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Improvement of Electrical Characteristics
for Fluorine-Ion-Implanted
Poly-Si TFTs Using ELC
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Abstract—The fluorine ion implantation applied to the polycrys-
talline silicon thin-film transistors (poly-Si TFTs) is investigated
in this letter. Experimental results have shown that fluorine ion
implantation effectively minimized the trap state density, lead-
ing to superior electrical characteristics such as high field-effect
mobility, low threshold voltage, and high ON/OFF current ratio.
Furthermore, the fluorine ions tended to segregate at the interface
between the gate oxide and poly-Si layers during the excimer laser
annealing, even without the extra deposition of pad oxide on the
poly-Si film. The presence of fluorine obviously enhanced electrical
reliability of poly-Si TFTs.

Index Terms—Fluorine ion implantation, polycrystalline silicon
thin-film transistors (poly-Si TFTs).

I. INTRODUCTION

THE EXCIMER laser crystallization (ELC) method is
widely adopted in the thin-film transistor–liquid crystal

display (TFT–LCD) industries for fabricating high-quality
polysilicon films with very few in-grain defects [1], [2]. The un-
desirable leakage current, however, has been the main issue for
the application of ELC to polycrystalline silicon TFTs (poly-
Si TFTs). To address the issue, the defect passivation method
was proposed in the poly-Si TFT manufactures. The hydrogen
plasma treatment was the widely used method to passivate the
trap states at the grain boundaries [3], but it is not easy to
control the hydrogen concentration in the poly-Si films. The
formed Si–H bonds after hydrogen plasma treatment are not
effectively immune against the impact of driving current, and
thereby alternative technologies should be developed further.
The fluorine-ion-incorporation technology has been applied
in many electronic manufactures such as the improvement
of Si/SiO2 interface hardness against the hot carrier impact
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[4]–[7], the enhanced breakdown voltage of device, and the
passivation of trap centers. In previous studies [8], [9] on the
fluorine-implanted poly-Si TFTs, the formed Si–F bond can
eliminate the trap state density to obtain higher field-effect
mobility, superior electrical reliability, and lower threshold
voltage for n-channel TFTs. However, the prior art needed
additional pad oxide deposition during TFT fabrication, leading
to a complex process.

In this letter, a new manufacture method using fluorine ion
implantation for poly-Si TFTs was proposed. The proposed
process is simple and does not need additional pad oxide
deposition. The electrical characteristics of the proposed poly-
Si TFT will be reported in this letter, including the I−V transfer
curves and direct current (dc) stress reliability.

II. EXPERIMENTAL

A 50-nm-thick undoped amorphous silicon (a-Si) layer was
deposited on a 500-nm-thick oxide-coated silicon wafer by low-
pressure chemical vapor deposition (LPCVD) system. Then, the
fluorine ion implantation was performed to the a-Si layer. The
ion implantation dose was 5 × 1013 cm−2 with an accelerating
energy of 11 keV. The recrystallization procedure was realized
by a KrF excimer laser with an energy density of 300 mJ/cm2

under a vacuum ambient (∼ 10−3 torr) at room temperature.
After the crystallization of the a-Si layer, the silicon-active
regions were patterned by photolithography and etch processes.
The tetraethylorthosilicate (TEOS) precursor was used for the
formation of the gate dielectric and was performed by the
LPCVD system at 700 ◦C. The poly-Si gate was also deposited
by the LPCVD system. After the poly-Si gate pad definition,
the P31+ ion implantation was implemented as the source–drain
regions. The activation of the source–drain regions was realized
by the thermal budget of the passivation TEOS oxide layer
deposited at 700 ◦C for 3 h. The contact holes were then defined
and etched by the buffer oxide etching (BOE) solution. The
aluminum layer was deposited, defined, and etched to form
the metal pads. Finally, the finished poly-Si TFT devices were
sintered in a thermal furnace at 350 ◦C for 30 min.

III. RESULTS AND DISCUSSION

Fig. 1 shows the secondary ion mass spectrometry (SIMS)
depth profile of the fluorine-implanted a-Si/buffer oxide struc-
ture after ELC. The inset is the cross section of the proposed
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Fig. 1. SIMS depth profile of fluorine in the poly-Si channel/buffer oxide
structure. The inset plot shows the cross section of fluorine-ion-incorporated
poly-Si TFTs.

