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Low Voltage Operating CMOS—like Circuits using Hybrid Thin—Film Transistors and Solid—
State Electrolyte Gate Insulators

Il Young Jo

Department of Graphic Arts Engineering, The Graduate School,
Pukyong National University

Abstract

Recently, electronic device technology has been researching and developing printing
electronic technology through solution process for manufacturing soft electronic applications,
such as wearable devices, Internet of Things (IoTs) and Radio—Frequency Identification (RFID)
tags. Soft electronic applications must maintain its inherent characteristics for various external
stimuli and operate under extremely low—power operating condition due to its limited power
source. Therefore, new materials and processes need to be developed to integrate electronic
circuits on flexible substrates. In particular, field—effect transistors (FETs) not only have thin
films for application to backplanes and flexible electronic devices in next—generation displays,
but also require high performance driving and flexible properties under low voltage conditions.
In this study, we reported organic and inorganic bi—layer thin—film transistors(TFTs) with
solid—state electrolyte gate insulator (SEGI) and fabricated complementary metal—oxide—
semiconductor (CMOS) —like inverter circuits based on this. The solid state electrolyte insulator
was fabricated by using poly (vinylidene fluoride) based polymer and 1—Ethyl—3—methyl
Imidazolium bis (Tri fluoro methyl sulfonyl) Imide [EMIM] [TFSI] , which is ionic liquid. In order
to show the ambipolar characteristics of the TFT, P—type polymer semiconductor Poly (3—

hexylthiophene—2,5—diyl) P3HT and N—type metal oxide semiconductor Indium—Gallium—

-V -



Oxide (IGO) were used as active layers. We investigated not only the electrical characteristics
of TFTs and CMOS inverters but also the charge transfer at the IGO and P3HT interfaces based

on the high charge density induced by SEGI.
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1. 918 A& 3] =Z (Printed Integrated Circuits)

7}. Complementary Metal-Oxide-Semiconductor (CMOS) Inverter
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t}. CMOS—like Ambipolar Inverter
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Figure 4. Circuit configurations for the complementary inverters (a) Inverter consisting of two
different n—type and p—type unipolar semiconductors. (b) Inverter based on a single ambipolar
semiconductor
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T}, Field—Effect Transistor (FET)
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2}. Organic—Inorganic Hybrid Ambipolar TFT
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2. A AR 2 A (Printed Electronics Materials)

7}. Organic Semiconductors
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t}. Amorphous Oxide Semiconductors
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A7V %2 (self—assembly), +424%, A4 59 &

12
N
)
El
m{m
©
ofo
ol
o
2
©
fo
=)
o

=30 9A WA A o] Al Eysts EAS 2ET ¢ QlorE w2 FEHAE
712}, o] @]e| & poly (vinylidene fluoride—) AlY &S] A & o] L3 o]l A

AZH S0 A7 A8 ¥ g 16
A2 A 7129 4718 ZAAA o wse] wl$ =& ML (~1 gF/om?)<

7, ole ACIE d=owFE AA FAG Al AWM A7H o]FS (Electric

Double Layer, EDL)S Ast= Ao zkHE 7|3ttt E3], Asd AAAZE FEHE=

o]&3tth, EDL 2 771 &35lol Al Ty JF2-E] o] (free counter ion)=©°] A=+ &
AW, 2813 Jt=Ae M Alde] 2dstA FA o JAHE HevHE A A E

Folth (2 102" wabq Awtdow #ZF stod Wg EIL s uEA

FTAORE HAEA TEA AoE HAFES IFASAY SideGate & T+t A a3

EWAAEE Az H2 o]Hq e o] Ao AAXMFEE T ANA Ty FH

state Electrolyte Gated Insulators, SEGIs) 7} 2.3 H 9P o]l AL 7848 ZaH

SHA} 4 vEE EFete] Axd SEGI & € T84S g3l dust AoE AS5E

- 16 -



PR KU} e

1

TxE 714 SEGI + ol $3< %

H}

J
0

[e)
F
fauy

17 -



CHs

N\ (. o O N
N R S I
F N O O N

F“\I/F I\
[BMIM][PF] [EMIM][TFSI], [BMIM][BF ]

