
RESEARCH ARTICLE 

s

1METU MEMS Centre, Middle East Technical University, Ankara, 06510, Turkey 
2Electrical and Electronics Eng. Department, Middle East Technical University, Ankara, 06800, Turkey 

 

Introduction   

Micro-Electro-Mechanical Systems (MEMS) is the 

synergistic integration of mechanical and electrical 

components. In recent years, various MEMS products 

including inertial sensors, flow and pressure sensors, RF 

MEMS, optical MEMS, power MEMS, and BioMEMS are 

replaced their macro scale counter parts in the market. 

Micro-Electro-Mechanical Systems (MEMS) having 

capacitive sensing mechanism, which is the branch of 

inertial sensors, have been gaining interest as a result of 

low-cost, small-size, and high- reliability sensors 

applications [2,3]. Today micro-machined sensors can be 

found in different places and various areas ranging from 

military to industrial applications such as inertial 

navigation, vibration monitoring, and robotics control.  

 MEMS resonators are the type of physical sensors 

which can be utilized in combination with many other 

MEMS sensors. The wide-variety of use of MEMS 

resonators has made these devices an attraction point to the 

researchers to focus on. The utilities of MEMS resonators 

both in industrial and research-based applications are 

resulted with different types of MEMS resonators such as 

ring resonators, contour/lame mode plate resonators, bulk 

acoustic wave resonators in different applications including 

the optical, photonic and acoustic systems [4–8]. 

 MEMS resonators are used in electronic oscillators that 

generate an electrical signal at the resonance frequency and 

a significant issue for MEMS oscillators is their stability 

with changes in the ambient temperature. Another common 

use of MEMS resonant-based sensor is the timing and 

frequency reference applications instead of quartz crystals 

[9]. The removal of the inherent temperature dependence of 

silicon- based MEMS resonators is a hot topic for the 

reference application purposes. While many studies have 

focused on this issue,   [10–14] temperature dependency of 

the MEMS resonators brings up the temperature sensor 

adoption of MEMS resonators. 

 There are mainly two methods for achieving thermal 

compensation of a MEMS structures named by hardware 

circuit design or by processing the data, after reading from 

a sensor output. In comparison, hardware compensation is 

faster than the processing of the data. On the other hand, in 

some cases it is impossible to use the hardware 

 



  

compensation and the signal processing is the only 

available option due to the lack of many design 

considerations and the internal characteristics of the sensor. 

Temperature compensation by hardware design options in 

the literature can be listed as: using temperature control 

device; controlling the oscillators using PTAT 

(Proportional to Absolute Temperature); using temperature 

variable gain circuit; design targeting temperature 

compensation; and using frequency synthesizer for core 

temperature. In this particular study, only temperature 

compensations by signal processing is selected and the real-

time temperature compensation will not be intended. 

Temperature compensation by signal processing options in 

the literature can be similarly listed as: applying Kalman 

filter method; applying moving average filter method; 

applying wavelet decomposition; applying polynomial 

curve fitting; applying linear curves; applying back 

propagation neural networks; and applying temperature 

coefficient of resonant frequency. 

 MEMS based sensors do also have some drawbacks 

that restrict them to be used in applications that require 

inertial grade accuracy. MEMS devices, in terms of 

resonating structures, require mechanical movement for the 

operation and material is heated causing changes in the 

output of a sensor. For instance, an accelerometer’s output 

gives a measurement in terms of “g”; and one of the most 

significant disadvantages of its output is the drift in the g 

output of the chip.  

 Therefore, the objective of this research is to introduce 

the development of resonance-based temperature sensors 

using a wafer level vacuum packaged SOI MEMS process 

for temperature compensation of MEMS gyroscopes and 

accelerometers.  

