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ABSTRACT In response to the hydrogen leak problems in par-
ticular, NASA endeavored to improve propellant leak
The detection of explosive conditions in aerospaceletection capabilities during assembly, pre-launch
propulsion applications is important for safety and eco-operations, and flight. The objective has been to reduce
nomic reasons. Microfabricated hydrogen, oxygen, anthe operational cost of assembling and maintaining
hydrocarbon sensors as well as the accompanyingydrogen delivery systems by using automated detec-
hardware and software are being developed for a randmn systems.  Specifically, efforts were made to
of aerospace safety applications. The development afevelop an automated hydrogen leak detection system
these sensors is being done using MEMS (Micro Elecusing point-contact hydrogen sensors. However, no
troMechanical Systems) based technology anadommercial sensors existed at that time that operated
SiC-based semiconductor technology. The hardwareatisfactorily in this application. The reason for this is
and software allows control and interrogation of eachthe conditions in which the sensor must operate.
sensor head and reduces accompanying cabling through
multiplexing. These systems are being applied on the  The hydrogen sensor must be able to detect hy-
X-33 and on an upcoming STS-95 Shuttle mission. Adrogen from low concentrations through the lower
number of commercial applications are also being purexplosive limit (LEL) which is 4% in air. The sensor
sued. Itis concluded that this MEMS-based technologyust be able to survive exposure to 100% hydrogen
has significant potential to reduce costs and increassithout damage or change in calibration. Further, the
safety in a variety of aerospace applications. sensor may be exposed to gases emerging from cryo-
genic sources. Thus, sensor temperature control is
necessary. Operation in inert environments is necessary
INTRODUCTION since the sensor may have to operate in areas purged
with helium. If a number of sensors are to be placed in
The detection of explosive combinations of fuelan area, then size, weight, and power consumption for
and oxygen is important in the aerospace industry foeach sensor becomes an issue. Commercially available
safety monitoring applications. Specifically, leaks insensors, which often needed oxygen to operate or de-
fuel tank systems can lead to hazardous situations. ffended upon moisturedid not meet the needs of this
the leak location and magnitude cannot be determinedpplication and thus the development of new types of
in a timely manner, the consequences can range frotiydrogen sensors was necesgary.
expensive delays to loss of life. For example, in 1990,
the leaks on the Space Shuttle while on the launch pad  However, it is not just the concentration of hydro-
temporarily grounded the fleet until the leak sourcegen that determines if an explosive condition exits but
could be identified. the corresponding concentration of oxygen as well.
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Thus, the simultaneous measurement of oxygen as well HYDROGEN DETECTION
as hydrogen is desirable in safety applications. Further,

the needs of future aerospace applications may require  gpe component of the sensor development pro-
not only the detection of hydrogen but other hydrocaryram at NASA LeRC and CWRU in conjunction with
bon fuels which may be used as propellants. For exanig| involves the development of palladium (Pd) alloy
ple, the use of methane or kerosene as propulsion fuelghottky diodes on silicon (Si) substrates. These sen-
means that the detection of these hydrocarbons in inegyrs are designed to detect hydrogen) (4 space
environments may be necessary for leak detection foéipplications. This type of sensor is based on metal-
future propulsion systems. These sensor technologigside-semiconductor (MOS) technology such as that
would have to meet the same requirements as thgsed in the semiconductor electronics industry. The gas
hydrogen sensor technology of minimal size, weightsensing MOS structures are composed of a hydrogen
and power consumption. Miniaturized, integratedsensitive metal deposited on an insulator adherent to a
hydrocarbon leak detection technology of this type doegemiconductor. This forms a Schottky diode in the case
not presently exist. of a very thin layer of insulator. The most common
) _ o MOS structure used for hydrogen detection is the

In conjunction with improved sensor technology, apy-siq-Si structure. Hydrogen disassociates on the Pd
complete leak detection system also needs accompanyqface and diffuses to the Pd-Silterface affecting
ing hardware and software. Being able to multiplex thgne electronic properties of the MOS systeffhe use
signal from a number of sensors so as to “visualize” thgf pure Pd at near room temperatures as the hydrogen
magnitude and location of the leak is necessary. Thgensitive metal is problematic for several reasons. The
hardware should be multiplexed to limit the amount of,ost serious of these involves a phase change that

cabling necessary to operate the system and intelligegfcurs at high hydrogen concentrations which can lead
control of each sensor head is required. to hysteresis or film damage.

