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Abstract

Schottky Barrier MOSFET is simpler in processing and inherently suitable for low
temperature processing. It is also .capable of-ambipolar operation and short channel control.
However, it suffers from deleterious, off=state leakage current. If the shortcomings of
SB-MOSFET could be improved, the inherent ambipolar property of SB-MOSFET will make
fabrication process and circuit design more flexible. If the idea is applied to thin film
transistors, the low process temperature of metallic junction formation will make SB-TFT
compatible with middle temperature active matrix liquid crystal display (AMLCD)
manufacture. In addition, salicidation process will not only reduce the thermal budget, but
also decrease the source/drain parasitic resistance. This is quite appropriate for low

temperature poly-Si application.

In this dissertation, a novel Schottky barrier thin-film transistor (SBTFT) with
silicided source/drain and field-induced drain (FID) extension was proposed and
demonstrated. In the new device configuration, a metal field-plate (or sub-gate) lying

over the passivation oxide is employed to induce a sheet of carriersin achannel offset



region located between the silicided drain and the active channel region underneath
the main-gate. The new device thus allows ambipolar device operation by simply
switching the polarity of the bias applied to the field plate. In contrast to the
conventional SBTFT that suffers from high GIDL (gate-induced drain leakage)-like
off-state leakage current, the new SBTFT with FID is essentialy free from the
GIDL-like leakage current. In addition, unlike the conventional SBTFT that suffers
from the low on/off current ratio, the new device exhibits high on/off current ratio of
up to 10° for both n- and p-channel modes of operation. Moreover, the implantless
feature and the ambipolar capability of the new device also result in extra low mask
count for CMOS processes integration. These excellent device characteristics,
coupled with its simple processing, make the new device very promising for future

large-area electronic applications.

Second, we have experimentally investigated the conduction mechanisms of the off-state
leakage current for Schottky Barrier TFTS with FID .and conventional structure. The results
show that the activation energy of the off-state leakage decreases significantly with increasing
Vepl for SBTET with conventional structure. This indicates that field-emission conduction
plays a mgjor role as the field strength in the drain junction becomes high, and results in the
strong GIDL-like phenomenon. In contrast, the activation energy of the off-state leakage
shows only minor dependence on Vgpfor SBTFT with FID. This is ascribed to the fact that
the high-field region can be pulled away from the silicided drain for the FID structure. As a
result, the field-emission conduction will be eliminated, and thus the GIDL-like leakage

current can be effectively suppressed.

Next, SBTFT devices with ELA poly-Si active channel were successfully fabricated.

Excellent device performance in terms of steep subthreshold slope and high on/off current



higher than 10° for both p- and n-channel operations are demonstrated, for the first time, on a
single poly-Si TFT device. Source-side tunneling process is found to be important for device
operation, especialy for the n-channel operation that has a larger barrier height. The stellar
performance with on/off current ratio larger than 10° for both n- and p-channel modes of
operation, together with its inherent ambipolar capability, implantless process, silicided
source/drain, low thermal budget, and smplified CMOS integration scheme, makes this kind

of device a promising candidate for future AMLCD and SOP applications.

Applications of nano-scale device are very popular nowadays. We will show that the
ambipolar performance of SB poly-S TFTs can be improved by scaling the channel width
into the nano-scale regime. Our results indicate that, despite the high trap density in poly-Si
films, high on/off current ratio and small subthrehold swing can be achieved. It appears
therefore possible to achieve SOl-like device-characteristics if poly-Si film improvement
methods, such as excimer laser “annealing .and metal-induced crystallization scheme, are

adopted.

Finally, we proposed and successfully demonstrated a novel approach to obtain the full
band-gap DOS in the channel of TFT devices. In this approach, the field-effect conductance
method is performed on an SB poily-Si TFT which has the capability of ambipolar operation.
Both incrementa and temperature methods are adopted on the SB and conventional implanted
devices to construct the relationship between DOS and the energy level in the gap. For
devices with the same channel material, the results are in good agreement among the different

extraction schemes, indicating the novel approach is very reliable.

We have also characterized the dependence of both electrical and structural parameters

on the measurement results in order to set suitable test conditions. Our results indicate that the



parasitic resistance presenting in the channel would result in the overestimation of tail state
density. A sufficiently high drain and sub-gate biases and short electrical junction length are
thus needed. In addition, for reliable full band-gap DOS analysis, near-mid-gap silicide

material like CoSi, is desirable.

