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ABSTRACT 
 

In this paper five new ideas are proposed to integrate both an active RFID tag with a non-floating type 
thermal convection angular accelerometers on a flexible substrate, thus the device becomes a wireless 
sensor. The most innovative idea is to make it directly on the substrate without creating the grooved 
chamber of a traditional thermal convection accelerometer, and the device doesn’t use any movable parts, 
so it is very reliable and easy to make. The second new idea is to apply the engineering plastic such as 
polyimide, so the thermal conductivity of the new device substrate is much lower than silicon, and it can 
save much power and very useful in various fields. The third new idea is to use Xe gas in the chamber 
instead of the previous CO2; the latter can produce oxidation effect to the heater and thermal sensors, while 
Xe gas will not, so the heater and sensor reliability and life cycle can be increased. Trade-off study for the 
temperature sensor locations is also made. The sensitivity of the new device is 273℃/(rad/s2). 
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1. INTRODUCTION  
 

Many accelerometers are made on silicon wafers 
[1-4], some methods used the thermal convection 
technologies and filling the chamber with air, CO2, 
liquid, or others. In this paper five new ideas are 
proposed to integrate an active RFID tag with a 
thermal convection angular accelerometers on a 
flexible substrate as in Fig. 1, thus it becomes a 
more powerful wireless angular accelerometer. The 
first new idea is that this device is made directly on 
the substrate with neither the traditional grooved 
chamber of a thermal convection accelerometer nor 
movable parts, so it is very easy to make and the 
reliability is very good. The second new idea is to 
use plastic or polyimide substrate, since the plastic 
thermal conductivity (0.06-0.0017W/(cm-K)) is 
about twenty-fifth of the silicon (1.48W/(cm-K)), 
thus it can save both power and cost of the power 
leakage through the substrate for long time 
operation. The third new idea is to fill Xe gas in the 
chamber instead of the previous CO2; the latter can 
produce oxidation effect to the heater and thermal 
sensors [5-21], while Xe gas will not, so the heater 
and sensor reliability and life cycle can be increased. 
Besides, the Xe molecular weight (131.29 g/mol) is 

three times of CO 2  (44.01 g/mol), so the new 
device can give quicker time response. The fourth 
new is to apply a hemispherical chamber as shown 
in Fig. 2; it is more streamline in nature with less 
drag effect, so the bandwidth is larger than the 
previous one by using rectangular chamber. The 
fifth new idea and the most powerful one is to 
integrate an active RFID tag with a thermal 
convection angular accelerometer on the same 
substrate, thus the new device becomes a more 
useful wireless angular accelerometer, one can 
apply it in the fields of hospital monitoring, game, 
etc., so it is very easy to make and use. The heater 
is made of chromium and nickel by using E-gun 
evaporation, its operating temperature is 127°C and 
without melting the polyimide substrate. Two 
temperature sensors (poly-silicon doped with boron) 
on both sides of heaters are made by E-gun. Trade-
off study for the temperature sensor locations is also 
made. The sensitivity of the new device is 
273℃/(rad/s2). The paper organization is as follows: 
the first section is introduction. The next concerns 
fabrication and packaging steps. The third one is 
simulation and discussion. The summary is given in 
t h e  l a s t  s e c t i o n . 
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Fig.1 Block Diagram Of The Angular Accelerometer. 

 

 
Fig.2 Side-View Of The Angular Accelerometer. 

2. FABRICATION AND PACKAGING 
STEPS 

 

Step 1: E-gun evaporates SiO2 on both surfaces for 
thermal, electrical and humidity isolation, then 
cover Photo Resist (PR) to protect SiO2. Deposit a 
layer of p-type amorphous silicon (100-250μm), use 

an Nd-YAG laser to anneal it as a poly-silicon. The 
next is to use mask #1 and PAEP to reserve the PR 
on the poly-silicon thermister. Then remove the 
layers of poly-silicon without PR protection. 
Finally, remove the PR, the result is in Fig. 3.  

Step 2: Deposit Cr and Ni to make heater, RFID 
antenna, and the conductors connected to the power 

 

 
Fig.3 Result Of Step 1. 
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supply. The next is to use mask#2 and PAEP to 
reserve the PR on the heater, RFID antenna, and the 
conductors connected to the power supply. Then 
remove Cr and Ni without PR protection. After 
remove the PR, the result is in Fig. 4. 

