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Abstract— In this paper, we present a current mode interface
design for full bridge MEMS piezoresistive pressure sensor
utilizing a differential current signal with high sensitivity and
linearity. MEMS-piezo resistive pressure sensors are popular as
they are small, robust and low cost. Typical sensitivity of these
sensors is of the order of few millivolts per Bar. The presented
approach utilizes the current signal from the bridge output port
and detects ultra-low variations in the sensor thus enhancing the
sensitivity., The current mode approach uses two positive
second-generation current conveyors (CCII+) in a closed loop
fashion thus eliminating the use of negative current conveyor
(CCII-). This approach conveys high common mode
cancellation, case of offset balancing, increased sensitivity and
climinates the use of the current source as excitation. The circuit
performs trans-impedance conversion through a single ended
gain resistance and eliminates the use of any further
amplification stages. The performance of the interface design is
evaluated in simulation using AD844 of analog devices which
represents a functional current conveyor. Moreover, the results
are evaluated with a MEMS pressure sensor and are
characterized from 0 to 1000mBar using the interface circuit
with an achieved sensitivity of 11.7V/Bar.

Keywords— Current conveyor (CCII), MEMS Pressure Sensor,
Resistive Bridge, Current Mode

. INTRODUCTION

MEMS-based pressure sensors are widely popular for
measurement of pressure and have captured the consumer
domain owing to its ease of fabrication, low cost, small size
and direct DC output[1]. New applications in the area of the
control system, aviation and medical are demanding for high-
resolution pressure sensors [2][3]. Many of these applications
fall in the category of hand-held or portable sensing units and
so interface electronics plays a key role in achieving the
target.

Piezo-resistive sensors work on the principle of change
in resistance of the piezo-resistive clement proportional to the
applied input[4]. These elements can be in the form of a
single resistive element or in a bridge configuration. Due to
the advantages such as immunity to common mode noise and
environmental disturbances, bridge configuration is preferred
in many cases. The sensitivity of' these sensors is of the order
of few millivolts per Bar and the region of operation for many
such sensors is in the range of mBar [5]. Thus, an appropriate
interface circuit is needed for proper instrumentation, that can
enhance the output by increasing the sensitivity of the sensor
at the circuit level. As stated, these sensors utilize differential
measurement through Wheatstone bridge architecture,
achieving high common mode rejection and compensating
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for factors such as temperature and humidity. In order to have
the largest output and utilize the full span output of the sensor,
the piezo resistors are to be precisely matched. Although this
is often not achieved and so the interface circuits cancel out
the offset for full span sensor output[6].

Reported literature presents several solutions involving
complex active blocks performing differential voliage

sensing and amplification, current subtraction with half

bridge elements causing sensitivity reduction and current
instrumentation  with current source excitation[7]—[14].
Majority of the approach including DC and frequency output
involves multiple active and passive clements with mixed
voltage/current topologies, The current mode solution
involves the use of multiple current conveyors in order to
realize positive and negative CCII for achieving differential
current signal measurement [15].

In this paper, a novel approach for MEMS piezoresistive
sensor for detection of very low variation in pressure is
presented. The sensor interface design presents a unique
method of using a closed loop to achieve differential current
signal and hence eliminates the use of the negative current
conveyor. The circuit topology consists of a positive second-
generation current convevor (CClI+) as the basic active block
which acts as a buffer for the current signal from the bridge
output port. This interface circuit has numerous applications
and can serve as a suitable current mode solution in sensor
interfacing applications.

The proposed solution maintains high common mode

rejection, linearity, accuracy and allows optimization of

sensitivity and resolution with the ease of offset cancellation
without changing the sensor clements. The circuit directly
operates in trans-impedance mode and gain adjustment is
achieved through a single end grounded resistance without
disturbing any of the sensing or active block components.
Performance of the interface design is evaluated in PSPICE

using AD844 by Analog Devices, indicating the validity of

the reported work. The circuit is then tested with in-house
fabricated MEMS  piezoresistive  pressure  sensor  and
calibrated using a standard pressure pump in the range of 0 to
1000mBar. The sensor along with the evaluation of the
interface circuit is presented in the experimental result
section.

