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Topic : Polymer Hot Carrier Transistor with High Current Density

Student - Xie , Ming-Hong Advisor ¢ Prof. Hsin-Fei Meng

Prof. Sheng-Fu Horng

Institute of Physics

National Chiao Tung University

Abstract

Recently - the research of conjugated polymer as semiconductor material is very
popular .However the main research of transistoris still put emphasis on MOSFET. But the
mobility of organic semiconductoris lower than-inerganic semiconductor, so we need
more narrow channel to get the same output characteristics with inorganic FET , or we
need more expansive apparatus. SO we-take advantage of conjugated polymer to fabricate
vertical transistor, which never need expansive apparatus. Besides, this transistor has big
operating area.

Recently, we have already published quiet good results of vertical structure. The current
gain 18 up to 40 ,and the current density 1s up to S00mA/cm”?2 at 10V. This SMS transistor
can drive PLED easily in that condition. There are still lots of unknown facts about hot
carrier transistor » we hope that this good result can attract more and more people to join

this research.

Keywords * conjugated polymer ° current gain ° current density
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EF v dB EREURGEYRIR > [y 1B KREN T LAY £S5 11 (mean free path)

FURE= B Ay o ipu Bl R S ape

L+ [T (40,c/B)
=0 s 3 %lclsr i ape > PR UAFRATEE R P pe I A B A =S LA PR
i o g5 P SPEYTR F
EHE o PR BY ] R IR (RS [ (back-scattering) B 5 -
A 30

“14 -



@ ¢ =exp (Xa/ lc)

EF 1 BT B ALY SSE T o

S I =400 pA
A

<
=3
//
L / | i ;
-05 0 1 )
Veg (V)

25 By (7]
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A5

Jin

3 P%EHR
31 7 (3
Féﬁfﬁf\gf[ﬁ{ﬁ (Ffradits > 2004 & JLA T APLIY polymer hot carrier transistor - 7ifif

R

Au(150nm)
LiF
PVK(400nm) A

LiF(3nm

58
J EBEIRE
A 311 gﬁlﬁﬁﬁﬁﬁ"l ?ﬁ:’f"f‘“‘ﬁlﬁ'
— LiF
P3HT P3HT
Au(30nm) [
' 43
LE ITO Ay
7 47
PEDOT,
— 5.1 5.1
5.2

fﬁl 3-1-2 ;ﬁ—;ﬁ%ﬁﬁﬁﬁl J BF’J‘:T‘,‘J“'—E -0 [F.',l

- 16 -



I T3 AR

P3HT [regioregular poly(3-hexylthiophene)]

g 5 g 5 1= 5
A =CgH,;

W 3-1-3 P3HT ﬁ%%?&[ﬁ'

PVK[poly(N-vinylcarbazole)]

Py

B 3-1-4  PVEGHAST H
TEFEEE AL o 0 R LR R ROR R e L
A -
(1) EREFRLE: 1TO P heflii £ RS @ans » [WE ITO Pt it i
i 4. ElfJﬁ[' R S R Jlﬁﬁ"y Base-Collector Diode 4 {% 728 [N
,E@%ﬁﬁﬁjﬁ Sl i el ER Y Y PEDOT » [ (A #2678 (surface
roughness) » V &:F | 1 Pf‘ 73 TR RS PR R I
(2) F AR et e IR H A > YoM B PVKCR SPRrR] 1 St
i RS S MRS o i TR T VS B
W e A R ARE S ) 2 8L T IS S PVK d gl e
SUR JiFﬁ*y Emitter-Collector Diode Elfﬂ"g[m?ﬁm U o PRI = [ A R] i
ALY PSHT [ -2 3% " > Fel'] Emiver PR 1 1 IS C68 - [
P3HT fiuifli+" 8722 F PVK §# » 7!'| Emitter-Collector Diode i/ flfi| i ikt
BRI W
(3) EAG BT PYK A - YRl R 5 (5 ARV BEA e AR (S - [
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P ) PVK [ » YRRIBE #2178 9 Collector — @A » i - (550
FREVRRER < [y PIHT v ARy CSEOR IR GEAT - oy i AT ™ [T il
RSN AL rf‘j}{j CollectoriFL}ﬂl L