 This paper reports the design, fabrication, test and 

comparison of different types of hermetically encapsulated 

resonance-based MEMS temperature sensors. The idea is to 

employ the resonator structure as a temperature sensor 

together with a controller circuitry. In the scope of this 

study, mainly two different types of micro-resonators are 

designed; single-mass H-shaped resonators and tuning fork 

(double mass) resonators to obtain a high-quality factor 

resonating structures. The verification of modal analysis is 

carried out in finite element modelling (FEM) simulations 

of the micromachined resonators. In order to make an exact 

comparison in the same environmental conditions, the 

single mass and tuning fork type, totally 4 different 

resonator designs are implemented in the same die. Wafer 

level hermetic packaging of the resonating structure is 

performed at the end of the process of the sensor substrate 

and silicon on insulator (SOI) cap substrate with anodic 

bonding technique. The readout electronics for 

micromechanical resonators are proposed with schematics 

and the simulations in freeware computer software; and 

then, the MEMS sensor and front-end electronics is 

integrated on a hybrid glass substrate after convenient 

design and fabrication. Then, the integration of the 

resonator sensors and glass substrate’s real time data 

acquisition from the resonator as temperature sensor is 

achieved on resonance frequency and resonator controller 

outputs by using both hot plate and temperature oven with 

checking hysteresis, too. The resonator sensor designs 

characterized separately, and their temperature 

dependencies are investigated. It is found that there is a 

relation between the changing temperature and resonator’s 

resonance frequency and also resonator’s controller output. 

The temperature look- up graphs are created to express the 

temperature by the means of resonator’s PI controller 

output voltage. This relation is given to allow for 

calculation of the temperature for the associated controller 

output voltage. It is found that tuning fork types show better 

performance compared to single mass ones. Therefore, 

tuning fork varying gap design of resonator structures can 

be used to provide input to the studies to be carried out to 

eliminate the temperature change of sensors as they can 

preclude the need for heating or electronic compensation, 

allowing for lower power compensation and better phase 

noise performance due to the reduced complexity of the 

control electronics.     

Experimental 

A. Resonator design and modeling 

It is aimed to use the designed resonator structure as a 

temperature sensor together with controller circuitry, which 

is the main reason for designing two types of resonators. 

First one is, single-mass H-shaped resonator with two 

different actuation mechanisms called varying gap and 

varying overlap with resonance frequency of 15 kHz. The 

other one is tuning fork (double mass) resonator. By 

selecting a tuning fork (TF) structure, it is expected to 

obtain a high quality factor resonating structure. Similarly, 

in this type, there will be two different actuation mechanism 

types called varying gap and varying overlap and each of 

these with resonance frequency of 15 kHz.  

 The different actuation mechanisms are selected to 

make a comparison between the performances. For 

instance, varying overlap area type capacitors are used for 

a large displacement whereas varying gap type capacitors 

are used to get higher capacitive sensitivity which is 

required to detect small displacements. However, in the 

varying gap type actuation mechanism, the main challenge 

is the non-linear behavior. Similarly, the different mass 

types are selected because of performance comparison 

purposes. Obviously, single proof mass has a natural 

advantage of fabrication and size reduction whereas 

conventional single resonant sensor has such advantages, it 

has also some drawbacks ranging from lower sensitivity to 

more sensitivity to ambient changes. 

 Therefore, in this study there will be totally 4 different 

types of designs; and for each 4 type the analytical 

derivations are performed by hand calculations. In 

analytical derivations Young’s modulus, resonance 

frequency, quality factor, expansion of materials, spring, 

mass and damping factor estimation and electrostatic 

actuation (varying gap or varying overlap type), number of 

capacitive fingers, finger thickness, width and gap, 



  

capacitance and derivative of capacitance with respect to 

displacement are considered as design parameters.  

Table 1 presents the geometrical properties and the  

design parameters of the resonator structures for all  

designs. 

Table 1. The geometrical properties and the design parameters of the 

resonator systems. 

