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The Channel Length Extension in Poly-Si
TFTs With LDD Structure

Hsiao-Wen Zan, Member, IEEE, and Kuang-Ming Wang

Abstract—In this letter, the resistance of the lightly doped drain
(LDD) region in n-channel polycrystalline-silicon thin-film tran-
sistors (poly-Si TFTs) was analyzed. It was found that the LDD
resistance was composed of an LDD-length-dependent part and a
gate-bias-dominant part. The latter was located next to the gate
edge and was governed by the channel extension phenomenon
with an extended length of around 0.55 pym under a 10-V gate
bias. The current density distribution simulated by Silvaco ATLAS
supported this severe fringing field effect. The influences of the
gate bias, LDD doping level, gate oxide thickness, and LDD length
on the channel extension are also investigated with Silvaco ATLAS
simulation. This letter is the first report of long channel extensions
in the LDD region of poly-Si TFTs. The result may significantly
influence the device model in the short channel regime.

Index Terms—Effective channel length, lightly doped drain
(LDD), parasitic resistance, polycrystalline-silicon thin-film tran-
sistor (poly-Si TFT).

I. INTRODUCTION

OLYCRYSTALLINE-SILICON  thin-film transistors

(poly-Si TFTs) have high carrier mobility, which enables
the design of small devices to offer large current and fast
switching speed. However, the grain boundary defects in the
poly-Si film make the devices exhibit large leakage current
and pronounced kink effect [1], [2]. To suppress the leakage
and to alleviate the kink behavior, lightly doped drain (LDD)
structures with a total (source side and drain side) LDD
length of around 2 pm are usually used [3]. As a result, the
LDD region may significantly influence the devices when the
channel length is scaled down. Although there have been many
studies on poly-Si TFTs with LDD structures, these studies
either proposed novel structures or analyzed device reliability
[3]-[5]. In this letter, poly-Si TFTs with different LDD lengths
fabricated in the same run were investigated. It was found that
the parasitic resistance in the LDD region was modulated by
the gate bias. By using Silvaco ATLAS simulation, the channel
extension around the gate electrode was observed in devices
with LDD structures. A similar phenomenon had been observed
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Fig. 1. (a) Relationship between LDD resistance (Ry,pp) and LDD length.
The straight lines are the linear fitting of the Ry, pp extracted from the poly-Si
TFTs with LDD lengths greater than 1.5 pum. The device structure is shown in
the inset. (b) Variation ratios of Ry,pp as a function of gate bias for devices
with different LDD lengths are depicted. The variation ratio is the Ry pp at
different gate biases (Vgg = 3 to 15 V) divided by the Ry,pp at Vgs =3 V.

in the numerical simulation of LDD MOSFETs [6], [7].
However, little experimental evidence can be found since
MOSFETs seldom have the LDD length greater than 0.3 pm.
In this letter, a 0.55-pm-long channel extension under a 10-V
gate bias was first reported. The influences of the gate bias,
LDD doping level, gate oxide thickness, and LDD length on
the channel extension are also investigated by using Silvaco
ATLAS simulation.

II. EXPERIMENTAL

A 50-nm-thick a-Si layer was first deposited on a glass
substrate and then crystallized by excimer laser annealing with
the laser energy density of 420 mJ/cm?. After the active island
formation, a 60-nm-thick oxide layer was deposited as the
gate insulator. Next, a 200-nm-thick Molybdenum was de-
posited and patterned as the gate electrode. The n~ doping was
performed self-aligned to the gate electrode by phosphorous
implantation with a dosage of 6 x 10'? cm~2. The n™ source
and drain regions were defined by an additional mask and doped
by phosphorous with a dosage of 1 x 10%° cm~2. Dopants were
activated by thermal process. After the deposition of nitride
passivation and the formation of contact holes, a 550-nm-
thick aluminum layer was deposited and patterned as the metal
pads. All the devices exhibit threshold voltage = 0.55 V and
subthreshold swing = 0.31 V/dec. The standard devices with-
out LDD structures have a mobility of 94 cm?/Vs. All the
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Fig. 2.

Current density distribution (Vgg = 15 V) and surface current density distribution (Vgg = 3, 9, and 15 V) for (a) devices with a 1-um-long LDD and

(b) devices without LDD structures. The channel width is 6 pm, and the channel length is 6 ym. The simulation was performed by Silvaco ATLAS with device

structures shown in the inset of Fig. 1(a) and with density-of-states distribution. !

devices exhibit a channel length of 6 um, a channel width of
6 1m, and an identical distance between the edge of the contact
holes and the boundary of the n™ /n™ regions.