Figure 9. Representative ionic liquids

Au

Bulk of 0060 EDL
the ion gel R puik 00000
Iayer Semiconductor SerliLonuuor
EDL" CEDL Glass substrate Glass substrate
- T Polymer insulator Electrolyte insulator

Figure 10. (a) EDL formation (b)Polarization mechanisms in OFETs with P(VDF—TrFE) (left)

and Ion gel (right) dielectric **
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1. 49 A=

7}. Thiophene AE 1 EA ¥I=A (P3HT)

poly (3—hexylthiophene—2,5—diyl) PSHT & 3 to]e = OFET, OPV(s7]& 7]%t
HFAA]) & oheFst FofelA BFE =4E AT diEAQ p—type LA REEA|

sdoltt(ad 11). YA 134 (regioregularity) ©] %2 RE=AA FIEA o],

v
E:2

(side chain)E©°| end—to—end #2072 wjdx o] Qlo] wEX FAFE (back bone) &2

FEAOFT -1 BS(r—7 stacking) & 3 4 ¢} 20
. Indium Gallium AF3}E ¥F=A] (IGO)

Q& (Indium, In), &% (Gallium, Ga) &3I=E FAE 3AwA AtgE HE=AQ] IGO +
15 BHEMAAAHE % GAToEA FHSlSHA AqEa o Ast olFE=vt
1 4 B3Rt S5 MY FY TET of S8 A8 & ok wd w
A S el Y9W-x (cubic sturucture) $F =2 A3 S UEhdl= v d Fx

H

Abelell A 107 Fwe] AF gk Waks weld, olglgk 54 Yol Ady s A

addtxlo g IGO ¢ stEEd A2 IngGaz-»03 2 ZAFY. InpGasz-2,03 9
&4 (solid solutions)+= X=>0.895 d W= Z-Ho] YA eF A E (In,03) AAE

28, X<0.41~0.44 4 wj= 91Fo] B—ZF A3E (Gay05 A AR | SHe ) 22

GO wEte ZHsl7] 98 AgHE AzPHoRt WRE /Y FHPOE of

Y EE AYE Y (rf magnetron sputtering), 7194 324 (MOCVD), A
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Z9 (co—evaporation) o] th® olgd ZHAPES uFEAO viuks YA F
G Aol oy ke Ay S Au] @ Foado] ARgHE T weka gu] v]g gl
=

8l Az vlg A5el whel ek wekd Aol g FHol

=}

WA Agey e $o

ok

g 7IH

=

AbshE WAl Az diEt Ayl s

t}. Solid state Electrolyte Gate Insulators (SEGIs)

UM A whel o] SEGI + ol ARt A AFo] xof AE w5 A==

s

X
b4

q F3y g

o,

O]—Q_

it
f
i)
Az
w
ol
St
BN
rlr
o

fo
(o
;12
o
Y
o
ot

mlo

Eako] 9

lf
do
kit
sk
&
3o
rlr
Y
%
i)
i)
re
24
o
o

stol FET o] 48 A & 7% 4%

SEGI 9 AxHL = 2WARE, WA ZEF22 ZF3H4|<l poly (vinylidene fluoride—co—
hexafluoropropylene) P(VDF—HFP) &} o|24] olx|el ]1—ethyl-3—methylimidazolium
bis (trifluoromethylsulfonyl) imide [EMIM] [TESI] (= 98% (HPLC), < 0.5% water,
Sigma—Aldrich) S acetone(99.9%, Sigma—Aldrich)ol] Z+z} 1:4:7 9 Znv|= &3+
T 80 T oA 24 Azt o) wHE AlA o] AS A X3t} thS poly (vinylidene
fluoride—trifluoroethylene) P(VDF—TrFE) & 2-butanone ©°f &3JA]z1 €4 (30
mg/ml) = AxE o] Az 99:1 I} 98:2 o FIH|E &3+ A]AH SEGI & A Xt}

