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ABSTRACT

Silicon carbide, a wide-bandgap semiconductor, is currently used to fabricate an efficient
high temperature hydrogen sensor. When a paliadium coating is applied on the exposed surface
of siIicon carbide, the chemical reaction between palladium and hydrogen produces a detectable
change in the surface chemical potential. Rather than applying a pailadium film, we have
implanted palladium ions into the silicon face of 6H, n-type SiC sanipies. The implantation
energies and Iluences, as well as the results obtained by monitoring the current @rougIf the
sample in the presence of hydrogen are included in this paper.

lNTRODUCTION

In the past few years there has been an increased interest in the field of gas sensors that
can operate in harsh environments such as hot engine controls for aerospace and automobile”
applications, or process gas monitoring. The requirement of operating in high temperature
environments brought silicon carbide into attention, for its remarkable properties. Because of its
outstanding thermal stability, silicon carbide, that is a semiconductor material with a wide
bandgap and low intrinsic carrier concentration, can operate as a semiconductor potentially up to
10OO°C[1. 2]. The presence of a catalytic metal such as palladium onto (or into) silicon carbide
results in a Schottky diode behavior. When a gas containing hydrogen (such as methane,
propylene, Hz mixed in an inert gas etc.) passes across the surface containing palladium, the
hydrogen is separated from its previous chemical bond in the gas and linked to palladium. This
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results in changing the space charge region surrounding the metal clusters, which in turn affect l-t
m

the conductivity of the crystal. This change in conductivity is measured and can be correlated to +(u
surface concentrations of cataIyst and to the concentration of the sampled gas in the +

environment. o
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EXPERIMENT

Rather than depositing palladium onto the surface of silicon carbide as in ref. [3], for this
study we implanted palladium ions through the silicon face of 61-1,n-type (nitrogen doped), 3,5°
off-axis orientation, silicon carbide samples provided by Cree Research, Inc. T’hesampIes were
implanted at 500°C, in order to minimize the induced implantation dammages, to fluences
between 3x 1014at/cm2 and 3.2x 10lb at/cm2, and implantation energies of 70 keV and 130 keV.
The implantation energies were chosen using the SRIM code [4] in order to get high surface
concentrations of Pd ions. Also, from the same code, the approximated implantation range was
established as being 40 nm and 65 run (see figure 7).

The current measurements were done using a Keithiey modei 595 IV/CV meter
interfaced to a computer, for several temperatures near 23, 70, 145, 2 15°C in a closed gas
environment. Voltages of+ 1V were applied on the backside of the sample, and the current was



measured using a probe on several piaces on the implanted side. The temperature was also
. monitored in order to correct for current fluctuations due to temperature changes. For this

experiment, air was cycled with an H2-Ar gas mixture with 4°/0 hydrogen, and the cycles were
chosen to be 2 minutes in Iength (a compromise between the signaI rise time and the length for a
complete measurement of 7 cycles). A drawing of the experimental setup is shown in Fig. 1. The
metalIic contacts were made out of gild copper, and the insulator was thick Teflo~ so that the
capacitance with the bottom side of the aluminum encIosure (connected to the common ground
as a Faraday cage) was negligible.
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Figure L Schematic view of the setup.

RESULTS

Figures 2 through 5 show that at room temperature (23°C) the current increases in the
presence of the 4% H2 in the H2-Ar mixture, for all of the SiC implanted samples. When the H2–
Ar environment is replaced by air, the current reverts to its initial value. At higher substrate
temperatures, the difference between the current read-out for H2–Ar ambient and air ambient
decreases as we approach 60°C to 84°C where it becomes zero. By increasing the temperature,
one can ciearl y see from these figures that the current in the presence of H2-Ar gas becomes
definitely smaller than when air is present. For comparison, measurements performed on blank
SiC samples revealed no current fluctuation with the gas change for any temperature in the range
23°C - 240°C. Our implanted sensor at high temperatures shows an opposite behavior in the
current while exposed to hydrogen. relative to sensors reported in the literature [3, 5, 6] for SiC
with palladium deposited on the surface. There, the current in the presence of hydrogen is more
for every temperature level, and reverts to the initial value when air is supplied instead of
hydrogen.

A similar behavior was observed for both positive and negative voltages applied (the
currents for negative voltage are shown in the graphs in absolute values). For absolute voltages
above 1.2 V, the p-n junction breaks down, and no more sensing behavior can be observed.

CONCLUS1ONS

From the results that we have so far, we could not observe a cIear dependence of the
current according to the level of implantation dose, or energy. However, one can say that the
current for samples #2 (low fluence) is smaller than that of the sample #8 (high fluence, same
high energy), but the order is reversed for sarnpies impkmted at lower energy and similar
fluences. Also, the fact that aller the p-n junction breakdown no more sensing behavior can be
observed makes us beiieve that the sensing properties are related to the recti~ing properties of
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the device rather than strictly due to the modification in the conductivity of palladium, or
palIadium hydride. If we accept this observation, then the similar behavior for both positive and
negative voltages applied might be due to a structure more like n-p-n rather than simple p-n
junction. This is expected, since the crystrdlinity of the SiC layer remains unchanged due to high
temperature implantation.

The relatively long rise time that can be observed on all the graphs presented in figures 2
to 5 is mainly due to the fact that the hydrogen has to diffuse through the surface layer to reach
the deeper palIadium ions as the ones close to the surface become saturated. Similarly, when air
is introduced, the diffision process is reversed, from the depth to the stiace, resulting in the
long recovery time. The recovery process is based on the capability of remcmd of the hydrogen
that was adsorbed in the device. Two processes OCCW.the chemical aflnity for hydrogen by the
oxygen in the air, and the outgassing due to the device’s operation at elevated temperatures. At
room temperature the first process is dominant, while the outgassing begins to behave at
temperatures above 10O°C.

Further measurements, with a better remote controlled experimental setup, are underway
at this time in order to obtain a precise behavior. *
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Sample 2, fluence:3e+ 14, E=130 keV, U=+l V
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Sample 2, fluence:3e+ 14, E=130 keV, U=-l V
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Figure 2. Current response for a
sarnpie implanted, at low fluence,
high energy, positive voitage
applied.
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Figure 3. Current response for the m+
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Sample 8, fluence:3.2e+16, E=130 keV, l.J=+l V
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Sample 8, fluence: 3.2e+16, E=130 keV, U=-l V

afr gas air gas air
3.6x1O” -

gas I air

207°C

3.4X1O’ -

3~xlo’-
i I

0
1 I

120 240 360 480 600 720 840
3.2x10 °-

3oxlo”-
,
I f

“ + &
140”C

2.8x10b- 1

I I
0

I
120

I
240 360 480 600 720 840

loxto’O -

9.5xlo”- -“Vv,’+qb%

;,l ‘H: <k,

74°C

9oxlo”-

1,6x1O”

,4X,0,: ;i\i;,& ~v\$4d$;, ‘il~~i 4:4.C

1 2X1O” ,J
I # 1 I I

Current~A)
120 240 360 480 600 720 840

Figure 4. Current response for a
sample implanted at high fluence,
high energy, positive voltage
applied.

Figure 5. Current response for the
same sample, negative voltage
applied.
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Figure 6. SRIM simulation for the range of Pd ions in SiC (10000 events for each energy). “.
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