NASA Lewis Research Center (LeRC), Case  gchottky diodes using Pd alloys as the hydrogen
Western Reserve University (CWRU), and Makelsensitive metal are presently being fabricated. The first
Engineering Inc. (MEI) are actively involved in devel- generation of these sensors used palladium silver
oping leak sensor technology as well as thgpdag). The use of PdAg in hydrogen sensing applica-
corresponding hard_war_e and software to meet _the_nee_ ®ns was pioneered by HugHe®alladium silver has
of aerospace applications. The sensor fabrication iggvantages over Pd. Palladium silver is more resistant
performed using MEMS (Micro ElectroMechanical 1o gamage from exposure to high hydrogen concentra-

Systems) based technology i.e. using silicon (Si) intefion than Pd. Furthermore, the alloy has faster response
grated circuit processing technology. This results ifjmes than Pd.

miniaturized sensors which can be micro-machined for

minimal size, weight, and power consumption. AlSo  The sensor structure is shown in Figure 1 with a
being explored are sensors which use high temperatuicture of the packaged sensor. The structure includes a
silicon carbide (SiC) semiconductors. Smart electronicg alloy Schottky diode, a temperature detector, and a
are included with the system to provide temperaturgeater all incorporated in the same chip. The sensor is
control for the sensor and to interpret the sensor outpugapricated using a n-type silicon wafer on which ap-
) ) _ roximately 50 A of silicon dioxide (Siis thermally
The purpose of this paper is to discuss the deveGrown in the sensor region. The heater and temperature
opment of this technology. We will first discuss the getector are platinum covered with $iOGold leads
development of hydrogen, oxygen, and hydrocarborye applied by thermal compression bonding and the
sensor technology. We will then discuss the hardwargensor is mounted on a TO5 header or on a ceramic flat
and software associated with the hydrogen sensor teCBackage. The surface area of the Schottky diode is
nology and the current application of this technology tog 1x10% cn? and the complete sensor dimensions are
X-33 applications and to the Space Shuttle miSSiO%pproximately 2.2 mm on a side. The response of the

STS-95. _Potential commercial applications of theseSchottky diodes was determined by measuring the di-
technologies are also discussed. It is concluded that thgye's reverse current.

continued development of this technology will enable
improved safety for flight propulsion applications.
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Figure 2. The response of PdAg and PdCr Schottky diode

DIODE CONNECTORS sensors at 10{T to repeated exposures of 9 minutes of air,
\ 1 minute of nitrogen, 10 minutes of 100% hydrogen, and 1

RESISTOR 1 f minute of nitrogen. The PdCr diode shows a more repeat-
able baseline and a more stable response than the PdAg

Pd-ALLOY SCHOTTKY

diode.

1l

Although the PdAg sensor showed excellent prop-
22 mm erties for a number of applications, exposure to higher
temperatures and higher hydrogen concentrations
changed the sensor calibration and occasionally led to
the sensor failure:® An example of the degradation of
the PdAg sensor response at higher temperatures and
X higher hydrogen concentrations is shown in Figure 2.

SENSOR PAD

SENSOR PAD

HEATER TEMPERATURE HEATER 0,
SUEATER JPERATLE coNmeR R Theo response of a PdAg sensor to 100% hydrogen at
CONNECTOR 100C for several cycles is shown. The sensor response

Figure 1. Design and complete package of a wide range Pd decreases with the number of exposures and with a

alloy hydrogen sensor. The sensor package includes a mych poorer recovery to the original baseline after each
Schottky diode hydrogen sensor, a temperature detector, cycle.

and a heater. A hydrogen sensitive resistor is added for X-

33 applications (see pg. 5). One significant reason for this behavior may be

een in Figure 3. Figure 3 shows an optical micrograph
00x) of an as-deposited PdAg sensing pad of the
t{,hottky diode (Figure 3a) and a sensing pag from the
dAg sensor (Figure 3b) characterized at COth
r]#)g% hydrogen in Figure 2. The as-deposited PdAg
m is uniform in surface features and the edges of the

The properties of the PdAg sensor make it veryS
useful for applications where sensing small amounts o
hydrogen is necessary. The sensor responds in an in
environment (no oxygen) to the presence of hydroge
The presence of oxygen decreases the sensor respo

but the sensor is still sensitive to low concentrations of. .