Az g 9 AL EAS 78 12 o e
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CHy(CHy)4CH3

[\

- 4 n

Figure 11. Molecular structure of poly (3—hexylthiophene—2,5—diyl) (P3HT)

(a)

= o0 & -
EMIMLTFSI]

P(VDF-HFP) lon-gel P(VDF-TrFE)

(b)

CHs o o FRF RF FF
N+ I I
{ '\  FaC-S-N-S-CFs /M/N/
N 0O O m
n
L i FF [ F R

CH3
EMIM[TFSI] P(VDF-TrFE) P(VDF-HFP)

Figure 12. (a) Ion gel and SEGI fabrication process and (b) chemical structure of Ionic liquid,

fluorinated polymer dielectric
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7}. Bottom—Contact TFT 7]%& A&

ot

B AFoq AFEE bottom—Contact 7+%9 2]7]%(glass substrate) A2 9

i

gTE-9x yEIALTHY FHLS U Zrh [F8 7] (Corning glass) el X

A AE(AZS214)E AW 2~ FE (4000 rpm, 40 s) & dry oven oA soft—

N
rlr

baking (90 C, 10 min)& &8t ¥iups FATeh ojmf 7]l e viupe] &

F
o

°F 1.4 pm °oltt. v A= dEle] AAE AXs viAAE Vel BF § UV

2L
=)

& APz}, o] F hot plate |4 hard—baking (120 C, 90 s)< X3 3}a1, ThA]

UV =% AHY (flood exposure) S X33ttt tha developer(AZ 300 MIF) & o]&3| <F

=

25 2719 @ AP F Ay 4 $F ¥HLE 55 A5 (Ni/Au=4/15 nm) & F7

t}.
HFA oz AEZH (1-methyl-2-pyrrolidinone) & °]&3 XE HAAEE AAS

delAE AP A7|2 dshs tho]Xd (dicing) 348 #AX S/D A=l F44 7|we

Aza AR Jwe A3 Pt 79 13 o Gegi

Y. Spin—Coating

B oAFeld A TFT o #4% 9 445 2% 29 (spin—coating) & ] &3]

FAsHth 29 IHS A
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T}. Thermal Evaporation Deposition
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S/D thickness : Au = 15nm / Ni = 4 nm

Figure 13. Bottom—Contact glass substrate

——— —— S S
DEPOSITION — SPIN-UP — SPIN-OFF

Figure 14. Spin coating process

chamber Substrate
holder
Substrate ¢
Thicknees
Shadow monitor
mask
Shutter ¢——
<! » Source
"~ (Au, Ni, Al)
Boat 4 ~
b

Figure 15. Simple schematic of thermal evaporator



3.

e

R
7}. Atomic Force Microscope (AFM) #7

AR @G AFM S VS BHOE AREAUS AYste] wlelaw FEYE

A2 59 39W AHE 4 F dE= BEAARoltt. AFM 2 SPM(Scanning probe

il
=4
ne)
=)
i
bl
>
o
1o,

microscope) 8] AFOZ A Ao g o7 WAL= 1 nN 9 v]Agh
1 &= 9] 7F 7hsskth B thE SPM ] Y59l STM(Scanning Tunneling Microscopy) <

SR AR Abole] mAlR AFE Alolste WAS ARESH] wEel ARG AR

o4 = 9= AW (cantilever) 7F B Aol SV wlEel v AR
il

e 2
ol
ol
2
&
gI:'
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kit
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{o,
s
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N
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N
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N
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ol
_Q
E
=
Ho
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=
X
ok
o
bl
flo

