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Abstract--Thermal energy yielding power supply 

for the artificial pacemaker using the boost 

convertor is presented in this paper. The input 

to the boost convertor is based on CCT 

structure. In this system DCO, comparison logic 

and counter is used to generate the clock pulses 

needed for Boost Convertor. DCO is used rather 

than VCO as it has a wide tunable range. Thus 

the PWM pulses are obtained as a result. In this 

scheme, the modified MPPT is employed and 

maximum available power can be drawn from 

the input source. Temperature fall is adjusted so 

that the output voltage is set to an arbitrary 

value. A pMOS transistor with its gate and 

source terminals connected to each other is 

used. This transistor operates in the sub 

threshold region and has constant current. This 

constant current flows through a resistor and 

builds a reference voltage in the comparator 

logic. In reference voltage is compared with the 

DCO output to yield a desired value. Thus the 

thermal harvesting power supply is designed. 

Index terms- Thermal energy, Boost 

converter, constant current, Reference voltage, 

Thermal Harvesting Power supply. 

 

I. INTRODUCTION 

The rhythmic action of the heart starts by 

regularly occurring action potentials which 

originate at the natural cardiac pacemaker, located 

at the senatorialnode (SA node). Each pacing 

impulse is propagated throughout the myocardium. 

Hence the failure of natural pacemaker to generate 

the pacing potentials is treated by artificial 

pacemaker. Specification of the pacemaker include 

the weight in the range of 33-98 grams. The pulse  

 

 

Rate should be 25-155 pulses per minute. The pulse 

amplitude should be 2.5-10 volts. 

Artificial Pacemakeris used to treat Bradycardiac 

which is slow heart beating. If the heart beats too 

slowly, the brain and the body do not get enough 

blood flow and a variety of symptoms may result 

[1]. There is a need to reduce the size of the 

pacemaker. Since pacemaker is a small device, 

about the size of a half dollar piece, implanted just 

below the collarbone. The major problem in the 

pacemaker is the battery which used as power 

supply. Because the battery occupies 60% of the 

total volume and the battery is capable of supplying 

power for only 5 years. One of the alternative 

methods to power up an implantable pacemaker is 

harvesting thermal energy using thermoelectric 

generators (TEGs) [3], [4] is a convenient means of 

supplying power.   

TEGs (also called See beck generators) are devices 

that convert heat (temperature differences) directly 

into electrical energy, using a phenomenon called 

the See beck effect (a form of TE effect). A voltage 

multiplier circuit with an internal startup is 

introduced that successfully converts a minimum of 

40-mV input voltage provided from a TEG into a 

2.5 V output voltage needed for a pacemaker to 

operate normally [2]. Typically, pacemakers 

consume an average of 50 μW at 100% pacing [5]. 

This system has a Digital to Analog Convertor 

using DPWM and Boost Convertor. The proposed 

system consists of Digitally Controlled oscillator, a 

synchronous counter, a combinational reset and a 

combinational comparison logic. We are replacing 

VCO through DCO to design Digital pulse width 

modulator. DCO is designed by flip-flop and it acts 

as a register. This is to overcome the drawback of 

VCO which has very low tunable range. But DCO 

can be tuned to a very wide range and stores input 

has words. 
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Fig. 1. TEG using Peltier Effect and Boost Convertor 

II. WORKING 

In this system TEG (Thermal Electric Generator) is 

designed using the Peltier Effect. Thus the system 

replaces the TEG which uses the See beck Effect in 

the existing system [2]. The output from the TEG is 

given to digitally controlled oscillator (DCO) which 

is used to generate high peak signal and is used to 

obtain high tuning stability. The pulses produced 

from the DCO is based on the input to it. The output 

from the DCO is given to the counter.  

The output from the counter is directly fed to the 

comparison logic. If the output of the counter is low, 

then the output from the comparison logic is high. 

But if the output from the counter is high, then the 

output from the comparison logic is low. Since the 

output from the comparison logic is feedback to the 

complement of reset of the counter, if the comparison 

logic output is high, the reset value will be low and 

the counter continues to count the value. If the 

comparison logic output is low, the reset value will 

be high and thus the counter again starts counting 

from one.  

