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Shellac film as gate insulating layers in organic field—-effect
transistors

Seung-Woon Baek

Dept. of Graphic Arts Engineering, Graduate school,
Pukyong National University

Abstract

So far, organic electronics technology has been developed focusing on low—cost, solution—
processed, and mechanically flexible characteristics. According to the very recent reports,
these merits allow the organic electronics to expand their applications to biomedical devices
that can be stuck onto (or even implanted in) a human body. However, additional material
properties such as bio—compatibility or bio—degradability must be considered in order to be

used for fabrication of the organic bioelectronic devices.

Shellac, a natural resin secreted by the female lac bug on trees, is regarded as a promising
material for organic bioelectronic devices due to its safety and innocuousness for human
body. Indeed, shellac has been widely used as a brush-on colorant such as nail paint, wood
finish for string instruments and food glaze. In addition, it was also used in electrical

applications because it has good electrical insulating property and seals out moisture.

In this paper, we studied on the feasibility of the shellac as a gate dielectric material in
organic field—effect transistors (OFETs), critical switching components in organic biomedical

electronics.
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3. 771 g% EJAX2H (OTFT)
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Source Organic Semiconductor

Organic Semiconductor Source Drain
Gate Dielectric Gate Dielectric
Substrate Substrate
Inverted staggered Inverted coplanar
(Bottom-Gate, Top-Contact) (Bottom-Gate, Bottom-Contact)

Gate Dielectric Gate Dielectric

Organic Semiconductor Source Drain
Source Drain Organic Semiconductor
Substrate " " Substrate
Staggered : Coplanar
(Top-Gate, Bottom-Contact) (Top-Gate, Top-Contact)

Figure 6. Schematic diagrams of OTFTs.
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Figure 7. Operation mechanism of OTFTs. Vg, Vp and Vg are source, drain and gate
bias respectively.
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A2 aL, Al & gate electrode 2 AF&3FSItE PVP ¢ Shellac < dielectric &2
AREETE 71s AlFE] flste] 7 WA ethanol 10 &XF sonication & A A|
gttt 2o 2, IPA (Isopropyl alcohol)® 10 7%} sonication & AAIgE & Ny

Blowing 3}$ T}

- 19 -



o). Gate dielectric 34
- A= Shellac ©] #7] W ERALEH W AAAR AR 2 5 eA HSE
AFrolnh. whebA 7ol Wol ARSI 9l ALt dAAQl PVP ¢ nlulskith WA
PVP &= solvent & PGMEA(Propylene glycol monomethyl ether acetate)&
AFEER L, Jtuwkge] ZwjAlE® PMF  (Poly(melamine-co-formaldehyde)) S
AHgsEelTh PVP ¢F PMF ©f H]&2 20:1 2 A3 om, 15 wt% %2 solution &
< solvent & MeOH & AF&3to] 9 wth FE°
< 3000 rpm ©lAl 30 %3t =3

PVP solution
HE2-S- 98] 200 °C 9 hot plate
3000 rpm A 30 %3+ 27

]

A ZskFTh o222 Shellac
=o0]7

Eia=

solution & A Z}sl3A .
FE O 2 dielectic layer & @A sIATh o] & 7hal
el 1 AFHEe ¥hS-AIZA T Shellac solution
Fgo=z uvhaks FAAA LAY, o] & AFHESES f& 100 T9 hot plate folA 30
1 B A AT
2t 7718 WA 79 8435S 4
gAstSS FAste THoRE 29 I8 WS olfeion, T 3 A9 A=
& f71E 9EAE ARESltE WA, P-type o2 ¥#x CDT-BTZ £ DCB
(Dichlorobenzene) ©] 1 mg/mL ¢ &% £31A1Z1 &, 1000 rpm oA 5 %, 1500
2=y #mgo=w uuks PAAAZG. F WHAE N-type o=
A7l % 2000 rpm °]A 1

o4 30
ad#H 7 N-2200 & P-xylene ©] 10 mg/mL ¢ 52 &
A Y. Ko 2 Ambipolar 2 ¢# % DPP-DTT
%, 1500

