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Fabrication and Characterization of P-type Organic Thin Film
Transistors

Student: Kuo-Rong Huang  Advisor: Wha-Tzong Whang
Department of Materials Science and Engineering

National Chiao Tung University

Abstract

The unique characteristics and performance of organic thin film transistors
suggest that they can be competitive candidates for existing or novel thin film
transistor applications requiring large area coverage, structural flexibility, low
temperature processing, and low cost. In this thesis, we not only emphasize on
the comparisons of performance of the organic thin film transistor fabricated by
different processing but also the study and estimate of a high-K material, HfO,,
as dielectric layer. First, we adopted pentacene as the active semiconductor
layer and successfully fabricated an organic thin film transistor by shadow
mask. Based on the comparisons of the electronic characteristics of organic thin
film transistors, top-contact devices are better than bottom-contact devices.
Second, the mobility of the device fabricated by lithography technology is the
best. However, because SiO, was contaminated on processing, the electronic
properties of the devices would have further improvements in the future.
Finally, the HfO, as dielectric thin film in this study was prepared by metal
organic chemical vapor deposition (MOCVD ) . I-V and C-V measurements of
the films were realized by MIS (Metal-Insulator-Semiconductor) structure.
From the experimental results, we calculated the dielectric value (g) is 22.4.
Nevertheless, if we want to fabricate devices successfully, lower leakage

current would be preferred.
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2231PAF BLEMFETT > % [41]

¥ ear Mﬂlirilit]r' [a]  Matenal (deposition method) St Toar Wil Reference
[em V's']  [b) (€]
1964 NR[d] Cu-phthalocyanine (v} {first NR MR [140]
demonstration of field effect in
smyall organic molecules)

1983 NR Polyacetylene {s) (first NE 200 [4]
demonstration of field effect in
polymers)
1984 1.5= 107 Merocyaning NR 000 [5]
1986 107 Polythiophere (s) 10° NR [6]
1988 107" Polyacetylene (s) 750 [113]
10-? Phthalocyanine {v) NR 3 [141]
10! Poly(3-hexylthiophene) {s) MR NR [B5]
1089 107 Poly{3-zlkylthiopherne) (5) NR MR [142]
107 gsexithiophens (v) MR MR [651
1992 0.027 er-sexithiophene (v) NR 100 [66]
2= 107 Pentacene (v) NR NR [66]
1993 .05 - g-dihexyl-sexithiophene (v} NR 100-200  [67]
0,22 [e] Polythienylenevinylene (s) NR 100 [143]
1994 0.06 a-grdihexyl-sexithiophene (v} NR 50 [144]
1995 0.03 g-sexithiophene (v) =100 2] [12]
0,038 Pentacene (v) 140) L0 [50]
1996 (.02 Phthalocyanine {v) %107 NR [145]
0.043 Poly{3-hexylthiophene) (s} 340 20.8 [89]
062 Pentacene (v) 10° 1 159
1997 1.5 Pentacene (v) 10* 25 [38]
013 a-exdihexyl-sexithiophenc (v) =0 73 [7a]
.05 Bis{dithicnothiophens) (v} 10f 00 [146]
1998 (.1 Poly{3-hexylthiophene) () =10° 20 [o1]
0.23 a-e-dihexyl-quaterthiophene (v)  NR 1.5 [147]
(.15 Dihexyl-anthradithiophene NR 1.5 [108]
2000 0.1 a-axdihexyl-guinquethiophene {s) NR MNE [105]
24 pentacenc (v) 108 10-100  [31]

|a] Measured at RT. [b| (v) = vacuum deposition, (s) = from solution. [c] Values
for I,,/f,s; correspond to different gate voltage ranges and thus are not readily
comparable to each other. The reader is encouraged to read the details of the
experiments in the cited references. [d] NR = not reported. [e| This result has
not yet been reproduced.



