Extended Abstracts of the 22nd (1990 International) Conference on Solid State Devices and Materials, Sendai, 1990, pp. 1011-1014

S-E-19

Field-Induction-Drain (FID) Poly-Si TFTs with High On/Off Current Ratio
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A field-Induction-Drain (FID)

layer as a drain is
leakage current of
(poly-Si TFTs).
leakage current but also
current of pA/pm (Vd—10 v,
il ML (Vg=10 V)" are
poly-Si TFT is very promising
LCDs.

proposed

1.Introduction
Polyerystalline-silicon
transistors (poly-Si TFTs) are
be
matrix circuits in large area liquid-crystal
displays (LCDs) because of their high field-
effect mobility and reliability.

thin film
expected to

used for the peripheral and active-

However,

conventional ©poly-Si TFTs have a  large

OFF-current (IOFF), which is unsuitable for
active-matrix applications.
reduce

In order to the Inpp, geveral

electric field at a
)2) |

such as an insufficient

studies to reduce
drain junction have been performed1
However, problems
ON-current still remain.

In this paper, we propose a new Iypp
reduction structure, Field-Induction-Drain
(FID), e.g.,
the electric field is used as a drain.
characteristics of this FID TFT

and the

an inversion layer induced by
The
are also
presented, related mechanisms are

discussed.

2.FID TFT structure
The fundamental structure of an
channel FID TFT is

n-

ghown in Fig. 1. The

in order to reduce
polycrystalline-silicon thin-film transistors
The FID structure not only reduces the anomalous
maintains a high ON-current.
vV, =-20 V)
%ssfully
for application to

succ
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structure using a inversion

the anomalous

An OFF-
and an ON/OFF current
obtained. This FID
active-matrix

main feature of the FID TFT is that a

inversion layer formed under the sub-gate
The formation of the

by the sub-

is used as a drain.
inversion layer is controlled

gate voltage (Vs).
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Fig.1 TFundamental FID TFT structure.

A cross-sectional view of a fabricat-
ed FID TFT is shown in Fig. 2. Both
source and drain are phosphorous-doped poly-
Si films. The active layer is a poly-Si
film formed by solid-phase crystallization
of an LPCVD a-Si filmB). The gate insulator

is  a sputtered Si0, film (100 nm) 4). The

interlayer insulator is a sputtered 8102
film (400 nm) or a plasma CVD SiN, film (400
nm). The main-gate is a phosphorous-doped

The

an aluminum on the interlayer insulator.

poly-Si film. sub-gate was formed by
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Fig.2 Cross-sectional view of
fabricated FID TFT. (W/L=10 pm/10 pm)

Sub-gate length Ly, main-gate length L, and
gate width W,

respectively.

are 2 pm, 10pm and 10 pm,

FID

four terminal

The basic characteristics of the
TFT were estimated using a
device in which the sub-gate was one termi-

nal. For application purpose, the charac-
FID TFT

gate was connected to

teristics of a in which the sub-

a drain were also
investigated.

Both the temperature (20 °C- 175 °C)
and drain voltage dependencies of Inpp were
measured to clarify the FID junction charac-

teristics.

3.FID TFT characteristics
The Id—Vg characteristics of an n-chan-
nel FID TFT at Vs=60 V are
3(a). For comparison, those
tional TFT are shown in Fig. 3(b). The
conventional ng has a large Ijpp that
10 =TT

gshown in Fig.

of a conven-
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increases as negative gate voltage and
On the

other hand, the FID TFT has a sufficiently

positive drain voltage increase.

low Igpp that remains almost constant re-
gardless of gate voltage. Iopp is as low
1 pA/pm (V4=10 V, Vy=-20 V), and
sufficiently high (field effect mobility :
35 cmz/Vsec). Thus, an ON/OFF current ratio
of 107 is achieved at V4=10 V.