FE o7 H
1 mg/mL %52 £3A71 & 1000 rpm A 5

CF(Chloroform)el
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rpm oA 30 23te] 23 Yo R ks YA Al 7HA 7] wHEAle] EARE
$3¥E %0171 918 CDT-BTZ, DPP-DTT = 200 €] hot plate 14 1 A1k N-

2200 < 200 T2 hot plate 9Jol4] 30 #7F annealing < 7 33} ).

v}, Gate electrode, Source—Drain electrode evaporation

B Ao A= gate electrode & Al & AME3S o™ B E gate electrode == thermal

[

evaporation & #AEAT. AFEE oF 1.8 x 107 torr oA AAsFR L, FHEL
2 FAE oF 25A/s, 40 nm 2 FEASAY. GTS FAH o F, mpHo=
source—drain electrode + Au £ thermal evaporation & =3 A3t ¥ =

°F 1.8 x 107° torr oA A&y, =HEx D FA= oF 1.0 Afs, 40 nm =

Zzs1 9l AF29 thermal evaporator + Figure 10. o] YEH

@ ~ -

5RO

Figure 10. (a) Schematic illustration of thermal evaporator, (b) Chamber.
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2. B4 4y

7}. Contact Angle Analyzer

Contact angle 2 7]|AH|¢t AA7F AWHolA dIs¥orw HIPS o|F= ZA4EE
9w 3ttt Contact angle(®)S 114 THANA Y wet ability & UER|E HEoln, =

AFo 4= DI water ¢ diiodomethane & AF&3}o] Contact angle & A3t <A

i

¢l D.I water 9 ¥4 229 diiodomethane ©.2 7}z Contact angle <

Tt 1 ow THAYUAE FHE 4 JUrh. Figure 11. o Contact Angle
FA Y RAEE YETE Contact Angle SAWH-S ¥t gHeo A JFS
FA] %31, Contact angle ¥} surface energy & =43 4 = Wo|t}.

Yic

© = Contact
angle

Drop profile

Figure 11. Schematic of contact angle system.
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L R B

|\

A7] (Impedance analyzer)

Figure 12. Impedance Analyzer
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t}. A7]13d EA (Electrical Characterization)

AZE G7] vk EdAAEle] #7]7F EAL Keithley 236 source measure
unit ¥} 2635 source meter 7} AZA% Vacuum probe station & ©]-&3}o], AF29]
259 107 torr olste] ¢HEzANA A7H EA =4S 2188kt Transfer

3

Jm
e

4 Al Ambipolar f7]& YWIEAE AstFoR ARESH f7] dEr

voltage & A&o] o]Est= HEAAME -0.5 V, AR} o]Fst:= 1A= 0.5

V 2 727 S48t P-type #71% WEAS BARFOE ASF 47w

voltage & -0.5 V 7HFo2 ZA33oH, N-type fF7]&E HEAE SAslFo=
A3l f-7] g EAX A HAS- -3V ~ +60 V & gate voltage (Vo)H=E

boi et

ol

A A3}aL, step voltage &= 0.5V 7HZ o2 =4

o] ], drain voltage (Vp)2 =20 V, -60 V & 3143}9] linear region ¥} saturation
region 9| drain current (Ip) #S SHsF T Output 54 =4S Ambipolar
A8 WEAE AFRSE F7] v Edx] AEY Z9-oE drain voltage(Vp)S 60

V ~ =60 V HY= A3} a1, step voltage & AH-&©o] 0|53t FtolM+= -1 V,

i}

A7} olsste FiE 1 VitAe s 247 5438194, P-type, N-type 7]&
WA S SAstFo s ARES 7] why ERA2EH Y| A= +3V ~-60V, -3
V ~ +60 V & drain voltage HWHE 22 HAASEA 3L, step voltage = 30|

ol 38t P-type A& -1V, AA7} o] &3 N-type ol + 1 VZE AH31o
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Figure 13. (a) Vacuum probe station, (b) Keithly 236 source—-measure unit and

