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Abstract: MOS sensors were made using gates 
0 

of Pd 25 and 40 A thick. The resistance across the 
gate, as well as the gate to substrate capacitance 

0 showed sensitivity in air to CO at 180 C and to H2 
at room or elevated temperatures. 

I- Introduction

In recent years, MOS devices have been fab­
ricated with a variety of transition elements for the 
gate electrodes (1,2). Devices with palladium gates 
have shown sensitivity to hydrogen (lOppm to 1%). 
These devices typically have gates which are 500-1000 
0 0 

A thick, on thermal oxides 500-1000 A thick, and are 

operated at 150° to enhance the response and elimi­
nate adsorbed water. The gate acts as a catalyst in 
the dissociative chemisorption of the hydrogen. The 
hydrogen atoms diffuse thru the gate to the oxide in­
terface where they produce a dipole layer. The volt­
age drop over the layer appears as a shift in the 
capacitance-voltage curve. Palladium gate MOS de­
vices have also shown sensitivity to carbon monoxide. 
Carbon monoxide is adsorbed on the surface but is 
unable to diffuse through the palladium layer. The 
response to carbon monoxide has been obtained by 
using a modifjed palladium gate which is porous or 
in which holes 1.5 to 3.0 micrometers in diameter 
have been patterned to permit the carbon monoxide to 
reach the oxide interface (3,4). 

Our goal is to employ an ultra-thin film of 
palladium or palladium in combination with other met­
als in order to obtain a MOS device sensitive to CO 
and hydrogen, and that would allow us to differen­
tiate between the two gases. A MOS hydrogen sensor

0 0 
with a Pd gate 30 A thick and a 350 A permeable gold 

0 
overlayer, on 100 A of Si02 has been shown to be sen-

sitive to hydrogen at room temperature with response 
and recovery times significantly less than those of 
thick Pd gate sensors operated at elevated tempera­
tures (5). It is necessary to determine if the thick 
gold overlayer, which prevents the sensor from re­
sponding to CO, is necessary to obtain a sufficiently 
conductive gate electrode. 

0 
Many evaporated metal films a few tens of A 

thick or less are porous and tend to consist of an 
array of islands separated by approximately 5 to 100 
0 
A. The morphology of the island structure depends on
the metal, the film thickness, the substrate, the
temperature, and the rate of deposition (6). As the
film thickness increases, a critical thickness is
reached at which the islands begin to merge, and form
larger, irregular shaped islands. A gate film which
is slightly beyond the critical thickness may be suf-

ficiently conductive to act as a gate electrode and 
sufficiently porous to allow penetration of CO to 
the Pd/Si02 interface. The adsorbed CO is expected 

to alter the conductivity of the gate by changing the 
potential seen by the electrons tunnelling between 
the islands. 

II - Experimental 

We have fabricated MOS gas sensors with ultra-
o 

thin films of Pd 25 and 40 A thick. The sensors were 

fabricated on p-Si, 7 (ohm-cm)-1, with a thermal oxide

1001 thick, grown in dry oxygen at 900°C. Circular 
electrodes 2.25 mm in diameter were deposited thru an 
evaporation mask using an e-beam system in a oil free 

-8 
vacuum chamber with a base pressure of 10 torr. 
Two electrical contacts were made to each gate using 
gold wire and a high temperature conductive polimide 

adhesive cured at 150°C. The bottom contact was ob­
tained by evaporating aluminum on the heavily doped 

surface and annealing at 350°c in N2 for 30 minutes.

Packaged devices were mounted in T0-5 headers using 
polymide. Testing was done in a aluminum test fix-

ture with high temperature capability <± 0.5°c) and 
and a very small purge volume. 

Measurements were made of the capacitance (C) 
as a function of bias or time for concentrations of 
CO from 100 ppm to 10,000 ppm CO in air, and concen­
trations of H2 from 10 ppm to 800 ppm in air. Mea­
surements were also made of the impedance (Zg) 

between the two electrodes on the gate in the differ­
ent ambients. 

