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High-Performance Poly-Si Thin-Film Transistors
with Excimer-Laser Annealed Silicon-Nitride Gate
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Departntent of Physical Electronics, TolEo Institute of Technology
('O, Ieave fi'om Fujitsu Corp.)

2-12-1 O-okayama, Meguro-ku, Tokyo 152, Japan

We will present, for thc first time, that ArF cxcimcr-laser anncaling can improvc the elcctrical
properties of silicon-nitridc films. This laser prc-anncalcd film was shown vcry uscful to the gatc
insulator in the high-performance lrottom-gatc thin-film transistors with thc laser-rccrystallizcd
poly-Si film. The ficlcl-effect mobility of clcctrons was as high as 150cm'Nr.

L. Introduction
High-performance thin-film transistors (TFTs)

have been receiving much attention to use in high-
quality active-matrix liquicl-crystal displaysl). It it
the esscntial factor for thesc TFTs that clcctrical
characteristics not only of the Si film as the active
layer, but also of the SiO2 or S^i]'{ film as the gate

insulator should be improved'/. It is, however,
difficult to improve drastically the electrical
charactcristics of thesc l<lw-temperature dcpositcd
films by only optimizing thc prescnt dcposition
mcthod. Therefore, an innovative technique is

strongly rcquired for improving these thin-films
after dcposition. In case of thc Si film, it is well-
known that the low-quality film such as

amorphous Si film or low-temperature dcpositcd
poly-Si film on the glass substrate can be

i m irou.,t rl rast ica I ly b y lascr- annealin g tcchnique3)

since thc film can be heatcd up to its melting
tempcrature. On the othcr hands, no results havc
bcerr rcportecl for improving thc insulating fitms
aftcr dcposition. We have investigatcd the
excimcr-laser annealing method to improving the

SiN film for the first timc.

2. Experimental
Table I shows the absorption coefficient cr of the

low-tcmperature dcposited SiN film to various
excimcr-laser lights. ArF excimer-laser light has

a photon-energy(6.4ev) much larger than the SiN
band-gap(5-6eV), and therefore o to ArF
excimer-laser light is very large. It is thus

expectcd that the SiN film can be heatcd up to
high-temperature resulting in the improved film
quality, as the Si film, by ArF excimer-laser

irradiation without thermal damage to the glass

B-1-2

substrate.
The 20Onm-thick SiN films were deposited by

low-temperature thermal CVD using SizH6 and

NzH+ at 500oC4). th" sample was irradiatecl by
ArF excimer-laser light in a vacuum chamber at

room temperature. Thc laser annealed SiN films
were evaluated by microscope observation, FT-lR,
BHF etching rate and I-V measurcmettt. Finally
the laser-recrystallized poly-Si/SiN TFTs werc
fabricatcd using this laser pre-annealed SiN gate.

Table I. The absorption coefficient cr of
SiN to various excintcr-lascr lights.

2 (nm) h u (eV) a 1cm-r)

ATF 193 6.4 >5x1 05

KrF 248 5.0 ^'ios

XeCl 308 4.0

3. Results and Discussion
First, we observed the surface morphology of the

SiN films after lascr irradiation. The surfacc had

no change for energies of less than 200mJlcm2.
Beyond about 250mJ1cffi", z lot of micro-cracks
were gcnerated on the SiN film surface. For more

than 300mllcm2, the SiN film was stripped off.
These results imply that the SiN film could
effectively absorb ArF excimer-laser light energy

and was heated up to very high-temperature as

expected.
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Fig.1 The total hydrogen content as a
function of number of laser pulses for
various laser energy densities.

Next, hydrogen content was measured b1 trt-IR
for the SiN films iradiated at T1mJlcm', 150m
Jlcmz, and Zl}mJlcmz, respectively. Figure 1

shows the total hydrogen content as a function of
number of laser pulses for various laser energy
densities. The total hydrogen content was estimatcd
by sum of two absorptioni qt 2l70cm-1 du" to Si-
H bonds and at 3370cm-'due to N-H bonds.

Since hydrogen content was decreased with the

increase in the laser cnergy, it is expected that film
properties were modificd by laser irradiation even

though the surface morphology is not changed. In
contrast to the fact that the hydrogen content in the
SiN film furnace-annealcd at 1100oC became zero,
hydrogen content of only 8% was reduced by laser

annealing even at 250mllcm". This result can be

interprctcd by a two laycr model with the
improved thin top layer on the unchanged thick
bottom layer due to vcry large a of the SiN film.
Since it is expected that thermal properties of SiN
is equal to those of a-Si, the top region in the laser
pre-annealed SiN film can be extremely heated up
for no more than several ten nanoseconds, and the
maximum temperature may be up to much more
than 1000oC in a moment.

