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Abstract

Soruce/drain (or, LDD) formation
technology is critical to device reliability
especially in the case of short channel
LTPS- TFT devices. Ion shower doping with
a main ion source of P,H, was conducted on
ELA Poly-Si. We report the effects of
annealing methods on dopant activation

and damage recovery in ion-shower doped
poly-Si.

1. Introduction

Non-mass analyzed ion shower doping
technique has been widely wused for
source/drain doping, for LDD (lightly-
doped-drain) formation, and for channel
doping in fabrication of low-temperature
poly-Si thin-film transistors (LTPS-TFT’s)
[1,2]. Dopant activation may be done by FA
(furnace annealing), RTA (rapid thermal
annealing), and ELA (excimer laser
annealing), respectively [3]. When we are
dealing with annealing methods we should
consider both the electrical activation of
implanted impurities and the annealing
primary crystalline defects.

As the channel length becomes short, device
reliability of LTPS-TFI’s should be
seriously taken into account [4]. There are
many factors affecting the reliability of TFT
devices. We believe that damage recovery
by activation annealing plays an important
role among them. Here, we report the
effects of annealing methods on dopant
activation and damage recovery.

2. Experimental

The substrates used were poly-Si produced
by excimer laser crystallization on 500 A-
thick PECVD (plasma enhanced chemical

vapor deposition) a-Si. Phosphorous was
implanted by 1on shower doping with a main
ion source of P,H, using a source gas of
PHs/H, [5]. Acceleration voltage was
changed from 1 kV to 15 kV and doping
time varied from 10 sec to 3 min. as
variables of 1mplantation conditions.
Activation annealing was performed by FA,
and ELA, respectively. The sheet resistance
was measured using a 4-point-probe and the
crystallinity was determined by UV-
transmittance.

3. Results and discussion

Fig. 1 shows the defect density calculated by
TRIM-code simulation as a function of
acceleration voltage. The defect density was
obtained by mtegratmg primary- -defect
concentration from 0 A to 500 A assuming a
dose of 1x10°cm® The amount of as-
implanted damage induced in 500 A-thick
poly-Si films is seen to increase with an
acceleration voltage. This trend 18
consistent with the results obtained by UV-
transmittance as shown in Fig. 2. Measured
crystallinity decreases with  acceleration
voltage and doping time. Crystallinity drops
rapidly with the acceleration voltage in the
range of 1 kV to 5 kV, and then more
gradually beyond 5 kV. The calculated
defect density has a similar relationship with
acceleration voltage as implied in Fig. |.
Crystallinity for ELA poly-S1 was measured
to be ~0.8, while that for the 15 kV-
implanted sample at a doping time of 3 min
approaches aimost to the level of amorphous
silicon.

When we annealed the samples implanted

with a doping time of 1 min in the range of
550°C to 650°C for 30 min, the sheet
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resistance was observed to decrease with an
acceleration voltage. The sheet resistance
was measured to be below the level of 1,000
Q/0 for the samples implanted with
acceleration voltages exceeding 5 kV
irregardiess of the above annealing
conditions. Fig. 3 shows the sheet resistance
as a function of acceleration voltage for the
samples implanted with a doping time of 3
min. The sheet resistance decreases with the
increase in acceleration voltage in the range
of 1 kV to 10 kV. It, however, increases for
the 15 kV- implanted sample following FA-
treatments in the range of 550°C to 600°C
for 30 min, as indicated in Fig. 3. The sheet
resistance does not, however, rise for the
sample annealed at 650°C for 30 min as
demonstrated in Fig. 3.