(4) [ERL PVK-AL /i [FifEffiob= PISHT-AL fy  JiFefis = 518 PRl ofe bl
FUBEG - PIFPRRATRDR] TS A A U e e R B 1
Robi > PNES [5'[17 it E@jﬁmﬁ— g-ﬂ,‘?ﬂ?ﬂ%%% [l o i o A1 9 Emitter
I Collector I/ ftf] HOMO [z Bp ;}rﬁﬁ H i LR }szﬁ_iﬁr KN
7o Y TR R ARLAS AR T R (D I (U e B S AT R
TP RIS LIF FOR e U LIE A [y ALF FUgEsd - [P
Ry FHRPTIOACIR  » FOERL vy SR S U E B 2l & 2 S G e
S - LiF ¥ RLeig v g o i%ﬁi{&ﬂfﬂ LiF & % &85 o

(5) & 77 Bfi3f) UV-O zone PIfibd ~ . ELRoEires 4.7 » PIESHASAY PVK-Au fio f
E'I:‘iﬁﬁiﬂjﬁ#ﬁlﬁr}ﬁg > [Mjif 4 Emitter-Collector Diode [ e SL[ = Friviiifsy
M| PHT #ipft (237 A R R Far] 2 po ik -
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3-2 7 [

(1) ITO F B fir il
JH ITO r%z%fﬁw?f’m*} 3x3em /| il 54 5%[1 detergent powder 7F3ﬁifﬁf[l o
VRS 15 5V > 1 Iz > P hot plate S 170°C © 1 RTER A
T A T Uiz HW“%.W,;w%ﬂ%%ﬂﬁﬂlgmiqu
LA 120 P Y, i SO0°C RRERTIRF 1R 55 FRE S ik
23 NaOH 1A RERFOIE > Iz i » I /BT PRI pattern » [
/LR

c c
1
[l 3-2-1 TTO BEIHI% S
(2) FAVEE

R ] S CRRIRIAEE R
a. ISR Y 1TO Hf S [ Tif(Acetone) I8 PX B 5 5T 8% FIifY
5556k o
b. FURRASHY EIT [i(Iso-propanol [ g W B 5 53 i - £ 5 73
c. JK{RASIIZEEINS hot plate 120 & C 79 T8 » §# AR50 47 «
(6) PEDOT (A14083) (%=
BV M UV-Ozone fif 15-30 738 » fjlil A iy Bt - 1 i) 5y R
{3 2500rpm » 5V FETFHEH 4500rpm B ) - PEDOT > it 5 JEf *  holder 41!

7 annealing 200°C 15 554 ﬁ?,‘%ﬁaﬁ SUE - FI R 1%1“”*7[\ e
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T

W 3-22 PEDOT # [l
(4) Collector & J;[g;&;[?g,rj 5y e e

PR PSHT 378 1.2%wtl %% Chloroform fiuififk » £ ' J#{{ 1200rpm 30 5z

A ) PHT » 20 R holder §f1: % anncaling180 7% C 30 734 + |

PRI RLA R e (52 RS - SRR = 2 A7 B B

i 3-2-3 4 P3HT £
(5) Base F1F B iv Ak
SRR P 2 ATIERE S, S8 ) 10A eI FERAA 150 VIS AE 80A
OB PSHT b (P9 TSI » 228 BRI, 1TO » 7 ] 256% T00A 1Y
SRR A -

%ﬂwﬁ @ % 2E Ttorr |')

i 3-2-4 FLEy Al 555 ' 3-2-5 g%ﬁ%‘#}fﬁl
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(6) 1 "g AT
101 Afsec (Eﬁjﬂ?ﬂ,’rw 60 qussfr[) (058 I LiF g@gﬂf .
SR 978 3B-6torr ')

