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Abstract--- Internet of Things is the most popularly known 

creative phenomena of this century. It has gained a lot of 

popularity with the advancements in the internet technology. IOT 

is a platform where the user can connect everyday things 

entrenched with electronics, software and sensors to the 

international network, empowering them to accumulate and 

interchange the data. Owing to the development of IoT 

techniques, bio implantable circuits are becoming more and more 

popular which can monitor human health on a continuous basis. 

This paper presents the implementation of analog frontend 

circuits used in the bio sensing devices. The proposed design uses 

narrow swing current mirrors which occupy less area and 

perform considerably well in limited voltage conditions. 

I. INTRODUCTION 

Internet of things basically expands the affiliation of 

humans [1] to merge, subsidize, and collaborate to 

belongings around them. Citified sensors and chips are 

entrenched in the substantial equipments which are 

applicable daily, each broadcast precious data. This 

information leads to a perfect understanding of how devices 

or equipments work and work together. The diverse 

information is brought together through the Internet of 

Things [2-3].The common language is provided to all the 

devices and apps to broadcast with each other. The 

functioning begins with the devices themselves which 

securely broadcast with an Internet of Things stage. This 

platform merges the information from many devices and 

analytics are applied to share the most precious information 

with applications which can fulfill the industry-specific 

needs. This platform is also used by the manufacturer for 

creating and managing the applications, which are capable 

of solving the specific issues. 

 
Fig. 1: IoT overview 

One of the latest fields of application where IoT is being 

thoroughly researched is the implantable wireless body 

sensors [4]. The system-on-chips and the wireless body 

sensor nodes are highly implemented in personalize 

healthcare and adequate hospitalization for different 
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disabilities like neural disorders, cardiac infarction, 

glaucoma, and sugar. Ultra power CMOS IC‟s were used in 

the architecture of nodes for the purpose of nodes 

utilization. These IC‟s are used for achieving and 

transforming the biopotential signals [5] in WBAN. This is 

applicable in real applications where the data is transferred 

to the protected mobile services.  The figure below explains 

about the designing of conventional sensor nodule in a 

WBAN [6]encircle of bio-sensing analog front end (AFE), 

the analog-to-digital converter (ADC) is used for 

reorganizing the analog signals into digital signals, the 

digital signal processing core is used for digital processing, 

for managing the power resources and clock reset of entire 

chip the power management unit (PMU) is used, the data 

and the measurements are collected through the wireless 

telemetry section by a remote and receiving equipment 

transmits the data for monitoring. The surface electrodes 

capture the bio-potentialsignalsby means of bio-sensing 

AFE, which is a major censuring circuit block in the 

WBSNs [7] and implantable SoCs. 

 

 
Fig. 2: WBNS forming a WBAN 

 

The next image explains about the design compensations 

like (buzz, potentiality, area, dimension, common-mode 

rejection ratio (CMRR), power supply rejection ratio 

(PSRR), offset rejection, and input impedance) for a bio 

perceive AFE [8-9]. The AFE blocks are designed and 

optimized in such a way that, they are capable of capturing 

the clear data carried out by the bio perceive signal. The 

below figure represents the architecture specification 

compensations in a biosensing AFE. 
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Fig. 3: Architecture parameter tradeoffs in a biosensing 

The architecture challenges in the AFE occur because of 

the following reasons: 

1. Device Architecturizing Constraint of the Sensor 

Nodes: it consists of a flawless count of 

amplification stages, potential utilization, filter 

stipulations, linearity, CMRR, and PSRR. The 

present WBSNS insistences very less power 

consumption for the entire SoC, when WBSNs are 

using in wireless power transforms. There is a 

voltage regulator inside the PMU for recognizing 

the variations in the supply voltage overdoing to the 

unpredictable nature of the in taking energy. 

