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ABSTRACT

Biopotential is an Electric Potential that is used to measure between two points in living cells. Biopotential
Amplifier that is discussed in this paper is used in ECG. Transient and DC Analysis of Conventional and
Proposed OPAMP that is used in Biopotential Amplifier all Biopotential Amplifier have been analyzed. Power
Consumption is reduced by ~26 times when proposed OPAMP is used. There are three proposed Biopotential
Amplifiers. Proposed 1 Biopotential Amplifier is when DTMOS technique is used in OPAMP. Using this Power
is reduced by 16.90%. Transient Response and DC Response are increased by 9.01mV and 15.95mV
respectively. Proposed 2 Biopotential Amplifier is when Resistors are replaced by Memristor. Using this Power
is reduced by 38.59%. Transient Response and DC Response are increased by 9.19mV and 16.45mV
respectively. Proposed 3 Biopotential Amplifier is when both Memristors and DTMOS technique is used in
OPAMP. Using this Power is reduced by 52.95%. Transient Response and DC Response are increased by
12.45mV and 22.45mV respectively. The proposed circuits are implemented and simulated using 90 nm CMOS
technology on Virtuoso (Cadence).
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I. INTRODUCTION
Amplifier plays a vital role in Instrumentation system for measuring biopotentials. Measurements is done at low
levels voltages and high source impedances. Amplifiers are used to increase signal strength that is in form of
voltage generated by nerves while maintaining high fidelity. Basic Requirements of Biopotential Amplifier are
high input impedances, Low output impedance, Optimal bandwidth for better SNR, Enough gain: ~ 1000 or
more, High CMRR for differential input amplifiers, Quick calibration, Protection of patient from any hazard of
electrical shock, Measured signal should not be distorted[1-7].
Application of Biopotential Amplifier discussed in this paper is ECG. It is a process of recording the electric
activity of the heart over a period of time using electrode. It is used method in clinical environment.
Measurements that is done in ECG are functions of location at which the signal is detected and it depends on the
time of the signal amplitude. If different pairs of electrodes are used at different location then one can get
different measurements and hence proper recording will take place[8-19].
In this paper, Transient and DC analysis of OPAMP have been analyzed. DTMQOS technique is used in OPAMP
and both OPAMP’s are compared. Biopotential Amplifier is made using Resistors and OPAMPs. There are
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three proposed Biopotential Amplifiers and one conventional Biopotential Amplifier. Proposed 1 Biopotential
Amplifier is when DTMOS technique is used in OPAMP. Proposed 2 Biopotential Amplifier is when Resistors
are replaced by memristor. Proposed 3 Biopotential Amplifier is when both memristors and DTMOS technique
is used in OPAMP. Transient and DC analysis of all conventional and proposed biopotential amplifiers have
been analysed. Results of both conventional and proposed (using DTMOS technique) OPAMP are compared.
Power consumption is also calculated in both OPAMPs as well as in all biopotential amplifiers. Power
consumption is also reduced when proposed OPAMP is used. In biopotential amplifier, power consumption is
reduced in all proposed circuits. But best biopotential amplifier is when both DTMOS technique and memristor
is used as power is much reduced as compare to conventional biopotential amplifier and other proposed circuits.
Rest of the paper is organized as follows: In section Il, symbols, circuit diagram of Biopotential Amplifier and
Proposed Techniques are described. In section Ill, Biopotential Amplifier and its use in ECG-
Electrocardiography is described. In section IV, Memristor and DTMOS is discussed. Results are presented in
section V. Comparison Tables are described in Section VI, which shows that Power is less consumed Memristor

and DTMOS technique are used. Conclusion are summarized in Section VII.

Il. BIOPOTENTIAL AMPLIFIER AND PROPOSED TECHNIQUES
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Fig. 1 (a) Biopotential Amplifier (b) DTMOS Technique (c) memristor symbol

In this paper Biopotential Amplifier shown in Fig. 1(a) is designed and then its performance is improved used
Dynamic Threshold Technique (DTMOS) shown in Fig. 1(b), is used in OPAMP. In DTMOS technique gate is
connected to body terminal of MOS transistor [20-21]. The proposed biopotential amplifier also uses Memristor
instead of Resistors in Biopotential Amplifier to reduce Power Consumption. Memristor is combination of
Memory and Resistor. It is non-volatile memory means that it remembers the amount of charge even when
power is not applied. In Biopotential Amplifier, Resistors are used. Instead of Resistor, Memristor is used.
Advantage of Memristor is output voltage is reduced and hence Power Consumption is also reduced. Memristor
behaviour in four quadrants can be seen as in Fig.1(d).

M=d®dm/dq........ (HDR=dV/dl........... (2)C=dq/dV............ B)L=d®dm/dI........... @)
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Fig. 1(d) Memristor
where M is Memristor, @ is flux, q is charge, R is Resistor, V is voltage, | is current, C is Capacitor, L is

Inductor.