10! T T T T T T T T T

10° ¥-Bla-SiH Lo e R )

. 107
“n
& 102
=
L
= 10
=
o |
= 104 =~ polythicphenes
=M= thiophene oligomers
)  merocyaning
103 ':-‘-] —(:}— pivihalocyamnines
| L1 pentacens
104 T T T T T T T T T
1984 1BBE 1888 1880 1952 1534 1996 1998 2000

Year

B 2-3.1 ¥ L P3G #FwT Hiz m%®ﬁ¢$%%ﬁ$°MH

2-4~N3l7 2 %4 [41])

FPRBEANIYF S LERT o P |2 EME PN - &4
F A I AN RET R S 2 TR AR J Y0 P A R
#L s 5|4 Pentacene ~ Oligothiophene, Poly 3-Alkylthiophene % % » & 7| & iT
AESAFATEON A Z EHMPEE LR F T B P A{r N 3|7 T freh
PR - BRA DR FIED N L SRR a3 R L
FERTARCS > ARTTRTEVEEF F M2 kA o wEER T
T hA o

DeMWW&?%@ﬁ%ﬁﬁﬁE%H%’ﬂ?W$ﬁ%Nﬂ(4%
HBR) FAF RN E I AREF CRRT kAT Bk

2 Feng tBRF I [42] SHATRESHEFCRRT RTINS
@%4§P&%{ﬁw’#WNWW%M~$%Lﬁ, BB (L
FRZET A fe e Tty 57 fiF- BAAF P RIPRFON G B
EEMAE R R AENAHP AT I RS > A FF AR AR
B et A RN JIHA o 7 0h o fid &4 RaOREER A L2 F Y E T
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i CRRF R - Bl WL Ep o E “L’f#a Se x gk

e a0 W OGRS REE AR A S g~ o )R - B S E R eh

in

S ]:-ﬁ o
Q%kééﬁ'ﬂﬁ'}j"]‘ﬁjiN J ﬁﬁf"s’f?a‘%?ﬁﬁ”?%&’z\241%l?‘fr

%1990 & B 427 2001 & FF N 3|4 #5598 S g Bisd o 4 f5 it
FER N LG A RS BEEF 0 BN AR 4 4

241 ¢ LFMELESF 241 XA ENUAHRREE- 40 RS h

W
i
She
=

R
-

ERA G RSB 2 Y RE B FRGHTE S A 2T MR

FHBEF 0 BOF/BMTI 0 AR A F Y Tk oA R
FOUGE{TA R 2 3N ep Bl AR

224N WL EMparmy % [41]

Year Mob111t¥ Material Ton oy W/L Reference
[em*V's™]
1990 2x10™ Pe.Lu NR 0.1 cm/50 pm (119)
1990 1.4x10°  PcsTm NR 0.1 ¢m/50 pm [119]
1993 107 Ce/Cr(9:1) NR 8 cm/5 pm [148]
1994 3x 107 TCNQ 4-450 [a] 10 mm/5 pm [120]
1995 0.08 Ceo 10° 400 [121]
0.3 22 400
1996 1.5x10°  PTCDI-Ph  NR 0.5 cm/50 pm [127]
1996 0.003 TCNNQ 8 [b] 250 pm/12 pm [b]  [124]
1996 10 NTCDI 10°[b] 250 pm/12 pm [b] [124]
1996 0.003 NTCDA 10°[b] 250 pm/12 um f124]
1997 10*-10° PTCDA NR[b] 250 pm/12 um [128]
1998 0.03 F16CuPc 5x10° 250 pmy/12 um 11371
2000 0.06 NTCDI-C8F 10’ 17 [125)
0.1 1.5
2000 0.02 DHF-6T 10° 1.5 mm/75 pm [139]
0.5 Pentacene NR 10-100 [31]
2001 0.6 PTCDI-C§  10° 1500 um/95 um  [61]

[a] On/off ratio increases upon exposure to air. [b] Personal communication.
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10 I T i I I I

10" UlaSiH [ o o T

101
A
102
AT
109
10
®

1989 1991 1993 1995 1997 1999 2001

Mability (em?V's™)

Yeaar

TCNG

PTCDI

TONMNG

Ceo

FTCDA
Fhthalocyanines
NTCOH

NTCDA

DHF-6T
Pentacene

BpOCQO060

4y
K
P
(=

W 2-41 % & N3G REwT Ktz g B ARE - [41]
2-5 F RS @ E84 [43]

2-5-1 ~ Hopping

RiC Ak BT F A A 2 £

RE SR TIPSR L ST

BERE BRLENY > T

¥

B

i
kT
W

\H"

