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Performance and Reliability of Low-Temperature
Polysilicon TFT With a Novel Stack Gate
Dielectric and Stack Optimization Using

PECVD Nitrous Oxide Plasma
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Abstract—This paper proposes a novel tetraethylorthosilicate
(TEOS)/oxynitride stack gate dielectric for low-temperature
poly-Si thin-film transistors, composed of a plasma-enhanced
chemical vapor deposition (PECVD) thick TEOS oxide/ultrathin
oxynitride grown by PECVD N, O plasma. The novel stack gate
dielectric exhibits a very high electrical breakdown field of 8.5
MYV/cm, which is approximately 3 MV/cm higher than traditional
PECVD TEOS oxide. The novel stack oxide also has better
interface quality, lower bulk-trap density, and higher long-term
reliability than PECVD TEOS dielectrics. These improvements
are attributed to the formation of strong Si = N bonds of high
quality ultra-thin oxynitride grown by PECVD N>O plasma,
and the reduction in the trap density at the oxynitride/poly-Si
interface.

Index Terms—Dielectric films, gate oxide, nitrous oxide plasma,
polycrystalline-silicon thin-film transistor (polysilicon TFT), relia-
bility.

1. INTRODUCTION

OW-TEMPERATURE poly-Si (LTPS) thin-film tran-

sistors (TFTs) have high mobility and driving current,
making them highly suited for realizing peripheral circuits on
active matrix liquid crystal displays (AMLCDs) glass substrate
[1]. However, the traditional LTPS TFTs, which use PECVD
SiO9 or SizNy as the gate insulator, suffer from high interface
trap states, low electrical breakdown field (<6 MV/cm) and
high gate leakage current [2]. In contrast, PECVD N>O plasma
oxide has been reported to achieve strong Si = N bonds,
smooth interface, and excellent charge trapping properties at
the oxynitride/poly-Si interface [3]-[5]. However, although
N> O plasma oxide is a good candidate for forming high quality
ultra-thin oxide, it is unsuitable for high-voltage LTPS TFTs
peripheral driver IC applications. Specifically, the plasma
radical oxidation process has difficulty in obtaining a thick
and high-quality dielectric film at low oxidation temperature
(<300 °C), because of the self-limiting effect of thermal
oxidation [6] and plasma-induced damage [7]. Because of the
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small breakdown voltage of such thin (<120 A) plasma-grown
oxide, they cannot be applied as a gate dielectric for making
high-voltage TFTs peripheral driving integrated circuits [8],
[9]. Therefore, a high-quality low-temperature gate dielectric,
capable of sustaining high-voltage operations, needs to be
developed for LTPS TFTs peripheral circuit applications em-
bedded in AM-LCDs plates. This work proposes a simple stack
gate dielectric structure, based on the continuous stacking of a
PECVD N5O plasma-grown ultra-thin oxynitride film (about
3 nm) together with a thick-TEOS oxide film (37 nm), without
breaking the process chamber vacuum. The bottom high-quality
ultra-thin oxynitride formed strong Si = N bonds and low
charge trapping density at the oxynitride/poly-Si interface.
The upper 37-nm TEOS oxide layer solves the high-voltage
operation problem in the application of LTPS TFTs peripheral
circuits. The experimental results reveal that the electrical
breakdown field of the stack oxide is up to 8.5 MV/cm, which
is 3 MV/cm larger than that of the traditional single layer TEOS
oxide.

II. DEVICE FABRICATION

Amorphous silicon (a-Si) films with thickness of 100 nm
were formed on 4-inch thermally oxidized p-type Si wafers
by dissociating SiH4 gas at 550 °C using low pressure chem-
ical vapor deposition (LPCVD). The a-Si films were then
prepatterned into active islands, and subsequently crystallized
at 600 °C furnace annealing in the N ambient for 24 h.
Following surface oxide removal, the 40-nm-thick stack gate
dielectric (37 nm TEOS/3 nm oxynitride) film was formed
by two-step oxidation processes. First, PECVD N-sO plasma
oxidation was performed at substrate temperature 300 °C,
chamber pressure 100 mTorr, RF power 200 W and 1 min of
processing time to grow the 3-nm thickness of oxynitride, then
a 37-nm thickness of PECVD TEOS oxide was continuously
deposited in-situ on the thin-oxynitride film without vacuum
breakup. The process illustration of stack gate dielectric was
shown in Fig. 1. To optimize the quality of thin-oxynitride and
investigate plasma induced damage, the radio frequency (RF)
power 600 W and various N2O plasma oxidation times were
also examined, as summarized in Table I. For comparison,
the control sample was comprised a 40-nm thickness of
PECVD TEOS oxide without NoO plasma treatment. Next,
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Fig. 1. Schematic process steps for fabrication of poly-Si TFTs with stack gate
dielectric. (a) NoO plasma-grown ultrathin oxynitride film. (b) Deposit thick
TEOS oxide film. (c) Low-temperature poly-Si TFT with stack oxide.