hydroger®® The sensor response is large, rapid, an !Im are straight and reptangular. In contrast, _the_ _PdAg

repeatable. If quick recovery is necessary, then the se Im n the characterized sample shows significant
eling of the PdAg near the edges of the sensor pads

sor shouild be operated in oxygen containing gases. rectangular pattern and a significant amount of surface
detecti f hyd i ired without rapid - . X i
efection of hydrogen 1S required WIthou® Tapid Tecov eatures. EDAX (Energy Dispersion Analysis of

ery, then this sensor can also be used in inert enviror% Radiati vsis of th : the ed f th
ments. The sensor responds to hydrogen across a widle adiation) analysis of the region near the edge of the

concentration range with a signal and response time thae "o Eafd n Iztlrg]:]ure 3fb sugiges_ts thatlth?thAlg has been
is temperature dependent. This sensor can be used 'fgnoved from the surtace ‘eaving only the slayer.

monitor leaks in a multipoint leak detection scheme us, a Il.kely reason for the change in tohe sensor re-
involving a number of these sensors. Further, this PdA ponse with heating and exposure to 100% hydrogen is

sensor has been shown to have a sensitivity an is delamination of the PdAg sensing film near the

response comparable to that of a mass spectrofneter. edges of the sensor pad.
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Therefore, the sensor structure needs to be stal
lized for operation in 100% hydrogen (as in the Shulttle
application). This led to the development of the nex
generation of sensor. This sensor, which uses PdCr
the hydrogen sensitive alloy, is in its later stages of de}
velopment. The response of the PdCr Schottky diode t
100% hydrogen at 100 is also shown in Figure 2. §
The PdCr sensor is much more stable than the PdA
sensor under these conditions; the PdCr diode respo
to 100% hydrogen is nearly consistent (after the initi
exposures) with an equally consistent return to
common baseline. The optical micrograph of the corr
sponding PdCr sensor pad (Figure 3c) shows some d
radation of the film surface. However, the PdCr film
does not exhibit the peeling of the sensing film near t
edge of the sensing pad as was seen with the PdAg fil

Parallel tests to those of Figure 2 were conducted a) PdAg b) PdAg
at 100% hydrogen with a giﬁerent PdCr sensor and an As-deposited After testing at 100
operating temperature of & The PdCr sensor re-
sponse was similar to that seen in Figure 2. However,
as seen in Figure 3d, there is significantly less surfac
structure on the sensor film surface with generally goot
adhesion of the film to the rectangular boundaries of th
sensor pad.

Therefore, PdCr shows significantly improved
stability and response over PdAg at 100 Operation
at 70C results in more stable surface features tha
100C operation. The results of these tests and othe
testing suggest that PdCr is better for application
where the sensor is exposed to higher hydrogen co
centrations while PdAg can be used for lower hydroge
concentration applications.

This has led to the use of PdCr both as a hydrogen see
sitive resistor and a Schottky diode material to expan( |
the detection range of the sensor for X-33 application
(Figure 1); a Schottky diode provides sensitive detec-
tion of low concentrations of hydrogen while the resis- c) P.dCr . d) PgCr .
tor provides sensitivity up to 100% hydrogen. After testing at 100 Alter testing at 7C

The resistors have been fabricated so as to have the high-

e - igure 3. Optical Micrographs of the sensor pad of: a)
est sensitivity to concentrations of hydrogen greater th dAg sensor as-deposited; b) PdAg sensor after heating

1%. This is shown in Figure 4 for 7 resistive SeNSOrs g characterization in 100% H, at 100C ; c) PdCr sensor
exposed to hydrogen in nitrogen from 10 ppm to $*10 gger heating and characterization in 100% H at 100C; d)
ppm (100%). The resistor response is conditioned bpdcr sensor after heating and characterization in 100%
electronics to result in changes in millivolts (mV) asH, at 75C. The PdCr sensor does not show delamination
shown in the Figure. The signal increases significantlyf the sensor film near the edges of the sensor pad evident
with higher concentrations of hydrogen and the responséith the PdAg-based sensor.

of the 7 resistors is seen to be generally uniform.
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Therefore, two alloys are used to measure hydrogen in

4500 ) ) - -
inert environments. Palladium silver can be used for sen-

/ sitive measurement of low concentrations of hydrogen
3500 | while PdCr can be used as a diode and resistor material
4/ for a range of concentrations up to 100% hydrogen.
2500 /
/ OXYGEN DETECTION

