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Impact of planarized gate electrode in bottom-gate thin-film transistors
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In this work, the fabrication of bottom-gate TFTs with unplanarized and planarized gate electrode are reported, as well simulations of the
impact of the gate planarization in the TFTs are presented. Previously in literature, a reduction of the contact resistance has been attributed to
this planarized structure. In order to provide a physical explanation of this improvement, the electrical performance of ambipolar a-SiGe:H
TFTs with planarized gate electrode by Spin-On Glass is compared with unplanarized ambipolar a-SiGe:H TFTs. Then, the properties in
the main device interfaces are analyzed by physically-based simulations. The planarized TFTs have better characteristics such as field-effect
mobility, on-current, threshold voltage and on/off-current ratio which are consequence of the improved contact resistance.
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1. Introduction

Thin-film Transistors (TFTs) are successfully employed in
active-matrix displays, where considerable improvements in
organic, oxide and chalcogenide TFTs have been achieved.
However, the contact resistance is still a bottleneck due to the
lack of a source/drain heavily doped interlayer film. More-
over, since the active-matrix displays become larger (where
the inverted staggered structure is the most used), the num-
ber of address lines must increase and the gate lines must be
longer and narrower. To avoid a delay in the display perfor-
mance, the gate line must be thicker in order to reduce its
resistance [1]. Therefore, the problem associated with this
thicker gate is that in the inverted staggered TFT structure
the gate insulator tends to be thinner around the corners of the
gate, causing that the insulator may suffer strong leakage and
electric stress due to the high electric field at the corner [1,2].

With the aim to reduce these effects, some groups have im-
plemented a planarization process to planarize the gate elec-
trode [2-6]. J. Cheonet al. [3,4] used Spin-On Glass not only
as gate dielectric but also to planarize the gate electrode. J.
Lanet al. [5] reported a planarized Copper gate electrode for
a-Si:H TFTs, while S. Martinet al., [6] reported planarized
Organic Polymer TFTs.

As far as we know, in literature the only work related to
the study of the planarization of the gate electrode is the re-
ported by M. Chenet al. [2], where is reported a reduction in
the contact resistance attributed by the planarization process.
However, this improvement in the contact resistance is barely
understood.

In this work, the fabrication of inverted staggered am-
bipolar a-SiGe:H TFTs with unplanarized and planarized
gate electrode are reported, as well simulations of the impact
of the gate planarization in the TFTs, in order to provide a

FIGURE 1. Cross section of the inverted staggered a-SiGe:H TFTs. a) Unplanarized and b) Planarized devices.
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physical explanation of the improvement in the contact resis-
tance. The physical simulators ATHENA and ATLAS from
Silvaco were used [7,8]. Physically-based simulation has be-
come very important for two reasons. One, it is much quicker
and cheaper than performing experiments. Two, it provides
information that is difficult or impossible to measure. The
drawbacks of physically-based simulation are the rigorous
knowledge of the relevant material parameters and device
physics to be incorporated into the simulator, as well, numer-
ical procedures must be implemented to solve the associated
equations.

2. Experiment

The devices were fabricated on Corning 1737 Glass sub-
strate. The cross section of the planarized and unplanarized
a-SiGe:H TFTs is shown in Fig. 1.

After planarize the gate electrode in one set, both set of
devices were fabricated in the same process. To planarize the
gate, 100 nm of silicon oxide (SiO2) by Spin-On Glass was
deposited over the corning glass. Then, photoresist was ap-
plied and patterned to leave uncovered the place that will be
used for the gate. Later, the SiO2 film was etching by Reac-
tive Ion Etching leaving the place of the gate. Finally, the pla-
narized gate is formed by lift-off and 100 nm of e-gun evap-
orated aluminum. 80 nm-thick of high quality SiO2 by Spin-
On Glass was used as the gate dielectric for both devices.
100 nm-thick undoped a-SiGe:H and 40 nm-thick n-type a-
Ge:H films were used as active layer and contact region film,
respectively. 300 nm-thick aluminum e-beam evaporated as
source and drain electrodes. The complete fabrication pro-
cess can be found in Ref. 9.

The simulations were done as follows: using ATHENA,
both unplanarized and planarized structures were generated
following the fabrication process established. Si3N4 was de-
fined as the substrate, with no physical effects on the results.

FIGURE 2. Transfer characteristics of the unplanarized and pla-
narized a-SiGe:H TFTs atV gs = V ds (saturation regime).

