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Abstrar-Different test structures used to investigate the
electrostatic discharge (ESD) robustness of on-glass device
in Low Temperature Poly-Si (LTPS) process are proposed i
this paper. The transmission line pulse generator (TLPG) is
used to monitor the I-V behaviors of on-glass devices in the
high-current region, and to evaluate the robustness of those
LTPS devices during ESD stress condition. Finally, a
successful ESD protection design with P*-i-N" diodes and a
VDD-to-VSS ESD clamp circuit integrated on a LCD panel
has been demonstrated with a machine-model (MM) ESD
level of up to 275 V, whereas the traditional one only can
sustain 100 V MM ESD stress.

INTRODUCTION

LTPS TFT devices have been widely used in active
matrix liquid crystal display (AMLCD), because the electron
mobility of the LTPS TFT device is about 100-times larger
than that of the conventional amorphous silicon (a-Si) TFT
device [l]. Moreover, LTPS technology is progressing
toward system on panel (SOP) applications, which is
expected to integrate the AMLCD with all control circuits
on a glass substrate in near future.

Since the large glass insulating layer, where thin-film
devices are fabricated on, has a low thermal conductivity,
the heat generated by large ESD current cannot be
dissipated easily. On the other hand, the yield is an
important issue of production consideration. When the
large glass is delivered or assembled in the factory, this
insulator material of glass could accumulate large static
charges, which would be discharged to damage the circuit
on the glass. For this reason, ESD reliability of LTPS
devices will become more serious, when more circuits are
integrated onto the panel.

Some studies related to ESD degradation of TFT devices
had been reported [2]-[7]. At the device level, the
transmission line pulse generator (TLPG) with a pulse
width of 100 ns has been widely used to evaluate ESD
robustness of the TFT devices [5]. In this work, the test
structures of three LTPS diodes and two LTPS TFT devices
are designed and fabricated in a LTPS process. The ESD
robustness of such LTPS devices with different test
structures and geometry layout parameters are
characterized by measuring their secondary breakdewn
current 112 with TLPG system.
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TEST STRUCTURES OF ON-GLASS DEVICES

In the LTPS process, a buffer oxide and an «-Si:H film
were deposited on glass substrate by PECVD system, and
then XeCl excimer laser was used to crystallize this o-Si
film. After defining active islands, an ion doping was carried
out to form P~, N*, and P' regions. Double gate insulator
layer film, SiOx and SiNy, were deposited by PECVD, and
then the Mo gate-metal was deposited and patterned.
Subsequently, the LDD region of TFT device and the N~
region of LTPS diode were formed by N ion doping process.
Moreover, hydrogenation was used to improve the device
performance. All LTPS devices, including diodes and FETs,
were finished after contact holes and metal pads formations.
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Fig. 1. The layout top-view of three different diodes.

The layout top-view of test structures on three different
diodes is shown in Fig. 1. Those diodes are named as the
P*-P"-N" diode, the P*-N"-N" diode, and the P*-i-N" diode,
which are formed by different doping types in the center
region. The symbol “i" means intrinsic, which is formed by
gate-metal shading. The layout parameter of diodes for
ESD consideration is the spacing 8, which varies from 2
wm to 10 pum in those test structures, The P* and N*
contacts of LTPS diode have a clearance of 5 um to the
center region. Fig. 2 shows the test structures of TFT
devices to verify their ESD robustness. One is the
conventional NMOS TFT device with a LDD structure
shown in Fig. 2(a), and the other is the source-side body
contact (SSBC) TFT device with a P* body pickup in the
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source shown in Fig. 2(b). All LTPS devices are drawn in
finger style, and the total widths of diode and TFT device
are 400 um and 600 pm, respectively. The channel length
of such TFT devices in the test structures is varying from 3
pumto 15 um to verify its impact on ESD robustness.
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Fig. 2. The layout top-view of (a) conventional NMOS TFT
device, and (b) SSBC TFT device.

