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Abstract .

With switching power supply being widely used in Smart Meter, there_ex ore
restrictions on the performance of it. This paper designs a single-ended fIy al itching
power supply based on LNK364DN chips which is used |n ingelligent sj se table,
Compares the advantages and disadvantages of the s g pow ply and the
traditional linear regulated power supply, and in 0 re tlo ype switching
power supply design principle and working pr isfy the security
requirements, this paper also designs the EMI -' ession c , surge suppression

current, clamp circuit, etc. The design pr@, inclydipg, the maX|mum duty cycle
including transformer, the primary induct Iculaﬂor\ » of the flyback type switch
e

power supply transformer is mtroduced |I Th rimental results show that the
switch regulated power supply has qu electromagnetic compatibility,
small ripple, low power consump@wlgh effic f AC/DC transform and excellent
performance .

Keywords: switching p %er supply@ck transformer,LNK364DN,AC/DC

1. Introductio

With the r \evelopm selectromc technology, the relationship between
electronic nt and Ies work and life is becoming more and more closely. And
the power is the f all electrical equipment, any electrical equipment can not
be separated from relj power supply, and the power requirements are also getting
increasingly high the rapid development of electronic technology.The development
of modern elegfr equipment have the requirements of small volume and low cost,
high reliability, ®igh conversion efficiency, which makes the switching power supply
came in [1]. Switching power supply originated in the 50's of last century. In the
early St Semiconductor Co, Ltd. was the first to introduce the L4960 series

n ic switching regulator. In 1994, American power company in the world firstly
ch%‘ﬁ

eded in developing three terminal isolation type pulse width modulation type single
switching power supply, known as top off power, then it launched the efficient, low-
cost spaces, small power four terminal monolithic switching power supply Tiny Switch
series.By 2000, National Semiconductor Corporation Ns developed a high efficiency 0.5A
Simple Switch voltage converter, its efficiency as high as 96%. Thus, in foreign
countries, the rapid development of switching power technology is increasingly
mature[2].
In China, the research and development of switching power supply began to start in the
60's of last century, it entered the practical research in the middle of the 60's,by the early
seventy's,our country can independently developed No power frequency buck type
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switching power supply.Generally speaking ,the development is slow, in the last two
decades, China's many research and development centers, enterprises and institutions
began to invest in high frequency switching power supply research. Over the years, China
has made great efforts in switching power supply and achieved great results. But, at
present, the technology of switching power supply in our country still has a considerable
gap compared with some advanced countries[3].

For different use scenarios, having development of efficient and stable switching power
supply is the direction of our efforts. In smart meter, first of all, it requires that the power
source has the advantages of high reliability, , the power supply needs to be used for more
than 10 years in actual power grid, and it needs to have the characteristics of anti
saturation, low leakage inductance and high insulation. Secondly,it has requirements with
high pressure resistance, the general requirements of insulation pressure up to 4000VAC.
Thirdly, it has requirements with high EMC performance, static test, lightning surge EMC
test with national standards completely; Fourthly, it has requirements with high effigienc
of more than 65%; Fifthly, it has requirements with small ripple and ripple coe?g’ ientIs
less than 5%; The last, it has requirements with small volume and it ca ote the
development of smart meter because of the miniaturization i&ight wei

Based on the development and application of smart hi$ pap
switching power supply, put forward the schemes of t |gn
corresponding modules hardware circuit design a rimental vegifiCation according
to the requirements of technical specifications. V

Q"o

Currently, high performance switch" Q/ver su |s usually used as the power
supply system in the design of sma{i er in i ountries. And in the domestic,
i

most still stay in the use of traditi inear reg power supply. Conventional linear
voltage stabilized power s%g&as the acteristics of small ripple and simple
re

structure, but its disadvanta also parent So it both results in a waste of
energy and can not me needs development of small electronic products

2. The Overall Design Scheme

increasingly sophlstlc the rela switching power supply is in low energy
consumption in mg an sing of two kinds of state, more power can be
transferred to th 'S0 it h h gfficiency and low fever compared to conventional
linear pow ith t ent technology more advanced, capacitors, inductors,
chip contr |tch her devices, whose costs continue to drop and performance
continues to Increase d with high efficiency and excellent properties of the switch

power supply, so its |cat|on is more and more widely, in many occasions, it gradually

replaced the tra @a near regulated power supply.
In this pape lyback switching power supply is designed, which is applied to the
smart me?%Ihe power supply is mainly used for the electric energy measurement
igital processing module and the communication, display, storage, control

module@
and ion module of the intelligent electric energy meter to provide a stable and

oltage[6,7,8].