2635 source meter



v. 2% o 33
1. PVP 2 Shellac ¢] EHEA

2 AFte| A= PVP, Shellac AdAld wE f7] dldt EdX|AEe EX4HSE
A okt o]o] kA Shellac ©] f7] ¥EF EW;AAH U AAAR AFEIFEEHA|

FE5 dolry] 98 ZHEALS AV EUTE Figure 14. & =

oft
rit
£
=
b
r2
o

contact angle ©]"|X]E YERNA Y. Figure 14. (a), (b) = PVP & =¥ ¥ 7|,

H PVP 9] contact angle & D.I water ¢ diiodomethane Z}Z} 39.87 °, 24.29 °=%
=A% %t} Figure 14. (¢), (d) & Shellac 22 38 % 7|#o|H, I8 ¥ Shellac 9
contact angle < D.I water ¢} diiodomethane 7}7} 54.37 °, 17.76 °Z 4= AT}
FWHo YA = PVP, Shellac &2 38 7]#eA 2tz 63.89 mJ/m?, 57.63 mlJ/m* &

=45 900} Table 1. o H%7H} RIS 22 ehnsich

PVP, Shellac ¢ XWHEAS F243 Z3I} Shellac ©] PVP Ht} & ¢ w3

o

FHNHAE 7FHTE o]= o uA] A o & Shellac HHeto] PVP vbulrth ok Aol A

A= EAAEE WM AClEd=3 @AstS Ateldl fAshy] wEel

AW A g o] Fasity, THAUAE 4% 23, PVP Bt} Shellac ©] #7] &9
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Contact angle ( D.I water) | Contact angle (diiodomethane) | Surface energy ( mJ/ m?2)

Pvp 39.87 ¢ 24.29 © 63.89
Shellac 54.37 ° 17.76 ° 57.63

Table 1. PVP, Shellac contact angle with water & diiodomethane and surface energy

Contact angle of PVP -D.I water, diodomethane

H H
(a) 0 (b) v
B H N
'S non-polar

L&

Contact angle of Shellac -D.I water, diiodomethane

H H
(c) /O\\ (d) \F
H H I/C\I
polar non-polar

—t e

Figure 14. Schematic of substrate surface and contact angle. (a) PVP-D.I water, (b)

PVP-diiodomethane, (c) Shellac-D.I water, (d) Shellac-diiodomethane
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2. PVP, Shellac 9t9te] AAEH

7}. PVP, Shellac &9 FAIZA

PVP, Shellac ¢ AAEARS 7] s, WA PVP, Shellac #%¢] F7E2 FE-SEM
(Field Emission Scanning Electron Microscope)@H] S o] &3t =A sttt ol
Figure 15. 2 4% dute] dws BoFEy, 49 wyte] F7& PVP, Shellac

7}7} 400 nm, 300 nm & =4 ¥ 2t}

(a) Thickness : 400 nm (b) Thickness : 300 nm

Figure 15.Thickness of (a) PVP, (b) Shellac

1}. PVP, Shellac ¢ AFM =4A.

teo 2 F®E PVP 9 Shellac ¢ %W AA7E doprr] 9ste] AFM FH|=
=43 Hktl AFM image = Figure 16. 941 YEFSIT. RMS(root-means-square)
value 2 SA¥ 1WH AZ7IE As7b ol gl o] Wal7b He= trap o F

ddo] ok w9 AV @ol xes AT AAAY AMSgo] £4 &



=, 1 Ay trap 9 v BolA A o
AH o g Ast o]F% e AstE F Ui PVP, Shellac ¢ %W 7AA7& zbz}

1.8 nm, 1.9 nm & A o7} gl AS 4 4 )

Figure 16. AFM image (a) PVP, (b) Shellac

oA AFE FHEANES Shellac ©] PVP ¢ & 122 AdA| ¢ nzr A2 F7]
W ERAXAH W AAAE ARRE 7] EA7F fltke As BT Q.

