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1. INTRODUCTION 

An electrocardiogram (EKG or ECG) is a test that checks for 

problems with the electrical activity of your heart. An ECG 

shows the heart's electrical activity as line tracings on paper. 

The spikes and dips in the tracings are called waves. The heart is 

a muscular pump made up of four chambers . The two upper 

chambers are called atria. The two lower chambers are called 

ventricles. A natural electrical system causes the heart muscle to 

contract. This pumps blood through the heart to the lungs and the 

rest of the body. 

 

The ECG sensor is to obtain the effect of the human body 

heart sounds ECG signal, translates into electrical signal, the 

signal is generally weak, accompanied by noise, should be 

based on the modulation circuit filter and amplification and 

other processing. Data acquisition for sampling, these signals 

are required to convert into digital signal, it could be saved in 

the computer to display. A signal acquisition system, consist  

of  several stages, as well as:  signal  acquisition  though  

hardware  and  software instrumentation,  noise  or  other  

characteristics  filtering  and  processing  for  the extraction of 

information. Signal  processing  is  performed  in  the  vast  

majority  of  systems  for  ECG  analysis  and interpretation.  It 

is used to extract several characteristic parameters. Presently, 

biomedical signal  processing  have  been  towards  

quantitative  or  the  objective  analysis of  physiological 

systems  and  phenomena  via  signal  analysis.  

 

The purpose of ECG signal processing is diverse and it 

comprises the improvement of measurement accuracy and 

reproducibility.  ECG  analysis  concerns  resting  ECG  

elucidation,  stress  testing, ambulatory  monitoring, or  

intensive care  monitoring, which  forms a basic set of 

algorithms that  conditions  the  signal  with  respect  to  

different  types  of  noise  and  artifacts,  detect heartbeats, 

haul out basic ECG measurements of wave amplitudes and 

durations, and compress the data for an efficient storage or 

transmission. 

 

In all these applications, the bio-signal is first preconditioned 

and converted to digital. A digital signal processor then 

processes the digital data for monitoring or diagnosis 

applications. Biomedical signal acquisition systems usually 

consist of a low-noise amplifier (LNA), a band pass filter, an 

analog sample-and-hold, and an analog-to-digital converter 

(ADC).Normally the analog devices consumes more amount 

of power and area. Digital systems play a remarkable role in 

today's life. They have important applications in virtually all 

fields of human activity and have a global influence on the 

performance of society. Digital describes electronic 

technology that generates, stores, and processes data in terms 

of two states: positive and non-positive. Positive is uttered or 

represented by the number 1 and the non-positive by the 

number 0. Thus, data transmitted or stored with digital 

technology is expressed as a string of 0's and 1's. Each of these 

state digits is referred to as a bit. In a digital system, a more 

precise representation of a signal can be obtained by using 

more binary digits to represent it.  

 

While this requires more digital circuits to process the signals, 

each digit is handled by the same kind of hardware, resulting 

in an easily scalable system. In an analog system, additional 

resolution requires fundamental improvements in the linearity 

and noise characteristics of each step of the chain. People 

capture visual and auditory signals as a continuous stream. In 

contrast, digital devices estimate such information using ones 

and zeros. This rate of estimation is referred to as the 

“sampling rate,” which is united with the “bit depth,” or the 

amount of information included in every sample, to determine 

the accuracy of digital estimation. Information storage can be 

easier in digital systems than in analog one. In a digital 

system, as long as the total noise is below a certain level, the 

information can be recovered perfectly. 

AB ST RACT  

Day by day the scope & use of the electronics concepts in bio-medical field is going to increase step by step. Electrocardiogram (ECG) is basically a 

non-invasive way of measuring the electrical activity of the heart by registering the extracellular potentials generated by it. The ECG signal consists 

of low amplitude voltage in the presence of high amplitude offset. A power-efficient ECG acquisition system uses a fully digital architecture helps to 

reduce the power consumption and delay time. Instead of analog block, they convert the input voltage into a digital code by delay lines and are mainly 

built on digital blocks This digital architecture is capable of operating with a low supply voltage of 0.5 V. The circuit implemented in 90nm CMOS 

technology. The simulation results show that the DCC circuit of digital architecture consumes 0.42nW of power. 

