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Abstract-The circuit to increase the dc to dc voltage is the 
one that can increase the small input voltage to a large output 
voltage. This circuit is also called a step-up dc to dc converter 
circuit. The most important thing of this circuit is IC LT 1615 
which is a micro power step up dc to dc converter in which the 
input voltage starts from 1 Volt to 6 Volts and the output 
voltage is from 7 Volts to a maximum of 35 Volts. The design of 
this circuit is intended to increase the output voltage of the 
thermoelectric generator (TEG) by 5 volts, which becomes the 
input voltage of the circuit of step-up dc to dc converter. Then 
the voltage is increased up to 30 Volts as the output voltage of 
the circuit. This circuit is used in TEG application for 
electricity generation. 

Keywords-DC to DC Step-Up Converter,  IC LT 1615, Micro 
Power Step-Up DC to DC Converter. 
 

I.  INTRODUCTION 

In a power supply system, it often occurs that input 
voltage is too small to operate an electronic device, so that 
the electronic device cannot operate perfectly. In this case, 
for example, the output voltage of the thermoelectric 
generator (TEG) cannot charge the battery or cannot operate 
certain equipment, thus disrupts the operation of the system. 

   To overcome this problem, a circuit that can 
increase dc voltage and regulate the current is created to fit 
the need of the system to be operated. This designed circuit 
produces the desired input and output voltage. It also fits the 
current needed. The design of this circuit is used in the 
application of TEG for power generation [1]. The circuit will 
increase the output voltage of the thermoelectric generator 
(TEG) of 5 Volts, as the input voltage in the step-up circuit 
dc to dc converter [2-3]. Then the voltage is increased up to 
30 Volts as the output voltage of the circuit. This circuit is 
used in TEG applications for electricity generation. This 
circuit is a modification of that of Peter K et al., in 2012 [3], 
with voltage of (100-300 mili Volt) and  a maximum output 
of 3 Volts. While that of the modified version results in 2 
Volts of the input voltage and 30 Volt of output. So far, the 
process of increasing the dc voltage in the electronic 
devices has been too complicated, starting from 
increasing a smaller input voltage to become a larger 
output voltage through a transformer equipment. The 
output voltage of this transformer is in the form of an 
ac voltage. In order for the output voltage of this 
transformer to become a dc voltage, it must be 
rectified through a rectifier circuit, and this process is 
complicated. 

By the circuit of step-up dc to dc converter, 
designed by Peter K et al, the input voltage in the form of dc 

voltage is directly raised to become the output voltage in the 
form of dc voltage as well, making the process less 
complicated. However, there is a problem with the design of 
Peter K et al,   namely the input voltage is still very small 
(100-300 milli Volt), while the maximum output voltage is 3 
Volts. Through the modification of the design of Peter K et 
al, the author can increase the 2 Volt input voltage and 30 
Volt output voltage with IC LT 1615. The increase of 
incoming voltage 2 Volts and outgoing voltage 30 Volts 
was applied to the design of TEG application for Electrical 
Generation (Fig. 1). 

The design of TEG application with incoming and 
outgoing voltage below or above 2 Volts and 30 Volts needs 
the different IC as shown in references [4-5]. Then the 
components of resistor, inductor, capasitor and diode are 
also adjusted with IC used. 

II. RESEARCH METHODS 

A.  Literature Study  

The voltage generated by the two sides of the 
copper connector namely 5 Volts on the thermoelectric in 
box 1 will be raised by a step-up dc to dc converter circuit in 
box 2 in Fig. 1. The input voltage Vin will always be smaller 
than that of the Vout (Vin < Vout). This circuit is also called a 
step up I circuit. Because the input is a dc voltage (Vin) and 
the output is also a dc voltage (Vout) this circuit is called A 
Step Up DC To DC Converter. The most important thing of 
this circuit is IC LT 1615 which is a micro power Step Up 
DC To DC Converter in which the input voltage begins from 
1 Volt up to 6 Volts and the output voltage can be from 7 
Volts to a maximum of 35 Volts. IC LT 1615 has 5 pins as 
shown in Fig. 2. 

 
Fig. 1. Block Diagram of the TEG Application for Electrical Generation. 
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Fig. 2. IC LT 1615 as seen from the top [3]. 

Pin 1 functions as a SW (Switch), pin 2 functions as ground 
(GND), pin 3 functions as feedback (FB), pin 4 functions as 
SHDN  (Comperator System). The device will be OFF if the 
voltage on pin 4 is 0.25 Volt and the device will reactivate if 
the voltage on pin 4 is 0.9 Volt, pin 5 is used for the power 
supply input source. This process takes place continuously 
and repeatedly until the output voltage is charged (until the 
FB / pin 3 pin reaches 1.23 Volts). Complete picture of IC 
LT 1615 is presented as a block diagram as shown in Fig. 3. 
In designing this step up using IC LT 1615, the desired 
objective is the input of 5 Volts and the output voltage (Vout) 
of 30 Volts, to achieve that  a calculation of  the L1 inductor 
suitable for the system is needed. To calculate the magnitude 
of the L1 inductor that is suitable for this step up circuit,  the 
equation given by the IC LT 1615 data sheet with the 
following formula can be used [6-8] 

L = 2 × (Vout + VD / Ilim) × tOFF      (1)

    

The data sheet of IC LT 1615 reveals that VD is the schotty 
diode voltage of 0.4 Volt, Ilim is the setting of maximum 
current limit for the trigger system of 350 milliampers, and 
tOFF is the off system time of 400 ns (OFF system time) [4]. 

