S/IERGY

Applications Note:SY58203
Single Stage Flyback And PFC Regulator

With Primary Side Control For LED Lighting

Preliminary datasheet

General Description

Features

The SY58203 is a single stage Flyback and PFCe. Integrated 700V MOSFET
regulator targeting at LED lighting applicationt.  « Primary side control eliminate t0\the opto-coupler.

integrates a 700V MOSFET to decrease physicale valley turn-on of the primary.MOSFET to achieve
volume. It is a primary side controller without &ppg low switching losses

any secondary feedback circuit for low cost, aridedr .
the Flyback converter in the quasi-resonant mode to
achieve higher efficiency.
converter in constant on time operation to achiagé

power factor.

Ordering Information

sys820(0O)

Temperature Code

Package Code

Optional Spec Code

Temperature Range: -40°C to 105°C

Ordering Number

Package type Note

SY58203FAC

SO8

0.3V primary current sense reference voltage leads
to a lower sense resistance thus a lower conduction

It keeps the Flyback loss.

» Low start up ctreent: 1BA typical

* Reliable short,ILED and Open LED protection

» Power factor>0.90 with single-stage conversion.
»  Maximumfrequency limit: 120kHz

» Compact package: SO8

Applications
+* LED lighting
Recommended operating output power
@|OUT:300mA
Products 90~264Vac
SY58203 W

Typical Applications
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Pinout (top view)

=

=

GND [T {1 O 81 1zCs
Source (1] 2 7 [T JcomP
NC [T 3 6 [T 1VIN
Drain[1_] 4 5[ T_INC
-
(S08)
Top Mark: AGF xyz (device code: AGF¢=year code, y=week code, z= |ot humber code)
Nzlr?w PmSn(L;r;ber Pin Description
GND 1 Ground pin
Source pin of the internal primary MOSFET. Conrtbet sense resistor {
this Pin and the GND pin.
Source 2 VAN
(current sense resistegRR 7/k—E—F2 | k = 0.167)
ouT
NC 3
Drain 4 Drain of the internal. power MOSFET.
NC 5
Power supply 9in-“/This pin also provides outputroveltage protectior
VIN 6 ; .
along with ZCS pin.
Loop compensation pin. Connect a RC network adiasin and ground
COMP 7 e
to stabilize'the control loop.
Indu€tor “current zero-crossing detection pin. Tipg; receives the
auxiliary winding voltage by a resister divider addtects the inductg
eusrent zero crossing point. This pin also providesr voltage protectio
ZCS 8 and line regulation modification function simultasly. If the voltage on
this pin is above ¥sovs the IC would enter over voltage protecti
mode. Good line regulation can be achieved by &dmshe upper resisto
of the divider.
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Absolute Maximum Ratingsote 1)

VIN -0.3V to 19V
Supply currentyy 30mA
ZCS -0.3V to Vjy+0.3V
COMP,Source ---------------- -0.3V to 3.6V
Drain 700V

Power Dissipation, @ Al= 25°C SO8 1.1w

Package Thermal Resistance (Note 2)

S08,0JA 88°C/W
S08,9JC 45°C/W
Temperature Range -40°C to 150°C
Lead Temperature (Soldering, 10 sec.) 260°C

Storage Temperature Range

-65°C to 150°C

Recommended Operating Conditionguote 3)

VIN

8V~15.4V

Junction Temperature Range
Ambient Temperature Range

Block Diagram

-40°C to 125°C
-40°C to 105°C
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Electrical Characteristics
(Vin =12V (Note 3), § = 25°C unless otherwise specified)

Parameter | Symbol | Test Conditions | Mih  Typ | Max | Unit
Power Supply Section

