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Topic - Conjugated Polymer Hot Carrier Transistor

Student : Lin » Ying-Chang Advisor © Prof. Hsin-Fei Meng

Prof. Sheng-Fu Horng

Institute of Physics

National Chiao Tung University

Abstract

In recent years  the field of researching conjugated polymer is very hot .However the
main transistor 1s still based on MOSFET .Fabricating MOSFET takes expensive
photolithography instrument to improve its output .characteristics.And the organic 1s
confined by the properties of matérals.It takes'more money than inorganic MOSFET to
mprove output characteristics.Unlitke MOSFET,our SMS sandwich structure transistor can
overcome these disadvantages and still has advantages like easy process,low cost,and high
speed. . . etc.

In 2005,0ur lab has already published the initial results of SMS structure on APL.The
current gain( 5 ) is up to 25 at SV.The next work is to increase the stability of devices and
the current gain.In order to reach this goal,we make some changes on the structure.Up to
now,the stability has been improved but the current gain is still low.The highest value is
1.55.There maybe some problems in metal/polymer interface to be solved.I believe that

these problems will be solved and current will be much higher in the near future.
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MEFP % o % 1 O » 74 PUFPRIBaIK material)fl 1+ py =T » Nof 111764 1
0
o A :MFP > mif= R > edf F R > ust 9B (mean thermal velocity) © {mﬁfj
H PR LB - MFP @ = bulk 7~ 2 O RURLFRR O = bulk B F
— B 2 RURINRLNEL o IR R R FEEEELMEP R T 2 ﬁéj— il
v ﬁfifﬁ%ﬁgf[ﬁ'j ST E YRR ) AR P S IR T IS T
T [ MP 71 bulk o 6 [ R T bulk 11 g = o+

Pon :ﬁ#,ffﬁ%ﬁif{fﬁ(phonon interation) > o :i’xﬂ‘%%ﬁ{f‘ﬁﬁ@?ﬁfﬁ(sca‘[tering at geometrical
structure defects) ° EII’EJ Al [ (= MFP -~ 2 T %E\JJE ) LPzﬁ\ﬂJE S RLA (& FET}’EL@EW’EJ Al
FAE 2 pg = Py + 0y 1 21T pg (scattering term)iF;;fEJ P RIS Py = Pon + Py T P 0 TR
S i LB MEP OB
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(1) Scattering :

Fuchs » Sondheimer et al.{¥5€.1 fji Thomson I%ﬁ%)fi?\ Boltzmann transport equation [I*J
T SR BRI [ SRR - I
for thick films(t> 4,) > t £3'E 7 (thickness)

o= 0'0(1+%) ps.O'zl

for thin films(t < 4,) » t £5/F A (thickness)
o =0, i(lnﬁ +0.4228)
42 t

0

3 [1& p=electrons being reflected specularly

o= 00(14_%) = G=O'0(]+ 3(1- p)ﬂo)_

and o=0,— 1n—°+0.4228 = og=0,—(1+2 1n—°+0.4228
04%( " ) 04%( PX( " )

3 [1% q=electrons being reflected diffusively

then

for thick films o=0,[1+ % (1- P -2'_ q )]

3t (1+ p)(l+q)lnﬁ
44, 1-pq t

for very thin films o =0,

plot p/p, versus t//, atdifferentp [

a? ! i
t/d,

qai 2-5-1 p/p, versus t/4, atdifferent p values
(2) V% -
bl ['[E@{;[ge@gg(fﬂ%{ggﬁ@ﬁu@ [ ﬂm’?f bulk [ thin film Js52 1V (7
g’(f%ﬁjxg B
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L4 bk

o
° ps dT
d
a, =22 for thin film
py dT

SEFI P S AT T30 3 8 P o 22 (phonom) i = (2] » (1
A 2 OB IEREVE R - R RUR IR EEE R - SOk MEP (R
AP A By R AP TP PR S R R o EPEOAR R TR
P APV R ) e

dp, = ! _46 ~7 o, 2 a,

dT dT dT
=Py =AgPy

Oy

for t<0.14, * ay=—F—t—r
In "% +0.4228

YR R P

[ 2-5-2 WEREITED L
LLEEN 5&'?@@%@
o =% + ! HE# fitting
(3)grain size and grain boundary :
bi- (WETEIAYP L grain size> T [filfiY grain size 755 1+ [fi% grain boundary > grain
size = I BLASERIEPHATRY 2 - »J,ma;, annealing fIVIEARYA » 7 ZFEEAHT 1 annealing
[l RO TP AR o FREYIRCE R PPV s BTN R T