In addition, the effect of process treatment like the re-crystallization and plasma
hydrogenation steps on the DOS characteristics has also been characterized. Their impacts are
clearly identified using the new approach. Benefits of using a nano-scale fin channel for
promotion of the controllability of gate voltage over the channel potential is also clearly

demonstrated.

Finally, we show that the flat-bandwoltage could be obtained by simply measuring the
gate voltage at the intersection point of p--and n-mode 1-V curves. The overall processis thus
greatly smplified and cost-saving:comparing.to conventional approach, since only one device
and two I-V measurements performed at room temperature are needed. We strongly believe

that the novel method is extremely useful for practical applications.
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Figure Captions

Chapter 2

Fig. 2.1 Key fabrication steps for SBTFT devices with (a) conventional and (b) the
new structure with field-induced drain (FID). Xp in (b) is the length of FID
region in the channel.

Fig. 2.2 Ambipolar subthreshold characteristics of aFID SBTFT. Vpis5and -5V for
n- and p-channel operations, respectively.

Fig. 2.3 Typica p- (Vd = -5V) and n-channel (Vp = 5V) subthreshold characteristics
of SBTFT with (a) conventional and (b) FID structure. L/W = 2/20 um/um.
Xpin(b)is5 um.

Fig. 2.4 Typica p- and n-channel .output characteristics of SBTFT with (a)&(b)
conventional and (¢)& (d) FID structure. L/W = 2/20 um/um. Xp in (c) and (d)
IS1pm.

Fig. 2.5 Band diagrams for n-channel operation of SBTFTs with (a) conventional
structure, and (b) FID at off-state'(i.e., Vg man = 0, Vb = Vpp, and Vg sup >>
0).

Fig. 2.6 Typical n-channel (Vd = 1V) subthreshold characteristics of SBTFT devices
with various Xp (e.g., 1, 5, and 10 um). L/W = 5/20 um/pm.

Fig. 2.7 Typical p-channel (Vd = -1V) subthreshold characteristics of SBTFT devices
with various Xp (e.g., 1, 5, and 10 um). L/W = 5/20 um/pm.

Fig. 2.8 Effects of the sub-gate bias and Xp on the n-channel operation of FID
SBTFTs. L/W =5/20 um/um.

Fig. 2.9 Effects of the sub-gate bias and Xp on the p-channel operation of FID
SBTFTs. L/W =5/20 pm/um.

Fig. 2.10 Vth extracted from the “on” state I-V curves of Figs. 8 and 9 as afunction of

Xii



Xp.

Fig. 2.11 Ratio between the “on” and “off ” state currents (Figs. 8 & 9) for (@) n- and
(b) p-channel operations.

Fig. 2.12 Band diagrams for p-channel operation (Vp= -3 V) of FID SBTFT with a

high positive sub-gate bias.

Chapter 3

Fig. 3.1 Cross-sectional views of SBTFT devices (a) with and (b) without the field
plate. Xp in (a) isthe length of the offset region in the channel.

Fig. 3.2 Ip-V characteristics for n-channel operation of a SBTFT with conventional
structure: () Vp=1V; (b) Vp=3V. Channel length and width are 5 and 20 um,
respectively.

Fig. 3.3 Ip-V g characteristics for p-channel -operation of a SBTFT with conventional
structure: () Vp=-1V;=(b) Vp=-3V. Channel length and width are 5 and 20
pm, respectively.

Fig. 3.4 Arrhenius plots for n-channel” operation of a SBTFT with conventional
structure.

Fig.3.5 Arrhenius plots for p-channel operation of a SBTFT with conventional
structure.

Fig. 3.6 Ea as a function Vg for n- and p-channel operations of a SBTFT with
conventional structure.

Fig. 3.7 Ip-V s characteristics for n-channel operation of a SBTFT with FID structure:
(@ Vp=1V; (b) Vp=3V. Channd length and width are 5 and 20 pm,
respectively. Xp is4um.

Fig. 3.8 Ip-V characteristics for p-channel operation of a SBTFT with FID structure:

(@ Vp=-1V; (b) Vp=-3V. Channel length and width are 5 and 20 pm,

xiii



respectively. Xp is4um.

Fig. 3.9 Arrhenius plots for n-channel operation of a SBTFT with FID structure.

Fig. 3.10 Arrhenius plots for p-channel operation of a SBTFT with FID structure.

Fig. 3.11 Ea as afunction Vg of a SBTFT with FID structure for n- ( top figure ) and
p-channel ( bottom figure ) operations.

Fig. 3.12 Band diagram for off-state n-channel operation of SBTFT with conventional
structure.

