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Abstract

Spin-on low-k passivation is achieved on inverted-staggered back-channel-etched hydrogenated amorphous silicon thin-film transistors (TFT).
The low-k passivation material, siloxane-based hydrogen silsesquioxane (HSQ), has been investigated for different process temperatures.
Performance is improved with decreased temperature. At 300 °C, the TFT performance of HSQ passivation is superior to those of other TFTs. The
hydrogen bonds of HSQ assist hydrogen incorporation to eliminate the density of states between the back channel and the passivation layer. The

characteristics of HSQ passivated TFT have been studied in this work.

© 2007 Published by Elsevier B.V.

Keywords: TFT; Passivation; Low-k; HSQ

1. Introduction

Inverted-staggered back-channel-etched (BCE) hydrogenated
amorphous silicon thin-film transistors (a-Si:H TFTs) have been
used as the switching devices in active matrix liquid crystal displays
(LCDs) [1,2]. With larger displays, performance requirements of
TFT devices become even more demanding. There is a great need
for improving the aperture ratio and stability for BCE a-Si:H TFTs
high resolution LCDs. In a large panel LCD, the transmittance and
RC time delay are the important factors which need to be improved.
To overcome these issues, low dielectric (low-k) materials with
high transmittance and good planarization passivated on high
resolution and high aperture ratio TFT-LCD panels have been
proposed recently [3—7]. In BCE a-Si:H TFT processes, a
passivation layer is necessary to protect the back channel from
damage and contamination during subsequent processing. For the
conventional BCE TFT devices, plasma-enhanced chemical vapor
deposition (PECVD)silicon nitride (SiN,.) is used as the passivation
layer. However, PE-SiN, with its relatively high dielectric constant
(~7), high stress and low transmittance, limits the brightness and
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resolution of the display. For conventional structures, it is hard to
extend the ITO pixel electrode to control the liquid crystal which
limits the aperture ratio of TFT-LCD panel, as shown in Fig. 1(a).
Therefore, the hydrogen silsesquioxane (HSQ) dielectric layer
passivated on the TFT has been proposed to increase the aperture
ratio and decrease the RC time delay between the gate line and data
line, as shown in Fig. 1(b) [7].

In this work, low-k dielectric HSQ (k~2.8) was used to
passivate a BCE a-Si:H TFT with different process tempera-
tures. HSQ film has high transmittance in the visible light, good
planarization properties and low stress. In a-Si:H TFT devices
fabrication, process temperature affected the device perfor-
mance very much. For a-Si:H TFT fabrication, low tempera-
tures are required. HSQ passivated TFTs with different process
temperatures were fabricated. Transmittance and stress of the
HSQ films were studied. Also, characteristics of a-Si:H TFTs
with HSQ passivation will be discussed.

2. Experimental procedure
The BCE a-Si:H TFT process consists of a bottom gate, a silicon

nitride (SiN,;) gate insulator, undoped a-Si:H (i), phosphorus doped
a-Si:H (n" a-Si:H), source/drain electrodes and a passivation layer.


mailto:tcchang@mail.phys.nsysu.edu.tw
http://dx.doi.org/10.1016/j.tsf.2007.08.014

T-S. Chang et al. / Thin Solid Films 516 (2007) 374-377 375

Fig. 1. The schematic diagram of the BCE a-Si:H TFT passivated by HSQ.

First, chromium was deposited on 4 inch substrate by sputtering
and then was lithographically patterned to form the gate electrodes.
Subsequently, SiN,, undoped a-Si:H and phosphorous-doped a-Si:
H layers were deposited on the Cr patterned substrate in a PECVD
reactor sequentially without breaking vacuum. The SiN, layer was
deposited with a mixture of SiH, and NH; gases at a substrate
temperature of 300 °C and the undoped a-Si:H was deposited from
a gas mixture of H, and SiH,4 at 300 °C. The film thickness of the
Cr, SiN,, a-Si:H and n™ a-Si:H was 300, 300, 180 and 40 nm,
respectively. The active region was defined by a second
photolithographic process after the tri-layer deposition. Aluminum
was deposited with thermal coater, and the source/drain metal
contacts were defined by third photolithography. Before the
passivation formation, the substrate was divided into three groups,
standard, HSQ, and PE-SiN, samples. Finally, PE-SiN, and HSQ
were deposited on BCE a-Si:H TFT devices as passivation layers,
respectively.

