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Abstract. AC and DC input characteristics of the flyback converter are analysed and investigated via Spice simulations and measurements. The 
influence of parasitic effects in converter components on input characteristics is studied in continuous conduction mode (CCM) and discon-
tinuous conduction mode (DCM). The results of the calculations based on analytical formulas and averaged models are in a good accordance 
with Spice simulations and measurements.
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tinuous conduction modes are distinguished and the influ-
ence of the eventual use of snubber is seen. Input voltage: 
VG = 24 V, switching frequency: fS = 100 kHz, duty ratio: 
DA = 0.5; primary winding inductance: L = 170 µH, turns ratio: 
n = 0.2, output capacitance: C = 470 µF, load resistance: 3 Ω 
for a) and b), 50 Ω for c) and d). A simple snubber formed by 
a diode, resistor and capacitor is connected at the input termi-
nals of the transformer.

External features of a switching converter for steady state 
or slow transients are usually described by the dependencies 
between currents and voltages averaged over a single switching 
period, in other words, by averaged models [1‒5, 7]. In a typical 
description of DC-DC switching converters, the small-signal 
averaged input-to-output voltage transfer function and con-
trol-to-output transmittance are used and the formulas describ-
ing these characteristics may be found in many sources. The 
averaged descriptions of flyback converters presented in the 
literature usually concern the idealized converter models in 
which the parasitic effects are not included or included only 
partially [1‒3, 6‒12]. The mentions concerning the averaged 
input characteristics of ideal flyback can be found in [1] and 
[7]. Averaged models of a non-ideal flyback are considered to 
the limited extent in the literature, and the most representative 
example seems to be the paper [13] in which the modifications 
of the standard state-space averaging and the switch averaging 

1. Introduction

Flyback DC–DC switch-mode converter is a very popular power 
with many applications because of its unique features such as 
the galvanic isolation between input and output, the wide range 
of possible voltage transfer function and the possibility to sup-
ply many isolated loads. The elementary descriptions of flyback 
converters can be found in textbooks, as for example [1–3], 
and many aspects of their properties, applications and control 
methods are presented in many sources, for example in [4–13]. 
There is a difference between the non-ideal description of a con-
verter in which the parasitic effects (parasitic capacitances, series 
resistances and inductances of components etc.) are included and 
the ideal description, where they are not. The input character-
istics of a non-ideal flyback are not presented in the systematic 
way in the literature, although they may be important in some 
applications of flyback, for example in power factor correction 
(PFC) or maximum power point tracing (MPPT) circuits. The 
aim of this paper is the investigation of the input characteristics 
of flyback working in continuous conduction mode (CCM) and 
discontinuous conduction mode (DCM) by analysis, simulation 
and measurements. A special attention is paid to the influence 
of parasitic effects in the converter on its input characteristics.

The basic scheme of the power stage of flyback con-
verter including a transformer with the winding ratio 
n = Nsec/Nprim, is shown in Fig. 1. The waveforms of currents 
and voltages in a power stage of switch-mode DC-DC con-
verter are very complex because of the switching nature of 
a converter action. In particular, parasitic oscillations result-
ing from switching processes are observed. These oscilla-
tions may be only partially suppressed by so called snubbers. 
The exemplary waveforms of the input current measured 
for flyback in the short time scale (several switching peri-
ods) are shown in Fig. 2, where the continuous and discon-
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Fig. 1. The power stage of a flyback converter
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Fig. 2. Waveforms of the input current of flyback: a) CCM without snubber, b) CCM with snubber, c) DCM without snubber, d) DCM with snubber

a)

c)

b)

d)

technique, specific for a flyback converter, are introduced, with 
the parasitic resistances of all converter components included, 
but the input characteristics of a non-ideal flyback is not consid-
ered. Flybacks used in AC-DC converters are working in DCM 
or BCM (boundary between CCM and DCM) more frequently 
than in CCM [14‒18]. It is caused by the differences in the 
input characteristics in CCM and DCM but this problem is not 
explained precisely in [14‒18].

The DC input characteristics of an ideal flyback converter 
and the converter with the parasitic resistances of components 
are discussed in Sections 2 and 3. The input dynamic charac-
teristics measured and simulated with inertial parasitic effects 
included, are presented in Section 4. Some concluding remarks 
are given in Section 5.

2. A simplified descriptions of an ideal flyback 
converter for direct currents (DC)

The known, basic description of the ideal flyback circuit with-
out parasitic components [1‒3] is briefly reviewed in this sec-
tion. The description of the basic characteristics of the converter 

working in CCM differs from the description for DCM. The 
boundary between CCM and DCM mode for steady state con-
ditions may be characterized by the threshold value of the load 
conductance GC, given for an ideal converter in [3].

The DC voltage transfer function MV for ideal f lyback 
working in continuous conduction mode (CCM) and in discon-
tinuous conduction mode (DCM) are given by simple, known 
formulas [1‒3].

In an ideal flyback working in CCM, similarly as in such 
converters as buck and boost, the voltage transfer function MV 
is independent of the load. The eventual dependence of MV on 
GL may be caused by the second-order parasitic effects. The 
DC input conductance GIN of an ideal loss-less converter may 
be easily found from the condition of the equality of the input 
and output DC power, and is proportional to the load conduc-
tance GL [1, 2]:
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where TS is switching period. 

The basic difference between the above formulas concerns 
the dependence of the input conductance on the load 
conductance.  

The expression for the input characteristics of the ideal 
flyback in DCM may be deduced from chapters 11 and 18 
of textbook [1] by Erickson and Maksimovic. In Ch. 11, 
based on earlier works of the same authors, the concept of 
so called “loss-free resistor” Re is introduced as a 
component of the averaged model of the pair of ideal 
switches in buck, boost and buck-boost converters working 
in DCM (the second component is a controlled power 
source). The expression for the resistance of “loss-free 
resistor” is [1]: 
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From the discussion in Ch. 18 of [1], it may be inferred  that 
the input resistance of ideal flyback in DCM is equal to the 
resistance of this “loss-free resistor”. The models of 
converters working in DCM, containing loss-free resistor 

and controlled power source presented in [1] are not 
accepted by circuit simulators, e.g. Spice, therefore the 
usefulness of  such models is limited, nevertheless the 
conductance obtained as the reciprocal of  (4) is precisely 
equal to (3).  

The averaged large-signal and small-signal description 
of an ideal flyback in CCM as well as in DCM is 
systematically presented in [7]. It is worth noting, that the 
input characteristics of flyback in DCM given in [7] differ 
qualitatively from characteristics resulting from the 
description in [1]. The differences between some 
characteristics for DCM obtained in [7] and in the present 
paper are discussed in further sections. 

3. Input characteristics of a non-ideal 
flyback converter for direct currents 

The DC input current of a non-ideal flyback converter may 
be calculated as the averaged value of the time-dependence 
of the instantaneous input current iIN(t) over a single 
switching period. The equivalent  circuit used in this 
section for finding the relations between currents and 
voltages averaged over switching period for steady state is 
depicted Fig. 3, where the transformer is replaced by two 
controlled sources and magnetizing inductance L (the 
inductance of the primary winding), and semiconductor 
switches are represented by symbols S1 and S2.  

 

Fig. 3. The equivalent circuit of the flyback power stage 

Resistances R1 and R2 include parasitic resistances of 
switches and of primary and secondary windings of the 
transformer. The inertial parasitic effects such as 
capacitances of semiconductor switches and leakage 
inductances of transformer are not included in Fig. 3 and in 
the analytical description presented in this section. 