111 BIOPOTENTIAL AMPLIFIER AND USE IN ECG
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Fig. 3(a) Internal Structure of OPAMP (b) Transmission Gate used in OPAMP
Internal Structure of OPAMP is shown in Fig. 3(a). First of all, it is designed in Virtuoso (Cadence). Transient,
DC and AC Response of this OPAMP have been analyzed. Power Consumption is also analyzed. ECG signal
falls in range of 5uV - 8mV. The input pair (M1 and M2) of the input stage has been designed using large
PMOS transistors and input values used are 1mV and 5mV and frequency used is 250Hz. Referance Current
used in OPAMP is 0.5uA.
M5 is P-channel current source and an n-channel current mirror load (M3 and M4) are used in the input stage.
The second stage of the OPAMP includes an n-channel common-source amplifier (M6) with a p-channel current
source load (M7). PMOS mirror used in Internal structure of OPAMP serve as a current source while the NMOS
acts as a current sink. There are two active Resistors used in Design : Referance Current and Transmission Gate.

The Gate of Transistor M9 is biased with VVdd and M10 is biased with Vss.
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Fig. 3 (c) Biopotential Amplifier in ECG (Driven Right Leg System)

When Q is low then both transisters are off, and when Q is high then both transisters are on , giving low
impedence state. The bulk potentials of the p-channel is taken at highest potential and n-channel devices are
taken at lowest potentials. Here single channel MOS switch is used and its advantage over CMOS switch is that
that the dynamic analog-single range in the ON state is increased. It is a process of recording the electric activity
of the heart over a period of time using electrode. Problems in ECG are: Frequency distortion, Saturation or
cutoff distortion, Ground loops and Interference from power lines (common mode interference) can couple onto
ECG signal. To remove these problems, Driven Right Leg System Technique is used. In this technique patient
right leg tied to output of an amplifier rather than ground. Common Mode Voltage is a big issue in ECG hence,
negative feedback is provide to reduce common mode voltage..

Basically, right hand side OPAMP of this Biopotential Amplifier (Fig. 1(a)) acts as Differential Amplifier

having gain R3/R2 and differential input resistance = 2.R2. Ideally, gain is infinite. So, to increase the gain two

OPAMPs are applied at left hand side which acts as unity gain buffer if Rgain is removed. The single resistor
Rgain between the two inverting inputs is a much more elegant method because it increases the differential-

mode gain of the buffer pair while leaving the common-mode gain equal to 1. This increases the common-

mode rejection ratio (CMRR) of the circuit. It enables the buffers to handle large common-mode signals

without clipping. Another benefit of this method is that it boosts the gain using a single resistor rather than a

pair. If we need a pair of Resistors then there is problem of resistor-matching. But since here single Resistor is

used thus avoiding a resistor-matching problem, and hence allowing the gain of the circuit to be changed by

changing the value of a single resistor. Now the gain of overall Biopotential Amplifier becomes,

_Vour = (1 2 &) 55
VZ _Vl Rgain RZ (5)

The values of Resistors used in this paper are as follows:
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Tablel: Name & values of Resistors used in Biopotential Amplifier

Name of Resistors Values
R1 10k
R2 5k
R3 10k
Rgain 5k

IV. PROPOSED BIOPOTENTIAL AMPLIFIERS

There are three Proposed Biopotential Amplifiers. Proposed 1 is when only DTMOS technique is used in
OPAMP. Proposed 2 is when Resistors are replaced by Memristors and conventional opamp is used. Proposed
3 is when both DTMOS technique and Memiristors are used in Biopotential Amplifier. DTMOS is a technique
in which Body is connected to Gate. DTMOS is attractive for Low Power Applications. Fig 4(a) shows Internal
Structure of OPAMP in proposed 1 biopotential amplifier, in which DTMOS technique is used. In MOS
Transistors M5, M7, M8, M10, Dynamic Threshold Technique is used. Due to large driving ability there is low
leakage current and hence output voltage and power is reduced. In today’s world, Large voltage and Power is a
big issue. Hence both Memristor and DTMOS technique is used so that output voltage and power is reduced.
Fig. 4(b) shows proposed 2 biopotential amplifier with resistors replaced with memristors. Proposed 3

biopotential amplifier uses opamp with DTMOS technique and all resistors replaced with memristors.

Vdd

Fig. 4 (a) Opamp in Proposed 1 Biopotential Amplifier
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Fig. 4 (b) Proposed 2 Biopotential Amplifier
V. RESULTS

5.1 Results of Conventional OPAMP

Fig. 5.1(a) Circuit Diagram of Conventional OPAMP (b) Transient Response of Conventional
OPAMP
Fig. 5.1(b) shows Transient Response of Conventional OPAMP. Transient Response is find out just to check

whether OPAMP that is going to be used in Biopotential Amplifier works properly or not.

Fig. 5.1 (c) Power of Transient Response of Conventional OPAMP(d) DC Response of Conventional

OPAMP
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Fig. 5.1(d) shows DC of Conventional OPAMP. DC is find out just to check whether OPAMP that is going to

be used in Biopotential Amplifier works properly or not.

