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Abstract—Every electronic device requires a stable and dependable power supply unit. This
power supply unit serves as an AC-to-DC converter since it is necessary to transform the AC
supply into an appropriate DC voltage level. The SMPS built for this project has a maximum
current rating of 0.5a and would convert AC mains to 12v DC. The project aims to make a
completely functional independent SMPS circuit that can be modified for 12V adapters, laptop
and mobile chargers, or to power small devices. It also aims to create SMPS with a universal
frequency range, with an expected output of about 6 watts; it also protects the device from
input surges and accounts for the electromagnetic interference (EMI) brought on by such high-
frequency operation. Circuit analysis is created and evaluated under various load scenarios and
input voltages.

Index Terms— Flyback converter, Universal SMPS, Operating frequency, TNY274PN IC,
EN91000-Class 3 standard.

|. INTRODUCTION

Most of our DC loads are powered by the typical AC mains supply. However, the voltage levels needed by
different components, such as LEDs, microprocessors, etc., are typically not met by ordinary source voltages.
Motor and other loads mainly occur when the supply voltage is not controlled. SMPS, abbreviated as Switch
mode power supply, converts this AC to DC or lowers the high voltage level well. SMPS can be used in power
electronics applications because of their smaller size and lighter weight. Current electronics research groups are
working to create power supplies that are more compact, lightweight, dependable, and economical. Because the
transformer is smaller at high frequencies, SMPS has historically addressed the size problem with linear power
supplies.

There are four primary types of SMPS:

» DC-DC Converter: High-voltage DC is created by rectifying and filtering the AC mains power, which is
then supplied to the transformer's primary winding. The output voltage is then collected at the secondary
winding.

» Forward Converter: The inductor is always conducting as a critical element. The diode inside the transistor
carries the current during the OFF cycle. During the ON cycle, the inductor stores the energy. It also
transfers a part of it to the output load.

» Fly back Converter: Fly back Converter: When the switch is ON, the magnetic field of the inductor stores
the energy. Similarly, when the switch is OFF, the energy is transferred to the output.
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» Self-oscillating back Converter: The current primary grows linearly during conduction. The circuit becomes

saturated as a result of this current spike. To remove the circuit from saturation, the switching motion starts.
This paper focuses on the design of an AC-DC fly-back Converter customised for consumer electronic
applications. The proposed converter operates at a frequency of 132 kHz. The single-phase module produces a
regulated output of 12V when operated at 85-300V, 50Hz input. The converter's architecture and circuit setup
are displayed. Lastly, simulation results show that it performs satisfactorily.

I1. BLOCK DIAGRAM
The detailed Block diagram of the proposed Converter is shown in Fig.1

A. Stages of Proposed Fly Back Converter

The Converter has a Single isolated output (12V/0.5A), which is realised using a fly-back Converter topology.
The project makes use of several components. Every single one serves a vital purpose. The overview is presented
first, followed by a discussion of the individual parts.

» Input Specifications: The first requirement for the SMPS is the input supply voltage that will supply the
load. The primary purpose of this design is to convert AC to DC, and the input AC voltage varies depending
on the country in which the device is used: in India, the AC voltage value is 220V. The SMPS should
operate with a universal input voltage range between 85V AC and 300V AC. The voltage range should be
between 85-300V for stable output in any country. The frequency can vary between 50-60 Hz, which
enables us to charge our electronic devices wherever we are.

» Output Specifications: An inductive or resistive load may be on the output side. The SMPS can vary
according to the load. We have assumed that the load for this SMPS is resistive. There is nothing equivalent
to an utterly resistive load, although it does have some inductance and capacitance, but we view this as
insignificant; the load defines the output design. The SMPS may deliver 6W output for this project. It has
12V and 0.5A.

» Feedback and Power Management: The SMPS circuit needs power management. We must design it with
12V 0.5A, or 6W, input surge protection, universal input rating, instant voltage operations, over-voltage
protection, over-current protection, and output short circuit protection. These are designed using a voltage-
sensing circuit, an error amplifier, and a PWM generator.

» We choose a Power Integration IC to satisfy the abovementioned requirements and develop this into a
hardware product. These ICs have been manufactured by the semiconductor company Power Integration; we
can choose to use the TNY274PN from the Tiny Switch 111 Family.

