Applications Note:SY58203A1
‘ — Single Stage Flyback And PFC Regulator

—-— With Primary Side Control For LED Lighting
SILERGY

General Description Features

The SY58203A1 is a single stage Flyback and PFC * Integrated 700V MOSFET
regulator targeting at LED lighting applications. It Primary side control eliminate to the opto-coupler.

integrates a 700V MOSFET to decrease physical volume. e Valley turn-on of the primary MOSFET to achieve

It is a primary side controller without applying any low switching losses
secondary feedbaclf circuit folr low cost, and drives. the e 0.3V primary current sense reference voltage leads to
Flyback converter in the quasi-resonant mode to achieve a lower sense resistance thus a lower conduction loss.
higher efﬁci_ency. It _keeps thf: F ly_back converter in e Low start up current: 15pA typical
constant on time operation to achieve high power factor. e Reliable short LED and Open LED protection
i . e Power factor >0.90 with single-stage conversion.
Orderi ng Information e Maximum frequency limit: 120kHz
SY582030(C) e Compact package: SO8
L Temperature Code
Package Code ApplicatiOnS
Optional Spec Code

e LED lighting

Ordering Number Package type Note

SY58203A1FAC SO8 e R commended operating output power
) . i P oducts 90~264Vac 176~264Vac
Typical Applications SY58203A1 10W 17.5W
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Figure 1. Schematic Diagram SO8 Figure 2. Efficiency vs Input Voltage
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Pinout (top view)

GND [J]1 8 [T _Jzcs
O
Source [ 2 7 [[T_]comp
NC [T 3 6 [TJVIN
Drain[ ] 4 5 [ T_INC
S
(SO8)
Top Mark: BJYxyz (device code: BJY, x=year code, y=week code, z= lot number code)
Pin Pin number
Name SO8 Pin Description
GND 1 Ground pin
Source pin of the internal primary MOSFET. Connect the sense resistor to
this Pin and the GND pin.
Source 2 V. xN
(current sense resister Rg: R g =k M ,K=0.167)
ouT
NC 3
Drain 4 Drain of the internal power MOSFET.
NC 5
Power supply pin. This pin also provides output over voltage protection
VIN 6 . .
along with ZCS pin.
Loop compensation pin. Connect a RC network across this pin and ground
COMP 7 .
to stabilize the control loop.
Inductor current zero-crossing detection pin. This pin receives the
auxiliary winding voltage by a resister divider and detects the inductor
current zero crossing point. This pin also provides over voltage protection
ZCS 8 and line regulation modification function simultaneously. If the voltage on
this pin is above Vzcg ovp, the IC would enter over voltage protection
mode. Good line regulation can be achieved by adjusting the upper resistor
of the div der.
Block Diagram
VIN GND
»  OW
UVLO
&BIAS
zcs i Valley Detect

A 4 A 4
. Drain
PWM "J
> Logic

wl o Estimator

Y

Driver

0.5 y&——p

A%

CcOoW
Figure3. Block Diagram

AN _SY58203A1 Rev. 0.9  Silergy Corp. Confidential- Prepared for Customer Use Only 2



S

A 4
SHERGY

AN_SY58203A1

Absolute Maximum Ratings mote 1)
VIN

Supply current Iypy
ZCS

COMP,Source

Drain
Power Dissipation, @ Ta =25°C SO8

Package Thermal Resistance (Note 2)

S08, 0 JA
S08,61C

Junction Temperature Range

Lead Temperature (Soldering, 10 sec.)