The switching period TS contains two or three sub-
intervals with different states of switches. For DCM there 
are three sub-intervals: ON (S1 ON, S2 OFF), OFF1 (S1 
OFF, S2 ON) and OFF2 (both switches OFF) and the 
equivalent circuits of the converter are depicted in Fig. 4 
a), b) and c) respectively. The situation for the CCM mode 
is simpler, because the OFF2 sub-interval doesn’t exist. 
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working in DCM, containing loss-free resistor and controlled 
power source presented in [1] are not accepted by circuit sim-
ulators, e.g. Spice, therefore the usefulness of such models is 
limited, nevertheless the conductance obtained as the reciprocal 
of (4) is precisely equal to (3).

The averaged large-signal and small-signal description of 
an ideal flyback in CCM as well as in DCM is systematically 
presented in [7]. It is worth noting, that the input characteristics 
of flyback in DCM given in [7] differ qualitatively from char-
acteristics resulting from the description in [1]. The differences 
between some characteristics for DCM obtained in [7] and in 
the present paper are discussed in further sections.

3. Input characteristics of a non-ideal flyback 
converter for direct currents

The DC input current of a non-ideal flyback converter may be 
calculated as the averaged value of the time-dependence of the 
instantaneous input current iIN(t) over a single switching period. 
The equivalent circuit used in this section for finding the rela-
tions between currents and voltages averaged over switching 
period for steady state is depicted Fig. 3, where the transformer 
is replaced by two controlled sources and magnetizing induc-
tance L (the inductance of the primary winding), and semicon-
ductor switches are represented by symbols S1 and S2.

Resistances R1 and R2 include parasitic resistances of 
switches and of primary and secondary windings of the trans-
former. The inertial parasitic effects such as capacitances of 

semiconductor switches and leakage inductances of transformer 
are not included in Fig. 3 and in the analytical description pre-
sented in this section.

The switching period TS contains two or three sub-inter-
vals with different states of switches. For DCM there are three 
sub-intervals: ON (S1 ON, S2 OFF), OFF1 (S1 OFF, S2 ON) 
and OFF2 (both switches OFF) and the equivalent circuits 
of the converter are depicted in Fig. 4a, b and c respectively. 
The situation for the CCM mode is simpler, because the OFF2 
sub-interval doesn’t exist.

Fig. 3. The equivalent circuit of the flyback power stage

Fig. 4. Equivalent circuits of flyback in three sub-intervals: a) ON, 
b) OFF1, c) OFF2

The steady state conditions are considered in this section 
(input voltage VIN, load conductance GL and duty ratio DA of 
switching signal are constant). The input current waveform 
iIN(t) of the converter in the single switching period, accord-
ing to Fig. 4 is:
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By substitution of (9) into (6) one obtains: 
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In the special case of DCM mode we have iL(0) = 0 and 
the simplified form of Eqn. (10) is obtained: 
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Note, that in Eqns. (9) – (11), for R1 = 0, undefined 
symbols 0/0 or 0∙∞ are obtained. The case of R1 → 0 is 
considered below. Using in Eqn. (14) the approximation:   
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and tON is replaced by DA∙TS. 

It may be easily proved, that the expression (12), with 
x given by (13) is a very good approximation for Eqn. (9) 
and real values of converter parameters assumed. Taking 
exemplary values: R1 = 0.55 Ω, L = 170 µH, DA = 0.4,  
TS = 10 µs (corresponding to laboratory model of flyback 
used in experiments described below), one obtains:  
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the simplified form of Eqn. (10) is obtained: 


























−+










 −

1)(
1

11

ONtL
R

ON
S

IN
IN e

R
Lt

TR
VDCMI  (11) 

Note, that in Eqns. (9) – (11), for R1 = 0, undefined 
symbols 0/0 or 0∙∞ are obtained. The case of R1 → 0 is 
considered below. Using in Eqn. (14) the approximation:   

 
2

1
2xxe x +−=−  for x << 1 (12) 

with  ONtL
Rx = 1  (13) 

we obtain: 

( ) ZAINZAALIN GDVGDRDiI +− 2
11)0(  (14) 

where: 

 
L

TG S
Z 
=

2
 (15) 

and tON is replaced by DA∙TS. 

It may be easily proved, that the expression (12), with 
x given by (13) is a very good approximation for Eqn. (9) 
and real values of converter parameters assumed. Taking 
exemplary values: R1 = 0.55 Ω, L = 170 µH, DA = 0.4,  
TS = 10 µs (corresponding to laboratory model of flyback 
used in experiments described below), one obtains:  
x = 0.0129 therefore the first omitted term in expansion 
(12) is nearly seven orders of magnitude smaller than the 
exact value of e-x.  

Further calculations for CCM and DCM are different. 
In DCM the initial value of current, iL(0) is simply zero and 
the averaged input current is: 

 (6)

and is equal to the DC term IIN of the input current:

 

4 

 

Fig. 4. Equivalent circuits of flyback in three sub-intervals: a) ON,  
b) OFF1, c) OFF2 

The steady state conditions are considered in this section 
(input voltage VIN, load conductance GL

 and duty ratio DA  
of switching signal are constant). The input current 
waveform iIN(t) of the converter in the single switching 
period, according to Fig. 4 is: 

 







=
SON

ONL
IN Tttfor

ttforti
ti

,0
0)(

)(  (5) 

where: tON = DA∙TS. For convenience, the  considered 
switching period begins at t = 0. 

The input current averaged over single switching period is: 

   ==
S ONT t

L
S

IN
S

IN dtti
T

dtti
T

ti
0 0

)(1)(1)(  (6)  

and is equal to the DC  term IIN of the input current: 

 ININ Iti = )(  (7) 

The waveform of the iL(t) for 0 ≤ t ≤ tON, obtained from the 
equation: 

 
dt
diLRiV L

LIN += 1  (8) 

(see Fig. 4 a), is: 

 








 −






 −
+














−=

t
L
R

L

t
L
R

IN
L eie

R
Vti

11

)0(1)(
1

 (9)  

By substitution of (9) into (6) one obtains: 


























−








−+


=







 − ONtL
R

IN
L

IN
ON

S

IN
IN e

R
Vi

V
Lt

TR
VI

1

1)0(
11

 (10) 

In the special case of DCM mode we have iL(0) = 0 and 
the simplified form of Eqn. (10) is obtained: 


























−+










 −

1)(
1

11

ONtL
R

ON
S

IN
IN e

R
Lt

TR
VDCMI  (11) 

Note, that in Eqns. (9) – (11), for R1 = 0, undefined 
symbols 0/0 or 0∙∞ are obtained. The case of R1 → 0 is 
considered below. Using in Eqn. (14) the approximation:   

 
2

1
2xxe x +−=−  for x << 1 (12) 

with  ONtL
Rx = 1  (13) 

we obtain: 

( ) ZAINZAALIN GDVGDRDiI +− 2
11)0(  (14) 

where: 

 
L

TG S
Z 
=

2
 (15) 

and tON is replaced by DA∙TS. 

It may be easily proved, that the expression (12), with 
x given by (13) is a very good approximation for Eqn. (9) 
and real values of converter parameters assumed. Taking 
exemplary values: R1 = 0.55 Ω, L = 170 µH, DA = 0.4,  
TS = 10 µs (corresponding to laboratory model of flyback 
used in experiments described below), one obtains:  
x = 0.0129 therefore the first omitted term in expansion 
(12) is nearly seven orders of magnitude smaller than the 
exact value of e-x.  