 

 To obtain resonance frequency values, firstly 

analytical hand calculations will be performed continuing 

the resonator designs in L-Edit CAD Software. After that 

finite-element modelling (FEM) simulations will be 

conducted to see the mode shapes and modal frequencies of 

the designed MEMS resonators. Fig. 1 shows the conducted 

FEM simulations and comparison results for simulation, 

hand calculation and measurement for the proposed 

designs.  

B. Sensor fabrication 

After verification with finite element modelling, the 

proposed resonators are fabricated based on MEMS 

processing procedures. The resonator mask set is  

designed using the L-Edit Software. In order to make  

an exact comparison in the same environmental  

conditions, 4 different resonator designs are implemented 

in a same die.  

 SOI cap wafers are preferred for the wafer level 

hermetic encapsulation of the fabricated sensor wafers. In 

the cap wafer process 300 µm handle, 2 µm buried oxide 

and 100 µm device layer thick SOI wafer is used. At the 

beginning of the cap wafer fabrication, first of all, via 

openings are patterned on the handle layer of SOI cap 

wafer. After via openings are formed, vertical feed through 

and sealing walls are simultaneously constructed on the 

device layer of the wafer.  It should be noticed that these 

designs would be compatible with both anodic and eutectic 

bonding. Also, the detailed process and sensor fabrication 

steps can be found in [1]. 

 

 
Fig. 1. The conducted FEM simulations and comparison results for 

simulation, hand calculation and measurement for the TF and single mass 

varying overlap and varying gap type resonators. 

 

 Fig. 2 shows the packaged layout of a die including TF 

and single mass varying overlap and varying gap type 

resonators and The SEM picture of the fabricated sensors. 

 

   
                  (b)                                            (c) 

Fig. 2. (a) The resonator mask set is designed by using the L-Edit 

Software, (b) The packaged layout of a die including TF and single mass 

varying overlap and varying gap type resonators, (c) The SEM picture of 
the fabricated sensors. 

(a) 



  

C. Readout electronics design 

The operation of the resonator circuitry is relied on an 

amplitude controlled positive feedback mechanism. Notice 

that the quality factor of the resonator able to reach to a few 

tens of thousands in vacuum; therefore, it easily enters the 

self-oscillation by locking its resonance frequency with the 

aid of the positive feedback mechanism. After that, with the 

help of the amplitude control mechanism, the amplitude of 

the resonator oscillation is set to a certain level.  
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Fig. 3. (a) The simplified block diagram of the resonance test schematic. 

(b)  The scheme representing the block diagram of the closed loop 

resonator controller circuitry. 

 

 In this system, before designing the closed-loop drive 

mode controller, open-loop characteristic of the MEMS 

resonator were analyzed with resonance tests in order to 

obtain the sensor parameters such as the resonance 

frequency, quality factor, and gain. The Fig. 3 (a) gives the 

simplified block diagram of the resonator test schematic. In 

the closed-loop system, first of all, the signal is collected 

from the output of the preamplifier and demodulated by 

again itself. A resistive type preamplifier is preferred in the 

system for minimizing the phase error coming from the 

modulator and demodulator. The output of the demodulator 

goes through a second-order low pass filter to obtain the DC 

part of the demodulator signal which presents information 

about the level of the resonator displacement. The output of 

the low pass filter is compared with a reference DC voltage 

to adjust the amplitude of the resonator displacement. In 

this step, a band gap reference is used as the reference 

voltage because the output of the band gap reference is 

quite insensitive to environmental variations. This way, the 

resonator oscillation is kept constant over time. Then, the 

error signal is fed to a PI controller which stabilizes the 

circuit by diminishing the error signal. The DC output of 

the PI controller is modulated with the motor sense signal. 

The modulated motor signal is a square wave because of the 

switching type modulator. Since the system is a high-Q 

system in vacuum, it behaves like a sharp band-pass filter. 

Thus, all other harmonics except the first harmonic of the 

square wave is rejected by the circuitry. As a result, the 

amplitude controlled self-oscillation is achieved at the 

resonance frequency. The Fig. 3(b) summarizes what 

described in the above. The detailed information about 

readout electronics for MEMS resonator sensors could be 

found in [15]. 