A 3-2-6 FEREE S
(7) Emitter ¥| ;[iﬁ;%ﬁ.lj PR
Ff PRHT JE7% 2%wt V447 Xylene POVl » F LEHATRYE] hot plate -1} 75 & C
BT 5 3 e PR AR S s v 2 b SR RIS
AR LT ]
B 2T B(E R B

B 3-2-7 4 P3HT &5 [
(8)Emitter 1 i & piks
SR I BSEES » 1) 10A/ccEFIFRIA 170 b TS 2I%7 300A U 7
P3HT - 7 [FpugIREIRFSR N -
SHIERUR - & 2478 3E-6torr ')
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! 3-2-8 FHyH L T

O)f
AIRIF RS OV AT 2 cross-link (UERETE - SRBART R s
172.2x2.2em PUHEEH S IS UV S S0 F) - RESIAE]T gﬁﬁypfl@ o FREE
O TRURLE B o3 5 FPRIFIH I 115850 SR I LR 30 0 S SR e
b0 FIRO (= T E R T B [R5 [ -

B 329 7 K A

-0



3-3 7 FEH
FRGE (™ | HPA157 325 B0 » EHEIFEE S -
(1) Emitter-Base Diode(EB diode) :
Sum?2 £ #9 > Suml ﬁ‘ %?Eii’ %‘JE#['@EIE@HI#’ EOHIA R @EE}EIU IV’J?“TI‘Q& °
q%ﬂm/ﬂl[m L | 5"[?‘}[57'} By ﬁj?ﬁﬂ?’“ﬁh » IR EL 4mmA2 o

7’7$um2
iy |

c .n-nl c Sum2
E EI

L sumt

'lﬁl 3-‘3!%1 Emi"tter,-:liase Diode

Sum1 Au(30nm)

LiF

(2) Base Collector Diode '(BC (Liig(_ié.)
Sum? £ 5 > Sum3 fap RS FERHAT 1o BT A IV H 1 -
q%ﬂm/ﬂ/[m L “L"Ijﬁffﬁ - @‘EE}? |58 P EL 4mm”2 -

Sum2

P B B W Au(30nm)
o .

LiF

Sum2

E E Sum3

fﬁ\' 3-3-2 Base-Collector Diode
(3) Emitter-Collector Leakage (EC diode)
Suml $§ 54 > Sum3 i * FHEs o FEHNTE] o BN AR FEORER -

EFAITS o T BT B R R P 2mme2
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P B B W Sum1 Au(30nm)
|

LiF

Sum3

Sum1

ﬁ' 3-3-3 Emitter-Collector Leakage
(4) Common Emitter Mode :
Suml ##5 > Sum ﬁE‘L[' ==n i g‘*ffu[}ilﬂlﬁ% ﬁF, v H TJHH f[ﬁiﬁf—jﬁf@ » £l
'E?J[Sﬁﬁ'[ﬁj ; Sum3 ﬁ?&".ruf Fgf REGATIINE S Q%\mﬂl[l* L Pﬁn B =
fiy7 (350, > IR 2mmA2 o

- — sum2?’ =

P B B W ._ s;m.n | Au(30nm)
n - |

LiF

Sum3.

E E [l

Sum1

et ¢

q?.'ﬂ 3-3-4 Common Emitter Mode & Common Base Mode
(5) Common base mode
Sum? 445 » Suml i FEp o FE DD SR R R o
'E?J[ﬂlﬁ—ﬁﬁ'[ﬁj ; Sum3 HF‘H’.FL{ B & & PR L] e H‘éﬁmﬂ/[l > =2 Common Emitter
Mode ﬁ‘[ﬁj °
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el
ufj
AR
&

