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Laser Annealing Techniques for LTPS TFTs and Influence of Grain
Boundaries on Electrical Characteristics and Hot-carrier Reliability of
Poly-Si TFTs

Student : Tien-Fu Chen Advisor : Ching-Fa Yeh

Department of Electronics Engineering & Institute of Electronics National Chiao-Tung

University

ABSTRACT
Low-temperature polycrystalline silicon thin film transistors (LTPS-TFTs) fabricated

using laser crystallization have been considered as the most promising candidates for
integrating peripheral driver circuits with active matrix liquid crystal displays (AMLCDs)
and active matrix organic light emitting displays (AMOLEDs) on large area glass
substrates. However, the inability to, conttol sgrain boundaries and their location in the
channel region reduces the unifermity of-devices. This is a key point of whether LTPS
TFTs can replace a-Si:H TFTs. In this-thesis, there are three novel laser annealing
techniques proposed to promote performance of poly-Si TFTs. In addition to modulating
thickness of a-Si films to establish a temperature gradient, a-Si films are crystallized using
single-crystal silicon as re-crystallization seed. The influence of laser-induced grain
boundaries on performance and hot-carrier reliability of poly-Si TFTs with and without
NHj; plasma treatment is investigated.

First, a novel 4-mask-processed polycrystalline silicon thin film transistor (Poly-Si
TFT) is fabricated using 50-pulse KrF excimer laser to crystallize an edge-thickened
amorphous silicon (a-Si) active island without any shrinkage. This method introduces a
temperature gradient across the width of the island to enlarge grains from the edge,
especially when the channel width is narrow. The grain boundaries across the width of the
channel suppress the leakage current and the drain-induced barrier lowing (DIBL).

Moreover, the proposed poly-Si TFT with a channel length of L=2um and a channel width

\%



of W=1.2um possesses a high field-effect mobility of 260 ¢cm?/Vs and an ON/OFF current
ratio of 2.31x10%. The proposed TFTs with divided channel units can meet the application
of various gate widths. However, their performances still depend on the grain-boundary
control of each channel unit.

It is believed that the performance of laser-crystallized poly-Si TFTs depends on the
orientation of grains when the device is located on a whole grain. However, no study about
how to control grain orientations on glass substrates is reported. In this thesis, a novel
seeding technique is proposed to produce single-crystal silicon films on glass substrates.
The a-Si films on glass substrate contact with single-crystal tip, and then excimer laser
irradiates through the transparent substrate to crystallize the contacted a-Si films. This
technique has been developing for LTPS TFTs.

The third laser annealing technique is.about modulated thickness of laser-crystallized
poly-Si films. A LOCOS process'is employed to produce two various thicknesses of
silicon film, establishing a temperature gradient for ELC. When channel length is
shortened, the device located with few igrain boundaries has excellent performance. High
ON/OFF current ratio of over 8 orders magnitude and high field-effect mobility of
exceeding 300 cm?/Vs for the n-channel TFTs and 100 cm?/V's for the p-channel TFTs are
ascribed to large grains in the channel region. However, there is an issue about boron

penetration from the doped poly-Si gate during activation at 600°C around 12 h. The

diffused boron creates hole traps in the gate oxide. After a boron-doped TFT measures for
several times, its threshold voltage shifts to more negative values because the gate oxide
near drain junction is positively charged. Our SIMS depth profile supports this
explanation.

Additionally, this technique is applied to examine the effects of grain boundaries on the

performance and hot-carrier reliability of excimer-laser-annealed polycrystalline silicon

vi



thin film transistors (poly-Si TFTs) before and after NH; plasma treatment. Self-aligned
poly-Si TFTs, whose channel regions include a 150 nm thick laser-crystallized poly-Si
layer with small grains and a 100 nm thick layer with large grains, are fabricated. Other
TFTs, with large grains throughout their channel regions, are fabricated nearby for
comparison. The trapping of electrons at grain boundaries in the drain junction creates

strong local electric fields that boost the leakage current; cause the threshold voltage to
decline as the drain bias increases; enhance the kink effect in the output characteristics,

and degrade the hot-carrier reliability of devices. When static hot-carrier stress has been
applied to non-hydrogenated poly-Si TFTs for under 10%s at Vgg=10V and Vps=20V, hot
holes are injected into the gate oxide at the same time as trap states are created in the drain
junction. The screening effect is observed when the same stress is applied to devices that
have many grain boundaries in their drain junctions. Moreover, NH; plasma treatment
prevents the trapping of electrons at grain boundaries. The performance of hydrogenated
poly-Si TFTs becomes better, but'the hot-carrier reliability of those TFTs with large grains
in their drain junctions is degraded. The "hydrogenation causes a tradeoff between the
electrical characteristics and the hot-carrier reliability, and introduces irregular humps in

the sub-threshold region.
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TABLE CAPTIONS