13



[fili% annealing 3 Py 2 7 [filadh F'fﬂﬁl

% 5
2 P E’ UIDE nlng."‘d
e WA S BT LS

D=0, %d

300 / //j

I

[l 2-5-3 annealing iﬁl@iﬁ’?‘}j\ [Filfi" grain size
PITE [—l% fe iR grain boundary E Iz Ry

a. Mayadas-Shatzkes theory
KEI 1] Fuches-Sondheimer %’Tu ) IHT i [‘ﬁﬁﬁﬁ'ﬂ?‘ R - [

[
’ﬁj%‘c'gram p@ipl e qﬁaﬁ' :

& ,.-" el
. ——— Y
. :__I., .
| AN S s

[p' 2-5-4  FS =¥ MS model grain f@? » % ¥kl Fuches-Sondheime model fi9f i A1 >
f 11 £ Mayadas-Shatzkes model fI[* |7 #<[~I(about grains)
A2 1% Boltzmann equation i* 1 £

3 R 4
p=py1+2——20)

21-R D
R:fE= 2 [*[f{1 grain boundary S [ 1" V7]
b. T i . lattice disorden) rEEIET 1 Ap
FEPHIE > el (scattering center) iU RLe* o T ISFYSTEIE LT Ax
2l

Ap*:ILn_;A*C* > mv tg,F-:Efa ,__Pgu}%plpﬁgﬂﬁ_, ' N t@EIE | B
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YN F’Z[ grain boundary E'JJZ*/Cm FI FfF1-- 8% > cx=Z*/D > and

mvz ZxAx » 1% Sommerfeld relation p, = m_zv
Ne~ D Ne“A,

. 7« Ax z
HE] p=py(1+———2)

Ap*:

Hyg b <7+ﬁﬂ?<|?'lﬁﬁﬁfﬁﬁ RS LS R LIS AT
,ﬁpjﬁa R I N F,J"EJ?&E'Iﬁ'VfHHI“Uxﬁigﬁdiffuse scattering plj?ﬁg%ﬁ; F A
ExEz S [E;%ﬁgﬁ == R RS t PR Rl e ﬁfﬂ'@lpﬁﬂ;iA HJ=0 = i

Hirs
Z%xAx ], ZM
p= s = 2)

D’wA’ZﬁW%%ﬁ@**%%’%%ﬁ%FR%%%%%’@ﬁ%@WE@B
FENE > impurity o RV BTN A lﬁﬁﬂ% E[ Y & @ﬁ%ﬁ[fj%ﬂgj&: s By

[ MFP © [6]

2-6 & ’E‘;}’ﬁlﬁ]%ﬁ fii(Metal-base Transistor MBT)
TR MBT ZRLi et BRIl fe ot VGt 2 et (=E U - R F 2804 1 50
FHAI | & Ay » 5% SMS(semiconductor-metal-semiconductor)f™ = [ iH ?ﬁéj » MRS S

S - O [

EMITTER

CoSiy BASE

_—— T

COLLECTOR
[ 2-6-1 SY/CoSI/Si f! BT3RS

I < 10mm 2 T {24 (ARG » - AR SRR T S B

G S Y SRR T P T URLE T 2R OB S TR
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o = ar el ()