X-4 SE(XRD) #APHES X—H9 YA olge] And AYTEE B
Wolth, Ax7)she QFQ X-He A FE A Hdo] MAFTH oW wAE:
FEel sAe 249 T2 vhv vEdA e A4 FRe 24 el we x-4
gae FEst Gepdd ek o] 543 olgstel AR A4 WA Yt AITEE
BAT 5 ootk 29 17 3 gol AAY el d A AR X4 YAt o=
2AbekE X—AHe Aol FEste] Abwo] Hth ofm Abghyl X—Ao] A& xAbE X—A

gl gz Hw e Qe AR A dEhv ol d4dS dolghaL
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ok ojelgt 3" AAAE o] &ste] XRD AR|E #A¥ X-AH8 At o8 S
otef o] Bragg A o224 Azt 44 d& 7 F St
nA =2d sinf (3—1)
n=A% 1=K X— A9 3%, d=a7 174, 0=x— 4 A7

t}. X—ray Photoelectron Spectroscopy (XPS) '

X—= FAx 3 XPS)2 Algel X—4 34 ¥l FolA ddder & ol
ot Tl FH eV 9 ouAe] FHE= soft X—AS AR FAFSE] AR

W Ad] e ABE YAEd B sl Ag8 97 2A=vd WEe

o
o)
>
ﬂllﬂl
|\
o
ol
_,_4
H]:r

Aroltt. o]F T3t A4 Ifrst AR AZdAUAE 7 F

oz And Ust sed A% g @ A Az o

=
o,

B

i

A
=

o

% gle,

FAAZE wEHr] feiMs dAe AF WA (binding  energy, EpE B
A g+ (work function, ¢)E Hol H= F UAe +&AUA7F dQsith. 17 18 oA
Azl 54 odx(hv)E 7H1 X-A9 & ZARHH dUAE dAd B2 7P
AA7E Aok AA\AEYE B 249 dFdF(e)E Holdo] A BEHA 9o

oful WEE FAAY £F IUA (Bt SIAW ok 4 i AP Az A%

Ekin=hv-Ep-¢ (3-2)
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Photodetector Laser

( [ Cantilever

| Substrate |

Figure 16. (a) Schematics of Atomic Force Microscope (AFM) and (b) BRUKER, Icon—PT-—
PLUS

SRS JEEEEY EEEEST SELEY TECER! SEEES SERESY TES

Figure 17. Schematic diagram of X—Ray Diffraction (XRD) in the lattice

Photoelectron
Kinetic energy, Eg,

7

Vaccum Level

Conduction Band work function
P
X-ray Fermi Level
energy hv T

Valence Band

binding energy
Zp Ep

2s

¥,

= @

Figure 18. Principle of X—ray Photoelectron Spectroscopy (XPS)
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IV. SEGI 7} A&3

o] A7

Qa4 AAAZE A FET & A4 delA 5& 477

29 n—type a2Ab REE=AS] A

e sk, ok obHzX A

s

718-2718 ol

4 =4 B7

A

o

BIE TFT

7]‘75_] 1:]_ [30] 6]—;(] ‘ﬂ’

Aefad dAz 7wk TET oA wres SA

A o]
b o]f7F Brsxd mbzb gioh shANE dald

HAAAZE A€ A A= 7|§F =g/AA 2 Fds 9ISl p—type # n—type

TFT o #8 S A3t 540l 275w, o]& nfgo® CMOS (complementary metal

oxide semiconductor)”]RFe] <QIHWE (inverter) &

Adafd dAA 7Nk F=49 TRET £ AFshr] S

TRt A4 shajopaeh.) whekA

o witie st 4dS 7HA=

p—type LA WHEAISE n—type H& AbslE WHEAS ATt bi-layer TEE

Azsl 2@ A= A 4= 7HA 2 5 0o VS #7=

B AFgAE §7)E-F7)E bi-layer %=A TFT 7} Bt} &

A4 B4E M 5 YRS 5]

ALl o o] &5 nuE o2 CMOS-like

—X7]%& bi—layer &

AAZ=0=7 Si0s ¢ CYTOP So] &gy ¢} B

el Al GEe) s

AWES AZaol o,

- 28 -
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g9 19 B Ao AZE TG/BC +%2 bi—layer TFT 9o RAxolt) A=<