Storage Temperature Range

-0.3V to 19V
30mA

0.3V to V0.3V
0.3V t0 3.6V
700V

L1W

88°C/W
45°C/W

-40°C to 150°C
260°C

-65°C to 150°C

Recommended Operating Conditions (ote 3)

VIN

Junction Temperature Range

8V~15.4V
-40°C to 125°C
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Electrical Characteristics
(Vin = 12V (Note 3), Tp = 25°C unless otherwise specified)

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

Input voltage range ' VIN 8 15.4 \Y
VIN turn-on threshold Y VIN_ON 17.6 \Y
VIN turn-off threshold ' VIN_OFF 6.0 7.9 \Y
VIN OVP voltage Y VIN_OVP Vymont0.85 v
Start up Current 1ST Y VIN Y VIN_OFF 15 nA
Operating Current 1VIN Cr=100pF,f=15kHz 1 mA
Shunt current in OVP mode lVIN,OVP ' VIN ' VIN_OVP 1.6 2 2.5 mA
Error Amplifier Section

Internal reference voltage | ' REF | | 0.294 | 0.3 | 0.306 | \Y
ZCS pin Section

ZCS pin OVP voltage | v 25 0vP | | 1.41 | 1.48 | 1.55 | v
Trehold

Integrated MOSFET Section

Breakdown Voltage | ' BY | Vgs=0V,Ipg=250pA | 700 | | | A4
Current Sense Section(Source pin of integrated MOSFET)

Current limit reference v Source. MAX 0.50 v
PWM Section

Max ON Time ’ ONMAX Vcomp=1.5V 24 us
Min ON Time ) ON_MIN 400 ns
Max OFF Time ’ OFFMAX 39 us
Min OFF Time ) OFEMIN 2 us
Maximum switching 1MAX 120 kHz
gﬁ.\{gmal Section

Thermal Shutdown ! sp | | 150 | | oC

Temperature

Note 1: The recommended power is measured by 25°C temperature rise on case, in an open frame design with adequate
heat sinking.

Note 2: Stresses be ond the “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress
ratings only. Functional operation of the device at these or any other conditions beyond those indicated in the operational
sections of the specification is not implied. Exposure to absolute maximum rating conditions for extended periods may
affect device reliability.

Note 3: By, is measured in the natural convection at Tp = 25°C on a low effective single layer thermal conductivity test

board of JEDEC 51-3 thermal measurement standard. Test condition: Device mounted on 2” x 2” FR-4 substrate PCB, 20z
copper, with minimum recommended pad on top layer and thermal vias to bottom layer ground plane.

Note 4: Increase VIN pin voltage gradually higher than Vyn on voltage then turn down to 12V.

AN SY58203A1 Rev. 0.9  Silergy Corp. Confidential- Prepared for Customer Use Only 4
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The SY58203A1 is a single stage Flyback and PFC
regulator targeting at LED lighting applications.

It integrates a 700V MOSFET to decrease physical volume.

The device provides primary side control to eliminate the
opto-couplers or the secondary feedback circuits, which
would cut down the cost of the system.

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

In order to reduce the switching losses and improve EMI
performance, Quasi-Resonant switching mode is applied,
which means to turn on the integrated MOSFET at voltage
valley; the start up current of SY58203A1 is rather small
(15pA typically) to reduce the standby power loss further;
the maximum switching frequency is clamped to 120kHz
to reduce switching losses and improve EMI performance
when the converter is operated at light load condition.

SY58203A1 provides reliable protections such as Short
Circuit Protection (SCP), Open LED Protection (OLP),
Over Temperature Protection (OTP), etc.

SY58203A1 is available with SO8 package.

Applications Information

Start up

After AC supply or DC BUS is owered on, the capacitor
Cyn across VIN and GND pin is charged up by BUS
voltage through a start up resistor Rgt. Once Vyy rises up
to VyIN-ON, the internal blocks start to work. Vyn will be

pulled down by internal consumption of IC until the
auxiliary winding of Flyback transformer could supply

enough ene gy to maintain Vyqy above VyIN.OFF-

The whole start up procedure is divided into two sections
shown in Fig.4. tgc is the Cyn charged up section, and
tgTo is the output voltage built-up section. The start up
time tgT composes of tgTc and tgTo, and usually tsto is
much smaller than tgc.

