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The flyback commutation mode is usually chosen when capacitor has to be charged to certain 

high voltage. The power source supplies portions of energy into the field of air gap transformer that 

are further transferred to the capacitor. The process is continuously repeated until the selected 

voltage is reached. There are some specific occurrences due to the stray capacity distributed between 

the coil windings in the range of several pF usually neglected by the designer. The carried out 

experiments and analysis prove that this capacity has quite a lot of influence on the ongoing 

processes, as well as on the converter efficiency. 
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Introduction 

This study deals with some phenomena 

accompanying the processes in DC/DC converters 

used in flyback mode to charge capacitors of photo-

flashes, signal lamps, defibrillators etc. The specificity 

in such cases is that the output voltage of the 

converter changes and thus the functioning of the 

device change also. The flyback mode is to a great 

extent adaptable to the output voltage. Still, it needs 

some readjustment of the control. This is especially 

true in case of low power high voltage charging, for 

instance of capacitors built in public access 

defibrillators [1]. The arising problems will be 

discussed bellow. 

 
Fig. 1. 

 The base schematic of the converter is shown in 

Fig. 1, whereas Fig. 2 illustrates the ideal current and 

voltage diagrams of the process. To simplify the 

description, the transformer is considered with equal 

to one coefficient of transformation. The calculation 

procedures, recommended by the companies 

producers of drivers for switch control, interpret the 

transitional processes as linear, i.e. R1 (summarizing 

the resistances of the switch UV, the power supply and 

the primary coil of the transformer) and R2 are 

accepted as equal to zero [2], [3]. The transformer is 

assumed to have ideal inter-coil electro-magnetic 

connection.  

 

 
Fig. 2. 
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However, such approach can be used to obtain 

approximate results only. To get higher precision 

estimation of the device indices, a more sophisticated 

analysis has to be made, taking of consideration the 

effects of all accompanying phenomena. As it will be 

further demonstrated, some insignificant at first sight 

events can not be ignored.  

The accompanying phenomena (side effects) are: 

1. The loss within the resistances. It can be easily 

assessed using appropriate method of analysis. 

2. The incomplete electromagnetic connection 

between the coils. It provokes a voltage peak upon the 

switch (usually a field transistor). This peak can be 

partially suppressed by damping circuit or appropriate 

feedback; however both of them will provoke loss of 

energy. Due to the inevitable transformer air gap, the 

electromagnetic connection cannot exceed 95-97%, 

meaning 3 to 5% of the energy is already lost at this 

stage. The loss in the magnetic core itself should also 

be taken into account. 

3. The duration of the switching on/off. It has been 

established that the affect of this component is 

insignificant. 

4. At low output voltages the transfer of energy 

from the transformer to the output is slow process, 

whereas it is relatively fast at high voltages. If the 

transfer is not completed, the initial value of the 

primary current at a new cycle of the switch is not 

equal to zero; as a result the efficiency of the 

commutations is decreased. 

 

 
Fig. 3 

5. The most important circumstance, which is often 

overlooked by the circuit engineer is the negligible at 

first sight capacity distributed between the coil 

windings. It can indeed be ignored when low voltages 

and high currents are used, but in case of small power 

high voltage charging, e.g. of built in defibrillator 

capacitor, this capacitance causes transitional 

processes, which consume considerable part of the 

initial pulses energy. The problem becomes especially 

important if the source is a battery such as in case of 

public access defibrillators: The capacitor charging 

with lowest energy consumption would allow 

additional and maybe life-saving shocks with the 

battery when out-off-hospital sudden cardiac arrests 

are treated by untrained people. 

The precise analysis of these transitional processes 

is impossible. However, sufficiently good results can 

be obtained if the distributed capacitance is replaced 

by concentrated one (C2, Fig. 3), connected in parallel 

to the high voltage coil and the high voltage capacitor 

C0. This distributed capacitance can be defined using 

the parallel resonance frequency. 

