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Abstract—The paper presents a simulation study of the electrical
characteristic of Bulk Planar Junctionless Transistor (BPJLT) using
spacer. The BPJLT is a transistor without any PN junctions in the
vertical direction. It is a gate controlled variable resistor. The
characteristics of BPJLT are analyzed by varying the oxide material
under the gate. It can be shown from the simulation that an ideal
subthreshold slope of ~60 mV/decade can be achieved by using high-
k dielectric. The effects of variation of spacer length and material on
the electrical characteristic of BPJLT are also investigated in the
paper. The Ion / Iopr ratio improvement is of the order of 107 and the
OFF current reduction of 10™ is obtained by using gate dielectric of
HfO, instead of SiO,.
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I. INTRODUCTION

HE down scaling of transistor requires super steep and

ultra shallow doping profile in source, drain and channel
region. A new device structure based on Lilienfield’s first
transistor architecture [1] which doesn’t have any junction has
been proposed and fabricated called the junctionless transistor
[2]. The BPILT don’t have any PN junction in vertical
direction but it consists of junction in the horizontal direction.
The BPJLT have same doping concentration in source, drain
and channel unlike inversion mode transistor which have
different doping concentration. The BPLT is an accumulation
mode device, where bulk channel conduction takes place
instead of surface conduction. During ON state it has large
current due to high doping concentration of the channel
region. In OFF state the carrier is depleted due to the work
function difference between the semiconductor and the gate
material [3]. The cross sectional area of the device should be
small so that the carriers can be depleted during OFF state.
The junctionless transistor has the following advantage
compared to the MOSFET 1) deep source/drain implants are
avoided 2) low thermal budget 3) better short channel effect
[4].

The junctionless transistors already proposed are SOI [4],
Bulk Planar [5], Double Gate [6] and Tunnel [7]. A. Kranti et
al. has done comparison of conduction mechanism in
junctionless, inversion and accumulation devices [4]. R.K.
Baruah has analyzed the process induced variability on the
electrical characteristic of Double gate junctionless transistor
[6]. B. Ghosh et al. have emphasized on tunnel junctionless
transistor with low subthreshold slope using low-k spacer [8].
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S. Gundapaneni et al. has proposed the idea of Bulk Planar
Junctionless Transistor [5]. The BPJLTT is an attractive
device for scaling as it fully compatible with CMOS process.
The systematic investigation of spacer and different oxide
material is still missing in the literature. The paper investigates
the impact of different oxide material on the electrical
characteristic of BPJLT and suggest best possible candidate.
BPJLT with spacer has been proposed for better short channel
effects and electrical characteristic. During ON state the
spacer has marginal effect on the ON current. But during OFF
state current reduces due to the spacer and have better
controllability on the Short channel effects. First, the device
concept and simulations are outlined in Section II. Device
structure and operation is presented in Section III. Results and
discussion are presented. Finally, Section IV concludes the
work done.

II. DEVICE STRUCTURE

The device structure corresponds to n channel Junctionless
transistor is shown in Fig. 1. The workfunction of the metal
are considered to be 5.1eV with aluminum. Here the device
layer is deposited above the bulk silicon, both bulk silicon and
device layer have opposite polarity. There is a junction depth
of X; between the device layer and bulk silicon. The device do
not have junction in vertical direction but there is junction in
horizontal direction. Due to absence of vertical junction, the
JLT results in better scalability and ease of fabrication. Thin
gate dielectric and metal is present above the device layer with
workfunction of 5.1eV. The gate should have opposite
workfunction with respect to the device layer. There is no
conduction between source and drain when we apply zero bias
as the device layer is depleted from top and bottom due to the
work function difference between gate and device layer at top
and due opposite doping device layer and bulk at bottom.
Device layer will come out of depletion as we apply positive
bias to the gate. The oxide material is varied to see its effect
on the electrical characteristic of the device. The materials
considered are SiO, (3.9¢V), SizN4 (7.5eV), Al,05 (9.6eV) and
HfO, (21eV) and ZrO, (25¢V). Fig. 2 shows BPJLT structure
with spacer, spacer is taken on both side of the oxide, the
effect on the electrical characteristic is observed by varying its
length. The spacer material is varied and its effect on different
electrical characteristics is studied.

II1. RESULTS & DISCUSSIONS

Three-dimensional simulations of the bulk JLT are carried
out using the Sentaurus 3-D device simulator. This solves the
self-consistent drift-diffusion equations for electrons and
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holes. In the simulation the mobility model is used, which take
care of doping and transverse field dependence, Schottky-
Read-Hall mechanisms. Due to high doping concentration
band gap narrowing model is also included [9]. Fig. 3 shows I4
and V, for bulk planar junctionless transistor with and without
spacer. The junctionless transistor shows nearly same ON
current as the inversion mode transistor. But junctionless
transistor have better OFF current then Inversion mode
transistor. The better OFF current is due to depletion of carrier
from the channel when we apply zero bias to junctionless due
to workfunction difference. In case of inversion mode
transistor the carriers not fully depleted which is responsible
for less OFF current. Thus in junctionless transistor the gate
have better control over the channel then in case of Inversion
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mode transistor. The doping concentration of junctionless
transistor degrades the mobility to some extent but low surface
field in ON state enhances the mobility, overall we have a
comparable ON current with respect Inversion mode devices.