III. RESULTS AND DISCUSSION

First, the turn-on resistance as a function of gate bias is
extracted from the transfer characteristics measured when the
drain bias (Vpg) is 0.1 V. The resistance is considered to
include an intrinsic channel resistance located under the gate
electrode as well as a parasitic resistance caused by the LDD
resistance, the nT sheet resistance, and the contact resistance.
When Vpg is small, the intrinsic channel resistance of all the
devices should be the same under an identical gate bias. With
the aforementioned process control and structure design, the n™
sheet resistance and the contact resistance for all the devices
should be the same. As a result, the LDD resistance (Rppp)
can be obtained by subtracting the turn-on resistance of devices
without LDD from that of devices with LDD. As shown in
Fig. 1(a), Rypp is plotted as a function of LDD lengths under
three gate biases (Vgg =5, 10, and 15 V). When the LDD
length is greater than 1.5 pum, the relationship between Ripp
and the LDD length can linearly be fitted. When the LDD length
is 1 or 0.5 um, however, Ry pp deviates from the fitting lines.
This implies that Rrpp has a different resistivity in short and
long LDD lengths. To study the underlying mechanism, the
influence of gate bias on Ry,pp was analyzed. By taking Rrpp
under Vgg = 3 V as the reference, the Rr,pp’s under different
gate biases (Vgs = 3 V to 15 V) were normalized and shown in
Fig. 1(b). Obviously, Rypp’s in the short LDD regions suffer
from severe gate modulation effect.

By using the Silvaco ATLAS device simulator with the
device structure and the doping dosage shown in the inset of
Fig. 1(a), the current density distributions (Vgs = 15 V) of
devices with LDD (1 pm) and without LDD structures are
shown at the top of Fig. 2(a) and (b). Obviously, the high current
density region (channel region) of devices with LDD structures
extends into the LDD region, whereas the channel region of
devices without LDD structures is well confined by the gate
electrode. The surface current density (.Jg¢) distributions of the
two devices under various gate biases (Vgs =3, 9, and 15 V)
are shown at the bottom of Fig. 2(a) and (b). Devices with LDD
structures exhibit an extended channel as a strong function of
gate bias.

Then, the extended channel length (AL) is defined as the
distance between the gate edge and the position at which the
surface current density (Js¢) is e ' x JI**, where JIP** is
the maximum value of Jg; under the given gate bias. Fig. 3(a)
depicts AL as a function of gate bias under various LDD
doping dosages. AL increases with increasing gate bias and
saturates under high gate bias. When the LDD doping dosage
is below 6 x 10" cm™2, it has no influence on AL. When the
LDD doping dosage increases from 6 x 1012 to 6 x 10*® cm~2,
AL gradually reduces to be almost zero. It is noted that the
simulation uses the bandgap defect model with the parameters

'Bandgap defect model parameters for acceptor-like states. 1) Expo-
nentially distributed tail states: density at the conduction band (Npa) =
1.12 x 102! cm—3 /eV, and characteristic decay energy (Wra) = 0.02 eV.
2) Gaussian-distributed deep states: total density (Nga) = 6 x 1017 cm—3,
central energy (Ega) = 0.3 eV below the conduction band, and characteristic
decay energy (Wga) = 0.1 eV. The donor-like states are not addressed
because they have no influence on n-channel devices.
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Fig. 3. AL extracted from the simulated surface current density distribution

as a function of gate bias under (a) various LDD doping dosage and (b) various
oxide thickness. AL is defined as the distance between the gate edge and the
position at which the surface current density (Jg) is e™1 x JIFEX, where
Jip#* is the maximum value of Jg¢ under the given gate bias.

given in footnote 1. The acceptor-like deep-state total density
(Nga) is 6 x 1017 cm~3. With a dopant activation rate of 33%
given in the simulation, the dosage of 6 x 102 cm~2 corre-
sponds to the doping concentration of 4 x 1017 cm~3, which is
close to Nga. For a doping concentration higher than Nga,
the channel extension is significantly suppressed. Three star
symbols representing the x-axis intersections of the three fitting
lines in Fig. 1(a) are also shown in Fig. 3(a). Their values and
relationship with the gate bias are in good agreement with the
simulated A L. The influence of the gate oxide thickness can be
studied by extracting A L from the same simulation of Jg distri-
bution with different oxide thicknesses (60, 100, and 150 nm).
As shown in Fig. 3(b), the thinner the oxide thickness, the more
pronounced the fringing field and the channel extension.

Finally, AL as a function of LDD length under Vg = 3, 9,
and 15 V is shown in Fig. 4. When the LDD length is small, AL
is very close to the LDD length. When the LDD length is large,
AL tends to saturate and has no dependence on the LDD length.
A hump is found in the transition region, and the mechanism
needs further investigation. However, it can be noted that when
the LDD length is 0.5 pim, the whole LDD region is almost fully
occupied by the extended channel.

IV. CONCLUSION

According to the LDD resistance analysis and the device
simulation results performed by Silvaco ATLAS, a pronounced
channel extension phenomenon has been proposed in poly-Si

IEEE ELECTRON DEVICE LETTERS, VOL. 29, NO. 9, SEPTEMBER 2008

0.8
0.7 1 - Vgs =15V
‘‘‘‘‘‘‘ ]
0.6
v .............. VGS = 9 V
............................ v
. 0.5 4
€
2 044
-
< 03 Vgs=3V
@
0.2
Gl thickness 60 nm
0.1 1 LDD dosage 6x10'2 cm2
0.0 T T T T
0.0 0.5 1.0 1.5 2.0 25

LDD Length ( um )

Fig. 4. AL extracted from the simulated surface current density distribution
as a function of LDD length under Vgg = 3,9, and 15 V.

TFTs with LDD structures. The fringing field from the gate
induces the channel in the LDD region, whereas no such
effect can be observed for devices without LDD structures.
The extended channel length is strongly influenced by the gate
bias, oxide thickness, and LDD doping concentration when
the doping concentration is around the total deep state density

(Nga).
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