What can be done in order to decrease the losses 

due to these side phenomena? 

The majority of known drivers use constant 

commutation frequency [2], [3], [4]. Whereas this 

frequency is conformable to a certain output voltage, 

it is not appropriate for all other values: at low 

voltages the current pulses are overlapped and instead 

of triangular form, they take a trapezoidal one; at high 

voltages the secondary transfer of energy is quickly 

performed provoking oscillation (Fig. 4) leading to 

energy loss of the capacitor C2. Here the initial peak 

of the current i1 is due to the overcharging of C2. The 

measures that can be taken are half-way: for instance 

electronic components may be added to control either 

the commutation frequency or the amplitude of the 

transformer current. That is why, it has to pay 

attention to this first phenomenon: the efficiency of 

such type of drivers is relatively low and cannot be 

completely explained by the overlapping between the 

secondary and the primary transitional processes. 
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Fig. 4 

The company Linear Technology produces drivers, 

which are specifically designed for capacitor charging. 

The LT3420 version currently monitors the secondary 

current. When the zero is reached, the switch turns on 

again and starts a new cycle [5]. Thus the trapezoidal 

form of the current pulses is avoided and the 

efficiency increases. Not enough though, as the energy 

of the parasite distributed capacitance is lost, causing 

heating of the switch and the transformer. A decisive 

step is made with the version LT3750 [6]. The voltage 

of the primary coil is continuously monitored. The 

zero reaching means that the parasite capacitance has 
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already transferred its accumulated energy into the 

transformer’s field. Then the switch closes and the 

new cycle starts with a negative value of the primary 

current, i.e. this energy turns back to the supply (the 

battery). Additionally, the transformer core is partially 

over-magnetized in reverse direction, thus improving 

the charging efficiency. That is really a brilliant 

solution. At first sight this evaluation might seem 

exaggerated: it is hardly expected that the reduced 

thermal losses are significant. However, our 

measurements and calculations performed with real 

transformers show that the additionally utilized energy 

might exceed 15% of the initial pulse energy that 

cannot be neglected. Here a second phenomenon is 

observed: the current consumed from high voltage 

sources decreases, despite the expectation of an 

increase because of the shortened time t2. However, as 

it will be shown bellow, this phenomenon can be 

explained by the extended time t1, due to the negative 

and increased initial value of the current i1. 

Analysis and results 

The above statements are confirmed with data 

from theoretical analysis and experiments with real 

DC/DC converter controlled by LT3750. 

The cycle can be divided into four functional 

stages: 

 

 
Fig. 5. 

a) Switching on and transferring energy to the 

transformer (Fig. 5, ); 

b) Turning off the switch and initial transient 

process (Fig. 5,b, the diode is turned off); 

c) Transfer of energy to the output (Fig. 5,c, the 

diode is turned on);  

d) Final transient response process (Fig. 5,b, the 

diode is turned off again), after which the switch turns 

on. 

The parameters defining the transient processes 

from ) and b) are equal, but the initial conditions are 

different. The analytical equations and grounds will be 

spared to the reader; final results will be presented 

only. They concern converter with transformer 

inductances of L1 = 25.1 µH and L2 = 27.2 mH. The 

rest of the parameters are as follows: R1 = 0.08Ω and 

R2 = 20Ω (including the battery, switch and diode 

resistances), С0 = 60.4 μF>>С2 = 11 F, U1 = 12 V and 

the current amplitude I1max = 5.4 A. The charging 

voltage U0 is from 0 to 2500 V. 

Fig. 6 shows graphically the results of the 

calculations and as a comparison – the curves )(0

0 tU , 

)(0

1 tI  and )(0 tη  when С2 = 0. As expected, the 

current grows monotonously.  
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Fig. 6. Analytically obtained results of the charging 

processes: the traces with index 0 are for C2=0, the other 

are results with C2=11 pF. 