TABLEI
PARAMETER FOR DEVICE SIMULATION

Parameter Value

Device layer Thickness Snm

Gate Dielectric Inm
Donor doping concentration device layer ~ 2.0e+19
Well Doping 5.0e+18

Channel Length 20nm

Supply voltage v
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Fig. 1 Bulk planar junctionless transistor
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Fig. 2 Bulk planar junctionless transistor with spacer
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Fig. 414 vs. V, of BPJLT for different oxide material
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Fig. 5 Variation of DIBL for different Oxide material

Fig. 4 shows the variation of Iq and V, of BPJLT for
different gate oxide material. The high-k material shows better
electrical characteristic then low-k material. The materials with
high-k are more preferable because it reduces the leakage
current during the OFF state as compared to the low-k
dielectric. The leakage current increases as the gate loses the
control over the channel. Fig. 5 shows the variation DIBL for

different Oxide material. As the graph moves from low-k to
high-k an optimum DIBL can be achieved. Fig. 6 shows
Ion/Iopr and subthreshold slope variation for different Oxide
material. A nearly ideal subthreshold slope can be achieved.
Due to the increment in the capacitance value the gate
tunneling current reduces with the use of high-k dielectric.

13E+08 4 85
1 0E+08 E‘J—j\
{80 =
z
I 8OE+07 g
= 177 =
= GOEF07 =
= S
= 170 &
4 OE+07 L
=
2 0E+07 1 % z

6 7E+03 - . . 60

34 7.4 o¢ 21 25
Diclectric constant

Fig. 6 Ion/Iorr and Subthreshold slope variation for different Oxide
material
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Fig. 7 Iyand V, for bulk planar junctionless transistor for different spacer length
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Fig. 9 Ion/Iopr and subthreshold slope variation for different spacer
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The use of high-k dielectric reduces the short channel
effects and increases the control of gate on the channel. Fig. 7
shows Ip and Vg for bulk planar junctionless transistor for
different spacer length. The other parameter is taken constant
and spacer length is varied from 0 to 15 nm. There is 99%
reduction in OFF current as we increase the spacer length
from 0 to 15nm. It is observed that the increment of spacer
layer reduces the OFF state current. Fig. 8 shows DIBL
variation for different spacer length. As we increase the spacer
length an optimum DIBL can be obtained. Fig. 9 shows
Ion/Iorr and Subthreshold slope variation for different spacer
length. A nearly ideal subthreshold can be obtained. As we
increase the spacer length the leakage current decreases as the
OFF state channel length increases. But during ON state there
is less variation on current as spacer does effect the vertical
electric field of the device. So for better performance of the
device spacer length of 15nm is preferable to reduce short
channel effect.
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Fig. 10 Iyand V, of for bulk planar junctionless transistor with different spacer material
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Fig. 10 shows the I4 and V, for bulk planar junctionless
transistor for different spacer material. The spacer length is
kept constant at 15 nm and spacer material is varied. The high-
k spacer shows better electrical characteristic then low-k. Fig.
11 shows DIBL variation for different spacer material. A low
DIBL value can be obtained for high-k dielectric. Fig. 12
shows Ion/lorr and Subthreshold slope variation for different
Oxide material. For high-k material a nearly ideal subthreshold
slope can be achieved due because of reduction fringing
electric field in the OFF state. During ON state the spacer has
no effect on the device electrical characteristic but in OFF
state it reduces Fringing electric field and as a result reduces
the leakage current.
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Fig. 11 DIBL variation for different spacer material

1.0E+09 T4 _
w2

8.3E+08 2 a8
_ 70 %
=6.3E+08 68 =
= =
_81.3E+08 66 =
64 2

2.3B+08 =
62 £

3.4E+07 Lo 60 &

3.9 9.5 21 25
Spacer Dielectric

Fig. 12 Ion/Iorr and Subthreshold slope variation for different spacer
material

IV. CONCLUSION

Bulk planar junctionless transistor exhibits better device
characteristic then Inversion mode transistor. The junctionless
transistor removes the problem of high doping source and
drain. The oxide material should be high-k for better electrical
characteristic. The length of spacer should be maximum for
reduction of short channel effects. It is concluded that in OFF
state current can be reduced by the use of high-k dielectric
spacer layer. Since the device dimensions are very less there is
need for more variability study in case of junctionless
transistor. Thus bulk planar junctionless transistor can serve as
the better replacement of MOS devices.
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