Keywords:   ECG, offset, LNA, digital, acquisition, amplitude and DCC circuit. 
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With the advancement of CMOS technology, the supply 

voltage is being reduced, which reduces the voltage headroom 

for analog block of an IC [1]. Although, the technology 

scaling leads to the lower power consumption and higher 

performance in digital circuits. The parameters such as 

Signal-to-Noise Ratio (SNR), dynamic range and gain of the 

analog parts of an IC are negatively impacted. The power 

consumption in a signal processing system is often 

determined by dynamic range requirements. The dynamic 

range is a measure of the ratio between the largest signal that 

can be handled by the system without a significant distortion 

and the minimum detectable signal set by the input-referred 

noise. Therefore, it is enviable to find new architectures in 

which more digital blocks are used. However, there are other 

issues that should be addressed before moving towards the 

fully digital implementation. Two of these issues are as 

follows [10]. 

1) Removing the DC Offset Voltage of Electrodes without 

Passive Elements 

2) Providing a Solution for Anti-aliasing Filter. 

 

2. EXISITING SYSTEM 

Biomedical signal acquisition systems [3] normally consist of 

a low-noise amplifier (LNA), a band-pass filter, an analog 

sample and hold, and an analog-to-digital converter (ADC). 

Normally, analog block consume more amount of power and 

area compared to the digital architecture. This digitally 

enhanced approach can helps to increase the flexibility of the 

system in removing unwanted interferences. Moreover, the 

digital calibration techniques can be used more easily. 

 

2.1 Digital Front-End Architecture 

In the existing system, with the advancement of CMOS 

technology, supply voltage is being reduced, which decreases 

the voltage headroom for analog block of an Integrated 

Circuit.  

            
Fig.1. Mixed signal feedback architecture 

 

The block diagram of the system designed in [8] is shown in 

Fig.1. In this circuit, many of the functions that are normally 

implemented by analog blocks are performed by digital 

circuits. Using this digitally enhanced approach can help to 

increase the flexibility of the system in removing an unwanted 

interference. 

 

Eliminating the interferences at the input of the system, before 

extensive gain is applied, can relax the dynamic range 

requirements and minimize the supply voltage. This can lead 

to reduce the overall power consumption and area; both of 

which are crucial for implantable and multi-electrode systems 

[9]. This is achieved using mixed signal feedback and the 

digital blocks. Hence, it appears that the use of digital 

techniques in the implementation of these systems that can 

lead to a better performance and better compatibility with 

digital CMOS technology. 

 

2.2 Offset Cancellation 

The digital architecture is shown in Fig.2 It consists of an 

active electrode, two digital-to-current converters (DCCs), a 

moving average VTC (MA-VTC), a control logic block, a 

counter, and a demultiplexer.  

 

 
Fig.2. Block diagram of existing system 

 

In this architecture, a new offset cancellation technique is 

used, in which offset cancellation is performed in two stages. 

First, the impact of the offset on the VTCs are eliminated, 

such that none of the VTCs are saturated. This is achieved by 

a digital feedback loop and allows the circuit to take the value 

of the offset to digital output. In the second stage, the offset 

can be involved in the digital domain. 

 

 2.3 Active Electrode 

Active electrode is electrodes that require no skin preparation. 

It is possible with preamplifier placed very close to the skin, 

inside electrode. High dry skin impedance can be omitted by 

using amplifier with very high input impedance. Another 

motive to use active electrodes is safety. Because the dry 

skin-electrode impedance is very high then the isolation 

barrier is much higher and a chance for an electrocution is 

much smaller than passive electrodes.  

 

2.4 Voltage to Time Converter  

In this digital implementation, the analog input voltage is 

converted to a measurable time via a VTC at the first stage 

[11]. The signal information is now in the delay of clock 

signal (CLK). The VTC should be designed in such a way that 

the small amplitude of the input voltage generates a large 

delay, linearly. In order to have the time-domain 

amplification and acceptable SNR, we have used 15 stages of 

positive VTC (VTCp) and 15 stages of negative VTC 

(VTCn). The delays versus input voltage of VTCp and VTCn 

are shown in Fig3. As the input voltage becomes larger, the 

delay of VTCp increases, while the delay of VTCn decreases. 
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The cascaded stages of VTCs form delay-line structures. A 

major advantage of the delay-line-based structure lies in its 

all-digital implementation.  