The development of a microfabricated €ensor
has been initiated to complement the existing hydrogen

sensor technology. Commercially available oxygen sen-
/ sors are typically electrochemical cells using

50 _/% zirconium dioxide (ZrQ) as a solid electrolyte and Pt as

0 1o 650 1500 15000 100000 1000000 LNE @node and cathoa_eThe _anode is expos_ed to a ref-
HYDROGEN CONCENTRATION (pprr) erence gas (usually air) Whl|e the cathode is exposed to

the gas to be detected. Zirconium dioxide becomes an

ionic conductor of O at temperatures of 638D and

above. This property of ZeQo ionically conduct oxy-

gen means that the electrochemical potential of the cell

can be used to measure the ambient oxygen concentra-

The response of both the Schottky diode and th&ion at high temperatures. However, operation of these
resistor on the same chip is shown in Figure 5. Th&ommercially available sensors in this potentiometric
temperature is held constant at‘GOwhile the sensor Mode limits the range of oxygen detection. Typically,
package is exposed to hydrogen concentrations froffi€ Potentiometric mode has limited sensitivity above
1000 ppm to 100%. The output is signal conditionedt% Oxygen.  Further, the current manufacturing
and presented in millivolts. The signal of the diodeProcedure of this sensor, using sintered Zr@
shows the highest sensitivity and quickest recovery€latively labor intensive and costly resulting in a
times at lower concentrations while the resistor provide§omMplete sensor package with a power consumption on

high sensitivity at higher concentrations of hydrogen. ~the order of several watts.

SIGNAL (mV)
=
3

Figure 4 . PdCr hydrogen resistor response to different
hydrogen gas concentrations.

The objective of this research is to develop a zirco-
nium dioxide solid electrolyte oxygen sensor using mi-
crofabrication and micromachining techniques. A
schematic of the sensor design is shown in Figure 6 with

- [ Resistof a picture of the packaged sensor. A diaphragm region is

3000 micro-machined by etching beneath the sensing area.

o500 r Microfabricating the sensor components onto the
] diaphragm region allows the sensor to be small in size

and have decreased energy consumption and time for
thermal equilibrium. When operated in the
amperometric mode, the current of this cell is a linear

SIGNAL(mV)
g B

1000—— ] function of the ambient oxygen concentration. This lin-
T\ F“”\\ \ ear response to oxygen concentration significantly
T % \! % Lo increases the oxygen detection range of the sensor. A

0 chamber structure with a well-defined orifice is micro-
0 100 200 300 400 500 600 700 8T machined to cover the sensing area. This orifice pro-

TIVE (SECONDS) vides a pathway to control oxygen diffusion which is

) _ important in amperometric measurements. This orifice
Frlwgure 5. _TYE'C(‘;"' sensor resp(t)n?_e ar}d recotvery totstep also protects the integrity of the sensing electrode from
changes In nydrogen concentration for a temperature ;mninging particles. Preliminary testing of a complete

controlled PdCr Schottky diode and resistor. pinging p y ng b

oxygen sensor has been accomplished and further

improvements on the design are planned.
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These advantages are due to the improved material
properties of SiC over Si such as high temperature
semiconductor operation, superior mechanical tough-
ness, and increased thermal conductivity. The detec-
tion of gases such as hydrocarbons, which decompose at
high temperatures, is facilitated by heating the sensor to
the gas decomposition temperattf& The hydrocar-
bons then dissociate and produce atomic hydrogen. The
resulting atomic hydrogen affects the sensor output in
the same way as molecular hydrogen.

The SiC-based Schottky diode structure under
development has begun with Pd on SiC (Pd/SiC) MS
ELECTROCHEMICAL structures. Direct contact between the gas sensitive
Zirconium Dioxide CELL REGION catalytic metal and the semiconductor allows changes in
Siicon Niride CHAMBER REGION the catalytic metal to have maximum effect on the
Silicon Dioxide 7 ul ‘ semiconductor. Studies of this baseline system help
determine limits of diode sensitivity, potential material
interactions between Pd and SiC, and whether a barrier
layer between the Pd and SiC is necessary for long-term
sensor stability. The details of this work are reviewed
elsewherd!  The sensor detects hydrogen and
hydrocarbons in inert or oxygen containing
environments.

