Contents

N 0] € - Tod B (O T =TT =) USSR i
ADSTFACT (ENGIISN) ...ttt e e e e e e e e iii
ACKNOWIBAGMENT. .. o e e e e e e e e e e e e v
(O0] 0] (=] 0| £ J PSPPI Vi
TADIE LLISES. . et e e e IX
T T L= = T X ] 1 X
Chapter 1 Introduction
1.1 Overview of Organic SEMICONAUCTO...........eirt it e e 1
I R 1 (0 To [0 o4 A o] PSP PPN 1
1.1.2 Carrier Transport model of Organic:Semiconductors.............oovveviviiiineninnn o 2
1.1.3 The Crystal Structures of Pentacene Thin Film.................ooiii i, 4
1.1.4 Applications of Organic'Semiconductor to Organic Field Effect Transistors.......... 6

1.2 Electrical Characteristics AnalysesS OFOTRTS. ..ot e e

1.2.1 The Basic Operation Mode and Principles of OTFTS.........ccccovvviieievieecienennd 7
1.2.2 Threshold Voltage and Constant Current Method...............oooiiiii i, 9
1.2.3 Extraction Method of Mobility and Subthreshold Swing..............c.cccoeeiein i, 9
1.2.4 CONLACE RESISTANCES. .. ..ttt e et et et e et e e e et e e eenes 10
1.3 .SUrface TreatMeNt. .. .....cou s 11
1.4 MOEIVATION OF TNESIS. .. ..o e e e e e e e e e e e e e 12
1.5 ThesiS OrganizZation. .......c.c.e oot et e e e e e e e e e e e e e e eens 13
Chapter 2 The Effects on the Performance of Pentacene Active Layer
p20 R 1 1o To [0 ot 1 o] o FO PSRRI 15

Vi



2.2 IMOTIVALION. ... et e et et e e e e e e et et e e e e n e aene
2.3 EXperimental ProCROUIES. ... ...ttt e e e e e e e e e e
2.3.1 The Effects of Deposition Conditions of Pentacene Active Layer..............
2.3. L. L EXPEITMENTS. .. e ettt e et et e e e e e e et e e e e

2.3.1.2 Results and DiSCUSSION. .. ... ..eeuie it et e e e e

2.3.2 The Effects of Thicknesses of Pentacene Active Layer................cccoeevnee.
2.3, 2. L EXPIIMENES. ..ottt e e e e e

2.3.2.2 Results and DISCUSSION... ... uuineie et e e e e

2.3.3 The Degradation effect of Pentacene TFTS.........ccoiiiiiiiiiie e e,
2.3. 3. L EXPEIIMENTS. .. ce ettt e e et e e e e e e et e e e e

2.3.3.2 Results and DiSCUSSION........vuuie it et e e e e e e

2.4 SUMMAIY ... oo e e e e e e e s et i e et et et e et e e eaeeae e a e e et e e

Chapter 3 The Effects on Metal Contact and Surface Treatment

T8 A (oo 13 Tox 1 o] R PP
3.2 MIOTIVALION. ...t bbbttt et
3.3 EXPerimental PrOCRAUIES. ... ... ..ttt e e e e et e e e e e en e
3.3.1 The Influences of Thicknesses of Ti Adhesion Layer................cooovvviiiennnnnn.
3.3 L L EXPEIIMENTS ... .t eee ettt ettt e e et e e e et e e e e e

3.3.1.2 ReSults and DiSCUSSION.......c.uue it et et e e e aeeens

3.3.2 The Influences of contact materials...........c..coeie i
3.3 2. L EXPEIIMENES. . et et e e e e e

3.3.2.2 Results and DISCUSSION........e e it e e e e e ee e

3.3.3 Surface Treatment of Gate DIeleCtriC..........coviuiie i e

3.3 L EXPEIIMENTS. .. .t e et e ettt e et e e e e e e e e

Vvii

......... 21

.......... 22

.22



3.3.3.2 ResuUlts and DiSCUSSION. .. ... e e e e e e e e e 26

34 SUMIMANY .. e et e e e e et et e e e e e e ettt e e e e e e eneees e e e 2

Chapter 4 Pentacene TFTs with Novel Material Source and Drain

i [ 11 T [F T {To] o PP PIPTPTPIE 28
4.2 IMIOTIVALION. ...ttt bbbt bt b ettt b et et eb b anes 28
4.3 EXPerimental PrOCEAUIES. ... ... ittt e et e e e e e e e e e 29

4.3.1 MWCNT Deposition Times and Thicknesses of Buffer Layer.......................... 30

4.3.1.1 EXPEIIMENTS. ...ttt een et e et sttt eeeee e et e e e eeenneeneneneeenen 30
4.3.1.2 ReSUItS and DISCUSSION ... ... .euteeenee e et ettt et e e e e e ieeeaas 30
4.3.2 Pentacene TFTs with MWCNT:and Only Pre-Treatment S/D.............c.cevvvee.32
4.3.2.1 EXPEIIMENTS. .. .. oo oo e e e e et e e e e e e e e e e 32
4.3.2.2 ReSUIS and DiSCUSSTON ... aiatuus e i s ime s e eee e et e e e e e e eeneenns 32
4.3.3 Pentacene TFTs with MWCNTand PA/TiS/D...........cccoe .33
4.3.3.1 EXPEIIMENTS. .. ettt et e e et e et et e et e e n e ee a0 3O
4.3.3.2 ReSUIS and DISCUSSION. .. .. c.ut ettt et e et e et e e en e 33