 

In addition, the delay line structures introduce time-domain 

amplification into the design. In particular, the input signal 

can be amplified in the time domain by simply extending the 

time window (using more VTC stages). This is in distinction 

to voltage amplification involving complicated analog 

amplifiers in the conventional systems [10].  

 

The output of MA-VTC is the average of Vin over a period of 

CLK signal. Actually, this circuit integrates signal in a time 

window Tclk. Each VTC in the chain integrates the signal 

over a limited time period which depends on the delay of that 

VTC. 

 

                        

Fig.3. Delays of VTCn and VTCp 

 

For example, the first VTC integrates the signal from the 

rising edge of the clock to the time equal to the delay of this 

VTC. The second VTC integrates the signal from the rising 

edge of the output of the first VTC over a time period 

determined by its delay. This happens for all the VTCs in the 

chain. The sum of these integration periods is equal to the 

clock period. Hence, the integration over this time window 

can be represented by, 

 

  Y(Ts,t)=1/Tsʃ vin(τ)dτ                     (1) 

 

Therefore, its impulse response is a rectangular pulse in the 

range of [0, Ts ] 

 

 δ(τ)dτ = u(t) − u(t − Ts )                     (2) 

 

Hence, its frequency response is a sinc function 

 

H( jω) = 2 sin((Ts/2)ω)/ωTs               (3) 

 

In this way, the moving average filtering is embedded in the 

MA-VTC, preventing aliasing of the wideband noise. 

2.5 Clock Frequency And Signal Recovery 

VTCp and VTCn blocks are designed in such a way that the 

absolute slopes of their characteristic curves are equal. Hence, 

for any input voltage, we can write 

 

tdp + tdn = ttot = Constant                     (4) 

 

The delay time tdp (or tdn) of a VTC gate is supposed to be a 

linear function of its input voltage and is given by 

 

tdp =αVinp + β1                                   (5) 

 

tdn =−αVinn + β2                                 (6) 

 

Where Vinp and Vinn are the input voltage during the time 

interval that the clock pulse passes through VTCp and VTCn, 

respectively. In addition, α and β1,2 are constants. The clock 

period, Tclk, must be chosen such that for the maximum 

variation of the input tdn is not zero and is always measurable. 

Therefore, the clock period should be slightly more than 

ttot.Hence  

 

TCLK ≥ tdp + tdn = α(Vinp − Vinn) + β1 + β2    (7) 

 

The outputs of the digital front end are tdP and tdn. These 

delays are converted to two digital numbers (DP and DN ) by 

two TDCs. The digital number corresponding to the input 

voltage, Din, can be obtained from 

 

Din= Dp – Dn/2Dα + Dβ2 − Dβ1/ 2Dα              (8) 

 

Where Dα, Dβ1, and Dβ2 are digital numbers of α, β1 and β2, 

respectively. 

 

2.6 Digital to Current Controller 

The DCC generates a current proportional to its digital input 

and decreases/increases the input voltage of the VTCp and 

VTCn, each LSB of the DCC corresponds to 3.125 mV and 

this is the voltage that is added to/subtracted from the input in 

each step.  

 

This process will continue until the circuit goes into the R3 

region. In this case, the offset value is on the tolerable range of 

the circuit, 5 mV. The transistors of the DCC are sized so that 

Vinp and Vinn are changed in a way that the impact of the 

offset at the input of the active electrode as well as that of the 

VTC and DCC blocks are cancelled. 

 

2.7 Control Logic 

It is composed of TCs, AND and OR gates, and set-reset (SR) 

latches. An analog front end, for detecting the offset voltage, 

an analog voltage comparator should be used is shown in the  

 

Fig.4. In our design, the offset is detected by TCs, which are 

implemented by D flip-flops and are more power and area 

efficient compared with the analog voltage comparators. The 

outputs of the control logic circuit are the UP and DOWN 

signals, which control the up/down counter in the offset 

cancellation block. The counter in our design is implemented 

by NAND gates and JK flip-flops.  
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Fig.4. Schematic diagram of control logic 

 

3. PROPOSED SYSTEM 

A new power-efficient ECG acquisition system that uses a 

fully digital architecture is proposed. In the system, active 

electrode, DCC and switch circuit is implemented in the 65nm 

CMOS technology to evaluate its performance. The supply 

voltage is 0.3 V, and the circuits are designed to operate in the 

sub- threshold region to reduce the power consumption. Each 

block of the system and its design challenges is discussed in 

the following sections. 