Input voltage range Wh 8 154 | V
VIN turn-on threshold VinoN 176 | V
VIN turn-off threshold N OFF 6.0 7.9 \Y
VIN OVP voltage \{in.ovp Vyin on+0.85 \
Start up Current S Vvin<Vvin.oFr 15 HA
Operating Current vin C_.=100pF,f=15kHz 1 mA
Shunt current in OVP mode |y ove Vuin>Vvin.ove 1.6 2 25 mA
Error Amplifier Section

Internal reference voltage | g | | 0.294] 0.3 | 0.306] V

ZCS pin Section

tzhf(fsm dOVP voltage Vazcsowe 1.41 1.48 155 V
Integrated MOSFET Section

Breakdown Voltage | W | Vo0V, Ips=25QuA | 700 | | | Vv
Current Sense Section(Source pin of integrated MET3F

\?;:;Zr: limit reference Vsouree max 0.50 Vv
PWM Section

Max ON Time -BN,MAX Veéour=1.5V 24 USs
Min ON Time TonMIN 400 ns
Max OFF Time -BFF,MAX 39 Us
Min OFF Time T)FF,MIN 2 Us
Maximum switching Fuin 120 KHz
frequency

Thermal Section

Thermal Shutdown Tes 150 oC
Temperature

Note 1 Stresses beyond the “Absolute Maximum Ratingsy weuse permanent damage to the device. These are
stress ratings only. Functional operation of thei@eat these or any other conditions beyond tldieated in the
operational seéctions of the specification is noplied. Exposure to absolute maximum rating condgidor
extended periods may affect device reliability.

Note 289, is measured in the natural convection at=T25°C on a low effective single layer thermal doctivity

testboard of JEDEC 51-3 thermal measurement stdn@last condition: Device mounted on 2" x 2" FRubstrate
PEB) 20z copper, with minimum recommended pad prager and thermal vias to bottom layer grounch@la

Note 3 Increase VIN pin voltage gradually higher thany\én voltage then turn down to 12V.

AN_SY58203 Rev. 0.9  Silergy Corp. ConfideltRrepared for Customer Use Only 4
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Operation S
|
The SY58203 is a single stage Flyback and PFC aggul Rer D vimertt = = “‘:T “““
targeting at LED lighting applications. L (
syss20 VO : :
It integrates a 700V MOSFET to decrease physical e :_'
volume. Com i
|
|
i e oo '

The device provides primary side control to elinbéntne
opto-couplers or the secondary feedback circuitschv
would cut down the cost of the system.

High power factor is achieved by constant on opemat
mode, with which the control scheme and the circuit
structure are both simple.

In order to reduce the switching losses and impieive
performance, Quasi-Resonant switching mode is egpli
which means to turn on the integrated MOSFET at
voltage valley; the start up current of SY58203ather
small (15.A typically) to reduce the standby power |oss
further; the maximum switching frequency is clamped
120kHz to reduce switching losses and improve) EMI
performance when the converter is operated at lagd
condition.

SY58203 provides reliable protections~“such as Short

Circuit Protection (SCP), Open LED\Protection (OLP)
Over Temperature Protection (OTP), etc.

SY58203 is available with-S©8 package.

Applicationg Information

Start up

After A€ supply or DC BUS is powered on, the cafmaci
Cun across VIN and GND pin is charged up by BUS
voltage through a start up resistairRONnce \(y rises up

to Vvin-on, the internal blocks start to work.y\M will be
pulled down by internal consumption of IC until the
auxiliary winding of Flyback transformer could siypp
enough energy to maintain/\{ above \)n.orr-

The whole start up procedure is divided into twotisas
shown in Fig.4.4:¢c is the G, charged up section, and
tsto is the output voltage built-up section. The stat
time tsr composes of stc and &ro, and usually dro is
much smaller thanstc

Fig.4(Start up

The start up resistordrand G,y are designed by rules
below:

(a) Preset start:up resistogRmake sure that the current
through Ry is larger thandr and smaller than,h_ove

V,

V

BUS BUS

I <Rgr < | (1)
VINLOVP ST

Where \Lys is the BUS line voltage.