t}. PVP, Shellac 2 HEA

setow mEE PVP, Shellac & ol gafe] AWML 77 fa4

o
il
[
o
p'L
2
v

w3l breakdown strength & =743}o] Shellac o] AAA o] FHo] ZkFo]A] =H]

ololH 9t} Figure 17. oA AA&

off

3k, A 18] breakdown strength <
a2 s JeRRITE. PVP, Shellac 9 344 a2 247 4.12, 3.38 & SAHI L,
breakdown strength #t< ZFzF 3.5 MV/cm, 4.5 MV/cm 2 SA%Act. AALHF

e 7tz 8.3 nF/cm?, 9.3 nF/cm 2 =& th. o] 2 Table 2. o YU

AollA AFge A o] Shellac = PVP Bt} W AAgyE 2wk w525 A Y

t]

i

o A8, breakdown strength b2 7FXTE o] 24 THEAE oly )
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W7 v yitkeE AL 9usith. PVP X}l Shellac & AAAZE AFRSthA o

il ) |

YA f7] W EQA2EE AL &

A& Aoletal o

Dielectric constant Breakdown-strength Capacitance
Dielectric
k (MV/cm) (nF/cm?)
PVP 4,12 3.5 8.3
Shellac 3.38 4.5 9.3

Table 2. PVP, Shellac & AAAA4=3k, breakdown strength, A&k

(b) 107° -

~
]
—

10F
e - <
o 8 &
E * Shellac (t =320 nm, & = 3.38) i 10,3_
£ Gl = PVP(t=430nm,g =412) >
8 B
c
= @
s 4+ Electrode (Au, Al) a
E Dielectric (PVP, Shellac) ‘E 107
a 2r Elect i =
© rode (Al) 5
o 0 (MIM structure) (8]
1 1 1 1 1 10-5
1.0 -05 0.0 05 1.0 2 4 0 1 2 3 4 5

Bias (V) E-Field (MV/cm)

Figure 17. PVP, Shellac 9] (a) A A &%k, 444 22l (b) breakdown
strength
30 -



3. 7] ¥ ERAAY (OTFDE A714 4.

B AP AE glass & 7|@o 2 A}83ta PVP, Shellac & 7ZHz Aoz A}L3h

71wt EdAAHE AZsilth =8 DPP-DTT, CDT-BTZ, N-2200 ¥ &

electrode & A9 = TAHQAES 294y WS o]&sto] Azsiltt. 42t

Fri

dAAet frleE HEAS AREEA ARE f7] 2 BRI A4 5S4

Transfer Characteristics @ Output Characteristics =& 23] 2413519}

AR 7] vk ERA 2B 9ol Aadlzol Inverted staggered TEoH,
channel length ¢} channel width & Z+Z} °F 50 um, 1000 ym = A 2}3}31 ¢}, Figure 18.
< P-type EAE %484 & CDT-BTZ gt 7] & WEAE 45502 A3,
PVP, Shellac & AAA=Z AgalA A#g 7] 4o ERJA2HO Transfer
Characteristics =%} Output Characteristics =4S e}, Figure 18. ¢ (a)

agEs HY % giel, Shellac & AAAZ ARGSIM - Al f7] HbE

b

E WX ~H 9 Transfer Characteristics =43} PVP & A2 ALE3)A A=Het 77]
ubuk E W% A8 9] Transfer Characteristics A4S H| W&l Shellac & ZHAAA=E
AHERS o Z2E Y F S| AHPAAE BT o] (b), (o) LA E gl 3
T Utk s|EEYA 2T ASE ERAALEVE HAHR 2 v & 5 Stk
AMAR el Hold Shellac & #7] "9t EdA2EH U dAAAE AMESHA =W
PVP & ddAz AR o wo saHgAsrE A2d olf=  Shellac ©

PVP wt} dale] o5& walahs trap & AA F4AA JEhd @4oldm Ared,
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V,= 60 V

Shellac

1151 (A)

10"}
10"%}

107"
-60-50-40-30-20-10 0 10 20

VelV)

(b 900!

