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Abstract: A new current mode instrumentation amplifier is presented in this paper. It contains two current conveyors,
one operational transconductance amplifier (OTA) and four resistors. It is designed for getting high gain and common
mode rejection ratio. Results of the proposed circuit are tested through CADENCE simulation. Here we have applied a
supply voltage £ 2.7 volts to the proposed instrumentation amplifier circuit using Cadence and the model parameters of a
gpdk 180 nm CMOS technology.

Index Terms: Operational transconductance amplifier, current conveyer, Current Mode, instrumentation amplifier.

. INTRODUCTION deals with low level signals .This proposed instrumentation

An instrumentation amplifier (IA) plays a vital role in
many areas such as data acquisition, medical instrumentation
and signal processing applications. It needs wide bandwidth
and high CMRR to suppress the unwanted common-mode
signals[1-2].In instrumentation amplifiers the CMRR is usually
considered to be one of most important parameters. The
popular voltage mode three-operational amplifier-based
topology has some drawbacks because it’s CMRR and gain is
very low because of resistor mismatching and the bandwidth of
instrumentation amplifier is attenuated by the constant gain
bandwidth product of the operational amplifiers [3-5]. To
overcome these drawbacks we have gone through the current
mode instrumentation amplifiers (CMIA). Similar supported
current mode versions are Second Generation Current
Controlled Current Conveyors (CCII) [20-23], Operational
Transconductance Amplifier (OTA) [10-11], Operational
Trans-resistance Amplifier (OTRA) [12-15], and Current
Conveyors (CC) [16-19]. This proposed current mode
instrumentation amplifier is designed by using two current
conveyers and one operational trans conductance amplifier
because of recent advancement in VVLSI technology the size of
transistors decreases and power supply additionally decreases.
The current conveyer and operational transconductance
amplifier are major building blocks in analog circuit design
with linear input output characteristics. The instrumentation

amplifier is very good for rejecting the common mode noise
signals and getting high gain compare to normal
instrumentation amplifier. Practical application. Here we are
using current subtraction mechanism[26] for getting high
CMRR and that amplifier is redrawn in Fig. 1. But the use of
operational amplifier limits the CMRR of this 1A. In this paper,
A further improved version of CMIA is reported in shown in
Fig 1.
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Figure 1: Current mode instrumentation amplifier
The present paper is constructed as follows: Section Il
gives the information about second generation current
conveyers (CCII). Section Il gives the information about the
operational transconductance amplifier (OTA).Section IV
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presents the details of proposed current mode instrumentation
amplifier. Section V gives the information about the simulated
results and conclusions are drawn in section VI.

I[l. CMOS CURRENT CONVEYOR

It is an active building block for implementation of analog
circuits and systems. Generally, current conveyers are 3 types:

First generation current conveyor (CCI), Second
generation current conveyor (CCII), and Third generation
current conveyer (CCIII).

In 1968 Sedra A and Smith, K C introduced the current
conveyor [6]. In 1970 they had introduced second generation
current conveyor[7]. It is nothing but reformulated the first
generation current conveyor. A current conveyor is a major
building block similar to an operational amplifier. By using
current conveyers we can implement several useful analog
subsystems such as amplifiers, integrators and rectifiers with
the conjunction of other components such as resistors,
capacitors and diodes. The CCII is a three terminal device, it
can be represented by the black box fig .2 with the three ports
denoted by X, Y, and Z. By using hybrid matrx we can
represent the terminal characteristics by giving the outputs of
the three ports in terms of their corresponding inputs [24]. The
build block of current conveyor is shown in fig.2.
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Figure 2: Symbol for CCIl+
The port relations of CCIl+ can be
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In circuit design impedence is considering as the finite
value. Here a voltage is applied at node Y, that voltage is same
at node X, just like virtual short on an operational amplifier.
Also, when a current is injected into node X, that same current
gets copied into node Z. The notation CCII+ denotes a positive
Z output current conveyor, similarly CCII- denotes a negative
Z output current conveyor.
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Figure 3: Device level presentation of the CCII+

I1l. CMOS OPERATIONAL TRANSCONDUCTANCE
AMPLIFIER

In analog design the operational transconductance
amplifier (OTA) is one of the major building block. The OTA
contains differential input pair and current mirrors. In OTA the
differential input voltage produces an output current, so we can
called it as a voltage controlled current source (VCCS). In
OTA there is an additional input for a current to control the
amplifier's Trans conductance. The OTA is same as standard
op amp in that it has a high impendence differential input stage
and it can be used with negative feedback [8-9]. In OTA the
transconductance can be controlled by changing the external dc
bias voltage or current. It can work at high frequencies. Present
OTA based high frequency integrated circuits, filters and
systems have been widely used. The output equation is:

Iout: gm(V1+ - Vl-)

where, V1. is Non inverting input, V4. is Inverting input,
lout IS OUtput current. The above equation can be rewrite as

Iout: ngin

Here, the trans conductance g, as the proportionality
factor between the two inputs and it is also a function of the
input differential voltage. The fig 4 shows the equivalent
diagram of OTA.
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Figure 4: Symbol for OTA.
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Figure 5: Device level presentation of the OTA

IV. PROPOSED INSTRUMENTATIONAL AMPLIFIER
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Figure 6:Proposed instrumentation amplifier

In this proposed current mode instrumentation amplifier
we are using two current conveyers and one OTA. Where we
have applied input to the two current conveyers high input
impedance terminals and taken the output from OTA. Here
OTA acts as a voltage amplifier by connecting R.. So output
also can be measured in terms of voltage .By using two
conveyers topology we will get only a small gain. When we
have used OTA cascading to the CCII topology, then only we
can get the high gain and CMRR.

Gain =Vy/Vin

Here,Vii=Vin+ -Vin.

CMRR=20 log(Ad/A.)

In this circuit different sinusoidal voltages applied to two
current conveyers high input terminals, then we would get
higher gain in terms of sinusoidal voltage .This process is
known as differential mode of operation(Ad).

Both input terminals of the instrumentation amplifier are
connected together, then we will calculate common mode
gain(Ac) .

V. SIMULATION RESULTS

For getting simulation results we are applying sinusoidal
input wave forms with a frequency of 1 KHz and amplitudes
5mv, 6mv. The supply rail voltages are +2.7 V for +V44 and -
2.7 V for-Vss. The circuit is suitable for high gain and high
CMRR applications. To design such type of circuits by
selecting above supply voltages.
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Figure 7: Differential voltage gain of proposed
instrumentation amplifier
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Figure 8: Common mode voltage gain of proposed
instrumentation amplifier

Simulated Fig1l Fig 6
parameter
Voltage Gain 70dB 88dB
CMRR 116dB 128dB
Vpp=-Vss 27V 27V

Table 1: Comparision between the proposed instrumentation
amplifier (fig 6) and current mode instrumentation amplifier

(fig 1)

VI. CONCLUSION

Current mode circuits are most widely used operational
devices in continuous time and current mode signal
processing. By using single OTA and two current conveyor
we have designed new current mode based CMOS
instrumentation amplifier. The circuit is designed in 180 nm
CMOS technology at a supply voltage of £+ 2.7 V. The
amplitude of the proposed circuit inputs are very low but we
could get high output voltage because of current mode circuit.
The main features of our proposed design includes high
CMRR and high gain.

Page 222

www.ijiras.com | Email: contact@ijiras.com




International Journal of Innovative Research and Advanced Studies (IJIRAS)

Volume 4 Issue 2, February 2017

ISSN: 2394-4404

REFERENCES

[1] Q. S. Zhu, F. J. Lidgey, and W. J. Su, “High CMRR,
second  generation  current-mode  instrumentation
amplifier,” ISCAS, vol. 2, pp. 1326-1328, 1993.

[2] R. Pallas-Areny and J. G. Webster, “AC instrumentation
amplifier for bioimpedance measurements,” IEEE Trans.
Biomed. Eng., vol. 40, pp. 830-833, 1993

[3] R. Pallas-Areny and J. G. Webster, “Common mode
rejection ratio in differential amplifiers,” |IEEE Trans.
Instrum. Meas., vol. 40, no. 4, pp. 669-676, 1991.

[4] K. Koli and K. A. 1. Halonen, “CMRR enhancement
techniques for current-mode instrumentation amplifiers,”
IEEE Trans. Circuits Syst. I, Fundam. Theory Appl., vol.
47, no. 5, pp. 622-632, 2000.

[5] S. J. Azhari and H. Fazlalipoor, “CMRR in voltage-op-
amp-based current-mode instrumentation amplifiers
(CMIA),” IEEE Trans. Instrum.Meas., vol. 58, pp. 563-
569, 2009.

[6] Smith K C and Sedra A, “The current conveyor — new
building block,” IEEE Proceedings, 1968, 56, pp. 1368-
1369.

[7] Sedra A and Smith K C, “A second generation current
conveyor and its applications,” IEEE trans, 1970, CT-17
pp. 132-134

[8] Ahmed H. Madian , Soliman A. Mahmoud,.Ahmed M.
Soliman, “Low voltage CMOS fully differential current
feedback amplifier with controllable 3-dB bandwidth,”
Analog Integr Circ Sig Process, (2007) 52:139-146 DOI
10.1007/s10470-007-9108-y.