2.1. The overall design requirements

Flyback switching power supply is mainly by the power MOS transistor, high-
frequency transformers, passive clamp circuit and the output of the rectifier circuit. The
core switching power supply chip, scilicet feedback control chip is a new intelligent high-
frequency switching power supply integrated chip by the United States company (Power
Integration Inc) development and design of LNK Switch series. The design uses a PWM
(pulse width modulation) control to achieve the AC/DC conversion, by adjusting the duty
cycle to achieve a stable output voltage [9,10].
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The design of the technical indicators are as follows:

Table 1. Requirements of Design Parameters

Parameter Norm
Input voltage 220VAC (£20%)
Output voltage 12V (£5%)
Conversion efficiency 80% (+5%)
Ripple factor <5%

The design has system requirements that its voltage output is 12V under various
conditions, and it meets the design performance index, power supply requirements for
smart meter electric energy metering module, a digital processing modulew
communication circuit and so on. The design prevents electromagnetic interfe?g d
restrain surge to achieve the stability and reliability of the system [11,12].

2.2. The Principle and Structure of the Switching Power S

high efficiency, and can be obtained in a small vo the t is higher than
the traditional linear power supply. Therefore and m dely application in

intelligent electric energy meter research and elopment AN, this paper, a PWM (pulse
width modulation) flyback switching circ ich is ¢ ed of a MOS tube and a
power controller is used to achieve th se of regulation by changing the

pulse width to achieve the adjustmen duty %I
ing powe& y as shown in Figure 1. Structure

The typical structure flyback s
trans@er a control circuit, output circuit and

Flyback switching power supply has the character:it S sumptlon and

generally includes an input ci
protection circuit,etc.

Input circuit Q
pmmmimimimimimemme o R T — - Conversion Output circuit

circuit

Filter Output

circuit 51 i circuit

Rectifier Filter
circuit circuit

t transformer

PSRN, MR

Output
f— detection
circuit

Drive
circuit

Control circuit

F@Le 1. Flyback Switching Power Supply Structure Diagram

n of Hardware Module

order to adapt to the bright prospects of Switching Power supply, promote the
application of switching Power supply, and simplify the design of the switching Power
supply, nowdays the number of semiconductor manufacturers have introduced integrated
switching power supply controller chip that integrates on a single chip controller and
switch, and improve overcurrent and overvoltage protection, so that the user can use
fewer external components,complete a performance and quality are more superior
switching power supply design. This design of the control circuit used LNK364DN chip
of LNK Switch series which is launched by the United States company Power Integration.
LNK364DN is a new intelligent and high-frequency switching power supply integrated
chip. The chip has a built-in switch, PWM generator, and has a thorough output short
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circuit protection function and overheating protection function. Its output voltage is
controlled by a feedback pin to achieve, it can be said to be a full-featured switching
power supply control chip.

3.1.Design of Input Rectifier Filter Circuit and EMI Circuit

For filter design, first can suppress the power grid harmonic interference, effectively
improve the system of internal electromagnetic environment. On the other hand, the filter
can be seen as a blocker to prevent electromagnetic interference into the internal
switching power supply grid, blocking the flow of electromagnetic interference in
switching power supplies and power grid. The design of the input rectifier filter circuit
design shown in Figure 2, the 220VAC input, through the rectifier filter circuit obtained
after the output waveform shown in Figure 3.

e o o o — —

In the design, 220VAC power s&@ fire ss to primary, 50Hz frequency
alternating current through tw ve rectified Yectifying diodes, having a peak of
about 220\2 = 311V, 50%\%U cy pul%lg DC. After the pulsating DC current
through a shunt resistor, appli e switching tube. The switch tube should

the gase uf:
be an N-channel enhancefient mode M&ET, it turns on in the pulsating DC when gate
- source voltage ig posiive. herefsre, itching tube turns on when the positive half
ol

cycle of conducti apacitor connected behind. The pulsating direct current is
applied to the fj pacito?Q s. Since the effect of the capacitor charging and
discharginge=the Npulsatingdirect current approximation becomes about 311V DC to
provide pource f g@avices behind the switch.
onstitute an EMI filter circuit, have the function of the noise
the capacitance and inductance and other energy storage
components in ircuit, at the moment of power on the circuit, there will be a large
inrush current. ng resistor R in front rectifier diode can inhibit the inrush current and
protectio it element. Meanwhile connectting a varistor RVvaristor RV, its resistance
decreasg”With the increase of voltage on both ends. Because of the complexity of the
elec ;, grid, there may be a transient high voltage spikes due to lightning or high-
poper=inductive load in the grid. When it came to the high-voltage spikes, RV may
ently reduce the resistance, discharge the high-voltage spikes, blocking high
pressure into the circuit.