SY58203A1 Vo
VIN

T

Fig.4 Start up

The start up resistor RgT and Cyy are designed by rules
below:

(a) Preset start-up resistor RgT, make sure that the current
through Rgr is larger than Igt and smaller than Iyin_ ovp
\Y \%
BUS <R BUS
T ST < - 1)
VIN_OVP ST

Where Vpys is the BUS line voltage.

(b) Select Cyyy to obtain an ideal start up time tgr, and
ensure the output voltage is built up at one time.
v

(l\

= ST

VIN V )

VIN ON

BUS

-IsT )% tsT

(d) If the Cyqn is not big enough to build up the output

voltage at one time. Increase Cyyy and decrease Rgt, go
back to step (a) and redo such design flow until the ideal
start up procedure is obtained.

Internal pre-charge design for quick start up

After Vyn exceeds Vyin,oN, Vcomp is pre-charged by
an internal current source. The PWM block won’t start to

output PWM signals until Vcomp is over the initial

voltage Vcomp,ic, Which can be programmed by Rcomp.
Such design is meant to reduce the start up time shown in
Fig.5.

The voltage pre-charged Vcomp |c in start-up procedure
can be programmed by Rcomp

Vcomp_1c =600mV-300puAx Reomp (3)

AN_SY58203A1 Rev. 0.9

Silergy Corp. Confidential- Prepared for Customer Use Only 5
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S¥EA203A1

» CoMP |

Cogun

I
:

_ Fig.5 pre-charge scheme in start up
Where Vcomp.ic is the pre-charged voltage of COMP pin.

Generally, a big capacitance of Ccopmp 1S necessary to
achieve high power factor and stabilize the system loop
(1pF~2pF recommended); The voltage pre-charged in

start-up procedure can be programmed by Rcomp; On the

other hand, larger Rcomp can provide larger phase margin
for the control loop; A small ceramic capacitor is added to
suppress high frequency interruption (10pF~100pF is
recommended if necessary)

Shut down

After AC supply or DC BUS is powered off, the energy
stored in the BUS capacitor will be discharged. When the
auxiliary winding of Flyback transformer can not supply

enough energy to VIN pin, Vyn will drop down. Once
Vyn is below Vyin.orr, the IC will stop working and
Vcowmp Will be discharged to zero.

Primary-side constant-current control

Primary side control is applied to eliminate secondary
feedback circuit or opto-coupler, which reduces the circuit
cost. The switching waveforms are shown in Fig.6.

The output current IgyT can be represented by,

I, t
SP _ 'DIS
our=— x (4
2 ts
Where Igp is the peak current of the secondary side; tpyg is

the discharge time of Flyback transformer; tg is the
switching pe iod.

The secondary peak current is related with primary peak
current, if the effect of the leakage inductor is neglected.

Vi

| [
F &

Fig.6 switching waveforms

Isp =Nps x Ipp (5)

Where Npg is the turns ratio of primary to secondary of
the Flyback transformer.

Thus, [gyT can be represented by

N xI t
Jour=_»ps prX DIs (6)
ts

The primary peak current Ipp and inductor current

discharge time tpg can be detected by Source and ZCS
pin, which is shown in Fig.7. These singals are processed
and applied to the negative input of the gain modulator. In
static state, the positive and negative inputs are equal.

Vrer =Ipp x Rg x> x kj (7)
ts

1 [

DIS
PP XRS XX k1

[~ i

Vier

Fig.7 Output current detection diagram

Finally, the output current IoyT can represented by

AN_SY58203A1 Rev.0.9
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ERGY
SIFEEN
_ REF PS
IOU—T ®)
R g X 2 x k]

Where ki is the output current weight coefficient; VRgF is

the internal reference voltage; Rg is the current sense
resistor.

ki, and VRpp are all internal constant parameters, Ioyt
can be programmed by Npg and Rg.

V xN

REF PS

RS = IOUT X 2% k1 (9)

then

R =KX Vrer xNpg ,k:_l(IO)
1

S
ouT 21(1
Quasi-Resonant Operation

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

V|

I | | |
| | ™ 1
: s

Fig.8 QR mode operation .

