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A Novel Ultra-Thin Channel Poly-Si TFT Technology
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Abstract: A novel low temperature poly-Si( LTPS) ultra-thin channel thin film transistor
(UTC-TFT) technology is proposed. The UTC-TFT has an ultra-thin channel region (30nm)
and a thick drain/source region (300nm). The ultra-thin channel region that can result in a
lower grain-houndary trap density in the channel is connected to the heavily-doped thick drain/
source region through a lightly-doped overlapped region. The overlapped lightly-doped region
provides an effective way for the electric field to spread in the channel near the drain at high
drain biases, thereby reducing the electric field there significantly. Simulation results show the
UTC-TFT experiences a 50% reduction in peak lateral electric field compared to that of the
conventional TFT. With the low grain-boundary trap density and low drain electric field, excel-
lent current saturation characteristics and high drain breakdown voltage are achieved in the
UTC-TFT. Moreover, this technology provides the complementary LTPS-TFTs with more
than 2 times increase in on—current., 3.5 times reduction in off-current compared to the conven—

tional thick channel LTPS TFTs.
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1 Introduction

As well known to us, low temperature poly-Si(LTPS) TFT has much higher effective
carrier mobility than amorphous silicon TFT (a=Si TFT)'" . So, LTPS TFT is expected
to be one of the most promising technologies of building fully-integrated AMLCD system
on glass'". The research so far has been focused on the realization of digital circuits on
gluss”‘sl. However, analog functionality must also be included in the data driving scheme
in order to achieve the grey scale or full-color images'®” . T he basic building block for the
analog circuits is an operational amplifier. Due to the poor saturation and low on-current
characteristics of LTPS TFTs, it is extremely difficult to implement to operational ampli-
fier with useful voltage gain and bandwidth. Moreover, the low on-current in the LTPS
TFTs prevents the digital circuits on glass from meeting the speed and driving require—
ments for the high resolution displays. For a high on-current. TFTs with ultra-thin film
have been investigated' ™" . However, these devices are of poor drain/source contact, large
series resistance and low drain breakdown. For good saturation characteristics, the Ele-
vated Channel TFT (ECTFT) technology has been proposed ' but fails to provide the ul-
tra-thin film devices. On the other hand, short channel poly-Si devices are considered

11 Unfortunately, the de-

more suitable for the high-speed digital circuit applications
vices with conventional technology have a low drain breakdown voltage that cannot satisfy
the digital circuits driving requirement. In this paper. a novel Ultra-Thin Channel TFT
(UTC-TFT) technology is proposed. Experimental results show that this technology pro-
vides LTPS TFT devices with excellent saturation characteristics, much increased drain
breakdown voltage, high current driving capability, and low leakage current, which are

very useful in fully-integrated high resolution and full-color AMLCD system on glass.
2 Device Structure Analysis

It is known that the poor saturation characteristics in LTPS-TFTs limit severely the

application of TFT devices for analog circuits, with those in poly-5i TFTs being revealed
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to arise with a similar mechanism to that for the kink effect in SOl MOSFETs, that is to
say, the channel avalanche multiplication occurrs in the highfield region near the drain,
which is combined with the floating body of the device'”. However, in poly-Si TFT's,
there is an additional mechanism related to the high grain-boundary trap density that exag—
gerates the effect of avalanche multiplication further'™'. So, both the high electric field at
the drain and high grain-boundary trap density in the channel should be reduced effectively
in order to obtain excellent current saturation characteristics in LTPS-TFTs. Due to the
reasons above, a novel UTC-TFT technology is proposed.

The schematic cross-section of the n—
channel UTC-TFT is shown in Fig. 1. The

device has an ultra-thin channel region Gate N7

Overlapped Region

Source [Drain

(30nm) and a thick drain/source region Gate Oxide

(300nm). It has been reported in the earli- N

er work'” that the LTPS film with the NTOENT N D

Undoped Polv-Si

thickness more than 20nm has a nearly con-

stant grain-hboundary trap concentration. It | Leolation Orcide
S— s=ola b -
X

means that the trap density in that LTPS

film is proportional to the LTPS film thick-

1 : Silicon Substrate
ness approximately. Here, the trap density Silicun Substrate

is defined as the ratio of the total traps in

the channel to the channel area, hence the FIG.1 Schematic Cross-Section of
ultrathin LTPS film (20nm—30nm) has a n-Channel UT C-TFT

low trap density. The ultra-thin LTPS film

can also improve the -V characteristics of LTPS-TFT, as will be presented in Section 4 of
this paper.