Since the implantation condition with the
acceleration voltage of 15 kV induces more
damage than any other conditions involved
in this study we changed the doping time
and annealing conditions using the samples
implanted with this energy in order to
investigate the characteristics of dopant
activation and damage recovery. Fig. 4
shows the sheet resistance as a function of
doping time for the FA-treated samples at
550°C (triangles), 600°C (circles), and
650°C (squares), respectively for 30 min,
following 1ion shower doping with the
acceleration voltage of 15 kV. The sheet
resistance reaches the value below 1,000
/0 within the doping time of 1 min.
Furnace annealing for 30 min in the range of
550°C to 650°C resulted in almost the same
etficiency of dopant activation within the
doping time of 1 min. The sheet resistance
decreases and saturates within in this period
of doping time, Regime I, Dose- Controlled-
Regime as illustrated in Fig. 4. The sheet
resistance, however, increases beyond the
doping time of 1 min except for the case of
650°C-30 min FA-treatments. Rise in the
sheet resistance for the samples implanted
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with a high dose was found to be due to
uncured damage as implied in Fig. 5.
Cystallinity measured by UV-transmittance
for the as-implanted samples with various
doping time was observed to have value
below ~0.15, while that for ELA poly-Si,
~0.8, as indicated in Fig. 5. Crystallinity for
the samples implanted for 2 min and 3 min
was measured to be in the level of below ~
0.2 even after FA-treatments at 600°C, while
that for 10 sec and 20 sec reaches to the
value of ~0.8. This observation clearly
demonstrates that uncured damage is
responsible for the rise of sheet resistance
for the samples implanted with a heavy dose
(Regime II : Damage-Controlled-Regime as
illustrated in Fig. 4). Although the sheet
resistance dose not rise at a doping time
beyond 2 min for the samples annealed at
650°C for 30 min, damage is not sufficiently
recovered as implied in Fig. 5. Damage-
recovery proceeds gradually with the
annealing temperature and time, while the
kinetics of dopant activation was observed
to be a relatively rapid process.

We performed excimer laser annealing using
the samples implanted with the same
acceleration voltage of 15 kV in order to
compare the results obtained by FA-
treatments. We chose 200 mJ/cm” as a laser
energy density, the condition of partial
melting in 500 A-thick poly-Si films. Fig. 6
indicates the sheet resistance as a function of
doping time for the 15 kV-implanted
samples after ELA-treatments at an energy
density of 200 mJ/cm®. The sheet resistance
1S below the level of 1,000 /O for all
samples involved. It decreases with -a
doping time within 2 min, but increases
beyond 2 min. The change of the sheet
resistance as a function of doping time is
shown to have similar trend with that of the
FA-treated samples. Damage, however, is
not easily recovered by 200 mJ/cm>-ELA
treatments, as illustrated i Fig. 7, in



contrast to the results of FA-treatments.
Crystallinity for the ELA-treated samples at
this condition lies in the value of ~0.4 — ~0.5
within a doping time of 2 min, and below
the level of ~0.3 at a doping time of 3 min.

4. Conclusions

To summarize, damage recovery is rather a
slow process, while the kinetics of dopant
activation 1s relatively rapid. Damage-
recovery should be considered seriously in
addition to dopant activation when we
choose the means of activation-annealing.
Annealing techniques with sufficient
thermal-budget may be required for curing
damage efficiently.
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Fig. 1 Calculated defect density as a function of
acceleration voltage using TRIM-code simulation.
The defect density (#/cm® was calculated by

integrating primary-damage profile from 0 to 500 A.
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Fig. 2 Measured crystallinity vs. acceleration voltage
using UV-transmittance.
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Fig. 3 Sheet resistance vs. acceleration voltage for
the samples annealed for 30 min at 550°C, 600°C and
650°C, respectively.
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Fig. 4 Sheet resistance vs. doping time for the
samples annealed at 550°C (triangles), 600°C
(circles), and 650°C (squares), respectively.
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Fig. 5 Measured crystallinity for Laser-poly-Si, as-
implanted samples and as-FA-treated samples,
respectively
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Fig. 6 Sheet resistance vs. doping time for the 15
kV-implanted samples, annealed at an excimer laser
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Fig. 7 Measured crystallinity for Laser-poly-Si1, as-
implanted samples and as-ELA-treated samples,
respectively



