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Abstract
We have simulated a symmetric dual-gate TFT which

has triple floating n+ channel to improve the on
current of the dual-gate TFT. We achieved a low hole
concentration at the source and channel junction
causes the improvement the potential barrier so that

we observed the reduction of the kink-effect. In this
paper, we observed the reduction of the kink-effect
compared with the conventional single-gate TFT and
the improvement of the on-current compared with the
conventional dual-gate TFT.

1 Introduction

In general TFTSs, the output characteristics exhibit an
anomalous increases in the saturation current, often
cals kink-effect. The kink-effect cause an increases of
the output conductance of the drain current in the
saturation region.[1] It causes severa undesirable
effects in the electrical characteristics. To overcome
this kink-effect, the dual-gate structure has been used
but drawback of the this structure is a low on-
current.[2] So we proposed a new dual-gate structure
which has triple floating n+ channel in the tota
channel region. We observed a leduction of the kink-

effect as well as the conventional dual-gate structure.
In addition the on-current of the proposed dualgate

dructure is enhanced 80% compared with the
conventiona dud-gate structure.

2. Smulation

We simulated the device by 2-D numerical ssimulation
program ISE-TCAD. The single crysta silicon active
layer 400 nm in thickness on 100 nm oxide was
bonded by anodic bonding method at 380 , 700 V
in a EBS-200A. The floating n+ channel were doped
by ion-implanting Phosphorus at 100 keV with dose
of 2 10° /cm’, activated by annedling at 500  in
nitrogen. The source and drain were doped by
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implanting Phosphorus a 130 keV with dose of
4x 10 /en?, activated by an anned 550 in
nitrogen. A 150 nm gate oxide was deposited by
LPCVD and A 700 nm Molybdenum was
subsequently deposited by sputtering method for the
source and drain contact. Fig. 1 shows a cross section
of the proposed dual-gate structure.
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Figure 1. The symmetric dual-gate TFT with triple
floating n+ channel.

3. Results

In this paper, we observed electrical characteristics for
the proposed TFT at variable gate and drain voltage.
Moreover we achieved the low hole concentration,
low eectric fiddd in the channe region while the
enhanced potential barrier a a source junction.
Lowering the electric field and the hole concentration
result show in drastic reduction of kink-effect. In
addition this proposed structure allows an increase of
the on-current by triple floating n+ channel compared
with the conventiona dual-gate TFTs.

3.1 Thel-V output characterigtics

Fig. 2shows the drain current — drain voltage output
characteristics for the conventional single and dual
gate TFT and the proposed dual gate TFT a V=7V
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and Vp=12 V. The dain voltage range was from 0.1
V to 12 V and gate voltage is fixed at 7 V. All of the
TFTs channd length was 10 um and gate width was
20 um. The saturation drain current of the
conventional sngle-gate TFT increases in the
saturation region continuously. This results from the
kink-effect, which causes the premature breakdown in
the TFTs[3] The conventional dual-gate structure
shows a stable drain current in the saturation region
but on-current is so low due to lowering the electric
field a the drain junction The proposed dualgate
structure exhibits a enhanced on-current compared
with the conventional dual-gate TFT. The on-current
of the proposed dualgate structure is 0.9 mA while
that of the conventional dual-gate structure is 0.5 mA
a al2V drain and a 7 V gate voltage. This result
shows a 80% enhancement in on-current due to the
channd resistance reduction by triple n+ channel.
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Figure 2. The |-V characteristics for conventiona single-gate,
dud -gate, and proposed dual-gate TFT. (Vp=12 V, Vs=7V)

3.2  The Output Conductance
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Figure 3. The output conductance (Vp=12 V, Vc=7V)

Fig. 3 shows the output conductance of the
conventional single-gate, the conventional dualgate
and the proposed dualgate TFT. The output
conductance which increases continuoudy in the
saturation region means that the drain current
increases and consequently causes the premature
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breakdown in the TFTs. The kink effect of the
proposed dual gate TFT is drastically reduced as well
as that of the conventional dual gate TFT as shown
Fg3.