IV A el sl oy e i LA = T oo = 0 SR R R SR Ay T
il fﬁ'ﬂrigilﬁ‘lilﬁig@m l’ﬁ[lﬁ?@i’ﬁﬁﬁ%ﬁjﬂ’ £ JF’ZDJE UFE rﬁ "k [ B A
RSB > TRy 1 o B RREN FEBE & > 74 1. ,;r,le=|B+|C e i
TP o B E R A o B UE - LT LR o B AR A T L
R A SRR [ A 15 0, = o), = apatpcac e * ar S
ST o ERELS riﬁlﬁ]ﬁfﬁﬂﬂﬂ’?/ » ag =exp(=dg /1g) > dg ELEUAGRIE > | FLa= T FL
@@wMﬂ>am~lg+ﬁi?%%%q<§@@%@nﬁﬁéd S Y -
o =exp(—X,, /o) FRRY i Rl Kﬁ'[‘klt‘iﬁh@w@[%ﬁjfﬁ lo FLAN-"5 & A MFP
PP B ol S A P T e lc'f@w (FAdtg o Py B B
M RLFLE: A FLA 0 2% «ﬁ*ﬁi@%ﬁyr <fiE .;—_; » 191t THETA(Tunneling Hot

Electron Transfer Amplifier): ??Fﬁ (7] [8

EMITTER BASE COLLECTOR
-5 ;. CoSiy n-5i
= “Txp | -

£ B ST A
[ 2:6:2 BT ) b AT VR
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.”

5= B
3-1 ~f%F ?ﬂﬁ
%&W%’[ﬁ'ﬁ FFRYAERG > = fol o] KLfPE > 2 F;IE&:H[JEIUE%?F&%J, T3 F HEATE APL Y
polymer hot carrier transistor » V' |é?1§§\??ﬁﬁ % 2R TR A 2&% v 5 JFﬁBH‘:
B .

Aun
LiF 47
al

[ 3-1-1 %ﬁﬁﬁﬁuﬁfrﬁ BF“H“—T ﬁn@%ﬂ

S I
PYK LiF
An 23 P3HT
3
] ;
43
Al II? PEDOT
LiF Y

PEDOT

q&ﬂ 3-1- 2??{?1%{}{?1%[ bF iﬂ“* ngll
1 el IR 3 AR A

P3HT [regioregular poly(3-hexylthiophene)]
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A R A R R R
R =GCgHys
[l 3-1-3 P3HT kg Ml

PVK[poly(N-vinylcarbazole)]

;1;\-C_CH
n

[

\

g N =~
[l 3-1-4  PVK i = T

AR B 8D BRI R ST R R R W

(1) EAtA e

AT FFRREE T 8RR FETRAR ELJ AR > RS RN o [
T PR T R R R (S 2L F | 3 oR R RPN e R AR
T AL RO

BT F L g8 i [ ERASEE W RIS » [ f-RLEY RS PVK A SPAPR] T S
PRSPy S W ED. o Ho MR - EET VS R R
RFFPUPARE

C i RL LM ES 0L » 0% P VAT fi=h i oo 53 FOFRIE - i e
(7% (=303 1% (EORLg TRl TREEVRI [k - [NELRIFR 27D £ B 111228 0.
ﬁ.’JﬁQ'FEnﬂ\ f’l@’ﬁjﬂ » FIBEES S i lﬂ%m EFIREL

(2) it IR -

A PNERT [ ST RLEREA R el R D R o
~ R PRORIRE > F T A R 2R [ Rl e (hole
transport layer) ¥ [ [ |":3‘:’EP<
B.PEVIPR A Sy PRI » B0 PVK S = 1k Chloroform {7 Chlorobenzene
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9 ppt Jig—;&}%i?ﬁﬂ > &2y P3HT FIF iﬁ’ﬁ? Toluene » xgfiet by i P3HT
R i1 SR iy 3 T i O

LiF "gpiu =] -
LiF T 3t (e PRI R PR PR i dera: - FURNELENED LiF £
AEREATR F*FJDI E’J*Ef Vit LiF eIy — (O ISR i PVK
= P3HT .V [6] HOMO [ B > S R iy A €03 & T LA poBst - il o fhpo
REEE