 The fabricated sensors are combined with the 

necessary readout electronics for each structure in LT Spice 

environment, and their proper operations are verified in 

MATLAB Simulink. All the passive components and 

integrated circuits (ICs) constructing resonator readout 

circuitry are combined with a 16-pin dual in line (DIL) 

metal package by Schott Corporation with its silver cap 

which is used as Faraday Cage. The components are 

mounted on the glass substrate with solder paste as the glue 

between the gold lines and the component legs by using 

pick and place machine. After placing the resonator chip to 

the glass substrate by silver epoxy, some additional 

electrical connections of the components placed on the 

glass substrate are achieved through the wire-bonds  

(Fig. 4). 

 

 
Fig. 4. The image of the fabricated glass substrate together with its entire 
components attached to 16-pin package. 

 

 It is crucial for resonance-based temperature sensor to 

be satisfied by blocks in the design circuit, which are: 

preamplifier, gain stage, demodulator, low pass filter, 

modulator and temperature sensor are analyzed and 

functionalities are checked. This test is crucial for design of 

controller electronics for MEMS resonators for the further 

use of temperature compensation issues. 

D. Implementation and measurement 

The implemented resonator will be shown to satisfy the 

estimated performance parameters with measurements 

conducted using various test setups such as functionality 

tests, resonance tests (to control design is match fabrication 

or not), temperature tests (to characterize resonator sensor 

with look up table), C-V tests etc. 

(a) 

(b) 



  

 Implemented resonator will be applied to resonance 

tests in open-loop characteristics (to control design is match 

fabrication or not). Resonance tests indicate resonator 

sensor characteristics in terms of the natural resonance 

frequency, quality factor, gain and resonator controller 

values. Then, open loop temperature tests will be performed 

to implemented resonator sensor (Fig. 5).   

 The temperature testing will be applied different days 

and hours (morning to noon) with the same conditions to 

show the repeatability. The data sampling for the proposed 

resonators will be applied in the temperature range of room 

temperature to 90°C for hot plate and -25°C to 120°C for 

temperature oven (to characterize resonator with look up 

table).  

 Implemented resonator will be tested in closed loop 

temperature versus controller output tests with front end 

electronics (to characterize resonator sensor with look up 

table). The temperature testing will be applied different 

days and hours (morning to noon) with the same conditions 

to show the repeatability. 

 

 

 

Fig. 5. (a) The image representing resonance test setup, (b) The image of 

one of the fabricated glass substrates with all the components attached on 
it and, (c) The Tenney oven in which the system level tests are conducted 

with data acquisition interface and control module for controlling the test 

conditions. 

 After the wire bonding of the packages are completed, 

tests of the package with front end electronics at different 

temperatures are started from 20°C to 90°C with 10℃ 

increments. Hot plate is used for temperature settings and 

to settle the temperature to its exact value duration is nearly 

20 minutes. The package is directly put on the hot plate and 

with the help of wires the connections through the 

breadboard is constructed. So, the position of the package 

is never changed or moved. In experiments one of the 

probes is for ground, one is for the proof mass voltage, one 

is for resonator sense pad and similarly one other is for 

resonator drive pad. The preamplifier values obtained in the 

open-loop characteristics for the resonance tests are used. 

Notice that the simplified block diagram of the resonance 

test schematic has already shown in Fig. 3a. Table 2 shows 

the result of the best performance resonator sensor (the 

tuning fork double mass together with varying gap 

structures) on hot plate. The quality factor values in the 

tables are calculated as the resonance frequency value in 

exact temperature over the differences of the 3 dB points 

for both right-hand side and left-hand side. Also, gain is the 

output over input in terms of the decibel. After the 

calculation according to the Equation (1) the average TCF 

value is calculated as -85ppm/°K. 