Rk

\4

Wo - BHEAMEGEA NPT Ih d gL N TR A - b

Y BB TR RN L AR R L a2 h R
Gy

e

PR G2 WL & 0L B RS F DR TS SOTOR > A 2

AR P EF gRds o
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2-5-2 ~ The Small Polaron

6‘3*

BB BHALY Skt jgd H&F (Polaron) hid 4 K& o &5

”‘é&*

ESE
FFREE AT o - BRI AT E PR 0 O R h- B
HFY s R EABRARN DT A 4aY o in B L B
Fagd A fofd 2 Fenacip? pini kg and 4 Rfs i o 4of] 2-5-2.1
iz 4 R (polythiophene) eni] 3+ [44) izt 5 a3tk =g » F 2
H 4% (oligomer) ® g fe 7 & d ¥ hmv LkF K Fz o

/\ °_-..___ —-..____ _+S /\

B 2-5-2.1 1 % AL B RAE PR T L il B -

2-5-3 ~ Multiple Trapping and Release
EMTR 5% ¢ (450 - i g G ezl 00 G0 22— B % B R o 30
i PR ARM A > TR AR A S o F U P AR Y @
o ?,15:§—1 <o PR B AL A I BB d N T
FIB BRI F A R Tl - B KRR AL RN S BT 1§
ARG hfied BUE BRG] g A NESBRI BB S

Up#t B2 B R S BB ol M o T A S AR (1) kA
Ho = HoQ eXp(— kE—T‘) (1)

BH - BAIIFE P o Bt o Bk R RF 8 2R IR0 R s 2 B e

BB oo oE RNt B SR EBREAGERZ IV E 0 @
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MTRHES B 5 B A Rf3@E2L8p ¥ on F B EFA -

FTEIRFREET RWOLHE > AHEATNF SO BEET L
Al R P ERER T ErE- AP F > E R/~ &
Misi T ks 250 £ & > 3 BT WY iR/ T A ER R L2t
¥R o2y ENHRABT RWOI T - o Bl AT D
SEAMIEBN TR E T itk 5B T 24 Dpax (Electric Displacement ) >
D... = &KE; (2)
kE_4 % % #(Dielectric Constant) Eg&_4 & # # % 3#-( Dielectric Breakdown
Field); & & ¥ =6 # 2 3 Ci 5

C =€o(k/d) 3)
d £ ﬁ]}g_)i TAEBESNA ] AREXT] k B A 2L XI[EIH
(Pinhole-free ) &5 & e 58 » 7 whgop 70 PR & £ enfd Fre Fopr din
ALY ok i o

FoF AR KL R PR 4 LR G

gk

3

Zh B
W BB

—_\

=

TR

17

CEF O RAFWEEMOP I BEE ST G
PIHEIRARZER P > Ra e ¥ E R AZEY A TRER—AEHRE AR
— W& - A 30~50V 0 F B ENT LM AR TR IER R
TEERIPDNIRIAG 00 D gl A EY > DHEMP S B R T

MR GROPE  § WETRA e £ BEEF L HFH o F

SR AR A BT A 2 N ARBRT R - BT

%%%ﬂﬂﬁ?%ﬁﬁﬁo%:%&ﬁ4%
=¥

Fim 3 BT PRy £ B3 K
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% A (7= Bottom— contact .5 A )0 gt bR & AR T R R AR

(% Top—contact ehigr® ) & B L& P R £ Aaw 3 -
E o

~F “$ i %g ¥ 7 7% i (Capacitance) ~ /i & ¥ #i(Dielectric Constant)

i T i (Leakage Current) ~ # j& % /& (Breakdown Voltage) ¥ % #c:™ & /1 ©
gy 2 0t ERDP HEGER REET HHR S S B
(Mobility) ~ 7 7 B B v (On-Off Ratio) ~ F® 7 /& (Threshold Voltage) & %
fic o Tl ST AN SRS R TE I T LR R RE o
2-6-1~ 7 ZH 7 R 3 (C-V Curve)