The samples were spin-coated with HSQ solution at 2000 rpm
for 20 s. The low-k film, HSQ, coated on the standard sample was
baked sequentially on hot-plates at 150 °C, 200 °C, and 250 °C for
1 min. Afterward, the resultant samples were thermally cured in a
quartz furnace at 300 °C, 330 °C, and 350 °C for 1 h under N,
ambient, respectively. All the electrical measurements were
performed by using a Hewlett-Packard (HP) 4156A semiconduc-
tor parameter analyzer. The thicknesses were measured by n&k.

3. Results and discussions

The Fourier transform infrared spectra (FTIR) of HSQ films
before and after a series of curing temperatures are shown in
Fig. 2. The important peaks that appeared in the FTIR spectrum
of HSQ films are indicated as follows. The peak near 2250 cm ™'
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Fig. 2. FTIR spectra of HSQ before and after a series of curing temperatures.

is identified as a Si—H stretching bond. The Si—H group makes
the film surface hydrophobic and prevents the absorption of
moisture. In addition, a Si—O stretching cage-like peak is present

near 1130 cm™'; a Si-O stretching network peak near

1070 cm™'; a Si—O bending cage-like peak near 860 cm™ ',
and a Si—O bending network peak is near 830 cm ™' [8—10]. The
spectra of HSQ films cured at different temperatures are almost
the same. Fig. 3 shows the optical transmittance of HSQ film and
PE-SiN, film, respectively. The optical properties are measured
by ultraviolet visible spectrometer. In the visible range (300—
800 nm), the optical transmittance of HSQ film is larger than PE-
SiN, film which has low transmittance (<90%). Table1 show the
stress and adhesion of HSQ and PE-SiN, films, respectively. The
stress is tensile for HSQ films, and SiN, films have the
compressive stress. The magnitude of the stress of PE-SiN,, film
is ten times higher than the HSQ film. The adhesion force in
Table 1 shows that the adhesion of PE-SiN, is larger than HSQ
film. The adhesion of the HSQ film is high enough for this film
to act as a passivation layer for BCE a-Si:H TFT without peeling.
From these properties, the deposited HSQ film can be thick for
the high transmittance at here to the substrate and have low
stress. On the contrary, in order to avoid dimming of the LCD
panel and fracture of the glass substrate, PE-SiN, can only be
deposited in very thin layers because of its low transmittance and
high stress.

Fig. 4 shows the /;—V, transfer characteristics of BCE a-Si:H
TFTs with 350 °C, 330 °C, and 300 °C curing of the HSQ
passivation layer, respectively. The 350 °C and 330 °C cured
HSQ passivated a-Si:H TFT have a lower on-current, higher
off-current, poor subthreshold swing (S.S.) and a higher
threshold voltage (V7). These degraded characteristics resulted
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Fig. 3. The optical transmittance of HSQ and PE-SiN, dielectric film deposited
on glass substrate.
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Table 1
(a) Stress comparison of HSQ and PE-SiN, films, respectively (b) Adhesion
comparison of HSQ and PE-SiN, films, respectively

Stress Thickness (A) Stress (MPa)

HSQ 5000 56.5 Tensile
PE-SiN, 2800 679 Compressive
Adhesion Thickness (A) Stress (MPa)
HSQ 5000 29.71
PE-SiN, 2800 41.14

from breaking the Si—H bonds of a-Si:H layers by temperature
induced stress during the curing process. Thus, the high
temperature curing step made the a-Si:H film generate large
traps which deteriorated the TFT device performance. The
300 °C cured HSQ passivated TFT shows superior character-
istics. The implied that this lower temperature does not lead to
break the Si—H bonds. A TFT device fabricated with this layer
could still have good I4—V, transfer characteristics. Fig. 5(a)
and (b) shows the standard (STD) without any passivation
layer and PE-SiN, passivated a-Si:H TFT devices which were
compared with 300 °C curing HSQ passivated TFT, respec-
tively. In Fig. 5(a), HSQ passivated TFT has the higher on
current, lower V¢ than STD TFT. On the other hand, HSQ
passivated TFT presented the similar characteristics to PE-SiN,
passivated TFT in Fig. 5(b), except the lower off-current. The
on-current value of each TFT is shown in Fig. 6(a) and (b). In
Fig. 6(a), 300 °C curing HSQ passivated TFT has the highest
on current. The 350 °C and 330 °C cured HSQ passivated TFTs
have poor on-current because of broken Si—H bonds and lower
the p. The on-current of 300 °C cured HSQ passivated TFT is
also higher than PE-SiN,, passivated TFT as shown in Fig. 6(b).
This may be due to minor interface states between the TFT back
channel and the passivation layer. From the previous work [11],
trap states at the back channel lead to worse electrical char-
acteristics, such as off-current and S.S. The on-current, S.S., and
off-current of HSQ passivated a-Si:H TFTs are improved by
incorporating the hydrogen originated from the HSQ film. The
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Fig. 4. The I4—V, transfer characteristics of BCE a-Si:H TFTs with 350 °C,
330 °C, and 300 °C curing HSQ passivation, respectively.

