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Abstract:  

During the last few years unmanned multi-rotor helicopters are getting ubiquitous due to their 

low cost and efficiency. The power supply of these machines is lacking behind as are doing 

many other modules in the avionics as well and users are suffering from being unable to utilize 

fully the capabilities of these modern aircraft. 

In order to increase flight times, high efficiency power supplies are needed. Current 

models of lower class use passive power supplies with efficiencies in the range of 50%. More 

common among expensive models are inductive power supplies. The latter ones offer 

efficiencies from 70% to 95%. The upper limit is hardly achievable and also these power 

supplies suffer from a number of drawbacks such as electromagnetic interference, high 

frequency operation, weight, form factor, etc. 

The present article demonstrates a capacitive voltage doubler especially designed for 

unmanned multi-rotor helicopters with efficiency of over 98% and very small dimensions and 

weight. The lack of inductors and low working frequency guarantee almost none electromagnetic 

interference to other modules of the avionics. 

 

Keywords: Unmanned helicopter power supply, Unmanned multi-rotor helicopter. 
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Introduction 

Onboard unmanned helicopter power supplies are important units of the avionics. If they 

exhibit high efficiency, the aircraft will be capable of high efficiency of flight, hence longer 

flying times and increased range. Another aspect of unmanned helicopters power supply is their 

electromagnetic interference with other more sensitive modules such as the radio transceiver. 

In order to increase efficiency and lower the electromagnetic disturbances a capacitive 

power supply should be addressed for implementation. The inductive power supplies are plagued 

with electromagnetic interference problems and often have efficiencies in the range of 70-95% 

but the upper limit is hard to achieve. 

Capacitive power supply has no inductors, which radiate magnetic field. The efficiency is 

greater than 98-99%. Dimensions of these units are more compact and also weight is 

considerably less in comparison to the inductive modules. 

The current article focuses on a capacitive voltage doubler and its most efficient and cost-

effective implementation for the onboard power supply of unmanned helicopters. 

 

History of capacitive voltage doublers 

One of the oldest voltage doubler circuits is the Greinacher voltage doubler (Fig. 2). It is 

designed as an improvement of the voltage clamp circuit know as the Villard voltage doubler 

(Fig. 1). 

 

 

Figure 1. Villard voltage doubler 

 

The Greinacher circuit works by following a Villard stage with a peak detector or an envelope 

detector stage. The peak detector smoothes the ripple of the Villard stage while assuring a 

doubled voltage at the output. The circuit was invented in 1913 by Heinrich Greinacher and was 

used to provide voltage supply for the newly invented ionometer. 
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Figure 2. Villard voltage doubler 

 

Later in 1920 this circuit was extended into a cascade of multiplier Greinacher cells known as 

Cockcroft–Walton multiplier used in the particle accelerator machine invented by John 

Cockcroft and Ernest Walton. 

 

Why voltage doubler? 

Some of the scenarios onboard unmanned helicopters requiring voltage doublers are as 

follows: 

1. Combination of motors working at different voltages. For example 4 motors working at 

11.1V and one motor working at 22.2V. 

2. Combination of servos with different voltages. 

3. Supplying radio transmitters that require high voltage for the final transmitter stage. 

 

The doubler will not present an exact voltage but it will nevertheless offer a close voltage to the 

nominal for the given module. A voltage regulator after the voltage doubler may be installed. For 

most units a regulator is either inbuilt or is not needed as is the case with most servos that 

tolerate certain deviation from the supply voltage. 

 

Voltage doubler to be used onboard of unmanned helicopter series XZ 

The Greinacher voltage doubler on Fig. 2 is applicable for AC voltage supply. When used 

on board of an unmanned helicopter where the voltage source is a battery then a chopper circuit 

is needed, namely a push-pull transistor generator. Such a solution is shown on Fig. 3. 
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Figure 3. Greinacher voltage doubler with input TTL buffers 

 

The above circuit needs control TTL signals from a microprocessor or another control device. 

The control signals A and B should have certain timing in order to keep the upper and lower 

transistors never conducting at the same time (see Fig. 4). 

 

 

Figure 4. Control TTL signals for the Greinacher voltage doubler with input TTL buffers 

 

Constructed this way the transistor circuit will function properly but at low efficiency especially 

when drawing current from a low voltage battery of 1 to 6 Li-Poly or Li-Ion cells. The voltage 

drop across transistors and diodes is in the order of 1.4 V to 3 V making the circuit efficiency 

B 

A 
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low. For example using a battery of three cells at nominal voltage of 11.1 V the voltage drop in 

the circuit’s semiconductors will be 1 V at the diodes (only if Schottky diodes are used) and 0.4 

V at the transistors (only if low VCEsat transistors are used). Thus the total voltage drop will be 

1.4 V or 12.6%. The solution to this low efficiency problem is to use a charge pump 

configuration. Bipolar diodes and transistors should be replaced with MOSFET transistors. An 

improved circuit is shown on Fig. 5. 