-0.15¢

Io (HA)

-0.30

045+

Vo =550V

Shellac ) ) : o
60 50 -4 -30 -20 -10 O

Vg = -40V
Vo = -S0V |

60 50 40 30 20 10 0

L]
o
A Vg =-30V
v
k4

Figure 18. (a) Transfer curve of PVP, Shellac with CDT-BTZ, (b) Output curve of
Shellac with CDT-BTZ, (c¢) Output curve of PVP with CDT-BTZ
- 32 -



(

Q

1,1 (A)
q

10"

LJ
'

g S
o
-
)
ol
L

1 1 1 1

50 50 40 30 -20 -10 0
Vi(V)

10V
- Vg--ZOV

2.5 AV =-30V.
P YVg=-40V
®V;=-50V

3960 S50 40 30 20 -10 O

Vo (V)

Figure 19. (a) Transfer curve of PVP with DPP-DTT, (b) Output curve of PVP
with DPP-DTT
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(a)

-4
LU B V,,=-10V
5 L4 VD,--GOV
107 L v =10v
v V, =60V
10° |
107 |
~10°} :-,'-'
N°1°.9 b 4 =
T
,’.A
10"} ‘{ tA
- ﬁ! l
107}
[
10" =

60 40 -{ové 20 40 60

(b)

-0.30F % charge I - charge 10.30
accumulation accumulation

0.25} Vol 0% 1925

0.20¢ 10.20

-0.15] 10.15

-0.10 10.10

-0.05}+ 0.05

e e S ees
60 40 20 0 20 40 60
Vo (V)

Figure 20. (a) Transfer curve of Shellac with DPP-DTT, (b) Output curve of
Shellac with DPP-DTT

- 34 -



Figure 19 3} Figure 20 2 Ambipolar 8% 4## = DPP-DTT & F71&

e

=AE @A4stgor Abgeta, PVP & AAAZ AREHAM AR f7] oy
EWAN2EHY Shellac < AAAz Algsld AR G vt Ed@XAH
9] Transfer Characteristics =43} Output Characteristics =4S Ho] F31 it}
Figure 19, 20 Z}7}9] (a) Z1¥S HW P-type f71& HEAE SA4s5o=2 A 43
7] dhet ERJA 2E o} o], Shellac & AAAZ AFEHS W o A2 S|P =S

7HRe™, PVP & AdA2 AHE3E well= N-type 540 YeElA] e3tor}, Shellac

S AAA R AFEPES W= N-type 540 YHeElyE= AS <4 4 Atk Shellac 9

®

54 4 N-type BH353 F o & APHL M= AL ¥ @ & A9

—_

)% % o e %2 1A N-type /1% REAE BHIZom A8 A7

Figure 21. © N-type &2 <#HA A& N-2200 e F718 HEAES
a4t o 2 ARgstal, PVPShellac & AAAZ z4zh AREsiA Al 7] ube
EUWX| 289 Transfer Characteristics =43  Output Characteristics A&

LHER AT
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-4
(a) 10 Vo;=6'0V' —r—r—

Shéllac

10°

10*

10"} /

10-” X PVP

10"}

10") A A A A A A A
-20-10 0 10 20 30 40 50 60

V,(V)

(b)

Iy (4A)

0 10 20 30 40 50 60

Vp (V)

(€)

Vg= 10V

I, (#A)

Figure 21.(a) Transfer curve of PVP, Shellac with N-2200, (b) Output curve of
PVP with N-2200, (c¢) Output curve of Shellac with N-2200
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Figure 21. (a) 1¥& HW Shellac & AAA=Z AE3PS wo= 9A] PVP &
AAA R AHERES o Hrh o 2 | 2HEAAE 7HRen, e f7]1E RHEA|(P-
type, Ambipolar)E ZAsFo=2 AES wrHT AAA|] Zfolo] uwg} sTE+=
current Fe| ztel7b wjg- F A& & 5 Ak = (b), (0 o ZYZE HuEH

