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Abstract: A DC-DC step-up voltage converter is designed to convert a very 

low voltage supply, 35 mV such as from the thermal energy source from body 

heat. The converter can generate an output voltage up to 210 mV, 

approximately six imes its initial input voltage over a frequency of 36 GHz. 

The effect of switching transistors, inductor current, rise and fall time is also 

highlighted. The circuit operates using 2 µH inductor and 0.01 fF load 

capacitor, is simulated using PSpice Simulation tool. This voltage converter 

is suitable for energy harvesting application in implanted electronic devices. 
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Introduction  

The trend of portable handheld and remotely 

implanted devices for monitoring purposes is gradually 

on the rise. The field of cochlear and neural-implants in 

the process to be relevant impairment affected disease-

patients will be around the world in the immediate 

future. The neo-implants sending electrical pulses deep 

into the brain proper for activating some of the pathways 

for activating motor control will become a popularly 

used field. Other commonly used applications are 

already diverse; ranging from being used in monitoring 

environmental and oceanic conditions such animal 

tracking, autonomous flying or moving objects. The 

energy requirement of such devices is very small, often 

needing electronic component capable to produce less 

than 1 V battery equivalent sources.  

The energy from non-conventional ambient sources 

over the recent past years is harvested to complement or 

even replace conventional forms of powering methods 

using batteries. Such devices need a continuous power 

supply without having to replace the source. Heat from 

the sun or human body or that generated from industrial 

engines combined with vibrations generated from the 

surroundings are becoming serious contenders in 

producing such battery equivalent sources.  

The advantages include reducing maintenance cost 

and minimizing the chemical waste from batteries while 

scavenging for useful applications of energy going into 

waste as discussed in (Anton and Sodano, 2007; Erturk 

and Inman, 2011; Wang and Yuan, 2008). 

The commonly used harvesting transducers from 
light, vibration or thermal produces very small Voltage 
(mV) sources, not enough to meet the needs of even very 
small energy requirement. Often it needs some additional 
circuitry to step up the energy to supply a minimum 
power of 1 V. Another associated concern coming from 
these sources is that of instability when it comes to 
sensitive electronic applications such as those of aircraft 
wings. The technique introduced by (Meninger et al., 
2001) using ambient sources by energy scavenging 
rarely provides solution to this problem. 

This paper reports on a proposed harvesting 
technique which converts very small input voltage 
energy from thermal source of 50 mV or less using the 
conventional boost converter to store energy into a 
capacitor with suitable parameters for circuit operation.  

The results gathered consist of the following 
parameters; frequency of the vibrations, the capacitor and 
inductor value of the booster used. Further, such results 
show a higher level of stability in the output voltage and 

potential application in high frequency (GHz) range when 
compared with what is reported in (Mustapha et al., 2013).  

DC-DC Boost Converter Circuit 

Switch power boost converters always give an output 

voltage greater than its input voltage. A circuit 

configuration of DC-DC boost circuit consists of inductor, 

L, diode, load capacitor, C and switch circuit, SW, is shown 

in Fig. 1a. Circuit configuration using NMOS transistor, MS, 

is used to replace the switch circuit and diode transistor, 

MD,
 
is used to replace the diode as shown in Fig. 1b. 



Nurul Arfah Che Mustapha et al. / American Journal of Applied Sciences 2015, 12 (4): 272.275 

DOI: 10.3844/ajassp.2015.272.275 

 

273 

  
 (a) (b) 

 
Fig. 1. (a) A diode boost energy circuit (b) MOSFET as a diode and switching transistor 

 

The transistor switch is turned ON and OFF depending on 

the mode of operations at fs = 1/T. There are two modes of 

operation for boost converter as reported in (Ang and 

Oliva, 2005; Daycounter, 2004; Emadi et al., 2009) and 

the operation can be either one of them at a transition of 

time: (i) a continuous mode and (ii) a discontinuous mode. 

Continuous Mode: When Switch is ON state  

A continuous mode starts when transistor MS is 

turned ON and conducting a pulse. The diode 

transistor at this time is turned OFF and is reversed 

biased. A charge is being stored and inductor current 

is drawn into the inductor, L. The inductor current, IL 

will ramp up linearly during the time interval of tON. 

The relation between the ON state and the inductor 

current as in Equation 1: 

 

2 1

IN ON

ON

I - I
V = L at 0 < t  t

t
≤  (1) 

 

Discontinuous Mode: When Switch is OFF state  

While in a discontinuous mode, transistor MS

 
is 

switched OFF. Inductor voltage reverses its polarity in 

order to maintain its constants current since current in 

the inductor cannot change instantaneously. Inductor 

voltage starts to build up its energy and when this charge 

is higher than the combined energy in transistor diode 

and load capacitor, the inductor delivers its voltages to 

the load capacitor through the diode transistor. Voltage 

at the output capacitor is higher than the input voltage. 