 

 

Figure 5. Greinacher voltage doubler in charge pump configuration 

 

The improved circuit from Fig. 5 needs three instead of two control signals, because three of all 

four MOSFET transistors are controlled using auxiliary charge pumps. Those charge pumps 

charge at different moments after circuit startup and correct timing could be achieved only using 

three instead of two control signals. The above circuit delivers power at very high efficiency. For 

example let us test the circuit again with a three cell battery with nominal voltage of 11.1 V and 

let us draw 10 A current from it (5 A at the voltage doubler output). Then let us implement 

transistors with RDSon equal to 1 mOhm each and a capacitor with ESR equal to 2 mOhm. Then 
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there is defined a voltage drop across the transistors and capacitor of 10 A * 0.004 Ohm = 0.04 

V. The power loss will be 0.4 W. The gate switching loss is Cgate * f * V
2
 and is around 60 mW, 

which can be neglected. Thus the total power loss is only 0.36%. This makes the circuit a winner 

with efficiency of over 99.5%. The major problem with this circuit is that it needs a 

microprocessor to run. Is there a way of making it work without a microprocessor thus 

guaranteeing higher reliability? A voltage doubler driving essential parts of the avionics should 

be extraordinarily reliable, thus a software error should be excluded. The best solution is to use 

combinatorial-memory logical circuit when generating the control signals. This solution is shown 

no Fig. 6. 

 

Figure 6. Charge pumped Greinacher voltage doubler with control signals generated without a 

microprocessor 

 

As already mentioned the control signals should be timed correctly. These signals could be 

digitized with a granular time step that satisfies the efficiency considerations and timing delays 

of the used logic gates. A division of the main generator period by 16 is satisfactory. A digital 
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binary counter is used for this purpose driven by an RC generator.  The timing diagram of the 

control signals for driving the circuit from Fig. 6 is shown in Table 1 below. 

 

 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

X0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 

X1 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 

X2 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 

X3 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 

FLO 1 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 

FHI 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 

 

Table 1. Control signals in digitized time sub-periods 

 

There are two control functions FLO and FHI (see Fig. 6). One needs to generate those using 

combinational logic circuits. For the purpose of synthesizing the two control functions the logic 

series 4000 logic gates are used and Veitch charts are drawn (see Table 2 and Table 3). 

 

FLO: 

 X0 X0    

X1 1 1 0 0  

X1 1 1 0 0 X3 

 1 1 0 0 X3 

 1 1 0 1  

  X2 X2   

 

Table 2. Synthesizing control function FLO using Veitch diagram 
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Canonical disjunctive normal form is used. The minterms of the two given functions are 

observed and grouped in maximal groups as the rules of the Veitch diagrams denote (see Table 2 

and Table 3 blue coloured fields). 

 

FHI: 

 X0 X0    

X1 0 0 1 1  

X1 0 0 1 1 X3 

 0 0 1 1 X3 

 1 0 1 1  

  X2 X2   

 

Table 3. Synthesizing control function FHI using Veitch diagram 

 

The result is as follows: 

 

FLO = X0 | ~X1 & ~X2 & ~X3 = X0 | ~(X1 | X2 | X3) 

~ FLO = ~(X0 | ~(X1 | X2 | X3)) 

FHI = ~X0 | ~X1 & ~X2 & ~X3 = ~X0 | ~(X1 | X2 | X3) 

 

It becomes clear that the most appropriate logic gates for synthesizing these two functions are 

two input NOR and OR gates. Let us define a sub-function F1: 

 

F1 = ~(X1 | X2 | X3) 

 

Then F1  is synthesized as follows: 

 

F1 = NOR2(X1, OR2(X2, X3)) 

 

Further ~ FLO is synthesized: 
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~ FLO = ~(X0 | F1) = NOR2(X0, F1) 

 

FHI  is obtained in a similar way: 

 

FHI = ~X0 | F1 = OR2(NOR2(X0, 0), F1) 

 

The correct timing is guaranteed by a four bit D-trigger memory and a few delay networks. 

 

Conclusion 

Using high-efficiency capacitive power supplies onboard of unmanned multi-rotor 

helicopters increases range and flying times. Further this solution lowers electromagnetic 

interference among modules of the avionics guaranteeing higher reliability of the aircraft. To 

increase the reliability even further the current material presents a microprocessor free solution 

of a MOSFET charge pump based voltage doubler. 

Authors are continuing their work on improving the flying time, efficiency and reliability 

of the unmanned helicopters thus offering to users even more risk free and capable flying 

platforms. 
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