(b) Select G\ to obtain an ideal start up timgrtand

ensure the output voltage is built up at one time.

(VBUS
R

VIN

'IST) xt ST

@)

ST

VVINfON

(d) If the G,y is not big enough to build up the output
voltage at one time. IncreaseCand decreasesR go
back to step (a) and redo such design flow unélitkeal
start up procedure is obtained.

Internal pre-charge design for guick start up

After Vyy exceeds Vinons Vcowp iS pre-charged by an
internal current source. The PWM block won't stirt
output PWM signals until ¥mp is over the initial
voltage Vtowpic Which can be programmed bydp.
Such design is meant to reduce the start up timnestin
Fig.5.

The voltage pre-chargedc¥ve c in start-up procedure
can be programmed by-Byp

Veowr 1c=600MV-30QA xR 4(3)

AN_SY58203 Rev.0.9
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Van Ve
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600mVf- — — — — — —
SY5820 v
cowpic - — — — — — —
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opt.
Ceowet
lsec

t

TFig.S pre-charge scheme in start up lour
Where \eomp.cis the pre-charged voltage of COMP pin.

Generally, a big capacitance oftd&up IS Necessary to .
achieve high power factor and stabilize the syskeop
(luF~2uF recommended); The voltage pre-charged in
start-up procedure can be programmed by On the

other hand, larger Rvp can provide larger phase margin M
for the control_ loop; A small ceramic capacitoragded Fig.6 switching waveforms
to suppress high frequency interruption (10pF~108pF

recommended if necessary)

/

Jsp=N psX1 PF(5)

Shut down ) ) )
Where Nbs is the turns ratio of primary to secondary of

After AC supply or DC BUS is powered offsthe energ the Flyback transformer.

stored in the BUS capacitor will be dischargéed: Wire

auxiliary winding of Flyback transformefjean nopply ~ Thus, bur can be represented by

enough energy to VIN pin, W will_ drop» down. Once

Vyn is below V.o, the IC willstep working and

Vcomp Will be discharged to zero,

N X1 t
lour= PSZ prt_Dls(G)
S

Primary-side constant-current control The primary peak currented and inductor current
. . { . . discharge timepis can be detected by Source and ZCS
Primary side control is-applied to eliminate seamyd pin, which is shown in Fig.7. These singals arecessed

fgedpack circuit or tho-coupler, which redu.ces' theand applied to the negative input of the gain mattul
circuit cost. The=swjtching waveforms are shown in Fig.6. In static state, the positive and negative inpresegual.

The output currentoyrcan be represented by, Vieer=l ppXR g% t;’i xk (7)

S
A ISP tDIS
IOUT—7 xt—s “) Source
Where kpis the peak current of the secondary sigg;i$

the discharge time of Flyback transformes; is the
switching period.

t

DIS
IPPXRSxixkl

S
o [3— >

The secondary peak current is related with prinpeask Vrer
current, if the effect of the leakage inductor églected.

Fig.7 Output current detection diagram

AN_SY58203 Rev.0.9 Silergy Corp. ConfidehtPrepared for Customer Use Only 6
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Finally, the output currentl;r can represented by
Veee XN
— " REF PS (8)

out ™ RS X 2% kl

Where kK is the output current weight coefficientzp¢ is
the internal reference voltage;s B the current sense
resistor.

ki, and \kee are all internal constant parametegg;rican
be programmed by Nand R,

Vo XN
s_ REF PS (9)
IOUT x2x kl
then
Ry=KWVeeeXNes (o 1 ()
S ’
IOUT 2|(1

Quasi-Resonant Operation

QR mode operation provides low turn-on switching
losses for Flyback converter.