RESULTS AND DISCUSSION

A. TLP IV Characteristics of LTPS Diodes

Transmission line pulse (TLP) generator can provide a
precise high-voltage and high-current waveforms in a very
short period. This high-current pulse simulated the ESD
event has been widely used to quality the ESD robustness of
protection devices or circuits. In this paper, the TLP
generator is also used to investigative the turn-on behaviors
of thin-film devices, including LTPS TFTs and LTPS diodes,
during high ESD current stress. Those devices are zapped
with step-by-step increasing TLP stresses to obtain relative
TLP currents through on the devices. Fig. 3 plots the TLP
I-V curves of different diodes with a spacing of 5 um in the
center region under forward-biased condition. The diode
under forward TLP stress means a positive current with 100

ns pulse width injected from the P* node to N* node. The It2
value is defined, when the TLP [-V curve at the beginning of
secondary breakdown point with a negative resistance, or the
visible damage can be seen on the device from the
microscope.
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Fig. 3. The TLP I-V curves of three different diodes under
forward-biased condition.

In Fig. 3, the P"-P"-N" diode has the smallest turn-on
resistance and the highest It2 value among those three
kinds of diodes. Compared with the P™-i-N" diode, its It2
value is smaller than that of the P*-P"-N" diode, because the
P"-i-N* diode has a higher turn-on resistance during high
ESD current stress. Peculiarly, the TLP I-V curve of
P*-N"-N" diode is skew when the TLP current is larger than
0.3 A, and its turn-on resistance will reduce sharply. This
result may attribute to the unsettled process in this work.
The N~ doping in our LTPS process is only designed for
LDD formation in NMQS TFT device, which is very
shallow and light to prevent from the kink effect [8]. In the
low current region, that is smaller than 0.3 A, the turn-on
resistance of P*-N-N" diode which has no gate-metal in the
center region is larger than the others which have
gate-metal coupling to enhance tum-on efficiency. In the
high current region, that is larger than 0.3 A, the electron
current is dominated in the P*-N"-N"' diode with a 5-um
spacing, whose turn-cn resistance is smaller than the other
two kinds of diodes.

The dependences of It2 on the spacing S of three
different LTPS diodes under forward TLP stress are shown
in Fig. 4, where the width of diodes is kept at 400 pm.
When the spacing S is increased from 2 pm to 10 pm, the
It2 value of those diodes is decreased gradually. The It2 of
diode under forward TLP stress increases with the spacing
S shrinking, as shown in Fig. 4. When the spacing S is
smaller than 5 pum, the P*-P-N" diode and the P*-N"-N"
dicde have higher Tt2 than that of the P™-i-N” diode due to
the smaller tum-on resistance in the center region.

On the other hand, the It2 of P*-N"-N" diode falls sharply,
when the spacing S is larger than 5 um. It can be attributed
to the large power dissipation of P*-N-N" diode with a



long spacing S. Because there is a resistance transition
region of the P-N"-N" diode in the TLP I_V curve {from
177 Q to 54 (3}, as shown in Fig. 3, a large voltage will
drop on the P*N"-N" diode in this transition region. The
longer spacing S of P"-N"-N" diode will cause more voltage
dropping on this device with more power dissipation,
which degraded its ESD robustness.

The It2 of diode under reverse TLP stress is much
smaller than that under forward TLP stress. The diode
under reverse TLP stress starts to conduct the TLP current
by junction breakdown. The breakdown voltage of the
diode with a spacing S of 5 um is about 40 V, and it
increases with the spacing S increasing. Large power
dissipation will occur on the reverse-biased diode, which
has a lower It2 value. In summary, the diode should be
suitably designed to conduct the ESD current under
forward-biased condition for achieving a good ESD
robustness.
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Fig. 4. The relations between ItZ and the spacing S of
different diodes under forward TLP stress.

B. TLP IV Characteristics of LTPS TFTy

The characteristics of TFT devices fabricated on glass are
investigated. The TFT device has three terminals, which are
drain, source, and gate. If the TFT device is used as an ESD
protection device in the input or output pads, it must work
on off-state when the panel circuits are under normal circuit
operation. Thus, the gate of this ESD protection TFT device
should be connected to its source.

When a TLP (ESD) current is injected from drain to
source with a gate of TFT device connected to source, the
TFT device is under reverse TLP stress. On the contrary,
when a TLP (ESD) current is injected from source to drain,
the TFT device is under forward TLP stress. The SSBC TFT
device has a P* body contact in the source side which is
inserted a diode in the TFT device, as shown in Fig. 2(b).
Because the source is grounded under normal circuit
operation, the extra P' region in source region does not
cause malfunction in the SSBC device.

