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Improved Electrical Performance and Uniformity of
MILC Poly-S1 TFTs Manufactured Using Drive-In
Nickel-Induced Lateral Crystallization

Chih-Pang Chang and YewChung Sermon Wu

Abstract—A new manufacturing method for polycrystalline sil-
icon (poly-Si) thin-film transistors (TFTs) using drive-in nickel-
induced lateral crystallization (DILC) was proposed. In DILC,
a FT implantation was used to drive Ni in the -Si layer. To reduce
Ni contamination, the remained Ni film was then removed and
subsequently annealed at 590 °C. It was found that DILC TFTs
exhibit high field-effect mobility, low threshold voltage, low sub-
threshold slope, high ON-state current, lower trap-state density,
smaller standard deviations, and low OFF-state leakage current
compared with conventional Ni-metal-induced lateral crystalliza-
tion TFTs.

Index Terms—Drive-in nickel-induced lateral crystallization
(DILC), fluorine ion (F+) implantation, thin-film transistors
(TFTs), uniformity.

I. INTRODUCTION

OW-TEMPERATURE polycrystalline silicon (poly-Si)

thin-film transistors (TFTs) have attracted considerable
interest for their application in active-matrix organic light-
emitting diode (AMOLED) displays [1]. The luminance of
the OLED material is proportional to the amount of current
passing through it. Therefore, a pixel-to-pixel array needs to
give uniform currents to the OLED material for the sake of
creating uniform light [2].

Intensive studies on reducing the crystallization time and
temperature of amorphous silicon («-Si) have been carried
out. Ni-metal-induced lateral crystallization (MILC) is one of
these efforts [3], [4]. Unfortunately, poly-Si/oxide interfaces
and grain boundaries trap Ni and NiSiy (Ni-related defects),
which degrades its electric performance [5], [6]. There have
been several attempts to reduce Ni contamination; however,
all these require complex steps [7]-[9]. Recently, a fluorine
ion (F') implantation and a CF,-plasma treatment have been
employed to improve the electrical performance of MILC TFTs
[10], [11]. It was found that fluorine atoms effectively minimize
the trap-state density.
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Fig. 1. Schematic illustration of the F implantation process to drive Ni in
the a-Si layer.

In this letter, a drive-in nickel-induced lateral crystallization
(DILC) process was developed to reduce the Ni concentration
and minimize the trap-state density of MILC TFTs.

II. EXPERIMENT

The preparation of DILC poly-Si began with a 4-in Si wafer.
A 120-nm-thick undoped «-Si layer was deposited onto a
500-nm-thick oxide-coated Si wafer by a low-pressure chem-
ical vapor deposition system. A 65-nm-thick cap oxide was
deposited and patterned to form 20-m-wide lines, and a 20-A-
thick Ni film was then deposited. The samples were subjected
to a F™ implantation to drive Ni in the -Si layer, as shown in
Fig. 1. For the a-Si layer under the Ni line, the projection range
was set at the middle of the a-Si layer. At the same time, for
the a-Si layer under the oxide layer, it was located at the cap-
oxide/a-Si interface. The dosage of F* ranged from 2 x 10'2
to 2 x 10'® cm~2. The ion-accelerating energy was 35 keV.

To reduce the Ni contamination/concentration, the remained
Ni film and cap oxide were then removed by chemical etching
and subsequently annealed at 590 °C for 3 h to form the DILC
poly-Si. The islands of poly-Si regions were defined by reactive
ion etching with the channels at the lateral growth region,
which was 10 pum away from the Ni line and the front of the
DILC poly-Si grains. TFT devices were fabricated by standard
IC processes, as described elsewhere [11]. For the purpose of
comparison, conventional MILC was prepared [11]. It is worthy
to note that this DILC process does not need any additional
annealing step and is compatible with MILC processes.

III. RESULTS AND DISCUSSIONS

The MILC and DILC lengths that are perpendicular to the
Ni lines are plotted as a function of annealing time in Fig. 2.
The growth rate as a function of annealing time was estimated
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CHANG AND WU: IMPROVED ELECTRICAL PERFORMANCE AND UNIFORMITY

80[-O—MILC

—@—DILC (2x10")
—A—DILC (2x10")
—w—DILC (2x10™)
—B— DILC (2x10"2

60

20

MILC / DILC Length (um)
&

00 1 2 3 4

Annealing Time (hr)

Fig. 2. MILC and DILC growth lengths as a function of annealing time at
590 °C.
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Fig. 3. Typical Ipg—Vgg transfer characteristics and field-effect mobility of

MILC and DILC TFTs with various F* dosages (W/L = 10/10 um).

by the slope of the curve in Fig. 2. The growth rates of MILC
and DILC were all the same before reaching the saturation. In
other words, the growth mechanism of MILC was not changed
by the F™ implantation.