𝑓 = 𝑓0 + 𝑓0 ∗ 𝑇𝐶𝐹 ∗ 𝛥𝑇                       (1) 

Table 2. Tabulated form of the resonance test results of best performance 

resonator sensor (the tuning fork double mass together with varying gap 
structures) is measured using the real time data acquisition from the 

resonators where resonance frequency is monitored for different 
temperatures using hot plate. (Notice tests are constructed at 5Hz span, 

1mV peak voltage and 5 second of integration and settling time). 

 

 Alternatively, instead of bread board after completing 

the preparation of the test circuitry, tests of the resonator 

with its preamplifier at the range -25°C to 120°C is  

done at a temperature chamber which is named Tenney 

Temperature Oven. For the testing procedure, first of all, 

related with designed and fabricated resonator packages 

conventional readout circuitry is placed inside the Tenney 

oven; and the wires which contain the data come out of the 

hole which is placed left side of the oven and these wires 

are connected to the computers and power supplies as 

shown in the Fig. 6.  

 Although the chamber is able to produce the 

temperature range from -80°C to 150°C for tests -25°C to 

120°C range is preferred. While the oven is turned on the 

vibration problem is faced which causes a lot of noise while 

collecting the data. For those reasons different type of 

testing procedures is performed. 

DAQ Computer for 

Resonator Controller 

Output

Agilent Power 

Supplies

System Level Test 

PCBs

Agilent Multimeters 

Used as TMP-36 

Output Counters

Temp. (℃) Res. Freq. (kHz) Gain (dB) QR 

20 12.874 35.4 114,432 

30 12.871 35.1 104,636 

40 12.860 33.7 257,198 

50 12.849 33.3 171,332 

60 12.836 34.4 114,101 

70 12.824 34.2 146,555 

80 12.808 33.9 102,464 

90 12.795 33.2 127,958 

(a) 

(b) 

(c) 



  

  

 By using this oven hysteresis also checked by using the 

cycles of temperature from -20°C to 80°C and again to -

20°C. Note that the higher temperature limit is set to the 

80°C to prevent damage to the electronics and the 

connecters. 

 Compared with hot plate tests circuitry is improved and 

it is possible to check the package temperature with 

temperature sensor so these tests are more reliable. The 

average TCF value is found -130ppm/°K. Table 3 shows 

the result of the Design-4 type resonator sensor on Tenney 

oven. After the calculation according to the Equation 1 the 

average TCF value is calculated as - 130ppm/°K. 

 
Table 3. Tabulated form of the resonance test results of best performance 

resonator sensor (the tuning fork double mass together with varying gap 
structures) is measured using the real time data acquisition from the 

resonators where resonance frequency is monitored for different 

temperatures using Tenney temperature oven. (Notice tests are constructed 
at 5Hz span, 1mV peak voltage and 5 second of integration and settling 

time). 

 In the 16-pin dual in line (DIL) metal package, a 

commercial temperature sensor named TMP36, is also 

placed for monitoring temperature inside the sensor 

package and to show there is a relation between the 

changing temperature and resonator’s resonance frequency, 

PI controller output and the temperature output. The 

resonator test results of Design-4 for closed loop operation 

is presented as PI controller output versus temperature 

graphs prepared by using MATLAB Software. Fig. 7 shows 

the test results of resonator Design-4. 

 

 
Fig. 7. The test results of resonator package including Design-4 with its 

readout circuitry put into the Tenney Oven: (a) Design-4 resonator 
controller output and TMP-36 sensor output changes at the same plot for 

45 minutes data collection; (b) Design-4 resonator controller output vs 
TMP36 sensors output results in the range -20°C to +80°C for different 

day tests with the same conditions. 
 