The relations between It2 and different channel lengths
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in the test structures of SSBC and conventional TFT
devices under reverse TLP stress are compared in Fig. 5,
where the channel widths are kept at 600 um. The
schematic symbol of TFT device under reverse TLP
stresses is inserted in Fig. 5. With increase of the channel
length, from 3 pm to 15 um, the It2 values of those devices
are decreased. On the other hand, the It2 values of SSBC
TFT devices are higher than those of cenventional TFT
devices. When a TFT device is subjected to large voltage or
current stress, it will generate large electron hole pairs in
the channel to cause serious degradation of the TFT device.
Nevertheless, the SSBC TFT device with a P” body contact
in the source side can absorb hot holes generated in channel
to alleviate the device degradation. Consequently, when a
TFT device is under reverse high ESD current stress, the
SSBC TFT device can obtain a higher It2 value than that of
conventional TFT device. The source body contact
efficiency decreases with the channel length increasing. For
this reason, the It2 of SSBC TFT device with a long
channel length of 15 um is almost the same as that of
conventional TFT device under reverse TLP stress.

Reverse TLP stress
0.9} NMOS W = 600 um
Q= WB:'WCH =14%
[ —o—Conv. @ e
0.8 —o— SSBC
<
o
- 07}
0.6 |
1 ' 1 A 1 1 1 i 1 1 M 1

2 4 6 8 10 12 14 16
Channel Length (um)

Fig. 5. The dependence of It2 on channel length of
conventional TFT and SSBC TFT under reverse TLP stress.

The It2 of SSBC TFT device compared with that of
conventional TFT device with different channel lengths
under forward TLP stress are shown in Fig. 6, where the
channel widths are also kept at 600 pm. The schematic
symbol of TFT device under forward TLP stresses is also
inserted in Fig. 6. A short-channel device has a higher It2
due to its lower turn-on resistance. On the other hand, under
forward TLP stress, the channel of TFT device is turned on
to discharge TLP current. So, it has a higher It2 compared
with that under reverse TLP stress, as shown in Figs. 5 and 6.
Moreover, the [t2 values of SSBC TFT devices are larger
than these of conventional TFT devices under forward TLP
stress due to the source-side body contact, which creates a
parasitic diode path under forward TLP stress. Therefore, the
SSBC TFT device with a forward-biased diode path can
sustain higher ESD current under forward TLP stress.
Furthermore, the device with a shorter channel length has
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higher electrical field near the drain and the gate insulator
under forward TLP stress. High energy carriers crowding in
channel surface will cause a lower It2, especially in the
conventional TFT device with a channel length of 3 pum,
Because the forward diode efficiency decreases with the
channel length increasing, the It2 of SSBC TFT device with
a long channel length of 15 pm is also almost the same as
that of conventional TFT device under forward TLP stress.
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Fig. 6. The dependence of It2 on channel lengths of
conventional TFT and SSBC TFT under forward TLP stress.
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Fig. 7. The dependence of It2 on channel lengths of SSBC
percentage in the test structure under forward and reverse
TLP stresses.

After understanding the TLP characteristics of SSBC
TFT device, the dependences of scurce body contact are
studied. The SSBC percentage is defined as Q = Wp/Wy,
where the Wy is total source side body width and the Wy
is channel width, as shown in Fig. 2(b). In Fig. 7, the SSBC
NMOS device with a Q of 14 % in source region gains the
best It2 under forward and reverse TLP stresses. When the
Q is increased from 14 % to 42 %, the It2 of SSBC device
decreased from 0.81 A to 0.56 A under reverse TLP stress,
and from 0.87 A to 0.76 A under forward TLP stress. The
SSBC device with a higher Q value will approach to a

P"-P-N" diode structure, which has a low I2 value,
especially under reverse TLP stress.

