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The source and drain electrode contact resistance of the hydrogenated amorphous silicon (a-Si:H) thin-film transistor (TFT)
with a Schottky-barrier source/drain contact was measured using a gated-four-probe TFT structure. Typically its variation
with the gate bias is considered to be independent of the gate bias but we observed that contact resistances decrease
exponentially with increasing gate bias. Our experimental data are explained by a combination of the tunneling current
through the Schottky barrier and the access source/drain contact TFT resistance. [DOI: 10.1143/JJAP.42.L907]
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The gated-four-probe (GFP) technique is powerful for
measuring an intrinsic performance of hydrogenated amor-
phous silicon (a-Si:H) thin-film transistors (TFTs).1) A five-
terminal (FT) TFT structure has two additional narrow
electrodes between source and drain electrodes. These
electrodes allow us to measure the real voltage drop across
a channel without any influence of source/drain contact
resistances.2,3) Therefore the intrinsic field-effect mobility
and real threshold voltage can be accurately determined
using this type of TFT structure.

Using the FT-TFT structure, we can measure accurately
source/drain series resistances, since the voltage drop at
both contacts can be measured. Their gate-bias dependence
can also be determined. Typically source/drain contact
resistances are considered (i) to be constant (ii) to be gate-
bias independent, and (iii) to have the same value for both
source and drain electrodes.

We will demonstrate in this paper that source/drain can be
gate-voltage or drain-voltage dependent. This dependence
can be associated with the tunneling current through the
Schottky barrier (SB) and the access resistance present at
source/drain contacts.

The cross-sectional view of the FT-TFT structure is
shown in Fig. 1. In this paper, we used SB source/drain
contacts, e.g., the heavily doped a-Si:H layer was omitted at
the metal/a-Si:H interface. As expected, the source/drain
contact resistance in this structure is much larger than that in
a conventional TFT. This type of TFT allows us a better
understanding of the nature of source/drain contact resis-
tances. The fabrication process of this structure has been
described previously.3) The TFT channel length was varied
from 40 to 120 mm. The spacing between source (drain) and
probe A (B) was kept constant at 10 mm for each FT-TFT
structure. The measurements were carried out with an
HP4156A semiconductor parameter analyzer at room tem-
perature.

The intrinsic field-effect mobility (�FE) can be determined
in the FT-TFT structure using:2)

ðXB � XAÞ ¼ Ci�FEW½VG � VT � ðVB þ VAÞ=2�=ID; ð1Þ

where Ci is the geometrical capacitance of the gate insulator,
VG the applied gate voltage, VT the threshold voltage, ID the
drain current, and VA and VB the potentials at XA and XA,
respectively. Note that this equation is valid only for

ðVB � VAÞ 	 VG. Because the source/drain series TFT
resistance is high in our device, we use VD ¼ 5V. Even
under this condition, we can still use eq. (1) if the value of
VB � VA is small. In our case, we have confirmed that this
value is less than 0.1 V. The field-effect mobility of 0.2 cm2/
V
s was obtained for all GFP TFT structures without any
degradation for short-channel devices.

Figure 2 shows a typical output characteristic of the
Schottky contact (SC) a-Si:H TFT. This characteristic is
different from the one typically observed for a conventional
a-Si:H TFT. First the drain current increases with increasing
drain voltage and saturates in the voltage region below 5V.
Then the drain current increases again and saturates above
15 V. Similar characteristics have been obtained for TFTs
with different channel-lengths. The ID saturated value in our
devices is much smaller than that in a conventional TFT.1)

Fig. 1. Structure of gated-four-probe Schottky contact a-Si TFT.

Fig. 2. Typical output characteristic as in text of the Schottky contact

TFT.
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This degradation in ID is due to large source/drain contact
series resistances. We should note that a constant source/
drain series resistance cannot explain our experimental data.
If the series resistance is constantly, the high drain current
should show a simple saturation behavior at a very small
value.

