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Abstract. Trenched-implanted-gate 4H-SiC vertical-channel JFET (TI-VJFET) have been
fabricated with self-aligned nickel silicide source and gate contacts using a process sequence that
greatly reduces process complexity as it includes only four lithography steps. The effect of the
channel geometry on the electrical characteristics has been studied by varying its length (0.3 and
1.2um) and its width (1.5-5um).

The transistors exhibited high current handling capabilities (Direct Current Density 330A/cm?). The
output current reduces with the increase of the measurements temperature due to the decrease of the
electron mobility value. The voltage breakdown exhibits a triode shape, which is typical for a static-
induction transistor operation.

Introduction

SiC JFETs may have the lowest overall losses of switching devices and can operate at temperatures
over 400°C. Over different JFET designs the trenched and implanted (TI) gate vertical JFET is very
attractive since it may have the lowest on-resistance and its fabrication does not require epitaxial
overgrowth or multiple angled ion implantations [1]. The main difficulty of TI-JFETs processing
deals with the small dimensions of the source pillars.

This paper reports on the fabrication of SiC TI-VJFET with self-aligned nickel silicide source
and gate contacts using a process sequence that greatly reduces process complexity as it includes
only four lithography steps.

Device processing

Two epitaxial structures on the top of the n* 4H-SiC wafers have been employed for fabricating the
devices (Fig.1). The first epitaxial structure (structure A) was composed by a 34.5 pum thick
blocking n-layer with donor concentration (Np) of 2.2:10'> ¢cm™ and a top 0.32 um thick n+ layer
with Np=1.1-10""cm. The second epitaxial structure (structure B) was composed by a 8 um thick
blocking n-layer with donor concentration (Np) of 5.5-10'> ¢cm™ and a top 2 pm thick n+ layer with
Np=1-10"%cm™. Source fingers and gate trenches were formed by reactive ion etching (RIE) by
using the first lithographic step. Gate regions were formed by ion implantation followed by a



thermal annealing at 1600°C. The gate depth for the structure A was 1.1pum thick while for the
structure B was 0.3um thick. Then, the samples were oxidized to form a 35 nm thick oxide on the
Si-face and a 240 nm thick oxide on mesa-structure sidewalls. The horizontal oxide has been
removed by RIE. Following, 50 nm thick Ni contacts were deposited by e-beam evaporation and
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Fig.1. Schematic of the device cross-section (Dark to light
green: higher to lower doping n-type SiC, red: p-type SiC,
yellow: cyclotene, grey: SiO, light orange: Ni contact,
dark orange: Au overlay.

patterned (2" photolithography step) to remove the metal
from the edge termination and device separation regions. A
100 nm thick Ni layer has been also deposited on the wafer
back side and then, the samples were annealed to form Natiil=E SELI5IK I WD 25 0um_100sm
ohmic contacts. The next process step was the application
of a trench filling dielectric (cyclotene®), its curing and
etching-back to expose the mesa-structure tops with source
contacts. Then, the dielectric has been etched by RIE to open the gate pad contacts at the third
lithography step. Finally, a final fourth lithographic step was employed for depositing and
patterning the common source and gate pad Au metal overlay (Fig.2). Edge termination is provided
by a self-aligned multiple floating-guard-ring structure. The transistors with the structure A can be
grouped in 4 categories according to the specific lithography conditions (exposure time etc.). More
details on the device processing and its optimization are given in [2].

Fig.2. SEM photos of the completed
device.
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Fig.3. DC transfer (left), on-state at three temperature values (middle) and blocking (right) I-V
characteristics of SiC TI-VJFETs fabricated on structure A.
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Electrical characterization results



DC I-V measurements are reported in Fig. 3 and 4 for the devices fabricated on structures A and B
respectively. The reported results are from devices with a source finger widths of 2.5 pm (structure
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Fig.4. DC gate-source (left), on-state at three temperature values (middle) and blocking (right) I-

V characteristics of SiC TI-VJFETs fabricated on structure B. o )
A) and 1.5 um (structure B). The transistor blocking exhibits a triode shape, which is typical for a

static-induction transistor operation showing on-air blocking voltages exceeding 250 V (best case of
transistors with structure A) and 100 V (structure B). From these characteristics a series of device
parameters can be extracted
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The transistors exhibited high current handling capabilities (DC 330A/cm? for both structures).
The output current reduces with the increase of the measurements temperature due to the decrease

of the electron mobility value.
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On-state -V characteristics were also performed
in pulsed mode to avoid self-heating of the devices
and the gate has been biased below its 2.7-V built-
in potential value to maintain voltage-control capability (high Ip/Ig gain). The 4H-SiC TI-VJFETs
demonstrated both normally-on and normally-off (Fig.6) operation depending on the source width
and specific lithography conditions.
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Fig.6. Pulsed I-V characteristics of normally
off %iC TI-VIFETs fabrictated on structur%rél.



C-V measurements have been also performed to determine dynamic operation parameters (Fig.
7). We observe that below the cut-off voltage Cgs and Ca.ps sc take a practically constant value
(~1.8pF and ~1.6pF respectively) while there is a continuous decrease of the Cgp with decreasing

- J - '.
1757 S3P(3,9)F(1,1) / %1 S3P(3,9)F(1,1) ]
1504 f=100kHz 1504 f=1MHz g
L1254 ——Cgy i 1254 T Ces /
o C o ® C o
[0} |
o 10.0 G-DS shortcircuit O 10.04 G-DS shortcircuit g
E CGS : , E CGD /f
S 154 | T 75+ al
8 s0- ’ O 501 |
; !
25 j 25+ i
00 T T T T T T T T 00 T T T T T T T T
40 -35 -30 25 -20 -15 -10 -5 0 40 -35 -30 -25 -20 -15 -10 -5 0
Voltage (V) Voltage (V)

Fig 7. Cop-Vap, Cas-Vas and Cg-psse-Ve-ps from a transistor with structure B for f=100kHz (left)
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VaGr}). In adcﬁlt%o(r{}%G)D has always a higher value than Cgs and Ce.ps sc. Both effects are related to the

fact that the depletion region between the gate and the source are more or less constant below the
cut-off voltage while the extension of that between the gate and the drain continuously increases.
Just above the cut-off voltage (or equivalently the pinch-off), an abrupt transition phenomenon is
observed due to the fact that the channel has just opened. This transition phenomenon is more
intense for Cg.pssc and Cgs (especially for the Cgs).

According to the C-V results (especially from that with D-S short-circuited) the threshold voltage
value is in the range -12.5<Vtu<-9V, which is close to that determined from I-Vs. Therefore, there
is no a trap-related problem in our transistors.

Conclusions

4H-SiC TI-VJFETs with different channel lengths and channel widths have been fabricated and
characterized. The electrical characteristics showed that the deeper gate transistors exhibit higher
on-resistance values and lower leakage currents as expected. The threshold voltage values and gate-
source characteristics are similar for the two types of transistors. The blocking characteristics are
determined by a static induction effect and therefore rather from the channel geometry than from the
drift layer doping and thickness.
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