II. CCII BASIC THEORY

Current Conveyors (CC), first introduced by Sedra and Smith
in 1968[16] are the basic block of current-mode design
widely used in integrated application substituting the



traditional operational amplifiers, The versatility of CC was
recognized after the introduction of CCII and led to the novel
realization of CCII in a variety of application circuits [17]-
[20]. Recent high-level analog circuit design platform such as
Field Programmable Analog Array (FPAA) utilizes CCII
because of its high level of integration and other recognized
advantages [21]. CCII also serves as the basic block for
current-mode  analog  signal processing and  related
applications [17].

Figure 1. Ideal CCII+ schematic

An ideal CCII device shown in Fig 1. consists of a
voltage follower (scale factor @ =1) between terminal X and
Y whereas a current follower (scale factor B =1) between
terminal X and 7. So, the X terminal has zero impedance and
Z & Y terminals have infinite impedance. Current entering
the terminal X will result in equal current entering terminal 7
(CCII+) or an equal current leaving terminal 7, (CCII-). The
summarized characteristic is represented in a matrix form as:

iy 0 0 071
[vx] = [a 0 0} ; [ixl (1)

f.lz 0 iﬁ[ O T-"‘z.
ADB844 of Analog Devices represents a practical current
conveyor for implementing the salient feature of'a CCII based

circuit. This commercially available IC is modeled as ideal
CCII+ with unity gain and current buffer (v,=v, and {,=0,).

III. CCII BASED PROPOSED INTERFACE CIRCUIT

With advancement in FPAA technology, more and more
current based sensor interface designs are being introduced.
There are still not many readout circuits based on CCII as
sensor interfaces and this paper wants to further add on to this
area of research.
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Figure 2. Schematic details of the proposed interface circuit

The proposed readout circuit for a MEMS piezoresistive
sensor based on the current signal is depicted in Fig. 2. The
CCII+1 act as the closed loop current conveyor and a
differential current signal is generated at the X terminal of

the CCIH+2. Unlike previously reported work, [15] which
utilizes two output resistance to generate voltages that can be
subtracted to get the total bridge output, this design exploits
the fact that current can be easily added or subtracted at a
node and thus a closed loop current signal from the CCII+]
generates a differential bridge current at ‘X’ terminal of
CCII+2. This eliminated the use of negative CCII or an extra
output resistance for doing the same. The resistive bridge
shown are piezo resistors placed at the diaphragm edge of the
sensor [22]. The bridge is excited with a DC bias voltage ;.
and Vs. with equal and opposite polarity. The piezo resistors
are so designed that the resistor pair R; and R» vary equal and
opposite with respect to pair R, and R, as shown by the arrows
in Fig. 2. If R, is taken as the baseline or the nominal
resistance and AR, as the change in piczo resistance with
respect to nominal value R, due to pressure input, then R, =
Ry =R,(1+4Ry/Ry) and R, = Ry = R,(1 — ARy/Ry) .
The DC excitation results in current fou. = f2 — /; and L, =
I3~ 1, from terminal B and A respectively. The two-current
conveyors CCII+ 1 and CCII+ 2 act as current buffers that
‘sense’ the current signal and conveys it to their respective 7
terminal. The X terminal of CCII+ 2 rececives a feedback
current /o, thus the net current at this terminal is Zu. - for
Any offset in the sensor’s piezo resistors is compensated by
selting the external control voltages V, and ¥, at Y terminal
of CCH+1 and CCII+2 respectively, canceling the
unbalanced output current from the bridge. Since the paper is
aimed towards presenting a novel current mode approach
towards resistive bridge sensor with minimal active
components, the offset cancellation technique is not
presented in here. Considering Ideal CCII presented in Fig. 1,
the output voltage V., can be written as:

Vour = Uoues — ‘Iou:—)-R‘gmn (2)