K
oft
L
i)
[K

E-ex xEHATYY ¥R A ddo] FAE FriHe AHE
93 ultrasonic bath oA acetone ¥} isopropanol =22 10 ¥7F 223 A7 A3 &
st AAE ol&d V¥s Axsieith 2 Aol AREE aREA HEEAI”]
P3HT (Rieke Metals, Inc)&= 10 mg/ml ¢ 2 mg/ml %% 1,2—dichlorobenzene ©i
LA HoH, AtstE REEAQ] IGO & Indium(IID nitrate hydrated(99.999 %, trace
metals basis, Sigma—Aldrich) 2} Gallium(III) nitrate hydrate(99.9 %, trace metals
basis, Sigma—Aldrich) & 0.05 M 9] H] &% 2—methoxyethanol | §3]A]71 3 &:2 9

Fod|2 =33t 0.06 M 2 IGO A4 &8-S A&etdtt. 571 15 % ol3kd 371

[
e

Zol A Au/Ni o] FAE 7|#Ae] IGO AFA £NS 7|3 X 3}

FE (4000 rpm, 40 s)& 23 T AH(BO00 C, 1 hA}FL = 2 H wrE39] 1GO

1=z

tebs FASEA T ol IGO ¥tehe]l F7l= ¢F 10 nm o]th o]F A #91719 glove
box o4 P3HT(2 mg/mlE4S A3 78 (3000 rpm, 60 s) & €A (150 C, 1h) &

Aesto] 571 bi-layer @S a AFeRlvh. ta dds IS fd 9911 E=

QrEl):
)
')

98:2 o Wl&Z A#E SEGI & 23 #¥ (2000 rpm, 60 s) F wuke] s &
AAE S8 A2 60 C, 1h#dS 23 sioitk kAo ® 133 (1.0x10°° Torr) &
S#71E o]&3te] 35nm T2 Au AClE AFE ¥4 ste] TG/BC +x9 TFT &
Azt odnt, vp7tA 2 {57 bi-layer =4 450 A8¥ CMOS-—like AWEE
A#atz] Qe BrZE-9x IEHLAIYT FHORE FE7|ded dA=E FASATH

ojuf Zzke] A dolet HWol= B 10 pm, 1 mm 2 FAsHA FA sl olF &84S
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Figure 19. Top—gate/bottom—contact TET device structure with Au source/drain electrodes
and solid state electrolyte gate insulator

GND

1V"l:'.:l'UT

Figure 20. Schematic configuration of corresponding CMOS—like inverter circuit
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2.8% 9 1%
7}. Characterization of Active layer and Dielectric Films

EWAAH U JAWME 778 5A4S FAF 8171 A atomic force microscopy (AFM),
X—ray diffraction(XRD), X—ray photoelectron spectroscopy (XPS), metal-insulator—
metal(MIM) capacitance measurements 43 E3] A4S dAdF REEA 9

29 54 2ASH,

olm A= velith Si0, Aol ZE®E IGO 0.05 M 9 A$ AT H AF< 549
AA7] (orys) 7F 0.161 nm 2 F3E0 o™ P3HT ¢ SEGI 99:1 & Z+7 0.887 nm,
2.33 nm = FAHA IGO0 & Bgs dATF Bolx ¢kowm Ay F Awd EW
AR w3 g dovw g utut FA AN fEE A FxIL AT F
Atk I 22 = 7t P3HT 9 IGO $lo =™ ®E SEGI 2] AFM o]u]Aojt}, 7] dof
vt TR SEGI & ZF REEA] Aol 8% SEGI 9 o)A 9 Al Ft Alw 19
AA7¢} e Bl B4 2 Aol7F e AoE UEelHh ol F3 el ZHd

P3HT % IGO & dald dAFo RE2A e vA= dFo] flvhe A& & 5 Utk
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P3HT . T SEGI 99:1 =
c,ms.= 6 887 Bnm t_\ Ogus = 2.33 nm
: w

