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ABSTRACT

A proper estimation of the self-heating effect is crucial to
ensure the reliable performance of high mobility transistors. We
perform Silvaco TCAD based thermal distribution modeling in
grain, grain boundary (GB) and protrusion of excimer laser
annealed (ELA) low-temperature polycrystalline (LTPS) silicon
thin-film transistors (TFTs).

1 INTRODUCTION

Performance deterioration in semiconductor devices due to
self-heating phenomena is a serious issue to overcome for
achieving highly reliable and efficient electronic systems. For
high mobility transistors, this problem is even more pronounced.
Among thin-film (TFTs), low-temperature
polysilicon (LTPS) TFTs has considered as one of the best
choices for next-generation active-matrix organic light-emitting
diode (AMOLED) based displays and driving circuits because
of its high mobility and stability [1-3]. In contrast, p-channel
LTPS TFTs are preferred over n-channel LTPS TFTs because of
less likely to be influenced by hot carrier effect [4-5]. However,
p-channel LTPS TFTs suffer from considerable electrical
degradation while operating at high bias and temperature [6].

transistors

Despite many advantages of excimer laser annealed (ELA)
LTPS TFTs, smaller grain size (100~500 nm), complex process
flow, GB protrusion, aggressive fabrication cost are regarded as
the main issues to overcome [7-9]. However, there are few
reports addressing the self-heating problem in LTPS TFTs even
though it
characteristics under the high gate and drain bias [10-12]. None

causes significant degradation in electrical
of the reports discussed the thermal distribution extensively in
the GB and GB protrusion of the polycrystalline silicon region.
In our previous work, we demonstrated a detailed analysis of the
effect of GB protrusion on the electrical characteristics in LTPS
TFTs, which leads us to study thermal distribution in GB and
GB protrusion [13].

In this report, we performed a detailed thermal distribution
analysis in polysilicon grain, GB, and GB protrusion under high
drain and gate bias by TCAD. Prior to temperature simulation,
transfer and output characteristics are well fitted with measured
data by the density of state (DOS) model. Temperature contour
mapping reveals a clear indication of considerably high joule
heating at the edges and peaks of the GB protrusions compared
to the center of GB protrusion which may help to understand the

bias induced thermal instabilities in LTPS TFTs.
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Figure 1: (a) TCAD generated schematic cross-sectional view
of LTPS TFT with detailed device dimension, (b)-(c) transfer
and output characteristics of the fabricated TFTs. Solid lines
are experimental data and dashed lines are TCAD fitting.

2 EXPERIMENT

Fig.1 (a) shows the two-dimensional (2D) cross-sectional
view of the fabricated LTPS TFT with ~350 nm grain, ~1 nm
GB and 35 nm tall GB protrusion [13]. The p-channel coplanar
LTPS TFT as depicted in Fig. 1(a) was fabricated on a glass
substrate. A stacked layer of SiNx (50 nm) and SiOx (260 nm)
was deposited by plasma-enhanced chemical vapor deposition
(PECVD) at 450°C as a buffer layer. A 45 nm thick a-Si layer
was deposited by PECVD at 420°C, followed by a
dehydrogenation process. Excimer laser annealing (ELA) was
performed to crystallize the a-Si layer and subsequently
patterned to form active-island. A 100 nm thick SiOx by
PECVD and 300 nm thick Cr by physical vapor deposition
(PVD) were deposited, as gate insulator and electrode
respectively. Source/drain (S/D) regions were P+ implanted
and vacuum annealed at 360°C to activate the dopant. Next,
300 nm thick SiOx and 300 nm thick SiNx stacked-layer were
deposited at 360°C as interlayer dielectric, followed by via
hole formation for S/D contacts. Finally, a 250 nm thick Cr
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Figure 2: (a) Cross-sectional view of lattice heating profile that
exhibits a maximum lattice temperature of 456 K, (b)
distributed Joule heating power in the active region of the p-
channel LTPS TFT with maximum Joule heat power of
5.39%10° W/cm? at the edge of GB and GB protrusion.

layer was deposited by PVD for S/D electrodes and vacuum
annealed at 425°C for an hour to thermally activate the device.

The fabricated TFT has the channel width/length (W/L) of 40
pm/ 10 um, respectively. The electrical characteristics of the
fabricated LTPS TFTs were measured using an Agilent 4156C
semiconductor parameter analyzer. Prior to thermal simulation,
measured electrical characteristics were well fitted using Silvaco
TCAD. Two different density of states (DOS) models were used
to fit the data in order to achieve an accurate thermal model. All
thermal simulation was performed considering a high gate and
drain bias of -15 V and -10 V respectively.