Before experimental evaluation, a thorough simulation

study is performed using the following sensor parameters that
taken from the pressure sensor to be used and AD844 of
Analog Devices as practical current conveyor:
Vie =33v; Vo= -33v; Ry = 9.868k2; Ry = 10.35kQ: R, =
10.486k<Y; Ry = 10.06kQ; V= 78.7mV: V, = -68.4mV. The
resistances mentioned above are from the in-house fabricated
MEMS pressure sensor and are measured from a calibrated
multimeter. The simulation considers a maximum change of
3.5% in the nominal bridge resistance which corresponds to
approximately 10pA of output current change.
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Figure 3. Simulation of proposed CCII based interface circuit with 3.5%
relative change of bridge resistance (equal to 10uA current change).
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With resistance sweep, the two currents L. and fo,.
varies linearly and the corresponding output voltage V.,
changes according to equation (2). The response of the circuit
is shown in Fig. 3. As it can be noted that the output current
from the bridge is equal and opposite which is justified and
the output voltage which is controlled by the current input
and the gain resistance, varies linearly with the input signal.
In order to complete the circuit characterization, a noise
simulation was also performed considering each resistance
and semiconductor device as a source of noise generation.
The contribution of each element is propagated by the
appropriate transfer function of the circuit and the output thus
achieved is represented root mean square sum (RMS) of the
individual noise source. Fig, 4 presents the output noise
calculated at the output resistance Ry’ with a bypass
capacitor of 1uF. As noticed in the graph presented, the total
simulated output noise is 2.9nV/'Hz which is acceptable as
the nature of the pressure sensor is static. The subsequent
experimental results also suggest that the circuit exhibits
acceptable noise performance even in very low excitation
ranging the mBar of pressure,

Noise Analysis
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IV. PROTOTYPING AND EXPERIMENTAL RESULT WITH SENSOR

In order to test the real-time working of the interface circuit
shown in Fig.2, a prototype circuit was built and tested with
a MEMS pressure sensor. The full bridge resistive sensor is
made by Implanted polysilicon piezo resistors as the sensing
elements and the diaphragm of the pressure sensor is
fabricated using wet bulk micromachining[22]. The packaged
sensor is sealed in a brass housing with single-ended pressure
inlet and four electrical connections at the other end,

controller”

Figure 5. Experimental setup with a MEMS pressure sensor

Out of the 4 wires, two diagonally opposite wires are
used for supply voltage and the other two wires are the output
points from the sensor. The sensor is excited from a calibrated
low-pressure controller from Mensor (CPC2000) capable of
delivering positive pressure from 0 — 1100mBar with an
accuracy of (.1% Fs. NI Elvis II is used for supply and offset
adjust and measurement from the output of proposed circuit
was simultaneously acquired in LabView and on an
oscilloscope. The entire setup is shown in Fig. 5. The primary
test was carricd out with supply voltage V,. = 3.3V,
Vi.=-3.3V; and Ryam = 6MQ. The input pressure sweep was
carried out from 0 to 1000 mBar in a step input fashion and
the resulting output of the proposed electronic interface is
shown in Fig. 6. Each pressure input step corresponds to 10%
of the full span input. So, a total of 10 steps or 100mBar per
step is applied to the sensor giving a sensitivity of 11.7V/Bar.
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Figure 6. Variation in the output voltage of the current mode circuit with a
pressure change of 100mBar per step.