Valley 2 A

tois |

I 's

Rig8"QR mode operation

VIN

SY58203
ZCS

Fig.9 OVPEOLP

The output voltage js reflected by the auxiliarynding
voltage of the Flyback-transformer, and both ZQ$Samd
VIN pin provideever voltage protection function.héh
the load is\nul=0r large transient happens, thgpuu
voltage will exceed the rated value. WhegnVexceeds
Vvineove O Vzcs exceeds Yesovn the over voltage
pratection is triggered and the IC will dischargguby
an( internal current sourcglovp. ONce )y is below
Vuinorr the IC will shut down and be charged again by
BUS voltage through start up resistor. If the oveltage
condition still exists, the system will operate hitccup
mode.

Thus, the turns of the auxiliary windingad and the
resistor divider is related with the OVP function.

VZCS,OVP - NAUX X RZCSD (11)
VOVP N S R ZCSU-'-R ZCsDb
V\/IN70VP > NAUX (12)
VOVP N S

Where \pyp is the output over voltage specification;
Rzcsu and Resp compose the resistor divider. The turns
ratio of Ns to Nayx and the ratio of Rsy to Recsp could

be induced from equation (11) and (12).

Theyvoltage across drain and source of the primary

integrated MOSFET is reflected by the auxiliary ey
of\the Flyback transformer. ZCS pin detects thaags
across the auxiliary winding by a resistor dividéfhen

Short Circuit Protection (SCP)

When the output is shorted to ground, the outplibge

the voltage across drain and source of the primaryS clamped to zero. The voltage of the auxiliarpaing
integrated MOSFET is at voltage valley, the MOSFET IS proportional to the output winding, sa,¥ will drop

would be turned on.

Over Voltage Protection (OVP) & Open LED
Protection (OLP)

down without auxiliary winding supply. Onceyy\ is
below W orr the IC will shut down and be charged
again by the BUS voltage through the start up tesi#f
the short circuit condition still exists, the systewill
operate in hiccup mode.

AN_SY58203 Rev.0.9
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In order to guarantee SCP function not effected by

voltage spike of auxiliary winding, a filter resistRayx
is needed (1Q typically) shown in Fig.9.

Line requlation modification

The IC provides line regulation modification furosti to
improve line regulation performance.

Due to the sample delay of Source pin and otherriad
delay, the output current increases with increagmpgit
BUS line voltage. A small compensation voltaésg.c
is added to Source pin during ON time to improvehsu
performance. ThisAVsec is adjusted by the upper
resistor of the divider connected to ZCS pin.

N 1
AVSE,c:V Bus™ NAUX x———xk 2(13)

P ZCsu

Where Rcsy is the upper resistor of the divideg; ik an
internal constant as the modification coefficient.

The compensation is mainly related withcR, latger
compensation is achieved with smallerz&. Noymally,
Rzcs ranges from 10QR~1MQ.

Then Rcsp can be selected by,

NS

Vzcs_ovp x
VO UT
1- Vzcs_ovp
VOUT
And,

N
~ X RZCSU >RZCSD(14)7
X___S
N AUX

Vzcsfovp - Ng

\\//OVP NAUX XRZCSU(ls)
1 zcsowe , Ns

VOVP NAUX
Where \owp is the output over voltage protection
specification; \byris the rated output voltage;z&y is
the upper resistor of the divider;sldnd Nyx are the
turns of secondary winding and auxiliary winding
separately.

R >

ZCSDf—

Power design

A few applications are shown as below.

Products Input range Output Application Temperature
current rise
90vac~264vac| 0.3A 5.0W/ER27 25C
90Vac~264Vac| 0.3A 5.5W/ER27 32C
SY58203
90vac~264vac| 0.3A 6.5W/ER27 38°C
90Vac~264vac| 0.3A 7.0W/ER27 43°C

The test is operated in naturak¢eoling conditib2%C
ambient temperature.