3.3 The Electrogtatic Potential Barrier

The injection of eectrons to the channel from the
source contact cause the lowering the potential barrier
and consequently cause an increase of the drain
current in the saturation region. Fig. 4 shows the
potentia barrier of the conventional single, the dua -
gate TFT and the proposed dualgate TFT. The
potential barrier of the proposed dua-gate TFT
enhanced while that of the conventional TFTs. Fig. 5
shows the zoom in of the source and channel junction.
The potentia of the conventiona single-gate is under
0.5V and that of the conventional dualgate is about
2.3V and that of the proposed dual-gate is about 2.7
V a a5 um point. This result induces by lowering the
hole concentration in the channel region.
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Figure 4. The potential barrier.(V)(Vp=12V,V c=7V)
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Figure 5. The zoom in between source and channel
junction

34 The Hole Concentration

Fg. 6 shows the hole concentration of the
conventional single gate, the conventional dua gate
TFT and the proposed dua gate TFT. The hole
concentration is an important parameter in kink-effect
analysis. In the conventiona single gate TFTs, the
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holes generated by impact ionization at the drain
junction can flow toward the source contact in the
back-channel region and cause a potential barrier
lowering at the source junction(PBT action).[4-5] The
hole concentration of the proposed dud gate TFT at
the source contact starting point(4.3 um) is very low
because of the recombination between the floating n+
channels and holes. This result displays the prevention
of the hole injection to the source contact so that the
preclusion of the injection of eectron to the channe
as shown Fig 6. FHg. 7 shows the zoom in of the
source and channel junction region. The hole
concentration of the conventional single gate TFT is
about 10'" /em® and that of the conventional dual gate
TFT is about 10°~10" /cm® and that of the proposed
dua gate TFT is about 10*~10? /cn’.
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Figure 6. The hole concentration (Vp=12V, Vs=7V)
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Figure 7. The zoom in between source and channel
Junction
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4, Conclusion
The new dual-gate TFT structure with tiple floating
n+ channels alowed us to reduce of kink-effect
drasticdly. We confirmed the stable output
conductance by the reduction of the hole
concentration so that induced reduction of kink-effect.
Moreover the triple floating n+ channels caused the
reduction of electric field at the drain/channel contact
region to delay the premature breakdown. In addition,
this gtructure showed that the improvement of on-
current compared to conventional dua-gate TFT. On-
current showed a 80 % enhancement compared with
the conventiona dual gate TFT. Findly, the
smulated single crystal slicon dual-gate TFT
structure appears very effective in limiting kink-
effect. In addition, if doping dement changes to the
As or An instead of Phosphorus, we expect a more

smaller channd length size of the TFT.

5. References

[1] L.Mariucci,G.Fortunato,A.Bonfiglietti,M.Cuscuna,A.P
ecora, A.Valletta, IEEE Trans. Electron Devices,
vol.51, no.7, July 2004

[2] Keiji Tanaka, Hitoshi Arai, Shigeto Kohda,
"Characteristics of Offset-Structure
Polycrystalline-Silicon Thin-Film Transistors',

|EEE Electron Device Letters, vol.9, no.1, January
1988

[3] Min-Cheol.LEE,Min-Koo.Han,| EEE Electron Device
Lett, vol.25, no.1, January 2004

[4] MarinaValdinoci, Luigi Colalongo, Giorgio
Baccarani, Senior Member, |IEEE, Guglielmo

Fortunato, A.Pecora,and |.Policicchio, |IEEE

Trans.Electron Devices ,vol .44, no.12, December
1997

[5] G.Fortunato,D.Saias,A.Pecora,R.Caruccio,L.Mariucci,
AM-LCD Tech,Dig.,2003,pp.57-57.Anderson, R.E.
Socid impacts of computing: Codes of
professional ethics. Socid Science Computing
Review, 22, p. 123 (Winter 1992).



	Main
	Return