The gate insulator used in the simulations was SiO2 with de-
fault properties values, because is the most similar to SiO2

by Spin-On glass used in the a-SiGe:H TFTs [10]. The pa-
rameters used for the a-SiGe:H and n-type a-Ge:H films were
obtained from [11-15]. It was used the TFT module to sim-
ulate the a-SiGe:H TFTs. Both electron and hole carriers
were considered in the simulation. The temperature was set at
300 K. Newton’s method was the numerical method used for
equations solution. The thickness used for the gate dielec-
tric, a-SiGe:H and a-Ge:H films were 200 nm, 200 nm and
70 nm, respectively. The thickness of the source and drain
electrodes, and passivation film are irrelevant for the simula-
tion. The thickness of the gate electrode for planarized TFTs
is also irrelevant for the simulation, while for unplanarized
TFTs were 400 nm. After that, using ATLAS, a positive gate
bias of 5 V (whileV ds = 0 V) was applied in order to study
the effects of the planarization in the electric field around the
corners of the gate. Finally, to analyze the TFTs interfaces
(insulator-semiconductor and metal-semiconductor), one di-
mensional profiles were generated by the cutline tool [8,16].

FIGURE 3. Measured output characteristics, a) Planarized TFT and
b) Unplanarized TFT.
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3. Results and discussion

For the electrical characterization of the devices it was used
a Semiconductor Parameter Analyzer (HP 4156B). All the
measurements were performed in dark under ambient condi-
tions.

FIGURE 4. Cross section of planarized and unplanarized struc-
tures generated by ATHENA. a) Planarized, b) Unplanarized and
c) zoom at the corner of the gate in unplanarized structure.

The measured transfer characteristic of unplanarized
and planarized a-SiGe:H TFTs is shown in Fig. 2. The
unplanarized a-SiGe:H TFT shows a subthreshold slope
∼ 1 V/DEC for n-type region and 1.3 V/DEC for p-type
region, on/off-current ratios∼ 104 and 103, for n-type
and p-type regions respectively. Whereas the planarized a-
SiGe:H TFT shows a subthreshold slope∼ 0.45 V/DEC and
∼ 0.49 V/DEC, for n-type and p-type regions respectively,
while on/off-current ratios> 105 and close to 105 for n-type
and p-type regions, respectively. The threshold voltage and
field-effect mobility were extracted from the transfer char-
acteristics operating in the saturation regime (V ds = V gs).
For unplanarized TFTs, the threshold voltage was 2.4 V for
n-type region and -3.35 V for p-type region. The extracted
field-effect mobilities were 0.11 cm2/Vs for n-type region
and 0.02 cm2/Vs for p-type region. For planarized TFTs, the
threshold voltage was 1.11 V for n-type region and -2.18 V
for p-type region. The extracted field-effect mobilities were
0.68 cm2/Vs and 0.15 cm2/Vs for n-type and p-type regions,
respectively.

Figure 3 shows the output characteristics for planarized
and unplanarized TFTs. The output characteristics show an
ambipolar behavior, where the increase in the drain current
(at higher values ofV ds) is due to the contribution of the

FIGURE 5. Electric field of a) planarized and b) unplanarized struc-
tures in the insulator-semiconductor interface.
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FIGURE 6. Electron concentration in the insulator-semiconductor
interface of a) planarized TFT and b) unplanarized TFT. Zoom at
the region of the corner of the gate.

drain-induced holes. A detailed discussion and modeling can
be found in Ref. 17. This ambipolar behavior has been also
reported in nanocrystalline Silicon, Organic and Oxide semi-
conductors [18-23]. Also, in the output characteristics of un-
planarized TFTs a high contact resistance effect appears in
the bias range of 0 to 1 V ofV ds. This high contact resistance
effect slightly appears in planarized TFTs. The values of
drain current in planarized TFTs indicate their better driving
current capability. Moreover, the contact resistance was ex-
tracted from the n-type region of both planarized and unpla-
narized ambipolar a-SiGe:H TFTs. A high contact resistance
was confirmed by the extrapolation of the width-normalized
contact resistance (RcW) (obtained from the linear region of
Ids vs V ds) for different channel lengths and gate voltages
V gs. The RcW obtained was approximately 1413Ωcm for
unplanarized TFTs and 589Ωcm for planarized devices. This
high contact resistance reduces the on-current, the on/off-
current ratio and masks the real value of the electron mobil-
ity. On the other hand, the subthreshold slope is improved in
planarized TFTs by the reduced electric stress and better dis-
tribution of the electric field at the insulator-semiconductor
interface, also, even by the improved contact resistance, since
other authors have reported a better subthreshold slope by

FIGURE 7. Conduction Band energy for a) planarized and b) un-
planarized TFTs in the a-SiGe:H/n+ a-Ge:H interface.

improving the contact resistance [24-26]. Some published
reports suggest that this may be due to a better injection
of carriers from the source electrode into the semiconduc-
tor [26,27]. All the above results are evidence of the perfor-
mance improvement of the planarized TFTs and are in agree-
ment with the reported by M. Chenet al. [2].

