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ABSTRACT

Flyback converters exhibit the advantages of simple structure, low cost, small volume, isolation, and control simplicity. However, flyback converters demonstrate 
disadvantages like leakage inductance; hence, losses are incurred. Losses pertain to the requirement of an external cooling system and external costs. It also results 
in low efficiency and the use of flyback converters in low-power applications. The discontinuous conduction mode (DCM) is used for low-power applications to 
achieve efficiency. In flyback converters, the reverse recovery losses of the diode are eliminated with DCM. There are many applications of flyback converters in 
industrial systems, such as led drivers, battery charge systems, telecommunication systems. In this study, analysis and design of a flyback converter for universal 
input and wide load ranges was performed. The detailed theoretical analysis was conducted and verified with the implementation of a DCM flyback converter 
for 85 V-265 V RMS AC input voltage, 12 Vo output, 100 kHz switching frequency, and 48 W output power. The overall efficiency of the proposed converter at 
full load was measured as 81%. Additionally, external cooling systems were not required, which highlighted the development of a compact design with small 
volume and ease of application for an industrial system that requires the inclusion of more serial flyback converters.
Keywords: DC-DC converter, flyback converter, wide load range

Introduction

The use of energy with high efficient and quality is of importance depending on the welfare level of soci-
eties and technological developments. Additionally, energy consumption continues to increase, and en-
ergy renewal has emerged as a global issue. Pulse Width Modulated (PWM) DC-DC converters are widely 
used in industry owing to properties, such as fast dynamic response, ease of control, and simplicity of 
structure. They are divided into two types, namely isolated and non-isolated DC-DC converters [1-15]. 

Non-isolated DC-DC converters are categorized as buck, boost, and buck-boost converters. 
These converters are used in several industrial systems. Although they possess a simple struc-
ture, they are not safe for electrical applications since there is no isolation between input and 
output. Isolated DC-DC converters, such as flyback and forward converters, are used in several 
industrial applications. Forward converters possess additional winding to reset magnetizing en-
ergy. In the volumes of these converters are greater than those of flyback converters [6-10]. 

There are two modes for resetting the magnetizing inductance current within a switching pe-
riod. Inthe Continuous Current Mode (CCM), the magnetizing current does not decrease to a 
value of zero. There is continuous processing of energy from input to output. Hence, they are 
used in high-power applications. In the Discrete Current Mode (DCM), the magnetizing cur-
rent decrease to a value of zero and remains at zero among the switching cycle. In this mode, 
current peaks of the power components are higher than those observed in the CCM mode 
operation. However, reverse recovery losses of diodes are eliminated, and Soft Switching (SS) 
is also provided. Thus, the efficiency of the DCM operation is higher than the CCM ones [11-15]. 

The primary-side-regulation (PSR) flyback converter is being increasingly adopted in general light-
ing applications, owing to its elimination of the opto-coupler, simple control mode, good electrical 
isolation, high efficiency, compact size, and low cost [8].
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In this study, analysis and design of a flyback converter for uni-
versal input and wide output ranges have been discussed. In 
this study, to verify the theoretical analysis, the detailed the-
oretical analysis was confirmed by an application circuit with 
input voltage of 85-265 VAC, output voltage of 12 VDC, output 
power of 12 W-48 W, and a switching frequency of 100 kHz. The 
total efficiency of the converter increased to 81%. Furthermore, 
an external cooling system was not necessary, which eliminat-
ed the obtainment of high-volume converters owing to the 
design parameters. Therefore, it is not suitable for the applica-
tions where they require many flyback converters.

Theoretical Method

Definitions and assumptions
The designed circuit diagram of the flyback converter with con-
trol scheme is depicted in Figure 1. This converter was designed 
using input filter component, rectifier bridge, rectifier filter ca-
pacitor Ci, transformer TR, MOSFET M, Schottky diode D, and out-

put capacitor Co. At this converter input, the AC voltage and the 
load are variable. Furthermore, MOSFET is selected since they are 
suitable for low-power and high-frequency applications.

The following assumptions have been considered to facilitate 
steady-state analysis during a switching period.

• The rectified input voltage Vi is constant.
• The output capacitor Co is substantial enough to accept 

the output voltage Vo constant.
• The leakage inductance is negligible for the stages.
• All semiconductors are ideal.

Operation Stages
In the designed flyback, three different intervals occur during 
one switching period Ts. The key waveforms for the stages are 
presented in Figure 2. 

Initial status
During this interval, the load is provided from only the output 
capacitor and magnetizing inductance has been reset. 

Stage 1 (t0<t<t1) 
This stage begins when the control signal is applied to the 
gate-source terminal of the MOSFET. In this interval, transform-
er magnetizing inductance current increases linearly from zero 
via the rectified and filtered input voltage. The following equa-
tions are valid for this interval.

i
Lm

m

V
i t

L
=  (1)

where Lm represents the magnetizing inductance, and iLm rep-
resents the magnetizing current. This interval ends with disrup-
tion of the control signal of M.