Because of the absence of bypass off-chip capacitor, 

the small quantity of wave is observed in the voltage 

given. In the digital domine, through the post-

amplification signal processing the switching noise 

is injected into the AFE. The common-mode noise 

appears through the impedance from 50/60 Hz 

power lines. For overcoming all the above issues, 

AFE should have huge PSRR and CMRR, the 

power utilization should be as low as possible 

ranging from less than 10 𝜇𝑤.  

2. The Functioning of Biopotential Signals: These 

signals are type of signals which have a low-

frequency levels, the range of the spectrum is from 

sub-1 Hz to a few Kilohertz. Less amplitude will be 

observed in these signals. Its amplitude value ranges 

from 10s of microvolts to a few milevolts. For 

assuring better signal recovery, AFE amplifier 

requisite an adequately less input-referred noise 

(IRN) per hole radio band. Due to the low frequency 

levels present in signals, the 1/f noise present in the 

MOS transistors is an actual responsibility. The 

amplifier should be capable of adequate vital range, 

for domiciling the higher levels of the amplitude 

range.  

3. Reconfigurable AFE: In forthcoming, the bio 

potential authorizations with various magnitudes 

and radio bands are taken from various parts of the 

human body and are captured in sensor nodes of 

WBAN. The reconfigurable criterion 

frameworkslike gain, radio band, bias current, and 

sampling rate are majorly considered in a single 

AFE. The linearity of the amplifier at low bias 

current is one of the important parameters while 

designing the ultra- low capacity AFE. 

4. Sensor Annexation among the AFE and inert 

anodes(electrodes): the dc offset voltage is created 

by the electrode-tissue interface. The offset voltage 

ranges between 200 to 300 mV. For avoiding the 

saturation in the first-stage amplifier that offset 

voltage must be filtered out by the AFE. The input 

impedance of AFE should as high as possible in 

order to reduce the impedance balance from 

sensitivity to electrode.  

5. Chip Area: the chip area in this architecture must be 

as small as possible. The occupied area is inversely 

proportional to 1/f noise present in the MOS 

transistors. Due to this, the designing of the device 

became highly challenging because of its area 

requirements and specifications of the noise. The 

image below represents the diagrammatic way of 

hugely used capacitive conjugated neural networks.  

 
Fig. 4: Diagrammatic way of hugely used capacitive 

conjugated neural amplifier 

Low Pass Filters  

Low pass filters are mostly applicable in all the electronic 

devices [10] where the low-frequency signals are required 

by eliminating the high-frequency signals. The low pass 

filters are easily designed even with passive components. 

The Gilbert-type cell maintains all the differential current 

which is executing from the linearized input differential 

pair. By this, the trance impedance gain [11] will be enabled 

and that gain is different from the input current Ivar. The 

current gain is then mentioned as 

Iout = (Ivar/IA) X (idp-idn)   

Form the above equation it is confirmed that, the trans 

conductance value is comparative to the intake current Ivar . 

All the output values are added for maintaining the output 

resistance as high as possible. By cascading the output 

values the DC gain equals to one. 

The RC low pass filter 

The image below shows the RC low pass filter circuit 

[12]. The resistor here consists of a resistance R. capacitor 

with a capacitance C. input voltage is considered as 𝑉𝑖𝑛  and 

the output voltage as 𝑉𝑖𝑛 .  

 
The input voltage may be a step function, sinusoidal or 

the combination of both. The general equation for 

determining the voltage in the resistor is taken as 

𝑉𝑅=𝐼𝑅R   (1) 
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𝑉𝑅

𝑅
=   𝐼𝑅    (2) 

 

 

The general equation for determining the current in the 

capacitor is 

𝐼 = 𝐶
𝑑𝑣

𝑑𝑡
   (3) 

𝐼𝑐 = 𝐶
𝑑𝑉𝑐

𝑑𝑡
   (4) 

Here the current flowing through the resistor is equal to 

the current flowing through the capacitor. 

𝐼𝑅 =  𝐼𝑐    (5) 

The input potential is similar to the total of the drop down 

voltage valueacross the resistor and the capacitor.  