Another unique feature of the UC-TFT structure is that the undoped ultra-thin chan-
nel region is connected to a heavily-doped thick drain/source region through a lightly—
doped overlapped region, which is identical with a conventional lightly doped drain
(LDD)", and equivalently leads to a much-increased drain junction depth''’. At high
drain biases, it provides an effective way for the electric field to spread in the channel near
the drain, thereby reduces the lateral electric field there significantly. At the same time,
the thick drain/source region is also used to obtain good drain/source contacts and reduce
the series resistance. In order to calculate how much the drain electric field is reduced in
the UTC-TFT compared with that in the conventional LTPS-TFT devices, a 2-dimension—
al simulator MEDICI'"™ was used. MEDICI uses 2-D numerical simulator for device analy—
ses. For the sake of simplicity, the single crystalline silicon model obtained in M EDICI
was employed to estimate the electric field in LTPS-TFTs. Besides the UTC-TFT, the
conventional TFT and ECTFT are also simulated for comparison. In the simulation, the

conventional drift-diffusion model, the local impact—onization model and the parameters
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FIG.2 Simulated Electric Field Distribution
Along the Channel/Drain Junction Region for
Various TFTs=

regarding the nature of LTPS material were
used. Figure 2 shows the simulated lateral
electric field distribution near the drain/chan—
nel region for conventional TFT, ECTFT
and UTC-TFT. Where, Lg, taand tox are the
gate length, channel thickness and gate oxide
thickness of TFT, respectively. And Ve, Va
and Vw are the gate-source voltage. drain-
source voltage and threshold voltage, respec-
tively. It can be seen the peak value of lateral
electrical field in the UTC-TFT is only 50%
of that in the conventional TFT, and 65% of
that in the EFTFT.

electrical field and grain-boundary trap densi-

With the much—reduced

ty in the channel near the drain, good current

saturation and high drain breakdown voltage in UTC-TFT are expected.

3 Device Fabrication

The complementary UT C-TFT devices have been fabricated in a simple low tempera-

ture process ( <600°C). Figure 3 shows the schematic cross-sections of the major fabrica—

tion steps of the UTC-TFT technology with
complementary devices. Silicon wafers with
800nm thermally grown oxide were used as the
starting substrates. Firstly, the thermal oxide
is patterned by dry etching to form the grooves
with a depth about 300nm as the thick drain/
source region, as shown in Fig.3(a). Then, a
200nm a-Si film was deposited at 550C by
LPCVD,
deposited after the phosphorus (Dose= 5X 10"

then a second 200nm a-8i film was

em” ?) and boron (Dose= 1X 10" em™?) im-

plantation, respectively. Subsequently, the

wafers were chemo-mechanically polished
(CMP) down to the oxide polish stop layer as
Fig. 3(b). After that, a 30nm a-Si film for the
channel region was deposited at 550C by
LPCVD, and patterned by dry etching. The
deposited a-Si films were then recrystallized for

20 hours in nitrogen ambient at 600°C. Along
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FIG.3 Schematic Cross-Section and
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with the recrystallization, the second deposited silicon film was lightly doped due to the
diffusion of phosphorus and boron from the bottom layer, as is shown in Fig. 3(¢). After
a 100nm APCVD gate oxide deposition, a 200nm gate poly-Si was deposited and pat-
terned. The phosphorus (Dose= 5X 10°em™ %) and boron (Dose= 1X10"cm™?) implanta—
tion were then done again, respectively, to heavily dope the gate and drain/source contact
regions. A 0.4pm thick LTO then succeeded to deposite, and the contact holes to gate,
source and drain were defined after the LTO densification at 600C for 10 hours in oxygen
ambient. The dopants were also activated during the densification of the LT O. The wafers
were sintered at 400°C after the metallization and patterning. Finally, the devices were hy—
drogenated in H2 RF plasma for 2 hours. It is seen that the fabrication process for UT C-
TFT is in agreement with the conventional commericial TFT one. except that an extra
CMP step is necessary. CMP technology has been commonly employed in VLSI for multi-
level metallization, shallow trench insulation and so on. Here it was only for the formation
of the thick drain/source regions. It was not a critical step of determining the thickness of

0]

the channel as that in the ECTFT technology'" in which ultra-thin film was impossible,

and the ultra-thin channel with uniform thickness can be obtained here simply by LPCVD.
4 Results and Discussion