L
&

\\\ﬂr

ho5e -1 Bl &= El ok - R e . - .
%Egi‘tkﬂb € kg ¥ E\‘li.q_‘ﬁfé.__f Ty et ik 7

Yk
R
F_L
P

\ 2

Ao A EiEE PR R 5 AR R BV

*

_\-,j\- =

s
#=  =H

h
I
B 7w AR IR (Polarization) 1£* {5 > @ H ¢ - B4

g =k

TRFoOAT-EFFARDE I B DG c[46] A

fﬁ‘* 7}

M T RA S AEF T > L F E(Capacitance) ¢ &R BT BRFFIL T i

REEEAFLLEIE > HfrT FERDBRF

et ARy o A R RE X BB ET 0 g AT A DT FR A
\?Em&fgkﬁ °

BREBF R FEEAF - BRI HETN IR o d T F DT

BB e =885SxI0 e/ 2 s A A g R

MR G AT R IE R A R ff 4] ¥ R T

REFZA R A R e (Dielectric Constant, k) o #73§ 41 T % #c& 7+ & -
H

BARFRAALNTFEE LG REE AR FREARINT G 2
“oﬁ?#&@*’%—iﬁiméﬁﬁﬁz’wf?uﬁ

G TR SR Sor AT L A T A (1) 2 ik
ERR(2) BB TH(3)CV S RE R b foi7 b



(4) s A2 R AL ERT R adp 31 (5) Y & foh
A R FRERM e AR R AE O 3 S0 (6) R E
Bt T AR 5 B3l tE oo

2-6-2 ~ Ty E B s(I-V Curve)

- B RAF A TR T RSO < P Sl e R B o T
T RY A (I-VCurve) TE * X3 AR A iz o i 4 o %ﬁ%?
RREDIEBH L > ERAE NG SR L FRERELL CEIFTRT
gRAFFE IR T RABERL - 2" a5 L F VR PR
AR TR LS H T MG R RNy 0 ARZE BRI TARIRZ T E Y
ER ARG R ASFZ T W hT B E

5

4

N
Tl
&

(\
(SN
<

(@)Y
A}

)y
A
=

w1

(“ﬂ}
g&g-\

N{i"' o r§"" 107 —Qi%E‘i:”Ti‘J'f,@ﬁ??fig 5‘4,%‘?;:@ .
FNG K LV Curveldr 83 mET - (ufhins 3 5] 10°% 55002

Ellﬁg%rﬁ"?ﬁ‘ T A )"ﬁpg %‘F’ ’ .ﬂl/z‘ 7‘@‘::\'7'*-‘]—‘ L ﬂm%ﬁ;ﬁ@h"rﬁld‘mq_‘/n g
K e 3 Pl ol @ R AT R A 8RR LR T R i

4 o

2-7~ 5 WEWH%T K2 THE I [41]
2-7-1~ a3 T B e (lIp-Vp Curve)

B3 PR ET BT - BAET I xET B Vph A B A5 40
Bl 2-7-1.1 #77 > iz 4 d Top— contact’s H 7 WiE T LR ATE I il
o MEZHFFEHE2Z S fPentaceneE Ny FX EA A > g E LR 4 San
Z % i“# 5000A > 5iEp ek H a3k (Self-Assembled Monolayer ;
SAM) [48]) i is k¢ (TRIEAT A > M3l ANLFFL & ¥
g E EARE RiROT iR o

B R T R AR T I E AR TR e MR e (R )
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TTh Nk AT

lo = Wf”( v -, (4)

# ¢ L& £ & (channel length) > Wi i % & (channel width) » C;&_
ARkl e fFaoR 7 E > ViATRA % & (threshold voltage ) » & 32

H
fFpdE s 7 AP FOEFET $L T (transconductance) 35 @

it
ol WC,
— ~ — LN
g m 8VG Vp=const. L HVp (5)

v end = EA/VH L & % (S siemens) > » ¥ 4# F (mho) o H4F - K
AETRT o4 A Vp<— (Vo=Vi)» Mp# Vv F > 235 & F
VignM FE > EABTRED IOVE > FE T BdE 55
0.8em’V's™" v gt B B WA S B S E T SRS B 2 Bk
fpvt R 0 d W RT Bas o) J T EE

THABTRIERTEY ROABLERLE? > P Eaidg £ R A

3
A
=
<
|
axf
F_&
x
&

154pm > @ @3 5 & & Ilmm o
—Vp>— (Vg—Vp) o Ipais*t e fe (ki ) oid 3
Rtk T T A A

WC. 5
ID = 2—IL'U(VG _VT) (6)