It is complex to understand why the planarization pro-
cess, which affects the corners of the gate, will improve the
metal-semiconductor interface (contact resistance). Consid-
ering that the electric field distribution around the corners of
the gate is different for unplanarized and planarized TFTs,
it is feasible that the higher electric field affect the con-
tact regions (above the gate corners). In order to address
this assumption, using ATHENA, both unplanarized and pla-
narized structures were generated following the fabrication
process established. After that, using the cutline tool within
the ATLAS simulator, one dimensional profiles from the a-
SiGe:H/SiO2 and a-SiGe:H/n+ a-Ge:H interfaces were cre-
ated. These simulations attempt to reproduce the impact of
the planarized gate electrode comparing planarized and un-
planarized simulated devices. Following this, although one
can incorporate the extracted values of contact resistance into
the simulator, this would force the simulation results. For this
reason, the source/drain contacts in both planarized and un-
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FIGURE 8. Conduction Band energy for unplanarized TFTs at
V ds = V gs = 2 V (saturation regime).

planarized simulated TFTs were considered ideal contacts
(without contact resistance).

Figure 4 shows the cross section of planarized and unpla-
narized structures generated by ATHENA. Figure 4c shows a
zoom at the corner of the gate of unplanarized TFTs, where
the thinner gate insulator can be appreciated.

Figure 5 shows the electric field of the unplanarized and
planarized structures extracted by ATLAS using the cutline
tool, while a positive gate bias of 5V (atV ds = 0 V)
was applied. For the planarized structure, the electric field
distribution is uniform through the insulator-semiconductor
interface. While for the unplanarized structure, the elec-
tric field distribution is not uniform through the insulator-
semiconductor interface. It can be seen that around the cor-
ners of the gate, just beneath of the metal-semiconductor in-
terface, there is an increase of the electric field due to the
thinner gate insulator. As expected, this higher electric field
causes an increase in the electron concentration in the in-
duced channel close to the corner of the gate, as show Fig. 6b.
The difference of the electron concentration in the channel
respect to that at the corner of the gate is more than one or-
der of magnitude. These variations in the induced channel
may act as a scattering mechanism, limiting the mobility of
the carriers. This can explain the low on-current and, hence,
the lower extracted field-effect mobility in the unplanarized
TFTs. On the other hand, in Fig. 6a can be observed the
uniform electron concentration through the channel for the
planarized TFT.

The variations of the electron concentration in the unpla-
narized TFT reflect an increase in the conduction band en-
ergy in the a-SiGe:H film at the a-SiGe:H/ n+ a-Ge:H in-
terface, as show Fig. 7b. This increase in the conduction
band energy acts as a barrier for the electrons, since only
electrons with higher energy can pass above the barrier and
be collected by the drain contact. Therefore, as result, the
device contact resistance apparently increases. To corrobo-
rate this assumption, Fig. 8 shows the simulated conduction
band energy in the drain contact of the unplanarized TFT at
V gs = V ds = 2 V, where the barrier can be appreciated.
These can lead to an explanation of the high contact resis-
tance effects appreciated at linear regime in the output char-
acteristics of unplanarized TFTs and their lower drain cur-
rent.

These results can be applied to other material based
bottom-gate TFTs, even not ambipolar, since the parameters
of the a-SiGe:H and a-Ge:H films are just responsible of the
values extracted and do not affect the behavior here reported.
It is important to mention that in real devices, the discussed
effects may be higher because the gate insulator is even thin-
ner than that presented in the simulations.

4. Conclusions

The planarized TFTs have better performance such as field-
effect mobility, off-current, subthreshold slope, threshold
voltage and on/off-current ratio which are due mainly to
the improved contact resistance, the reduced electric stress
and better distribution of the electric field at the insulator-
semiconductor interface. It can be seen that around the cor-
ners of the gate, just beneath of the metal-semiconductor in-
terface, there is an increase of the electric field. This causes
an increase in the conduction band energy in the a-SiGe:H
film at the a-SiGe:H/ n+ a-Ge:H interface. Therefore, this in-
crease in the conduction band energy acts as a barrier for the
electrons, resulting in the apparent increase of contact resis-
tance.
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