A4 SUMMAIY . et et et e e et e e e e et et e e e e eae et e e e e et e n e e e eneeneeeee OB

Chapter 5 Conclusions

B L CONCIUSIONS . . et e e e e e e e e e e e e 36
=1 o] (2L SO 39
TSSOSO 42
R (=] 2] 46T 91
AV /1 - TR RTRORRRRRRTT 101

viii



Table Lists

Chapter 1

Table 1.1.1  The highest field effect mobility values measured from OTFTs as reported in
the literature annually from 1986 through 2000.[1.1]

Table 1.1.4  The chemical and comparison of mobility of classes of organic and inorganic
semiconductors.[1.22]

Table 1.2.2  The values of ON current of different channel length and width in this thesis

for constant current method.



Chapter 1

Figure 1.1.3

Figure 1.1.4-1

Figure 1.1.4-2

Figure 1.2.1-1

Chapter 2
Figure 2.3-1
Figure 2.3-2

Figure 2.3-3

Figure 2.3.1-1

Figure 2.3.1-2

Figure 2.3.1-3

Figure Captions

The schematic plots of (a) pentacene molecular and (b) single crystal
pentacene.

The schematic configurations of (a) top contact and (b) bottom contact
pentacene TFTs structure with bottom gate.

Performance of organic and hybrid semiconductor.[1.22]

The schematic plots of (a) the Fermi level of electrodes and HOMO-LUMO
levels of pentacene and (b) conducting channel form proportional to the gate

voltage.

The Fabrication Procedures-of Pentacene TFTs.

A schema of chamber of'thermal evaporator

The schematic plots of linear like and finger type layout for bottom contact
OTFTs.

The 1d-Vg electrical characteristics of pentacene TFTs with different
deposition rates. The channel width/length of devices are (a) 75/50 pm/pm
and (b) 600/50 pm/pm.

The (a) Id-Vg and (b) Id-Vd electrical characteristics of pentacene TFTs with
different deposition rates. The channel width/length of devices are 26600/50
wm/pm.

The 1d-Vg electrical characteristics of pentacene TFTs with different

deposition temperatures. The channel width/length of devices are (a) 75/50



Figure 2.3.1-4

Figure 2.3.1-5

Figure 2.3.1-6

Figure 2.3.2-1

Figure 2.3.1-2

Figure 2.3.2-3

Figure 2.3.3-1

Figures 2.3.3-2

Chapter 3

Figure 3.3-1

Figure 3.3.1-1

pum/pm and (b) 600/50 pm/pm.

The 1d-Vg electrical characteristics of pentacene TFTs with different
deposition temperatures. The channel width/length of devices are 26600/50
um/pm.

The extractions of saturation mobility of pentacene TFTs with different
deposition temperatures and different device scales

The SEM images of surface morphologies of pentacene active layer
deposited on gate dielectric and contact metal.[1.1]

The 1d-Vg electrical characteristics of pentacene TFTs with different
pentacene thicknesses. The channel width/length of devices are (a) 75/50
pm/pm and (b) 600/50 pm/pm.

The 1d-Vg electrical characteristics of pentacene TFTs with different
pentacene thicknesses. ‘The channel- width/length of devices are 26600/50
pm/pm.

The mobility extractions of pentacene TFTs with different device scales and
varied thickness of pentacene film.

The degradation on electrical characteristics of pentacene TFTs with
different deposition temperatures which are (a) RT and (b) 90 °C. The
channel width/length of devices are 26600/50 pm/pum.

The degradation on mobility of pentacene TFTs with different pentacene

deposition temperatures and device scales.

The Fabrication Procedures of Pentacene TFTs with different contact
materials and thicknesses of adhesion layer.