3-2 7 [F g

(1) Hﬁ’%ﬁﬁ%{ﬁ[ﬁﬁ?ﬁf & ITO %%ELWWF‘} 3x3cm ) f@' * 39 5%]1N detergent powder
ARG GRS 15 L SRz - AP hot plate EE 170°C -
g f‘éiﬁf'[‘ "i‘:ﬁ 8 lﬁﬁﬁﬂﬂr’fri i Iz o BER SV EET %iﬁ'lﬁ?%%ﬁ?%%‘ 60
FIo 5 e B Rk R H?ﬂf&i%fi%@% 5 i@l 50°C MR ERTRH A > SERAT
3l NaOH vﬁﬁiﬁzﬁji TRERAVAEE S iz i o A EHES ETRIY pattern

(2) A& hEE Vo %J:T%IH WSS > PSR g 1TO 2 4;4%;

i Fjﬂﬁ(Acetone)F[I%f’, WoR 5 556 N B EE) [Jﬂ“a FITO —kj(,ﬁrf Uﬂ?Z

o Vg = E;lrjﬁgi(lso—propanol)ﬂl#@ﬁf’,j'&lﬁgﬁ SIRAE R = N IO A FF[
¥ hot plate » fFIR|ERAY-[ 507

(3) [ib:iﬁl{%'rrj HPEDOT Vijij » “F[["] UV-Ozone & A 1E - [jiE A ridnb -
[ > ) BY- FRHEGH 2000rpm - 577 FFEEGH 6500rpm BofEig i - PEDOT
& ["éi?[’ * glass holder fid! % annealing 200°C = 34K

4) lﬂﬁﬁ“@t VEI ) PVK > 577 |9 PVK RLE 73 =" £ (Mw ~ 1100000) - '] Smg/ml 3%1
¥ Chloroform » £~ < I'[§#lt 8000rpm Kjﬁuﬁ“'r’ FPVK V& f' ==t JfF[' * glass
holder ffiid: 4 annealing120°C - 1 JEﬁ

(5) 1V P POt PBRSCHE ™ e T B 25) 1 o
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3x107 torr » 7k 30ALIF #° PVK
(6) 37 [V AR IV & - k5% 90A iV ALHS LiF
(7) Z55% T00A 9 Al {=£% step cover
(8) SRy e A= S A~ 0 PIHT Bl - 1) S%IAHT Toluene
[ P3HT I} 2500rpm Ot G Al b+ BT 3x 10 torr UL
RS ME
(9) FPRBRAH RS 28RS - S A2 3x107 torr 1 i > Zg% - T00A 9 Au
(10) 6t i [ BRI R ISE FIR TP T JAZEN UV A& 2 cross-link PUFHAETE - K
TR T (F U - SRR F 2.2x2.20m USRS - BT UV AT 407 -
SRR RS9 o P P I RRL P S o5 =7 ﬁﬁliﬂjﬁj‘[‘E“’J‘“‘[‘E@% oz LER)
HER TR Sk g 9t J‘JF (7 ] 2 MR 1) R s
i R TTTEPN

B 3-2-1 7 (A

3-3 7 fFENH

RS T RS L e 4N T PRI 5 PR IEENH] - BN
[IBRH KD HPA157 o e [RIETE 3 sgi (ps. e IO BHRBEAR T | 6/23 2005 FRigns
7 [ PEEREET] - A PR AR -

(1)Emitter-Base diode : [BE E,ﬁ%\” K BNRRH N g

20



EB diode L
.,l.
i Y 10° -
= 107 /
Al E— Y I LH w ° -/
10°® /
TR
\ /
° [ )
\
& SMU3 w0l i .
IR
° N ‘e000®
[ ]
10"
SMUI : input 5V=>-5V /A A A A A A A