Power Device:Design

MOSFET and-Diode

When the\operation condition is with maximum input
voltage“and full load, the voltage stress of inabepl
MOSFET and secondary power diode is maximized;

VMOSﬁDSfMAX:\/EVAciMAX +NpgX v ourtV DJ)+ AV 5(16)

Vv

T o 6

Where Vic max iS maximum input AC RMS voltage;
is the turns ratio of the Flyback transformegyY is the
rated output voltage; M- is the forward voltage of
secondary power diodeAVs is the overshoot voltage
clamped by RCD snubber during OFF time.

VDiRiMAX =

When the operation condition is with minimum input
voltage and full load, the current stress of inaben
MOSFET and power diode is maximized.

I MOSiPKiMAXZI P_PK_MAX (18)
IMOS_RMS_MAX:| P_RMS_MAX(lg)

I D_PK_MAX =Npgx1 P_PK_MAX (20)

I D_AVG =lour (21)

Where bpkvax and bgrus.max are maximum primary
peak current and RMS current, which will be introeld
later.

Transformer (Npsand Ly)

Npsis limited by the electrical stress of the inténpawer
MOSFET:

AN_SY58203 Rev.0.9
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VMOS_(BR)DS x 80%"/—2VAC_MAX A

VourtV D_F

\%
®(22) (a)Select Mg
VMOSf(BR)DSx8O%-\/_2VA07MAX A
VOUT +VD_F

Nps <

VS
Nps < (23)

Where Mios,@erps is the breakdown voltage of the

integrated MOSFET.
(b) Preset minimum frequency.fin

In Quasi-Resonant mode, each switching period ctgcle ) ) ) o
consists of three parts: current rising time d¢urrent ~ (C) Compute relativest t, (t; is.omitted to simplify the
falling time t and quasi-resonant timeshown in Fig.10.  design here)

L (24

A tS_
S_MIN

_ tg X Npgx (v OUT+V D_Q
=
\/EVACJ\/HN +NpgX (VOUT+V Dj)

t

(25)

lpp,
leri

(d) Designiinductancey-
= w (26)
2F)OUT x tS

%

Isec

(e) Compute 4

t3 =nX \Y LM ><C:Drain (27)

Where Guin is the parasitic capacitance at drain of
integrated MOSFET.

lour

(f) Compute primary maximum peak curreptpivax

and RMS current plgyswax for the transformer
4 fabrication.
I Vhm e artvaed
Fig.10 switching waveforms | - 2Vae . Nes*(VourtVo 9
P_PK_MAX
T Ly *n
The system dpeérates in the constant on time mode to ,|[4Four X[ ST L FHaL, xRy @ty

\/EVAchuN N PS x (V OUT+V D_D)

achieve high\power factor. The ON time increaseh wi +
the input\AC RMS voltage decreasing and the load Luxn
increasing. When the operation condition is with (28)
minimum input AC RMS voltage and full load, the ON Wheren is the efficiency; Bur is rated full load power
time is maximized. On the other hand, when the tinpu
voftage is at the peak value, the OFF time is madth ~ Adjust t and §to ' and ¢ considering the effect of t
Thus, the minimum switching frequenayfin happens at | nxLy, %12 o yax
the peak value of input voltage with minimum inA€ s:4p—” (29)
RMS voltage and maximum load condition; Meanwhile, out
the maximum peak current through integrated MOSFET
and the transformer happens. o L Xl e uax
T = (30)

\/EVAC MIN
Once the minimum frequency.fn is set, the inductance -
of the transformer could be induced. The desigw fi® | |4 |

—L 31
shown as below: (31)

P_RMS_MAX ~ X P_PK_MAX
bt

AN_SY58203 Rev.0.9 Silergy Corp. ConfidehtPrepared for Customer Use Only 9
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(g) Compute secondary maximum peak currgmlhiax
and RMS current ggrus.wax for the transformer
fabrication.

I S_PK_MAX— Npsx| P_P K_MAX(SZ)

£, =4;1,(33)
6

!