B. Detailed Specifications for Sections

» AC-DC conversion- We use a full bridge rectifier (DB107). We can use four diodes (1N4148/1N4007).
Correcting the alternating current (AC) from the mains supply into a steady direct current (DC) voltage that
can be effectively transformed into lower DC voltages is the aim of AC-DC conversion. DC input voltage is
necessary for most power electronics circuits to function effectively, including buck/boost converters, fly-
back converters, and switching power supplies (SMPS).

» Pl filter- This design adheres to the EN61000-Class 3 standard. The configuration of the PI filter is
optimized to enhance common-mode EMI rejection. It is a passive low-pass filter that power electronics
employ to smooth out DC output and lessen ripple. Its n-like topology, here two capacitors (1LOpF, 450v)
and one inductor (1mh), organized in the shape of the Greek letter n-gives it its name.
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Figure 1. Block Diagram of Proposed Fly Back Converter
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»  Switching circuit- The transformer's primary winding's energy transmission is controlled by the MOSFET
(M1), which is switched by an amplified control signal of U3 and related components. To facilitate effective
energy transfer, the switching circuit, which comprises M1 (BSZ16DN25NS3 MOSFET) and associated
parts, functions in high-frequency switching mode, usually between 125 kHz and 140 kHz. By giving
feedback to the controller, the feedback voltage sensing circuit, which consists of resistors R1, R2, C3, and
U2, maintains voltage stability and adjusts for changes in input voltage or load circumstances.

» Clamp circuit- The DRAIN pin’s peak voltage upon turn-off is limited by a clamp. An RCD clamp or
ZENER (~200V) and diode clamp over the primary winding can be used to accomplish this. In every
situation, an effort should be made to reduce the circuit route from the clamp components to the transformer
and MOSFET to reduce EMI.

» EMI filtering- The Y- y-capacitor should be positioned directly between the standard/return terminal of the
transformer secondary and the positive terminal of the primary input filter capacitor. Reduces the switching
transformer’s high-frequency switching noise.

» Snubber circuit and Secondary Rectifier transform and rectify the transformer output using a Schottky
rectifier diode. During switching operations, the Snubber circuit suppresses the transient voltage.

» Filter Section- Filter capacitor along with LC filter made using capacitor and inductor for better ripple
rejection.

I11. WORKING

The SMPS can be constructed with varying voltage and current specifications depending on the output needs.
The SMPS design used in this paper is 12V, 0.5A, and 6W SMPS.

The input’s AC signal is transformed into a controlled DC output. The bridge rectifier receives the AC input and
converts it into a DC output that is not controlled. The switching circuit receives this output. The switching
circuit generates a DC pulsating wave at high frequencies, such as 120 kHz to 140 kHz. Shown in the Fig. 2.

A step-down transformer receives this output, lowers the voltage, and then sends the stepped-down DC pulsing
wave to the filter circuit. The feedback circuit is in place to transfer the output to the switching circuitry,
providing us with the regulated output DC signal. This allows adjusting the switching cycles to keep the SMPS's
output voltage steady. An SMPS is utilised in its place since a linear power supply becomes cumbersome as the

current rating increases.
85V-300V Z$
50Hz AC voltage

Single phase FBR

Figure 2. Circuit Diagram of the Proposed Flyback Converter

A. Design and Construction of SMPS

The specifications are used to choose the components and topology type. The DC input to the fly-back converter
varies between VDCrini20 V t0 VDCraxaoo V, corresponding to the bridge rectifier DC voltage for the converter's
AC input voltage, which fluctuates between Vinmin85V and Vinmaxsoov. Shown in the Fig. 3.

H

Figure 3. LT-Spice Schematic of the Proposed Flyback Converter
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The nominal switching frequency is 132 kHz, and the switching frequency of the converter topology is expressed
by an equation that varies between 120 and 140 kHz based on changes in load and input voltage and represented
by “(1)11.

1
Fsw = 1)
Iprimarypk*Lprimary*( ?:E)*msqrt(bm) (Cad)

w

FSw: Switching Frequency

Vin: AC input voltage

VR: Reflection voltage

Primary: Primary inductance of the transformer

Cd: Capacitance of drain

Iprimarypk: primary peak current of the transformer

Equation (2) illustrates how the duty cycle varies about the switching frequency.

