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Abstract - MEMS or Micro-Electro-Mechanical System is composition of an electro-mechanical and miniaturized 
mechanical elements. Sensor is a transducer which detects small changes that occurs in the environment and generates 
respective electrical output. The electrical signal coming out of the sensor will be in the form of voltage, resistance, 
capacitance, and current. Out of these electrical signals capacitive based sensors are more sensitive, cost effective, and have 
high SNR. In this work we are designing a signal conditioning circuitry for capacitive based MEMS Sensor at 180nm 
technology. The circuit mainly consists of Wheatstone bridge mimicked for capacitance value followed by impedance 
matching circuit, preamplifier stage, sample and holds circuit, clock circuit and Flash ADC. The total power consumption for 
overall circuitry is 118.16mW. The novelty in this work is digitizing the voltage signal into binary form to reduce the loss of 
information. 
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I. INTRODUCTION 
 
MEMS or Micro-Electro-Mechanical Systems is a 
composition of electro-mechanical and miniaturized 
mechanical elements. MEMS is an emerging 
technology that is used to create tiny and small 
integrated systems. These integrated systems are 
fabricated using micro fabrication technique which 
ranges in size about few micrometers to few 
millimeters with low power consumption, cost 
effective because of mass production, lower 
dimensional area, and more sensitive. 
MEMS devices are capable of sensing small changes 
and actuate the output in micro scale level. MEMS 
applications can range across the areas like medical, 
automotive, electronic, defense applications and 
communication etc. 
MEMS in most general form consist of four 
functional elements they are mechanical 
microstructures, microsensors, microactuators and 
microelectronics. These functional elements are 
integrated together where exactly MEMS come into 
picture. Microsensors acts as a transducer which 
detects small changes that occurs in environment and 
generates respective electrical output. These electrical 
output signals contain following constraints like 
should be more sensitive, high resolution, less noise 
etc. Out of many different types of MEMS sensors 
like piezoresistive based, piezoelectric based, 
capacitive based sensors are more sensitive, cost 
effective, ease to fabricate and characterize with low 
noise level. Readout integrated Circuit (ROIC) for 
Capacitive Based MEMS Sensor is a signal 
conditioning circuit which has intelligence to sensing 
the small capacitance change made by any capacitive 
based MEMS sensors. The use of capacitive sensing 