𝑉𝑖𝑛 =  𝑉𝑅 + 𝑉𝐶   (6) 

𝑉𝑅 =  𝑉𝑖𝑛 − 𝑉𝐶   (7) 

By following the required derivation of  5 substituting the 

value of 𝐼𝑐  in equation 2. 
𝑉𝑅

𝑅
=  𝐶

𝑑𝑉𝑐

𝑑𝑡
   (8) 

Substituting the value of 7 in 8 
𝑉𝑖𝑛 −𝑉𝐶

𝑅
=  𝐶

𝑑𝑉𝑐

𝑑𝑡
  (9) 

𝐶
𝑑𝑉𝑐

𝑑𝑡
+

𝑉𝑐

𝑅
=  

𝑉𝑖𝑛

𝑅
  (10) 

𝑑𝑉𝑐

𝑑𝑡
+

1

𝑅𝐶
𝑉𝑐 =  

1

𝑅𝐶
𝑉𝑖𝑛   (11) 

Similarly the output voltage is calculated as  
𝑑𝑉𝑜𝑢𝑡

𝑑𝑡
+

1

𝑅𝐶
𝑉𝑜𝑢𝑡 =  

1

𝑅𝐶
𝑉𝑖𝑛    (12) 

Assuming 𝑖𝑛𝑝𝑢𝑡𝑣𝑜𝑙𝑡𝑎𝑔𝑒𝑉𝑖𝑛  has some sinusoidal input 

with value 

𝑉𝑖𝑛 = 𝑉 ∗ sin 𝜔𝑡   (13) 

Where𝑉 ∗ = amplitude of the input voltage  

𝜔 = frequency 

𝑉𝑜𝑢𝑡 = 𝐴𝑐𝑜𝑠𝜔𝑡 + 𝐵 sin 𝜔𝑡 

=  −
𝜔𝑅𝐶

1+(𝜔𝑅𝐶 )2 𝑉 ∗ 𝑐𝑜𝑠𝜔𝑡 +
1

1+(𝜔𝑅𝐶 )2 𝑉 ∗ 𝑠𝑖𝑛𝜔𝑡 (15) 

The equations are used for observing the magnitude value 

coming at the output 

 𝑉𝑜𝑢𝑡  =  
1

1+𝜔2(𝑅𝐶2)
𝑉 ∗ =  

1

1+𝜔2(𝑅𝐶2)
 𝑉𝑖𝑛  (16) 

The ratio of an input voltage and output voltage 
 𝑉𝑜𝑢𝑡  

 𝑉𝑖𝑛  
 are 

shown below. 

 
Here the low-frequency signals are passed through the 

device and stop the high-frequency signals.If the step 

function is applied to the circuit 

 

𝑉𝑜𝑢𝑡 = 𝑉 ∗  1 − 𝑒−
1

𝑅𝐶
 (𝑡−𝑡0)   (17) 

1

2
𝑉 ∗ =  𝑒−

1

𝑅𝐶
(𝑡−𝑡∗)  = 0.5(18) 

 𝑡 − 𝑡∗ − 𝑅𝐶𝑙𝑛𝑧
1 = 0.637(𝑅𝐶)             (19) 

 
The wave executed at the output. 

Low Noise Amplifier 

A low noise amplifier is an electronic amplifier which is 

capable of amplifying a very low-power waves without 

automatically reducing the value of its signal-to-noise ratio 

[13]. Raja et al [14] and [15] have designed of a, low power 

ECG signal processor for wearable health system-review 

and implementation issues and spike detector for fully 

Integrated NeuromodulationSoC.  Raja and Saravanan [16] 