For the purpose of verifying the two layer
model, we have evaluatcd the film quality by step

by stcp ctching the SiN film from the surface using
BHF solution. Figure 2 shows the etching time
dcpendcnce of the SiN film thickness for various
laser energies. A slope of the film thickncss vs
etching timc means the etching rate. The rate at the

top region of 1Snm-thick was reduced drastically
with the increase in the laser energy. The etching
rate of the improved region at 250mJlcm" was

equal to that of the film furnace-annealed at 920oC

for more than 30 minutcs,
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Fig.Z The etching time dependence of the
SiN film thickness for various laser
energies.

Electrical characteristics of the laser annealed
SiN film were evaluated by current-voltage
measurement using MIS(Al-SiN(90nm)-Si)
capacitor. Figure 3 shows current density vs
electrical field characteristics for the as-deposited
SiN film and the laser-annealed SiN film. Laser
energy density was 150m[/cm2 which generated no
micro-cracks on the SiN film. Breakdown filed
strength was improved from 5.5MV/cm to
7 .SMY lcm by laser-irradiation.
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Fig.3 Current density vs electrical field
characteristics for the as-deposited SiN
film and the laser-annealed SiN film.

4. Poly-Si/SiN TFT Characteristics
It is a basic demand for the high-mobility poly-

Si TFTs aiming at the peripheral circuit that they
can be simultaneously produced on the same glass

substratc with the satisfactorily low off-current
bottom-gate a-Si/SiN TFTs used for matrices.
This dcmand can be satisfied only when both TFTs
have the same structure and are produced from the
same starting material deposited at the same time.
These demands can be satisfied, for the first time,
by the laser pre-annealing method for the SiN
film, as schematically shown in Fig,4,
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On-Chip Bottom-Gate Si/SiN TFT Process Flow

Substrate with Gate Electrode

SiN Deposition

@
| (ArF Excimer-Lase4

a-Si Deposition

Laser- Recrysatllization

a-Si/SiN TFT I I notV-SilSiN TFT
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Fig.4 On-chip fabrication process of poly-
Si/SiN TFT and a-Si/SiN TFT.

There are two additional laser annealing steps
compared with the conventional a-Si/SiN TF't
process, and a-SiiSiN TFTs can be produced by
only skipping excimer-laser recrystallization
process. The step of laser pre-annealing the SiN
gate can be skipped if desirable. Excimer-laser
recrystallization and post-hydrogenation process
have already been reported elscwhere)).

Figure 5 shows Io-V* characteristics of the
bottom-gate poly-Si/SiN TFTs with the as-
deposited SiN gate and the pre-annealed SiN gate.
It is expected that no thermal damage is introduced
into the pre-annealed SiN film by laser
recrystallization of Si since the SiN film has

already been heated up to much higher temperature
than the melting temperature of Si. TFI
performance was improved by the pre-annealing.
The mobility and on/off current ratio were
enhanced, and the threshold voltage and the
subthreshold swing were reduced by laser pre-
annealing SiN gate. This is because the improved
top rcgion in the pre-annealcd SiN film forms the
interface between the active Si layer for the
bottom-gate structure.

Figure 6 shows the drastic enhancement of the
mobility by pre-annealing. The TFf with the

unannealed SiN gate showed the mobility of as

low as 20cm2nfs. At the optimum energy of
150mJ/cm2, the TFT had the rbt itity of as high as

150cm2Ns which was equal to that of the bottom-
gate laser-recrystallized poly-Si TFTs with
thermal oxide gate or 1000oC furnace-annealed
SiN gate.
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Fig.5 Io-Vn characteristics of the poly-
Si/SiN TFIs with as-deposited SiN gate
and the pre-annealed SiN gate.
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Fig.6 The ficld-effect mobility as a
function of laser energy densities.

5. Conclusion
We have applied the excimer-laser annealing

method to the SiN film for the first time. It was
shown th at h i gh-perform ancc bottom-gate po I y-Si
TFTs can be achieved by excimer-laser pre-
annealing thg SiN gate. The mobility was improved
from 20cm'Ns to 150cm'/Vs by laser pre-
annealing the SiN gate.
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