(a)
108

.| —— sTD
107 F HSQ 300

108 |
109 |
3 1070}
B 10-11_

urrent (A)

4
&
J
<
&
S
3
o
8

Drain

—
e
)

1013 % :

101 1
10 50 5 10 15

Gate Voltage (V)

—_
o
~—

—+— PE-SIN,
et HSQ 300

Drain Current (A)

-10 -5 0 5 10 15
Gate Voltage (V)

Fig. 5. (a) The I3V, transfer characteristics of BCE a-Si:H TFTs with standard,
and 300 °C curing HSQ passivation, respectively. (b) The I4—V, transfer
characteristics of BCE a-Si:H TFTs with the PE-SiN,. and 300 °C curing HSQ
passivation, respectively.

passivation at the HSQ/a-Si:H interface decreased the density of
defect states, leading to the superior characteristics of TFTs.
From the above comparison, 300 °C curing HSQ passivated
TFTs have a better on/off ratio, higher mobility (1) and lower
V't due to the hydrogen incorporation from HSQ passivation
film. Because of instability of a-Si:H TFTs, the IV, transfer
curves should be measured for many times to ensure that the
TFT device is stable. The instability of different TFTs are shown
in Fig. 7. The TFTs with passivation layer have stable
characteristics whose Vr variation is small. The STD TFTs
with the larger V1 variation (A V1) may be due to the uncovered
back channel. The TFT devices without passivation layer are
damaged or contaminated easily. The most important instability
in a-Si:H TFTs is a threshold voltage variation that is observed
after the prolonged application of a gate voltage (bias stress).
The stress conditions during testing were as follows: V,=+20V,
Vs/Vq=grounded (to prevent the electrical field distortion),
room temperature, and 5000 s, respectively. The threshold
voltage variation as a function of stress time for STD, PE-SiN,,
and HSQ 300 °C passivated TFTs are shown in Fig. 8,
respectively. The threshold voltage variation (AVt) of STD,
HSQ, and PE-SiN, passivated TFTs are 1.58, 1.28, and 1.10,
respectively. A moderate A V't for a TFT with a passivation layer
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Fig. 6. (a) On current of BCE a-Si:H TFTs with 350 °C, 330 °C, and 300 °C
curing HSQ passivation, respectively. (b) On current of BCE a-Si:H TFTs with
the HSQ passivation, the SiN, passivation and standard, respectively.

was observed. The good electrical characteristics are due to
back channel protection. For HSQ passivation, hydrogen
incorporation decreased the trap states at the back channel
which leads to better electrical performance than STD. How-
ever, AV of HSQ passivated TFT is little higher than PE-SiN,
passivated TFT’s. If this is due to the PE-SiN, dense film, one
way to improve this phenomenon is to increase the thickness of
the HSQ to enhance the protection.

4. Conclusion

In this study, HSQ passivated a-Si:H TFTs have been
demonstrated and their properties studied. In addition to lowering
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Fig. 7. Threshold voltage variation of the HSQ passivated a-Si:H TFT after
many times measurement.
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Fig. 8. Threshold voltage variation of the HSQ passivated a-Si:H TFT after
stress.

the RC time delay with a lower dielectric constant, analyses shows
that the low-k HSQ film has a high transmittance in visible light
range and low stress. The good planarization of a HSQ film can
provide a higher aperture ratio. When used HSQ as a passivation
layer on a TFT, the optimum process temperature is 300 °C. The
improved electrical characteristics of HSQ-passivated a-Si:H
TFTs result from the incorporation of hydrogen. Furthermore, the
back channel protection moderated the threshold voltage variation
seen in TFTs. Thus, HSQ may be used as a passivation layer which
is compatible with BCE a-Si:H TFT.
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