and [17] have proposed pipelining shared component 

architecture in FIR filter.An amplifier expands the capacity 

of the signal along with the clamour(noise) present at its 

input. The transmitter sends always the highly amplified 

signal, but some of the energy of the signal is observed by 

the environment due to this there will some signal 

attenuation. When the receiver is receiving the signal, the 

signal becomes week because of its attenuation.The low 

noise amplifier intakes the attenuated wave and makes it a 

strong signal. But as the low noise amplifier intakes the 

wave from the antenna, due to the noise present in the 

antenna the user can observe a little error. If SNR = 
𝑃𝑠

𝑃𝑁
 is 

before the antenna, then 𝑃𝑠𝑎𝑛𝑑𝑃𝑁  are amplified with the 

gain value A.  
𝑃𝑠𝑋𝐴

𝑃𝑁𝑋𝐴
   (20) 

By amplifying those values with gain A the user can get 

anoriginal value.  

 
The sinusoidal wave is the original wave and the blue 

wave represents the noise present in the antenna. But for 

getting efficient output SNR should be maintained 

constantly. All the passive components present in the device 

consists of noise along with LNA. If all the components are 

combined then the noise is observed in the output.  

𝑆𝑁𝑅 =  
𝐴𝑋𝑃𝑆

𝐴𝑋𝑃𝑁+ 𝑃𝑁𝑂
  (21) 

 

 

 



 

A Hybrid Bio Sensing Medical Implantable Front End Design for Wireless Body Sensor Nodes and IoT Applications 

481 

Published By: 

Blue Eyes Intelligence Engineering 
& Sciences Publication  Retrieval Number: E2075017519 

𝑃𝑁𝑂 is the noise obtained from the device. The main aim 

of the LNA is to reduce the noise 𝑃𝑁𝑂  present in the device.  

Advantages of LNA 

 The noise coming from the device is reduced 

 Linearity 

 Low power consumption 

 High Gain 

 Matched to the antenna or filter 

System Architecture: 

The generic system architecture of analog front end of a 

bio chip is presented in the figure below. The three main 

components of the system are Low noise Amplifier, 

Programmable gain amplifier and a Low pass filter. 

 
Fig. 5: Analog Front End 

 
Fig. 6: Illustration of fully differential FC OTA A1 for 

the biosensing LNA. 

Illustration of differential FC OTA 𝐴1 for the bio sensing 

LNA.The input-referred voltage noise function is mentioned 

as 𝐴1 , 𝑣𝑛𝑖 ,𝐴1
2        by using the following relation 

𝐴1 , 𝑣𝑛𝑖 ,𝐿𝑁𝐴
2         =  𝐴1 , 𝑣𝑛𝑖 ,𝐴1

2       (𝐶𝑆1+𝐶𝑓1+𝐶𝑖𝑛 1)2

𝐶𝑆1
2 (22) 

The value of 
(𝐶𝑆1+𝐶𝑓1+𝐶𝑖𝑛 1)2

𝐶𝑆1
2  as low as possible very near 

to 1 to lower than the 𝑣𝑛𝑖 ,𝐿𝑁𝐴
2         . By using the below 

calculation the input-referred voltage noise, with flicker 

(1/f) and thermal noise factors will be defined as 

𝑣𝑛 ,𝐴1
2      ≅

1

𝑔𝑚 1,2
 

4𝑘𝑇

𝑘
+  

16

3
𝑘𝑇

𝑔𝑚 13,14

𝑔𝑚 1,2
+

163𝑘𝑇𝑔𝑚5,6𝑔𝑚1,2+2𝐶𝑂𝑋2𝑓𝐾𝑝𝑊1,2𝐿1,2+𝐾𝑛𝑊13𝐿
13𝑔𝑚13,14𝑔𝑚1,22+𝐾𝑝𝑊5𝐿5𝑔𝑚5,6𝑔𝑚1,22 

(23) 

𝑔𝑚  = transconductance of an ith transistor of A1 

K = Boltzmann‟s constant 

k = subthreshold slope inverse 

T = temperature 

1/f noise coefficients are taken as Kp and Kn 

If the equations (22) & (23) are combined, then the 

conclusions given by the equations for the LNA design are: 

it maximizes the transconductance (𝑔𝑚1,2)  value, the area 

(𝑊1,2𝐿1,2) gets decreased than the thermal and the 1/f noise 

factors respectively. The parasitic capacitance Cin1 input 

pairs gets minimized by keeping the input dimensions less. 
 𝐶𝑆1+ 𝐶𝑓1+ 𝐶𝑖𝑛 1 

𝐶𝑆1
will be reduced easily if the area is not that 

much important.  