_ Ton
o= Ton:+Toff )
Where
D: Duty cycle
Ton: Period. The switch is ON Toff: Period, the switch is OFF Total output Power
Pout = Vout = lout = 12 * 0.5 = 6W 3

B.  System Specifications and Requirements
The proposed fly-back converter's specifications are shown in Table I.

TABLE |: SPECIFICATIONS

Parameter Value Name

Vac Maximum 300V Maximum AC input voltage
'Vac Minimum 85V Minimum AC input voltage
Dmax 65% Maximum Duty cycle

FSwW 132kHz  [Switching Frequency

Eff 85% Efficiency (n)

Pout W Output power (maximum)
Vout 12V Output Voltage

Feline 50 Line frequency

C. Calculation Of Maximum Primary Inductance And Primary Peak Current

Finding the maximum primary inductor value is the goal of the initial design calculation. Although there are
other design approaches, the converter in this example always runs in Discontinuous conduction mode. Use the
following equation to determine the primary inductor value (LP):

ko = N*Dmax*Dmax*Vdcmax*Vdcmax ( 4)
2+xFsw*Pout

The worst-case situation is when the converter operates at maximum duty cycle and minimum input voltage
while operating at full power. The limit for the maximum inductance is 13.25mH by applying the design inputs
in “(4)”.

o

ut — 75w  (5)
Peak primary current is calculated by using *(6)”.

2+Pin max
Iprimary,x = = 0.1924 (6)

Vdcemin*Dmax
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D. Transformer Design

One of the main parts of the Flyback converter, the transformer, provides isolation between the power supply
module’s input supply and load. Typically, a high-frequency transformer is chosen to minimise the size. The
suggested converter operates at 132 kHz. Input PI filters prevent EMI and electromagnetic compatibility (EMC)
problems.
Where,
Maximum Duty cycle (Dmax) = 0.65 Output power (Pout) = 6 Watts
Efficiency = 80%
Window Factor (Kw) = 0.29 Current Density (J) = 5 Amp/mm?2
Magnetic Flux Density (Bmax) = 0.13 Tesla
The core size, wire gauge, and number of turns needed for the intended output are chosen for transformer design
using the area product (Ap) approach. By using the “(7)”, we can determine the transformer core’s (Ap).
]
An = (MPHRUMANGICIPUMANRMS 1000 (7)
BMmax*0.0085
An appropriate core with an area product that is more excellent than the calculated AP will be selected. Selected
EE Core: E25/9/6, which will have Cross-sectional Area, (Ac) = 40 mm?, Window Area, (Aw)=78 mm?,

(AL)=4040 mH/1000 Turns and bobbin with a minimum 0.27mm length have been selected.
The transformer ratio (T ratio) of primary and secondary is given from the “(8)”.

T ratio = 8
Dmax*Vdemin ( )

The following formula determines the transformer's primary turns (Np) and secondary turns (Ns).

Nb = Vout+(Vp*Dmax)

Dmax*Vdcmin =30 (9)
Ns=TratioxNp=7 (10)
. 6.62
skin depth = = 0.0182cm? (11)

sqrt(Fsw)

Wire diameter = 2 * (skin depth) = 39AWG

E. Selection Of Input Capacitor

2xEin
(Vpeak)zf (Vdein) 2 (1 2)

We can select 47uF,400V ,105°C or 68uF,400V ,105°C for less ripples.

F. Selection Of MOSFET

The Drain-Source voltage (VDS), Drain current (ID), Drain-Source ON resistance (Rdson), Gate charge
(Qg), and Output Capacitance (Cout) all influence the MOSFET selection. The MOSFET's size and package are
determined by the losses that occur within it. The following formula is used to determine the MOSFET's
maximum voltage stress. (Vpeak MOSFET)

Cin=

Dimax*Vdemin
VDS _max = Vdc . T uTC)=567'85V (13)

A 20% security buffer has been added to VDS_max to ensure the converter operates safely. Selected MOSEFT:
BSZ16DN25NS3 [Vds= 700V, Rds_on= 0.165 ohm, ld= 80A @100deg].
G. Output Filter

To obtain the required output parameters, the secondary output voltage of transformers is appropriately rectified
and filtered. The suggested converter uses an LC filter to have low noise, be less bulky, and be cost-effective—
all essential for space applications.