3 4 4
A3 R

(1) Base-Collector diode

BC diode fLiFL = ﬁf,&@ “i(Schottky diode) rﬁﬁdtﬂﬁ%ﬂm TJE*EI@’”EEEFI J“E |
TIFIFFAE < H Sum3 g ity fR B > e fOREE R LT o S P
Bt Iﬂ@ﬁfﬂfwﬁ: iy mw off FEife = [ Ry BT BiPE reverse
current)&¥ /[ » = fi7 [FpY off %’f & > onfoff T} ¢ E o HELITO-P3HT-Al /7

i
1 R mmﬁrﬂpq;@ o FIH TTO I 5o RLSS IR e i
‘EJ‘Z#HK%PI){“ jﬁgu% - [E:'FI OzPlasmaﬁ,}JZEL&ITO %]}[[Ejﬂ%]}[;{r P [ (% o
Z S~ F|ITO Pplbzl,;ﬂ:w%rrw g*ﬁ ="y PEDOT » [ {% ITO-PEDOT fZA [ = #8074, -

HERRN ™

fuu

ITO/P3HT/AI
ITO/PEDOT/P3HT/AI
ITO/P3HT/Al(Plasma treatment)
1 E'3 .....o
1E-4 o
—~ 1E-5 el
g 1E-6{ -
E1E-7{ e /./'
§-/ 1E-8 ...“O.....” ---- - __'l
1E-9 ....,... ..\“/./. J
1 E'1 O T T T \n.'/‘” T T 1
- - 2 0 2 4 6
V(Volt)

[ﬁ' 4-1-1 [Fdﬂiﬂﬁl@ Base-Collector Diode
25 PR RSSOl ) (S5 (A + 117 02
Plasma V3SR < 1) =~ @PE}EIU,QLZ%K?* » ¥ ITO-PHT-AL [ Pﬁ' AL
30%}?, » {ELRL{I™ ] O2 Plasma #[I PEDOT iy~ @’PE}}L}‘W U ﬁlﬁi 90%]!"| 1
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(2) Emitter-Base diode
Emitter-Base diode A BC diode —~ FfURLAl 5L = FyfEi# [*1(Schottky diode) -

(FURL T [Filh 5 BC Diode f9feisf » 25 ',FEJ%TE' EB diode Wzt’ﬁjU?S (1= A7 [ on it
e i Sum ] PRI R - F RS 2 Y on FIAS ET - S A
[1 on/off (KA %Y & - kL Emitter WECE IEAE AT for > 3 A2 B Au
SP% T Bmitter » FORURIE S @ F ) (SR « FORLZS PIR{ES Il PIHT %
#I EB diode (R » AdA O[T [ o T 4V RS TEEIRTE S BR POE - PRE
SUFEAAIHA R VR [ o [i) P3HT ;F (&% b PVK ¥ > Bl @Jﬁgp@

L 14-20%(AI-PVK-Au) -4 % 80%]') -

; 3 2.4E:3
x10 wuseste9 4E-4
1x1 0' esssEiimmane3. 2E -4
[ 1x10° nﬁsssa'-"‘ ""
CD1x107 ,,f Thickness
E}x}g$ T 500A
=1x 400A
1x10°] "o =-='/ 300A
1x107" ht
"3 70 1 2 3 a
V(Volt)

IF"I 4-1-2 T[F[J Ei% Y Base-Collector Diode
(3) Emitter-Collector leakage
Emitter-Collector leakage #ifL= fifj 7 [F [V off current o rg i =% {7 Emitter 7!
Collector Vel [ BN » AEHEHTEIRY [ It IR L= Ay R s o #if Sum3
W st (R > SRR BB [ ) (o B BC RS [ [ fof s> AL~
BRIV T A T PVES (ks BCVRPVES: » 1 EC RIS
[l B g LT P BC S i PR B R =
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0.0, (a)

-1.0x10% -

= -2.0x10*] L

%
_w
_w

-3.0x10%{ .=
T~ |=3E-8A at -5V

-8

4.0x10°%
Ve

1.5x10°%; (b)

