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Simulation and Experiment on a Buried-Oxide Trench-Gate
Bipolar-Mode JFET"
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Abstract: A buried-oxide trench-gate bipolar-mode JFET (BTB-JFET) with an oxide layer buried under the gate region to
reduce the gate-drain capacitance Cy is proposed. Simulations with a resistive load circuit for power loss comparison at
high frequency application are performed with 20V-rated power switching devices,including a BTB-JFET.a trench MOS-
FET (T-MOSFET) generally applied in present industry,and a conventional trench-gate bipolar-mode JFET (TB-JFET)
without buried oxide,for the first time. The simulation results indicate that the switching power loss of the normally-on
BTB-JFET is improved by 37% and 14% at 1MHz compared to the T-MOSFET and the normally-on TB-JFET, respective-
ly. In order to demonstrate the validity of the simulation,the normally-on TB-JFET and BTB-JFET have been fabricated
successfully for the first time,where the buried oxide structure is realized by thermal oxidation. The experimental results
show that the C,y of the BTB-JFET is decreased by 45% from that of the TB-JFET at zero source-drain bias. Compared to
the TB-JFET.the switching time and switching power loss of the BTB-JFET decrease approximately by 7. 4% and 11% at
1MHz,respectively. Therefore, the normally-on BTB-JFET could be pointing to a new direction for the R&D of low volt-
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age and high frequency switching devices.

Key words: TB-JFET; BTB-JFET; buried oxide; gate-drain capacitance; switching power loss

EEACC: 2560P

CLC number: TN386. 6 Document code: A

1 Introduction

Nowadays, DC/DC Buck converters are used in
power management for CPUs, chipsets, peripherals,
etc,and are one of the most important applications
for low-voltage high-current power switching devices
to be researched and developed. Low-voltage power
transistors,especially used as control transistors Chigh
side transistors), have been developed recently to
meet the high frequency (reaching 1IMHz and above)
and low switching power loss requirements. While
presently power MOSFETs dominate in this area,
their dimensions have been scaled to a submicron lev-
el and their fabrication processes have become more
and more complicated and seem to be approaching the
technological limits. Therefore, globally, some at-
tempts continue to resort to trench-gate bipolar-mode
power JFETs (TB-JFETs)! %/,

In this paper,a buried-oxide trench-gate bipolar-
mode JFET (BTB-JFET) with an oxide layer buried
under the gate region to reduce the gate-drain capaci-
tance Cy is proposed. To evaluate the prospects of
this kind of device, simulations for power loss com-
parison are performed with a BTB-JFET. a trench
MOSFET (T-MOSFET) generally applied in present
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industry,and a conventional TB-JFET without buried
oxide'" for the first time. Furthermore, the normally-
on TB-JFET and BTB-JFET have been successfully
fabricated for the first time,and the experimental re-
sults agree well with the simulation.

2 Structures for simulations

The three structures mentioned above are shown
in Fig. 1, which are half cells for simulations. Three
devices are vertical,ensuring their application in high
current field as power devices. The first two are typi-
cal models of state-of-the-art structures with BV =
20V for a T-MOSFET (Fig. 1(a)) and a conventional
TB-JFET (Fig.1 (b)), respectively. A BTB-JFET
(Fig.1(c¢)) is almost identical to the second except
for a buried oxide (BOX) layer under the gate region
or bottom of the trench, which can be achieved
through thermal oxidation'**! or deposition”’. The
structure and dimensions of the T-MOSFET are set
according to Ref. [ 6], and simulation results show
that the structure with a thick gate oxide at the bot-
tom shown in Fig. 1(a) has a switching power loss re-
duction by 30% over that in Ref. [6] without chan-
ging Ropson » Which ensures the former has the better
performance. Key parameters used in the simulations
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Fig.1 Schematic structures for simulations

are labeled in the figure and omitted when they are
identical to those already given on the left. The criti-
cal dimensions of all the structures are in submicron.

The MOSFET is a normally-off device. However,
the JFET can be either normally-off or normally-on
depending on the width of mesa,i.e.,whether deple-
tion layers of P-gates overlap at zero gate-source bias.
Gate capacitance,especially C,,is a key parameter in
high speed switching applications. In the structure of
the BTB-JFET,a large area of pn junction under the
gate region is replaced by buried oxide, reducing C,q
remarkably and improving the switching performance
of the device.

3 Simulation results

For the purpose of estimation,power loss simula-
tions are performed on a basic resistive switching cir-
cuit,with Vpp =12V, Ipn ==16A (through a chip are-
a of 3mm®), R =2Q,and Vg pulse set to 0/10V for
the T-MOSFET, the normally-off JFETs or set to — 8/
+2V ( =8V offset from the former) for the normal-
ly-on JFETs. Figure 2 gives the typical switching
waveforms for these devices. The waveforms of vgs
and ig for the TB-JFET (those for the BTB-JFET are
quite similar) are remarkably different from those for
the T-MOSFET.

