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Abstract 
The design, fabrication process and charac-terization of a silicon diaphragm capacitive pressure sensor high 
temperature application were reported here, which using low-temperature co-fired ceramic substrate. The 
pressure reference cavity placed inside the senor is hermetically sealed in vacuum especially for high 
temperature applications to avoid a change of the reference pressure. Capacitance sensing circuits associated 
with an Impedance Bridge are implemented in order to monitor the change the capacitor with respect to that of 
the potential. GaN diodes are integrated in capacitance sensing circuits to form low-pass filtering and 
amplifying devices. The advantage of the integration of the GaN diode offers wide band gap; non-intrinsic at 
much higher temperature or less demand on cooling, high breakdown field, good electron mobility and thermal 
conductivity as well as  high mechanical and thermal stability. 
__________________________________________________________________________________________ 
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INTRODUCTION  
Nowadays, MicroElectroMechanicalSystems 
(MEMS) are playing important roles in the 
development of microelectronics, automated systems 
and robotics [I. Sugimoto (1996); M. Esashi 
(2008);] Sugiyama (1991)]. Micromachined pressure 
sensors are already commercially available for many 
years. There are many demands for sensors, 
especially pressure sensors, working in harsh 
environments such as at temperature beyond 500oC. 
They can be found in automotive industry, space 
exploration, oil drilling etc. A promising approach for 
high temperature sensing is the use of wide band gap 
semiconductors such as silicon carbide (SiC) and 
diamond. However, it is an rather expensive process 
technology  and is still a drawback for  practical 
applications. Several designs of piezoresistive 
pressure sensor have already been introduced 
[Ahmed A.S (2008); Wen H. Ko(1982)]. However, 
the piezoresistive sensors whose piezoresistive 
elements are electrically isolated by pn-junction have 
the disadvantage of large leakage current at high 
temperature. Using capacitive sensor, this problem 
can be avoided. A capacitive pressure sensor is 
known to have no leakage current at high 
temperature, high sensitivity and robust structure, and 
is less sensitive to side stress and other environmental 
effects. Capacitance detection circuits which stand at 

high temperature can be fabricated using a GaN or 
SiC diode-bridge 
This paper presents the design, fabrication and 
characterization of a diaphragam capacitive pressure 
sensor [M. Esashi (2009-2010); T.L.T.Thuy 
(Nov.2011)] based on the substrate of low-
temperature co-fired substrate (LTCC).  

 
EXPERIMENTAL DECRIPTION 
Taking account of the advantages of well-known 
silicon technology, the sensing diaphragm was made 
in a silicon substrate using p++ etch stop technique. 
The pressure reference cavity is hermetically sealed 
using a special LTCC substrate, which can be 
anodically bonded with silicon. Anodic bonding is 
highly reliable even at high temperature, because it 
needs no bonding interlayer. In addition, the LTCC 
also has higher reliability at high temperature in 
comparison with a conventional borosilicate glass 
substrate with metal vias, because screen-printed 
metal vias in the LTCC substrate contains fillers 
relaxing the Coefficient of Thermal Expansion (CTE) 
mismatch between the vias and the substrate itself. 
Such CTE mismatch often generates cracks to lose 
hermeticity. 
 
Two sensors are fabricated in the same batch so as to 
compare their conversion behavior of the change of 
pressure into electrical signal obtained via the use of 
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a diode-bridge circuit. The sensing electrode is made 
from p++ type silicon, while the other is some kind of 
metals which can with stand at high temperature. 
Silicon substrate and LTCC substrate is aligned and 
bonded together at low vacuum to form a vacuum 
reference cavity.  The capacitive sensing circuit is 
then formed associated with low pass filters for 
characterization of the sensing device at high 
temperature and high power. Some initial results are 
obtained from the capacitive sensing circuits for low-
pass filter. 
 
SENSOR DESIGN 
The capacitor electrode pattern and cross section of 
the circular structure device are well known.  There 
are two circular capacitors on a chip, one for Cs and 
other for Cr. The larger circles indicate the size of the 
cavity etched from the surface of silicon wafer, while 
the others enclosed by smaller circular area represent 
the fixed electrode. A differential pressure on both 
sides of plate causes the deflection. For the circular 
plate the deflection is given by:  
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  Where W is the deflection distance, r is the radius, 
p is  the pressure, a is the radius of the plate (m), D is 
the flexural rigidity as below : 
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With E is the Young’s modulus (130GPa for p++ type 
silicon [100]),   is the Posion’s ratio (0.3 for silicon) 
and h is the thickness of diaphragm. The deflection 
reaches its maximum at the center of the plate,  thus 
we have: 
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Table 1. The sumary of input parameters for 
capacitive pressure sensor. 