The MILC length was saturated around 30 pum when the
time reached 2 h. The DILC saturation lengths were longer
than that of MILC, and they increased with the drive-in dosage.
This is because the saturation of MILC/DILC was stopped by
the random poly-Si grains resulting from background solid-
phase crystallization (SPC) [12]. The F* implantation caused
higher degree of disorder at the cap-oxide/a-Si interface, which
retarded the SPC nucleation rate [13]. As a result, the saturation
length of DILC increased with the FT dosage.

Fig. 3 shows the Ips—Vg transfer characteristics and field-
effect mobility (upg) of MILC and DILC TFTs with drive-in
dosage that is greater than 2 x 10'* cm~2. It was found that
DILC TFTs have superior electrical characteristics such as high
field-effect mobility, low threshold voltage, low subthreshold
slope, high ON-state current, and low OFF-state leakage current.
This indicates that the trap-state density (/V;) in DILC poly-Si
was effectively reduced. The performances of DILC TFTs with
dosage that is less than 2 x 10'® cm~2 were not shown in Fig. 3
since their performances were similar to those of MILC TFTs.
This might be because the F* dosage was not high enough.

In MILC poly-Si, there are two major kinds of defects
that are related to N;: 1) grain boundary and 2) Ni-related
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Fig. 4. SIMS depth profile of fluorine in the structure of the interface of DILC
poly-Si/buffer-oxide film after annealing at 590 °C for 3 h.

TABLE 1
AVERAGE VALUES OF THE FIELD-EFFECT MOBILITY, THRESHOLD
VOLTAGE, SUBTHRESHOLD SLOPE, ON-STATE CURRENT,
AND OFF-STATE LEAKAGE CURRENT OF TFTs WITH
STANDARD DEVIATIONS IN PARENTHESES

MILC DILC

2x1014

Device Parameters

2x1013 2x1013

57.52(4.62) 69.68(3.14) 79.92(7.11)

ure (cm?/V - s)  56.11(12.59)

Vru(V) 9.72(0.72)  10.63(0.31) 9.66(0.25)  6.76(0.21)
S.S.(V/dec)  232(022) 2.48(0.09) 226(0.08) 1.66(0.69)
Ion (10°A) 10.40(3.17)  9.38(0.98) 13.52(0.99) 20.52(2.57)
Iorr (pA/pm)  3.85(0.71)  2.37(0.06)  2.03(0.05)  2.20(0.06)

defects. These defects would degrade the electric performance
[10], [11]. The trap-state density of TFTs was extracted using
Levinson and Proano’s method [14], [15]. As the F™ dosage
increased from 0 (MILC) to 2 x 10'* and 2 x 10'® cm™2,
N, decreased from 5.95 x 10'? to 5.78 x 10'? and 4.58 x
10'? ¢cm~2, respectively. This reduction implies that those
defects have been terminated. Moreover, a secondary-ion mass
spectroscopy (SIMS) analysis revealed that high F contents
at the DILC/buffer-oxide interface (Fig. 4), which means that
F atoms have diffused to the interface to terminate the
Ni-related defects [10].

These results are similar to our previous study on improving
the electrical properties of MILC TFTs using a F™ implan-
tation [10], in which MILC poly-Si was subjected to the F*
implantation. It was also found that F atoms can improve the
performance and reliability of MILC TFTs. Unfortunately, the
minimum off currents were nearly unchanged due to the high
Ni contamination. In contrast to this study, the Ni concentration
inside the poly-Si was controlled/limited by the F™ implanta-
tion dosage. The Ni concentration inside the DILC poly-Si was
less than that in MILC. As a result, the minimum off current of
DILC was less than that of MILC TFTs, as shown in Fig. 3.

The other important issue of poly-Si TFTs is their uni-
formity for AMOLED application. As shown in Table I, the
device parameters were extracted at W/L = 10/10 pm, and ten
TFTs were measured in each case to investigate the device-to-
device variation [11]. As shown in Table I, the standard devi-
ations of DILC TFTs were smaller than those of MILC TFTs,
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particularly in the case of DILC TFTs with dosage that is to
equal 2 x 103 cm~2. Even though its performances were simi-
lar to those of MILC TFTs, its standard deviations were smaller
than those of MILC TFTs. In other words, the uniformity of
MILC TFTs was improved through the DILC process. This
improvement was due to the suppression of SPC nucleation.

IV. CONCLUSION

An investigation of poly-Si TFTs using the DILC process had
led to the development of a suitable process for AMOLED man-
ufacturing. In DILC, a F* implantation was used to drive Ni in
the a-Si layer. To reduce the Ni contamination, the remained Ni
film was then removed by chemical etching and subsequently
annealed at 590 °C for 3 h. It was found that the DILC satura-
tion lengths were increased with the drive-in dosage. Moreover,
DILC TFTs exhibit high field-effect mobility, low threshold
voltage, low subthreshold slope, high ON-state current, lower
trap-state density, smaller standard deviations, and low OFF-
state leakage current compared with conventional MILC TFTs.
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