3  RESULTS AND DISCUSSION

Fig. 1(b) and (c) demonstrate the transfer and output
characteristics of the fabricated ELA LTPS TFT. A well-
matched TCAD simulated transfer and output characteristics
support the validity of the DOS model along with good accuracy
of the thermal simulation. The lattice heating profile of the
simulated device is shown in Fig. 2(a) for a given gate and drain
bias of -15 V and -10 V respectively.

The distributed lattice temperature profile indicates that the
center part of the TFT experience a relatively high temperature
compared to the rest of the device. A maximum lattice
temperature of 456 K is observed at the centermost drain side of
the device which clarifies that the TFT might be overheated
under high drain and gate bias.

Performance degradation due to high-current is commonly
known as self-heating or Joule heating phenomenon and is a
severe problem in polycrystalline devices [10] which is clearly
visible in Fig. 2(b). As we consider the GB and GB protrusion
in the simulation, it is now quite obvious that Joule heat
dissipation uniformity has a strong dependency on the number
of grain, GB and GB protrusion. With increasing the number of
grain as well as GB, the heat dissipation in the active layer
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Figure 3: (a)-(b) Zoom-in distribution of Joul heat power and
electric field at poly-Si grain, GB and protrusion.

becomes more discrete. A higher number of poly-Si grains or
in another word, the small size of grain makes the number of
GB protrusion higher and thus it makes the Si/SiO: interface
more vulnerable under high bias stress. A maximum Joule heat
power of 5.39%x10° W/cm?® is calculated at the edge of GB and
GB protrusion using TCAD simulation, possibly this can
accelerate the rate of defect creation at the interface.

Fig. 3(a) shows the Joule heating contour mapping within
the grain boundary protrusion where the maximum Joule heat
is dissipated at the edges of the protrusion. Joule heat power at
top edge, center and bottom edge are 8.0x10% W/cm?, 1.0x107
W/ecm3, and 9.0x 10® W/cm?®, respectively. In contrast, each
protrusion creates an arc-like distribution towards the gate
insulator region. Higher the length of the protrusion, the more
it will affect the gate insulator and consequently lead to even
more pronounced thermal instability by introducing gate
leakage and defects at the interface region. The length of the
protrusion also has an impact on overall -electrical
deterioration as it changes the interface length. However, in
this study the length of the protrusion considered is 35 nm
which determined by transmission electron microscopy
(TEM), detail information can be found in our previous study
[13].

To support the claim of Joule heat distribution within the
protrusion, electric field contour mapping is also shown in Fig.
3(b). However, a similar arc-like pattern is observed which
suggests that the electric field is highly concentrated at the
edges and minimum at the center of the GB protrusion. The
electric field at the center and the edges of the protrusion are
1.2 MV/cm and 0.6 MV/cm, respectively. This electric field
distribution also reveals that electron concentration at the
center of the protrusion is minimum which one is of the major
findings of our previous work [13].

Fig. 4(a) represents the plot of the electric field and
dissipated Joule heat power based on the cutline shown in Fig.
4(c) to observe the relationship between these two. The cutline
includes the edges of grain, GB and GB protrusion bottom
edge. Fig. 4(a) indicates that the electric field is much higher
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Figure 4: (a) Electric field and Joule heat power depth profile
using the lateral depth cutline (XX') as shown in Fig. 4(c). (b) At
a given point on the cutline, resistive power is high for a weak
electric field and vice-versa. (c) Considered cutline in
SILVACO ATLAS generated structure file to analyze the
parameters.

between consecutive protrusions as compared to the GB and GB
protrusion bottom edges because the applied potential can
directly cut them. On the other hand, bottom edges of the
protrusions show weaker field distribution as electric filed is
preoccupied by the top edges of the protrusion. The
comparatively weaker electric field of these regions accumulates
significantly lower hole concentration and thus high resistive
behavior, which is the reason for resistive heating that might be
more pronounced in these regions. In addition to that,
throughout the cutline the electric field and Joule heat
dissipation show the opposite relationship to each other as
electric filed is proportionally related to current and voltage. An
elaborated figure of this phenomenon of Fig. 4(a) is displayed in
Fig. 4(b). Inclusively, an explicit non-uniform heat dissipation
mapping is perceived through this thermal analysis because of
including GB and GB protrusion which may help to understand
some effects like anomalous humps, kink effect, and degradation
during NBTS [14-15].

4 CONCLUSIONS

We analyze the thermal performance of the P-type LTPS
TFT under high gate and drain bias considering measured poly-
Si grain, GB and GB protrusion. Simulation results suggest that
GB and GB protrusion have significant impact on device
thermal performance. Joule heating under high gate and drain
bias exhibits non-uniform thermal distribution in active layer
due to GB and GB protrusion. This study may help to understand
the critical thermal instabilities due to self-heating and thus an
improved design can be accomplished to overcome these issues.
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