TABLE 1
DEPOSITION CONDITIONS OF TEOS/N; O-PLASMA GROWN OXYNITRIDE
STACK GATE DIELECTRICS IN THIS PAPER

Stack Oxide RF | N,O-plasma | N;O-plasma | TEOS Total
Samples Power | Processing | Oxynitride Oxide | Thickness

(Watt) | Times (min) | Thickness | Thickness (A)

(A) (A)

SOTFT-1 200 1 30 370 400

SOTFT-2 200 5 70 330 400

SOTFT-3 600 1 50 350 400

SOTFT-4 600 5 100 300 400

a 200 nm-thick poly-Si was deposited and patterned for the
gate electrode. Also, a self-aligned phosphorous implantation
was performed at a 5 x10'° /cm? dosage and 40 keV energy.
Moreover, dopant activation was performed at 600 °C furnace
annealing at N, ambient for 12 h following the deposition of a
400-nm TEOS oxide passivation layer and contact hole defini-
tion. Subsequently, 500-nm Al was deposited and patterned to
provide an electrode pad. Al sintering was then carried out at
400 °C for 30 min. These LTPS TFTs devices were fabricated
without using hydrogenation plasma passivation treatment to
passivate the poly-Si grain boundary or oxide/poly-Si interface.
To measure the capacitance-voltage (C-V) curve, the stack gate
dielectric films were also deposited on p-type Si (100) wafer in
the same run, and the C—V measurement was performed on this
metal-oxide-semiconductor (MOS) capacitor. The thickness of
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Fig. 2. Current density versus electric field J-E characteristics of the gate
oxide for the conventional TEOS oxide and proposed stack oxide poly-Si TFTs.
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Fig. 3. High-frequency C-V' curves of MOS capacitor with TEOS and stack

oxide dielectric films. The measurement frequency was 1 MHz.

the stack gate dielectric was measured using an Ellipsometer.
The thickness variation of NoO plasma-grown oxynitride film
is below +5%. Finally, the electrical characteristics of LTPS
TFTs were analyzed by HP 4156 A semiconductor parameter
analyzer.

III. RESULTS AND DISCUSSION

Fig. 2 illustrates the current density versus electric filed
characteristics of LTPS TFTs with both TEOS and TEOS/NO
plasma oxynitride stack oxides under various oxynitride growth
conditions. The J-E characteristics were measured by applying
a voltage to the gate electrode and grounding the source and
drain electrodes. The ramp speed of the applied gate voltage
was 0.25 V/step. Obviously, the electrical breakdown field
of stack oxide is up to 8.5 MV/cm. Evidently, stack oxide
breakdown field decreased and leakage current increased when
the thin oxynitride films were grown with a higher RF power as
in 600 W or with longer oxidation time. The plasma-induced
damage effect may explain this degradation of ultra-thin
oxynitride films [10]. Fig. 3 shows the C-V curve of the
stack gate dielectrics. Samples SOTFT-1 and SOTFT-3 have
sharper curves than those of the conventional TEOS oxide.
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Fig. 4. Transfer characteristic for a 40 pm wide and 15 p2m long stack oxide

structure n-channel polysilicon TFT with Vps = 1 V for drain current ID and
Vps = 0.1V for field-effect mobility .
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Fig. 5. Output characteristics of the fabricated poly-Si TFT with TEOS and
stack oxide gate dielectrics.

This indicates that the interface traps of N»O plasma oxynitride
is less than that of conventional TEOS oxide [10]. Although
the TEOS/N,O plasma oxynitride stack gate dielectric induced
more trapped charge than TEOS oxide and caused a slightly
flat-band voltage (Vgp) shift, the TEOS/oxynitride stack gate
dielectric still demonstrates good interface properties and lower
leakage current than TEOS oxide. These results indicate that
the ultra-thin oxynitride film of stack oxide was grown with
the condition of RF power 200 W and oxidation time 1 min ap-
peared to be the optimum process condition. Fig. 4 displays the
Ip—-Vg characteristics of the stack oxide and the conventional
TEOS oxide LTPS TFTs. The ON current of the stack oxide
TFTs (SOTFT) was approximately one order of magnitude
higher than that of TEOS oxide TFTs (TEOS-TFT). The
leakage current of SOTFT was 50% lower than that of TEOS
oxide TFTs at V;;, = —10 V and Vps = 1 V. Notably, the field
effective mobility of stack oxide TFTs is 4 times that of TEOS
oxide TFTs at Vps = 0.1 V, Vgs = 23 V. Moreover, the
subthreshold swing (SS) of the SOTFT was 2 V/dec, compared
to 2.67 V/dec for the TEOS oxide TFTs. The subthreshold
swing of TFTs is well known to be determined by the interface
trap states, while the small SS value implies low interface states
[11]. Fig. 5 shows the output characteristics of the stack oxide
and conventional TEOS oxide LTPS TFTs. Importantly, the
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Fig. 6. SIMS nitrogen profiles of the thin N>O plasma oxynitride and TEOS
oxide films. The insert is the SIMS oxygen profiles of the thin N,O plasma
oxynitride and TEOS oxide films.

driving current of the stack oxide TFTs is significantly higher
than that of TEOS oxide TFTs. Such a high driving current
implies that SOTFT can be applied to integrated peripheral
drive circuit on AMLCD panel.

