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Abstract— This paper shows the active filter which is made 

up of operational amplifier, capacitors and MOSFET based 
resistor. The operational amplifier is two stage amplifier 

which helps in improving the overall gain of active filter. 

The mid-band gain of filter is obtained by setting the values 

of capacitor and by designing MOSFET based resistor. This 

filter achieves mid-band gain of 45.5db and bandwidth of 

6.4 kHz. The power consume by this design is 520 nW. The 

input noise referred is 861nV/√Hz. 
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I. INTRODUCTION 

The accelerating development of studies in neuroscience 

generates a growing interest in neural recorders able to 

monitor the activity of huge number of neurons. Circuits 

designed to interface microelectrode arrays implanted within 

the brain and to process signals are key components to deal 

with neurological disorders, such as epilepsy and 

parkinson’s sickness, and to speed up the studies in the field 

of brain-machine interfaces [1–5]. The standard neural 

microsystem is composed of a microelectrode array [5], 
implanted within the brain tissue, related to a front-end 

amplifier, which is the initial stage of the processing chain. 

It's followed further by amplifier/filtering stage driving an 

analog-to-digital converter (adc), some digital signal 

processing features and an rf transmitter to out the data of 

the body. This processing chain is replicated commonly to 

create an array of numerous neural microsystems to monitor 

several neurons [2,6–9].  

The specifications to be considered in the layout of 

neural recording systems are: high differential gain, high 

commonmode rejection ratio (CMRR) and power supply 

rejection ratio (PSRR), low input referred noise (IRN), high 
input impedance and low power consumption . The 

bandwidth require to process neural signals is much less 

than 10 khz (5 khz in maximum instances), and the want to 

reject large dc offset voltages resulting from the electrode 

material and the need of the recording site requires ac 

coupling of the input. The signals to be measured are very 

weak (in the order of 10–one hundred μv), consequently 

requiring high gains and very low sensitivity to noise and 

disturbances: as a result the necessities on CMRR, PSRR 

and noise. Low IRN mainly is a key requirement, in spite of 

the introduction of advanced neural electrodes that allow 
accomplishing larger input signals. The noise contributions 

come normally from the noise sources in the input level of 

the neural recording system; to lessen their impact, the 

trans-conductance of the input MOS devices must be large, 

which requires massive W/L ratios and bias currents. The 

most fulfilling trade-off among IRN and power (and 

location) intake needs to be located at design time. 

So to improve these parameters, a better 

architecture is adopted to increase overall gain of active 
filter.   

II. PROPOSED OTA 

Fig. 2.1 shows the schematic of our bio-amplifier design. 

This circuit was first described in [10]. The midband gain is 

set by C1/C2.  

 
Fig. 2.1: Circuit Diagram of neural amplifier [10] 

The MOS transistor’s Ma-Md are acting as a 

pseudo-resistor. Each transistor connected in diode 

connected form to work equivalent to 1 Tera ohm so as to 

reduce the noise.  

 
Fig. 2.2: Circuit diagram of operational amplifier [10] 

A single stage amplifier[10](Fig. 2.2) powered by 

1V supply and  telescopic OTA architecture is used instead 

of using more stage opamp, as more than one stage amplifier 

is power hungry. Transistor sizing is the most vital approach 

to achieve required functionality. The amplifier consists of 

PMOS differential inputs and single ended output. Mosfet 
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M1 and MOS transistor M2 acts as input PMOS devices, 

M3 and M4 forms P type device cascode stage where M5 

and M6 are current mirror load, Mosfets M7 and M8 are 
cascode transistors. Transistors M9 and M10 are mirror 

transistors to which bias current of 2μA is connected. 

The input refer noise is mostly depiticated by the 

two main kinds of noises during the processing of the neural 

signals. Firstly, the flicker noise or pink noise at the lower 

frequency signals, which is obtained here is almost 

5μvolts/√Hz in the frequency band of local field potentials 

and secondly, thermal noise or shot noise at higher 

frequency signals is obtained is 5μvolts/√Hz and reduced to 

860nVolts/√Hz in the signal band of action potentials or 

neural spikes. 

The noise current of the MOS device is given by 
i2n = 4 λ KT [gm] 

Here K denotes Boltzmann’s constant, T represents 

absolute temperature, gm is transconducatnce of transistor 

and the value of γ is 2/3. 

Designing a neural amplifier means designing a 

low power and low noise characterized amplifier. So, the 

interested area in amplifier design is reducing the noise and 

achieving low power utilization by understanding the 

compromisation between noise and power. NEF and power 

efficiency factor (PEF) are evaluating terms to determine the 

performance of neural amplifier. 
We have optimized the noise efficiency factor 

(NEF)[], defined as  

 
where Vn,rms is the equivalent input-referred 

voltage noise, ITOT the total current drawn from the power 

supply, UT is the thermal voltage and BW the bandwidth. 

For a single transistor, optimizing the NEF requires the 

minimization of Vn,rms·ITOT2 , which requires high 

transconductance per unit current in the input stage (M1-

M4). This has been achieved by using a large value for the 
MOS aspect ratio W/L; a large MOS area (W* L) has been 

chosen to also minimize flicker noise contributions. 

The power consumption is also another key 

parameter to be focused on and is calculated by 

PEF= Vsupply*NEF2 

(where Vsupply=VDD-VSS). The use of a low 

supply voltage results in a good value of PEF for the 

proposed design (the lower the PEF the better, meaning that 

less power consumption is needed to achieve a given (IRN) 

that is in line with the state of the art. 

III. SIMULATION RESULT 

The whole circuit designed on 22 nm technology using 

Tanner EDA tool. The close-loop simulation result is 

showed in igure 3.1. Some performances of the circuit can 

be concluded as follow: low frequency 3dB point at 239 Hz, 

high-frequency 3dB point 6.81kHz, the closed-loop gain of 

45.5dB.    

 
Fig. 3.1: Frequency response 

The equivalent input noise, shown in Fig. 3.2, 

shows that flicker noise is dominant in most of the 
bandwidth of interest, with a noise floor of 861 nV/√Hz. 

 
Fig. 3.2: Noise response 

The noise efficiency factor is 2.2 and power 

efficiency factor is 4.84 which is good as compared to the 

other papers. 

 Previous OTA[11] Proposed OTA 

Process 65nm 22nm 

Supply-Voltage 1V 1 

DC gain 40dB 45.5dB 

Power 1.12uW 860nW 

Bandwidth 5kHz 6.4kHz 

NEF 4.62 2.2 

PEF 21.34V 4.84V 

CMRR 124dB 68 dB 

Table 1: Comparison Table 

IV. CONCLUSION 

This paper proposes the active filter which is good candidate 

for neural recording system. This paper show active filter of 

bandwidth 6.4 kHz and mid-band gain of 45.5 db.  It also 

shows input referred noise of 861 nV/√Hz.     
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