However, a sub-gate voltage of 60 V is
FID TFT.

obtain a low resistivi-

as ION is

too high for the application of an
It is necessary to
ty inversion layer at low sub-gate voltage.
Therefore, a SiN, interlayer deposited by

plasma CVD is used 1o reduce the threshold

voltage in a sub-gate region. The Id-Vg
characteristies of a conventional TFT with
a SiN, gate insulator are shown in Fig. 4.
This TFT has deep-depletion characteristics
(threshold voltage: -6 V). The Vg depend-
Ioy and Igpp for an FID TFT with
and an FID TFT with an
SiN, interlayer are shown in Fig. 5 (a).
The Id—Vg three
terminal FID TFT with its sub-gate connected
to
By wusing a SiN_ interlayer, a high Ioy and

ence of

an 5i0, interlayer
characteristics of a
drain (Vd=10 V) are shown in Fig. 5(b).
a low Iopp can be obtained even at a low

for the

three terminal device, Iy was successfully

sub-gate voltage. TFurthermore,

improved while maintaining a sufficiently
-3
10

I, W)

(b)
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g characteristics of n-channel FID TFT(VS=6O V) (a)
and conventional TFT (b). (Vd=2.5

V- 20 V, 2.5 V step)
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Fig.4 Id-Vg characteristics of Fig.5 (a)V; dependence of Iy and Ippp in FID TFT

conventional TFT with SiN, gate with Si0, interlayer or SiN, interlayer.
(b)Id_-Vg characteristies of FID TFT with

sub-gate is connected to drain (Vd=10 V).

insulator.
(V4=R.5 V- 20 V, 2.5 V step)

low Iopp. This means that a simple circuit reduces Igpp. In the FID TFT with an
configuration is applicable to the FID TFT. inversion layer under the main-gate, two
reverse biased  Jjunctions are formed. The

4.FID junction characteristics shown to be
To clarify the reason why a low Igpp
is obtained in the FID TFT,
characteristics are investigated.
FID TFT

Under

conventional drain junction is
leaky by Fig. 6 (b). Therefore, the low
Iopp of the FID TFT is due to the good

junction characteristics between the channel

FID junction
The I4-Vg
at V=20 V

g
this condi-

characteristics of the and the induced inversion layer.

are shown in Fig. 6(a). The V4 dependence of Inpp of the FID
TFT (Vs=60 V) and a conventional TFT are
shown in Fig. 7.
-20 V.

crease is accelerated by the

tion, an inversion layer is formed under the

main-gate, as shown in inset in Fig. 6 (a).

g

IOFF in-
drain voltage.
On the other hand, the Iopp of the FID TFT

de (X=Oo5—'1 ) ’

IOFF was measured at V
The Id-VS characteristics of a conventional

TFT with a
6(b).

gsion layer

In the conventional TFT,
sub-gate only are shown in Fig.

These results show that the inver-

under the main-gate also increases proportional to
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Fig.6 I3-V, characteristics of FID TFT at Vg=20 V (a) and

conventional TFT with sub-gate only (b). (Vg=2.5 V- 20 V, 2.5 V step)
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Fig.7 V, dependence of Iopp in FID TFT
(V=60 V) and conventional TFT.
(IOFF:Vg=—20 V)
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Fig.8 Temperature dependence of Inpp in

FID TFT (V=60 V) and conventional TFT.

(Iopp:Vg=20 V,Vg=10 V)
and exhibits abrupt breakdown characteris-
tics at about V4=70 V.
dependence of the Inpp

The temperature
of the FID TFT
(VS=6O V) and a conventional TFT are shown
in Fig. 8.
Vq=10 V. The Igpp of the
ghows a weak temperature dependence due to
field emission current5). On the other
hand, the FID TFT has a strong temperature
activation energy, E,, of
that the
only dominated by

Iopp was measured at Vg=—20 v,

conventional TFT

dependence at an
0.52 eV. These results
Iypp of the FID TFT is

generation-recombination current, not field-

suggest

emission current.
The improvement in the drain junction
characteristic of +the FID TFT over the
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TFT

reduction of the

conventional
to

is considered to be due
a trap density at
the drain  junction.
FID TFT is free from

caused by the doping process.

The junction in the
an increased defects
This 1is
considered to be

the reason for the low

trap density and low Iypp.

5.Conclusion

An FID TFT using an inversion layer as

a drain is proposed. An Igpp of 1 pA/pm
(Vg=10 V, Vg=-20 V), and an ON/OFF current
ratio of 107 are successfully obtained by

the FID TFT,
threshold voltage of the sub-gate region

Furthermore, reducing the

allows a simple circuit configuration to be
TFTs.
ment of the junction characteristics proved
that the IOFF of the FID TFT is only domi-
nated by generation-recombination -current,
These
results indicate that FID TFTs can improve

applied to these Moreover, measure-

not the field-emigsion current.

the active-matrix circuit characteristics of
LCDs.
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