Table 5-1 Summary of values of several important parameters obtained from the devices
in Fig. 5-4.
Table 5-2 Summary of values of several important parameters obtained from the device

of Fig. 5-7 (a) stressed in both modes for the each stress time.
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CHAPTER2

2-1 Key process flow for crystallization of downward edge-thickened a-Si island
without capping the top TEOS oxide by excimer laser irradiation.

2-2 Key process flow for crystallization of upward edge-thickened a-Si island with
capping the top TEOS oxide by excimer laser irradiation.

2-3 Optimized process flow for crystallization of upward edge-thickened a-Si island
with capping the top oxide by excimer laser irradiation.

2-4 SEM images of downward edge-thickened poly-Si islands without capping the top
oxide crystallized by excimer laser irradiation.

2-5 SEM images of downward edge-thickened poly-Si island with narrow width. The
channel is shrunk in the X-direction but in the Y-direction.

2-6 (a) SEM image showing an evidence of two grains merged at the center of the
channel, (b) explanation for shrinkage of a molten silicon island.

2-7 Transfer characteristics of a downward edge-thickened poly-Si TFT without an
optimized edge process in relation to excimer-laser crystallization.

2-8 SEM images of (a) crystallization of upward edge-thickened poly-Si island with
capping the top oxide by exeimer laser irradiation and of (b) the grain boundaries
within the channel.

2-9 SEM image of laser-crystallized poly-Si film showing randomly distributed grain
boundaries. The channel of a conventional TFT maybe locates in the regions of the
above circle or the below circle.

2-10 Transfer characteristics of (a) the proposed and conventional poly-Si TFTs with
channel widths of about 1um, and (b) the proposed poly-Si TFT with 100 channel
units.

2-11 Dependence of field-effect mobility on the channel length given channel widths
from 1pum to 4um for the proposed and conventional poly-Si TFTs. The field-effect
mobility was evaluated at VDS=0.1V.

CHAPTER3
3-1 Schematic diagrams of (a) cross-sectional view and (b) top view associated with a

laser-induced lateral seeding process.
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3-2 Cross-sectional diagrams showing contact seeding technique by (a) single-crystal
silicon as crystallization seed and (b) amorphizing single-crystal silicon as
crystallization seed. The amorphization of single-crystal silicon substrates is
achieved by ion implantation in order to absorb more laser energy.

3-3 Key process flow for forming silicon tips as crystallization seeds. Some of the
silicon tips are amorphized by ion implantation in order to absorb more laser
energy.

3-4 Optical micrographs of silicon tips formed by spacer technology. The silicon tips
provide single-crystal seeds for excimer laser crystallization of amorphous silicon
films on glass substrates.

3-5 SEM photographs of laterally seeded silicon films on (a) (100)-, (b) (110)-, and (c)
(111)-orientated silicon substrates.

3-6 (a) transfer and (b) output characteristics of a laterally seeded TFT on

(110)-orientated silicon substrate.

CHAPTER4

4-1 Key CMOS process flow for fabricating short-channel large-grained poly-Si
TFTs.

4-2 SEM photographs of excimer-laser-crystallized poly-Si showing the grain sizes
near where the 100 nm and 150 nm thick channel regions are connected. Larger
scale (a) and smaller scale (b) are used to exhibit the delineation of grains.

4-3 SEM photograph of excimer-laser-crystallized poly-Si showing a clear grain
boundary located within channel center. The clear grain boundary results from
mass transport of molten silicon induced by surface tension.

4-4 Three-dimensional AFM images of a 100 nm thick amorphous silicon film (a)
before and (b) after excimer-laser crystallization. Excimer-laser annealed poly-Si
film becomes rougher due to mass transport induced by surface tension of molten
silicon.

4-5 Output characteristics of short (a) n-channel and (b) p-channel poly-Si TFTs. The
avalanche multiplication effect can be compensated by the self-heating effect as the
drain current increases.

4-6 Transfer characteristics of short (a) n-channel and (b) p-channel poly-Si TFTs
with high mobility and high ON/OFF current ratio.
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Fig. 4-7 Transfer characteristics of CMOS-TFT inverter made up of a p-channel TFT with
W=200um L=2pm and a n-channel TFT with W=120pum L=2pm.