&&ﬁﬁ¢%u?ua\WT%V@%@zw§U#$?: oy 2-7-1.1
Podple At @ T o AT @R Ao 2 fF+BEF L 1.03cm Vst
POEA TR TR P BB S F Vel — 100V T OV L/t
4 3 2x10°8 Vpi —22V
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V=100V

V=90 V

V=80V

V=70V

V=60 v
V=50V

V=30V

0 -20 -40 -60 -80 -100
Vo (V)

B 2-7-1.1 247 i3 By 4 - [41]

2-T-2~ 2 me i H BT R 2 (Ip-Ve Curve)
B 2-7-2.1 ¢ 3 Io¥Veir Bl & fhfied @t 2 I [ #Veirm2 & &
gt 7 i+ § Top—contactz- 3 # & 5% K48 > L=154umm * W=500pm > 1
pentacenety = L H AR A > S000A% 2 #4 £ - F ' p L WEG S - B
oA FiTRHE AR ETLREITOAET R A Vp=—200VT >
%ﬁ@§+ﬁ%ﬁﬁu’d@%&”%|ﬂi*LBmﬁﬂﬁ’ﬁﬁﬂQ@
HE—50V o ¥ Vgd —200VH B 3 +50VEF » Ty/Iogt &+ 3% 1.8x107 »
EEAROE WL EL e EE 10 s g 50 B R R
ARl FRER R T PIBBESF HT 2 EmPIBBE
F2 e w orgd AN ZEME PR blhed EHE 2 TR LB
WERT AW g R -
frppEFHIE T LA L7

B S
WEETLMAP I BEE FORIBRRG M T G



ES
XY
v
pat}
=
—b
4y
Xk
3}
(=i
1y
r
A
N
ﬁf
‘3;
P
A
(dm
0
o
PPl )
(=
2
An
=
;ﬁs
<
0
e
9

b

SEURATC R AVE S R S E L L

WCiu

T FPAETRFR LN BXPEFETAN LT R L PETR

(Threshold Voltage, Vr, Vi) © & F] 5 4t > #2358 # » Channel Length (L) ~
Channel Width (W)~ ¥ 6 4§ 23 (C)E ¥ % 5 = A7 2 ffd =25 %

FEPF BEE S d B 2-72.1 Db 7 0 Bl SRR G VT 2 R
MP TR g iTA D M PR ST Y R E RS B S A

A5 Xfh(Vilih) #1748 < e —50Volt™r 5 P HER B ehiE o

0.060
10° Vp=-100 V
- 0.050
10 I
105 — 0.040 =
—_ L =
= =
A - 0.030 &
" 107 i ~
- 0.020
10° i
- - 0.010
101" et~ 0.000
50 0 -50 -100-150-200
Ve (V)

Bl 2-7-2.1 A& T in H RS R 4 - [41)
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FRWERTHMARZFENZ LT G5 4pF IRLE o 50 g A7)
R A T N A R E O L el R
i3 %%‘Tﬁv%ﬁ&”ﬂﬁﬂﬁﬂ%%&}ﬁﬂ‘i ) R Eﬁv%fr’l’i%ﬁ;‘fﬁv@ﬁ o G oL

fim
7@
'U
0]
>
—
Y
o
D
S
1)
-_"_*
\rmL
HY
it
b
ki
&
o
3\
s
(dn
\ ut
A
=
0
X

FLEE S RFIAN T @iiﬁéﬁéﬁﬁ?%’ﬁfﬁﬁﬁﬁﬁﬂm

|
Fil

FWEET M- T o 5 S~ ¢ (Top—contact device ) £
( Bottom—contact device) » timf xi&/him & Her G 2
MAZ WERRET SpF o FfI% EHEE P VR F PR E R
LR o na o EFUL AL I AN 0 B RO FER RS TR B
ARV fe BoE s T - KRR il AR KGR T R Tl e d
ARHPTFRA e 2 B AR AL T i A X EREAEY RE N
GEPPFZ — 0 VR R T g A T AR T AN o fied
ZElN o R R NN A A S A = Sl @ﬁirm?}‘—%—w‘ﬁ
= ﬁ}—@ﬁﬁ ¥ tfenfz47 & (Resolution) & &3
g e s <+ (Featuresize)e % = » BBl Z L /o AL FIE 28 > »
)ffghr?ﬁ ¥ &g = (Alignment) o & % Bl % F.d 25 5 2 k¥ g o
PR HREY A ED s FP e & o 2 A T -
oo ek g T AEeip o %@’fé‘%)ﬁ&é@;‘é%:}iﬁ oo EF LY ZE R
P g WA LI RO FEAIERT G F S 0 T
PR R AU Bl R



eyt b o B AR Y R i gL ERE A2 — o

FohoFpa it TTEATHREENT REP TS BT~
22 R ERF I M ATHEET > B R
STRAE K g d o Bl4ev P FF A5 3t (Pinhole) iE i