Fig. 3.13 Band diagram for off-state n-channel operation of SBTFT with FID

structure.

Chapter 4

Fig. 4.1 Cross section of FID SBTFT.

Fig. 4.2 Ambipolar transfer characteristics of FID SBTFT with ELA channel.

Fig. 4.3 Ambipolar transfer characteristicsof FID SBTFT with SPC channel.

Fig. 4.4 Effects of sub-gate bias ‘on.p-channel-operation of FID SBTFT with ELA
channel.

Fig. 4.5 Effects of sub-gate bias on n-channel operation of FID SBTFT with ELA
channel.

Fig. 4.6 Qualitative on-state band diagram for n-channel operation.

Fig. 4.7 Effects of main-channel length on p-channel operation of FID SBTFT with
ELA channel.

Fig. 4.8 Effects of main-channel length on n-channel operation of FID SBTFT with
ELA channel.

Fig. 4.9 Effects of offset-channel length on p-channel operation of FID SBTFT with
ELA channel.

Fig. 4.10 Effects of offset-channel length on n-channel operation of FID SBTFT with

Xiv



ELA channel.

Fig. 4.11 Off-state characteristics of FID SBTFT with ELA channel at different
temperatures under n-channel operation (a) Vp =1V and (b) Vp =3 V.

Fig. 4.12 Off-state characteristics of FID SBTFT with ELA channel at different
temperatures under p-channel operation (a) Vp =-1V and (b) Vp =-3 V.

Fig. 4.13 Arrhenius plots of FID SBTFT with ELA channel under (@) n- and (b)
p-channel operations.

Fig. 4.14 Activation energies extracted at different main-gate voltages of FID SBTFT
with ELA channel.

Fig. 4.15 Qualitative off-state band diagrams for (@) n-channel operation and (b)
p-channel operation.

Fig. 4.16 Off-state characteristics of+' FID SBTFT with SPC channel at different
temperatures under n-channgl operation.(a)Vp =1V and (b) Vp =3 V.

Fig. 4.17 Off-state characteristics of FID- SBTFT with SPC channel at different
temperatures under p-channel ‘operation (a)-Vp =-1V and (b) Vp =-3 V.

Fig. 4.18 Arrhenius plots of FID SBTFT ‘with SPC channel under (a) n- and (b)
p-channel operations.

Fig. 4.19 Activation energies extracted at different main-gate voltages of FID SBTFT
with SPC channel.

Fig.4-20 Energy band diagrams depicting lower E, for SPC samples due to barrier

pinning by defectsin SPC channdl.

Chapter 5

Fig. 5.1 (a) Top view of the SB poly-Si TFT, (b) Cross-sectional view of the SB
poly-Si TFT along A - A’ direction in (a), and (c) Cross-sectional view of the

SB poly-Si TFT aong B - B’ direction in (a). Note that the sub-gate is not

XV



shown in (c).

Fig. 5.2 Key device fabrication flow.

Fig. 5.3 Typica ambipolar 1p-Vs characteristics for (@) fin Structure with fin
width=50nm, and (b) planar structure. |Vsub| =3 Volt. |Vp|=01and 1
Volt.

Fig. 5.4 The effect of sub-gate bias. |Vp|=1volt.

Fig. 5.5 The effect of FID length.

Fig. 5.6 Suthreshold swing degradation for both structures.

Fig.5.7 The effect of fin width on suthreshold swing. Channel length = 158 nm.

Fig. 5.8 lllustration of channel depletion layer in devices with (a) wide, and (b)
narrow channels.

Fig. 5.9 The effect of fin width on threshold voltage. Channel length = 158 nm.

Fig. 5.10 The effect of sub-gate bias on threshold voltage roll-off. Fin width = 50 nm.

Fig. 5.11 Threshold voltage of ‘FINFET device as a function of channel length for (a)
with 0.1um offset length; and (b) with self-aligned spacer. Fin width is 50nm,
and fin number=1. VGsub "=5V.

Fig. 5.12 Subthreshold slope as afunction of  fin width for FinNFET  device (a) with

0.1um offset length, and (b) with self-aligned spacer VGsub =5V.

Chapter 6

Fig. 6.1 1-D Band diagram of a gate-oxide-poly-Si channel structure. x is O at the
oxide/poly-Si interface.

Fig. 6.2 Flow chart for determination of DOS using conventional approach.