 

3.1 Proposed System Block Diagram 

The biosignal is generated from the active electrode is directly 

given to the two DCC blocks are used is shown in the Fig.5. 

These blocks are in charge of generating a current that 

depends on the 32-bit digital number (SW0 to SW31). The 

ECG signal acquisition system should be capable of rejecting 

the dc polarization voltage of the bio-potential electrodes, 

appearing as a dc offset at the input. 

 

           
Fig.5. Proposed system block diagram 

 

This requires a High-Pass Filter (HPF) with a cutoff 

frequency <1 Hz. This filter requires large capacitors and 

on-chip implementation of such a filter is not efficient in 

terms of area. The impact of the offset is eliminated. This is 

achieved by a digital feedback loop and allows the circuit to 

take the value of the offset to the digital output. 

 

3.2 Active Electrode 

An active electrode is an electrode, in which some active 

elements are used to decrease the power line interference. 

Figure.3 shows two different two-wired active electrodes for 

comparison. Figure.4 Active Electrode However, the offset 

and the output resistance are worse. Since, in ECG 

applications, the most important limiting factor is the input 

noise of the system, we have used the active electrode with a 

single MOS transistor. 

 

 3.3 Digital to Current Converter 

In the fully digital ECG front-end architecture of Fig.6 shows 

two DCC blocks are used. These blocks are in charge of 

generating a current that depends on the 32-bit digital number 

(SW0 to SW31) at the output of the Demultiplexer. The DCC 

circuit, in which the lower circuit generates the gate voltages 

required for the reference current generator in the upper 

circuit. The currents produced by transistors M0p to M32p 

and M0n to M32n pass through transistors Mp and Mn to 

generate the two voltages Vinp and Vinn. These voltages are 

then applied to the VTCp and VTCn blocks. 

 

The DCC generates a current proportional to its digital input 

and decreases/increases the input voltage of the VTCp and 

VTCn, each LSB of the DCC corresponds to 3.125 mV and 

this is the voltage that is added to/subtracted from the input in 

each step. This process will continue until the circuit goes into 

the R3 region. In this case, the offset value is on the tolerable 

range of the circuit, (5 mV). The transistors of the DCC are 

sized so that Vinp and Vinn are changed in a way that the 

impact of the offset at the input of the active electrode as well 

as that of the VTC. Thus , the DCC blocks are cancelled.  

 

To better understand the behavior of the DCC, assume that the 

offset at the input increases (decreases) leading to a rise (fall) 

in Vinp and Vinn. As a result, the delay of the VTCp block 

increases (decreases) and that the VTCn decreases 

(increases). As can be seen, at the beginning, the offset 

cancellation circuit is acting and setting the output of the 

DCCs and after this transition time the output signal is 

reliable. 

 

4. SIMULATION RESULTS 

The combined block of DCCs consists of two architecture 

DCCn and DCCp architecture each of this two architecture 

individually have 32 number of transistor in order to cancel 

out the DC offset is shown in the Fig.7. Here, the input is 

given in the two end of active electrode and the corresponding 

output is get from the two DCCs which is feedback to the 

active electrode. The NMOS gate terminal of the two DCCs 

architecture is connected to the switching circuit. The 

switching circuit has two stages of NMOS, one is inverted and 

other is non-inverted. These two stage common gate terminal 

is taken as input which is fed to the DCCs architecture. The 

input voltage given in this block is 5v and the output is nearly 

0.5v.      
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Fig.6. Structure of the current DCC 

 

 

        

 
                  Fig.7. Schematic diagram of DCCs 

 

 
Fig.8. Output waveform of the DCC block 

 

5. CONCLUSION 

In the expectation of the future dominance of digital CMOS 

technology, a fully digital front-end architecture for an ECG 

acquisition system was designed. In this system, active 

electrode, DCC and switching circuits were implemented. 

The system has low power consumption, reduced delay time 

and less complexity. This digital architecture is simulated in 

90nm CMOS technology at 0.5 V supply voltage. The 

simulated power consumption is 0.42nW their corresponding 

delay is -1.5071e-007.In future, digital architecture can be 

modified to accept an offset voltage larger than ±300 mV. In 

order to do this, the resolution of the DCC circuit and 

demultiplexer should be increased to 8 bits. 
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