
 

 

 

 

An internal start up for pacemaker with Thermal Harvesting 

Technology 
 

1
Sharmila P   

2
Saranya B  

 3 
Lakshmi S 

1, 2,3
Assistant professor, Department of Electronics and Communication Engineering 

1, 2, 3 
Vel Tech Multi Tech Dr.Rangarajan Dr.Sakunthala Engineering College.Chennai-600 062 TN,India. 

 

Abstract 
 An internal start-up circuit for implantable pacemakers using 

thermal harvesting technology is designed. The external voltage 

is not required as the power supply includes an internal start-up. 

A pre start-up charge pump (CP) and start-up boost converter is 

used in start-up circuit. The pre start-up CP consist of an ultra 

low-voltage oscillator followed by a high efficiency modified 

Dickson. The system architecture of the proposed boost 

converter is based on CCT structure. In this scheme, the 

modified MPPT is employed and maximum available power 

can be drawn from the input source. The output voltage is set to 

an arbitrary value by adjusting the T fall. A comparator is used 

to compare the output voltage with the desired output value. A 

PMOS transistor with interconnected gate and source terminals 

is used. This transistor operates in the sub threshold region and 

as a constant current. This constant current flows through a 

resistor and builds a reference voltage.  
Keywords: Pre start up charge pump, startup boost 

convertor, CCT structure.    
I. INTRODUCTION  

  There are about 3 million people with pacemaker 

throughout the world and is implanted in people of any 

age. Even children are implanted with pacemakers. A 

pacemaker is implanted to treat abnormal heart rate. The 

major issue found in pacemakers is its power supply. 

Since the battery life is limited the span of the pacemaker 

is limited. The batteries are to be replaced once in ten 

years through surgeries. One of the alternative methods to 

supply an implantable pacemaker is thermal harvesting 

energy which can avoid frequent surgeries. This is done 

by harvesting body temperature of the person and 

converting into electrical energy which supplies power to 

the pacemakers. For absorbing body temperature, a 

device called Peltier is used. This undergoes Peltier effect 

which converts the temperature into electrical signal. This 

electrical signal is supplied to implanted pacemaker of 

person and provides normal heart beat.  

 

II. INTERNAL START UP CIRCUIT 

Fig 1. Shows the architecture of the proposed internal 

start up circuit. The operation is as follows. .A Digital 

controlled oscillator (DCO) produces clock phases for a 

CP system. In order to operate the circuit successfully 

and to increase the input voltage to the extent A high-

efficiency modified Dickson CP is used. When the 

capacitor voltage reached a predefined value, the output 

of the comparator 1 sets. This enables the startup boost 

converter (SUBC) to work. The SUBC provides the 

required clock phases for the steady-state boost converter 

(SSBC), while the SSBC output voltage (VOUT) does 

not reach a preset value. When this is achieved, the 

output of the comparator 2 sets and the normal operation 

of the system begin. The SSBC itself generates its clock 

pulses. A multiplexer is used to select the source of the 

required phases for the SSBC based on the comparator 2 

 

 
Fig.1 Internal start up circuit 

III. PELTIER 

Peltier is a device which absorbs both heat and 

cold energy from the body and convert into electrical 

signals. Peltier converts the thermal energy into electrical 

energy through Peltier effect. Thermoelectric coolers 

operate according to the Peltier effect. A difference in 

temperature is obtained because of this effect. Allowing 

the current to pass through the main point one side heat 

occurs and the other end cooling occurs. Thus, Peltier 

operates on Peltier effect.  

 
                              Fig.2 Peltier 
IV. PRESTARTUP STRUCTURE 

A. DCO 

DCO is an oscillator circuit that generates a 

signal in analog form, but frequency is controlled by 

a digital input. A DCO has the good feature which 

remains in tune, in contrast to an all analog VCO 

circuit. However, depending on the design, its 

waveform characteristics are not actually like an 
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analog VCO. The DCO can behave differently when 

the frequency is being slurred. 

 

 

 

 

 

 

 

Fig. 3 DCO 

B. CHARGE PUMP 

It produces higher or lower voltage by using 

capacitor as the major element. It is a kind of DC to DC 

convertor. These circuits are highly efficient about 95% 

though it is a simple circuit by nature. Switches are used 

to control the connection of voltages to the capacitor. A 

two-level cycle can be used to produce a higher voltage 

value from a low voltage supply. In the first level, 

charging a capacitor is done. In the second level, the 

capacitor is made series to the load. The output capacitor 

is used to smoothen the higher voltage output as they are 

pulsating. 