EXRGAMFTRAE EFF AL T A THEL T2

%R AR GHH AR v P
P L Gl s Mo BRI &
ﬁﬂ’wkéﬁﬁat’wwﬁﬁﬁiﬁwﬁﬁ’ﬁ?@@&uaaww
AR TTRT 0 FORE AR B @R TR L
PR A R BE D m R B Y s § YT
AT EHBT AT P2 B R AT 4

RREY A TR ARRE  UF R R G

§
ZRARIE RS F PG (BT E
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‘P:;
=
A

F &I

4-1~ FEHRE
1 ~ # Z 45 §% (Branchy)
Bl BRI ZHERE e P
Pl pE g iR
F (1) B4 99x107 torr/ L T
(2) 4 F FERF © 5.0x107 torr § minp (% {418 4 )
2~ BHF R T S B AS(TFSEM)
6 SLALER R A EE
(1) #7] : JOEL JSM 6500-F
(2) 2F# - #BFFHIT A
(3) & B V, (Accelerating voltage): 0.5 ~ 30 kV
(4) f247 &2 : 1.5nmat 15 keV
(5) 2c+ &% :10~500,000 2
(6) ¥ BZFF © x: 70mm; y: 50mm; z: 1.5~25mm
(7) &AL 1 -5~60 B ; i 360 &

3~ BTS & £ & B ,% st (Bias Temperature Stress measurement system)
R - HP & Keithley 5 35 @ HP 4156A ~ Keithley 595 ~ 590 ~ 5951 -
230 ~ 708A -
4~ = 35 FF 4 F £ 8 g -D5000
OBUARFE Z AIEL
(DH#s 4] * Veeco Dimension 5000 Scanning Probe Microscope (D5000)
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(2)B * T 5 Fy # F 150 x 150 pm’

()= F EfFf K ~6 um

(4)E-| i35 B : ~1.5nmin X-Y » ~ A in Z direction

(5)7: : RMS~0.5 A

(6)B % E 5 = 1 1250 mm x 250 mm > 5 & < 12 mm

(7)OM £ & A %% : ~2 um

(8)# FZ, B © ~ § latm

(9)#% -2+ : Nanosensors PointProbePlus-RT-NCHR - tip curvature radius

<7nm

Nanosensors SuperSharpSilicon-NCHR - tip curvature radius

<2nm

pw-masch NSC15 - tip curvature radius < 7nm
5~ kE RkE
6 &5 A RTBGRT)
7 ~ Hot plate(CORNING)
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42~ FmEF2 BH
1 ~ Pentacene(Aldrich)
A+ ;7\“ . C22H14 A ';lé_ 1 278.35

CAS Number : 135-48-8

[ 4-2.1 Pentacene .5z #

»5 8L 1 >300 °C

2 ~ 1,1,1,3,3,3-Hexamethyldisilazane(Lancaster)
&3 3% 1 (CH3);SINHSI(CH3); 4+ & 1 161.39
CAS Number : 999-97-3

waL 125°C
o
CH3—|Si—NH—?i—CH3
CH; CH;

] 4-2.2 1,1,1,3,3,3-Hexamethyldisilazane ci1.% ﬁ‘;

32647 &M (100)F G

4~37% % ¥ : Shadow Mask ~ Mask 1 ~ Mask 2
S5~ RHEERIFFSL  Sum (& ERH%E)

6~ 2 45 ok

T~-BHREF FGETE51)

8~ pEm(EM it 1 ¥R

0 SR 5 K (K £ 3)
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http://www.sigmaaldrich.com/catalog/search/SearchResultsPage?Query=147-14-8&Scope=CASSearch&btnSearch.x=1
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4-3 ~ 7 % 3
A E%REY 2 HF A ntype o (100)7 v > TIEF 5 1-10 Q-cm 5% &