had justified that it can easily integrate with 
microelectronics, high resistance over thermal 
variations with less noise floor and diminished 
leakage. The capacitance change produced by the 
MEMS sensor with respect to the physical variable 
being sensed, is very low. Hence there is a need to 
develop signal conditioning circuit to convert finer 
capacitance variations to a measurable voltage signal. 
The main aim of this work is to design a readout 
integrated circuit for capacitive based MEMS sensors 
using cadence tool at 180nm technology. The 
Readout circuitry for MEMS sensor should have high 
accuracy, low noise level and low power 
consumption. 
The outcome of this work will be concentrated on 
converting the change in capacitance to voltage level 
and digitizing the voltage signal into binary form. 
There are many techniques available for sensing the 
variations and then to amplify the signal. One of the 
method we used for sensing is CTV (capacitance to 
voltage) analysis is the continuous time voltage 
analysis. The CTV analysis provides high sensitivity 
over a wide bandwidth with best noise performance. 
Readout circuitry for MEMS based sensors like 
directional microphone [1] with one of the important 
stages in this work is preamplifier stage which 
includes two stage opamp with miller compensation 
technique. To select preamplifier stage the 
comparison is made between telescopic opamp, 
folded opamp, gain boosting opamp and two stage 
opamp. Where two stage opamp with high gain, low 
noise, operates with low power supply and provides 
higher voltage swing has been selected as 
preamplifier stage. Miller compensation technique 
provides the stability to two stage opamp by applying 
coupling capacitor between first and second stage of 
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opamp. The designed two stage opamp met all 
required specifications with 59.77093dB of gain, 
phase margin of 61.084֯, power consumption of 
636mW and total harmonic distortion of 0.1% at 
0.5mV of input. Finally the signal obtained from 
directional microphone is amplified by preamplifier 
stage and impedance matching was done by common 
drain amplifier between directional microphone and 
preamplifier stage hence the directionality of sound 
source from microphone was found and analyzed. 
The designed readout circuit [2] includes clock circuit 
to obtain chip clock signal with uniform frequency 
followed by Gilbert modulator and demodulator. The 
selection of demodulator was done by making a 
comparison between Gilbert cell and chopper. The 
Gilbert cell was selected as demodulator because it 
outsmarted chopper cell with its propagation delay 
.Finally the layout was designed for whole readout 
circuitry with no DRC errors and RC extraction was 
computed to find the parasitic elements. Comparison 
between different readout circuits [3] like traditional 
readout scheme for electrets condenser microphone, 
typical voltage-readout scheme for MEMS capacitive 
microphone shows trade off among their 
specifications. The design includes biasing scheme 
which increased the presence of parasitic capacitance 
in turn the sensitivity of the system was reduce to 
overcome this effect the author made use of miller 
effect by adding the capacitor between the input and 
output of preamplifier. In this way the sensitivity of 
microphone was increased to 9 dB at 3.3 volt of bias 
voltage when compared with previous design. To 
sense the positive rail the folded-cascoded structure 
was made used as preamplifier and to minimize the 
noise level minimum aspect ratio of transistor was 
considered. The design met required specification 
about 0.4 dB of SNR and THD was increased by 
0.16% with 1 Pa input sound pressure. 
The interface circuit was designed and fabricated 
using standard complementary metal oxide 
semiconductor process (CMOS) and integrated these 
design into various sensing system [4]. The proposed 
design in this paper have high dynamic range, low 
power dissipation and adjustable sensing range which 
offers easy-to-use user interfaces. The author has 
proposed three different circuit design where first 
interface circuit is a realization of a synchronous 
demodulation technique having high sensing dynamic 
range of 112dB and capable of sensing small change 
of 30aF along with 8mW of total power dissipation. 
In this design of readout circuit the low power 
consumption played an important role beside 
accuracy and precision. 
 
II. DESIGN METHODOLOGY 
 
The present work is focused on design and simulation 
of ROIC for MEMS capacitive sensors to convert 
capacitance to voltage which ensures the sensing of 
small capacitance change made by capacitive based 

sensors and actively convert it into voltage form. The 
methodology mainly involves 180nm cadence 
technology platform. The main aim of universal 
capacitive readout circuit replication using cadence 
tool is that to provide an interfacing circuit between 
the MEMS sensor output and the further processing. 
Universal capacitive readout circuit produce the 
desired voltage, converted from capacitance suitable 
for processing in real world as shown in the following 
Figure1. 
The sensor output has been mimicked by capacitor 
bank in the form of Wheatstone bridge which means 
the small capacitance change will be sensed by sensor 
and the appropriate to sensor value the capacitive 
value will be given by Wheatstone bridge. The 
capacitance value from Wheatstone bridge will be 
given to preamplifier stage which includes two stage 
opamp with miller compensation. The analog signal 
with good gain and low noise will be given as input 
to sample and hold circuit with respect to clock pulse 
to get sampled signal.  The sampled signal needed to 
be digitized thus finally the signal will be sent to flash 
analog to digital convertor to convert it into suitable 
digital form. 
 

 
Figure 1: Design methodology 

 
Hence the capacitance value will be converted into 
digitized voltage form suitable for further processing. 
The designing of individual blocks will be explained 
in the following sections. 
 
A. CAPACITIVE WHEATSTONE BRIDGE 
In order to design a readout interface circuit it is 
necessary to know the range of the capacitive sensing 
values. In this work the authors have considered few 
Picofarads capacitive sensing range and this sensor 
output was mimicked in the form of Wheatstone 
bridge. Any kind of bridge circuit will convert the 
input signal into respective voltage hence by 
replacing the resistors by capacitors in the 
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Wheatstone bridge the sensor output has been 
mimicked into voltage level. The capacitive 
Wheatstone bridge as shown in Figure 2 has been 
designed and simulated using cadence tool at 180nm 
technology. The modeled Wheatstone bridge having 
4 capacitors which are parallel connected to each 
other where the upper most capacitor C0 and C1 are 
the variable capacitors and C2 and C3 are the 
reference capacitors. 
 

