, 4 (1), Q) 2 @e 5450] £45A
B3 o) BT AAS) A AE AAE g B
AN EA IS 2 FElg TEANA, AAd 9
3tz o]TRE A4T F U

TR ABAM () B3AT dYe dF aye
Toureille{1]E BIR 3t AFAE 28 Polyethylenc
(PE}, Polymethylmethacrylaic{PMMA), 18} 32Poly-
styrene(PS)# & ARAAM AF7sHo] 11 Fngo B
I H3 ok MIM P2 FAA ) QrrAge] Hold
of @&} AFMY HEFYRFI Alrule] ¥z AF
Rt #2od A #2ijy S§Fo2RY AlgUWE AA
9] FQlo] ARY e IR FHAS Y F
7Zhelre ATRAFE FTUAFATAZEZ =Ho|, olng
AFAE Ee Ao U7 %L ) gy F
Aoy HAAL Fvoh 8ol ARe FolEA ol
BANEE EAdo] JebdcHi0] =3, oE ZHdM 2
HRF EA4e] vehdoe AL ARG 23] Aojg
2HE FAE uisiy, TAHE gmenpdlM FA
stAFel steEle Aslel WX ng gheol YAIA 4
HHOF ol5% po] AT Augojol &t waM pu
9 Favt ZA4 dolg wele 2 Fxo) ulel BAdHE
T uveld 5 SitHil 29l PTFE gtehe] A7
S5lnm]el ®¥gte 10lnmlY =, FEA g 540 vdehd
& AAY WAr oA NS ANINLEE atke A
€ #elstgdot 29 3, 4 2 5% ITO/PTFE ¥e/Al &
Aol A PTFE ¥18te] Fro] & AY-AFI-V) B4
£ vEd Aol aFA & 5 Uxo] wte] F4
7} Slnmiq) A$(a¥ eole F4AY dgo] o 5x
10° ~ X0 V/em}AAl E29A Jdehds 2A9 7)1
Y= uEtA vebdg 2dF3n ot a8la W0hnm]
e BARY Gdo] 25<10° ~ 43x10%V/em]ol A
vehilel 71.¢71s Z7tetdnh. 28ln S0lnmldlA A
dde 89x10° ~ 1x10%V/emlold ueluy pAgE
Aol vEhve 4o Fotd-g HUAY + Uk AR
FAZE 78S BAAG] Jehdes gdo] zpopx
3 71&7e E7MEe 5L gasigd.

10" - v
f a ITOPTFE{SOnmy/Al

Current Density [Alem?]

aa 5.0x10° 1.0x10" 1.5x107

E [Vicm]

29 3. PTFE ¥eto] Sinmlum el Ag-AF%4

-1569 -



—

g 10'r 1

<

> 10°F

z .

c

[}

o 3

r<]

o

5 3

o o ITO/PTFE(10nmyA!
1.0x107 15x10°

E [Vicm]

2% 4. PTFE %eto] 10[nm]¥ do] AF-HAF 54

Current Density [A/cm?]

10° 1
10¢ 1
o ITO/PTFE(SOnmYAl
106 n i 'l
0 x10° 2x10° x10° ax10”

E [Viem]

39 5. PTFE ®2to] 50[nm]¥ we] A¢-AF 54

2383, ()9 2e 2-A 99 ME hopping EIH
HYdy 2d Frixz 498 4 Qo dytsoz As)
Fo) dig €9y 7|7 AUl 259 £ A
Ao} AFFdE AL guFtHe] x4 P& Y-
F EAe "Wyl He 150K olstlME el M
2 (49 2ol I A fomz g A3 gL
Fowler-Nordheim(FN) B4# 23& T3Hx, ol
Zyozyeg AIH {718 AW FAE A9 AL
T8 5 i

J< EZexp( _EB)

(L)) ®)

714 & Bdd AFoln Ex AA 283 € FY
ool oJEake Wholni7l B, FUY W} A2
d 2ge s 73 5dIFd JHPEE, A6
N Folz2l 4% & ted 2ol & £ Ao
B= 87[‘,2 m* 23/2
3ah

32_ . 3ghB
Pl @

G714 o oA ZY, g AP, he EFI A+
agxn m'e Ask e {FE AFolth 2 62
PTFE 4ute] Fowler-Nordheim plot& Weld Rolt},

agy, B AgdXe 220 we A4y Ay 2%
Hol YA ¥oug (49 2o h HFo] o]Fo
Az eisith melAM, exo] wE 4y T =E
AYE BET oFolrt

o PTFES{nm

In(J/F?),

43
8.0x10™ 90x10™ 1.0x10° 1.1x10°

3% 6. Fowler-Nordheim plot
4. 4 £

ITO/PTFE utut/Al FZ9] 4zlolX PTFE et
FA wE AY-AFI-V) E4L 323 23 98
2L AARE Ik

AAANNE ol H=AF 28 ohmic FL}
ex9 TRA Joc VIS BEsHE SCLCY PSS H3
fAct. 28] PTFE dhete] RAHAY EAo] vehiye
FYE g ed, Ao FAZ F4E o RAHA
ol Uehts F9o] oA, AAAR o|Fde A
€ A E=¢ 249 71€717F 1W0nmldA 7}
& AL 2HANMNE hopping Ex EGHel
4 AxEFHe FAsFen, A2AM  Fowler-
Nordheim(FN) ®1d¥d =¥& T=3s PTFE dHEHG5,
(nm)¢] oz g gslaed, oz e #
Ao R HAF S 98 L5 2 AYD S g2
AP 2eE oFoltt

i a2 sl

[1} Alain Toureille, "Current Oscillation in Indine-Doped
Polyethylene at High-Field Strengths”, ]. Appl. Phys,
Vol 37, No2, 701, 1966

[2] C. W. Tang, S. A VanSlke, Appl. Phys. Lett. 51, 913, 1987.

[3 S. K. Kim ] W. Hong, T. W. Kim, " Curent-Voltage-
Luminance Characteristics of Organic Light-Emitting Diodes
with a Varation of PVK Concentration Used as a Buffer
Layer, J, of Korean Oil Chemists’ Soc, Val. 19, No. 1, 68-72,2002

[4] L. S. Hung, L. R. Zheng, M. G. Mason, Appl. Phys. Lett.
78, 679, 2003.

[5] M. G. Manson, L. S. Hung, C. W. Tang, S. T. Lee, K.

W. Wong, and M. Wang, J. Appl. Phys, 86, 1688, 1999,

[6] Ma Dongge and I. A. Hummelgen, J. Appl. Phys., Vol.

86, No. 6, 3181, 1991.

[7] M. A. Lampert, Phys. Rev. 103.1648, 1956,

[8] P. Mark and W. Helfrich, J. Appl. Phys. 33, 205 1962.

[9] 1. D. Parker, J. Appl. Phys., Vol. 75(3),1658, 1994.

{100 3 A ¥, " A Study on the Electrical Conduction and
Oscillation Phenomena of Oriented Polypropylene Film",
po3-61, 1988

[11] S. Bereb, W, Bruttingg M Schwoerer,” Anomalous

current-voltage characteristics in  arganic  light-emitting
devices”, Synthetic Metals, 102 , 10341037, 1999.

{12] S. K Kim, " Efficiency Improvement and Electrical Properties

of Organic Ligh-Emitting Diodes”, June 2002.

-1570-