Figure 21. AFM image of IGO, P3HT, SEGI

1GO 0.05 M y - T A b
SEGI 99:1 ;
Ogys — 2. 17T nm

IG J.‘ 134 m . F 3 an
SEGI 99:1
Oaus = 6.65 nm

Figure 22. AFM image of SEGI on P3HT, IGO



a9 23 & 29 ZYOoRE P P3HT AATx IGO vwute] dA g o ups
Ao g XRD HES yeERflth Fig. 20(a) £ P3HT ¢ XRD €S yeEhH
20 = 54" oA 9AF M= ol A¥FAA P3HT 9 (100) A4 H-E e
20° & Aoz WA A gES FAAT wiA Al g ok 28 18b oA
IGO €] XRD #&e] B¢ 150T~200C 7HA J A5 7FAA] FAIRE 300ColA A=

A& P W 20 = 337 oA IJIE 7K o= 300T & dA2 xAHH

a9 24 ¢ a8 25 = 1GO o] tidk XPS dlo]glolt). o]E nlEtoZ H o] A
AbEE IGO 9] 3sha A 4@ Az P25 BAE e 29 19a 9F 238 19b = 300TC

ol dx8¥ IGO v2e] In3d ¢ Ga2p o XPS AFHEY

mlo

wojFrh In3d o AF
MU= T A= 445 eV 9 452 eV 2 YER =, ol &8 AET) 3dse 9 3dse &
o] 719k In3d 9} Ga2p o AF oA Aol A7 7.5eV 9} 27eV 9 ]
Ugted, ot FuEdd g AXSEY ols Fa AEE WA fAoTRE
7183el 1GO ®tdto] g Aox FAHISTS & F AUtk I¥ 20 e AR gE
250 dxgs 1GO ¥Erel Ols XPS AFEHS vehyltl. 0ls AFEHLS 3
7FA1el #=mZr7F y2&8F A (deconvolution) ® 72 ¥ (Gaussian  fitting) &2
A E AT 5315 eV 9 532.7 eV F29 A= 747 AbAh FEo]l e AbskE AR
el Abagl IGO0 A7Al o] &shra 3l uhel i) F2E OH/O, oF 22 29+
et 530.3 eV ¥ A= Ga & In o]Lo7 Eeael 07 F& AlstEo] o
N E, A 22 wEld 7 935S WMEE Hold, dX8 vt S Hel
whel FE5AbsE o] dldeh 530 eV 2] ¥ FUbE I 'skr A dd s das
Aath o]#dt An2HE In(NOj); - xH0 ¢ Ga(NO3) 3 - xH,0 AGAlE 250 C

ool M= Ui FalEel 1GO AAE B4 v= A & ¢ Sk
- 34 -
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g) 100 b
(a) . P3HT (b)
80| LA
= Ll
‘w 60
c =)
v
et
€ 40p e
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£
20
D 1 1 1 " 1 " 1 " 1 | I 1
5 10 15 20 25 30 20 25 30 35 40 45 50
2-Theta 2-Theta

Figure 23. XRD pattern of PSHT and IGO

a b 4ER
1.8E5
4E5
1.4E5 4
4ES
1.2E5
4EF
= 1.0E5 g
% ' C  4E5
3 =
8 Z.0E4 8 2g5
8.0E4 4 2E5
40E4 4 1E5
20E4 3ES 4
a0 T T T T T T T T T 3E5 T T T T
450 458 458 454 482 450 448 448 444 442 44D 1150 1140 1130 1120 1110 1100
Binding energy (eV) Binding energy (eV)

Figure 24. XPS In3d and GaZp spectra of IGO film with various chemical compositions



L Ols I O1s
at 150 °C f-'év‘f‘{\ at 250 °C

Intensity [Arb. Unit]
Intensity [Arb. Unit]

L //—\

528 500 532 534 536 528 530 532 534 536
Binding Energy [eV] Binding Energy [eV]