   Q1, Q2, R3 and R4 in Fig. 3 are coupling circuits to 
regulate the output voltage in the step up circuit [9]. When 
the voltage at pin 3 (feed back) is above 1.23 Volts, the 
comparator (Comperator A1) deactivates most of the internal 
circuit IC LT 1615 and changes it from the internal circuit 
and the cycle is repeated. The output current is stored on the 
capacitor C2 and will release it slowly until the voltage on 
pin 3 (FB) drops below the hysteresis point which is lower 
than the Comperator A1 (hysteresis on pin 3 or FB is 8 milli 
Volt). The Comperator A1 will turn on the power switch Q3 
and the current in the L1 inductor starts to increase. Once the 
current reaches 350 mA, the Comperator A2 will reset one 
shot, Q3 up to 400 ns. The L1 inductor then sends the current 
to the output via diode one (D1). If the current at diode D1 
drops below 350 mA then Q3 will turn on again and the 
current will rise again up to 350 mA, then the Comperator 
A2 resets one-shot again causing L1 to send the current to 
output again. 



 
Fig. 3. Block diagram of IC LT 1615 [9-11]. 

B. Application of the Circuit of Step Up DC To DC 
Converter on the Power Plant 

   The output voltage of the thermoelectric generator 
(TEG) in box 1 is 5 Volt dc. This voltage will be increased 
by the Circuit of Step Up DC To DC Converter  by 30 Volts 
dc which is in box 2 that can be seen in Block diagram of the 
TEG application for Power Plants (Fig. 1). 

III. RESULTS AND ANALYSIS 

A. Tool Design 

In this design the materials used are: two resistors 
namely 2 MΩ and 130 kΩ, two capacitors namely 4.7 F / 50 
Volt and 22 µF / 50 Volt, one inductor namelu 6948 µH, one 
diode of stocky type MER 0530, and one IC LT 1615. 
Whereas the tools used are: one solder, one clamp meter, one 
multimeter, two screwdrivers each of which is a plus and a 
minus one, one solder tin roller, one electric saw, and one 
electric drill. 

The design results are in box 2 of the block diagram 
of Fig. 1 as shown by the white block in Fig. 4. 

 
Fig. 4. Results of the Design of the Circuit of Step Up DC To DC 

           Converter in box 2 on the block diagram of Fig. 1. 



 
 
 
 

 
B. Results of Measurement  

   The results of the measurements of the overall tool 
design in the physical form of Fig. 4 can be seen as shown in 
Fig. 5 which are loaded with LED lights whose magnitude 
varies from 60, 75, 90, 130, 180, 300 and 500 Watts as 
shown in Fig. 6. The results of the measurement in the form 
of the incoming and outgoing voltage in the Circuit of Step 
Up DC to DC Converter are shown on  Table 1. 

 
Fig. 5. Physical Form of Fig. 1. 

 
Fig. 6.  The Load of the Circuit of TEG application for Generators. 

Table 1.  The results of measurement of     incoming and outgoing voltage 
of the circuit of the Step Up DC To DC Converter with varying loads. 

 
Loads 
(Watt) 

Incoming 
Voltage 
(Volt) 

Outgoing 
Voltage 
(Volt) 

Description 

60 
75 
90 

130 
180 
300 
500 

5.43 
5.25 
5.08 
4.95 
4.78 
4.13 
4.07 

29.57 
29.18 
29.07 
28.85 
28.56 
27.03 
25.47 

Loaded with 
LED lights of 

Hannochs 
brand 

 
C. Analysis 

This circuit of step-up converter is created to increase the 
voltage from 1-6 Volts to a maximum voltage of 30 Volts 

dc. The increase in voltage reaching the maximum of 30 
Volts dc is obtained from IC LT 1615 which is a micro 
power Step Up DC To DC Converter in which the input 
voltage starts from 1 Volt to 6 Volts and the output voltage 
ranges from 7 Volts to a maximum of 35 Volts. 

       The results of the measurement shown in Table 1 
can be presented in graphical form as in Fig. 7. 

The data in Fig. 7 reveal that the magnitude of the 
outgoing voltage in the circuit averages 6 times of the input 
voltage. The difference between the incoming and outgoing 
voltage is quite large when loaded with 60 Watts, the 
incoming voltage of 5.43 Volts and the outgoing voltage of 
29.57 Volts. There is a significant decrease between the 
incoming and outgoing voltage when it starts to load 300 
Watts, the incoming voltage is 4.13 Volts and the outgoing 
voltage of 27.03 Volts. To prevent the circuit from being 
damaged due to excessive heat, the system should be loaded 
under 500 Watts. 

 

 
Fig. 7.   The graph of measurement results of loads against incoming and 

outgoing voltages. 

 
The desired results of designing the Cuircuit of the Step 

Up DC To DC Converter using IC LT 1615 is the input 
voltage (Vin) of ± 5 Volts and the output voltage (Vout) of ± 
30 Volts. Another important thing is the calculation of the L1 
inductor that is suitable for the system. The inductor L1  can 
be calculated using Equation (1) in which the IC LT 1615 
data sheet reveal that Vout = 30 Volts, VD = 0.4 Volt, Ilim = 
350 milliamperes, and tOFF = 400 ns. So 

L = 2 × {(30 + 0.4)/(350 × 10-3)} × 400 × 109 ≈ 70 µH

 
IV. CONCLUSION 

The circuit of Step-Up DC to DC Converter IC LT 1615 
is a circuit to increase 5 Volt voltage (as an input voltage) to 
30 Volts (as output voltage). If the input voltage is less than 
1.23 Volts the circuit cannot work properly. The input and 



 
 
 
 

 
output currents in this circuit are between 2-3 amperes with a 
maximum system load of 500 Watts. 
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