6t, x| S_PK_MAX (34)

ISﬁRMSfMAX =

(h) Make sure that;t t,' , &' are not out of the range
given in EC table.

Transformer design (N>,Ns,Naux)

The design of the transformer is similar with ogtdin
Flyback transformer. the parameters below are sacgs

Necessary parameters

Turns ratio Ns
Inductance M
Primary maximum current plK-MAX
Primary maximum RMS current | pkus.max
Secondary maximum RMS currents rus=viax

The design rules are as followed:

(a) Select the magnetic core Style; identify the eaffec
area A.

(b) Preset the maximum'magnetic flaB
AB=0.22~0.261

(c) Computerprimary turn N

- Ly XIP_PK_MAX (35)
ABXA,

P
(d) Compute secondary turrgN

stﬁ (36)
NPS

(e) compute auxiliary turn Nx

V,
Naux =Ns x (37)

ouT

Where \{y is the working voltage of VIN pin (10V~11V
is recommended).

(f) Select an appropriate wire diameter

With lp.rus-max @nd k.rus-max. Select appropriate wire to
make sure the current density ranges from 4A7rum
10A/mnt

(g) If the winding area of the core and bobbin is not
enough, reselect the coré.style, ggapand redesign the
transformer until thecidealjtransformer is achieved

Output capacitdr Cour

Preset the' output current rippiéoyt, Cour IS induced by

( 2|OUT )2_1
AIOUT

— (38)
Anf R ep

QuUT —

Where byt is the rated output currentiloyr is the
demanded current ripplexd is the input AC supply
frequency; Rep is the equivalent series resistor of the
LED load.

RCD snubber for MOSFET

The power loss of the snubbe{Bis evaluated first

N VotV AV
— PsX( ouT Dj) Sxix F())UT (39)
AV L,

RCD
Where Nsis the turns ratio of the Flyback transformer;
Vour is the output voltage; 3+ is the forward voltage of
the power diodeAVs is the overshoot voltage clamped
by RCD snubber; L is the leakage inductor;yLis the
inductance of the Flyback transformegyPis the output
power.

The Rkep is related with the power loss:

_ (Nps*(VourtV D_F)+AV 9 ?

RRCD -

(40)

PRCD
The Gep is related with the voltage ripple of the snubber
AV rep

C. = Nps X (VoyrtV Dj)"'AV
Re ReeofAV C_RCD

>(41)

AN_SY58203 Rev.0.9
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Ground® :ground of BUS line capacitor
Ground®: ground of bias supply capacitor
Layout Ground®: ground node of auxiliary winding

(a) To achieve better EMI performance and reduce li
frequency ripples, the output of the bridge reeti8hould
be connected to the BUS line capacitor first, thethe
switching circuit.

(b) The circuit loop of all switching circuit shalbe kept
small: primary power loop, secondary loop and aajl
power loop.

(c) The connection of primary ground is recommena&d

B=@D=(O~D-®
®

Ground®: ground of signal trace
Ground®: primary ground node of Y capacitor
Ground®: ground node of current sample resistor.

(d) bias supply trace should be connected to thke bi
supply capacitor first instead “"ofn\ GND pin. The bias
supply capacitor should be put beside the IC.

(e) Loop of‘Source pin =, current sample resistor — GND

pin’ should be keptas.small as possible.

() The reésistor” divider connected to ZCS pin is
recommended to be put beside the IC.

D2
L ) q Ve
R2Z C Np Ns R332 Cc3
< o .
® %’ == REE T : B‘C output
AC input i
907264V @ D3
(@—— __'_'__ B s
D1
° »t- cY1
Naux @ _
4 ®
® (“
R63 =
>
| SN
3
R9<
L @
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Design Example

A design example of typical application is showlohestep by step.