Circuit Operation: 

 
The sub circuit marked in the above figure is the two 

level folded cascade amplifiers. The first stage is the natural 

source standing point and is pursued by common gate 

standing point. In common source part, the transistors M1 

and M2 are the common source amplifiers and the 

transistors M3 and M4 administers the biasing current for 

the circuit. The signal passed to the common gate stage is 

amplified. The transistors M9 and M10 are connected in the 

common gate mode. The transistors M11, M12, M13 and 

M14 are connected in the feedback mode to adjust the 

biasing current of the circuit. The transistors M5, M6, M7 

and M8 act as load to the circuit. One major problem of the 

cascade amplifier is that the circuit goes to saturation if the 

input voltage has fluctuations. In order to nullify the 

fluctuations and stabilize the circuit, the Common mode 

feedback circuit is added at the output. 

Variable 𝑔𝑚𝑓  stages used in the LPF core 

 
Fig. 7: Proposed reduced diagrammatic way for the 

variable gmf-stages applied in the LPF 

Simplified schematic for the variable 𝒈𝒎𝒇 stages used in 

the core LPF. The equation for the simplified variable 𝒈𝒎𝒇 

stages used in the core LPF is taken as: 
𝑉𝑜𝑝  𝑠 − 𝑉𝑜𝑛 (𝑠)

𝑉𝑖𝑝  𝑠 − 𝑉𝑖𝑛 (𝑠)

=  
(1/𝑏)(

𝑔𝑚𝑓

𝐶 )3

 𝑠2 +  
𝑔𝑚𝑓

𝑎𝐶  𝑠 + (
𝑔𝑚𝑓

𝐶 )2  𝑠 + (
𝑔𝑚𝑓

𝑏𝐶 ) 
 

Single stage transconductance is taken as𝑔𝑚𝑓 . The output  
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resistance of the transistors M3 and M4 are kept in 

saturation mode, these two transistors work as source 

degenerators for the transistors M5 and M6. With the help of 

the total harmonic distortion (THD) the linearity will be 

enhanced.The primary functioning of the architecture is the 

voltage to current conversion. The circuit consists of 

cascade narrow current swing. The differential stage 

converts the voltage to current. 

Results 

 
Fig. 8: Input Voltage - FC OTA 

 
Fig. 9: Output Voltage - FC OTA 

Table 1 

Input voltage range Output voltage Range 

Min Voltage 

(v) 

Max Voltage 

(v) 

Min Voltage 

(v) 

Max Voltage 

(v) 

2.9 3.01 4.56 5 

 

 
Fig. 10: gmf-stages used in the LPF 

 
Fig. 11: Current output of gmf-stages used in the LPF 

Table 2 

PMOS Size (µm x µm) Count (µm x µm) 

 1x16 6 

 1x3 6 

 1x1 5 

 1x10 2 

NMOS 1x1 2 

 1x2 4 

Table 3 

 Chip Area 

Proposed Circuit 157 𝜇𝑚2 

Existing Circuit 159𝜇𝑚2 

II. CONCLUSION 

This paper presents the implementation of analog 

frontend circuits used in the bio sensing devices. The 

proposed design uses narrow swing current mirrors which 

occupy less area and perform considerably well in limited 

voltage conditions. The circuit area is reduced to 157 𝜇𝑚2 

by using the narrow swing current mirror circuit instead of 

wide swing current mirror. 
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