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Abstract 
MEMS accelerometers are very interesting due to their small size and potentially low cost. 
However, there is often a tradeoff between low noise and high power for closed loop 
accelerometers and high noise and low power for open loop accelerometers. Colibrys is 
developing state of the art low power open loop accelerometers that enable both low power 
and low noise operation. Such devices will be well suited to structural health monitoring in 
situations where wireless operation and self-powered operation are highly desirable.  
For example, the new released VS1002 accelerometer offers a power consumption of <10mW 
with an acceleration range of ±2g and a noise (in band) of 7µg/√Hz. This new family of 
MEMS accelerometers consist of a MEMS chip with an ASIC in the same package. As well as 
excellent performance, the final product fits into a small footprint of 9mmx9mm. After careful 
analysis of the performance of the VS1000 family of accelerometers, we have been able to 
identify improvements that could lead to a significantly lower noise level of about 1µg/√Hz 
for a 2g sensor without changing the open loop architecture of the accelerometer which will 
enable us to retain all the excellent characteristics of the existing VS1000 sensor family. This 
paper will describe the current state of the art in low power MEMS accelerometers for 
structural health monitoring and describe the approaches to achieving a low power class B 
device. 

 
1 INTRODUCTION 

While most of the MEMS developments have been focused on low cost and low 
performance markets, driven by the automotive, consumer electronics and 
smartphone businesses, Colibrys has taken up the challenge to develop medium 
cost and high performance MEMS inertial sensors dedicated at high-end, high 
reliability, harsh environment applications. In order to address the different high 
demanding market applications, two different accelerometer technological platforms 
have been brought to their highest-level of performance: Open-loop capacitive 
pendulous mass accelerometer and Close-loop capacitive pendulous mass 
accelerometer. These two platforms are the basis for serving a large panel of 
demanding applications. The closed loop accelerometers are targeting mainly inertial 
applications and are described in [1]. 
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Colibrys had developed an open loop accelerometer platform which lead to a family 
of products that are very successful in high-end markets such as aerospace defense 
and industrial.  The next generation of products are based on the same concepts. 
The following improvement areas were addressed and successfully implemented: 
  Bias stability: A low leakage ASIC technology has been chosen, together with a 

differential topology robust to parasitic effects, which leads to enhanced stability. 
 Noise: Significant improvement for noise performance was identified. A thorough 

noise analysis, resulted in an improved topology based on a pseudo differential 
amplification chain.  

 Linearity: Although the concept of the charge balancing developed within the first 
generation were strong, further improvements have been identified and 
implemented.  

 Bandwidth: Larger bandwidth has been enabled by adapting the ASIC design 
(higher operation frequency) as well as by adjusting the mechanical damping of the 
MEMS device. 

Furthermore, all these performance improvements have been implemented in range 
of new products which in its high temperature variants are capable of extended 
temperature operating range -40 to +150 °C and even intermittent surviva bility up to 
+175°C, thus opening up new markets in the mining industry as for instance down-
hole drilling and measurement while drilling. This class of product can also be 
deployed in applications like structural health monitoring, platform stabilization, train 
bogie monitoring and earthquake detection.   
 
This articles reviews the key MEMS design and technology, the packaging 
integration, the electronic interface and control principles that have allowed to 
achieve the high-end performances on the open-loop platform.  
 

 
2 MEMS DESIGN & TECHNOLOGY 

2.1 MEMS design 

 
For the MEMS sensor a proven capacitive accelerometer design is used as 

illustrated in Fig.1. It is based on a proof mass suspended by a spring and detecting 
acceleration in the out of plane direction.  It has already shown that excellent 
performance can be reached with this approach [2]. 

 
Fig 1: MEMS capacitive accelerometer cross-section.  
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An out of plane acceleration will deflect the proof mass and change the 
capacitances between the middle and the top and bottom plate respectively. The 
devise is manufactured by assembling three wafers by controlled pressure silicon 
fusion bonding, allowing to adjust the pressure according to the needed damping. 

.  
 

2.1 Packaging integration 

The MEMS device and the associated ASIC are assembled in a hermetically sealed 
ceramics package forming a standard LCC20 component (figure 2) 
 
 

  
Figure 2: Open-loop (VS1000 & TS1000) platform in its LCC-20 package 

 

2.3 Electronic interface 

The electronic of the open-loop platform has been developed in the form of an ASIC 
with special emphasis on bandwidth, noise and linearity, while guaranteeing an 
extended temperature operating range -40 to +150 °C depending o n the final 
product customization. The full amplification chain is based on differential circuitry 
with the first stage implementing a charge balancing loop concept, a second stage 
implementing a programmable gain amplifier and a final low-pass filter efficiently 
eliminating all high frequency content from the time sequencing inherent to the 
charge balancing loop. The signal output is provided in a differential format 
eliminating the need for precise reference voltages. In addition, it implements safety 
critical routine with overload detection and recovery after shock. All data presented 
in this paper are based on devices using this ASIC.  