In figure, Cx1 and
attenuation grid.

3.2. Design of Clamp Circuit

Power MOS During shutdown, the leakage inductance energy can not be delivered, it
will produce a peak voltage across the primary winding of the transformer. If you can not
try to absorb flux leakage inductance energy, it will have a significant voltage spikes,
causing MOS tube is damaged. In orser to this, the best solution is to re-use to make it
returns the input capacitance. Using clamp design can solve the problem, the circuit
design shown in Figure 4.
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Figure 4. Transient Voltage Clamping Circuit

Two Zener diodes Dx3, Dx4 can give MOS transistor gate voltage clamping. If tue 1o
interference, the electric shock, as a result of lightning strikes have come at t igh a
voltage, the Zener diode reverse breakdown voltage regulator into the e gate

is breakdown.

3.3.Design of freewheeling circuit Q
As shown in Figure 5, Rx3, Rx4, Dx5, Cx2 other e nts constituting the

potential of the MOS transistor in the clamp voltage value event I\% stor gate

transformer primary inductance freewheeli ircuits %e the inductor induced

electromotive force, at the moment of . r is turn will appear across the

inductor high reverse voltage, the co ay be aged. The freewheeling circuit
&Dessur

may be provided for this reverse i e path to protection controller,
simultaneously increasing the tur eed, im signal quality.

‘C

)
6Flgure 5. Freewheeling Circuit
3.4. Design of @t Filter Circuit

Primar former switching tube turns on and off repeatedly. Energy transfer by
i pling to a transformer secondary, secondary gets a high frequency pulse
the change of switching tube turning on and off, The output of the filter

own in Figure 6.

q

I

Figure 6. Output Filter Circuit
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The high frequency ripple current through the diode rectifier D to charge the capacitor
C. When the switching tube is turned off, the energy from the transformer delivery stop,
at this point the load is powered by a capacitor C4. The controller through a feedback
mechanism to sense the energy storage capacitor C in the case. If the energy storage
capacitor C deficiency, the output voltage is decreased. In this case the controller will turn
on the switching tube, the capacitor C is charged, the output voltage rises. After the C
adequate storage controller close the switching tube, the load continues to be supplied by
the C. This process again and again, The voltage across the load at rated output voltage of
the power supply fluctuations, to achieve the purpose of regulation.

3.5. Design of Transformer

Flyback transformer has a simple circuit, high conversion efficiency and stable output
characteristics. When the MOS transistor is turned on, the transformer prlmary
generates a current I, and the energy stored in it. At this time, due to the N1 an
poles hace the opposite polarity, Dx6 diode reverse bias is turned off to stop t rgy
transfer to the load.When the MOSFET s turned off, the transformer pr@n nding
will generate a reverse electric potential, the diode forward a same tim agnetic
energy is released to the load side, the load generated cu OWS, tc@w the desired
voltage value. Detailed design go as follows: V

(1)Power specifications O V

1)Input voltage \
Viin =220VAC, so the transformer pri Y Itage\‘\"@QOV, inmx =1311V;
2)Output voltage when the load of ?

Vour= =12V(+0.5); @
3)Conversion efficiency s\
T=80% ﬁ
(2)Calculation of the maximuh® duty
1) Reflected voltage the sec ‘@reﬂected to the primary

=7.1%12 =852V
B3 ﬁ

Amor@ is tu@atlo value of 7.1; Vo is output voltage with value of 12V

2)The maximu cycle

D,. = Ver =42%
VPR + (Vmin _VDS )
(2)

them,VDS is on-state voltage of MOSFET’s drain-source, value of 10V,
23 culate the primary inductance of the transformer

3
L PV T
2P 1
(3
(4)The selection of the transformer core
P, *1000000
AP - AN*A\* - * * t * * * 1%
[2*K,*K. * fosc*B_ * j*7]
(4)
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Among them, R is Output Power; Ko is copper fill factor; Ke is the core fill factor;

Bn is the magnetic flux density of the transformer; Vis the current density. After the

calculation of the table, EE12 cores are suitable. Taking into account the auxiliary
winding and other factors, choose EE13 core.
(5)Primary and secondary winding turns

Vi D T
P b A

min

ABx A,

x10* =215

(5)

Among them, B is the core operating flux density change values.

Ns =N;/n=30.28 circle, rounded to the 30 circle.

