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Robust, Wide-Range Hydrogen Sensor For Use in Commercial, Space, and
Government Applications

Paul McWhorter and Jose Rodriguez, Sandia National Laboratories

A large need exists throughout industry, DOE,
NASA and many other private and govern-
ment agencies for a practical and reliable tech-
nique for detecting hydrogen. Hydrogen is
used, produced, stored or transported as part of
a number of manufacturing applications, and is
found throughout the NASA complex. Hydro-
gen leaks pose a constant fire and explosion
threat, and existing techniques for detecting
hydrogen stiffer from a number of limitations.
Existing hydrogen sensors have limited
dynamic range, poor reproducibility and
reversibility, are subject to false alarms, and Figure 2.Sandia'sRobust-Wide-Range Hydrogen Sensorovercomes the limitations of existing technologies.
tend to be slow, unreliable and difficult to use.
In order to address this need, Sandia has allo,_,ing the fabrication of the entire sensor

designed, fabricated, tested, and demonstrated system on a single chip, including analog, dig-
a new generation of hydrogen sensor which ital, and communication electronics. Exten_,ive
overcomes the limitations of existing technolo- characterizalion of this technology reveals thin

gies. This new technology,, known as the it provides a practical and cost effective solu-
Robust, Wide-Range Hydrogen Sensor Tech- tion to the problem of detecting hydrogen. This
nology, was created by integrating special cat- device ha:,_demonstrated a six order of magni-
alytic alloy films into Sandia's existing CMOS tude dynamic range, outstanding reproducibil
microelectronic technology, creating a micro- ity and reversibility, and good long term
electronic based hydrogen sensor technology, stability_ The technology is manufacturable,
as shown in Figure 1. The Robust Wide-Range and the sensors are simple to use. The devices
Hydrogen Sensor, shown i_JFigure 2, contains have been shown to operate in non-oxygen

ambients and in vacuum.PdNi transistor sensors for detecting low con-

centrations of hydrogen (part per million), These sensors are presently being used in a
PdNi resistor sensors for detecting higher con- multi-point hydrogen leak detection system al
centrations of hydrogen (up to 100%), and on- NASA's Stennis Space Center. Work is under-
chip micro-thermometers and micro-heaters way to use the devices in a number of addi-
for maintaining constant chip temperature, tional NASA ground based and flight systems.
Custom control and communication electron- In addition, these sensors have been used in

its can be fabricated on the same small piece field applications in support of environmental
of silicon containing the sensor elements, monitoring at the Hanford waste sight, and

HydrogenSensorElements CMOSVB Elements
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Figure I Cross _ction of Sandia's Robust, Wide Range Hydrogen Sensor. Integration of sensing alloy,_with the CMOS
technology atl,,_,._fabrication o! control electronics on-chip with the _nso_ elements. _ _ ,, /- -_, =_--.:r.,_
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have been used in tield applications involving nucleai reactor safety. 1-able 1 presents a comparison ot the

Sandia Robust, WideRange Hydrogen Sensor with a popular commercial hydrogen detector.

" r"Table 1" (ompa lson of Sandia Robust, Wide-Range Hydrogen Sensor to a Popular Commercial
Sensor

Sandia Perfor-
Commercial Electrochemical Sandia Robust, Wide-Range mance Advan-

Characteristic Hydrogen Sensor Microsensor tage

2,000 ttr, :-'
Size .8 liter .0004 liter smalh_

Weight 2 Kg 1gm 200 tin l_,, lighlt!i

Cost per sensor $700 $100 (Estimated cost in production) 7 time< clleape_

4.4 or(h'i_ _,l
•1%-4_ hydrogen .0()01_/c-100%hydrogen mag, more (Ix_.,.

Dynamic Range ( 1.6order of magnitude dynamic range) (6 order of magnitude dynamic range) rangt

Work,, a,_el

• Temperature -10°Cto 5()_C,no temp control capabil- on chip temperatt_recontrol, ambient gl"ealei tcnlp__
Range ity. gas can be -100°C to 140°C ature ran_'

Vvork in Vacuum? no yes (;r_:_" _:,,,,_,

Acid leaks possi-
ble? ),es noi

Poisoned by NO2? yes no

Speed of Response
near Lower Explo- ._) tim._, 1;._tc_
sive Limit 60 seconds 2 seconds (Slc'cd is critical:

Practical for pin_
pointing leaks? no yes

Will work in hos-
tile vibration/radia-

tion environments? no yes

Integrated Control
Electronics? no yes

In this presentation we will describe the fabrication technology which _sused to make 10,000 of these devices
in a single production run_We will present extensive electrical results showing the sensitivity, selectivity, sta-
bility and performance in a variety of operating environments, including (,xygen free environments. In addi
tion, we will provide results from some of the more interesting field lests which are presently underway_
including rocket test stands at the Stennis Space Center.