Currently a new version of the ASIC is under development. By deep circuit analysis 
and modelling it has been shown that there is still a significant potential for 
improvement in noise. It is expected that with the new ASIC the noise will be 0.4 
µg/√Hz for a 2 g sensor, and 0.9 µg/√Hz for a 5 g sensor. This represents a gain of 
almost 25dB with respect to the already excellent result of the first version. 
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3 RESULTS 

 
The mentioned changes have been implemented and a range of products have been 
developed and tested. 
 
   Figure 3 shows typical frequency responses for a low g (±2 g FS) and high g (±50 
g) accelerometer. 
 
 

 
 
 

 
Figure 3: Frequency response of a 2 g (upper graph) and a 50 g sensor (lower graph). The continuous curve 

shows the nominal frequency response and in grey the expected variation due to manufacturing tolerance. The 
crosses indicate measured data. The black dotted line shows the 3 dB deviation from the nominal amplitude. 

The amplitude is normalized to 1 at low frequency. 

 
For structural monitoring mostly low frequency vibrations are relevant whereas for 
rotating machines higher frequencies are necessary. These curves show that low g 
sensors can be used up to 1 kHz and the 50 g sensor has a nominal 3 dB frequency 
response up to 4 kHz and gives even useful information up to 8 kHz allowing for 
somewhat higher measurement errors. Thus this sensor family is well suited for a 
range of monitoring applications from large structures to rotating machines. 
 
Figure 2 shows the noise level of a 2 g sensor. 
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Figure 3: Noise measurement of several 2 g sensors (VS1002). 
 
 
The noise is 7 µg/√Hz even at frequencies down to 0.1 Hz. This makes this device 
particularly useful to monitor large structures with low level and low frequency 
vibrations as well as for earthquake detection. 
 
The sensor platform is also used the high temperature sensor family TS1000T. 
These devices are designed to operate between -40 and +150°C. Mea surement 
data are shown in figures 4 to 6.  

  
 
  Fig 4: Bias stability performance reached by the  2 g high temperature sensor TS1002 accelerometer over the 
full temperature range. The estimated residual errors are indicated for the beginning of the life cycle (dotted 

lines) and at the end of life (continuous line) 

The bias temperature slope is below 100 µg/°C and bias residues (after 3rd ord er 
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polynomial fit) below 600 µg or 300 ppm FS over the full temperature range of -40 to 
+150 °C as illustrated in figure 4 

 

  
 

Fig. 5: Scale factor performance reached by the 2 g high temperature sensor TS1002 accelerometer over an 
extended temperature range. The estimated residual errors are indicated for the beginning of the life cycle 

(dotted lines) and at the end of life (continuous line) 

Scale factor value measured for this same 2g high temperature tilt sensor gives 
scale factor temperature slope of <120 ppm/°C, while thermal residues after 3 rd order 
temperature polynomial fit gives value < 300 ppm as illustrated in figure 5. 

                               
Fig 6: IEEE non-linearity for the TS1002T product. 

Non-linearity measurements performed on the TS1002T results in typical value 
within +/-0.3% when expressed in the IEEE standard as illustrated in Error! 
Reference source not found.figure 6. 

 

The overall performance of the open-loop platform in case of the TS1002T product is 
given in the below table. 
 
 
 

Performance Tested value 
Full scale 2 g 
Noise 7 µg/√Hz 
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Bias temperature residues 300 µg (rms) 
Long term bias stability1 1800 µg 
Scale factor temperature residues 300 ppm (rms) 
Misalignment < 1 mrad (rms) 
Linearity < 1% FS 

 
These data show the high stability of these sensors even over an extended 
temperature range. This makes them well suited for tilt measurements were high 
accuracy is required in harsh environment such as in drilling tools or to monitor 
machines (e.g. wind turbines, electrical power generators) were temperatures can 
get quite high. 
 
 
 

                                                 
1 Residual error after applying the following environmental conditions : Powered life test 500 hrs @ +150°C, 
60x temperature cycling -40°C to +150°C, random vibration @ +150°C (20g rms / 10-2’000 Hz), shock @ 
+150°C (100g / 2ms / 12’000 shocks) 
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4 DISCUSSION AND CONCLUSIONS 

The new generation of Colibrys open loop accelerometers have been significantly 
improved as compared to the first generation devices. Progress have been made 
with respect to noise, bandwidth, bias and scale factor stability, and nonlinearity. 
This family of products is well suited for various monitoring applications.  

For monitoring of large structures such as buildings, bridges and dams the DC 
response combined with low noise even at frequencies down to 0.1 Hz (figure 3) 
allows to detect small changes in the structural behavior. On the other hand, the 
large bandwidth (Figure 2) combined with the excellent linearity and high 
temperature operation are features that are needed to monitor large rotating 
machines such as power generators for example in wind turbines.  

Low noise is also a prerequisite for earthquake detection. While the current 
generation is already well suited for earthquake monitoring in buildings on train 
tracks and damage assessment, the next generation will even penetrate scientific 
monitoring where seismic class B performance is required (5 g sensor with noise < 1 
µg/√Hz). 

The stability of bias and scale factor combined with the high temperature operation 
capability combined with the well-known robustness of MEMS devices makes the 
devices well suited for downhole drilling applications. 

With this work a new family of MEMS accelerometers is presented that will allow 
replacing current technologies often based on electromechanical devices thanks to 
the improved performance and the reduced size, weight, power and cost. 
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