Shellac & AAAZ A3 f7] vhe EWX ~E 9 Output Characteristics =+40] ¢

i

o FUE4LS UEhlE Ae ¢ 5+ Ao

Figure 18, 19, 20, 21 oA A¥E tst {7ls w=Als d4dstsoz AREeta

PVP, Shellac < HAAA=R AL&3 ZHzte] f7] H9 E

£
N
[>
)
1o
=
=
aQ
=)
2]
o
=

Characteristics =413 Output Characteristics =A1& H|W3|HH, Shellac ©] PVP

H)3l trap & A/ FAst] 7] 9o ERAA=EIE B A I 5 AT
°o]Z EW & Shellac & PVP Bt} ¢ £ ZAA7 € 5 d3S & 5 A 53]
N-type f7]& Wt=A] &35 3 Shellac < Hold HAIAPAS 7HAe AE & &
A

o] 1 CMOS #Ze A2zt @ =gszo AL 75d Aoz

e
ol

°©
R

Rl

[e3}
2R

N
i

ReR=Rs
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V. 2

o #7]& Shellac

al

Z
Tl

ohmgith Lhobrl thep

o)
=

PSR
=

3

E
=

4714

RRESIE

S
=

}12, Shellac

ALgE

A3}, Shellac 3 A3HAdo] Hojdt {7]

] Shellac ©]

3]

A3}, PVP ol H]

Shellac ¥} PVP 9]

PVP ¢} Shellac ©] 242} 1.8 nm, 1.9 nm =

Ak zFol7F UAA T Shellac ©] PVP Ert} gate electrode ¢

KeN
-

PVP ¢} Shellac

Abolef A

=

o

2793}

strength,

A8 23zk(capacitance)¥}  Breakdown

4l

5134

e}

Table 2. 9

& Ao vehgth ol

=
>

PAY G
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o

Edx] 2~

vlul
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7]

[e)
T
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ojo

WA~ o] AAAZ A}
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O] ew ' ' '
0.04 {7} shellac ] i
I P=P-type 1
'E“ [”]3 F N=N-type @ B
-
- @ (N
£ 0.02} .
L i |
20.01} |
0.00f & -

1 L | L 1 1 |
CDT-BTZ(P) DPP-DTT(P) DPP-DTT(N) N-2200(N)

Figure 22. 7] 92 EAdX 2~ Y M2 2 dXsl50 2 ALg3lal Shellac
i=]

PVP & 7] w9t ERA2H U AAAZ AHEAS o dslols=

Figure 22. olA & 7] 2ot ERAAE ] 3 7149 f7]& WEAE @450 =
Ab&3tal Shellac ¥ PVP & HAA=R A&3le o SAHE At ols=E vt
N B = %ol P-type 718 WA CDT-BTZ & @A4sso= ALLdS
ol = st ol s=7F AA zke] WAl &k ¥hA Ambipolar #7]= ¥F=AQI DPP-
DTT & 8A43}l5o2 AFE3S uoi= P-type GG AE, PVP & AAAZ AL
7 Shellac & HAAZ AFEYS WEt o & Hatols® & 7T A% N-
type @Gl = Shellac & HAAAZ AHEPS w7l PVP & AAAZ AHERS i
R F2 Addtolsk s 7T mEAM O ® N-type fr7]= ¥H=AIQl N-2200 <=
3T o2 AHEPS wolli= Shellac & EAAR AHEPS Wl PVP & HAA=R
AHE RS WET R e Astelsk ke 7HATh olE 38l Shellac & 7] by

E@AzE W AAAE SRS W N-pe BHS AAE 71 wEAS A1
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o]

Aol Bla) v stol {7 Wiy EW@XAEE AEF] 9l

AellA AFA;=el vl HEold HdARLA] ARE E HAA= SHTol
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o
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e

Aol A 2ol Shellac
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>

QN A =}

ot

A Fe AN Y

-

wlg A ettt Al

&£MAo] gt} o] s AHEL 71A A 99 Shellac & "o wEo] &

AA A2 22, Biocompatible electronics 9l
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