Further calculations for CCM and DCM are different. 
In DCM the initial value of current, iL(0) is simply zero and 
the averaged input current is: 

. (7)

The waveform of the iL(t) for 0 ∙ t ∙ tON, obtained from the 
equation:

 

4 

 

Fig. 4. Equivalent circuits of flyback in three sub-intervals: a) ON,  
b) OFF1, c) OFF2 

The steady state conditions are considered in this section 
(input voltage VIN, load conductance GL

 and duty ratio DA  
of switching signal are constant). The input current 
waveform iIN(t) of the converter in the single switching 
period, according to Fig. 4 is: 

 







=
SON

ONL
IN Tttfor

ttforti
ti

,0
0)(

)(  (5) 

where: tON = DA∙TS. For convenience, the  considered 
switching period begins at t = 0. 

The input current averaged over single switching period is: 

   ==
S ONT t

L
S

IN
S

IN dtti
T

dtti
T

ti
0 0

)(1)(1)(  (6)  

and is equal to the DC  term IIN of the input current: 

 ININ Iti = )(  (7) 

The waveform of the iL(t) for 0 ≤ t ≤ tON, obtained from the 
equation: 

 
dt
diLRiV L

LIN += 1  (8) 

(see Fig. 4 a), is: 

 








 −






 −
+














−=

t
L
R

L

t
L
R

IN
L eie

R
Vti

11

)0(1)(
1

 (9)  

By substitution of (9) into (6) one obtains: 


























−








−+


=







 − ONtL
R

IN
L

IN
ON

S

IN
IN e

R
Vi

V
Lt

TR
VI

1

1)0(
11

 (10) 

In the special case of DCM mode we have iL(0) = 0 and 
the simplified form of Eqn. (10) is obtained: 


























−+










 −

1)(
1

11

ONtL
R

ON
S

IN
IN e

R
Lt

TR
VDCMI  (11) 

Note, that in Eqns. (9) – (11), for R1 = 0, undefined 
symbols 0/0 or 0∙∞ are obtained. The case of R1 → 0 is 
considered below. Using in Eqn. (14) the approximation:   

 
2

1
2xxe x +−=−  for x << 1 (12) 

with  ONtL
Rx = 1  (13) 

we obtain: 

( ) ZAINZAALIN GDVGDRDiI +− 2
11)0(  (14) 

where: 

 
L

TG S
Z 
=

2
 (15) 

and tON is replaced by DA∙TS. 

It may be easily proved, that the expression (12), with 
x given by (13) is a very good approximation for Eqn. (9) 
and real values of converter parameters assumed. Taking 
exemplary values: R1 = 0.55 Ω, L = 170 µH, DA = 0.4,  
TS = 10 µs (corresponding to laboratory model of flyback 
used in experiments described below), one obtains:  
x = 0.0129 therefore the first omitted term in expansion 
(12) is nearly seven orders of magnitude smaller than the 
exact value of e-x.  

Further calculations for CCM and DCM are different. 
In DCM the initial value of current, iL(0) is simply zero and 
the averaged input current is: 

 (8)

(see Fig. 4a), is:

 

4 

 

Fig. 4. Equivalent circuits of flyback in three sub-intervals: a) ON,  
b) OFF1, c) OFF2 

The steady state conditions are considered in this section 
(input voltage VIN, load conductance GL

 and duty ratio DA  
of switching signal are constant). The input current 
waveform iIN(t) of the converter in the single switching 
period, according to Fig. 4 is: 

 







=
SON

ONL
IN Tttfor

ttforti
ti

,0
0)(

)(  (5) 

where: tON = DA∙TS. For convenience, the  considered 
switching period begins at t = 0. 

The input current averaged over single switching period is: 

   ==
S ONT t

L
S

IN
S

IN dtti
T

dtti
T

ti
0 0

)(1)(1)(  (6)  

and is equal to the DC  term IIN of the input current: 

 ININ Iti = )(  (7) 

The waveform of the iL(t) for 0 ≤ t ≤ tON, obtained from the 
equation: 

 
dt
diLRiV L

LIN += 1  (8) 

(see Fig. 4 a), is: 

 








 −






 −
+














−=

t
L
R

L

t
L
R

IN
L eie

R
Vti

11

)0(1)(
1

 (9)  

By substitution of (9) into (6) one obtains: 


























−








−+


=







 − ONtL
R

IN
L

IN
ON

S

IN
IN e

R
Vi

V
Lt

TR
VI

1

1)0(
11

 (10) 

In the special case of DCM mode we have iL(0) = 0 and 
the simplified form of Eqn. (10) is obtained: 


























−+










 −

1)(
1

11

ONtL
R

ON
S

IN
IN e

R
Lt

TR
VDCMI  (11) 

Note, that in Eqns. (9) – (11), for R1 = 0, undefined 
symbols 0/0 or 0∙∞ are obtained. The case of R1 → 0 is 
considered below. Using in Eqn. (14) the approximation:   

 
2

1
2xxe x +−=−  for x << 1 (12) 

with  ONtL
Rx = 1  (13) 

we obtain: 

( ) ZAINZAALIN GDVGDRDiI +− 2
11)0(  (14) 

where: 

 
L

TG S
Z 
=

2
 (15) 

and tON is replaced by DA∙TS. 

It may be easily proved, that the expression (12), with 
x given by (13) is a very good approximation for Eqn. (9) 
and real values of converter parameters assumed. Taking 
exemplary values: R1 = 0.55 Ω, L = 170 µH, DA = 0.4,  
TS = 10 µs (corresponding to laboratory model of flyback 
used in experiments described below), one obtains:  
x = 0.0129 therefore the first omitted term in expansion 
(12) is nearly seven orders of magnitude smaller than the 
exact value of e-x.  

Further calculations for CCM and DCM are different. 
In DCM the initial value of current, iL(0) is simply zero and 
the averaged input current is: 

. (9)

By substitution of (9) into (6) one obtains:

4 

 

Fig. 4. Equivalent circuits of flyback in three sub-intervals: a) ON,  
b) OFF1, c) OFF2 

The steady state conditions are considered in this section 
(input voltage VIN, load conductance GL

 and duty ratio DA  
of switching signal are constant). The input current 
waveform iIN(t) of the converter in the single switching 
period, according to Fig. 4 is: 

 







=
SON

ONL
IN Tttfor

ttforti
ti

,0
0)(

)(  (5) 

where: tON = DA∙TS. For convenience, the  considered 
switching period begins at t = 0. 

The input current averaged over single switching period is: 

   ==
S ONT t

L
S

IN
S

IN dtti
T

dtti
T

ti
0 0

)(1)(1)(  (6)  

and is equal to the DC  term IIN of the input current: 

 ININ Iti = )(  (7) 

The waveform of the iL(t) for 0 ≤ t ≤ tON, obtained from the 
equation: 

 
dt
diLRiV L

LIN += 1  (8) 

(see Fig. 4 a), is: 

 








 −






 −
+














−=

t
L
R

L

t
L
R

IN
L eie

R
Vti

11

)0(1)(
1

 (9)  

By substitution of (9) into (6) one obtains: 


























−








−+


=







 − ONtL
R

IN
L

IN
ON

S

IN
IN e

R
Vi

V
Lt

TR
VI

1

1)0(
11

 (10) 

In the special case of DCM mode we have iL(0) = 0 and 
the simplified form of Eqn. (10) is obtained: 


























−+










 −

1)(
1

11

ONtL
R

ON
S

IN
IN e

R
Lt

TR
VDCMI  (11) 
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Note, that in Eqns. (9) – (11), for R1 = 0, undefined 
symbols 0/0 or 0∙∞ are obtained. The case of R1 → 0 is 
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By substitution of (9) into (6) one obtains: 
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In the special case of DCM mode we have iL(0) = 0 and 
the simplified form of Eqn. (10) is obtained: 
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Note, that in Eqns. (9) – (11), for R1 = 0, undefined 
symbols 0/0 or 0∙∞ are obtained. The case of R1 → 0 is 
considered below. Using in Eqn. (14) the approximation:   
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we obtain: 

( ) ZAINZAALIN GDVGDRDiI +− 2
11)0(  (14) 

where: 
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and tON is replaced by DA∙TS. 