Fig. 6.3 Flat-band voltage determination of FID SB-TFT using Tx(dlogG/dVg) vs. 1/T

plots: (a) n-channel operation; (b) p-channel operation.
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Fig. 6.4 Full-band DOS distribution extracted using FID SB-TFT.

Fig. 6.5 Drain current versus gate voltage characteristics.

Fig. 6.6 Arrhenius plots of Ln (dG/dV ) extracted from Fig. 6.5.

Fig. 6.7 Activation energy versus gate voltage characteristics.

Fig. 6.8 Full-band Gap state density distribution deduced by the incremental method
and the temperature method.

Fig. 6.9 Ambipolar transfer characteristics under both low and high drain bias.

Fig. 6.10 Full-band gap DOS extracted at [Vps| of 0.1 and 5 V.

Fig. 6.11 (&) Ambipolar transfer characteristics, and (b) the extracted DOS resultsin
a device with channel length of 0.8um.

Fig. 6.12 () Ambipolar transfer characteristics, and (b) the extracted DOS resultsin a
device with channel length of:lum.

Fig. 6.13 () Ambipolar transfer-characteristics, and (b) the extracted DOS resultsin a
device with channel |ength of 2um.

Fig. 6.14 (a) Ambipolar transfer characteristics, and (b) the extracted DOS resultsin a
device with channel length of Sum.

Fig. 6.15 On-current vs. channel length.

Fig. 6.16 (a), (b) Comparison of DOS extracted in devices with various channel
lengths.reasonable agreement is achieved among these devices, indicating
that |Vpg| of 5V is sufficient large so the effects of parasitic resistance is
insignificant.

Fig. 6.17 () Ambipolar transfer characteristics, and (b) extracted full-band gap DOS
of devices with various drain-side offset lengths at |Vps| of 0.1 V.

Fig. 6.18 (a) Ambipolar transfer characteristics, and (b) extracted full-band gap DOS
of devices with various drain-side offset lengths at |V pg| of 5 V.

Fig. 6.19 Ambipolar transfer characteristics measured at 25 and 55 °C
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Fig. 6.20 DOS extracted at 25 and 55 °C.

Fig. 6.21 Comparisons of DOS extracted from FID SB-TFT and Conventional TFTSs.

Fig. 6.22 Full-band gap DOS of devices with SPC and as-deposited poly-Si channels.

Fig. 6.23 TEM micrographs of devices with (a) as-deposited poly-Si, and (b) SPC
channel films.

Fig. 6.24 Full-band gap DOS of devices with SPC and ELA poly-Si channels.

Fig. 6.25 (a) TEM micrograph of SPC channel film.

Fig. 6.25 (b) TEM micrographs of ELA channel film.

Fig. 6.26 Ambipolar transfer characteristics of devices with and without plasma
treatment.

Fig. 6.27 Full-band gap DOS before and after hydrogenation in devices with SPC
channel.

Fig. 6.28 Full-band DOS before-and after- hydrogenation in devices with as-deposited
poly-Si channdl.

Fig. 6.29 Ambipolar transfer characteristics of a device with PtSi S/D.

Fig. 6.30 Full band-gap DOS of deviceswith'CoSi2 and PtSi S/D.

Fig. 6.31 (a) Top view of poly-Si SB FinFET with self-aligned spacer; (b) Top view of
poly-Si SB FIinFET with offset region Xp and Xs. (¢) Cross-sectional view
along A-A+ direction in (b); (d) Cross-sectional view along B-B+ direction in
(b).

Fig. 6.32 Ambipolar transfer characteristics of SB poly-Si FInFET.

Fig. 6.33 Schematic showing that higher sub-gate bias enhances source-side field
emission.

Fig. 6.34 Ambipolar transfer characteristics of SB poly-Si TFT with planar structure.

Fig. 6.35 Ambipolar transfer characteristics of SB poly-Si FinFET.

Fig. 6.36 (a) Ambipolar transfer characteristics of a SB poly-Si FInNFET measured at
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varying temperature, (b) Flat band voltage determination.

Fig. 6.37 Full-band gap DOS of planar SB -TFT and SB FinFET.

Fig. 6.38 Comparison of Vg values determined using conventional temperature
method and the new methodology performed on two groups of devices with
various parameters.

Fig. 6.39 Modified Flow chart for determination of DOS density distribution
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Table Captions
Table 4.1 The extracted characteristic parameters of Fig. 4.2 and Fig. 4.3

Table 6.1 Gap state density of different channel films.
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Polysilicon thickness
Fermi energy
Boltzmann constant
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Density of gap states (DOS)
Electronic charge
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