The component of design parameters Values 

Radius of capacitor (m) 350 
Thickness (m) 8 
Gap (m) 15 
Input pressure range (kPa) 0-100  
Initial capacitance (pF) 2.65 
Max deflection (m) 3.75 
 

The capacitance of Co is a constant because no 
diaphragm is formed: 
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FABRICATION PROCESS 
The step by step fabrication process of the sensor is 
shown in Fig. 2. Fig 3 shows the photograph of a 
mask for SiO2 etching.  
 
The process starts with a 4-inch and 300 µm 
thickness of (100) silicon wafer. Figure 2 describes 

Step 1 to Step 5 for the oxidation and diffusion 
processes. 

 
Step1: Oxidation. This wafer is cut  into 2cm x 2cm 
samples.  After cleaning the surfaces of samples, a 
0.3µm thick SiO2 is performed on silicon at both 
sides by dry thermal oxidation for 5 hours in an O2 
gas flow environment at 1100oC.  
Step2: This SiO2 layer is then patterned by 
photolithography and etched by Buffer Hydrofloric  
(BHF) acid  at room temperature to form the shape of 
the membrane.  
Step3: Using tetramethyl ammonium hydroxide 
(TMAH) wet etching follows at 80oC to form a gap in 
the sensor. With the etching rate set at about  0.5µm, 
it would take  30 minutes to etch 15µm silicon with 
anisotropic etching technique.  
Step4: The etching rate between silicon and silica  in 
TMAH (25%wt, 80oC) is about 100:1, so SiO2 layer 
can  protect the etching of the silicon substrate. After 
etching and cleaning with distilled ionized (DI) 
water, the backside of the SiO2 layer  is spin-coated 
with a thin photoresist layer to cover, while its front 
side is completely removed by BHF.  
Step5: To prepare for Boron diffusion process, the 
back side photoresist layer must be removed and 
surface of front side silicon is cleaning in RCA1, 
RCA2 and HF: H2O2 (1:100). Boron from borosilicate 
wafer is diffused into the silicon samples at 
temperature 1125oC for 15 hours. Under this 
condition, the 8µm p++ layer will be formed. Besides 
that, a thick SiO2 layer (about 2µm) is also deposited 
on both sides because the samples are heated up in 
high temperate for a long time. To remove this SiO2 
layer, the back side SiO2 is again covered and 
protected by a layer of black wax melted at 
temperature about 120oC. 
Step6: Opening  a window at back side of sample. 
Photolithographic process is used to pattern a circular 
window on the SiO2 layer and then etching it with 
BHF.  
Step7: Stripping photoresist, Ti/Cu/Sn is sputter-
deposited on p++ silicon layer. Patterning on the Si 
wafer is accomplished by lift-off technique with 
50µm diameter size. Because of the deep gap (about 
15µm) on silicon wafer, a very thick photoresist layer 
is spin-coated on the wafer to prevent metal sticking 
on the edge of membrane. 
 
Any metallic materials still remains on silicon wafer 
after the lifting-off, a solution HCl: H2O2 (2:1) can be 
used to etch off. The thickness of the compound 
metal layer is selected in the range of 400-600µm 
because the surface of the gold vias in LTCC  is  
concave of about 300nm. Sn is a necessary layer so 
as to form an Au/Sn solder between silicon wafer and 
LTCC for the anodic bonding process.  
 
The fixed electrodes are formed on LTCC by 
sputtering thin metal film Ta/Pt (10/100nm). 
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Normally, we use Titanium (Ti) as the buffer layer to 
enhance adhesion between the substrate and the 
Platinum (Pt) film. However the Ti would degrade at 
temperature faster at 700oC and the resistance of the 
metallization is  unstable and thus unsuitable for 
sensing and heating applications. Alternatively 
Tantalum (Ta) film can be used as its  melting point  
is high (3017oC). Further it does not form eutectics 
with Pt and Si below 1635oC and 1400oC, 
respectively.  

  

 
Fig. 1. The sensor fabrication process from step 1 to 
step 5. 

 

 
 

Step8: The completed silicon substrate and the LTCC 
substrate are aligned and bonded together. This 
LTCC makes the silicon structure the ingredients 
becoming anodic bondable due to the fact that LTCC  

the coefficient of thermal expansion of the CTE is 
closely  matched with that of silicon (3.4 x 10-6/K). 
The anodic bonding process can thus be 
accomplished in low vacuum, byapplying a 2.1MP 
force at 600V voltage on the substrate at 600oC for 
40min.  

 

 
Fig. 2. The last 5 steps in the sensor fabrication 
process. 
 