 The best performance is obtained with the tuning fork 

double mass together with varying gap structures. Fig. 8 

represents the performance of the resonator Design-4 

demonstrated with an ideal line fit. As can be analyzed from 

the figure the temperature sensitivity of the resonator 

Design-4 is 0.08 mV/°C; where the temperature coefficient 

of frequency (TCF) values are measured as -128 ppm/°K in 

the measurement range in the hot plate and as -114 ppm/°K 

in the measurement range in the oven. 

  

D
es

ig
n

-4
, 

R
es

o
n

a
to

r 
s 

C
o

n
tr

o
ll

er
 O

u
tp

u
t 

(V
)

Line Fit Equation : CO = -7.516e-005*T-0.01562

Fit Quality : R^2 = 0.9932   

Temperature (°C )

*  Measured Output

- Ideal Line Fit

 
Fig. 8. (a) The resonance frequency versus temperature graph results of 

the Hot Plate and the Tenney Oven for the tuning fork double mass 
together with varying gap structures. For these tests the temperature 

coefficient of frequency (TCF) values are measured as 128 ppm/K in the 

measurement range in the hot plate and as 114 ppm/K in the measurement 
range in the oven. (b) The controller output versus temperature graph 

results of the Tenney Oven for the tuning fork double mass together with 

varying gap structures. The temperature sensitivity of the resonator 

Design-4 is 0.08 mV/°C. 

Temp. (℃) Res. Freq. (kHz) Gain (dB) QR 

-25 12.887 35.8 103,097 

-15 12.872 33.7 93,621 

-3 12.862 33.4 171,503 

0 12.855 34.1 93,491 

20 12.830 34.9 102,642 

40 12.814 35.2 170,862 

53 12.799 35.8 341,306 

60 12.787 36.1 204,599 

70 12.767 37.7 340,456 

80 12.751 32.8 255,020 

90 12.725 36.0 339,349 

100 12.705 34.3 203,288 

110 12.688 34.7 253,763 

120 12.671 37.1 144,820 

Fig. 6. The image showing the 

wires which contain the data 

come out of the hole which is 
placed left side of the oven and 

these wires are connected to the 

computers and power supplies. 

 

(a) 

(b) 

(a) 

Sensitivity: 0.08 mV/°C 

(b) 

(b) 



  

 The TCF values are found by averaging each two 

points’ TCF value and this was a bit wrong. That is why; a 

line is fit and found the correct TCF values which can be 

found in Fig. 8. The slope of the hot plate is 

- 1.1641(Hz/˚C) and the slope of the Tenney oven is 

- 1.4603(Hz/˚C). At room temperature the resonance 

frequency of the resonator is determined as 12.830 kHz. 

When each slope is divided to this resonance frequency and 

then multiplied with 106; the TCF values in ppm/K is 

obtained. For these tests average TCF value is calculated on 

hot plate with narrow range as -128 ppm/°K; and the 

average TCF value is calculated on Tenney with a broader 

range as -114 ppm/°K. Note that a second or even third 

order curve fitting would result in a much more precise 

compensation work. However, since this work is ultimately 

intended for a real-time compensation practice, and this 

real-time compensation is intended to be based on a first 

order fit, the data processing was also conducted using a 

first order curve fitting. 

 Minimum detectable temperature change for the 

resonator packages are collected at 250 Hz for 5 minutes at 

room temperature (20℃); then these data are processed for 

collecting the White noise and Fig. 9. depicts the Design-4 

Allan Variance analysis result. Table 4 shows the tabulated 

form of the scale factor, random walk and white noise of 

the all resonator packages. 

 
Fig. 9. The sample Alavar output for Design-4; 15 kHz tuning fork varying 
gap type resonator sensors and this output is given for 75000 data collected 

from DAQ. 

Table 4. Tabulated form of the temperature sensors’ scale factor, random 

walk and white noise values. 