1.0x10° J

"~ 5.0x10°

0.0

4.0x10™; (c)
3.0x10™ /
__2.0x10™ J
/

<C
< ] 1=3E-8A at-3.58V
= 1.0x10™ / a g

0.0

5-4-3-2-101 2 3 4
VCB

o
w
-

[ﬁl 4-1-3 = Fy7 (Fpu@EC py IV [ﬁl(b)EB Y I-V W(c)BC Y I-V @1'
E[ Iﬁ%\[ 4-1-3 1> I(Vee= -5V) = I[(Ves= 1.33V) =I(Vce= -3.58V) =3*10"-8 A >

LP‘“EEﬁ | VEB | +| Ve | =1.33+3.58=491V ~ | Vce | > E’Bﬁfj’ﬁf’ﬂ Py -
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1y i Base [ RLRLE |l 7 FR PO IR - Wik 240 ITO-PEDOT-P3HT-Au iV
Diode » H I\/’ilf.‘j‘l‘_ii/[lﬂk Q%‘,[ J Elq%ﬂ@ HII(Vee= -5V) = 1.5%107-5A > L”“fﬁ EC VIt
E{@ﬁ?&ﬁﬁ;ﬁ:ﬁ mAFT BC p@;\ir_}[r'u ]’ﬂE’*}%jﬁ ) EI IH—L‘“F[‘ J‘]F?@_’ﬂ fFEjpfj Base sﬂpfﬂﬁ’iﬁ
LA -

1E-3
JE.4]1=1.6E-5 at 5v

g 1E-5y ™o ]

~ 1E-6
1E-7 ]

1E-8 ++—7 —ii—+ v —
-6 -4 | 2

q?ﬂ 4-1-4 ITO:PEDOT-P3HT-Au Diode v IV‘—F‘]‘[‘f_ﬁqﬁ'
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4-2 R FLRENH

IV S5 {7255 A Y Emitter 71 Collector [ HOMO fl— A5y » B33 Emitter B fiVf-

£ B4l Base Z[E Collector © ffi*'] Common Emitter Mode &1 » ¥ Vce=4V > Base

i Ve (I)=4*107-5 [5 Current Gain=le + Is=1.6¥10"7 + 4¥107-5 = 0.004 » i I} 4 #15¢
PRS- FER AR T

PRI P 2 o R et BTN S Emitter [UFZRI >~ BRI FL 21
A [~ SH(LiF) > FUfIH l‘“a‘%%‘ﬂ”ﬁp PP Tt R pospd - R pr ) CSEE A -
PIBFRE IR R [ LAF W2 S50 (R0 I 4-2-1 Rl i 270~ [l Current
Gain [, LiF (0B 8% 4 > [FLRLEE 10A 1 Sﬁﬂ|5}ayé'7\ﬁ:iﬁji@#@ﬂ%ﬁ JE i
5 Current Gain " [  LiF P>y 5 17| 'ﬁl;g«p@ﬁ;’p»ﬁ fl1 10A i LiF £
3% Collector [ E4 €| LiF 05 [FiLA B 11 7 Ves=4V » Base fijt! ik

(I)=4*107-5 [ > Current Gain 43 0.6 - 1[1ffl4-2-2 47 -

0.6 :
0.5-
0.4-

O ¢
l

0.21
0.11
0.0/ = o = .
202 46 810121416
LiF thickness

Current Gain

[l 4-2-1 LiF (957 $5f Current Gain Ol (BE{EF : Vos= 4V > I5=5+107-5)
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2.0x10°- _
0.0] . 0 teeeaaai/a
I /-/ Base Io;t%ut Clgrent
_5_ ..... / —— =
z -2.0x10 e —=— IB=1.0E-5 A
= L = IB=2.0E-5A
4.0x107 .. —=—IB=3.0E-5 A
6.0x10° IB=4.0E-5 A
B0x10° A
’ -4 -3 -2 -1
Vee

' 4-2-2 LiF po’p 8 =10A [ Common Emitter Mode
T ;LHLIF H Jﬁ&ﬁgiiﬁl[g[ TSR ZS IR RS L (Atomic Force Microscopy)
B LiF fusper o QPR 4-2-3 B o Wh ﬁﬂﬁ VAE RS (rms) FUF 7.84 A 0 [IRLTE
§ - LiF 1V > rms FHETEL 1702A '4_2 21) @ﬁ%ﬁ'p P ARl R TR
T T 5 : §1 LIF Ejlﬂ%ﬁaw & & AIF fUgEsd > [N LiF

