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ABSTRACT-

This paper presents design of operational transconductance amplifier<is to,amplifyfthe E€G signal having low
frequency of 300Hz, with the supply voltage of 0.8v. To reduce the power dissipation of 779nW, by using fifth
order low pass filter. The OTA-C filter is to eliminate noisefvoltage and increases the reliability of the system. A
chip is fabricated in a 0.18um CMOS process is simulated'and measured to validate the systemgperformance using
HSPICE.

1. INTRODUCTION

Medical diagnostic instruments can be made into portable devices{for the purposef home care, such as the diagnosis of
heart disease. These assisting device§ are not only, used to monitor patients but are also beneficial as handy and
convenient medical instruments. Héncey, for reasons of beth portability and durability, designers should reduce the power
consumption of assistant devices as muchhas possible to extend their battery lifetime. An electrocardiogram (ECG) is a
test that records the electrigal activity of'the heart. The ECG device detects and amplifies the tiny electrical changes on
the skin that are caused vhen the heart muscle depolarizes during each heartbeat.

Amplifier is a device for increasing the power of.a signal bydise of an external energy source. In an electronic amplifier,
the input signal is usually a voltage or a current. A preamplifier (preamp) is an electronic amplifier that prepares a small
electrical signal\for further amplificationyor processing. A preamplifier is often placed close to the sensor to reduce the
effects ofshoise and interference. It is used to boost the signal strength to drive the cable to the main instrument without
significantly degrading, the signal-to-noise‘ratio (SNR). When the gain of the preamplifier is high, the SNR of the final
signal is determined by the SNR of theginput'signal.

Amplification is an essential function“in most analog (and usually digital) circuits. We amplify an analog or digital
signal because it may be too'small,to,drive a load, overcome the noise of a subsequent stage, or provide logical levels to a
digital circuit.

Differential operation has becéme the dominant choice in today’s high performance analog and mixed signal circuits. A
differential signal is defined as one that is measured between two nodes that have equal and opposite signal. An
important advantage of differential operation over single ended signaling is higher immunity to “environmental” noise.

For the differential pair, we have vy = Vpp — Bpylpiand vopez = Voo — Rpzlpz, 1.6,¥ouer — Viourz = Bp(Ipz —Ipe )
Thus, we simply calculate Ip, &I, in terms of vy &vyy4, assuming the circuit is symmetric as show in fig 1. My &Mare
saturated, and A=0, since the voltage at node p is equal to Vins —¥gs; and ¥ipz — Vo
Vint — Vinz = Vg51 — VG52

For a square law device, we have
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Ip
(vee—vra)' = T—w
2 HnCox

and therefore
2l
Ves= [—w+vm
HnCone -
It is instructive to calculate the slope of the characteristic, i.e. , the equivalent Gy, of M1 & M2 . Denoting Ip; — Ip; and
Vint — Vinz by &lpand AV, respectively
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Where u; = mobili

ications, the square law dependence of the drain current upon the gate overdrive
-linearity, Rs “smoothest” this effect since it takes a portion of the gate overdrive

Source degeneration- In s
voltage Introduces excessive

voltage. At the limit, for B; = yL , the small signal does not depend on g (and therefore on ;) anymore.
It is interesting to note that the approximated small signal gain (which can be easily calculated with the small signal
equivalent circuit) can also be calculated as if A5 and fwere two resistors in series.

™

Small signal gain is
Em
G=-——FR
14ggRs ©
We can see the circuit as two common source stages with degenerated resistor, and superimpose the effects.
Or, even better, we can realize that the point P is (ideally) Ac grounded

Vour: = —BmPDVina
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Voutz = —BmBDVinz
Voutt — Voutz = —BmPD(Vin1 — Vinz)

We have seen that ideally in a differential pair the output voltage does not depend on the common mode input voltage.
But in fact the non-infinite output impedance of the current source has an influence, since the point P does not behave as
an AC ground anymore. The symmetry in this circuit suggests that we can see it as two identical half circuits in parallel.