It may be easily proved, that the expression (12), with 
x given by (13) is a very good approximation for Eqn. (9) 
and real values of converter parameters assumed. Taking 
exemplary values: R1 = 0.55 Ω, L = 170 µH, DA = 0.4,  
TS = 10 µs (corresponding to laboratory model of flyback 
used in experiments described below), one obtains:  
x = 0.0129 therefore the first omitted term in expansion 
(12) is nearly seven orders of magnitude smaller than the 
exact value of e-x.  

Further calculations for CCM and DCM are different. 
In DCM the initial value of current, iL(0) is simply zero and 
the averaged input current is: 
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where:
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Fig. 4. Equivalent circuits of flyback in three sub-intervals: a) ON,  
b) OFF1, c) OFF2 

The steady state conditions are considered in this section 
(input voltage VIN, load conductance GL

 and duty ratio DA  
of switching signal are constant). The input current 
waveform iIN(t) of the converter in the single switching 
period, according to Fig. 4 is: 
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where: tON = DA∙TS. For convenience, the  considered 
switching period begins at t = 0. 

The input current averaged over single switching period is: 
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The waveform of the iL(t) for 0 ≤ t ≤ tON, obtained from the 
equation: 
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In the special case of DCM mode we have iL(0) = 0 and 
the simplified form of Eqn. (10) is obtained: 
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Note, that in Eqns. (9) – (11), for R1 = 0, undefined 
symbols 0/0 or 0∙∞ are obtained. The case of R1 → 0 is 
considered below. Using in Eqn. (14) the approximation:   
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and tON is replaced by DA∙TS. 

It may be easily proved, that the expression (12), with 
x given by (13) is a very good approximation for Eqn. (9) 
and real values of converter parameters assumed. Taking 
exemplary values: R1 = 0.55 Ω, L = 170 µH, DA = 0.4,  
TS = 10 µs (corresponding to laboratory model of flyback 
used in experiments described below), one obtains:  
x = 0.0129 therefore the first omitted term in expansion 
(12) is nearly seven orders of magnitude smaller than the 
exact value of e-x.  

Further calculations for CCM and DCM are different. 
In DCM the initial value of current, iL(0) is simply zero and 
the averaged input current is: 
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and the input conductance of flyback in DCM is: 

 2)( AZ
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IN DG

V
IDCMG =  (17) 

in accordance with Eqn. (3).  

It should be pointed out, that the simple form of the 
expression (17) is not the result of the ideality of the 
converter assumed a priori but is obtained as a very good 
numerical approximation (12) in the equation (10). The 
formula for DC input current of an ideal flyback in DCM 
presented in [7] is different, namely: 
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and may be expressed as: 

 LZINAINZAIN GGVDnVGDI += 2  (19) 

The additional term in Eqns. (18) and (19), proportional to 
the square root of the load conductance, is the result of 
introducing the “correction factor” in [6] proposed for 
DCM in [19]. 

For CCM mode, the quantity iL(0) in (10) should be 
found. It may be achieved starting with approximation of 
Eqn. (9) based on the approximate expansion :1 xe x −−  
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The maximum value iLM of iL(t) is: 
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The averaged value IL of iL(t) is: 
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From Eqn. (22) one obtains: 
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Introducing (23) into (14), after simple manipulations, one 
obtains: 
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The DC value of current iL(t) may be expressed as [20]: 
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The DC voltage transfer function MV of non-ideal flyback 
in CCM is described in [20] as: 
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where MVi is the value of MV for an ideal case and the 
equivalent parasitic resistance is: 
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From Eqns. (24), (25) and (26): 
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In the most frequently used step-down flyback, n2<< 1 and 
the expression for the equivalent resistance may be 
approximated as: 
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The DC input characteristics of flyback have been 
observed by measurements and numerical simulations. The 
laboratory model of the power stage of flyback used in 
experiments has the same data as mentioned in the 
Introduction. Other parameters for particular 
measurements and simulations are different. Simulations 
are performed in the Mathcad software with the use of 
equations presented in this section in two variants - with 
parasitic resistances included or omitted. Another group of 
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and the input conductance of flyback in DCM is:

 

5 

 SA
IN

IN TD
L

VI 


 2

2
 (16) 

and the input conductance of flyback in DCM is: 
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in accordance with Eqn. (3).  

It should be pointed out, that the simple form of the 
expression (17) is not the result of the ideality of the 
converter assumed a priori but is obtained as a very good 
numerical approximation (12) in the equation (10). The 
formula for DC input current of an ideal flyback in DCM 
presented in [7] is different, namely: 

 OLSA
IN

IN VGnTD
L

VI +


= 2

2
 (18) 

and may be expressed as: 

 LZINAINZAIN GGVDnVGDI += 2  (19) 

The additional term in Eqns. (18) and (19), proportional to 
the square root of the load conductance, is the result of 
introducing the “correction factor” in [6] proposed for 
DCM in [19]. 

For CCM mode, the quantity iL(0) in (10) should be 
found. It may be achieved starting with approximation of 
Eqn. (9) based on the approximate expansion :1 xe x −−  

   LtiRViti LINLL /)0()0()( 1 −+  (20) 

The maximum value iLM of iL(t) is: 

   LtiRVii ONLINLLM /)0()0( 1 −+  (21) 

The averaged value IL of iL(t) is: 

  ZALINL
LLM

LL GDiRViiiiI −+=
−

+ )0()0(
2

)0()0( 1  (22) 

From Eqn. (22) one obtains: 

 
ZA

ZAINL
L GDR

GDVIi
−
−


11

)0(  (23) 

Introducing (23) into (14), after simple manipulations, one 
obtains: 
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The DC voltage transfer function MV of non-ideal flyback 
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where MVi is the value of MV for an ideal case and the 
equivalent parasitic resistance is: 
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In the most frequently used step-down flyback, n2<< 1 and 
the expression for the equivalent resistance may be 
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The DC input characteristics of flyback have been 
observed by measurements and numerical simulations. The 
laboratory model of the power stage of flyback used in 
experiments has the same data as mentioned in the 
Introduction. Other parameters for particular 
measurements and simulations are different. Simulations 
are performed in the Mathcad software with the use of 
equations presented in this section in two variants - with 
parasitic resistances included or omitted. Another group of 
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in accordance with Eqn. (3).
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a priori but is obtained as a very good numerical approximation 
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and may be expressed as: 

 LZINAINZAIN GGVDnVGDI += 2  (19) 

The additional term in Eqns. (18) and (19), proportional to 
the square root of the load conductance, is the result of 
introducing the “correction factor” in [6] proposed for 
DCM in [19]. 
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where MVi is the value of MV for an ideal case and the 
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In the most frequently used step-down flyback, n2<< 1 and 
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The DC input characteristics of flyback have been 
observed by measurements and numerical simulations. The 
laboratory model of the power stage of flyback used in 
experiments has the same data as mentioned in the 
Introduction. Other parameters for particular 
measurements and simulations are different. Simulations 
are performed in the Mathcad software with the use of 
equations presented in this section in two variants - with 
parasitic resistances included or omitted. Another group of 
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and the input conductance of flyback in DCM is: 
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in accordance with Eqn. (3).  

