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A report is presented on the high temperature performance of ion
implanted GaAs hetero-dimensional JFETs. The temperature
coefficient of the threshold voltage is ~–1mV/K. The device
characteristics exhibit a sharp pinch-off. a small ON current, and a
very small output conductance. Hence, this device should be
suitable for ultra-low power operation at elevated temperatures. 

Hetero-dimensional field effect transistors (HD-FETs), such as the
2D-MESFET [1], 2DI-MESFET [2] and 2D-JFET [3] have been
studied as possible contenders for ultra-low power applications [4].
Other devices, such as the double-gate nano-MOSFET [5], GaAs
and InP based IPG and WPG transistors [6], SiGe based IPG tran-
sistors [7], and quasi one-dimensional IPG transistors [8] have also
emerged using similar technologies. In this Letter, we present a study
into the high temperature performance of GaAs hetero-dimensional
JFETs (HD-JFETs) (see Fig. 1), which were fabricated by replacing
the etch/plate Schottky gate of the 2DI-MESFET with an ion
implanted p+ region as described in [3, 4, 9]. 

In an HD-JFET, the gate voltage applied to the sidewall p+-n junc-
tion gates modulates the drain-to-source current. The HD-JFETs
have been characterised from T = 15 to 150°C. At higher T, the gate
leakage current was too large (see below). The device had a nominal
gate length of 4µm and an effective gate width of 1.2µm. 

Figs. 2 and 3 show the I-V characteristics at 20 and 100°C. The
solid lines are simulated using the AIM-SPICE model described in
[9, 10]. The peak drain currents are 14 and 17µA, the peak transcon-

Fig. 1 Perspective illustration of HD-JFET (not to scale) 

Fig. 2 I-V characteristics of HD-JFET at 20 and 100°C for gate voltages
VGS varying from 0.1 to 0.4V 

——— simulated using 2-D MESFET AIM-SPICE model [9, 10] with
parameters:
u 20°C: VT = –0.23V, µN = 0.48m/Vs, RS = RD = 3500Ω, η = 1.7, σ = 0,
cEFF= 1.9 × 10–11F/m, d = 30nm, λ = 0.004, m = 2.1, n = 1.3, nMAX = 1.5 ×
1016 l/m, νS = 1.2 × 105 m/s, tC = 0.91/V, ΦB = 0.59eV
● 100°C: VT = –0.31V, µN = 0.4m/Vs, RS = RD = 2000 Ω, d = 500nm,
and other parameters are same as for 20°C 
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ductances are 44 and 52µS, the output conductances are 0.14 and
0.25µS,  the  extracted threshold voltages are –0.23 and –0.31V, and
the extracted mobilities are 0.48 and 0.4m2/Vs, at 20 and 100°C,
respectively. The saturation voltage is ~0.5V at a gate-to-source bias
of 0.4V for 20 and 100°C. The extracted ideality factor in the sub-
threshold region is 1.7 (see Fig. 3). The threshold voltage VT does
not shift with the drain bias, i.e. the drain induced barrier lowering
(DIBL) effect is negligible. The leakage current is of the order of 10–9

A and the ON/OFF current ratio is ~104. These results (in Figs. 2
and 3) are comparable to those for both the 2D-MESFET [1, 4, 10]
and the 2DI-MESFET [2].  

The temperature dependence of the transfer characteristics is
shown in Fig. 4. VT varies with temperature (see inset) with a tem-
perature coefficient of –1.04mV/K, comparable to that for a conven-
tional MESFET [11], but much larger than that for a 2D-MESFET
(~ –0.086mV/K) [1]. A substantial part of the threshold voltage vari-
ation in a MESFET can be explained by the temperature depend-
ence of the built-in voltage, which is primarily determined by the
temperature variation of the Fermi level [11]. In a 2D-MESFET, this
variation is reduced nearly two orders of magnitude compared to a
MESFET [11]. In the HD-JFET, the variation in VT is determined
by the Fermi level shift in the n-channel side of the p+-n junction.
The channel doping concentration (~3 × 1017cm–3) is comparable to
that for a MESFET in [11]. Therefore, the temperature variation in
VT of  the HD-JFET is also similar. 

In conclusion, a fully ion implanted HD-JFET has been charac-
terised at different temperatures, and compared with a MESFET,
2D-MESFET and 2DI-MESFET. Excellent low power characteris-
tics, and a fabrication process which is fully compatible with com-
mercial GaAs IC technology, make HD-JFETs very promising for
future ultra-low power applications such as wireless communications
and portable computing. 

Fig. 3 Transfer characteristics at 20°C for drain-to-source biases VDS =
0.05 and 0.5V 

——— simulated using same model and with same parameters as in
Fig. 2 

Fig. 4 Transfer characteristics at different temperatures for VDS = 0.05V 

Inset: corresponding variation of threshold voltage and least square fit
(solid line); slope of line is –1.04mV/K 
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