The data were obtained via computational 

procedure, which is based on the following: 

First, to correspond to the real commutations, the 

output voltage is derived by accumulation of many, up 

to 105÷106 small portions of energy. The final value of 

U0 and all other parameters can be determined by a 

linkwork computational procedure the end of a cycle 

is the beginning of the next one), but it would take an 

unacceptably long time. 

Secondly, the analysis of the circuits in Fig. 6 gives 

the results for a point k from the output voltage U0k, 

but the obtained data represent increments and the 

time coordinate is missing. 

An approximation is applied to move to time 

presentation of the different indices. The unknown 

real expression )( 0Ut is substituted by a set of local 
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parabolas [7], [8]. It is assumed that the derivate 

k
dU

dt 



0

 may be presented adequately by ratio of the 

final increments
k

k

U

T

0Δ
. The values of kU0  and 





0dU

dt
in points k-1  k are used for determination of 

the parabola parameters and then of the time ktΔ  

elapsed with the voltage increment from 10 −kU  to kU0 . 

The function )( 0kk Ut , as well as )(0 kk tU are obtained 

by the sum Δ=

k

kk tt
1

 starting from  t = 0. 

Parabolic approximation is applied for the function 

)(1 tI av  too. The parabola parameters are calculated by 

the points )(),( 1121 −− kavkav tItI and )(1 kav tI . The 

consumed energy within the sections is determined by 

the integral 

Δ

=Δ
tk

avk dttIUW
0 111 )( .  

0

0.5

1

1.5

2

2.5

0 2 4 6 8 10 12

η

t ,s

 
Fig. 7. 

The energy consumption )(1 tW  is determined by 

the sum 
=

Δ=

k

k

kWW
1

11 . As the charged energy 

2
0

0
2

2
U

C
W =  is known, the integral efficiency 

).(tη can be easily calculated.  

The results of real experiment with DC/DC 

converter having the above cited parameters are given 

in Fig. 7. The recording is done using digital 

oscilloscope. As it can be seen, the curves  )(0 tU , 

)(1 tI  and )(tη  are practically identical. 

The reliability of the obtained results and 

assessments are confirmed also by simulation analysis 

using the available Linear Technology program [9]. 

The curve, which is drawn immediately, doesn’t differ 

from the analytically obtained and shown in Fig. 6. 

The values of )(),( 01 tUtI av Δ  and )(tT  are derived 

point by point from the data array but it turned out that 

they are quite dispersed (Fig. 8). However, as can be 

seen, a smoothed averaged curve will overlap the 

theoretical one in a fully satisfactory way. 
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Fig. 8. )(0 tU and )(1 tI av  curves: theoretical (black traces) 

and simulated (red traces). 

Conclusion 

It was supposed in the Introduction that the 

relatively low efficiency (65%÷75%) of the 

conventionally controlled low-power DC/DC 

converters in mode flayback is due to the capacitance 

distributed between the secondary coil windings. The 

carried out numerical analysis manifests that this 

hypothesis is well-grounded. 

Does the specific form of control implemented 

within the Linear Technology driver LT3750 really 

increases the efficiency of the converter partially 

using the energy stored in the parasitic capacitance? 

This is definitely the case as follows by the 

implemented theoretical, simulation and experimental 

studies. Something more, it was carried out 

experiment with 10 pF capacitor connected in parallel 

to the secondary coil of the transformer to simulate the 

overlooked distributed capacitance. The results show 

that controlling the commutation at the zero of the 

current i2 in Fig. 4 (as with LT3420), the efficiency 

fell by 7% compared to the case of commutation at 

zero voltage 2 (as with LT3750), where the efficiency 

keeps its value. 

It is quite possible that the Linear Technology’s 

designers have gone a similar way in developing the 

idea: from using the total magnetic energy with the 

imperfect LT3420 (year 2002) through using the total 

electrical energy with the best solution LT3750 (year 

2005). This paper shows only the reason for obtaining 

such high result. 
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