Inorder to test the electronic circuit capability to enhance
the ultra-low pressure input signals, another test was carried
out with input pressure ranging from 0 — 100mBar with an
input of 20mBar per step. The gain resistance is kept
unchanged and the only the pressure range is reduced. The
circuit is able to able to resolve ultra-low pressure inputs and
the results shown in Fig. 7 clearly validates that the sensor
can be used in mBar range with the reliable output from the
proposed circuit even with pressure in mBar range. Although,
the highest sensitivity achievable is limited by the supply
voltage of current conveyor and the working range of the
sensor being used. A practical application usually targets an
ADC interface thus scaling the output 1o standard 3.3V or 5V.
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The above-presented result just highlights the extent of
sensitivity enhancement that can be achieved by the proposed
interface. However, a practical interface is designed for 0-5v
or 0-3.3v output in order to give a TTL/CMOS compatible
voltage output. As suggested in Eq. 2, the gain of the circuit
can easily be adjusted just by changing the output resistance,
Keeping this in mind we have adjusted the output just by
changing the gain resistor at the output. So, the actual
interface design consists t0 Rean = 492kQ; V5 = -0.23V and
an input pressure range from 0 to 1000 mBar with excitation
voltage Vs = £3.3V. The input pressure was applied in steps
of 100mBar. The output voltage variation versus the pressure
is noted and the resulting response curve is shown in Fig. 8.

Pressure sensor calibration
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Figure 8. Pressure sensor response curve using the proposed circuit

The response of the sensor with the proposed interface
circuit follows a perfect linear curve with a linear regression
coefficient, R* = 0.998 with linear coefficients [3.31, 0.11].
Fig. 9 shows the ramp results for a pressure ramp input with
multiple cycles starting from 0 to 1000 mBar indicating that
the response of the sensor with the interface circuit is
repeatable and the sensor works well in a repeated cycle.
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Figure 9. Pressure ramp input and the corresponding change in voltage
from the circuit showing repeatability of the system

V. CONCLUSIONS

A current based interface circuit based on the current conveyor
for MEMS piezoresistive pressure sensor is presented in this
paper. The proposed circuit offer advantages such as high
sensitivity, high common mode cancellation, lincarity, case of
gain and offset adjustment and needs no current source for
sensor excitation. The PSPICE simulation and the practical
calibration agree well with the theory and real-time testing of
the sensor proves this fact. The proposed circuit shows a good
response with the sensor and compared to other current based
approach offers enhanced sensitivity with fewer active

components by using two CCII+ in a closed-loop fashion. This

eliminates the use of extra current conveyor or negative
current conveyor to achieve differential current measurement
thus removing the effect of mismatch error due to positive and
negative current conveyor design. We believe that the
proposed interface circuit has numerous applications and can
serve as a suitable current mode solution in sensor interfacing
applications.

ACKNOWLEDGMENT

The authors acknowledge the efforts of MEMS group of
CSIR-CEERI for design and development of pressure sensor.
The research has been supported by the Council of Scientific
and Industrial Research (CSIR).

REFERENCES

REFERENCES

[1] W. P Eaton and J. H. Smith, “Micromachined pressure Sensors:
Review and recent developments,” Smart Materials and Structures,
vol. 6, no. 5. pp. 530-539, 1997

[2] A G Lee N, Goonetilleke R., Cheung Y., “An encapsulated MEMS
pressure sensor applications flexible biomechanical system.,” /.
Microsyst. Technol, vol. 7, pp. 55-62, 2001

[3] C Pramanik, H. Saha, and U. Gangopadhyay, “Desi £n optimization of
a high-performance silicon MEMS piezoresistive pressure sensor for
biomedical applications,” J. Micromechanics Microengineering, vol,
16, no. 10, pp. 2060-2066, 2006.

[4] 8.5 Kumarand B. D Pant, “Design principles and considerations for
the “ideal” silicon piezoresistive pressure sensor: A focused review,”
Microsyst. Technol., vol. 20, no. 7, pp. 1213-1247, 2014,

[5] 8. 8 Kumar, A K. Ojha, and B. D. Pant, “Experimental evaluation of
sensitivity and non-linearity in polysilicon piezoresistive pressure
sensors with different diaphragm sizes,” Microsystem Technologies,
vol. 22, no. 1. pp. 83-91, 2016.

[6] P. Mantenuto, A, De Marcellis, and G. Ferri, “Uncalibrated analog
bridge-based interface for wide-range resistive sensor estimation.”
IEEE Sens. J., vol. 12, no. 5, pp. 1413-1414, 2012.