The Flip-flop stores the output from the comparison 

logic before giving to the Boost convertor. Thus as a 

whole the DCO, the Counter, the Comparison Logic 

and the Flip-flop are used to generate the clock pulses 

needed for the boost convertor.  

III. DIGITALLY CONTROLLED 

OSCILLATOR (DCO) 

DCO is designed by T flip flops and simple 

logic gates. It acts as a register and Digital to analog 

converter comprises pulse width modulator and low 

pass filter. Digitally Controlled Oscillator (DCO) is 

used to generate high peak signal and high tuning 

stability. The output from the DCO is directly 

proportional to the input. Since it is a digital circuit 

the probability of noise is less compared to other 

Oscillators like VCO [6]. 

 

Fig. 2. DCO (Digitally Controlled Oscillator) 

 

IV. COUNTER 

The counter acts as frequency divider. The output of 

the comparator is connected to the complement of 

reset of the counter. If the output of the counter is 

low, then the output from the comparison logic is 

high. But if the output from the counter is high, then 

the output from the comparison logic is low. Since 

the output from the comparison logic is feedback to 

the complement of reset of the counter, if the 

comparison logic output is high, the reset value will 

be low and the counter continues to count the value. 

If the comparison logic output is low, the reset value 

will be high and thus the counter again starts 

counting from one [7].  
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Fig. 4. Counter 

 

 

V. COMPARISON LOGIC 

The comparison logic is used to compare the 

output with the desired value. It compares the output 

from the counter with the reference value. A PMOS 

transistor with its gate and source terminals 

connected to each other is used. This transistor 

operates in the sub threshold region and has a 

constant current. This constant current flows through 

a resistor and builds a reference voltage [8].  

 

Fig. 3. Comparison Logic 

 

VI. BOOST CONVERTOR 

Modified MPPT is used to draw the 

maximum power from the source. Maximum Power 

Point Tracking (MPPT) is an operating point in boost 

converters at which maximum power is delivered to 

the load. This paper reaches MPP based on 

maximizing the stored power in the inductor. 

The circuit action during the initial high period of 

the high frequency square wave applied to the 

MOSFET gate at start up. 

During this time MOSFET conducts, placing a short 

circuit from the right hand side of L1 to the negative 

input supply terminal. Therefore a current flows 

between the positive and negative supply terminals 

through L1, which stores energy in its magnetic field. 

There is virtually no current flowing in the remainder 

of the circuit as the combination of D1, C1 and the 

load represent a much higher impedance than the 

path directly through the heavily conducting 

MOSFET. 

As the MOSFET is rapidly turned off the sudden 

drop in current causes L1 to produce a back e.m.f. in 

the opposite polarity to the voltage across L1 during 

the on period, to keep current flowing. This results in 

two voltages, the supply voltage VIN and the back 

e.m.f. (VL) across L1 in series with each other. 

This higher voltage (VIN +VL), now that there is no 

current path through the MOSFET, forward biases 

D1. The resulting current through D1 charges up C1 

to VIN +VL minus the small forward voltage drop 

across D1, and also supplies the load. 

Each time the MOSFET conducts, the cathode of D1 

is more positive than its anode, due to the charge on 

C1. D1 is therefore turned off so the output of the 

circuit is isolated from the input, however the load 

continues to be supplied with VIN +VL from the 

charge on C1. Although the charge C1 drains away 

through the load during this period, C1 is recharged 

each time the MOSFET switches off, so maintaining 

an almost steady output voltage across the load. 

The theoretical DC output voltage is determined by 

the input voltage (VIN) divided by 1 minus the duty 

cycle (D) of the switching waveform, which will be 

some figure between 0 and 1 (corresponding to 0 to 

100%). 