The voltage across drain and source of the primary
integrated MOSFET is reflected by the auxiliary winding
of the Flyback transformer. ZCS pin detects the voltage
across the auxiliary winding by a resistor divider. When
the voltage across drain and source of the primary
integrated MOSFET is at voltage valley, the MOSFET
would be tu ned on.

Over Voltage Protection (OVP) & Open LED

Protection (OLP’

Fig.9 OVP&OLP

The output voltage is reflected by the auxiliary winding
voltage of the Flyback transformer, and both ZCS pin and
VIN pin provide over voltage protection function. When
the load is null or large transient happens, the output

voltage will exceed the rated value. When Vypy exceeds
Vvin,ovp or Vzcs exceeds Vzcs ovp, the over voltage
protection is triggered and the IC will discharge Vyn by
an int rnal current source Iyin,ovp. Once Vypy is below

VvIN,0FF, the IC will shut down and be charged again by
BUS voltage through start up resistor. If the over voltage
condition still exists, the system will ope ate in hiccup
mode.

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

\" N R
7ZCS_OVP _ AUX % ZCSD (1 1)
\% N R +KR
ovP S ZCSU ZCSD
A\ N
VIN.OVP ™Y ( 1 2)
N
(6% S

Where Voyp is the output over voltage specification;
Rzcsu and Rzcgp compose the resistor divider. The turns

ratio of Ng to Nayx and the ratio of Rzcsy to Rzcsp
could be induced from equation (11) and (12).

Short Circuit Protection (SCP)

When the output is shorted to ground, the output voltage is
clamped to zero. The voltage of the auxiliary winding is

proportional to the output winding, so Vypy will drop
down without auxiliary winding supply. Once Vyn is

below Vyin oFF, the IC will shut down and be charged
again by the BUS voltage through the start up resistor. If
the short circuit condition still exists, the system will
operate in hiccup mode.

AN SY58203A1 Rev.0.9
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In order to guarantee SCP function not effected by voltage

spike of auxiliary winding, a filter resistor Rayx is needed
(10Q typically) shown in Fig.9.

Line regulation modification

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

Due to the sample delay of Source pin and other internal
delay, the output current increases with increasing input
BUS line voltage. A small compensation voltage AVsg_c
is added to Source pin during ON time to improve such
performance. This AVgg_c is adjusted by the upper resistor
of the divider connected to ZCS pin.

Ay =y N

AUX 1
SEC BUS % %

xky (13)
Np ZCsu
Where Ry gy is the upper resistor of the divider; kj is an

internal constant as the modification coefficient.

The compensation is mainly related with Rycgy, larger
compensation is achieved with smaller R7cgy. Normally,
Rz g ranges from 100kQ~1MQ.

Then Rzcsp can be selected by,

ZCS_OVP X s
-V I~
ouT AUX
x R zcsu >Rzesp (14),

1- zcsove X Ng
-V I
ouT AUX

And,

v
zcs_ove X Ns

K Z ovp AUX
2¢sp v x Rzcsu (15)
7CS_OVP NS
Where VOVP
N
1- X
ovP AUX

is the output over voltage protection
specification; Voyr is the rated output voltage; Rzcsy is

the upper resistor of the divider; Ng and Nayx are the
turns of secondary winding and auxiliary winding
separately.

Power design

A few applications are shown as below.

Output L Temperature
Products Input range current Application rise
90Vac~264Vac 0.3A 5.0W/ER27 25°C
90Vac~264Vac 0.3A 5.5W/ER27 32°C
SY58203A1
90Vac~264Vac 0.3A 6.5W/ER27 38°C
90Vac~264Vac 0.3A 7.0W/ER27 43°C

The test is operated in natural cooling condition at 25 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 integrated
MOSFET and secondary power diode is maximized,;

\Ys =PV N x(V +V AV (16)
MOS-DSMAX ;:Z v AGMAX PS ouT D F S
Y = sewx 4y (17)
e ~
PS

Where Vacmax is maximum input AC RMS voltage;
Npg is the turns ratio of the Flyback transformer; Voyr is
the rated output voltage; Vpf is the forward voltage of

secondary power diode; AVg is the overshoot voltage
clamped by RCD snubber during OFF time.