Fig. 5.1(e) Gain of Conventional OPAMP
Fig. 5.1(e) shows Gain Conventional OPAMP. If Gain of OPAMP is more than 20dB then it is considered as
good OPAMP. Here Gain is 40dB and hence it is good OPAMP and can be used in Biopotential Amplifier.
5.2 Results of Proposed OPAMP

Fig. 5.2(a) Circuit Diagram of Proposed OPAMP (using DTMOS) (b) Transient Response of Proposed
OPAMP (using DTMOS)
Fig. 5.2(b) shows Transient Response of Proposed OPAMP (using DTMOS). Transient Response is find out just
to check whether OPAMP that is going to be used in Biopotential Amplifier works properly or not.

Fig. 5.2(c) Power of Transient Response of Proposed OPAMP (using DTMOS) (d) DC Response of
Proposed OPAMP (using DTMOS)
Fig. 5.2(d) shows DC of Conventional OPAMP. DC is find out just to check whether OPAMP that is going to

be used in Biopotential Amplifier works properly or not.
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5.3 Simulation Results of Conventional Biopotential Amplifier

Fig. 5.3(a) Circuit Diagram of Conventional Biopotential Amplifier (b) Transient Response of

Biopotential Amplifier

Fig. 5.3(c) Power of Transient Response of Biopotential Amplifier(d) DC Response of Biopotential
Amplifier

Fig. 5.3(e) Power of DC Response of Biopotential Amplifier
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5.4 Simulation Results of Proposed 1 Biopotential Amplifier

. 5.4(a) Circuit Diagram of First Proposed Biopotential Amplifier (when DTMOS technique is used in
OPAMP) (b) Transient Response of Biopotential Amplifier using DTMOS

Fi

Qa

Fig. 5.4(c) Power of Transient Response of Biopotential Amplifier using DTMOS (d) DC Response of
Biopotential Amplifier using DTMOS

Fig. 5.4(e) Power of DC Response of Biopotential Amplifier using DTMOS
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5.5 Simulation Results of Proposed 2 Biopotential Amplifier
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Fig. 5.5(b) Circuit Diagram of Second Proposed Biopotential Amplifier when Resistor is replaced by

Memristor (c) Transient Response of Biopotential Amplifier when Resistor is replaced by Memristor
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Fig. 5.5(c) Power of Transient Response of Bio Amp. when Resistor is replaced by Memristor (d) DC

Response of Biopotential Amplifier when Resistor is replaced by Memristor
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Fig. 5.5(e) Power of DC Response of Biopotential Amplifier when Resistor is replaced by Memristor

5.6 Simulation Results of Proposed 3 Biopotential Amplifier

Fig. 5.6(a) Circuit Diagram of Third Proposed Biopotential Amplifier when Resistor is replaced by
Memristor and also DTMOS technique is used in OPAMP (b) Transient Response of Bio Amp using
DTMOS & when Resistor is replaced by Memristor

Fig. 5.6(c) Power of Transient Response of Bio Amp using DTMOS & when Resistor is replaced by
Memristor (d) DC Response of Bio Amp using DTMOS & when Resistor is replaced by Memristor
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Fig. 5.6(e) Power of DC Response of Bio Amp using DTMOS & when Resistor is replaced by Memristor.

V1. COMPARISON TABLES
6.1 Comparison Table of OPAMP
Table 1: Comparison Table of OPAMP

Contents Conventional OPAMP | Proposed OPAMP (using DTMOS technique)
Power Consumption in uwW 1.16 0.044
Transient Response in mV 540 26.66
DC Response in mV 420 26.66

6.2 Comparison Table of Conventional and Proposed Biopotential Amplifiers

Table 2: Comparison Table of Biopotential Amplifier

Parameter Conventional | Proposed 1 Proposed 2 Proposed 3 Biopotential
Biopotential Biopotential Biopotential Amplifier (When DTMOS
Amplifier Amplifier (When Amplifier (When | technique is used in
DTMOS technique | Resistors are OPAMP and Resistor is
isused in replaced by replaced by Memristor)
OPAMP) Memristors)
Power 3.55 2.95 2.18 1.67
Consumption in
uw
Transient 6.85 15.86 16.04 19.30
Response in mV
DC Response in 7.55 23.5 24 30
mV
vdd inV 0.9 0.7 0.5 0.4
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VII. CONCLUSION

Power Consumption is reduced by ~26 times when proposed OPAMP is used. Conventional Biopotential
Amplifier works at power supply 0.9V. Proposed 1 Biopotential Amplifier is when DTMOS technique is used
in OPAMP. Using this Power is reduced by 16.90%. Transient Response and DC Response are increased by
9.01mV and 15.95mV respectively and it works at power supply 0.7V. Proposed 2 Biopotential Amplifier is
when Resistors are replaced by Memristor. Using this Power is reduced by 38.59%. Transient Response and DC
Response are increased by 9.19mV and 16.45mV respectively and it works at power supply 0.5V. Proposed 3
Biopotential Amplifier is when both Memristors and DTMOS technique is used in OPAMP. Using this Power is
reduced by 52.95%. Transient Response and DC Response are increased by 12.45mV and 22.45mV respectively
and it works at power supply 0.4V.
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