D+,
Fswrdelta(Vo)

Cout = = 220uF (14)
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H. Efficiency, Line Regulation And Load Regulation

o'utput maggfwwkgcurrent * 100 (15
input yoltagexinput current
Vout@max input(300V) — Vout@min input(85V) . 10 (16)
Vout@nominal input(190V)
Vout@min load(0.14) — Vout@max 10ad(0.54) . 100 (17)
Vout@nominal load(0.224)

Efficiencv =

%Line regulation =

O%lLine regulation =

I. Secondary Diode Selection

The choice of output diode is influenced by secondary voltage and current. These diodes must operate at a high
frequency to function. Schottky diodes will have almost no reverse recovery time. In contrast, regular signal or
p-n diodes typically have a reverse recovery period of hundreds of nanoseconds when switching from ON to
OFF and less than 100 for fast recovery diodes. Thus, Schottky diodes are ideal due to their low reverse recovery
time (Trr), high current capability (IF), and extremely low forward voltage drop (VFD). MBR0540 is the chosen
diode.

IV. RESULTS AND DISCUSSIONS

A. LT-Spice Simulation Results

The output current (IRi0aq) and output voltage (Vou) are displayed in Fig. 4. The output is controlled to retain that
value while the voltage increases to 12 volts and the current increases to 0.5 amps. The findings of this
simulation demonstrate that the fly-back converter can supply low-powered devices with 12v of voltage and 0.5a
of current. The IRi0ag and Vo are 12V and 0.5A, respectively, at Full load for 230 V AC input voltage shown in
Fig. 5.

B. Effective Voltage Clamping For Mosfet Protection In Flyback Clamp Circuit

The clamp circuit in a fly-back converter is essential for shielding the MOSFET from voltage spikes brought on
by leakage inductance. The clamp circuit, consisting of a Zener diode, diodes, resistors, and capacitors, absorbs
excess energy when the MOSFET (M1) shuts down and brings the drain-source voltage to a safe level. This
lowers the chance of MOSFET failure by maintaining control over the drain-source voltage (VDS) waveform, as
shown in Fig.

6. The clamp circuit does not affect the gate-source voltage (VGS), which follows the intended switching
waveform. The clamp circuit increases circuit reliability by reducing excessive voltage stress.

DN veme):

Curser 1

WrEout)
Hom: [ 3 2e18301ms ver: [ 1z 001046W

Viert: [ 11585709

8

Figure 4. Output voltage and Output current waveform at full line voltage
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Figure. 5. Output voltage and Output current waveform at 230V line voltage
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C. Uncontrolled Voltage Spikes And Mosfet Stress In Absence Of A Clamp Circuit

When switching takes place and the clamp circuit is removed, the transformer's leakage inductance causes large
voltage spikes between the MOSFET drain-source terminal, as shown in Fig. 7. This causes uncontrollable
voltage transients that surpass the breakdown voltage of the MOSFET, potentially failing.

Every time the MOSFET shuts off, the VDS waveform will exhibit abrupt, high-amplitude spikes, increasing
EMI and possibly causing damage. Because it depends on the gate drive circuit, the VGS waveform stays the
same, but an excessive drain voltage could cause unexpected switching actions. The MOSFET's overall circuit
stability and longevity significantly decrease without a clamp circuit.

D. Output Voltage Ripple Waveform

Voltage ripple in an SMPS is the term used to describe the little variations in the DC output voltage brought on
by filtering and switching constraints. Peak-to-peak changes for a 12 V output with 1% ripple are 120 mV.

V. CONCLUSION

This paper introduces the design and implementation of an EMI-filtered fly-back SMPS optimised for consumer
electronic applications. The converter is designed to efficiently convert an AC input voltage range of 85v to
300v to a stable 12v DC output at 0.5a with a switching frequency of 132 kHz. The circuit design, component
selection, and transformer calculations are detailed to ensure safe operation with high efficiency and EMI
compliance. Simulation output confirms the converter's efficiency, showing zero voltage ripple and successful
MOSFET voltage clamping, averting excessive stress and failure. Adding a PI filter, a Snubber circuit, and a
transformer design for optimisation dramatically enhances the stability and reliability of the system. The results
validate that the designed fly-back SMPS can efficiently supply a regulated output voltage over a wide range of
input voltages, making it an ideal candidate for many consumer electronics applications. Future research may
include further efficiencies achieved and real-world testing to assess long-term reliability and thermal
performance.
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