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

1 =1 (10)
MOS_PK_MAX  P_PK_MAX

IMOS_RMS_MAX =IP RMS_MAX (19)
1 =N X1 (V)

D_PK_MAX PS  P_PK MAX

I = (1)

D_AVG ~ OUT

Where Ip_pg_max and Ip_rMs-MAX are maximum primary
peak current and RMS current, which will be introduced
later.

Transformer (Nps and L)

N
PS is limited by the electrical stress of the internal
power MOSFET:
\ x80%-2,  ny
N MOS_(BR)DS \/z- AC_MAX S
s < vV +V (22)
DF

ouT
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Fig.10 switching waveforms

The system operates in the constant on time mode to
achieve high power factor. The ON time increas s with the
input AC RMS voltage decreasing and the load increasing.
When the operation condition is with minimum input AC
RMS voltage and full load, the ON time is maximized. On
the other hand, when the input voltage is at the peak value,
the OFF time is maximized. Thus, the minimum switching

frequency fg.vn happens at the peak value of input
voltage with minimum input AC RMS voltage and
maximum load condition; Meanwhile, the maximum peak
current through integrated MOSFET and the transformer
happens.

Once the minimum frequency fg_pn is set, the inductance
of the transfo mer could be induced. The design flow is
shown as below:

(a) elect Npg

N \% X&U‘VO'\/Z \% -V

< MOS_(BR)DS AC_MAX S (23)
vV +V

ouT D_F

PS

(b) Preset minimum frequency fg. N

N
L L
Moo ¢ [ - 2 4Ly x X P
{#Pour X[ PN —v—=v—7 1 f4Luxnx Pour x t3
) N AcMN Ps ouUT D F
I Lv x 1

(28)
Where 1 is the efficiency; Poyr is rated full load power

Adjust t] and tg to t;" and tg' considering the effect of t3

S

2
to=NxLuxDp” pcwiax  (29)
4p

ouT

1

t =Lp x P_PK_MAX (30)
1 A%
AC_MIN

I ~ [wxl ()
P_RMS_MAX 6t  PPKMAX
s

(9) Compute secondary maximum peak current Ig pg.

Max and RMS current I pvs-max for the transformer
fabrication.

I =NxI (3

S_PK_MAX PS P_PK_MAX

th =t -t; -t3 (33)

AN SY58203A1 Rev.0.9
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I <[l (9
S RMS_MAX 6t'  SPKMAX
s

(h) Make sure that t;', to', t3' are not out of the range given
in EC table.

Transformer design (Np,Ns,Naux)

The design of the transformer is similar with ordinary
Flyback transformer. the parameters below are necessary:

Necessary parameters

Al

Turns ratio PS
Inductance Lm

. . I
Prlmary maximum current P-PK-MAX

. . 1
Primary maximum RMS current P-RMS-MAX

. I

Secondary maximum RMS current | ‘s-rvs-max

The design rules are as followed:

(a) Select the magnetic core style, identify the effective
area Ag,

(b) Preset the maximum magnetic flux AB
AB=0.35T

(c) Compute primary turn Np
A%

ISEN,MAX

Lvux R
N = SN (39
ABx A,

(d) Compute secondary turn Ng

" 66)
Nps

N =
S

(e) compute auxiliary turn NAyx

\Y%
Naux =NS§/—WN (37)

ouT

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

(F) Select an appropriate wire diameter
With Ip_rms-max and Is.RMs-MAX, select appropriate wire to

make surei the current density ranges from 4A/mm” to
10A/mm™

CRCD — pS QUT D

(9) If the winding area of the core and bobbin is not
enough, reselect the core style, go to (a) and redesign the
transformer until the ideal transformer is achieved.