Fig. 2. Comparison of ID−VG characteristics for conventional TFTs and
fluorine-ion-implanted TFTs ( W/L = 10 µm/10 µm and VD = 0.1 V).

poly-Si TFT device. It is observed that a high level of fluorine
concentration is present at the surface of the poly-Si film and
at the interface between the poly-Si and buffer oxide layers.
The fluorine ions tended to pile up at the interface between
the poly-Si and SiO2 layers, whereas the implantation project
range targeted the middle of the a-Si layer. Compared with
previous studies, in this letter, the high concentration of flu-
orine ions at the poly-Si interface is still observed after the
crystallization process, even without extra deposition of the pad
oxide layer on the a-Si layer. This indicates that the fluorine
ions diffused into the oxidized surface of the a-Si layer in
the excimer laser annealing step. During the ELC process, the
fluorine ions segregated at the oxidized surface of the poly-
Si film and at the interface between the poly-Si and buffer
oxide layers. Based on a previous study [10], the fluorine
ions were also found to segregate in the oxide layer during
excimer laser annealing. The high concentration of fluorine
ions at the poly-Si surface and at the interface between the
poly-Si and buffer oxide layers was capable of eliminating the

Fig. 3. Threshold voltage variation versus stress time for the conventional
TFT and the fluorine-implanted TFT.

Fig. 4. On-current degradation versus stress time for the conventional TFT
and the fluorine-implanted TFT.

strain bonds in the poly-Si during the excimer laser annealing
[10]. In this letter, we have confirmed that the fluorine ions
moved toward the poly-Si interface because of the sequent
postimplant thermal annealing, even without any pad oxide
deposition. The fluorine ions passivated the strain bonds and
the dangling bonds in the poly-Si film, leading to the enhanced
electrical characteristics. The electrical characteristics of the
fluorine-ion-implanted poly-Si TFTs were also investigated in
this letter. The ID−VG transfer characteristics are shown in
Fig. 2. The key parameters were summarized in the inset table
in Fig. 2. It was found that the electrical characteristics of the
poly-Si TFT were improved effectively by the implementation
of fluorine ion implantation. The fluorine-incorporated poly-
Si TFTs exhibited higher field-effect mobility, higher ON/OFF

current ratio, lower trap state density, superior subthreshold
swings, and lower threshold voltage for n-channel poly-Si TFTs
with an implantation dose of 5 × 1013 cm−2.

The dc voltages were applied to the devices for the study of
electrical reliability. The stress condition was set at VD = VG =
20 V, and the stress times were 100, 200, 600, 1000, 2000,
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6000, and 10 000 s. The threshold voltage variations and the
on-current degradation that resulted from the broken Si–Si and
Si–H bonds during the electrical operation [11], [12] are shown
in Figs. 3 and 4, respectively. It was found that the poly-Si TFTs
without fluorine implantation gained the maximum ∆VTH

and ∆ION/ION after dc stress. The Si–Si and Si–H bonds
suffered from serious hot carrier stress, causing the largest
∆VTH and ∆ION/ION. In contrast, the fluorine-incorporated
poly-Si TFT has high immunity against the hot carrier stress
and thereby exhibited minimum ∆VTH and ∆ION/ION as
compared to a typical poly-Si TFT. Therefore, the significant
improvement in the electrical reliability can be attributed to the
formation of stronger Si–F bonds in place of weaker Si–Si and
Si–H bonds in the poly-Si.

IV. CONCLUSION

We have successfully demonstrated the fluorine-incorporated
poly-Si TFTs in this letter. The field-effect mobility for
fluorine-implanted poly-Si TFTs was twice as large as that
of the conventional poly-Si TFT using the ELC method. The
improvement of threshold voltage was from 3.07 to 1.19 V
with the incorporation of fluorine ions. In addition, the
fluorine-incorporated poly-Si TFTs can possess higher hot
carrier endurance. This is presumably due to the formation of
stronger Si–F bonds instead of the weak Si–Si and Si–H bonds
in the poly-Si layer. Furthermore, the manufacturing process
is simple and compatible with the conventional poly-Si TFT
fabrication processes.
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