Sensor ID Scale Factor 

(mV/˚C) 

Random 

Walk 

(˚C/√𝑯𝒛) 

White Noise 

(˚C/√𝑯𝒛) 

Design-1 -3.200 0.00849 12.00e-3 

Design-2 -3.217 0.00044 6.14e-4 

Design-3 -2.073 0.01181 16.50e-3 

Design-4 -0.080 0.01015 14.20e-3 

 These results show that resonant based MEMS 

temperature sensor provide a very good sensitivity to be 

used for compensating the temperature sensitivity of high-

performance MEMS sensors such as gyroscopes and 

accelerometers without complex control electronics. 

Results and discussion 

Ideally in the literature for any temperature tests range is 

from -40℃ to 85℃ and back to -40℃ (for mostly industrial 

application analysis). For all type of resonator packages 

tests will be done from -20℃ to 80℃ and back to -20℃ 

which is a suitable range for preferred temperature Oven. 

Therefore, instead of hot plate, more reliable and repeatable 

temperature oven is selected for the temperature tests and 

this way they are significantly improved. It is also 

experienced that when higher temperatures up to 120℃ is 

reached unfortunately cables and polymer like structures 

become burned and melted so the range is as previously 

mentioned from - 20℃ to 80℃ and back to -20℃. 

 In this study, the duration of data collections with DAQ 

varies from 5 minutes to 2 hours and the effect of duration 

of data collection is not affecting any compensation at all. 

 To generalize the compensation methods, the data sets 

taken from each sensor are very significant. For those 

purposes more than 10 sets of data (for making sure they 

are repeatable) are collected from each sensor to verify the 

concept of this study and to improve the reliability of the 

testing procedures. 

 Functionality tests are applied to make sure that the 

resonator package which consists of produced temperature 

behaved resonator sensor and its circuitry is functional. The 

circuitry has to be tested block by block; i.e. preamplifier, 

gain stage, demodulator, low pass filter, modulator and 

temperature sensor are analyzed, and functionalities are 

checked. During the tests, in amplitude control due to high 

noise, a problem is faced and one of the designs is locked 

another electronic mode which has nearly 35 kHz 

resonance frequency. To solve this problem a capacitor is 

added to the 2nd gain stage. Surely nonfunctional dies are 

omitted to not cause any fault. 

 In this study, hysteresis in a resonator’s controller 

output data caused by temperature cycles is also analyzed. 

Notice that for the output to be more accurate, hysteresis 

has to be removed from the resonator’s controller output 

data. For that purposes heating up and cooling down data 

are collected with DAQ in the specified temperature range. 

The two ends of plots, where the temperature stability is 

high, coincide, but the transient period is not it is most 

probably because of non-linearity and high settling time of 

the controller output. Fig. 10 indicates the comparison of 

cooling down and heating up characteristics of the MEMS 

temperature sensors for the different sampling conditions. 



  

 
(a) 

(b) 
Fig. 10. (a) The comparison of heating up and cooling down characteristics 
of the sampling conditions of 100 Hz 2 hours. (b) The comparison of 

cooling down and heating up characteristics of the sampling conditions of 

250 Hz 5 minutes for each point. 
 

Conclusion  

The performance of each sensor is measured using the real 

time data acquisition from the resonators where resonance 

frequency and resonator controller outputs are monitored 

for different temperatures. The best performance is 

obtained with the tuning fork double mass together with 

varying gap structures, where the temperature coefficient of 

frequency (TCF) values are measured as 128 ppm/°K in the 

measurement range in the hot plate and as 114 ppm/°K in 

the measurement range in the oven. To sum up, in this 

study, resonance - based temperature sensors are developed 

using a wafer level vacuum packaged SOI MEMS process 

which is normally used to implement various MEMS 

sensors, including MEMS gyroscopes and accelerometers. 

Implementing MEMS temperature sensors in such a 

MEMS process together with sensitive MEMS sensors 

allows obtaining temperature data, which is very useful for 

the compensation of a number of parameters of these 

MEMS sensors for obtaining improved performance. As a 

future study, these resonance-based MEMS temperature 

sensors will be used for temperature compensation of 

MEMS capacitive accelerometer. 
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