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High-Voltage Boost Converter  

Warning:  

This project generates high voltages that may impact your health or threaten your life! 

DC-DC High Voltage Boost Converter  

Hardware 
The hardware to be connected to the Arduino Microcontroller is a straight forward implementation 

of a boost converter. The hardware can be kept very simple and cost effective by using the 

microcontrollers built-in hardware (PWM pulse generator, AD converter etc.) and complementing it 

with a few components for those areas where higher amounts of energy have to be handled. 

Just for your memory (this is not an attempt to introduce into the theory of a boost converter): The 

DC-to-DC voltage conversion uses a simple inductor (simple off-the-shelf coil with ferrite core) to 

store energy from the 9 volts power supply: for this storage the Power-MOSFET is conducting a short 

period of time. Once the Power-MOSFET is turned off, the energy stored in the inductor will be 

passed via a diode into the storage capacitor (C3): Due to the basic behavior of an inductor, the 

voltage generated by the inductor can be quite high (Warning: the high voltage may impact your 

health or threaten your life!). 

 

Some considerations when (re-)designing this circuit for your dedicated project or when ordering the 

parts: 
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 I/O-pins of microcontrollers are typically tri-stated (high-impedance) in a variety of situations 

(e.g. at startup until they are configured by software for the intended purpose). The pull-up 

resistor R0 is ensuring during tri-state that the power-MOSFET is blocking (to prevent short 

circuit of the power supply via inductor and Power-MOSFET). 

 Q1 has a threefold purpose in this circuit: 

o it electrically inverses the pulse-train generated by the microcontrollers PWM at D11 

and so ensures that the tri-state situation blocks the power-MOSFET and prevents a 

'short-circuit' through the Power-MOSFET during tri-state (see also software doc); 

o it enables the microcontroller to drive the gate of the Power-MOSFET in the 9 volt 

environment; 

o it conducts sufficient current to unload the gate-capacity of the Power-MOSFET fast. 

This is required to help the inductor to generate a high voltage peak. 

 Q1 can be easily replaced by any kind of bipolar NPN transistor having a hfe of at least 400 in 

the data sheet (Note: hfe at the currents used in this circuit is typically and reliably only 

reaching 100 for a transistor specified with a hfe of 400 in the data sheet summary, see the 

graphs in the data sheet). 

 D1 has been introduced into the circuit just to protect the microcontroller and the power 

supplies from high voltage peaks that may show up during fault conditions. Nevertheless the 

diode should be of the same type like D2 (see below). 

 C1 is a storage capacitor to be placed as close as possible to the Power-MOSFET . In a real 

world circuit setup there may be some wiring between the power source (battery, power 

supply) and the boost converter: C1 just ensures that currents can be high enough during the 

pulses and raise fast enough, since the resistance and inductance in the wiring will be 

compensated. 

 C2 has been added due to a behavior of C1 which is often not well documented in the data 

sheets of electrolytic capacitors: when used in the frequency range above a few ten kilohertz, 

then electrolytic capacitors tend to behave more and more like inductors (and less and less 

as capacitors). Therefore C2 must not be an electrolytic capacitor, preferably a ceramic or foil 

type of capacitor. 

 One of the core elements of the boost converter is L1. L1 is storing energy when the Power-

MOSFET is conducting. And it releases that energy -- at a high voltage -- as soon as the 

Power-MOSFET is turning off (the faster the power-MOSFET is turning off  the higher the 

voltage). The selection of this coil is uncritical, just make sure it can work with currents up to 

2 or 3 amperes without going into magnetic saturation or without becoming too hot (low 

resistance). Even the value of the inductance is uncritical (manufacturing tolerances of such 

inductors vary quite widely): The selection of the pulse-width in the software can 

compensate easily for changes in the inductance. 

 The Power-MOSFET in Q2 is another core element of the boost converter. The selection of 

this device is again quite uncritical, since it is used for switching only (and therefore only a 

small or even no heat-sink may be required). The 'Rds on' shall be below 0.5 Ohms and 

obviously the maximum voltage applicable over drain-to-source needs to be in the range of 

300 to 400 volts. In addition currents of 2 to 3 amperes must be switchable without 

extending the normal operating conditions.  

Note: such Power-MOSFET's -- as a result of their design -- typically feature quite significant 

capacities in their gate. This must be taken into consideration when designing the driver 
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circuit (see above) to ensure the power-MOSFET can turn on and off fast enough to generate 

the required high voltage spikes at the inductor. 

 The high voltage spikes generated by the coil and the power-MOSFET (at the point in time 

when the power-MOSFET is turned off) will be stored in the capacitor C3 via the diode D2. 

The selection of the capacitor depends on the use you want to make of the generated high 

voltage (here we use it for the electronic flash-tube circuit shown below), but obviously it 

must withstand at least the voltage levels generated by the boost converter (300 volts or 

higher are recommended as specification for this capacitor). For the diode D2 you need to 

select a very fast type with a low capacitance (You will not be able to use widely used 

rectifier diodes like the 1N4004 family). Again it is of importance, that L1 and D2 are 

mounted as close as possible to the power-MOSFET. 

 The circuit R4, R5, R6 and C4 form a voltage divider and low-pass allowing the Arduino to 

measure the high voltage with one of its analog inputs (here we are using analog input 6 

'A6'). It's advisable at such high voltages to use multiple resistors (R4 and R5) to allow for 

reduced surface leakage currents in the PCB design (especially also on lab-boards) and to 

prevent damage to the microcontroller in case of failures.  

Overall this circuit is quite uncritical when it comes to the selection of parts and in the lab or 

education you can easily use devices you have available off-the-shelf. When needed by your design 

the pins of the Arduino can be selected differently. The layout of the PCB board (or the way you place 

parts on a lab-board) should consider a few points however: 

 The circuit does not use optical/galvanic coupling to keep it simple and inexpensive. So high 

voltage lines shall be kept as far as possible from the microcontroller and low-voltage lines.  

This prevents surface leakage currents and capacitive coupling. 

 make sure the core devices of the boost converter (D1, C1, C2, L1, Q2, D2, C3) are mounted 

very close to each other and the copper lines are as wide as possible to manage the currents 

(several amperes). 