SMU2 : ground

B 3-3-1 7 EB diode BIFESE| ™ 1V flizse
[X£% Emitter-Base diode(EB diode)rh— iyl = Mt - 7 SMUI fiij * 5V=>-5V [l
TR o P TERREEER T G - 0V~5V R FREs > PRI REE R - B
Wl A i OV ~-5V Eﬁ %’Fplﬁfﬂ BRI A T AR
F‘* EaAS /I fﬁqﬂﬂl—ﬂ }]ﬁ]’ HE ° T qg\l%h I—j;w{,‘ » “J/,E\:QLILF’ _rgﬁ_r[[;{ EB diode 7+ 5V=>-5V % |
#5910 (ORI - EB diode gmi gx e *‘—ug.ﬁw B Wl o
GEFfA S BT OV~SV R Jr[pjgﬂ’fmf@ﬁﬁ FFE VAT el DI - e (S
B SR P - SRR P SRS AR VAR SRS [

(2)Base-Collector diode(BC diode) : F* mq%ﬂ' | R BRSPS

6.6UA
BC diode _.-"
Ay ————o SMU1 -
- /
LiF .
10" 5 /
4l — L1 JEYS) ] /'
10°5  46nA 7
— EMUZ 1 o
] ...h 2 \ °
] e " %
10°+ st e \"-.'
SMU2 : ground -6 -4 -2 0 2 4 6
vC

SMU3 : input 5V=>-5V
Bl 3-32 7 [ BCdiode BT 1V il
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Uil EB diode » BC diode 4L {7 §L - Hfil 7 OV~5V [ - ALY Al
o VT OV~-5V ) P S E LR o I FRESRVR lfa@"'lfﬁ T
PR e e - = ﬂﬁ”FLﬁ’[E}@%«EJ ERAAI(y HIDV log I') 10 B3/ » Ti' 1) P
O RRfomeisk W SV~-5V '] E[EA910° fusEihak - BC diode & 7 432 [
E CFIPS R LRl B Ay 3 S 1 e A R 9AN=" > H 53 (Common-Emitter mode)
PR o FUA S A PR B 1 fRYES - i BC diode s e 517 (R 1%
%iﬁ‘ﬁ,mzlﬁi BC [i3ifi Fik rﬁriﬂ L i (= FIE] Collector I3 & Z{JfirE:
P » BC O e Y ST - B P A R ST R - A
Fid o S BC diode Pl == ARy | RLET [ FRi% RO IR

(3)Emitter-Collector leakage(EC leakage > EC 3Erir Fj‘iﬁ‘fg%ﬁ[bfgi]ﬁﬂ RN/ LI

4.0x10° .
.\II/
3.0x10° /
Au & SMU1 . -
1. 0x10 {0 _/
LiF /
W 00- ‘ - "
il S T . -
1.0X10°- "-\ /
= _6— ‘ L]
-3.0x10° - \/
-4.0X:|.0-6 T T T T T T T T T 1
-6 -4 -2 0 2 4
VE

SMUI : ground

SMU3 : input 5V=>-5V

Al 3-3-3 7 [ ECleakage EIFIFEENT M 1V [l

Hi7 (R SRR S > SMUL B85 > SMUB {1 s IR @ )~ - HI TR
B PR Collector » 55— | 13 TR PALTE =5 PRRRIEO 4 2] Collector »
IJ 20 G (e 5 BC PR (RIS ARY - S i RN - 90
BC diode Jii iy | ﬂ[sl EC I F%ﬁ”BCiﬁdﬁ

(4 5Hi18L" (Common-Emitter mode » CE mode) &1y + F#% [l 7= EH[IRH N 411
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SMUI : ground
SMU2 : output OnA=>50nA - step is 10nA

SMU3 : input 0V=>-6V

Base current

B ‘ ) —a—-0nA
5.0x10° - 4‘44‘"««««««« ::: ;822
« .
< xxxxxmnm o
. < -30nA
0.0 ___............:W..‘._nmm::::::::: M
1 o o = = —<—-50nA
| 2 =1
-5.0x10° - ..“..x‘gS““' o !
o0°® A 1
_ | o ....OAAAAAA*:'? Pl 4
§ -L0x1074 o vv"}f : R
A :
-7 <
T 1507y L e
] v, <
7 No? <
2.0x1074 A
i <
<
25x1077 &
_3-0X10>7 T T T T T T T T T T T T T
6 5 -4 3 2 1 0
Vc(voltage)