Platinum H

SILICON SILICON

DIAPHRAGM REGION

Figure 7 illustrates the advantage of SiC over Si in
hydrocarbon sensing applications. Shown is the zero
bias capacitive response of a Pd/SiC Schottky diode to
one hydrocarbon, propylene, at a range of temperatures.
Figure 6. Design and complete package of an am- The sensor temperature is increased from°QOf
perometric ZrO2 Oxygen Sensor. 400°C in steps of 10T and the response of the sensor

is observed. At a given temperature, the sensor is

The completed oxygen sensor will be incorporatetexposed to air for 20 minutes,,Nor 20 minutes,

into one sensor package with the existing PdCrgo ppm of propylene in Nfor 20 minutes, N for
hydrogen sensor. The combined system will be able tgg minutes, and then 10 minutes of air.

measure the concentration of hydrogen and oxygen
simultaneously. The ratio of the hydrogen to oxygen con-  The magnitude of sensor response to 360 ppm
centration will not Only determine if there is a leak but if propy'ene depends Strong'y on the Operating
there iS an eXpIOSiVe Condition. HOWeVer, |f the fuel iS notemperature_ A sensor Operating temperature O‘fO_OO
hydrogen, leak detection of the fuel in inert enVironment% too low for propy'ene to dissociate on the Pd Surface,
using point-contact sensors is not presently commerciallyy the device does not respond at all. The three other
available. Thus, the development of corresponding hydra-yryves for 208C, 300C, and 408C show that elevating
carbon leak sensor technology is necessary. the temperature increases the sensor's response to
propylene. The presence of propylene can be detected
at any of these higher temperatures with °@08eing
HYDROCARBON DETECTION the minimum operating temperature determined in this
study. Since the standard long-term operating
The development of hydrocarbon sensors for usgemperature of Si is usually below 200 these results

in safety applications has centered on the developme@emonstrate the significant advantages of using SiC
of a stable SiC-based SChOttky diode. There are S|gn|fkather than Si in gas Sensing app"cations_

cant advantages in a number of gas sensing applications
to using SiC as the semiconductor rather than Si.

NASA/TM—1998-208817 6



16.5 suggests the PdCr/SiC diode has improved stability over

VOLTAGE =0V PROPYLENE the Pd/SIiC structure. The sensor is characterized at
15.5 - 10C°C after heating at 42&. Current-time measure-
TEMPERATURE ments at 0.7 V were taken as the sensor was exposed to
=145 7 A 100C 20 minutes of air, 20 minutes in nitrogenJN20 min-
) A 200C utes of 120 ppm Hin N, (N»/H, mix), 10 minutes of
0135+ O 300C N,, and then 10 minutes of air. After an initial break-in
?_: ¢ 400c period of near 40 hours, the results show that the sensor
212-5 ] response in hydrogen is relatively constant.
o
S5 AR ‘ This is illustrated in Figure 8 where the diode response
after 40 and 250 hours of heating is compared.
10.5 "Aﬁill!”l o o & Although the sensor baseline in air is much lower after
250 hours of heating than at 40 hours, the sensor current
9.5 ‘ ‘ ‘ ! in the N/H, mix is the same within a factor of 3. Thus,
0 20 40 60 80

the diode’s response to hydrogen after 250 hours of
TIME(MIN) heating is nearly two orders of magnitude larger at this
Figure 7. The temperature dependence of the zero bias voltage than at 40 hours.
capacitance to various gas mixtures of a Pd/SiC Schottky
diode. The response to propylene is seen to be strongly Therefore, the high sensitivity and improved stabil-
temperature dependent. ity of the PdCr/SiC sensor allows the sensitive detection
: . f hydrogen. The use of SiC as a semiconductor ex-
However, the Pd/SIC sensor response 1S aﬁeaegands the temperature range of hydrogen detection and
by extended high temperature heafing. ~ Prolonge Iso allows the detection of hydrocarbons. Testing of

heating. at 42% hasdbeen shown to chang%/the SeNSOhe pdcr alloy at high temperature is planned to deter-
propertles_ and to ecrease sensor sensl |t:§1ven_ mine the diode’s sensitivity to a range hydrocarbons.
after heating at 428 in air for 140 hours, the Pd/SiC Euture work will also include packaging of the

Schottky diode is still very sensitivg to the presence 95ic-based sensor for leak detection applications.
hydrogen: a factor of 1000 change in forward current is
observed upon exposure to 1000 ppm hydrogen in He.
The reason for this change in diode properties is likeh-
due to reactions between the Pd and SiC at the interfar  1.0E-04

upon heating. Nonetheless, efforts have been underw: VOLTAGE=07V ‘ K2IH2 MIX

to stabilize the sensor structure for long-term, higk 1.0E-05 T=100C N2
temperature operation.

