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SUMMARY

Semiconductor-metal contacts are of fundamental importance in electronics and
electro-optical technologies. Typically such contacts are either rectifying
or ohmic, depending on the relative work functions of semiconductor and con-
tacting metal, and on the energetic distribution and densities of charge
trapping impurities and defects at the interface. Certain non-stoichiometric
insertion compounds, like the "bronzes" (MXW03, MxMO03, MxV 205, M = H, Li,
Na, Ag), have a work function which varies with x. We demonstrated for the
first time junctions between a variable work function insertion compound,
MXWO3 , and several semiconductors, and showed that the barrier height could
be adjusted by adjusting the value of x. Junctions between HXWO3 and n-Si
were varied between ohmic (x=0.4) and rectifying with a barrier height of
approximately 0.3 ev (x=0.1). It was also demonstrated that the photovoltage
of HXW0 3/n or p-Si or n-CdS could also be varied by changing x, in a manner
predictable from their solid state properties. These basic results led to
our demonstrating two new devices based on these junctions: chemical sensors
and self-adjusting "photovoltaic light modulators".

A variety of imaging devices were developed based on the fact that the opti-
cal absorption of the "bronzes" generally increases with increasing x (the
electrochromic effect, if M is inserted electrochemically). An example of
the photovoltaic element is HXW0 3/p-Si. We have been investigating indepen-
dently electrochromic light modulators of the following configuration:

GlasslITOIHXWO3IH
+ conductorlIrO211TOIGlass

where ITO is a transparent, electronically conductive thin oxide film and the
H* conductor is the transparent solid polymeric acid, "polyAMPs". When elec-
trical current is applied between the two ITO layers such that HXW 03 becomes
the anode, H is electrolytically transferred to the IrO2 . Since both W03 and
H, IrO2 are colorless, and since both HxW03 and IrO2 are deeply colored, the
structure may thus be switched between absorbing and transparent states
(4I0 mC/cm2 is required at 4IV). When one of the ITOlglass layers is
replaced by a semiconductor, the structure becomes a photoelectrolytic light
modulator. Thus, in the case of p-SifWO3, illumination produces minority
carrier electrons in the p-Si which will result in reductive insertion of H
into the W03 layer and a coloration of the device if the two ITO layers are
connected. As x increases, so does the barrier height, which automatically
compensates for the additional voltage required to drive the "electrochromic
battery" to an increasing state of charge. When the p-Si is partially mir- [_
rored, then a variable reflector results whose reflectance is proportional to
the ambient light level.

A new class of chemical sensors was demonstrated based on insertion com-........
pounds, and a patent application filed. The sensitive component of the solid
state structures is a bilayer consisting of 20-100A of a catalytic metal on
the surface of an amorphous W03 thin film (42000A). The catalytic metal is

' Cr
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chosen to yield decomposition products which spontaneously insert into the
W03 and change both its work function and electrical resistivity. This
bilayer can then be incorporated into a variety of metal-oxide-semiconductor,
metal-semiconductor and metal-oxide-metal diode structures and the chemical
response detected as resistance or capacitance. For example, a H2 sensor was
fabricated by employing Pd as the catalyst. The negative free energy associ-
ated with the transfer of H atoms from Pd to the W03 permits the device to
operate smoothly at room temperature, unlike previously existing solid state
H2 sensors. Furthermore, devices with Pt appear to be more sensitive to
higher hydrocarbons and alcohols when the W03 is present to supply this extra
thermodynamic boost. The high mobility of H+ in the amorphous W03 further
ensures a very rapid response and little baseline drift.

The "xerogel" natt:re of the thin film oxides prepared at low temperature also
makes them susceptible to exchange reactions, much like silica gels. The
adsorption of H20 into the internal pore structure of the films can readily
be detected by ac methods as a change in dielectric constant and ion conduc-
tivity. Thus, a new series of humidity sensors was demonstrated with an
unusually wide dynamic range.

A matrix of sensitivities of some of the devices developed on this program is
provided in Table 1.

Personnel:

Dr. R. David Rauh (Principal Investigator)
Dr. Timothy L. Rose
Dr. Thomas J. Lewis
Dr. Michael M. Carrabba
Mr. Stephen N. Benoit
Mr. Timothy D. Plante

Reports: Internal technical progress reports were submitted quarterly to the
Scientific Officer, ONR.

Publications and Presentations:

Properties of Schottky Diodes using HWO3 as a Variable Work Function Metal,
T.L. Rose, S.N. Benoit and R.D. Rauh, Paper 55, Fall Meeting of the Electro-
chemical Society, Las Vegas, 1985.

Semiconductor/HxWO3 Interfaces: Properties and Applications, R.D. Rauh, T.L.
Rose, S.N. Benoit and T.D. Plante, Paper 612, Fall Meeting of the Electro-
chemical Society, San Diego, 1986.

Variable Barrier Height Semiconductor/H WO3 Diodes, R.D. Rauh T.L. Rose and
S.N. Benoit, Appl. Phys. Lett. 48, 362 (1986).
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Patent Filed: Chemical Sensor, U.S. Patent Appl. No. 894,285, August 7, 1986
(R. David Rauh).

Invited Presentation: Chemical Insertion Sensors, Plenary Lecture, 6th
International Conference on Solid State Ionics, Garmisch-Partenkirchen,
Federal Republic of Germany, Sept. 6-11, 1987.

Chemical Sensitivity of SiIWO 3 and SiISiOIWO3 Diode Structures, R. David
Rauh, Timothy L. Rose and Stephen N. Benoit, Appl. Phys. Letters, to be sub-
mitted.
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