Rms=7.48 A

qﬂu 4-2-3 g;p@;ﬁ%a ﬁlﬁlﬁ:lil—fflAFM EFM

LiF

Rms=17.02 A
B 4-2-4 LiF fOsdig = BUpFIRE AFM
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E%ﬂﬁ@wvi
e i“%‘«]:][ 355

SIRHEA = 040 lﬂfc%ﬁﬂf% (=%~
(S ALO, IFA I T 2 5

T SRR — B Fl

f “‘%FE(AIZOQ BRIV ?“ﬂ?#ﬂ}ﬁ%% Base S| » 7 Base [

£ﬂ( ALO, ) FuFsSH=LiF 1+ > 5H Y| q&’ 4-2-5 F. > Current Gain
igﬁ[fjﬂﬂﬁrﬂ ’ F"[’ HEE 4 5] - %Eﬁfﬂ N SEIRET
TR F(717] - P PR S LiF S B el i

Current Gain [ LiF fORig 0 H#] > 7 LIF=7A [ Current Gain

< 1.6( 4-2-6) » b i Y ¥R 1

1.8‘ 1.6 | no A|203
1.6 ) ® ® AlLO,

c 1.4

T 1.2

(2 1.0 - 0.8

5 0.8 - ® 0.6

= 0.6 - 0.4 -

S 0.4 e
0.2 - 0:011:0.04 = ° Y9 023 0.007
0.0 ] m0.004 = = - -

0 2-4 6 8 10 12 14 16

W 4-2:5 F(S+LiF

LiF thickness

%} Current Gain Elfl':hﬁﬁw (R (EEF  Vee=-4V > I8=1*107-5)

-5
1.0x10 " . " [Base current
Tl IB=O

_ LIl e IB=2E-6A
g 0.0 St AL B TP\
S s -« IB=6E-6A
5 IB=8E-6A
-1.0x10>{ == ’./_/-' = |[B=1E-5A

200107

-4 -3 -2 -1 0

Vee

Al 4-2-

5 i “‘ﬁ‘+7 A LiF [p% Common Emitter Mode
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A E] R R IR i TS PHER R FEHPREY on current R ELY
FEFl OLED » A 7 FRAVEEE 1% o [ TR0 Emitter AT 9F > dBEHRRR D
P3HT & Xylene pUfriliEl » [REG PBHT T’TL" TE 5T K& pu3l 4d (aggregation)|fi 2t
el B (Mobility) 4 (5 » 51 )25 U 1T NEHE] Xylene [0kt
el P3HT 7Ll - 5 S (1 4-2-6) » EB diode "Hi[p frf (" ™ iy forward current)
EIGJVF%??HEJ‘[ % » CurrentGain ¢ | PFIRHFVHEF| - 7 EB diode [IY forward current 7t 4V

&3 100mA/em~2 [5 > Current Gain flj3£ 8.8 » I3 Collector [T % /7
22mA/em*2 > Y[l 4-2-7 - o |7 Common Base Mode [ =™ ([l 4-2-8) - %Eﬁffﬁr
3%k (transportation factor)ﬁ! # 0.931 5155 Current Gain [[[}L 0.931+(1 - 0.931)=13.7 -
A1 Common Emitter Mode YA U152 T i;“iifﬁj‘] U HEg I’ﬁl‘_i o pI9t ?[—g]ﬁ‘%ﬁ
Fﬁ#ﬁﬁ%}]&’ﬁl on/off ratio(l[] Vce=-10V ™ » IB=5%10"-5A #1 IB=0 Eﬁ TR IC PuEs{) - Y