1.0E-06

One new structuf® demonstrated which has <
improved stability over that of Pd/SiC is PdCr directly 510E-07 T
deposited on SiC (PdCr/SiC). The advantages of PdC
as a high temperature alloy have been explored extel %1'0'5'08 1 40 HOURS HEATING
sively in strain gage applicatiofs.It is a stable high ©

AR

temperature material which is able to provide static UE% 7 \‘“
strain measurements at temperatures up to °CL00 10E40 |

However, its use in a gas-sensing SiC-based structu 250 HOURS HEATING

depends on not only its inherent stability but also sucl 4 4 44 } ; ;

factors as the alloy’s reactivity to SiC and the catalytic

. ) . 0 20 40 60 80
interactions of PdCr alloy with the gases to be meas TIME(MIN)

ured. Figure 8. The forward current vs time at 100C after 40

. . hours (m) and 250 hours () heating at 428C in air of a
.The response of a PdCr/SiC d'oqe to long ternpycr/sic Schottky diode. The diode show improved sen-
heating of 250 hours at 425 showed improved sta- sitivity with heating with nearly the same response to 120

bility over Pd/SiC. Monitoring of the sensor ppm hydrogen in nitrogen.
performance periodically during the heating period

NASA/TM—1998-208817 7



SYSTEM DEVELOPMENT AND APPLICATION reduced vehicle weight; 4) Cost effective method to
instrument the vehicle.
The initial incorporation of the PdAg sensor into

hardware and software has been reported else®here.  Current aerospace applications of the Pd alloy
MEI, CWRU, and NASA LeRC have subsequently de-sensors include the hydrogen leak detection systems for
veloped a “Smart Sensor” for hydrogen gas detectioNASA’s X-33 Flight Demonstrator and an up coming
under an STTR contract from NASA MSFC. A broad Space Shuttle technology demonstration flight for STS-
range of operational system payoffs are possible witl95. For these applications robust signal conditioning
this type of complete leak detection system. These pawnd control electronics have been developed to operate
offs include: 1) Improved Integrated Vehicle Healththe sensors. A block diagram of our desired functional-
Management (IVHM); 2) Improved safety and reliabil- ity is shown in Figure 9.
ity; 3) Reduced sensor size and weight yielding

PWM Heater Control FET

Redundant Analog r-——-- -~ - Switch Heater Power
_____________________ —4-20mA Transmitte||<_
I

Voltage L — — _ _
Regulator |
Instrument
Amp 4_
Thermisto Sensor 1
D )
RS-485 Serial Instrument |
~€——)| Transceiver Interface €  Amp Sensor
<@——3| A/D Converter
| Microcontroller
—> 4 Diff. Channels] Instrument
> Transceiver ,_»
Thermisto Sensor 2
Ref. Instrument |
Amp Sensor
Osc F———-- - |
Redundant Analog | |
_____________________ —4-20mA Transmitter|<‘
L - _ _ FET
PWM Heater Control Switch Heater Power
______ Optional

Figure 9. Smart Sensor Electronics Provides Signal Conditioning, Power Conditioning, Sensor Control, Calibration
Storage, Conversion To Engineering Units and Digital Interface.

The Smart Sensor electronics currently consist of a An external Address/Data bus allows for program
power converter board, signal conditioning board, and fetches, data storage in non-volatile SRAM, and access
microcontroller board. The control system is based oo the Analog to Digital Converter. A reset device pro-
an eight-bit microcontroller. Integrated microcontrol- vides a reliable power-on reset to the CPU and also
lers are well suited for control applications of this na-monitors Vcc. If Vcc is outside a predetermined range,
ture due to its onboard peripherals, in particular théhe CPU is placed in reset until Vcc returns to accept-
Programmable Counter Array. Several PCA channelgble levels. Serial communication is provided, and both
are programmed to act as Pulse Width Modulators t&RS-232 and RS-485 levels are supported. Analog sensor
control sensor heater elements. Another channel is usétgnals are acquired from the sensor amplifier board

as a Watch Dog Timer to protect against errant ﬁrm.USing an analog to dlgltal converter. Twelve-bit resolu-
ware execution. tion ensures a high degree of accuracy. Sensor

NASA/TM—1998-208817 8



temperature data is used to provide closed loop control Microcontroller Board
of the sensor temperature. The controller board is com-
bined with a sensor amplifier board and a power supply
board to produce a very compact data acquisition and
control system. When assembled, the board stack
measures approximately 1.3" by 2.1" by 1.2".