WDD

s
) S

Wout2—]

/L—{ 1 M2 }7

Vac

Ly

1
il s,
l th GND

Fig. 2 Simple differential OTA
Operational Transconductance Amplifier (OTA)as shown In_figi2,is an amplifier whose differential input voltage
produces an output current. Thus, it is avoltage controlled current source (VCES). The OTA is similar to a standard
operational amplifier, in that it has aligh impedance,differential input'stagesThe term “operational” comes from the fact
that it takes the difference of twololtages as the input forthe current conversion.
The ideal transfer characteristics is
Iout = Em (Vins — Vin-)
Or by taking the pre-computed difference as the input
Lout = EmVin

With the ideally constant transconductance gp ‘@S the proportionality factor between the two. In reality the
transconductancedis a function of the inputidifferential voltage and dependent on temperature. The common mode input
range is also infinite,\while the differentialisignal between these two inputs is used to control an ideal current source (i.e.
the output current dees net depend on the output voltage) that functions as an output. The proportionality factor between
output current and inputidifferential voltageis called “Transconductance”.

A differential sinusoidal waveawith a magnitude of 1mVpp is fed into the chip to measure the frequency response and
the power spectrum with an input frequency of 50Hz. A low pass filter is an electronic filter that passes low frequency
signals, but attenuates signals with frequencies higher than the cut-off frequency.

A fully balanced fifth-order chebyshev low pass filter, which has a 300Hz cut-off frequency and 779nw power
dissipation, is designed by the RC simulation method. The order is equal to the number of reactive components used in
the network.
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the hole mobility and Cg; is the gate oxide capacit;
I el Kp Vez — Ve (VL — V1)
Therefore a linear relation between the diff

G= kp Ve, —Vez)
Which can be controlled by t

, and vcl & vc2 are control voltages.

DEVICE WL (um)
M1, M2, M5 1/0.18
M3, M4 3/0.18
M1, M2, M3, 6/0.18
M7, M8, M12,

M14

M4, M5, MS, 2.25/0.18
M9, M10, M11,

M13, M15

Table.4 CMOS Transistor sizing for OTA Design

For the long-term physical signal detection and monitor systems, the use of switched capacitor (SC) is a popular
technique. The low sampling frequency in the kilohertz range will result in leakage, and the power consumption will be
increased by the operational amplifiers in the SC circuits. Hence, the continuous-time operational transconductance
amplifier (OTA) based filters are preferred in low-frequency applications, and the transistors inside a filter can be
operated in the sub-threshold region to save power and to achieve ultra-low transconductance.
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Furthermore, the fully differential structure provides a higher capability, in terms of common mode rejection and an
increase of 3dB in the dynamic range rather than the single end structure. In addition, all the transistors in the OTA are

operated in the sub-threshold region to save the power consumption.

Simulation result:
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Fig.5 Hspicesimulation of Simple Differential OTA
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Fig.6 Frequency response with the cutoff frequency 300Hz and phase
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Fig. 7 Hspice Simulation of OTA-C filterdesign

Table 4 1SUMMARY OF EXPERIMENTAL RESULTS

S.NO EXPERIMENTAL VALUE
1 VDD 0.8V
2 Technology: 180nm
3 Gain 22.5dB
4 Input AC Supply. 1m\/pp, 300Hz
5 Vth 0.36v
6 Power dissipation 779nw
7 CMRR 93dB

CONCLUSION

In this paper, wepresent “Design of OTA-C Filter For Biomedical Applications”. This method of building block in
SYNOPSY'S Hspice tool.»By the implementation of a low pass filter with a generic 0.18um CMOS technology, some
significant issues of the“intrinsic properties of a real OTA, such as noise reduction and finite gain. The proposed block
and their application have been cenfirmed using Hspice simulation.
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