q&ﬂ 3-3-4 7 fF CE mode & IE[FS,*“?,[ J R 1-V plizsl
RETH SR R LA Forvt e S Ay Rt > P B R LT - A= SLAG £
[l B 0 PP 2L > ] pRUA S S IR ) Fp Pl F“%ﬁjﬁw
Hp A SR S AL H R A ST OV~ -2.5V 5 » PR RS S A
5T [ R 91 1 6 ’é.mﬂ B K025V [+ FURE & Al i
B BRI RS  BURROER R S - 7 PR S E RIS - Hite LA
VRS + SRS SRR R B 1SR SRR T LG -
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SR pofi g % BATERRASS o T RN ﬁ LA SOnA > S A ]
BE-6V [ > pHSR A R L 256nA > FIRIETEE £ =256/50=5.12 751 5 - CE mode
VR fOURLIE B > SR R S A PRI - [ S (o
(5)H LA 181 (Common Base mode) Y = F2 [ 7 EHHHN 4

SMUI : input OnA=>500nA - step is 10nA
SMU2 : ground

SMU3 : input 3V=>-0.5V

5 Emitter current
1.0x10 " —u—0nA
] —e— 100nA
8.0x10" 1 A4 200nA
i —v— 300nA
-7 | 400nA
6.0x10 ] —<—500nA
_. 4.0x107 -
(0]
g 2
£ 2.0x10"
< |
O
- 0.0 -
-2.0x10” 1
-4.0x107 1
T T T T T T 1

: : : — : : :
-1.0 -0.5 0.0 0.5 1.0 15 2.0 25 3.0 35
Vc(voltage)

il 3-3-5 7 {F CBmode BIFEEI| W -V [liss
H Eiﬁ]ﬁ?“t VAP P e IR R ST B R B S 1 SR A
AR R R l#ﬁﬁl@@%@ﬁft YRS > SR o
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i AP IRLA e SRS TR 1 o S R £ S00nA - FLRGEE G A TR
KRSV ] o B AR ST LD 3800A  FIETAE o =1 /1. =380/500=0.76 7|

I I I./1 a — e o
ﬂ:—cz c = c E = ’ F[J%@ﬂ;ﬂ%‘ﬁz},3l °©
L -1, 1=/, l-a

34 Al ISR

71 2-5 Mean Free Path i affRHRE] » #7528 WALAEAE I (1 > MFP RLEE
ISR 2 ) 2D e RS BT SRR - B
& T PR S (resistivity ) [ 1) #1071 & TS MEP > (I Shiof@ = i

A S T MEP FORR [ < g ENHEAE A1 SR ™ B pattern 2o RIS

[ 3-4-1 ST S ENR A
= q%ﬂ‘ ELERHFY pattern > ff17] Au Frl fE?E?EIy ) }{fj’ Au I Al strip H
T [ﬁ%\‘ £% Al strip i féilq%ﬂ' » L % length » A % cross section

#f R= p— R Fr" P Fr" §i==F) » BRI R - $ERT p o [’ HH 1 MFP g [~
r:[: 2-5 ¢ % lgf’uj E }ﬁ ” A’ FE’J’?_’J}Q% ILJIEJ%EISAEJ/%E;A) ’:E’J‘_E,quglﬂ J’J[f‘j f[i J/_YZEE:‘I} grain size J\J—)S—”
grain boundary > lﬁﬁ Al %ﬁl SN T & FRELRY MFP - 2000 Eﬂj » Thomas Strunskus
=2 Vladimir Zaporojtchenko = * 73 Advanced Engineering Materials 7§ %+ — %ﬁﬁ%ﬂ/ ’
#,E% Tailoring the Morphology of Metal/Polymer interfaces[9] » #! EI?E_,ZUEII B S e
ﬁ 73 A I—EJJf » ZBERUSE S (rate)ﬁ;‘{%/% Elaes ﬁ RN SENEIR %%(g Jﬁgﬁﬁm'[ﬁ% > P
S qgﬂl
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20nm