Stage 2 (t1<t<t2)
At the beginning of this stage, iM = 0 and iD=ID_max. After the M sig-
nal is turned off, D is turned on and this stage begins. At this stage, 
magnetizing energy is transferred to the output. For this interval,

 (2)

D _ max M _ maxI I n=  (3)

are valid. In these equations, LS represents the seconder windings 
of TR, ID_max represents the maximum current of the diode, and n 
represents the turn ratio of the transformer primary and seconder 
windings. This interval ends when the diode current reaches a val-
ue of zero. Hence, reverse recovery losses are eliminated.  

Stage 3 (t2<t<t3)
This interval begins when the diode current reaches a value of 
zero. In this interval, magnetizing inductance energy is zero, 
and the output is provided from the output capacitor. This 
stage ends when the control signal is applied to M.

Design Procedure
The selection criteria of the proposed wide input-wide out-
put range flyback are prescribed according to the 85 V-265 V 

Figure 1. The conventional flyback converter circuit scheme with 
control units 

Figure 2. The key waveforms of the conventional flyback converter 
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RMS input voltage and 12 V DC output voltage with 100 kHz 
switching frequency. The output power varies for 20% and 
100% load.

Input Analysis
The input power is calculated assuming the maximum efficien-
cy is 80%. 

 (4)

In this equation, ƞ represents the efficiency term. For the afore-
mentioned values, the input power is calculated as 60 W. The 
input capacitor is determined as listed in Table 1, with the ex-
pression of µF/W considered as per the values reported in liter-
ature and based on experience. 

After the capacitor value is determined, the ripple amount is cal-
culated according to the following equation and the Figure 3. 

 (5)

i _ max AC _ maxV 2V=  (6)

 (7)

In these equations, fAC represents the line frequency, and RF 
represents ripple factor. RF is selected as 0.2 and Vi_max is 375 V 
for 265 VAC input voltage, and Vi_min is 90 V.

tc represents the capacitor charge time in this Figure3. The rec-
tifier diodes can be selected according to the following criteri-
on for power factor (PF). It is calculated as 1.41 A. 

i
Di _ RMS

AC _ min

P
I

PFV
=  (8)

Maximum Voltage Stress and Maximum Duty Cycle Analysis
While MOSFET is in a turned off condition, the voltage on it is 
equal to the sum of the DC input voltage and the reflected volt-
age VR, which is related to the turn ratio of the transformer. Ad-
ditionally, values for voltage spikes Vsp that occur due to leak-
age inductance during the turn off interval can also be added. 
VR can be selected as 75 V in the universal input voltage.

M _ max AC _ max R spV V V V= + +  (9)

Maximum duty cycle can be determined using the following 
equation.

R
max

R i _ min

V
D

V V
=

+
 (10)

The maximum duty cycle is calculated as 0.46.

Transformer Analysis
The turn ratio is calculated based on the VR value. Selection 
of an extremely high value will cause a high conversion rate; 
hence, it will cause more voltage stresses on the MOSFET and 
less voltage stress on the output diode. Selection of an ex-
tremely low value will result in a low conversion rate, which 
will lead to the occurrence of an opposite trend. Therefore, an 
optimum value should be selected as the formula mentioned 
below, wherein, Vdiode Selection of an extremely high value the 
forward voltage of the diode when it is in the on-state.

R

o diode

V
n

V V
=

+
 (11)

Assuming Vdiode is 0.5, n can be calculated as 6. 

The inductance value to be calculated is the maximum value 
of the primary magnetizing inductance of the flyback trans-
former. Since this inductance value is calculated according to 
the maximum load condition, it is regarded as the critical in-
ductance value for the system’s operating mode to switch from 
DCM to CCM.

 (12)

So, LP_max is calculated as 143 µH. The number of turns can be cal-
culated for the selected E type cores. We selected E30 type core, 
whose Ae was 60 mm2. Furthermore, the B magnetic flux density 
is 0.3-0.4 for 100-kHz applications. Additionally, Ae is the cross-sec-
tional area of the core. thus, the primary number of turns (NP) can 
be calculated as 36 according to the following formula.

m m _ max
P _ min

e

L I
N

BA
=  (13)

NS represents secondary number of turns and is calculated ac-
cording to (11) and (13) as 6.

Output Capacitor Analysis
The output capacitor is selected for calculation based on the 
below-mentioned formula. In this equation, Vo_ripple represents a 
value that is 1% of the average output voltage.

o
o

s o _ ripple

I .N
C

f V
=  (14)

Table 1. Parameters of the input capacitor 

Input Voltage Range Capacitor

85 V – 265 V 2 – 3 µF /W

195 V – 265 V 1 µF /W

115 V 2 µF /W

230 V 1 µF /W

Figure 3. The voltage waveform of the rectifier capacitor 
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Experimental Results
Theoretical analysis is confirmed by using an application circuit 
with 85 V-265 V AC input voltage, 12 VDC output voltage, 48 W 
output power, and 100 kHz switching frequency. Parameters of 
the implementation circuit are listed in Table 2.