[71 Y. H. Ghallab and W.Badawy, “A New Topology for a Current-Mode
Wheatstone Bridge," /EEE Trans. Cireurts Swst. I Express Briefs, vol.
53,no. 1, pp. 18-22, 2006,

[8] 5.1 Azhariand H Fazlalipoor, “A novel current mode instrumentation
amplifier (CMIA) topology,” IEEE Trans. Instrum. Meas., vol 49, no.
6, pp. 1272-1277, 2000,

[9] A Walid and A, H. Ismail, “A 14-bit low-power interface circuit for
piezo-resistive pressure  sensors,” in 2005 27th  International
Conference on Microelectronics (1CM), 2015, pp. 166169,

[10] M. Pavlik, R. Vrba, and P. Steffan, “Electronic interface for differential
pressure  sensor.,” in [nternational Conference on  Networking,
International Conference on Systems and International Conference on
Mobile Communications and Learming Technologies
(ICNICONSMCL '06), 2006, pp. 191-191.

[11] H. Jiang, J. G. Vogel, and S. Nihtianov, “A Power-Efficient Readout
for Wheatstone-Bridge Sensors with COTS Components,” [EEL Sens.
Jo, vol 17, no. 21, pp. 6986-6994, 2017.

[12] S. Viassis and S Siskos, “An interface circuit for piezoresistive
pressure  sensors,” in  MELECON 98 9th  Mediterranean
flectrotechnical Conference. Proceedings (Cat. No, DRCH3IG036),
1998, vol. 1, pp. 469473

[13] X.Sun, W Yuan, 8. Ren, J. Deng, and C. Jiang, “A low-noise CMOS

interface circuit for resonant pressure sensor,” Wik [EEE Inr, Conf,

Nano'Micro iing. Mol. Syst. IEEE-NEMS 2014, pp. 204-207, 2014,

J. Samitier, M. Puig-Vidai, S. A, Bota, C. Rubio, 8. K. Siskos, and T

Laopoulos, “A current-mode interface circuit for a piezoresistive

pressure sensor,” [EEL Trans. Instrim, Meas., vol 47, no. 3, pp. 708—

710, 1998,

(15] A. De Marcellis, C. Reig, and M.-D. Cubells, “A novel current-based
approach for very low wvariation detection of resistive sensors in
wheatstone bridge configuration,” (5} SENSORS 2014 Proc., no.
September, pp. 2104-2106, 2014

[16] K.C. Smithand a Sedra, “The current conveyor&#8212;A new circuit
building block,” Proc. [l5EE, vol. 56, no. 8, pp. 1368-1369, 1968,

[17] R. Senani, D. R. Bhaskar, and A. K. Singh, Currenr conveyars:

[14




(18]

[19]

[20]

[21]

(22]

Variants, applications and hardware implementations. 2015,

T. Halim and K. Leitis, “Current based sensor analog signal processing
technique  for extracting the feedback signal” in 2007 Fifth
Internationad Conference on Senstng Technology, 2011, Pp. 635659,
5. Malik, K. Kishore, D. Sharma, M. M. A, S, A Akbar, and T. Islam,
“A CClI-Based Wide Frequency Range Square / T riangular Wave
Generator,” no. Cei, pp. 13-16,2015.

P. Julsereewong, A. Julsereewong, and J. Waeophet, “Operational
conveyor-hased interface circuit for sin gle resistive sensors,” £C7/-
CON 2011 - 8th Flectr. Eng. Electron, Comput, Telecommun, Ini.
Technol, Assoc. Thedl - Conf’ 2001, pp. 102—1 05,2011,

A. Brambilla, G. Gruosso, M. Redaelli, and G. S Gajani, “Digitally
programmable second gencration current conveyor-based FPAA ™ for,
S Cireuit Theory Appl.. vol, 38, no. 7, pp. 689-708, 2010,

5. 8. Kumar and B. D. Pant, “Polysilicon thin film plezoresistive
pressure  microsensor: design, fabrication and characterization,”
Microsyst. Technol., vol, 21, no. 9, pp. 19491958, 2015,

o

goas

gl