It should be pointed out, that the simple form of the 
expression (17) is not the result of the ideality of the 
converter assumed a priori but is obtained as a very good 
numerical approximation (12) in the equation (10). The 
formula for DC input current of an ideal flyback in DCM 
presented in [7] is different, namely: 
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and may be expressed as: 

 LZINAINZAIN GGVDnVGDI += 2  (19) 

The additional term in Eqns. (18) and (19), proportional to 
the square root of the load conductance, is the result of 
introducing the “correction factor” in [6] proposed for 
DCM in [19]. 
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Introducing (23) into (14), after simple manipulations, one 
obtains: 
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The DC value of current iL(t) may be expressed as [20]: 
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The DC voltage transfer function MV of non-ideal flyback 
in CCM is described in [20] as: 
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where MVi is the value of MV for an ideal case and the 
equivalent parasitic resistance is: 
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In the most frequently used step-down flyback, n2<< 1 and 
the expression for the equivalent resistance may be 
approximated as: 
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The DC input characteristics of flyback have been 
observed by measurements and numerical simulations. The 
laboratory model of the power stage of flyback used in 
experiments has the same data as mentioned in the 
Introduction. Other parameters for particular 
measurements and simulations are different. Simulations 
are performed in the Mathcad software with the use of 
equations presented in this section in two variants - with 
parasitic resistances included or omitted. Another group of 

. (19)

The additional term in Eqns. (18) and (19), proportional to the 
square root of the load conductance, is the result of introducing 
the “correction factor” in [6] proposed for DCM in [19].

For CCM mode, the quantity iL(0) in (10) should be found. 
It may be achieved starting with approximation of Eqn. (9) 
based on the approximate expansion e– x ¡¡» 1 ¡ x:
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and the input conductance of flyback in DCM is: 
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in accordance with Eqn. (3).  

It should be pointed out, that the simple form of the 
expression (17) is not the result of the ideality of the 
converter assumed a priori but is obtained as a very good 
numerical approximation (12) in the equation (10). The 
formula for DC input current of an ideal flyback in DCM 
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and may be expressed as: 
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The additional term in Eqns. (18) and (19), proportional to 
the square root of the load conductance, is the result of 
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The DC voltage transfer function MV of non-ideal flyback 
in CCM is described in [20] as: 

 

( )2
2

1
1

A
EQL

Vi
V

D
nRG

MM

−
+

=  (26) 

where MVi is the value of MV for an ideal case and the 
equivalent parasitic resistance is: 
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In the most frequently used step-down flyback, n2<< 1 and 
the expression for the equivalent resistance may be 
approximated as: 
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The DC input characteristics of flyback have been 
observed by measurements and numerical simulations. The 
laboratory model of the power stage of flyback used in 
experiments has the same data as mentioned in the 
Introduction. Other parameters for particular 
measurements and simulations are different. Simulations 
are performed in the Mathcad software with the use of 
equations presented in this section in two variants - with 
parasitic resistances included or omitted. Another group of 
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The maximum value iLM of iL(t) is:
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and the input conductance of flyback in DCM is: 
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in accordance with Eqn. (3).  

It should be pointed out, that the simple form of the 
expression (17) is not the result of the ideality of the 
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numerical approximation (12) in the equation (10). The 
formula for DC input current of an ideal flyback in DCM 
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and may be expressed as: 

 LZINAINZAIN GGVDnVGDI += 2  (19) 

The additional term in Eqns. (18) and (19), proportional to 
the square root of the load conductance, is the result of 
introducing the “correction factor” in [6] proposed for 
DCM in [19]. 

For CCM mode, the quantity iL(0) in (10) should be 
found. It may be achieved starting with approximation of 
Eqn. (9) based on the approximate expansion :1 xe x −−  

   LtiRViti LINLL /)0()0()( 1 −+  (20) 

The maximum value iLM of iL(t) is: 

   LtiRVii ONLINLLM /)0()0( 1 −+  (21) 

The averaged value IL of iL(t) is: 

  ZALINL
LLM

LL GDiRViiiiI −+=
−

+ )0()0(
2

)0()0( 1  (22) 

From Eqn. (22) one obtains: 

 
ZA

ZAINL
L GDR

GDVIi
−
−


11

)0(  (23) 
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The DC voltage transfer function MV of non-ideal flyback 
in CCM is described in [20] as: 
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where MVi is the value of MV for an ideal case and the 
equivalent parasitic resistance is: 
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In the most frequently used step-down flyback, n2<< 1 and 
the expression for the equivalent resistance may be 
approximated as: 
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The DC input characteristics of flyback have been 
observed by measurements and numerical simulations. The 
laboratory model of the power stage of flyback used in 
experiments has the same data as mentioned in the 
Introduction. Other parameters for particular 
measurements and simulations are different. Simulations 
are performed in the Mathcad software with the use of 
equations presented in this section in two variants - with 
parasitic resistances included or omitted. Another group of 

. (21)

The averaged value IL of iL(t) is:
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and the input conductance of flyback in DCM is: 
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V
IDCMG =  (17) 

in accordance with Eqn. (3).  

It should be pointed out, that the simple form of the 
expression (17) is not the result of the ideality of the 
converter assumed a priori but is obtained as a very good 
numerical approximation (12) in the equation (10). The 
formula for DC input current of an ideal flyback in DCM 
presented in [7] is different, namely: 
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and may be expressed as: 

 LZINAINZAIN GGVDnVGDI += 2  (19) 

The additional term in Eqns. (18) and (19), proportional to 
the square root of the load conductance, is the result of 
introducing the “correction factor” in [6] proposed for 
DCM in [19]. 

For CCM mode, the quantity iL(0) in (10) should be 
found. It may be achieved starting with approximation of 
Eqn. (9) based on the approximate expansion :1 xe x −−  

   LtiRViti LINLL /)0()0()( 1 −+  (20) 

The maximum value iLM of iL(t) is: 
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From Eqn. (22) one obtains: 
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Introducing (23) into (14), after simple manipulations, one 
obtains: 
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The DC value of current iL(t) may be expressed as [20]: 
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The DC voltage transfer function MV of non-ideal flyback 
in CCM is described in [20] as: 
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where MVi is the value of MV for an ideal case and the 
equivalent parasitic resistance is: 
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From Eqns. (24), (25) and (26): 
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In the most frequently used step-down flyback, n2<< 1 and 
the expression for the equivalent resistance may be 
approximated as: 
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The DC input characteristics of flyback have been 
observed by measurements and numerical simulations. The 
laboratory model of the power stage of flyback used in 
experiments has the same data as mentioned in the 
Introduction. Other parameters for particular 
measurements and simulations are different. Simulations 
are performed in the Mathcad software with the use of 
equations presented in this section in two variants - with 
parasitic resistances included or omitted. Another group of 

. (22)

From Eqn. (22) one obtains:
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and the input conductance of flyback in DCM is: 
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in accordance with Eqn. (3).  

It should be pointed out, that the simple form of the 
expression (17) is not the result of the ideality of the 
converter assumed a priori but is obtained as a very good 
numerical approximation (12) in the equation (10). The 
formula for DC input current of an ideal flyback in DCM 
presented in [7] is different, namely: 
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and may be expressed as: 

 LZINAINZAIN GGVDnVGDI += 2  (19) 

The additional term in Eqns. (18) and (19), proportional to 
the square root of the load conductance, is the result of 
introducing the “correction factor” in [6] proposed for 
DCM in [19]. 

