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ABSTRACT 
The development of harsh environment sensors for 

down hole geothermal well monitoring is needed to both 
optimize current production wells and to develop more 
accurate subsurface mapping to reduce the cost of well 
exploration. Exposure testing of encapsulant and device 
materials must be conducted within harsh environments to 
determine material survivability in the well bore 
environment. Mass change and sputter XPS chemical 
analysis were conducted on silicon, sapphire, silicon 
carbide (SiC), and aluminum nitride (AlN) after up to 100 
hours of exposure testing in water at its critical point. 
 
INTRODUCTION 

Devices such as harsh environment temperature, 
pressure and telemetry sensors (accelerometers and 
gyroscopes) are of high interest for the optimization of 
geothermal well performance. It has been predicted that 
enhanced geothermal energy systems (EGS) and 
hydrothermal systems have the potential to provide up to 
200,000 exajoules at 100,000 MW within the next 50 
years [1]. Achieving this goal is aided by the 
implementation of sensors within new and existing wells 
to collect temperature and pressure data.  The 
development of these sensors requires testing of harsh 
environment materials in high temperature and pressure 
water conditions. Once water reaches the critical point 
and enters the supercritical regime, the liquid and gaseous 
properties of water become more destructive due the 
volatility of the free OH- and H+ ions.  

In addition to the high temperature and pressure of 
the harsh geothermal brine environment, low pH rapidly 
leads to sensor degradation and thus poor sensor 
reliability. For this initial set of tests, water, rather than 
brine, is used for sensor exposure to establish a baseline. 
Robust sensor packaging, Figure 1, is required to facilitate 

sensor survivability for long duration well monitoring. 
While many studies have been conducted to determine the 
corrosion rates of sintered and CVD SiC in supercritical 
water [2-6], none of these studies investigated crystalline 
4H-SiC, sapphire, or AlN, all of which are harsh 
environment MEMS materials which may be useful for 
encapsulation or device layers. While it was not expected 
that AlN would survive the critical point water, by 
exposing the AlN thin film, we learn about the AlN 
survivability within the harsh environment in the event of 
encapsulation failure.  

In this paper, we report the results of exposure testing 
of 4H-SiC, sapphire and sputtered AlN on SiC in water at 
its critical point. This data can be used in materials 
selection when designing sensors for down-hole 
operation.  
 
MATERIALS SELECTION 

For this study, three harsh environment materials 
were selected. These materials, whose properties are 
summarized in Table 1, were chosen for their high 
temperature survivability and chemical resistance. Their 
high bond energy is high compared to that of the Si 
control sample used in the experiment. All of these 
materials would have a little to no oxidation at the tested 
374ºC. However due to the free ions in critical point 
water, local oxidation and corrosion may degrade the 
samples at this lower temperature by exceeding the 
materials bond energy. Bond energy is as indicator of 
corrosion resistance, however, other factors including the 
materials physical composition (single-crystalline versus 
poly-crystalline), defect density, and surrounding 
environment chemistry also play a role in determining 
corrosion chemistry and rates.  

 
Table 1: Summary of Tested Materials Properties  

Material Chemical 
Bond Type 

Bond 
Energy 
at 25 ºC 
(kj/mol) 

Melting 
Temperature 

(ºC) 

Sapphire Ionic/Covalent 595.657 2050  
4H-SiC Covalent 3188 2830* 
AlN Covalent 279.89 2470 
Silicon Covalent 2228 1420 

*SiC Sublimation Temperature 
 
EXPERIMENTAL PROCEDURE 

We are reporting data from four different sample 
types prepared for testing. Two different single crystalline 
4H-SiC wafers from CREE Inc. were used for the 
exposure tests. C-axis sapphire wafers from MTI 
corporation were purchased and diced. Highly oriented c-
axis AlN was reactively sputtered on a 4H-SiC wafer 

 
Figure 1: Schematic image of encapsulated MEMS 
sensor.  Harsh environment encapsulation protects 
MEMS sensors from corrosion and oxidation in 
geothermal wells.  
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Figure 3: Tuttle-type pressure vessel 
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RESULTS  
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(Bottom) Images of samples post 5 h
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Figure 9: AlN thin film degradation o
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