 
Figure 2: Capacitive Wheatstone bridge 

 
B. TWO STAGE OPERATIONAL AMPLIFIER 
AS PREAMPLIFIER STAGE 
Amplification is one of the most essential steps in 
analog or digital circuits. The signal from the 
previous stage would suffer from low strength which 
couldn’t drive a load hence it requires a amplifiers 
that boosts the signal. To design any amplifier some 
parameters should be considered which includes high 
gain, high common mode rejection ratio, low power 
consumption, good slew rate etc. The two-stage Op-
amp is made used as basic gain stage in preamplifier 
design which satisfied all requirements. In two-stage 
Op-amps, the first stage is for high gain and second 
stage for large output swing and for noise 
cancellation as shown in Figure 3. 
 

 
Figure 3: Two-stage operational amplifier 

C. IMPEDANCE MATCHING 
A PMOS source follower as voltage buffer is made 
used for impedance matching between Wheatstone 
capacitive bridge and preamplifier stage. The device 
dimension of common drain amplifier is decided 
from several iterations which resulted in unity gain 
with zero amplification as shown in Figure 4. 
 

 
Figure 4: Biased common drain amplifier 

 
D. SAMPLE AND HOLD CIRCUIT 
In electronic circuits sample and hold circuit is an 
analog circuit which sample the contineously varying 
analog signal and hold that signal value for some 
mimimum ammount of period. These circuits are 
typically made used in analog-to-digital converter to 
eliminate variation in input signal which can corrupt 
the conversion process. In this work sample and hold 
circuit is designed using MOS transmission gate with 
suitable 100KHz of clock signal as shown in Figure 
5. 

 
Figure 5: Sample and hold circuit with clock circuit 
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E. FLASH ADC 
Flash analog-to digital converter is also known as 
parallel analog-to digital converter. These converters 
are the fastest way to convert an analog signal into a 

digital signal. The 3-bit Flash ADC consists of 
resistor ladder of 1KΩ each, 3 bit comparators, 8:3 
priority encoders as shown in Figure 6. 

 

 
Figure 6: Schematic of Flash ADC 
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As shown in Figure 6 the Flash ADC will convert an analog signal into digitize form hence the capacitance 
change from sensor will be successfully converted into voltage and then to digital form. Finally after 
concatenating all circuits the schematic of readout integrated circuit is as shown in Figure 7. 

 
Figure 7: Schematic of Readout integrated circuit 
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III. RESULT ANALYSIS 
 
The simulation was carried out in CADENCE 
VIRTUOSO EDA tool using gpdk 180nm 
technology. 
 
A. WHEATSTOONE BRIDGE 
The Schematic of Wheatstone capacitive bridge 
modeled to mimic the sensor output is as shown in 
Figure 2. The respective simulated waveform is 
shown in Figure 8. If the bridge is balanced and no 
input source is detected then their differential voltage 
is as shown in Figure.8. 

 
Figure 8: Differential output when the bridge is balanced 

 
When the sensor detects the change in environmental 
condition this imbalance the bridge and a differential 
voltage which will be out of phase is as shown in 
Figure 9. 

 
Figure 9: Differential voltage output 

 
B. TWO STAGE OP-AMP 
The results of a two stage Op-amp are summarized in 
table.1. 

 
Table 1: Results of a two stage Op-amp 

C. SAMPLE AND HOLD CIRCUIT 
The signal coming out of preamplifier stage is 
sampled with 100kHz of respective clock frequency 
as shown in Figure 10 and respective clock pulses is 
as shown in Figure.11. 
 

 
Fig 10: Sampled signal 

 

 
Fig. 11: Clock pulses. 

 
D. FLASH ADC 
The sampled signal will be sent through Flash ADC 
and the analog signal will be converted into 3-bit 
binary form as shown in Figure. 12. 
 

 
Fig. 12: Result of Flash ADC 
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The simulated waveforms of the readout integrated 
circuit (ROIC) which converts capacitance into 
voltage then to binary form is as shown in Figure.13.  
 