[l 3-4-2 S5 Au/Polymer /1 [I5Y#% FHl - [ (5 (rate=0.02A/sec) » /[
£ =4 (Flash evaporation) » 2% Au it 53~

fTEM VIR 10 (R E’?E}’Ff#gﬁ =N DR NURE L TN R
U R E R T D F LR p'l%@%éﬁ B fOffet - A ) -
SRR e Sl @m%%%ﬁﬁﬂg%zﬁﬁ U

%
IS AL (P t)

Thickness(A) | Rate(A/sec) Resistivity(10~° ohm-m)
50 30 22.5

110 20 14 7.7

90 15 15 6.7

90 10 350 157

90 7 300 200

90 5 440 250

90 2 2100 1000

190 0.2 19000 18000

* 0
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SRS B. (B 2E)

Thickness(A) | Rate(A/sec) Resistance(Ohm) Resistivity(10~* ohm-m)
100 15 60 30

100 12 18 9

80 7 26 10.4

90 5 49 22.5

80 0.2 5400 2160

T PSR R DTSR A SRS LR e PR o fT ) g
B Pl E55h 9% RRLS 1 38— R T SRR T AL
AP IR B AR IR IR A e DY TRRLIER B S T
TR PR Sl AR | B ey N e A T R R
S EL 15A/sec 22 20A/sec | 3 IR b0 S MEP S S50 [ TS B 7

ROz © B R P TR DL A 7 -

ﬂ

(r./a,)’

ps.Al [ bulk MFP Ji* I'J 117 VgL | =
Pu

x92 A» {8 * HZE] Al bulk MFP £7 148A

[izsﬁﬁﬁ@ TUWmnmmpJMﬂ%ﬁFkawhﬁP4~P B F i ¢ﬁ$&ﬁTu

S B TIEE S NE) - (S RRORLE T

_-EH

3.5 PR [

(DS (rate) HERETS 8 O

FIFH 1 12006 1/12

%E’?’Fﬁ : ITO/PEDOT/TFB/PVK/LiF/Al/P3HT/Au

Al-base ilUs2gr 1 FIE 1T 90A » $E51T 0.2A/sec
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BC diode

10°

10 -
]

73nA at -5V o

oQ.... ./
o0 ..... /-

10° o
o
o
L]
1 0—10
T T T

=
<,
]

Ic(Ampere)

5 4 -3 -2 -1 0 1 2 3 4
Vc(voltage)

q%ﬂ 3-5-1 rate=0.2 A/sec BC diode I-V curve

EB diode

IE(Ampere)

5

VE(voltage)

q%ﬂ 3-5-2 rate=0.2 A/sec EB diode I-V curve

EC leakage
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4.0x10°
3.5x10°
3.0x10°
2.5x10°
2.0x10° J
15x10°- J

Ic(Ampere)

1.0x10° u

5.0x10" o
{1 89nA at -5V -

-5.0x 10_7 T T T T T T T T T T
6 - -

Vc(voltage)

qgﬂ 3-5-3 rate=0.2 A/sec EC leakage I-V curve

HpHpS

2.0x10°~ /,

1.0x10° )

0.0+
. ‘i per m-m——a—a—N-

/r'/. : :/. :/: : : o/= :%o- o -

L

-1.0x10°

Base current
—u—QuA
—e— -200uA
-400uA
—v— -600uA
-800uA
—<—-1000uA

-2.0x10°

Ic(Ampere)

-3.0x10°

8
-4.0x1077 g o38ua

-5.0x10° .

Vc(voltage)

qgﬂ 3-5-4 rate=0.2 A/sec CE mode I-V curve
PRI > SUR T E-1000uA > G A (ESE-5V I o #EEA A

5=3.8x10"
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FIHH 2 02006 4/7

%ﬁ - ITO/PEDOT/PVK/LiF/Al/P3HT/Au

Al pasgler B B 90A - S8 1 10A/sec
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B! 3-5-17 'R KL 96A BC diode I-V curve
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120 0.2 >2k
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