 

 

 

Fig. 5. Boost Convertor 
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VII. HARDWARE 

 

Fig. 6. The Hardware with the Simulation from the 

CPLD kit (for generating the PWM pulses) 

The Hardware in this system uses the TEG (i.e., the 

Peltier Circuit). The output from the Peltier is given 

across the inductor coil of the Boost Convertor 

circuit. The simulation is done for producing the 

PWM pulses. The DCO, the Counter, the 

Comparison Logic and the Flip-flop are used to 

generate the clock pulses needed for the Boost 

Convertor. Thus the PWM pulses generated is given 

to the gate terminal of the MOSFET used in the 

Boost convertor circuit. Based on the high and low 

pulses of the clock the MOSFET acts as the open and 

short circuit. Thus the Magnetic field generated at the 

inductor passes through the diode and is stored in the 

capacitor. Thus the output from the capacitor is the 

output of the Boost convertor circuit. 

VIII. SIMULATION RESULTS 

The PWM pulses generated using the CPLD kit is 

given as the Simulation output. Thus by seeing the 

figure it can be verified that the time period of the 

PWM pulses are varied based on the input to the 

DCO (i.e., the duty cycle). The ON time is based on 

the duty cycle of the PWM pulses. 

 

Fig. 7. Simulation Results of the PWM pulses. 

IX. ADVANTAGES 

The power supply has an internal startup and does not 

require any external reference voltage. Forward body 

biasing is used to effectively reduce the MOS 

threshold voltages as well as supply voltages no 

failure occur under overload condition. See beck 

effect is used so heat energy is directly converted into 

electrical energy and also output voltage of TEG is 

proportional to the temperature gradient so 

temperature difference is sensed easily and converted 

into current. Low voltage of 40mV can be converted 

into high voltage by voltage multiplier circuit.  

X. CONCLUSION 

Thermal energy harvesting power supply is 

designed which could convert 45mV provided by 

TEG to 2.5V which is needed by the pacemaker. 

Digital controlled oscillator (DCO) is used to 
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generate high peak signal and high tuning stability 

replacing the VCO. And the Boost Convertor is used 

to enhance the output from the Peltier circuit. Thus 

the system is tunable to Giga Hertz range. 

REFERENCE 

[1].M.A.Wood and K.A.Ellenbogen,’’Cardiac pacemakers from 

the patient’s perspective’’,.Circulation,vol.105,no.18,pp.2136-

2138,may2002. 

[2].A.B.Islam,’’a Thermal Energy Harvesting Power Supply with 

an Internal Startup Circuit for Pacemakers’’, Ph.D. dissertation, 

Dept. Elect. Engg. Computers, Univ.Tennessee, Knoxville, TN, 

USA, 2011. 

[3].M.Kisti et al.,’’Micro thermoelectric modules and their 

application to wristwatches as an energy Source in Proc.18th 

int.conf.Thermoelectric 1999, pp.301-307. 

[4].S.Lineykin and S.Ben-Yaakov,’’modelling and analysis of 

thermoelectric modules,’’IEEE Trans.Ind.Appl,Vol.43,no2,pp.505-

512,Mar/Apr2007. 

[5].Medtronic Datasheet [online], Available: 

http://www.medtronic.com, accessed Nov.2013. 

[6].Robert Bogdan Staszewski,Dirk Leipold, Khurram Muhammad 

and Poras T. Balsara, “Based Architecture for RF Frequency 
Synthesis in a Deep-Sub micrometer CMOS Process”. 

[7].Warren H. Bliss,“Electronic digital counters”,Published in 
Electrical Engineering ( Volume: 68, Issue: 4, April 1949 ) Print 
Publisher: IEEERadio Corporation of America, 12 February 

2013. 

[8].Zhu R., Ma Y,  Ren G, “Comparison of Digital Logic 

Circuits in Sub-Threshold”, In (eds) Information Engineering 

and Applications. Lecture Notes in Electrical Engineering, vol 

154. Springer, London, 2012. 

[9]. M.Arunlakshman,T.Dhineshkumar,N.Mathan, “Performance  

Evaluation of Six transistor Dflip flop based shift registers using 

GDI Technique”, International Journal of Advanced Research in 

Computer and Communication Engineering  Vol.3,Issue 3,March 

2014. 

 

 

 

 

 

 

 

International Journal of Pure and Applied Mathematics Special Issue

1163



1164