[9] J. Bales,A Low-Power, High-Speed, Current-Feedback
Op Amp with a Novel Class AB High Current Output
Stage,| IEEE J.

[10]K. Kim, H. W. Cha and W. S. Chung, “OTA-R Schmitt
trigger with independently controllable threshold and
output voltage levels”, Electronic Letters , vol. 33, no. 13,
pp. 1103-1105, 1997.

[11]M. Kumngern, “Realization of electronically tunable first-
order all-pass filter using single-ended OTAs”, in proc.
the IEEE Symposium onindustrial Electronics and
Applications (ISIEA), pp. 100-103, Bandung,Indonesia,
Sep 23-26, 2012.

[12]P. Chandra Shaker and Avireni Srinivasulu, “Quadrature
oscillator using operational transresistance amplifier”, in
proc. the IEEE AppliedElectronics 2014 International
Conference (IEEE AEIC-14), Pilsen,Czech Republic, Sep
9-10, 2014, pp. 117-120. ISSN: 1803-7232.

[13] Yu-Kang Lo and Hung-Chun Chien, “Switch controllable
OTRA based square/triangular waveform generator”,
IEEE transactions on circuitsand systems-1l, vol.54,
no.12, pp.1110-1114, 2007.

[14] Yu-Kang Lo, Hung-Chun Chien and Huang-Jen Chiu,
“Current-input OTRA Schmitt trigger with dual hysteresis

modes”. InternationalJournal of Circuit Theory and
Applications, vol.38, pp.739-746, 2010.

[15] Avireni Srinivasulu and P. Chandra Shaker, “Grounded
resistance/capacitance-controlled sinusoidal oscillators
using operational transresistance amplifier” WSEAS
Transactions on Circuits and Systems, vol. 13, pp. 145-
152, 2014.

[16]S. Minaei and E. Yuce, “A simple Schmitt trigger
circuitwithgroundedpassive elements and its application
to square/triangular waveform generator”, Circuits
Systems Signal Processing, vol. 31, pp. 877-888, 2012.

[171Md. H. Maghami and A. M. Sodagar, “Fully-integrated,
large-time- constant, low-pass, Gm-C filter based on
current conveyors”, in proc. the IEEE International
Conference on Electronics, Circuits and Systems
(ICECS), pp.281-284, Beirut, Dec 11-14,2011.

[18]J. Misurec and J. Koton, “Schmitt trigger with
controllable  hysteresis using current conveyors”,
International Journal of Advances in Telecommunication,
Electrotechnics, Signals and Systems, vol. 1, no. 1, 2012.

[19] Abuelma’atti M. T and Al-Absi M. H, “A current
conveyor based relation oscillator as versatile electronic
interface  for capacitive and resistive sensors”,
International Journal of Electronics, vol. 92, pp. 473-
477,2005.

[20] Avireni Srinivasulu, “A novel current conveyor-based
Schmitt trigger and its application as a relaxation
oscillator”, International Journal of Circuit Theory
Applications, vol.39, no. 6, pp. 679-686,2011.

[21] Cataldo G. D, Palumbo. G and Pennisi. S, “A Schmitt
trigger by means of a CCII+”, International Journal of
Circuit Theory and Applications, vol. 23, pp. 161-165,
1995.

[22] Avireni Srinivasulu, “Current conveyor based relaxation
oscillator with tunable grounded resistor/capacitor”,
International Journal of Design, Analysis and Tools for
Circuits and Systems (Hong-Kong), vol. 3, no. 2, pp. 1-7,
Nov 2012. ISSN: 2071-2987.

[23] Avireni Srinivasulu, “Current conveyor-based square-
wave generator with tunable grounded resistor/capacitor,”
in proc. IEEE Applied Electronics 2009 International
Conference (IEEE AEIC-09), Pilsen, Czech Republic,
Sep 9-10, 2009, pp. 233-236. ISSN: 1803-7232

[24] Senani R, “Novel application of generalized current
conveyor,” Electronics Letter, 1984, 20(4), pp. 169-170.

[25]1B. Wilson, “Universal conveyor instrumentation
amplifier,” Electron. Lett., vol. 25, no. 7, pp. 470-471,
1989.

[26]W.J. Su and F.J. Lidgey, “Common-mode rejection ratio
in current-mode instrumentation amplifiers,” Analog
Integrated Circuits and Signal Processing, vol. 7, pp.
257-260, 1995.

Page 223

www.ijiras.com | Email: contact@ijiras.com