O1s
‘,.g‘“\: at 200 °C

Intensity [Arb. Unit]
Intensity [Arb. Unit]

528 530 532 534 536 528 530 532 534 536
Binding Energy [eV] Binding Energy [eV]

Figure 25. XPS O1s spectra of IGO film with various chemical compositions



Y. Electrical Characteristics of Single layer TFTs

7B -7 % bi-layer TFT ¢ A7A 45S ZAE7] A Ado] o] 45 = nkex|

A& 7|Wro 2 single—layer TFT ¢ 714 AeS AL AZFE TFT &A=

i

()

A 99719 glove box Wel AX% probe station ¥ Keithley 4200 HFEA]
SEAEA7IE A714 A4S H7E sdleH ®mEA 54 HUEe JlEd AA &
O)% % (uppp) = transfer curve o] TdE T ol—2A AF (%) o] AoJE—-A2A A

(Vo) o 323} 99 (saturation regime) 9] linear fit o4 2% = A},

e A ddZso 2 A ZE TFT 9 transfer curve ¢ output curve & 1% 26 9
e £ ¥A o7 AZE SEGI/P3HT(10 mg/ml), SEGI/P3HT(2 mg/ml) %
SEGI/IGO(0.05 M) TFT & Z+z} Vg=+1~-2V (Vp=—05V, -2 V), Vg=+1~-15V
(Vp==05V, =15 V) W Vg==1~+2 V (Vp,=+0.5 V, +2 V) 2] s} A 714
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Figure 26. Electrical characteristics of top—gated bottom—contact FETs (a) Transfer and output
curves of PSHT (10 mg/ml) FETs with SEGI 99:1 and (b) P3HT (10 mg/ml) FETs with SEGI
98:2 and (c¢) of P3HT (2 mg/ml) FETs with SEGI (98:2), (d) IGO(0.05 M) FETs with SEGI 99:1
and (e) IGO(0.05 M) FETs with SEGI 99:2 (Gate bias sweep rates = 50 mV/s)

- 40 -



Table 1. Electrical characteristics of various TFTs based on SEGIs

[Capacitance was measured by MIS structure at 50 Hz] (2]

Active Cap Carrier HrET On/off
layer SEGI (uFlcm?) e type (cm?N-S) Vz (V) ratio
P3HT 99:1 9.54 10 Hole 3 035  >10¢

10mg/mi
P3HT ; "
10mg/ml 98.2 26.76 10 Hole 2.44 -0.23 >10
P3HT _ 3
2mg/ml 98:2 26.76 5 Hole 2.4 -0.06 >10
1GO 99:1 8.79 5 Electron 2.2 0.63 >10°
1GO 98:2 8.85 5 Electron 3.35 0.96 >107
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t}. Electrical characteristics of bi—layer TFTs
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Figure 27. Electrical characteristics of TG/BC Ambipolar Charge Transport in bi—layered
Hybrid TFTs. (a) p—channel transfer curve and output curve, (b) n—channel transfer curve and
output curve

Table 2. Electrical characteristics of bi—layer TFTs based on SEGIs

Active Cap Carrier HrET Onloff
layer SEGL  wriemz) LM tpe  (em2ves) YTV ratio
N Hole 0.9 -0.43 293
IGO-P3HT g9 4 9.165 5
Bilayer Electron 0.72 1.01 237
N Hole 1.73 -0.28 359
IGO-P3HT  g5.5 17805 5
Bilayer Electron 2.75 0.50 1113
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2}. Electrical characteristics of CMOS—like Inverters
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Figure 28. Electrical characteristics of CMOS—like Inverter based on SEGIs (a) Voltage transfer
curves of bi—layer and SEGI(99:1) Inverter (b) corresponding gains at various supplied bias
(VDD)

Table 3. Electrical characteristics of CMOS—like Inverter based on SEGIs

V[{;]D GAIN V[;;t]v
15 17 1.2
2.0 2.0 15
25 16 1.8
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