In Figure 4, the current waveform of the switch according to 
the control signal and diode voltage is provided for 220 V AC 
with full load. It can be inferred that DCM is achieved perfectly.

In Figure 5 and Figure 6, the voltage stresses of the switch are 
provided for 85 V and 265 V, respectively. The voltage stresses 
of the MOSFET cannot exceed 400 V at the worst conditions 
with the appropriate snubber circuit. The photograph of the 
prototype is presented in Figure 7. It can be inferred that the 
volume of the circuit is extremely small. 

The thermal measurements of the prototype of the proposed 
converter are presented in Figure 8. The converter does not re-
quire the incorporation of any additional cooling system owing 
to the design parameters. Herein, many flyback converters may 
be connected serially to obtain DC bus for the establishment of 
telecommunication systems.

Figure 4. The current waveform of the switch with diode voltage 
according to the control signal

Figure 7. The image of the prototype of the proposed flyback con-
verter for a) resistive load and b) LED load.

Figure 5. The voltage stresses of the MOSFET for 85 V RMS 
Figure 8. The thermal image of the prototype of the proposed fly-
back converter 

Figure 6. The voltage stresses of the MOSFET for 265 V RMS 

Table 2. Parameters of the implementation circuit 

Parameter Symbol Values Model

Input Voltage VAC 85 V-265 V -

Output Voltage Vo 12 V -

Output Power Po 48 W -

Switching Frequency fs 100 kHz -

Filter Capacitor Ci 150 µF Elektrolytic

Output Capacitor Co 333 µF Elektrolytic

Primer Inductance Lp 140 µH E30 core 

Seconder Inductance Ls 3.8 µH Np=36 
Ns=6
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The efficiency values are provided for different input voltages 
and load stages in Table 3.

Thus, the efficiency curves according to universal input voltage 
range with wide load ranges are presented in Figure 9. It can be 
inferred that higher efficiency than 80% is achieved, which is 
obtained using the design procedure.

Discussion

In this study, we have presented a flyback converter which 
can be operated under universal input voltage with wide load 
ranges. The detailed theoretical analysis is conducted and ver-
ified using an implementation of DCM flyback converter for 
85 V-265 V RMS AC input voltage, 12 Vo output voltage, 100 

Figure 9. The efficiency curve for the universal input voltages with 
wide load ranges

Table 3. The experimental results for different input voltages under various load stages 

AC Input Voltage 

Vi =85 V

Load Condition Vi (V) Ii (A) Pi (W) Vo (V) Io (A) Efficiency (%)

Stage 1 (~%20) 86.49 0.339 12.75 12.02 0.8 77.77255

Stage 2 (~%40) 85.82 0.528 24.31 12.02 1.6 80.34554

Stage 3 (~%60) 85.88 0.748 36.06 12.01 2.4 80.76539

Stage 4 (~%80) 86.3 0.984 47.83 12.02 3.2 81.04537

Stage 5 (~%100) 85.98 1.237 60.17 12.02 4 80.40552

AC Input Voltage 

Vi =220 V

Load Condition Vi (V) Ii (A) Pi (W) Vo (V) Io (A) Efficiency (%)

Stage 1 (~%20) 222.3 0.252 14.11 12.14 0.8 70.95677

Stage 2 (~%40) 221.7 0.343 26.18 12.11 1.6 75.15661

Stage 3 (~%60) 222.4 0.418 37.1 12.09 2.4 79.01887

Stage 4 (~%80) 222 0.5 48.1 12.08 3.2      80.9896

Stage 5 (~%100) 222.6 0.582 60.09 12.08 4 80.91197

AC Input Voltage 

Vi =265 V

Load Condition Vi (V) Ii (A) Pi (W) Vo (V) Io (A) Efficiency (%)

Stage 1 (~%20) 264.6 0.155 15.47 12.01 0.8 64.04654

Stage 2 (~%40) 263.9 0.248 26.69 12.01 1.6 73.12102

Stage 3 (~%60) 264.6 0.333 37.83 12.02 2.4 77.04996

Stage 4 (~%80) 264 0.418 49.19 12.01 3.2 78.73958

Stage 5 (~%100) 265.2 0.497 60.96 12.01 4 79.2979
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kHz switching frequency, and 48 W output power. The volt-
age stresses of the MOSFET cannot exceed 400 V at the worst 
conditions. The overall efficiency of the proposed converter 
at full load was determined to be 81% for the universal input. 
The thermal measurements were provided for the proposed 
flyback converter. No external cooling systems were necessary, 
and this resulted in a small-volume design with ease of appli-
cation in industrial systems that require the inclusion of more 
serial flyback converters.
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