NASA is planning to fly a network of six sensors S
. .. Conditioning

on an upcoming Space Shuttle mission STS-95 as pagba

of HDT-1 in November 1998 (Figure 10). The mission

will evaluate new technologies to improve vehicle Power
health monitoring. The “Smart” module to fly on this
mission adds the functionality of an on-board micro-
controller to provide all sensor control, conversion of

data to engineering units, storage of calibration data,
built-in-test functions, and communications.

The technology for this “Smart Sensor” for the
STS-95 mission is significantly improved over previous
designs.  These improvements include a significan
reduction in system integration with, for example, no
centralized control system and a reduction in cabling
requirements. The “Smart Sensor” performs all re-
quired sensor element control functions and provides
high level digital interface to the vehicle data system
These “Smart Sensor” modules requires only a fou
wire connection (two for power and two for RS-485
communications) and can be easily integrated existin
avionics systems.

For the X-33 program, a 20 sensor system is bei
developed for use on the purge vent doors. The sensors
are integrated with an electronics module whichFigure 10. "Smart Sensor" Module developed by
provides signal conditioning electronics and an isolate MEI/CWRU/NASA is being tested on STS-95 as part of
28 VDC DC/DC power conversion. The X-33 systemHDT-1.
is currently in qualification testing including EMI,

vibration, and thermal cycle testing. The X-33 is sched- ) ] ) )
uled for flight testing in 1999. breaks down prior to its failure, hydrogen is released.

Monitoring of hydrogen in-situ in these transformerscan
provide early detection of transformer degradation and
?void costly catastrophic failure of transformers in the

Future work will include the further miniaturiza-

tion of the electronics package and associated housin )
The use of ASIC (application specific integrated leld. The PdAg sensors have already been applied to

circuits) technology is envisioned to decrease the siz&uUtomotive leak testing applicatiérand the complete

and weight of the electronics while maintaining theProduct has been internationally recognized with a
same capabilities. 1995 R&D 100 Award. Other possible applications

include the monitoring of hydrogen releases from fuel
cells and industrial safety monitoring.

COMMERCIAL APPLICATIONS

MEI is continuing this work withpotential appli- SUMMARY

cation of hydrogen sensors in a variety of industrial ) ) )
environments. For example, use of a hydrogen sensor €@K detection technology is being developed for

to detect degradation of the health of transformers i@€rospace applications. This technology is based on
being explored. As electrical insulation in a transformefMicrofabrication and micromachining (MEMS-based)
technology and SiC semiconductor technology. The

NASA/TM—1998-208817 9



hydrogen sensor technology, using both PdCr alloys/. Barnes, H.L.; and Makel, D.B.; “Quantitative Leak

has been well developed and is being applied on thBetection Using Microelectronic Hydrogen Sensors”

X-33 and on the upcoming Space Shuttle STS-9%resented at the SAIAA Joint Propulsion Conference,

mission. Oxygen sensor technology is also being deveBan Diego, CA, AIAA Paper 95-2648, 1995.

oped to complement the hydrogen sensor technology.

This micromachined oxygen sensor usesZrt® am- 8. Logothetis, E.M.; "Automotive Oxygen Sensors,"

perometrically measure the oxygen over a wideChemical Sensor Technology, Vol. 3, N. Yamazoe, ed.,

concentration range. Hydrocarbon sensor technology tiodansha Ltd., pp. 89-104, 1991.

detect leaks alternate fuels are also under development

to meet the needs of future aerospace propulsion app®. Neudeck, P.G.; "Progress in Silicon Carbide

cations. Thus, miniaturized leak detection technology iSemiconductor Electronics Technology”, Journal of

already being applied to improve the safety of aeroElectronic Materials, vol. 24, pp. 283-288, 1995.

space propulsion applications and integration of this

technology in future propulsion systems is envisioned. 10. Baranzahi, A.; Spetz, A.L.; Glavmo, M,
Nytomt, J.; and Lundstrom I.; “Fast Responding High
Temperature Sensors For Combustion Control”, Pro-
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