*

3.6.Design of the Control Circuit
This paper uses LNK364DN chip design feedback control circuit, specifi Eown in
Figure 7. Integrated circuit design can reduce system cost, r duge co%t unt and

improve efficiency. \
O R

L g
\ 50
Fig ontr I’é&and Peripheral Circuits
*

Chip pin D co \ ower e, provides internal operating current for the start-
up and stea e peration.ﬁss pin BP pin connection point for an external bypass
capacitor U@CM, e @ias winding to provide a 5.8 V supply voltage for internal
use. Feedbackpin FB i ontrol pin under normal operating. When the input current of
this pin exceeds 49 SFET turns off.

The controller h a feedback mechanism to achieve tracking control of the output
voltage. LNK?@ chip feedback loop has a current mirror MOSFET structure. This
current mirrbr and on-resistance MOS tube generated a reference voltage (about 1.63V).
Control pared to feedback voltage from the output and this reference voltage.
Whe edback voltage is lower than the reference voltage, the PWM generator is
t nd drive switch, the secondary output power replenished; on the other hand,
* hep the feedback voltage is too high, PWM generator is turned off, the secondary output

capacitor for energy.
Resistance RX> | RX6 | dividing the output voltage, then determining the size of the
output voltage. The output voltage
V,—Vg 1.60-0

Rx5 Rx6 (6)

Among them, Ve is the reference voltage, value of 1.63; RX3 is value of 11KQ, RX6js
value of 1.8KQ, so get the output voltage is 12V.
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3.7.Design of the Overall Circuit Design

Through design and analysis about the input-output circuit, control circuit and
transformer module, as well as EMI, clamp circuit, wheeling circuit protection circuit to
give the whole design shown in Figure 8 whice based on the LNK364DN chip.

Il

E * * l @
Figure 8. Switching Power t&p;y Sche%mygn
g

. N\
4, Results \O
p

N4
ectivexﬂ\ e no-load and light load, full load
fo
*

Making a test at room temperat &es
and at 220VAC input voltage ured e across the output using the twist

method with an oscillosco ince the hing tube works in the on-off state,
equivalent to intermittentlyssupply po e load, which causes the output voltage can
not be very precise a le at a n voltage value, but around the rated output
voltage fluctuates s‘lz@up and n. Therefore, switching power supply output ripple
is a measure of ortantdfidicator of the quality of the switching power supply.
Through t esign circuit=Obtain a voltage waveform diagram shown in Figure 8,

electricall pled ripple ".; own in Figure 9, Figure 10, Figure 11. From the test data
obtained by the figure '@c nown, the output voltage is about 12.2V, the error is 1.6%,
the full load output ess than 5% of the design requirements. In the no-load, load
1.2W, and load proximate full load at this time) ,the ripple were 140mV, 130mV

and 114mV, Throbgh calculation can get the ripple coefficient was 1.14% , 1.06%, 0.9%
ive no’load, light load and full load, , accuracy is much higher than 5% of the

ZSOKET G/
ok
-
il

Figure 8. Output Voltage Waveform Figure 9. Output Ripple
when the Load 1.5W when No-load
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Flgure 10. Output Ripple Figure 11. Output Ripple
when the Load 1.2W when the Load 4.8W

Switching power supply’s efficiency is also an important indicator to verify t
of switching power supply design. By direct measurement can be measured,the
switching power supply’s conversion efficiency is 0.786 with no load

efficiency is 0.791 with no load at 25% load, the convers on flelency nder full
load. After calculation of the value of the test, the ave |ency 0 esign of the
power is 79%, the paper pre-designed efﬂuency at erroNis 2% which is less
than 5% of the design requirements.

In summary, the design of switching power su has the ntage of small size,

high efficiency, high accuracy, reliability, etcﬁx electrps discharge immunity, fast
transient burst immunity, electromagnetl t|b|||ty\Q ratory tests prove that it

complies with the GB/T 17215.211 \®
5. Conclusion 5\\

In the paper, tThe flyba ag%nchl supply design and development which
based on the LNK364DN control ch&*the goal. Make a detailed analysis and
explanation about the b de5|gn tructure and Flyback converter circuit and
control method, LN chi d its peripheral circuit design for switching power
supply, high- fr ansf put and output rectifier filter circuit, clamp design,
the primary Ilng tr r, EMI protection circuit. This design has made
remarkabl me S e following areas: First, sophisticated circuit design and
small size, ®e effect| mote the development of smart meter; the second is the
conversion rate, ap, 0 domestic smart meter switching power supply efficiency
general require or 65% or more, the design can be up to 79% conversion
efﬂuency, an h” design accuracy, ripple accuracy to within 1.2%. Third, system
i clamp circuit to resolve the problem of spike voltage ,then prevent
damage ofNIVIOS tube grid is punctured. For inductor’s induced electromotive force,
b reewheeling circuit to protect the controller effectively , increase the turn-off
e prove signal quality, and improve the stability and reliability of the system.
&
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