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Study of Vertical OTFTs and the related S/D Electrode Design

Student : Chueh-Pin Ko Advisors : Dr. Hsiao Wen Zan

Display Institute National Chiao Tung University

Abstract

In this thesis, two architectures are proposed for fabricating the organic thin film

transistors (OTFTs). One is the Vertical Organic Thin Film Transistor (VOTFT).

In the proposed process and structure, with the simply photo-aligner and shadow

mask, the short-channel VOTFTs are achieved.  According to the output

characteristics of VOTFTs, the unsaturated drain current is observed. A

Fowler-Nordheim tunneling transportation dominates: the carrier transport in VOTFTSs.

To further improve VOTFT property-and gate=control ability, the source electrode is

modified as the mesh-like shape. In the modified VOTFTs, the drain voltage is

significant reduced (less then 5V), and the on/off current ratio is also increased from

10% to 10%,

Secondly, the proposed structure is TBC-OTFTs (Top-Bottom Contact OTFT).

It is similar the VOTFTs but the Source/Drain electrodes are not overlapped.

Fabricated by shadow-mask only, the TBC-OTFTs show better performance than the

bottom-contact OTFT. To further study the current transport in the TBC-OTFTs, the

resistance-analysis is introduced to model the proposed structure. With the



combination of the contact resistance, the vertical resistance, the film resistance, and

the Schottky-like resistance, the constructed model is plotted as the function of

gate-voltage. Comparing the modeling result to the experimental plot, it is founded

that the experiment data is good agreed with the proposed model.
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Table Captions

Chapter 1

Table 1.1 Comparisons of TFTs using different materials
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Figure Captions

Chapter 1

Fig. 1.1 Mobility of the organic semiconductors has been improved by five
orders of magnitude over the past 15 years.

Fig. 1.2 Prominent (a) p-type and (b) n-type organic semiconductor materials.

Fig. 1.3 Energy band diagram of pentacene.

Fig. 1.4 Scanning electron microscopy (SEM) image of a pentacene thin film
grown on SiO2 and a Au electrode. The grain size is much smaller on
Au than on SiO2 far from the Au edge. The pentacene grain size on
SiO2 in the region close to the Au edge is similar to that on Au and
increases with increasing distance from the edge.

Fig. 1.5 Energy band diagramS (a) for. a p-channel (pentacene) and (b) for a
n-channel (NTCDA) OTFTs. The left side shows the devices at zero
gate bias, while in the centre and in‘the right part the accumulation

and depletion mode operation regimes are presented.

Chapter 2

Fig. 2.1 Structure and process flow of vertical organic thin film transistors

Fig. 2.2 Top view microscope image of VOTFTs. The shape of source/drain
electrodes are also shown.

Fig. 2.3 Top view microscope image of VOTFTs with meshed source electrode

Fig. 2.4 OTFT with BC TC TBC

Fig. 2.5 Process flow of TBC OTFT

Fig. 2.6 Device resistance R as a function of channel length L at VDS =-1V to

-5V
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Chapter 3

Fig. 3.1
Fig. 3.2
Fig. 3.3
Fig. 3.4

Fig. 3.5

Fig. 3.6

Fig. 3.7

Fig. 3.8

Fig. 3.9

Fig 3.10

Fig 3.11
Fig. 3.12
Fig. 3.13
Fig. 3.14
Fig. 3.15

Fig. 3.16

Output characteristics of Group-A VOTFTs
Transfer characteristics of Group-A devices
Output characteristics of Group-B devices
Transfer characteristics of Group-B devices
In(In/Vp) v.s. 1/|Vp| plots for: (a) Group-A devices with ultra short
channel length and (b) Group-B devices with long channel length
Output characteristics of VOTFTs of meshed source electrode
Higher on and off current ratio transfer characteristics from meshed
source VOTFTs
Different bias in TBC structures (a) TBC bot-source and (b) TBC
top-source
(a)Output characteristics and (b)transfer characteristics of TBC
bottom-source
(a)Output characteristics “and' (b) transfer characteristics of TBC
top-source
Mobility lowing in TC, BC, TBC OTFTs
Ron Modeling in (a) BC OTFTs and (b) TC OTFTs
Ry, Ry, and R extraction and definition in TC OTFTs
Extracted resistances plotted as the function of gate-voltages
Rp, Res, and Ry, extraction and definition in BC OTFTs
Extracted resistance was plotted as a function of the gate-voltage in

BC OTFTs

Fig. 3.17 Film resistances from the TC OTFTs and the BC OTFTs are

presented as the function of gate-voltage.
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Fig. 3.18 R,, modeling in (a) TBC bot-source (b) TBC top-source
Fig. 3.19 Total resistances from modeling and experiment are plotted (a) TBC

bot-source (b) TBC top-source



