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A novel double-gate (DG) junction field effect transistor (JFET) with depletion operation mode is proposed in

this paper. Compared with the conventional DG MOSFET, the novel DG JFET can achieve excellent performance

with square body design, which relaxes the requirement on silicon film thickness of DG devices. Moreover, due to

the structural symmetry, both p-type and n-type devices can be realized on exactly the same structure, which greatly

simplifies integration. It can reduce the delay by about 60% in comparison with the conventional DG MOSFETs.
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1. Introduction

As the device size is scaled down, many critical

challenges such as reduction of leakage current, sup-

pression of short-channel effect, and the compatibility

of technology integrations have occurred.[1−3] Many

novel structures, such as grooved gate MOSFETs,

UTB MOSFET, FinFET, and Ω-gate MOSFET

etc, are proposed to alleviate these problems.[4−8]

Although these newly proposed device structures

can obtain improved electric characteristics due to

strong gate controllability over channel, they still

have some disadvantages, such as increased fabrica-

tion complexity and critical requirement of Si film

thickness.[9−12] In this paper, a novel double-gate

(DG) depletion-mode junction field effect transistor

(JFET) is proposed to provide a potential solution.

Two-dimensional simulation is performed with device

simulator-ISE8.0. The obtained results demonstrate

that in comparison with conventional DG MOSFETs,

the proposed DG JFET can achieve higher on-off cur-

rent ratio due to the strong controllability of the junc-

tion gates. Moreover, due to the structural symmetry,

both p-type and n-type devices can be realized on ex-

actly the same structure, which can greatly simplify

the integration.

2. Device structure and simula-

tion

Figure 1 shows the structural comparison of con-

ventional DG MOSFET and the proposed DG JFET.

Unlike the conventional DG MOSFET where the de-

vice structure is based on metal-oxide-semiconductor

structure, in the proposed DG JFET the gates are

realized by the homogenous junctions. The electric

Fig.1. The schematic view of the proposed DG JFETs.

characteristics of the devices is investigated by adopt-

ing suitable transport model. The density gradient
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model is adopted to take account of quantum effect

and the hydrodynamic model is included to consider

the small dimension. The gate length of simulated

DG JFET is 10nm, with the silicon film thickness of

10 nm. The doping of the gate and source/drain is the

same and we use a typical value of 2×1020 for most

simulation.

Due to the structural difference from the conven-

tional DG MOSFET, the proposed DG JFET can per-

form as a depletion-mode device as showed in Fig.2.

In comparison with the conventional DG MOSFETs

where the depletion widths are broadened when the

device changes from the off-state to the on-state, the

proposed DG JFET, on the contrary, shows the nar-

rowed depletion widths in this case. Since DG JFETs

operate in a depletion mode, the carriers are confined

to the centre of the channel in the on-state as showed

in Fig.3. Thus the carriers do not suffer from scatter-

ing caused by surface roughness, resulting in higher

carrier mobility. In the off-state, due to the p-n junc-

tion depletion, the channel is nearly depleted.

Fig.2. Operation of the proposed depletion mode DG JFETs with its channel in the centre as opposed to

a conventional surface channel DG MOSFETs.

Fig.3. The carrier distributions perpendicular to the chan-

nel of DG JFETs.

3. Results and discussions

Since the gates are realized by p-n junction, the

gate leakage is a crucial issue. Due to the effective con-

trol of the p-n junction gates, the proposed DG JFET

greatly relaxes the stringent requirements on the body

thickness scaling which is the critical problem in a

conventional DG MOSFET. For the conventional DG

MOSFET, the body thickness must be smaller than

the channel length in order to effectively suppress the

leakage current.[13] However, the DG JFET with body

thickness equal to channel length can still achieve good

performance. Table 1 shows the comparison between
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the DG JFET and conventional DG MOSFETs of the

same square body design with gate length of 10 nm.