F] (Silicon wafer) e A S it {77 58 RCA HREARAE % > TP L

FlZ o 2 FER HFFLEFEDTFELEDT L

4-3-1 ~ Bottom—contact ~ i+ %] ¥
RS AR e B 4-3-1.1 1T

(1) #-5: RCAclean 2. fy [fl g s itz A L -5 b g (T4 R Ko

(2) ¥+ ATk WFHKHFIHEE L7 2 33cmx3.3cm gl o 3Rk
Mask 1 -

G) "FFHAFERFETEG A NUPVDE RN AZELT THE £THR A
G G AR R o

(4) M F F AR AG R MENL D L AR

(5) fodd F 4@ o #2% B 2B 3¢ so# e (Hot Plate) } — SLpFR 2 2 8 B T
i e R R %R A 160°C 0 B~ HMDS 3ml & Y g gte @
Rl BARTE N ARFS TR 2P A § AR E 2
oo BB AHa R AAS HMDS FAEZ 5 B Y o dedh f i
HMDS T it :&m i i@ P > &1 A48 M PAefir > v 3RS
Bedizg 2o

(6) #-B i dF2 %% [ pht Mask2 > % WY - & | FE S
B iE 7] 4x10° torrPF B2 45 4 47 - Pentacene &}t R 4 T 2o B #E2L G L 55C
~60°C » 4r % Z 4 Pentacene 5 & 400A T 5 3 L HHE A2 g
T PuRFEF2aT EER o

(7) *2 BTS 248 8] 4 5uipl £ 3 #8895 F & T #14 > £ 7 Origin 54
EETBVELE 8
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EE > TARAERTTRE

RN
_

Colt £33 1

» Mask 1

—> -3 ivp

A HMDS 2 6 £ 2 #4 Z 4%0% 7 4% Pentacene

EREEERRPETE

] 4-3-1.1 Bottom-contact = i* % ¥/ 427 %, B
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4-3-2 ~ Top—contact =~ i 4 i%

2 E AR A ] 4-3-2.1 #0 T

(1) #5 RCAclean 2 H ] # g itz AL - g L g e ko

(2) #= =47k WiTahdh Fl 47 £ = 33cmx3.3cm Ly o

3)

4)

)

(6)

Bt F AL > BE P AR T 4o # 4k (Hot Plate)  — Fipr P ig 2 8 R T
s Se B R R B4 A 160°C o B~ HMDS 3ml > @ 4w ¥
Bl BarmiaE et s TR ZEAZEEI e ¥ AR E B
Ax oo @B kS FIF ALK HMDS F M2 4 BlP oo o kA
HMDS 7 it i&m fwff b ¥ BT AP iy Swr 3R
Bedizg R oo

B F TRt ok ph P Mask 20 e r BUEEWHY o BEF- )R
R iE D] 4x10° torrPE B 4o 42 - Pentacene fpt R4 T 2 B EELY %
ﬁt«ﬁﬁ:’ﬂ%%ﬁ@mmwm@§4MMﬁéﬁ%#i%@%o
s ds Mask 1 pET3R P o Tk B RGP R Y £ F 0 il
WLEME 2 o BRFUPVD A AR LT TR £T4E 455
Afefrihte > TP ARRiTRS s PR EFAEOT R -
" BTS T8 R] SLpl & 5 %L HWMT H1 I  Origin 148 4

B 4e 1Lt g o
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A HMDS 2 f 124 7 487 % 4% Pentacene

lllllll

— Mask 2

[ Eﬁlfi

1

K4 TRABRICRIE

.

| [ [ | I l — » Mask 1

& —> - § (v

D4gt £ 3

Pentacene

] 4-3-2.1 Top-contact ~ i+ @] (¥R 27 R, B



4-3-3 ~ B Mo AP Rt gl
Fir e WA T A s Y A HE - BRIET S

Rk E G =B R OB RE 5 WL 2 0 F 5% Bdoin A2 E

4-3-3.1~4-3-3.6 :

(1) £ RCA #E#AFFHFLe > HFNRF LZLL-F b
5000A § fFrerk o

(2) #%¥ " LPCVD;2 it #in’ % & # (Polysilicon) 2000A iF 4 R 4& -

(3) r4 1st Mask e fAL LA M > £ 13 LRI LRI G &P
S B FFAFRIL

(4) 2 LPCVD = %t TEOS Oxide 1000A % % &7+ > T2 R4 T
B oo 4&F M 2ndMask TARMEET v > ~E RSP FETR -