Fig. 4-8 Transfer characteristics of non-hydrogenated B-doped poly-Si TFT extracted from
measurements of the first and fourth times. A parallel shift in the sub-threshold

region is due to the creation of hole traps in the gate oxide during 600°C activation

of boron dopants.

Fig. 4-9 Transfer characteristics of NH; plasma hydrogenated B-doped poly-Si TFT
extracted from measurements of the first and fourth times. The shift range of
threshold voltage is reduced because the activation-induced hole traps are
passivated by NH3 plasma treatment.

Fig. 4-10 Transfer characteristics of non-hydrogenated BF,-doped poly-Si TFT extracted
from measurements of the first and fifth times. The perturbation in OFF currents
and a shift in sub-threshold regions are observed under this device are measured
several times.

Fig. 4-11 SIMS plots showing boron:concentration before and after 600 °C activation for

(a) B and (b) BF2 ion implantation, respectively.

CHAPTERS

Fig. 5-1 Key process flow for fabricating self-aligned poly-Si TFTs. TFT-A, shown in Fig
(c), has large grains throughout its channel region. TFT-B, shown in Fig (d), has
large and small grains on both sides of its channel region.

Fig. 5-2 (a) SEM photograph of the excimer laser-crystallized poly-Si film after Secco
etching and (b) AFM 1image of the surface roughness of the excimer
laser-crystallized poly-Si film near where the 150 nm and 100 nm thick regions are
connected.

Fig. 5-3 SEM photograph of an excimer laser-crystallized poly-Si film with and without
NH; plasma treatment after Secco etching. A 100 nm thick laser-crystallized
poly-Si film was selectively treated with NH; plasma using aluminum patterns as
hard masks, shown schematically at the top.

Fig. 5-4 Transfer characteristics of (a) a device of TFT-A measured before and after NH;
plasma treatment for 2h and (b) a single device of TFT-B measured in forward and
reverse modes before and after NH; plasma treatment for 4h.

Fig. 5-5 Output characteristics of (a) a single TFT-B measured in the forward and reverse
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modes before and after NH; plasma treatment for 4h and (b) a single
nonhydrogenated TFT-B measured in forward and reverse modes.

Fig. 5-6 Variations of threshold voltage Vy, with the drain bias Vpg for non-hydrogenated
TFT-A and non-hydrogenated TFT-B in both modes.

Fig. 5-7(a) & (b) Degradations of both the threshold voltage and the maximum
transconductance of nonhydrogenated devices with stress time. AVy and AGy
max/Gm maxi Were evaluated at Vpg=0.1V for the each stress time. The single TFT-B
was first stressed in forward mode and then stressed in reverse mode.

Fig. 5-8 Transfer characteristics of (a) non-hydrogenated TFT-A and TFT-B in forward
mode and (b) another non-hydrogenated TFT-B in forward mode before and after
hot-carrier stress was applied for 10%s. Shown in Fig. 5-8 (b), the inset presents a
linear scale to show ON currents.

Fig. 5-9 Transfer characteristics of non-hydrogenated TFT-B measured in the reverse
mode before and after reverse stress was applied for 10%s. The curve associated
with the neutralization of hot.hdles was plotted after the hot holes were released

from the gate oxide by final forward stress applied for 10%s. The inset plots AV,

with the stress time at Vyg=0.1V and Vps=5V, respectively.

Fig. 5-10 Transfer characteristics of:another-nen-hydrogenated TFT-B first stressed in
reverse mode for (a) 10 ‘and then directly stress in forward mode for (b) 20s.
During the last forward stress, as shown in Fig. 5-10 (b), the hot holes were
gradually released from the gate oxide, resulting in a parallel shift of subthreshold
region toward larger Vs without changing OFF and ON currents.

Fig. 5-11 Degradations of both the threshold voltage and the maximum transconductance
of hydrogenated devices with stress time. These devices were treated with NHj;
plasma for 4h, and AVy, and AGu max/Gm maxi Were evaluated at Vps=0.1V for each
stress time. Two devices of TFT-B were stressed in forward and reverse modes,
respectively.

Fig. 5-12 Transfer characteristics of hydrogenated TFT-B measured in (a) forward and (b)
reverse modes before and after hot-carrier stress was applied for 10*s. The devices
were treated using NH3 plasma for 4h. The hump effect in the sub-threshold region

is observed before and after the hot-carrier stress is applied.
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