Step 3: Use mask #3 and PAEP to reserve PR on 
heater, and electroless-plating gold on Ni to raise 

the conductivity of antenna, and the conductors 
connected to power supply. Besides, the pads 
wettability and soldering performance can also be 
increased. Remove the PR, the result is in Fig. 5. 

Step 4: Print plastic sealing material around the 
angular accelerometer as dam bar as in Fig. 6. 

 

  
Fig.4 Result Of Step 2. 

 

 
Fig.5 Result Of Step 3. 

 

 
Fig.6 Result Of Step 4.  
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Step 5: Flip-chip bond the bumped RFID chip to 
antenna feed terminals by thermal compression, 
make the underfill to increase RFID chip adherence. 
Put a cap with hemi-spherical chamber on the dam 
bar, then curing and make it vacuum. Finally, fill 
with xenon gas. The result is as in Fig. 2. 

 

3. SIMULATION AND DISCUSSION 
 

Firstly, the chamber and sensor geometric 
dimensions are defined in Fig. 7. We will trade-off 
the thermal sensors location at the indicated three 
points. The temperatures of the package boundaries 
and the heaters are set respectively as 300K and 
400K. The ESI-CFD+ governing equations for the 
conservation of mass, momentum, and energy are 
as: 
 

 
Fig.7 Geometric Dimension Of Chamber, Heater And Sensors. 
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In the above equations, u is the velocity vector, t 
is the time, and ▽ is nabla. ρ, μm, p, and a are 
respectively the density, dynamic viscosity, 
pressure, and acceleration. cp, T, R and k are 
respectively the fluid specific heat, temperature, 
ideal gas constant and thermal conductivity. Then 
the sensitivity curves of the sensors located at 
points 1-3 are as shown in Fig. 8. Note the 
sensitivity at point 1 is the better one. Fig. 9 shows 
the gas flow distributions in both vertical and 

horizontal planes at point 1 for several values of 
angular acceleration. Note the gas flow field can 
touch point 1 only for angular acceleration larger 
than 0.09301 rad/s2. This is the reason why the 
sensitivities at points 2 and 3 are less than that at 
point 1 as shown in Fig. 8. To increase the 
sensitivities of the sensors for the geometric 
dimensions in Fig. 8, we increase the length of the 
sensors and reduce the separation distance of 
sensors and heater as in Fig. 10. Fig. 11 shows the 
sensitivity curves of the new sensors in Fig. 10. 
Now the sensitivity for the sensors located at point 
2 is also the better one, and it is much larger than 
the previous ones as in Fig. 8. Fig. 12 shows the gas 
flow distributions in both vertical and horizontal 
planes at new point 2 for several angular 
accelerations. Note the gas flow field can always 
touch the temperature sensors. Thus the length of 
the temperature sensors cannot be too short, and the 
separation distance of sensors and heater cannot be 
too long. The sensitivity of the new device is 
273°C/(rad/s2). 
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Fig.8 Sensitivity Curves Of Sensors In Fig. 7.  

 

 
Fig.9 Gas Flow Distributions In Both Vertical And Horizontal Planes For Sensors Located At Points 1 In Fig. 7. 

 

 
Fig.10 New Sensor Geometric Dimensions.  
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Fig.11 Sensitivity Curves Of Sensors In Fig. 10. 

 

 
Fig.12 Gas Flow Distributions In Both Vertical And Horizontal Planes For Sensors Located At New Points 2. 

 

4. CONCLUSIONS 
 

The process of  In this paper a novel non-floating 
type thermal convection angular accelerometer is 
integrated with an active RFID tag on a flexible 
substrate, thus the device becomes a wireless sensor. 
The most innovative idea is that this device is made 
directly on the substrate without the traditional 
grooved chamber of a thermal convection 
accelerometer; it is also without any movable parts, 
so the device is very reliable and easy to make. The 
second new idea is to apply the plastic substrate, 
the thermal conductivity of the substrate is much 
lower than silicon, and then it can save more power 
and very useful in various fields. Trade-off study 
for the length and location of the temperature 
sensors are also made. Note the length of the 
temperature sensors cannot be too short, and the 
separation distance of sensors and heater cannot be 
too long. Otherwise, the sensitivity would be too 

small. The sensitivity of the new device is 
273°C(rad/s2). 
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