This paper also evaluated the grain boundary trap density
using a modified Levinson’s model to investigate the improve-
ment of device characteristics in TEOS/oxynitride stack oxide
LTPS TFTs [12]. The density of the grain boundary traps in
SOTFTs and TEOS TFTs was found to be 1.45 x10'%/cm?ev
and 1.78 x1013 /cm?eV, respectively, indicating that the NoO
plasma reduces both the interface and grain boundary trap states
[10]. Fig. 6 shows the secondary ion mass spectrometry (SIMS)
depth profiles of N and O atoms in the NoO plasma-grown
oxynitride and TEOS dielectric films. Structurally, the SIMS
samples comprise poly-Si/oxide/poly-Si, and were prepared
as the same process as the LTPS TFTs. The N concentration
of the oxynitride film is clearly higher than that of the TEOS
oxide film. And the SIMS nitrogen profile of others SOTFT
samples was almost the same as that of the SOTFT-1. (data
not shown.) This results proves that a large amount of nitrogen
is present in the oxynitride film and forms the strong Si = N
bonds at the oxynitride/poly-Si interface. The roughness of
the oxide/poly-Si interface has also been reported to affect
the field effect mobility of TFT devices [13]. The electrical
characteristics and reliability of polyoxide are also correlated
with the surface morphology of a poly-Si film [14]. Atomic
force microscopy (AFM) was performed on samples of bare
poly-Si film, poly-Si film with PECVD N,O plasma oxidation,
and poly-Si film on which TEOS oxide had been deposited,
as shown in Fig. 7(a)—(c) respectively, to elucidate the surface
morphology of the interface between oxide film and poly-Si.
Notably, before AFM measurements were made, all of the sam-
ples were dipped into 100:1 HF solution to remove completely
oxide grown on the poly-Si surface. The average RMS values
of poly-Si roughness were 8.46, 5.8, and 7.18 A, respectively.
Clearly, the NoO plasma oxidation process does not degrade
the surface roughness of the poly-Si film. Furthermore, this
process renders an interface even smoother than the original
surface due to the uniformity of the oxidation rate, irrespective
of the crystalline orientation and the suppression of enhanced
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Fig. 7. AFM images of poly-Si. Before AFM observation, the oxide film on the poly-Si was removed completely. (a) Nontreated poly-Si sample. (b) Poly-Si
sample with N»>O plasma oxidation. (c) poly-Si sample with TEOS oxide deposition. The corresponding RMS values of poly-Si surface roughness are 8.46 A,

5.8 A, and 7.18 A, respectively.

oxidant diffusion through grain boundaries [6]. Based on these
results, the improvement of the electrical characteristics of
the stack oxide LTPS TFTs was attributed to the formation of
strong Si = N bonds, the smoothness of the surface, and the
reduction in the trap density at the oxide/poly-Si films interface
associated with NoO plasma-grown oxynitride.

As is well known, the hot carrier effect often degrades the
performance and reliability of TFT devices [14]. The n-channel
LTPS TFTs fabricated with novel TEOS/N2O plasma oxyni-
tride stack oxide and TEOS oxide were stressed at room tem-
perature by a high electric field to study N»O plasma oxyni-
tride in relation to the reliability of TFT devices. Fig. 8 shows
transfer characteristics of as-fabricated LTPS TFTs before and
after hot carrier stress was applied (Vgs = 20V, Vpg =
25 V) for 30000 s. The typical operation voltage of high-voltage
driver-integrated LTPS TFT-LCD application is Vgg = 12 V.
The SOTFT exhibits a smaller shift in the threshold voltage, a
smaller decrease in the peak transconductance and a smaller in-
crease in the subthreshold slope than TEOS oxide TFTs after
the stress. The slight shift of the transfer curves of SOTFT is
believed to be related to the strong Si = N bonds formed by
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Fig. 8. Transfer characteristics of poly-Si TFTs with stack oxide and TEOS
oxide before and after 30 000 s hot carrier stress with Vs = 20V, Vps =
25 V.

the N2O plasma, and the excellent trapping charge properties
at the oxide/poly-Si interface, which reduce the generation of
fixed charges by breaking weak Si-O bonds or Si-ON bonds
under high-field stress [15]. This results shows that the NoO
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plasma-grown oxynitride positively affects on the reliability of
the fabricated SOTFTs and improves the hardness of gate di-
electric against stress-induced damage.

IV. CONCLUSION

The LTPS TFTs fabricated with TEOS/N>O plasma-grown
oxynitride stack gate dielectric exhibit excellent characteristics,
including electrical breakdown field up to 8.5 MV/cm, low
leakage current, low interface trap density, and high long-term
reliability, resulting from the formation of strong Si = N bonds
at the oxynitride/poly-Si interface, while the N»O plasma
passivation effect reduces the interface and grain boundary trap
densities. The PECVD TEOS/N;O plasma-grown ultra-thin
oxynitride stack oxide can be adapted for utilization in the
AMLCD panel manufacturing industry due to simple process
and improving the performance of low-temperature fabricated
poly-Si TFTs.
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