The 1d-Vg electrical characteristics of pentacene TFTs with different

X1



Figure 3.3.1-2

Figure 3.3.1-3

Figure 3.3.1-4

Figure 3.3.2-1

Figure 3.3.2-2

Figure 3.3.2-3

Figure 3.3.2-4

Figure 3.3.3-1

Figure 3.3.3-2

thicknesses of adhesion layer, and the contact material is Au. The channel
width/length of devices are (a) 75/50 um/um and (b) 600/100 wm/pum.
The Id-Vg electrical characteristics of pentacene TFTs with different
thicknesses of adhesion layer, and the contact material is Au. The channel
width/length of devices are 26600/50 pm/pum.
The 1d-Vg electrical characteristics of pentacene TFTs with different
thicknesses of adhesion layer, and the contact material is Pd. The channel
width/length of devices are (a) 75/50 um/pum and (b) 600/50 pm/pm.
The 1d-Vg electrical characteristics of pentacene TFTs with different
thicknesses of adhesion layer, and the contact material is Pd. The channel
width/length of devices are 26600/50 pm/pum.
The 1d-Vg electrical characteristics of pentacene TFTs with different contact
materials, and -the thickness. of adhesion layer is 2.5 nm. The channel
width/length of devices-are (a)-75/50-um/pm and (b) 600/50 pm/pm.
The 1d-Vg electrical characteristics of pentacene TFTs with different contact
materials, and the thickness of adhesion layer is 2.5 nm. The channel
width/length of devices are 26600/50 pm/pum.
The AFM images of surface morphologies of (a) Pd and (b) Au.
The AFM images of surface morphologies of pentacene active layer deposited
on (a) Pd and (b) Au.
The schema of cross section of HMDS surface treatment process, pentacene
TFTs is fixed on top of the cover of vitric container.
The 1d-Vg electrical characteristics of pentacene TFTs with and without
HMDS surface treatment. The channel width/length of devices are (a) 75/50

pm/pum and (b) 600/50 um/pum.

Figure 3.3.3-3 The Id-Vg electrical characteristics of pentacene TFTs with and without

Xii



Figure 3.3.3-4

Chapter 4

Figure 4.3-1

Figure 4.3-2

Figure 4.3.1-1

Figure 4.3.1-2

Figure 4.3.1-3

Figure 4.3.1-4

Figure 4.3.1-5

Figure 4.3.1-6

Figure 4.3.1-7

HMDS surface treatment. The channel width/length of devices are 26600/50
pm/pm.
The extractions of mobility of pentacene TFTs with different device scales

and HMDS surface treatment or not.

The schematic cross-section plots of fabrication procedure of a BC pentacene
TFT possessing an MWCNT S/D.

The MWCNT growth recipe of T-CVD.

The 1d-Vg electrical characteristics of pentacene TFTs with MWCNT S/D and
different MWCNT growth times. The channel width/length of devices are (a)
75/50 pm/pm and (b) 600/50 pm/pm.

The 1d-Vg electrical characteristics of pentacene TFTs with MWCNT S/D
and different MWCNT growth times. The channel width/length of devices are
26600/50 pm/pm.

The SEM images to observe the lengths of MWCNTs which are (a) 300nm
and (b) 1um for 3-minute and 5-minute of growth times, respectively.

The SEM images of top view of MWCNT S/D which is at the junction of S/D
and gate dielectric. The MWCNT growth times are (a) 3 minutes and (b) 5
minutes.

The SEM images of cross-section view of MWCNT S/D after pentacene
deposition which is at the junction of S/D and gate dielectric. The MWCNT
growth times are (a) 3 minutes and (b) 5 minutes.

The SEM images of cross-section view of MWCNT S/D after pentacene
deposition. The MWCNT growth times are (a) 3 minutes and (b) 5 minutes.
The 1d-Vg electrical characteristics of pentacene TFTs with MWCNT S/D and

xiii



Figure 4.3.1-8

Figure 4.3.1-9

Figure 4.3.2-1

Figure 4.3.2-2

different buffer layer thicknesses. The channel width/length of devices are (a)
75/50 pm/pm and (b) 600/50 pm/pm.

The 1d-Vg electrical characteristics of pentacene TFTs with MWCNT S/D
and different buffer layer thicknesses. The channel width/length of devices
are 26600/50 pm/pm.

The Ri-L diagram of pentacene TFTs with MWCNT S/D. The MWCNT
growth times are (a) 3 minutes and (b) 5 minutes and thickness of Ti buffer
layer is 10 nm.

The 1V, characteristics of the OTFTs prepared with and without MWCNTs
coverage on the S/D region. The channel width/length are (a) 600/100 and (b)
600/10 pm/pm.

The 14—V, characteristics of the OTFTs prepared with and without MWCNTs

coverage on the S/D region./ The channel width/length are 26600/50 pm/pm.

Figure 4.3.2-3 The AFM images-to observe.the. morphologies of pentacene active layer on (a)

Figure 4.3.3-1

Figure 4.3.3-2

Figure 4.3.3-3

Figure 4.3.3-4

S/D and (b) junction‘ef S/D and-gate dielectric.

The 14—V, characteristics of the OTFTs with MWCNT and Pd/Ti S/D, and the
channel width/length are (a) 75/50 and (b) 600/50 pm/pm.

The 14—V, characteristics of the OTFTs with MWCNT and Pd/Ti S/D, and the
channel width/length are 26600/50 pm/pm.

The Rio-L diagrams of pentacene TFTs with (a) MWCNT and (b) Pd/Ti S/D
which pentacene deposition temperature is 90 °C.

The extractions of mobility of pentacene TFTs with different device scales

and pentacene deposition temperatures which are RT and 90 °C.

X1V



	9-Contents.pdf
	10-Table Lists.pdf
	11-Figure Captions.pdf