For CCM mode, the quantity iL(0) in (10) should be 
found. It may be achieved starting with approximation of 
Eqn. (9) based on the approximate expansion :1 xe x −−  
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Introducing (23) into (14), after simple manipulations, one 
obtains: 
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The DC value of current iL(t) may be expressed as [20]: 
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The DC voltage transfer function MV of non-ideal flyback 
in CCM is described in [20] as: 
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where MVi is the value of MV for an ideal case and the 
equivalent parasitic resistance is: 
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In the most frequently used step-down flyback, n2<< 1 and 
the expression for the equivalent resistance may be 
approximated as: 
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The DC input characteristics of flyback have been 
observed by measurements and numerical simulations. The 
laboratory model of the power stage of flyback used in 
experiments has the same data as mentioned in the 
Introduction. Other parameters for particular 
measurements and simulations are different. Simulations 
are performed in the Mathcad software with the use of 
equations presented in this section in two variants - with 
parasitic resistances included or omitted. Another group of 

. (23)

Introducing (23) into (14), after simple manipulations, one 
obtains:
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and the input conductance of flyback in DCM is: 
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V
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in accordance with Eqn. (3).  

It should be pointed out, that the simple form of the 
expression (17) is not the result of the ideality of the 
converter assumed a priori but is obtained as a very good 
numerical approximation (12) in the equation (10). The 
formula for DC input current of an ideal flyback in DCM 
presented in [7] is different, namely: 
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and may be expressed as: 

 LZINAINZAIN GGVDnVGDI += 2  (19) 

The additional term in Eqns. (18) and (19), proportional to 
the square root of the load conductance, is the result of 
introducing the “correction factor” in [6] proposed for 
DCM in [19]. 

For CCM mode, the quantity iL(0) in (10) should be 
found. It may be achieved starting with approximation of 
Eqn. (9) based on the approximate expansion :1 xe x −−  
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Introducing (23) into (14), after simple manipulations, one 
obtains: 
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The DC value of current iL(t) may be expressed as [20]: 
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The DC voltage transfer function MV of non-ideal flyback 
in CCM is described in [20] as: 
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where MVi is the value of MV for an ideal case and the 
equivalent parasitic resistance is: 
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In the most frequently used step-down flyback, n2<< 1 and 
the expression for the equivalent resistance may be 
approximated as: 
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The DC input characteristics of flyback have been 
observed by measurements and numerical simulations. The 
laboratory model of the power stage of flyback used in 
experiments has the same data as mentioned in the 
Introduction. Other parameters for particular 
measurements and simulations are different. Simulations 
are performed in the Mathcad software with the use of 
equations presented in this section in two variants - with 
parasitic resistances included or omitted. Another group of 

. (24)

The DC value of current iL(t) may be expressed as [20]:
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and the input conductance of flyback in DCM is: 
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V
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in accordance with Eqn. (3).  

It should be pointed out, that the simple form of the 
expression (17) is not the result of the ideality of the 
converter assumed a priori but is obtained as a very good 
numerical approximation (12) in the equation (10). The 
formula for DC input current of an ideal flyback in DCM 
presented in [7] is different, namely: 
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and may be expressed as: 

 LZINAINZAIN GGVDnVGDI += 2  (19) 

The additional term in Eqns. (18) and (19), proportional to 
the square root of the load conductance, is the result of 
introducing the “correction factor” in [6] proposed for 
DCM in [19]. 

For CCM mode, the quantity iL(0) in (10) should be 
found. It may be achieved starting with approximation of 
Eqn. (9) based on the approximate expansion :1 xe x −−  

   LtiRViti LINLL /)0()0()( 1 −+  (20) 

The maximum value iLM of iL(t) is: 

   LtiRVii ONLINLLM /)0()0( 1 −+  (21) 

The averaged value IL of iL(t) is: 

  ZALINL
LLM

LL GDiRViiiiI −+=
−

+ )0()0(
2

)0()0( 1  (22) 

From Eqn. (22) one obtains: 

 
ZA

ZAINL
L GDR

GDVIi
−
−


11

)0(  (23) 

Introducing (23) into (14), after simple manipulations, one 
obtains: 
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The DC value of current iL(t) may be expressed as [20]: 
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The DC voltage transfer function MV of non-ideal flyback 
in CCM is described in [20] as: 
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where MVi is the value of MV for an ideal case and the 
equivalent parasitic resistance is: 
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( )2
2

2

1
1

)(

A
EQL

INViL
IN

D
nRG

VMGCCMI

−
+


=  (28) 

and  

 

( )2
2

2

1
1

)(

A
EQL

ViL
IN

D
nRG

MGCCMG

−
+


=  (29) 

In the most frequently used step-down flyback, n2<< 1 and 
the expression for the equivalent resistance may be 
approximated as: 
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The DC input characteristics of flyback have been 
observed by measurements and numerical simulations. The 
laboratory model of the power stage of flyback used in 
experiments has the same data as mentioned in the 
Introduction. Other parameters for particular 
measurements and simulations are different. Simulations 
are performed in the Mathcad software with the use of 
equations presented in this section in two variants - with 
parasitic resistances included or omitted. Another group of 

. (25)

The DC voltage transfer function MV of non-ideal flyback in 
CCM is described in [20] as:
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and the input conductance of flyback in DCM is: 
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in accordance with Eqn. (3).  

It should be pointed out, that the simple form of the 
expression (17) is not the result of the ideality of the 
converter assumed a priori but is obtained as a very good 
numerical approximation (12) in the equation (10). The 
formula for DC input current of an ideal flyback in DCM 
presented in [7] is different, namely: 
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and may be expressed as: 

 LZINAINZAIN GGVDnVGDI += 2  (19) 

The additional term in Eqns. (18) and (19), proportional to 
the square root of the load conductance, is the result of 
introducing the “correction factor” in [6] proposed for 
DCM in [19]. 

For CCM mode, the quantity iL(0) in (10) should be 
found. It may be achieved starting with approximation of 
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Introducing (23) into (14), after simple manipulations, one 
obtains: 
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The DC value of current iL(t) may be expressed as [20]: 
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The DC voltage transfer function MV of non-ideal flyback 
in CCM is described in [20] as: 
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where MVi is the value of MV for an ideal case and the 
equivalent parasitic resistance is: 
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In the most frequently used step-down flyback, n2<< 1 and 
the expression for the equivalent resistance may be 
approximated as: 
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The DC input characteristics of flyback have been 
observed by measurements and numerical simulations. The 
laboratory model of the power stage of flyback used in 
experiments has the same data as mentioned in the 
Introduction. Other parameters for particular 
measurements and simulations are different. Simulations 
are performed in the Mathcad software with the use of 
equations presented in this section in two variants - with 
parasitic resistances included or omitted. Another group of 

 (26)

where MVi is the value of MV for an ideal case and the equiva-
lent parasitic resistance is:
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and the input conductance of flyback in DCM is: 
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in accordance with Eqn. (3).  

It should be pointed out, that the simple form of the 
expression (17) is not the result of the ideality of the 
converter assumed a priori but is obtained as a very good 
numerical approximation (12) in the equation (10). The 
formula for DC input current of an ideal flyback in DCM 
presented in [7] is different, namely: 
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and may be expressed as: 

 LZINAINZAIN GGVDnVGDI += 2  (19) 

The additional term in Eqns. (18) and (19), proportional to 
the square root of the load conductance, is the result of 
introducing the “correction factor” in [6] proposed for 
DCM in [19]. 