C. Whole-Panel ESD Protection Design

A new whole-panel ESD protection design with P™-i-N*
diodes and a VDD-to-VSS ESD clamp circuit is shown in
Fig. 8. The ESD protection diode is drawn with a
dimension (W/L) of 1246 pum/4 um. The VDD-to-VSS
ESD clamp circuit contains an ESD detection circuit
(RC-inverter) and an ESD clamp device (MESD). When a
positive-to-VSS (PS) ESD stress at the input pad, as shown
in Fig. 8, the main ESD current flows through the P*-i-N"
diode to VDD power line by forward diode, and then the
ESD current discharges through VDD-t0-VSS ESD clamp
to the ground. The ESD voltage pulse has a rise time about
10 ns. The voltage level of VX increases much slower than
the voltage level on the VDD power line Positive-to-VSS
ESD stress, because the RC circuit has a time constant in
the order of microseconds (ps). Due to the delay of the
voltage increase on the node VX, the Mp device is turned
on by ESD energy and it raises the voltage of the node VG
to turn on MESD. Thus, the ESD detection circuit can turn
on MESD to discharge ESD current during the
positive-to-VSS ESD stress, but to keep MESD off in
normal circuit operation condition [7].

The panel should be tested under at least four modes of
ESD zapping conditions on each pin, including
positive-t0-VSS (PS), negative-to-VDD {(ND),
positive-to-VDD (PD), and negative-to-VSS (NS) ESD
zapping modes. Because the diode under reverse ESD
stress has the weakest It2 value, this new ESD protection
design can discharge the ESD current through a forward
diode path to achieve a higher ESD robustness among the
four ESD-zapping modes.
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Fig. 8. A new successful ESD protection design on a LCD
panel with P*-i-N” diodes and a VDD-to-VSS ESD clamp
circuit.

On the contrary, the conventional ESD protection design,
which has a gate-VDD LTPS PMOS (GDPMOS) and a
gate-ground LTPS NMOS (GGNMOS) as ESD protection
devices, but no VDD-to-VSS clamp circuit is shown in Fig.
9. The dimensions of GGNMOS and GDPMOS are drawn



as 800 pym/6 pm and 1200 pm/6 pum, respectively. When
the input pin of this panel is under positive ESD zapping
related to VS8 (PS mode), the ESD current discharges by
only one path, as shown by dished line in Fig. 9. The ESD
energy will be released from input pin to VSS as soon as
the drain junction breakdown of GGNMOS. By the
breakdown mechanism to discharge ESD energy, both ESD
robustmess and tum-on speed of device are poor. The worse
ESD robustess can be expected in the conventional ESD
protection design.
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Fig. 9. The conventional ESD protection design for LCD
panel with a GGNMOS and a GDPMOS at the 1/O pad.

TABLE 1
COMPARISON ON THE MACHINE-MODEL (MM) ESD ROBUSTNESS
BETWEEN THE CONVENTIONAL AND THE NEW PROPOSED
ESD ProTECTION DESIGN ON LLCD PANELS

ESD MM ESD Zapping Level
Protection | positive- | Negative- | Positive- | Negative--
Design tovet | tovee | tovss | tovss
Conventional
Design (Fig, 9) 425V 325V 225V 100V
New Design
{Fig. 8) asov 375V 350V 275V

{Failure criterion: visible damage on protection circuit)

The ESD robustmess of those two designs under Machine
Model (MM} ESD stresses are compared in Table I. ESD
robustness of the LCD panel with the new proposed design
can be improved during the negative-to-VDD (ND),
positive-to-V8S (PS), and negative-to-VSS (NS) ESD
zapping conditions. Especially under the NS-mode, ESD
robustness of new protection design has been greatly
improved 175 % {(from 100 V to 275 V). The ESD
characteristics of P*-i-N" diodes with a VDD-to-VSS clamp
circuit are more reliable and robust than that of GDPMOS
and GGNMOS. So, the whele panel ESD level of this new
design can be up to 275 V in MM ESD stress. From the
results of test structures, if the P™-i-N" diodes and the ESD
clamp device (MESD) were replaced by the P*-P™-N" diode
and the SSBC device, respectively, the ESD robustness of
whole-panel can be further increased.
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CONCLUSION

ESD robustness among different test structures of
on-glass devices in LTPS process on panel has been
investigated. The P*-P"-N" diode under forward TLP stress
has the highest ESD robustness. The TFT device under
forward TLP stress is more robust than that under reverse
TLP stress. Besides, the 1t2 of SSBC TFT device with a Q
factor of 14 % is higher than that of conventional TFT
device, no matter under forward or reverse TLP stresses.
Finally, a whele-panel ESD protection design with P*-i-N*
diodes and VDD-to-VSS ESD clamp circuits has been
successfully verified to have a good enough ESD robustness
for system-on-panel applications.
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