The gate workfunction of conventional DG MOSFETs

is adjusted to reach the same leakage current of the

DG JFET. Since the junction gates can control the

channel more effectively, the proposed DG JFET ex-

hibits much higher drive current with the same leakage

current of conventional DG MOSFET. The supplied

voltage Vdd is adopted as 0.75V to satisfy the require-

ment on the gate leakage of ITRS 2006, as shown in

Fig.4.

Table 1. Device structure parameters and extracted characteristics parameters of DG JFETs and DG

MOSFETs with square body design.

DG JFET Conventional DG MOSFET

NMOS PMOS NMOS PMOS

Channel length Lg/nm 10 10 10 10

Gate Oxide Tox/nm 1 1 — —

Silicon film thickness Tsi/nm 10 10 10 10

Channel doping/cm−3 1×1015 1×1015 1×1015 1×1015

Vdd/V 0.75 0.75 0.75 0.75

Leakage current Ioff/(A/µm) 1.4×10−8 1.1×10−9 1.4×10−8 1.1×10−9

Drive current Ion/(A/µm) 5.0×10−4 1.8×10−4 2.5×10−5 1.8×10−5

Ratio of Ion to Ioff 3.6×104 1.6×105 1.8×103 1.6×104

Fig.4. Gate leakage of the DG JFETs of square body de-

sign.

In the DG JFET, as the gates are directly con-

nected to the channel without the gate oxide, the heat

dissipation can be greatly improved. As shown in

Fig.5, in comparison with the conventional DG MOS-

FET, the lattice temperature in the proposed DG

JFET can be significantly reduced, which is very at-

tractive for high-density integrated circuits. And due

to the better heat dissipation and less surface scatter-

ing, the mobility of the DG JFET is higher than that

of the conventional DG MOSFET, as shown in Fig.6.

Since the design of the channel can be a ‘square’

shape, the DG JFET of 10 nm gate length has a sym-

metrical structure. An n-type DG JFET can be easily

transformed into a p-type DG JFET only through ex-

changing the gate and the source/drain contacts.

Fig.5. Comparison of the lattice temperatures between

the conventional DG MOSFET and the proposed DG

JFET of the square body design.

Fig.6. Comparison of carrier mobility in the channel of

DG JFETs and conventional DG MOSFETs.
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Figure 7 gives the schematic view to illustrate this

unique feature. It can bring great simplicity in de-

vice fabrication and process integration, since it im-

plies that the same device structure can be used as

either n-type or p-type DG JFET only through ex-

changing interconnection designs. Figure 8 shows the

comparison of the delay metric CTVdd/Ion between

DG JFET and the conventional DG MOSFET with

different gate/source/drain doping concentration. It

can be seen that the proposed DG JFET can reduce

the delay by about 60% in comparison with the con-

ventional DG MOSFET at the doping of 2 × 1020.

Fig.7. Comparison between the proposed DG JFETs with square body design and the conventional

DG MOSFETs when transferring n-type device to p-type one.

Fig.8. Comparison of the delays between the proposed

DG JFETs and DG MOSFETs of square body design with

different gate/source/drain doping concentrations.

4. Conclusions

A novel DG JFET with depletion operation mode

is proposed and investigated in this paper. In compar-

ison with the conventional DG MOSFETs, the novel

DG JFET can achieve excellent performance with a

square body and thus greatly relax the stringent re-

quirements on silicon film thickness. Moreover, due

to the strong controllability of the junction gates, the

novel DG-JFET can obtain much higher drive current

Ion than that of the conventional DG MOSFETs un-

der the same leakage current . Compared with conven-

tional DG MOSFET, the intrinsic delay is reduced by

about 60%. Moreover, for the DG-JFET with a square

body design, which has exactly symmetrical structure,

both n-type and p-type DG-JFET can be realized si-

multaneously based on exactly the same DG-JFET

only through exchanging contacts of source/drain and

gates, it greatly simplifies the fabrication process.
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