For CCM mode, the quantity iL(0) in (10) should be 
found. It may be achieved starting with approximation of 
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Introducing (23) into (14), after simple manipulations, one 
obtains: 
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The DC value of current iL(t) may be expressed as [20]: 
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The DC voltage transfer function MV of non-ideal flyback 
in CCM is described in [20] as: 
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where MVi is the value of MV for an ideal case and the 
equivalent parasitic resistance is: 
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( )2
2

2

1
1

)(

A
EQL

INViL
IN

D
nRG

VMGCCMI

−
+


=  (28) 

and  

 

( )2
2

2

1
1

)(

A
EQL

ViL
IN

D
nRG

MGCCMG

−
+


=  (29) 

In the most frequently used step-down flyback, n2<< 1 and 
the expression for the equivalent resistance may be 
approximated as: 
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The DC input characteristics of flyback have been 
observed by measurements and numerical simulations. The 
laboratory model of the power stage of flyback used in 
experiments has the same data as mentioned in the 
Introduction. Other parameters for particular 
measurements and simulations are different. Simulations 
are performed in the Mathcad software with the use of 
equations presented in this section in two variants - with 
parasitic resistances included or omitted. Another group of 

. (27)

From Eqns. (24), (25) and (26):
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and the input conductance of flyback in DCM is: 
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in accordance with Eqn. (3).  

It should be pointed out, that the simple form of the 
expression (17) is not the result of the ideality of the 
converter assumed a priori but is obtained as a very good 
numerical approximation (12) in the equation (10). The 
formula for DC input current of an ideal flyback in DCM 
presented in [7] is different, namely: 
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and may be expressed as: 

 LZINAINZAIN GGVDnVGDI += 2  (19) 

The additional term in Eqns. (18) and (19), proportional to 
the square root of the load conductance, is the result of 
introducing the “correction factor” in [6] proposed for 
DCM in [19]. 

For CCM mode, the quantity iL(0) in (10) should be 
found. It may be achieved starting with approximation of 
Eqn. (9) based on the approximate expansion :1 xe x −−  
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Introducing (23) into (14), after simple manipulations, one 
obtains: 
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The DC value of current iL(t) may be expressed as [20]: 
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The DC voltage transfer function MV of non-ideal flyback 
in CCM is described in [20] as: 
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where MVi is the value of MV for an ideal case and the 
equivalent parasitic resistance is: 
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In the most frequently used step-down flyback, n2<< 1 and 
the expression for the equivalent resistance may be 
approximated as: 
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The DC input characteristics of flyback have been 
observed by measurements and numerical simulations. The 
laboratory model of the power stage of flyback used in 
experiments has the same data as mentioned in the 
Introduction. Other parameters for particular 
measurements and simulations are different. Simulations 
are performed in the Mathcad software with the use of 
equations presented in this section in two variants - with 
parasitic resistances included or omitted. Another group of 
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and the input conductance of flyback in DCM is: 
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in accordance with Eqn. (3).  

It should be pointed out, that the simple form of the 
expression (17) is not the result of the ideality of the 
converter assumed a priori but is obtained as a very good 
numerical approximation (12) in the equation (10). The 
formula for DC input current of an ideal flyback in DCM 
presented in [7] is different, namely: 
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and may be expressed as: 

 LZINAINZAIN GGVDnVGDI += 2  (19) 

The additional term in Eqns. (18) and (19), proportional to 
the square root of the load conductance, is the result of 
introducing the “correction factor” in [6] proposed for 
DCM in [19]. 

For CCM mode, the quantity iL(0) in (10) should be 
found. It may be achieved starting with approximation of 
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Introducing (23) into (14), after simple manipulations, one 
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where MVi is the value of MV for an ideal case and the 
equivalent parasitic resistance is: 
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In the most frequently used step-down flyback, n2<< 1 and 
the expression for the equivalent resistance may be 
approximated as: 
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The DC input characteristics of flyback have been 
observed by measurements and numerical simulations. The 
laboratory model of the power stage of flyback used in 
experiments has the same data as mentioned in the 
Introduction. Other parameters for particular 
measurements and simulations are different. Simulations 
are performed in the Mathcad software with the use of 
equations presented in this section in two variants - with 
parasitic resistances included or omitted. Another group of 
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and the input conductance of flyback in DCM is: 
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The DC input characteristics of flyback have been 
observed by measurements and numerical simulations. The 
laboratory model of the power stage of flyback used in 
experiments has the same data as mentioned in the 
Introduction. Other parameters for particular 
measurements and simulations are different. Simulations 
are performed in the Mathcad software with the use of 
equations presented in this section in two variants - with 
parasitic resistances included or omitted. Another group of 
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The DC input characteristics of flyback have been 
observed by measurements and numerical simulations. The 
laboratory model of the power stage of flyback used in 
experiments has the same data as mentioned in the 
Introduction. Other parameters for particular 
measurements and simulations are different. Simulations 
are performed in the Mathcad software with the use of 
equations presented in this section in two variants - with 
parasitic resistances included or omitted. Another group of 

. (31)

The DC input characteristics of flyback have been observed 
by measurements and numerical simulations. The laboratory 
model of the power stage of flyback used in experiments has 
the same data as mentioned in the Introduction. Other parame-
ters for particular measurements and simulations are different. 

Simulations are performed in the Mathcad software with the 
use of equations presented in this section in two variants – with 
parasitic resistances included or omitted. Another group of cal-
culations is performed in Spice simulator (full-wave simulations 
with numerically finding the averaged value of the input current 
iIN(t) for each switching cycle). The diode is represented by the 
model corresponding to MBRD1035 in Spice library and the 
transistor is described by library models of MOSFET (IRFZ44) 
or HEMT (TPH3206). The parasitic resistances and induc-
tances of primary (RL1 = 0.5 Ω, LRP = 1uH) and secondary 
(RL2 = 23 mΩ, LRS = 10 nH) windings and equivalent series 
resistance of capacitor RC = 72 mΩ are included. The curves 
shown in Figs. 5–7 correspond to converter working in CCM or 
DCM, where the boundary values of the load conductance, for 
duty ratio DA equal to 0.2; 0.3; 0.4 or 0.5 are GC = 0.47; 0.36; 
0.26 or 0.18 [S] respectively.

Fig. 5. Input current IIN as a function of load resistance RL: a) without 
snubber; b) with simple RC snubber [21] R = 100 Ω, C = 0.99 nF

(a)

(b)

RL [Ω]

RL [Ω]

IIN [mA]

IIN [mA]

The dependencies of the input current IIN on the load resis-
tance RL for constant input voltage VIN = 24 V and different 
duty ratio shown in Fig. 5 are obtained by measurements or 
Spice simulations (with HEMT used as the main switch). Lower 
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values of RL correspond to CCM and higher – to DCM. The 
calculations of IIN for DCM, from Eqn. (16) for DA = 0.3; 0.4 
and 0.5 give the values 0.064; 0.113 and 0.176 A respectively, 
being in relatively good accordance with measurements and 
PSpice simulations. The changes of IIN with RL observed by 
simulations and measurements are the result of parasitic oscil-
lations corresponding to switching (see Fig. 2).

The comparison of the calculations based on equations 
presented in this section with full-wave Spice simulations for 
constant duty ratio DA = 0.5 are presented in Figs. 6 and 7. 
The DC input characteristics IIN =  f (VIN) for different values 
of the load resistance, shown in Fig. 6 are obtained analytically 
(equations 19 and 28) or by Spice simulations with different 
library models of the switch.