During this time, tOFF inductor current falls linearly from 

I2 to I1 and the state of inductor current, decides the 

operation mode (Emadi et al., 2009). Equation 2 shows 

the relation when time is OFF: 
 

2 1

OUT IN ON

OFF

I - I
V -V = L at t < t  T

t
≤  (2) 

 

At every interval of a duty cycle, charge is built up at 

the load capacitor. For high efficiency purpose, the diode 

should be ultrafast recovery diode (Daycounter, 2004). 

Results  

The charge built up at the output voltage is 

depending on the switching transistors and the rise 

and fall time of the switching pulse. In this study, 

several attempts have been made for testing purposes 

to get the best parameters values i.e., the inductor 

value, load capacitance value and working frequency 

of the design. Calculation has been made before the 

Spice simulation as shown in Table 1 and result shows 

the output voltage will increased when the operation 

frequency rate is increased.  

Figure 2 shows the switching transistors pulses at 

the rate of 0.03 ns or 33 GHz. Figure 3 shows the 

effect of changing the value of the inductor and 

frequency rate. Input voltage and load capacitor is 

maintained the same throughout the simulation testing 

using 35 mV input.  

Substituting Equation 1 and 2 and simplifying the 

equation, average output voltage is proportional to the 

duty cycle, D: 

 

1

IN

OUT

V
V

D
=

−

 (3) 

 

Discussion 

As soon the transistor switch is at ON state and the 

first interval starts, inductor current starts increasing 

linearly across the diode and there is no current across 

the diode. Inductor current is continuously decreasing 

until switch is turned ON. 

In the second interval, the switch is not turned ON 

before current reaches zero, while the inductor current 

is still decreasing. Diode at this time, does not allow 

current to go into opposite direction. This explains the 

sudden peak in diode current and it remains zero at 

other peak of in Fig. 2. Using Equation 4, different 

parameters listed in Table 1 and frequency of 

operations is being tested: 

 

1
2 f

LC
π =  (4)
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Fig. 2. Simulation output of current, switching transistor and output voltage 
 

 
 

Fig. 3. The effect of changing the inductance value and frequency rate value, when C = 0.01f F 

 

 
 

Fig. 4. Effect of rise and fall time to the output voltage with constant pulse width, pw = 0.014 ns or at 36 GHz rate 
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Table 1. Calculation of the inductance and frequency value 
effect to the output voltage 

L(µH) C(fF) f(GHz) T(ns) pw(ns) 

2 0.01 35.58 0.028 0.014 

4 0.01 25.16 0.040 0.020 

6 0.01 20.54 0.049 0.024 

8 0.01 17.79 0.056 0.028 

10 0.01 15.91 0.063 0.031 

 

Based on the ripple current, ∆I of Equation 5, where 

∆I = I2 - I1. Inductance is inversely proportional to the 

ripple current: 

 

( )OUT IN D

OFF

V V V
I t

L

− −
∆ =  (5) 

 

The larger the value of ripple current or the peak 

current, the greater saturation of inductor stress on the 

transistor (Daycounter, 2004). Thus, it is better to 

choose lower value of ripple current and consequently 

will give reasonable value of inductance, L. 

Increasing the inductance value will eventually 

decrease the output voltage.  

Another parameter contributes to the level of the 
output voltage is the rise and fall time of the transistor 

switch, the ON and OFF pulses. A period of complete 
pulse is equivalent to the double of its pulse width, pw. 

By changing the rise and fall time of the pulse, the 

increment level for the output voltage also increasing. 

Simulation using Spice at a constant inductance, 

capacitance, frequency and pulse width with different 

rise and fall time is shown in Fig. 4. Faster rise and 

fall time will accumulate faster output level voltage. 

Hence the minimum rise and fall time make the 

highest output voltage. 

Conclusion 

The circuit is shown to be operating according to 

specified frequency rate, rise and fall time of the input 

and by determine the duty cycle of the switching rate. 

The fastest the switching rate, the greater the output 

voltage can be obtained. Choosing lower ripple 

current is better in lowering the inductor’s saturation 

to the diode. By properly design for low voltage 

requirement, the design parameters are L = 2 µH, C = 

0.01 fF and f = 36 GHz with input of 35 mV and 

output voltage of 210 mV. 
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