III - Results, 
0 

At room temperature both the 25 A and the 40 
0 
A devices showed sensitivity to H2 but not CO. At

o 
O 0 

180 C both the 40 A and the 25 A devices showed sen-
o 

sitivity to CO and H2• For the 25 A device the change

of the threshold voltage �Vt as measured by the shift

of the C-V curve, varied from 40 mV as the concentra­
tion of hydrogen was increased from 10 ppm to 800 ppm 
(Fig 1). At 10 ppm, the sensitivity to H2 is about
4.5 mV/ppm H2 in air; above 200 ppm H2, the sensitiv-

ity is constant at 0.2 mV/ppm H2 in air, up to the

maximum concentration tested of 800 ppm. No evidence 
of saturation was seen. This curve for H2 is similar

in shape to that obtained for CO at 180°c. For CO at 
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Fig. 1. Shift in threshold voltage 6VT versus concentration of H
2

0 
O 

in air for a 25 A Pd gate sensor. T = 24 C. 

180
°

c, the sensitivity at low pressures is approxi­
mately 0.14 mV/ppm CO/air. Above 1000 ppm the sen­
sitivity is constant at 0.03 mV/ppm CO/air. The 
response does not appear saturated at 10,000 ppm. 

The change in the impedance across the gate 
Zg is plotted as a function of the concentration of

H
2 

in air in Fig. 2. The sensitivities for H
2 

is 

0.25 ohms/ppm H
2 

in air at 10 ppm, and a constant 

value of 0.02 ohms/ppm H
2 

in air for concentrations 

above 200 ppm. For CO in air the sensitivity at low 
pressure is 0.07 ohm/ppm CO/air; above 1000 ppm the 
sensitivity is constant at 0.004 ohms/ppm CO/air 
for the range measured. 

A plot of C and Zg as a function of time for

exposure to 800 ppm H
2

/air with recovery in pure o
2 

is shown in Fig. 3. No drift is seen in the capaci­
tance or impedance for room temperature operation. 
When operated at high temperature the capacitance and 
impedance show some long term drift. The capacitance 
and impedance have very similar time responses. 

IV - Discussion 

The long term drift in the CO response obser­
ved is similar to that seen in Pd gate hydrogen sen­
sors operated at elevated temperatures. The hydrogen 
induced drift is thought to be due to hydrogen atoms 
entering the oxide since it can be eliminated by the 
use of a nonpermeable layer such as Al2o3 or silicon

nitride under the gate metallization (2). If the 
drift in the response to CO is due to diffusion of the 
CO into the oxide, it is unclear why the gate imped­
ance Zg should drift also. No drift is seen for oper-

ation at room temperature for H
2 

sensing. During re­

sponse or recovery the time dependence of the change 
in C and Zg are very similar, indicating that both

may depend on the same limiting physical process. 

The change in the impedance across the gate 
in the presence of H

2 
or CO is probably due to 

adsorbed dipoles changing the potential between is­
lands forming the gate. This change will affect the 
tunnelling current and therefore the resistance. 

In certain cases the accumulation capacitance 
is observed to increase on exposure to CO or H

2
, 

corresponding to the increase in the gate conductivit¼ 
and therefore the effective gate area. At low fre­
quencies the gate impedance is purely resistive and 
the films are ohmic over the voltages tested; as the 
frequency is increased the impedance becomes more 
capacitive. We may interpret this as due to the 
shunting effects of the capacitance of the metal is­
lands with the substrate. The island structure may 
be viewed as as a distributed RC network. Consistent 
with this interpretation, we observe that as the test 
frequency is increased, the effective area of the gate 
decreases, and the accumulation capacitance decreases. 
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Fig. 2. Change in the impedance �Zg across the gate versus concentration 
0 

of H2 in air for a 25 A Pd gate sensor. T = 24°c
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