Figure 4 shows the experimental /-V characteristics of the complementary UT C-T'FT's
and conventional TFTs with uniform thickness film fabricated along with the UTC-TFTs.
The channel region thickness (t4) of the UTC-TFTs is 30nm, and those of the conven—
tional TFTs are 30nm and 120nm. It can be seen that the conventional TFT with thick
channel (120nm) does not exhibit a severe kink effect. The conventional TFT with ultra-
thin channel (30nm) shows the good current saturation at low biases, but a severe kink at
higher biases. However, for the novel UTC-TFTs, kink effect is suppressed significantly
even at high biases (e.g. at V= 20V, Va= 30V for n—channel. and V= 20V, Va= 20V
for pchannel), and excellent saturation characteristics are obtained. It is suggested that
the moderate kink in the thick film device should be mainly due to the relatively low elec—
trical field in the channel near the drain, since the electric field decreases with the decrease
of the channel thickness for the conventional devices because of the two-dimension ef-
fect'”. For the conventional ultra-thin TFT, the good current saturation at the low drain
biases is the result of the fully-depletion at the channel'", while the severe kink at high
drain biases results from the exaggerated avalanche multiplication by the high drain field
and the large amount of grain-boundary traps. The excellent saturation characteristics in
the UTC-TFT are attributed to the combination of the effective reduction in the drain elec—
tric field (shown in Fig. 4) with the fully-depletion in the ulira-thin channel.

Figure 5 shows the experimental gate transfer characteristics of various TFTs. It can
be seen the UTC-T FTs exhibit the best device performances. In comparison with the thick

channel TFT (ta= 120nm), the UTC-TFTs have about 2. 5 times (for n-channel, at V=
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FIG. 4 Experimental /- Characteristics of Complementary UTC-TFT and Conventional TFT.
(a) n=Channel, (b) p-Channel. The solid. dashed and dotted lines are
for UTC-TFT (th= 30nm), converntional TFT(tch= 30nm)

and conventional TFT (ta= 120nm), respectively.
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FIG.5 Experimental Gate Transfer Characteristics of

Complementary UTC-TFTs and Conventional TFTs.

10V and Va= 5V) and 4.5 times (for p~channel at V&= — 10V and Va= - 5V) increase in
on-current, 3.5 times (for n—channel) and 5 times (for p—channel) reduction in the mini-
mum off-current, and 1. 6 times increase in carrier mobility. Among the two ultra-thin
film devices, the UTC-TFT also has lower off-current (38%) at high reverse gate biases
(Va= = 15V) since the lower drain field, and the higher one (18%) at high forward gate
biases (V.= 20V) the better source/drain contacts. The device characteristics for various

TFTs are summarized in Table 1.
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Table 1 Major Device Characteristics

Devices Vi/V Sth. voltage swing HFE Lot Ton/Toit
(100nA X W /L) AV/Dee.)  Aem?e Vo les ) J(pA o um™ ) Ration X 106
nUTC-TFT 2.5 1.25 36 10. 1 1.2
pUTC-TFT -8 1.71 11 5.01 0.55
n-conv. TFT( 30nm) 2.5 1.25 36 10,1 0. 78
p~conv. TFT(30nm) -8 1.71 11 8.95 0. 31
n-conv. T FT{ 120nm) 3.2 1. 28 23 32.8 0. 26
p~conv. TFT{ 120nm) - 10.5 2.22 7 22.3 0.12

[t is necessary to point out that short-channel devices are more suitable for the high-

speed digital circuit applications since they provide with both large driving current and

small device areas. However, those devices fabricated with the conventional technology

suffer from a low drain breakdown voltage that can not satisfy the digital circuits driving

requirement. For the poly-8i TFT-.CD, a 15V power supply is required at least. Figure 6

shows the experimental breakdown voltage as a function of gate length for the novel UTC-
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FIG.6 Experimental Breakdown Voltage as a Function

of Gate Length for UTC-TFTs and Conventional TFTs.

TFT (30nm) and the conventional TFT. The breakdown voltage is defined as the V. at T

= 2nA and Ve= OV. The breakdown voltage of the conventional n—channel TFT decreases

from 22V to 12V when the gate length reduces from 10um to 5um. However, for the

UTC-TFT with 10um and Sum gate lengths, breakdown voltages of 26V and 19V are ob-

tained, respectively. The high breakdown voltage is also attributed to the low peak electri-

cal field at the drain. The improved breakdown characteristics imply that the novel UT C-

TFT devices can be scaled down for the high performance digital circuit applications.
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5 Conclusion

In this paper, a novel low temperature ultra-thin poly-Si device technology is pro-
posed and experimentally demonstrated. The superior device performances of the novel
UTC-TFT are also experimentally verified. Experimental results indicate that the newly
proposed technology provides LTPS TFT devices with both excellent current saturation
characteristics and high drain breakdown voltage in short channel devices. Moreover, the
on-and off-current characteristics of LTPS device are also improved significantly. All of
these show the proposed technology can be used to implement the high performance digital

and analog circuits for fully-integrated AM-.CD system on glass.
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