Using the GFP TFT structure, we can evaluate correctly
the a-Si:H TFT series resistance. The advantage of this GPF
method in comparison with the conventional transverse line
(TL) method is that it can evaluate the series resistances at
both the source (RS) and drain (RD) contacts, and their
dependence on gate voltage. To evaluate RS and RD, we can
use

RS ¼
VBXA � VAXB

XA � XB

� �
1

ID
; ð2Þ

RD ¼ VD �
LðVA � VBÞ þ VBXA � VAXB

XA � XB

� �
1

ID
; ð3Þ

where we assume a constant electric field along the a-Si:H
TFT channel. Thus the potential varies linearly between
source and drain contacts. This assumption is correct for
ðVB � VAÞ 	 VG.

Figure 3 shows the variations of RS and RD with the TFT
channel length. Both of the applied drain and gate voltages
are 20 V. This figure shows that, as expected the source and
drain contact resistance is TFT channel-length independent
at the same time. RS is larger, by about one order of
magnitude, than RD because of the SB formation at the Al/a-
Si interface. The SB at the source and drain contacts is
reversed and forward biased, respectively.

Figure 4 shows the gate-bias dependences of RS and RD. It
is apparent from this figure that RS and RD decrease
exponentially by more than three orders of magnitude with
increasing VG. Only gate voltages above VT were measured,
because VA and VB are not related to the current flow below
VT. Also because electrons flow is induced by the reverse
gate bias of the SB at the source contact, RS should be larger
than RD except in the gate bias region near VT. This
exponential behavior can be explained by the tunneling
current through the SB at the source contact. The voltage

applied at the source electrode, which is almost equal to VA,
increases with increasing VG as shown in Fig. 5. Therefore
the tunneling current induced by VG increases, and RS

decreases exponentially with VG. However the increase in
VA saturates at VG > 12V and VA even decreases slightly at
larger VG; although in this gate bias region, RS decreases
exponentially with VG. This behavior can be explained by
the SB modulation induced by gate voltage shown in Fig. 6,
which shows the potential distributions of the on and off
states schematically in the TFT channel where the deep
channel region is neglected. The field induced by gate
voltage is vertically crossing the field composed of SB in a
conventional TFT structure. When the gate voltage VG is
applied (on state), the vertical field E ¼ �@�=@x to the gate
is enhanced and @2�=@x2 must have a positive value to
satisfy the continuity of the electric field near the gate
insulator. According to Poisson’s equation @2�=@x2 þ
@2�=@y2 ¼ �=", the value of @2�=@y2 becomes negative on
the contrary and the field along the y-direction near the
source is enhanced. As a result, SB narrowing occurs by
applying the gate voltage and tunneling current flows from

Fig. 3. Variations of the Schottky contact TFT RS and RD with the

channel length.

Fig. 4. Variations of RS and RD with the gate bias for the Schottky contact

FT-TFT.

Fig. 5. Variations of the Schottky contact TFT VA and VB with the gate

bias.
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the source electrode to the channel, leading to a reduction
RS. This SB behavior is in agreement with the TFT two-
dimensional simulation result published previously.4)

On the other hand, the SB at the drain contact is forward
biased. In this case the current flow is mainly due to the
forward current of the SC, and the contact resistance can be
defined from the SB current equation: I ¼� I0 expðnqV=kTÞ.
Apparently RD will decrease with increasing SB forward
bias at the drain electrode.

The source/drain electrode access resistance can also
explain the exponential behavior of the TFT series resist-
ance.5) However in our case, the source/drain contact
resistances are much larger than the access resistance (the
access resistance is in the order of 105 �, while RS is in the
order of at least 107 �), and the TFT access resistance can be
neglected in our devices.

In summary, we have described the behaviors of the
source/drain contact resistances in the SC FT-TFT structure.

We have shown that both RS and RD decrease exponentially
with increasing gate bias. This decrease can be associated
with the tunneling current through the SB at source/drain a-
Si:H contacts.
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Fig. 6. The explanation of SB narrowing by gate voltage.
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