V. BOOST CONVERTOR 

SMPS can be used as DC to DC converters. 

Batteries which are Dc power supply though available 

can’t produce necessary supply. Let us consider that the 

motors available in driving electric automobiles can 

operate with a voltage level of nearly 500 V. This level of 

voltage is possible only with batteries.The usage of 

additional batteries may lead to practical issue as it leads 

to consider additional weight and dimension. The 

possible way to overcome it is to get the required supply 

by means of boosters. The other bottleneck with the 

usage of batteries is that the output voltage may fluctuate 

at some time so it is difficult to provide necessary supply 

to the circuit. The source to a boost converter may 

include batteries, fuel cells, solar panel, dynamos and DC 

generators.  We are aware that, as power (P) = voltage 

(V) x current (I), if the output potential is increased, the 

available output current should decrease. 

 
                 Fig.4 Boost convertor circuit 
VI. MULTIPLEXER 

The main function of the multiplexer is to tell 

whether the clock pulses for the steady state boost 

convertor are provided from the start up boost convertor 

or generated by its own. 

VII. COMPARATOR 

We know that comparator finds the similarity 

in voltage levels by comparing with a standard value. We 

can also define as a device which produces high potential 

by means of comparing the two voltages.  

VIII.GENERATION OF PWM PULSE 

PWM pulse is generated as this pulse is similar 

to our body pulse. It is not necessary that pacemaker 

should be ON always. It is to be operated only there is 

abnormal heart rate. So to operate the pacemaker, it is to 

be checked whether the heart rate is normal or abnormal. 

As the body pulse cannot be given, PWM pulse is given 

into circuit. By varying duty cycle for different 

frequencies, pulse rate can be varied and verified whether 

the pacemaker operates at abnormal heart rates. Hence, 

PWM pulse is generated using DCO, counter, flip flops 

and comparison logic. The block diagram with the 

components used to generate the PWM pulse is given in 

the figure.  

 

Fig.5 Block diagram for generation of PWM 

COUNTER 

In this project counter is used to count the 
number of pulses per minute. As the pacemaker is 
operated only when there is abnormal heart rate, it is to 
be noted whether there is normal or abnormal heart rate. 
Thus, counter is used to count the heart pulse per minute 
and give to the comparison logic. 
 
COMPARISON LOGIC 

  Comparison logic is used to compare 
two values and gives the output which is higher or lower 
or both are equal. In this project, comparison logic is used 
to compare pulse rate of human. Normal heart rate of 
human is 72 beats per minute. The comparator compares 
the human heart rate with the normal rate. The human 
heart rate is counted by counter and the value is given to 
the comparator. If the heart rate is equal to the normal 
rate, then there is no need to operate the pacemaker. If the 
heart is not equal to the normal heart rate i.e., abnormal, 
then the pacemaker is to be operated. Thus, comparison 
logic plays a vital role in detecting the heart rate. 

FLIPFLOPS 

The flip-flops   are used to store a byte or a word.  

VIII. SIMULATION  

 The simulation of various components is done 

by model-sim software. And finally dumped into the 

hardware kit. 
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Fig.6 output of DCO 

Counter is used to count the number of pulses 

per minute. 

 
    Fig.7 output of counter 
 

 
  Fig.8 output of mod1 

 

 
Fig .9 output of mod 2 

 
         Fig.10 output of comparison logic 

 

 
Fig.11output of D flip-flop 

 

 
Fig.12 output of T flip-flop 
This generated PWM pulse is similar to human 

body pulse. Hence this pulse is dumped into the kit to 

check whether the pulse is normal or abnormal. 

 

 

 

 

 

 

 

 

 

Fig.13 output of PWM 

IX. CONCLUSION 

This project proposes a power supply for 

pacemaker by harvesting thermal energy. This can be 

obtained by utilizing body temperature and converting 

the body temperature into electrical energy. From the 

results, it can be inferred that the proposed supply 

replaces the use of batteries and frequent surgeries can be 

avoided. The circuit is designed in such a way that 

overload conditions are tolerated. Here body pulse is 

provided in the form of PWM. Finally an output voltage 

of 4v is obtained. This provides the required supply for 

pacemakers.   
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