#1. ldentify design specification

Design Specification

lout 330mA n 85%
#2. Transformer design @Y Ly)

Refer to Power Device Design

Conditions

VAC,MIN 90V VAC-MAX 264V
AVS 50V VMOS-(BR)DS 700V
Pout 8W Ve 1V
CDrain 100pF fS—MIN 65kHz

(a)Compute turns ratio M first

VMOSﬁ(BR)DSx 80%—\/—2VAC7MAX AV

Nog <
Fe VOUT+VD,F
_700Vx 0.8~/ 2x 264V-50V
24V+1V
=5.48
Npgis set to
N.=4.5

(b)fsmin is preset

o iy =65KHZ

(c) Compute the switching periogldand ON timejtat the peak of input voltage.

t=2 =153

S_MIN

— tS X N PSX (V OUT+V Dia

' \/EVAC_NHN +Nps X (VourtV D_F)
_15.3u5% 4.5¢ (24V+1V)
T J2x90V+4.5¢ (24V+1V)
=7.2us

t

AN_SY58203 Rev.0.9
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(d) Compute the inductance,L
_ V:CfMIN xtfxn
" 2POUT X t‘S
_90V?x7.2u8°x 0.85
T 2x8Wx15.3is
=1.46mH

Set
L,=1.4mH

(e) Compute the quasi-resonant tige t

t3:TCX \ LM xCDrain
=nx,/1.4mHx 100pF
=1.2us

(f) Compute primary maximum peak curresiptvax

o I
\/EVACJ\MN N PS X (V OUT+V D‘F)

Ly *n

2POUT

I P_PK_MAX™

L L
4R, x M+ i
\/ o [\/EVAc_NuN NPSX(VOUT+VDJ;
Ly *n

]2+4LM xNXFyur X

+

=0.685A
Adjust switching periodstand*ON timeittotgand t; .

2
t= nxL,, xI P_PK_MAX

° 4Ry
_0.85x 1.4mkk 0.685A
4% 8\W
=17 4us

s LM XIP_PK_MAX
=
\/EVAC_NHN

_1.4mHx 0.69A
J2x90v
=7.59s

Compute primary maximum RMS curreptzhs.max

/ t] f 7.5%s
IP_RMS_MAX = é x| P_PK_MAYX— m x0.685A=0.185A
S .

AN_SY58203 Rev.0.9 Silergy Corp. ConfidehtPrepared for Customer Use Only 13
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(g) Compute secondary maximum peak current and thermemiRMS current.

ls pr umx=N psX | p pi =d-5% 0.685A=3.08A

t,=to-t,-t,=17.418-7.5Qs-1.215=8.6G15

/ t; [ 8.6us
IS,RMS,MAX = é x| S_PK_MAX— ﬁﬁ;‘hs x3.08A=0.88A
S .

#3. Select secondary power diode

(a) Compute the voltage and the current stress ofnskzey power diode

N2V
VD_R_MAX - '\/;C_MAX V= \/E >:]'2564V+ 25V=108V
PS .

o =N ps X p i un=4-5% 0.685A=3.08A
I D_AVG :I OUTZO'33A

#4. Select the output capacitas &

Refer to Power Device Design

Conditions
IOUT 330mA Alou'r O-3IOUT
fAC 50Hz Rep 8x 1.6Q

The output capacitor is

(2lom )21 2x0.33A ,
Al (0.3x 0338
— OUT, —_ . . :82QI,F

C. = =
T 4nf Ry 4nx50HZzx 8x 1.82

#5. Design RCD snubber

Referto Power Device Design

Conditions

Vour 24V AV 50V
Nps 4.5 L«/Ly 1%
Pout 8w

The power loss of the snubber is

_Npgx(VourtVp g+AV SXL_K x P _4.5x (24V+:|.V)+50V><

= 0.0x 8W=0.26V
RCD AV, L, ouT 50V

AN_SY58203 Rev.0.9 Silergy Corp. ConfidehtPrepared for Customer Use Only 14
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The resistor of the snubber is