[T JE(E 1500 )] F

8.8

Current Gain

0 20 40 60 80 100 120
eg at 4V mA/cm

W 4-2-6 Jes ¥} Current Gain FILJI—“‘ﬁ‘W(ﬁé[": XfF ¢ Vce=-10V > Is=5%107-5)
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I(A)

0.0-
1.0x10™
-2.0x1 0'4-_
3.0x10*
-4.0x10*

W,
[ ] 'v:<<
vl
v
Vo ld
v ogd
M

v <

\od <
<4
M <
<4
<
<
<4
<
<
|
<
<
44
<

=0
o 1E-5
2E-5
v 3E-5
4E-5
-« 5E-5

-5.0x10™

n---nn-nnn-nn-n-n-nnnnnww

e

IE

= 0A

—o 0.2E-3
0.4E-3

—v 0.6E-3
0.8E-3

-« 1.0E-3

10 -8 6 -4 2 0

“C0.931E-3 A

Ves

! 4-2-8 F%FEFIFE'EIU Jes= 111mA/cm”2 at 4V Eﬂj‘flfJ Common Base Mode
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SRS 7 = A S PP SRS SR S5 current gain T HIRE
T O 8.8 FBET 4O(! 4-2-10) - FUMFFET)S ¢ — - current gain BERAB A - (L]
JL on/ off F[IF§-15000 ™ [ % 652 fL{ 7 BC Vet ] ORI {455 PHT
EOPAREIIM & 2 > o ] HROPURLEE S R o © ~ P3HT g S )

RETHY HF] o R [ RIFI g

< 0.0 —
'5 0X1 0 scsesce® v'v<:<< -=— 0A
gy e 1E-5
-3 vvv‘<
-1.0x10 T 2E-5
vvvv 44 3E 5
-3 vvvv <<< 4E 5
-1 5x1 0 “4 +5E 5
-2.0x10°- ‘/0 o

10 -8 -6 -4 -2 0

CE

Iﬁl 4-2-9 [F[Jﬁ F 30 :'\féé’rq FFF, HEE] Common Emitter Mode
feb E 5 [PUR) Emitter #5111 PVK A1 PSHT JELEI[H 5 oyt d Bl G - S
M H " Hif 7> EB diode [V forward current 7 4V =i 156mA/em”2> IV i1 P3HT
ﬁﬁ » Current Gain **J ({-8.8 #| = 25 > [Fff Z[J# Collector fiy %Tu FH=126mA/cm”2
Z/Dq%.ﬂ 4-2-10 Fra- o YR MF’ﬁ}H Base ‘pﬁ? IQQH ?E{F,J TEHI %< Collector fi' ¥ & ?Hﬁﬁfégjpu
?ﬁﬁﬁ“f@ ’ i/Dq%M 4-2-11 B > Current Gain FEJRIEFE™ [ 2] 16 > {ETELZ(3E Collector
UFF e =135 560mA/em?2 - on/off ratio 93 1600 I'] 1« Sg = T =iy

HEfs OLED 5 PLED » [fi| %5 fulf @ 211~ ik -
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Ol [ — -
- ! WM = 0A
5.0x107 s 2
| v 3E5
4E-5
-1.0x10° <« 5E5
.| - 0.00126A
A5x10%———
10 8 6.4 2 0
Vee

[ﬁl 4-2-10 Emitter FrPVK:P3HT=5:1 FE'E{EI?J Common Emitter Mode

I(A)

0.0

-1.0x10°-
-2.0x1 0-3‘_
-3.0x10°-
-4.0x107;
-5.0x10°°1

-6.0x1073- | . . | | |
12 -10 -8 -6 -4 -2 0
Ve

[ﬁl 4-2-11 WETH r,gﬁ—k?:ﬁ;r;{ﬁ@ Elfj'?q—‘ﬁ#l‘ﬁﬁ' Common Emitter Mode

-35-



$7% BAFTALEY

5-1 i
LR 25 (PR 7 2004 APL SEAIORS B> TFIREISTIE | M oy =

Current Gain On/off ratio Current density sk
2004 APL 5§ % 25 15 0.6mA/cm”2 ~30%
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