Switching power loss Py, = Po, + Py > where rele-
vant energies are integrated from the onset of Vg
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(a) T-MOSFET; (b) TB-JFET;(c) BTB-JFET

pulse to the instant when ip rises to 90% of I (to
produce E,,) and from the ending of Vg pulse to the
instant when i, falls to 10% of Ip,n (to produce
E.).Since the P, is dependent on the working fre-
quency,to calculate the power loss the relative ener-
gies are multiplied by the frequency.
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Fig.2 Typical switching waveforms for T-MOSFET (a) and
TB-JFET (same as BTB-JFET) (b)
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Fig.3 Comparison for switching power losses of different de-
vices at various frequencies

Figure 3 shows the final calculation results of
switching power losses varying with frequency for the
three devices. This figure shows that under the circuit
condition mentioned above, the normally-on BTB-
JFET produces the lowest switching power loss at dif-
ferent frequencies of the five devices, and the im-
provement is up to 37% and 14% at 1MHz compared
to the T-MOSFET and the normally-on TB-JFET, re-
spectively. The trend in the figure implies that the
normally-on TB-JFET and normally-on BTB-JFET
will be superior to the T-MOSFET at high frequencies
and the normally-on BTB-JFET is the most competi-
tive candidates to replace power MOSFETs as the
high side power transistor,the switching performance
of which is much more emphasized in low-voltage
DC/DC Buck converters. On the other hand, the nor-
mally-off JFETs always perform worse than the T-
MOSFET at different frequencies'”’ .

4 Experimental results

In order to validate the above simulation results,
the normally-on BTB-JFET has been successfully fab-
ricated for the first time,and its buried oxide is real-
ized by thermal oxidation. At the same time,for com-
paring the performance of the BTB-JFET with the
TB-JFET, sample transistors of the normally-on TB-
JFET with the same physical structure and dimensions
but without the buried oxide has also been fabricated
and measured. These two kinds of normally-on JFETs
show similar breakdown voltage and current level
with BVy = 21V at Vg = — 3V, and both of them
have a threshold voltage of about 0.7V. Their R gon
are 100mQ (TB-JFET) and 112mQ (BTB-JFET), re-
spectively, with 0. 25mm?* of active area.

The measured C,-Vps curves of the fabricated
TB-JFET and BTB-JFET at Vg = — 3V are shown in
Fig. 4. The gate-drain capacitance C, of the BTB-
JFET is reduced by 45% at zero source-drain bias over

The lower C,q reduces the switching time and the
power loss of the device during the switching state.
The switching parameters of the fabricated TB-JFET
and BTB-JFET devices are also tested with a clamped
resistive load circuit the same as that used in simula-
tion and under the same measurement conditions. Ta-
ble 1 gives the measurement conditions and results,
where the turn-on time is defined as the time between
the events when Vg rises to 10% of the final value
(different from the simulation due to the ramping de-
lay of the input pulse) and ip rises to 90% of the
Ivn value (the same as that in simulation) . The turn-
off time is defined as the time between when Vg falls
to 90% of the initial value and i, falls to 10% of the
Ibon value. Under the above conditions, the turn-on
times of TB-JFET and BTB-JFET are measured as ap-
proximately 12. 3 and 11. 8ns, and the turn-off times
are approximately 13.9 and 1Z2.5ns, respectively.
These results in switching power losses are approxi-
mately 3. 205 and 2. 858mW for both JFETs at 1MHz,
respectively. Compared to the TB-JFET, the switching
time and switching power loss of the BTB-JFET are
decreased by approximately 7.4% and 11%, respec-
tively. These results agree well with those given by the
simulation.

S Conclusion

A BTB-JFET with an oxide layer buried under
the gate region to reduce the gate-drain capacitance
C,q is proposed. A power loss comparison of 20V-

rated power switching devices, including a BTB-

Table 1
BTB-JFET

Switching time and power losses of TB-JFET and

Vop =10V, Vg = —8~ +2V,active area= 0. 25mm?,
frequency = 1MHz

. Switching Switching time Switching power
Device ) )
state /ns loss/ mW

Turn-on 12.3

TB-JFET 3.205
Turn-off 13.9
Turn-on 11.8

BTB-JFET 2.858
Turn-off 12.5
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JFET,a T-MOSFET, and a conventional TB-JFET, is
made by means of simulation with a resistive switc-
hing circuit. Simulation results show a great signifi-
cance and indicate that the normally-on BTB-JFET
produces the lowest switching power loss of the five
kinds of devices at high frequency applications and its
improvement is remarkable. On the other hand, the
normally-on TB-JFET and BTB-JFET sample tran-
sistors are successfully fabricated. Measurement re-
sults show that the normally-on BTB-JFET has a
greatly reduced C, and improved switching power
losses over the TB-JFET,which agrees with the simu-
lation results. Thus, we conclude that simulation and
experiment have verified the feasibility of the nor-
mally-on BTB-JFET as a competitive candidate to re-
place power MOSFET as the high side power tran-
sistor for high frequency and low-power-loss DC/DC
converter applications in the coming high frequency
era. The normally-on BTB-JFET could be pointing to

a new direction for low voltage high frequency switc-
hing device research.
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