Step9: After bonding, the exposed silicon substrate 
was etched away by EDP (ethylene-diamine 
pyrocatechol) solvent. EDP wet etching is selected in 
this process because it is the p type etch-stop 
technique. When a diffused silicon wafer is placed in 
an anisotropic etching solution, the lightly-doped 
silicon is rapidly dissolved til the etching stop layer is 
reached resulting in a precisely-controlled thickness 
of the remaining silicon. To protect the bonding 
interface, we need to apply a protection layer on 
LTCC surface as well as the edge of sample. Back 
side silicon will be etched to form membrane of 
sensor with the thickness of p++ layer. 
 

 

Silicon  Ti/Cu/Sn  

SiO2 

LTCC 

ProTEK  

Au 

Pt/Ta 

Ni/Al 

Step 6: Photolithography, Mask 
#2 

Step 7: Lift-off process, Mask 

Step 8: Anodic bonding in vacuum 

Step 9: EDP etching, p++ etch 

Step1: Oxidation 

Step 3: Si etching in TMAH 

Step 5: Boron diffusion  

Step 4: Front-side SiO2 etching in 

Si wafer 

Step 10: Al deposition with  stencil 

Step 2: Photolithography, Mask 
#1 
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Fig. 3. Photolithography with mask #2 for SiO2 

etching with BHF 
 

Step10: Final step- forming Al contact pad on LTCC 
substrate. This is done by stencil mask technique for 
wire bonding. 

 
CAPACITANCE SENSING CIRCUITS FOR 
LOW-PASS FILTERING 
Once the capacitive pressure sensor is fabricated,  the 
capacitance sensing circuits in association with a 
GaN diode bridge is designed and constructed to 
form a low-pass filter for applications at high 
temperature. The capacitance electrode pattern and 
the cross section of the circular structure device, one 
for Cs and other for Cr. The principle of  the pressure-
sensitive  capacitor has been reported by  Wen et al 
[Wen H. Ko (1982)]. A brief explanation is given 
here.  The Si  substrate is  etched  from  both  sides  
to  form  a  thin  diaphragm. The  substrate   is  then  
adhesion sealed  onto  a    glass plate  to  form  a  
hermetic  chamber.  The two electrodes,   forming the   
capacitor C, are positioned on the silicon diaphragm 
and the glass, respectively.  The difference between  
the  pressures inside  and  outside  of  the  chamber  
deforms  the diaphragm  which,  in  turn,  changes  
the  capacitance  of  the  air dielectric capacitor.  
The variation of the capacitance can be determined 
by a signal-detecting  circuit.  For  miniature  
pressure  transducers,  the capacitor  and  the  change  
of  capacitance is  very small, in  order  of  a few pF .  
This  necessitates  the  integration  of the  detecting  
circuit  on  the  same  chip  of  the  capacitors. The 
detail of C/V converter is used a diode-quad bridge 
circuit will be report in next paper. Moreover, this 
capacitive sensing circuit can be applied in other high 
temperature applications, as shown in Fig. 4.  
 
The C/V converter is used a diode-quad bridge 
circuit. With the semiconducting diodes, there are 
some advantages as simplicity and good stability. 
However, one may face some disadvantages as 
indicated:  the output is limited to ± 2V1, the stray 
capacitance and diode may not act as a switch. 

 
 
Fig. 4. The real capacitance sensing circuits for low-
pass filter and amplifier 
 

 
 
Fig. 5. The output signal with 2- channels at A and B.  
 
This is the reason why we have used the GaN diode 
in our capacitive sensing circuit in association with a 
low-pass filter and a differential amplifier. The 
capacitive sensing circuit has also been also 
confirmed with differential amplifier circuits at 
terminal A and terminal B. Note that the RC low-pass 
filters are identical. Therefore, we must obtain the 
output signal at terminal A and terminal B, which are 
90o out of phase, as indicated in fig 6 (a) and fig 6 
(b).  These waveforms indicate that the sensing 
circuit associated with a GaN diode behavior as 
predicted. Moreover, this capacitive sensing circuit 
can be applied in other high temperature applications, 
which will be discussed in next works. 
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Vin+(V34-V1) 

Vin-(V34-V1) 
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    (b) 
Fig. 6. The output voltage signals capacitance sensing 
circuits: (a), terminal A and (b), terminal B. 
 
 CONCLUSIONS 
The capacitor electrode pattern with two circular 
capacitors on a chip forming  a sensing diaphragm and 
reference was designed and studied the fabrication 
process.  LTCC whose thermal expansion coefficient 
CTE matched with silicon and Au vias has been  
employed. The silicon substrate and LTCC substrate 
are aligned and anodic bonded together with the form 
of Au/Sn solder in vacuum and high temperature 
chamber to implement the capacitive pressure sensor. 
The capacitance sensing circuits with the integration 
of a GaN diode bridge and low-pass filters with 
differential amplifier are one of the future application.  
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