(5) ™ 3rdMask F PF 2 &3/t > TH R ERE T 0 2 PVD 2 5V e BF A
Aim/RiRE iR 100A & Bd4s > R 2 BFREY 20 i

HoR¥E k= 240 10004 & % F (Faim/Ri&s B2 21
ER

(6) 4 *4kfeis » L1t PECVD = 58yt § it # S000A *t3& % & 5 > £ 1

mﬂ-’g

P> sV s § Y& 1000A -
(7) Bte- g RE P EHEE - Rk~ A FE RS E BRET > 22
i”%ﬁ%%é%:§“?’%i%ﬁé’#ﬂiﬁﬁﬁi:iﬂﬁ
% ¥ Hard mask > F¢ % ™ 24 % § 1 # 4000A » 5 15 £ 17 160°CRARLIA
RBBLFREYT O EFHFIVERE RS o
®) HF LI LFFEHFA G > Sggcis » o r BpgPp »  FEZR
4x107° torr B 45 A8 » 4o # F 48T 1L H 48 441 Pentacene 400A » %

kS
=L
S
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—» Polysilicon
—> -3 ivp

3LPCVD i = & % B ¥

4. ¢ ke gt

5.8 %

Bl 4-3-3.1 pe Az ez, ~ 2 H v AR T 2 W
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8.4 ke

9.7 LPCVD ;# = £ TEOS Oxide

10. 1+ 56 Fe g%

Bl 4-3-3.2 pe Az ez, ~ 2 Hl T AR 2 W o
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% = ip £ ¥ T & Gate Window

LT

12.55 8

14.2 ke

15.F Sk e gic

Bl 4-3-3.3 pc @ WAz, ~ i fiviiAe T LB o
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% = ig & ¥ ¥ & Source/Drain

LT

] L1 I |

l

16,9 %

1758 %

18.4% £

19.3 ke

20.7 PECVD % it # Nitride
Bl 4-3-3.4 pr Rl Ar ez A i TR ROB o
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21.14 PECVD ;% it Oxide

2. ke gk

Frig k¥ R Rtk Ad
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Roughness Analysis

Image Statistics

Img. Z range 64.411 nm
Img. Rms (Rq) 10.918 nm
Img. Ra 8.891 nm

Img. Rmax 64.411 Am
Img. Srf. area 1.119 pm?

Img. Prij. srf. area 999999 nm?
Img. srf. area diff 11.924 %

Img. SAE 1.062

Box Statistics

Z range 56.971 nm
Mean -0.427 nm
Raw mean 424 .35 nm
rRms (Rq) 10.305 nm
Mean roughness (Ra) 8.315 nm

Max height (Rmax) 57.748 nm

rt-wo. 000

B 5-2.4 Pentacene 7= % L 7 F A £ hi G fekER o

nm Section Analysis
v -
L 183.59 nm
RMS 10578 Am
Tc DC
rRaCle) T .0L7 nm
=7 Rmax 32.742 nm
Rz 32.742 nm
RziEnk 2
Radius 160.53 nm
il Sigma 2263 fm
i
6 O.éS 0.%0 0.%5 1.60
K Surface distance 197.19 nm
Spectrum Horiz distance(L) 183.59 nm
vert distance 9.977 nm

Angle < 0 [

Angle
surface distance

Horiz distance
vert distance

Angle
' Spectral period
e A E Spectral freq

Spectral RMS amp
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Roughness Analysis

Image Statistics

Img. Z range 30,167 nm
Img. Mean 0.000000 rm
Img. Raw mean 246.76 nm
Img. Rms (Rg) 4.128 nm
Img. Ra 3.328 nm
Tmg. Rmax 30,167 nm
Img. Srf. area 1.107 pm?
Img. Prj. Srf. area 999999 nm*
Img. Srf. area diff 10.694 %
Img. SAE 1.036

Box Statistics
Z range
Mean
Raw mean
rms {Rg)
Mean roughness (Ra)
Max height (Rmax)
Surface area diff
Box x dimension
Box v dimension

AR R

e

2 3.328nm -

‘—‘)\

o 0.200 pm/div
z 100.000 nm/fdiv
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