_(Nesx (VourtVp J*AV9® _ (4.5x (24V+1V)+50V§

Recp = =101l
REP Peco 0.26W

The capacitor of the snubber is

Npgx(VourtVp p+AV s 4.5x (24V+1V)+50V _
Cren= = =0.64nF

Recof AV ¢ rep 101k2 x100kHzx 25V

#6. Set VIN pin
Refer to Start up
Conditions
VBusMIN 90Vx 1.414 \bus-max 264Vx1.414
Ist 15uA (typical) Vin-oN 16V (typical)
lvin-ovp 2mA (typical) 133 500ms (designed by user)
(a) Rstis preset
RST<VBUS —90Vx1'414:8.48|\/n ’

lsr 15pA
R, Veys _264Vx 1'414:186|Q

IVINfOVP 2m
Set Ryt
R4 =470K2 % 2=940k)
(b) Design G

V

(g Xty (VXA 0 N x500ms

C - ST — 750@ :4 83LF
VIN :
VVINfON 16V

Set Gin
CVIN :1Q’LF
#7 Set COMP pin
Refer tolnternal pre-charge design for quick start up
Parameters designed
Rcomp 500 Vcowmp.ic 450mVv
Ccowmps 2uF Ceompe 100pF

AN_SY58203 Rev.0.9
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#8 Set current sense resistor to achieve idealibotprent

Refer toPrimary-side constant-current control

Known conditions at this step

k 0.167 Nos

4.5

VRer 0.3v lout

0.33A

The current sense resistor is

:kvaEFXN ps _0.167x 0.3\ 4'5:0.652
lour 0.33A

RS

#9 set ZCS pin

Refer toLine requlation modification andOver Voltage Protection (OVP) & Open Loop Protectim (OLP)

First identify Rcsy need for line regulation.

Known conditions at this step

ks [ 68 |
Parameters Designed
Rzcsu | 150K2 |

Then compute Rsp

Conditions
VZCS OVP 1.42V Vovp 30V
Vour 24V
Parameters designed
Rzcsu 150k
Ng/ Naux 2.4
Vzes_ove o Ns 142V 04
V, N :
Rocso <y 20— X Racsy :f%—vx 1500 = 24.8R
1-—ZCSOR TS 1-= x2.4
VOUT N AUX 24V
Vzes_ o « Ns 142V »
V, N :
RZCSD = Y; o ?\L;X XRycsu :ﬂ\g—v x 15010=19.2kQ
1-_ZCSOWPy s 1-= x2.4
VOVP N AUX SOV

Rzcspis set to

R,cer=22.1H2

AN_SY58203 Rev.0.9
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#10 Final result

C4
D2/ES2D 470uF

! Output
)
F l R23 cz-LNg §Ns TT 24/330ma
©O— oy DBI c1==RI J00 2.2n-|_ o
. 68n |470KS Tl
AC input X1
90-264V . H]?st pu
© ' LU 6] =470K3 107
DI RS :
ﬁ ‘v‘v‘v ? .
N ° Issimio 10rRCSL :
AUX 1] SIZM
c7l ”
R6 < 2u
150K+ = R7 NC Drain — v
510 VIN NC
[COMP  Source
zCS GNB
[ )
R9 ¢ SY58203 R8 Co6
22.1Ks 0.65R
In
N i -|; 17 v
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SO8 Package Outline & PCB Layout Design

pav— r|:| 01 A 1 {
( r R

2 % O 5
\ \N )
000cC

—= 0.60=— —=—0.30-0.50
Recommended Pad Layout

!

0.25 - O.SD}/V B

= 0.18 -0.2¢

\iﬁjkﬁﬁ T W

0.60 - 0.85 —L—;I—l.27 (TYP)

1.40 - 1.60
—
—
0.08-0.25

‘ ~—0.25 base

it

Notes:"All dimensions are in millimeters.
All dimensions don't include moldlash & metal burr.
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