 
Fig. 13: simulated result of ROIC 

 
CONCLUSION 
 
In this work we have designed a readout integrated 
circuitry for capacitive based MEMS sensors. Here 
the capacitance change value is mimicked by 
capacitive Wheatstone bridge which is successfully 
converted the capacitance value into voltage but the 
voltage obtained is of insufficient gain hence needed 
a preamplifier stage to boost the signal strength. One 
of the main components in the circuitry is a 
preamplifier stage. A two-stage operational amplifier 
with miller compensation is chosen as the gain stage 
because of its high gain, high output swing and 
moderate power dissipation. The designed two-stage 
opamp met all the specifications, with a gain of 
59.9989dB, 3-db frequency of 17.5546 kHz, phase 
margin of 130.2663֯. The weak signals coming out of 
bridge are amplified by a differential input/output 
amplifier. A PMOS input source follower voltage 
buffer is used for the impedance matching. Next, a 
simple sample and hold circuit is made used for 
digitizing the signal with corresponding 100 kHz 
clock frequency signals. The sampled output is next 
given to flash ADC which successfully converted the 
sample signal into 3- bit binary output. The total 
power consumption of the circuit is 118.116mW. 
 

FUTURE SCOPE 
 
The complete ASIC implementation of the readout 
circuitry can be carried out using pdk 350 nm 
technology. ROIC will be integrated with MEMS 
capacitive sensors to fabricate a system on a chip. On 
chip clock circuit can be varied dynamically by using 
variable capacitor (capacitance bank) in place of 
single capacitance. Using the mask file generated 
ASIC will be fabricated and characterized. Further 
optimization of parameters can be done to obtain 
better results. 
 
ACKNOWLEDGEMENT 
 
The authors would like to acknowledge Centre for 
Nanomaterials and MEMS, NMIT for providing 
facilities for carrying out this work. 
 
REFERENCES 
 
[1] Asha K A, Veda S Nagaraj, “Design, Simulation and 

Implementation of Readout Circuitry for MEMS 
Microphone”, ANUSANDHANA, Journal of Science and 
Engineering MANAGEMENT, Vol-3, Issue-01, June 2014. 

[2] BHANUTEJA, “Design and Implementation of Gilbert Cell 
Multiplier, Journal of Science and Engineering 
Management”, IEEE-JSSC, VOL-05, ISSUE-08, MARCH-
2014 

[3] Ameng Cheng, “Design of a Readout Scheme for a MEMS 
Microphone”, IEEE 11th International Conference on Solid-
State and Integrated Circuit Technology, pp. 1–3, Oct 2012. 

[4] Fatemeh Aezinia, “DESIGN OF INTERFACE CIRCUIT 
FOR CAPACITIVE SENSING APPLICATION”, Annual 
IEEE Canadian Conference on Electrical and Computer 
Engineering, pp 1-4, May 2013 

[5] Daniel Arbet, Viera Stopjakova, “Design of CMOS Readout 
Frontend Circuit for MEMS Capacitive Microphones”, In 
10th IEEE International Workshop on Advanced Motion 
Control, AMC 2008, pp. 122–125 

[6] Nurul Arfah, Sheroz, “Design of Capacitance to Voltage 
Converter for Capacitive Sensor Transducer”, American 
Journal of Applied Sciences ISSN 1546-9239, pp 1353-1357, 
2010. 

[7] Sayan Bandyopadhyay1, Deep Mukherjee2, “Design Of Two 
Stage CMOS Operational Amplifier in 180nm Technology 
with Low Power and High CMRR”, International Journal of 
Engineering RSesearch and Applications (IJERA) , Vol. 2, 
Issue 3, pp.2487-2492 , May-Jun 2012. 

[8] A.H.M. Zahirul Alam, Khan and Md. Rafiqul Islam, “Design 
of Capacitance to Voltage Converter for Capacitive Sensor 
Transducer”, American Journal of Applied Sciences ISSN 
1546-9239, pp 1353-1357, 2010. 

 
 
 
 
 

 