The dependencies of the DC input conductance GIN on the 
load conductance GL for VIN = 24 V, shown in Fig. 7, are cal-
culated from the idealized formulas 2 and 3 (curve 1) or from 
non-ideal equations (17 and 29), or by Spice simulations with 
two variants of the switch model.

4. AC input characteristics

The dynamic (or AC) input characteristics of converter may be 
presented in the form of the time-domain response of the input 
current to the step change of the input voltage or in s-domain 
in the form of a small-signal input admittance Yin. Fast tran-
sients of the input current inside a single switching period have 
been presented in Fig. 2. The slow transients representing the 
changes of input current on the longer time scale (many switch-
ing periods) better represent the effective external behavior of 
the converter. Slow input transients in flyback may be observed 
experimentally or calculated with the use of averaged dynamic 
models presented in [20]; may be also obtained with accurate 
simulations on the full-waveforms. The input cell of averaged 
models of flyback, shown in Fig. 8 has the same form for CCM 
and DCM, but the descriptions of the current source iIN(t) are 
different [20].

Fig. 6. Calculations of DC input characteristcs IIN =  f (VIN) for differ-
ent load resistances RL

Fig. 7. The dependence of DC input conductance GIN on load con-
ductance GL: 1 – calculations on Equations (2 and 3), 2 – calculations 
on Equations (17 and 29), 3 – full-wave simulation (MOSFET), 4 

– full-wave simulation (HEMT)

VIN [V]

GL [S]

IIN [mA]

GIN [mS]

Fig. 8. The input cell of averaged models of flyback

vIN(t) iIN(t)

For DCM, the current iIN(t) is described identically as its 
DC term:
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Fig. 9. Sub-circuit of the averaged model from [20] 

The observations of the slow input transients in flyback 
converter have been performed for the same laboratory 
model of converter as described in Sec. 3. Figures 10 and 
11 show the response of the input current iIN(t) on the step 
change of the input voltage for CCM and DCM. Curves 1, 
2 and 3 represent the results of simulations with the use of 
averaged models, full-wave simulations and measurements 
respectively. 

 

Fig. 10. The input current response to the input voltage step from 10 to 
20V in CCM: 1 - full-wave simulation, 2 - measurement, 3 - simulation 

based on the averaged model 

 

Fig. 11. The input current response to the input voltage step from 10 to 
20V in DCM: 1- full-wave simulation, 2 - measurement, 3 - simulation 

based on the average model 

The s-domain input admittance of converter is obtained 
from the model being the small-signal equivalent of the 
large-signal model. The admittance Yin for DCM, in 
accordance with Eqn. (32) is simply equal  to DC input 
conductance: 

 2)()( AZINin DGDCMGDCMY =  (35) 

The input admittance for CCM, derived from the large 
signal model presented in Figs. 8 and 9 may be expressed 
as:

. (32)

Input current for CCM in averaged model [20] is described as:
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The observations of the slow input transients in flyback con-
verter have been performed for the same laboratory model of 
converter as described in Sec. 3. Figures 10 and 11 show the 
response of the input current iIN(t) on the step change of the 
input voltage for CCM and DCM. Curves 1, 2 and 3 represent 
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the results of simulations with the use of averaged models, full-
wave simulations and measurements respectively.

The s-domain input admittance of converter is obtained from 
the model being the small-signal equivalent of the large-sig-
nal model. The admittance Yin for DCM, in accordance with 
Eqn. (32) is simply equal to DC input conductance:
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The input admittance for CCM, derived from the large signal 
model presented in Figs. 8 and 9 may be expressed as:

Fig. 9. Sub-circuit of the averaged model from [20]
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Fig. 10. The input current response to the input voltage step from 10 
to 20 V in CCM: 1 – full-wave simulation, 2 – measurement, 3 – sim-

ulation based on the averaged model
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t [ms]

Fig. 11. The input current response to the input voltage step from 10 
to 20 V in DCM: 1- full-wave simulation, 2 – measurement, 3 – sim-

ulation based on the average model
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where:
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a)        b) 
Fig. 12. Frequency dependence of the input admittance Yin obtained from the small-signal model (1) or from the full-wave Spice simulations  

(2) for CCM (RL = 3 ): a) magnitude; b) phase 
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Fig. 13. Frequency dependence of the input admittance Yin obtained from the small-signal model (1) or from the full-wave Spice simulations  
(2) for DCM (RL = 50 ): a) magnitude; b) phase 
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calculated from analytical dependencies (35) and (36) or 
obtained by the full-wave Spice simulation for the 
exemplary set of converter parameters are presented in 
Figs. 12 and 13. The parameters are nearly the same as 
mentioned in Introduction, with the exception of duty ratio 
for DCM, equal DA = 0.3. 

There is a substantial difference between the frequency 
dependencies of the input admittance of a flyback for CCM 
and DCM, obtained analytically as well as by full-wave 
Spice simulations. The magnitude and phase of the input 
admittance of flyback in DCM in the low-frequency range 
are nearly independent of frequency.  
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The frequency dependencies of the magnitude and phase of 
the input admittance of flyback for DCM and CCM calculated 
from analytical dependencies (35) and (36) or obtained by the 
full-wave Spice simulation for the exemplary set of converter 
parameters are presented in Figs. 12 and 13. The parameters are 
nearly the same as mentioned in Introduction, with the excep-
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Fig. 13. Frequency dependence of the input admittance Yin obtained from the small-signal model (1) or from the full-wave Spice simulations  
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where “the correction factor” is described as: 
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The description of the input admittance expressed by (38) 
has a single zero and two real poles and does not agree 
with our results of the full-wave simulations. 

5. Conclusions 

The analysis, simulations and measurements of the input 
characteristics of a non-ideal flyback DC-DC converter are 
presented in the paper. The DC and AC characteristics are 
considered with the special attention paid to the differences 
in the features of the converter in continuous conduction 
and discontinuous conduction modes (CCM and DCM). 
The calculations based on formulas derived in the paper are 
compared with the results of full-wave Spice simulations 
and measurements performed in the laboratory model of 
flyback converter and relatively good consistency has been 
obtained. The influence of parasitic effects in the converter 
resulting from series resistances of transformer windings, 
output capacitor and semiconductor switches, leakage 
inductances of transformer and capacitances of switches on 
converter input characteristics has been observed. The 
results of this work can be helpful in the design of power 
systems based on flyback converters, especially AC-DC 
converters with power factor correction (PFC). 
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The description of the input admittance expressed by (38) has 
a single zero and two real poles and does not agree with our 
results of the full-wave simulations.



848

W. Janke, M. Bączek, and J. Kraśniewski

Bull.  Pol.  Ac.:  Tech.  67(5)  2019

5. Conclusions

The analysis, simulations and measurements of the input charac-
teristics of a non-ideal flyback DC-DC converter are presented 
in the paper. The DC and AC characteristics are considered 
with the special attention paid to the differences in the features 
of the converter in continuous conduction and discontinuous 
conduction modes (CCM and DCM). The calculations based 
on formulas derived in the paper are compared with the results 
of full-wave Spice simulations and measurements performed in 
the laboratory model of flyback converter and relatively good 
consistency has been obtained. The influence of parasitic effects 

in the converter resulting from series resistances of transformer 
windings, output capacitor and semiconductor switches, leak-
age inductances of transformer and capacitances of switches on 
converter input characteristics has been observed. The results of 
this work can be helpful in the design of power systems based 
on flyback converters, especially AC-DC converters with power 
factor correction (PFC).
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Fig. 12. Frequency dependence of the input admittance Yin obtained from the small-signal model (1) or from the full-wave Spice simulations 
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