Output capacitor Cour

Preset the output current ripple Algyt, Cout is induced
by

Where Igyt is the rated output current; Algyt is the
demanded current ripple; foc is the input AC supply

frequency; Rpgp is the equivalent series resistor of the
LED load.

RCD snubber for MOSFET

The power loss of the snubber Prcp is evaluated first

N x(V, +V_ AV, L
PS D F _S X KX POUT (3 9)
AVS LM

OUT
Prep=

Whe e Npg is the turns ratio of the Flyback transformer;
Vour is the output voltage; Vp_r is the forward voltage of
the power diode; AVg is the overshoot voltage clamped
by RCD snubber; Lg is the leakage inductor; Ly is the

inductance of the Flyback transformer; PoyT is the output
power.

The Ryrcp is related with the power loss:

(N x(V +V )H+AV),

Rrecp=—2 i s 7(40)

RCD

BHQICRCD is related with the voltage ripple of the snubber

C-RCD

N x(V +V AV

H(41)
RRCDfSAVC_RCD

Layout

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

AN SY58203A1 Rev.0.9
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(b) The circuit loop of all switching circuit should be kept
small: primary power loop, secondary loop and auxiliary
power loop.

(c) The connection of primary ground is recommended as:
Go" e e o)
@

Ground D: ground of BUS line capacitor
Ground @): ground of bias supply capacitor
Ground ®: ground node of auxiliary winding
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 the bias
supply capacitor first instead of GND pin. The bias supply
capacitor should be put beside the IC.

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

pin’ should be kept as small as possible.

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

D2
s —H o
R22 C2= Np Nsg R3 =C3
[+ I
- . t DC output
CI~ RI2 : Tl L P utpu
AC input
90~264V i D3X
© =
DI 5
A CYl1
o) H v‘v‘v
, C5
Nacx 2 It NC Drain 3]
3 " 4 —VIN NC
R62 H—wWA—jcomp  source] -
= R7|—ZCS GND
m¥4 2 g

AN SYS58203A1 Rev.0.9
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Design Example

A design example of typical application is shown below step by step.

#1. Identify design specification

Design Specification

V Ac(RMS) 90V~264V our 24V
Sout 330mA N 85%

#2. Transformer design (Npg, L)

Refer to Power Device Design

Conditions

¥ ACMIN 90V " ACMAX 264V
AVg 50V i MOS-(BR)DS 700V
" our SW b 1V
Drain 100pF s 65kHz

(a)Compute turns ratio Npg first

A% x80%-

v AV
MOS_(BR)DS \/Z AC_MAX S
Nps < VTV
ouUT D.F

=700V x 0 83/1_2 264V-
50V 24V+1V

=5.48

Npg is set to
Nps =4.5
(b)fs M is preset
foMIN =65kHz
(c) Compute the switching pe iod tg and ON time t; at the peak of input voltage.
1
tg =——=15.3pus
I

S MIN

tsxNpsx(Vour +Vp )

_Zv TIN
! _\/Z ACMIN ps X (VourtVp )
_ 15.3ps x 4.5 x (24V+1V)
2 x 90V+4.5 x (24V+1V)
=7.2us
(d) Compute the inductance Ly

AN SY58203A1 Rev.0.9 Silergy Corp. Confidential- Prepared for Customer Use Only 12
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2 2
L Vac minxt; xnm
M =

2P OuT X tS

90V~ x 7.2ps” x 0.85

2x 8W x15.3us
=1.46mH

Set
Ly =1.4mH

(e) Compute the quasi-resonant time t3

—
t3 =mx :,[LM % Cprain

1
=nx /Ml .4mHx100pF

=1.2ps

(f) Compute primary maximum peak current Ip_pg_Max

L L
M
2POUTX[J7V PN (v——Fv—7T ]

1 = AC_MIN PS out DF

P_PK_MAX Ly X 1

N X(V +Vv
N AC_MIN Ps t out nj)

J4P0UT2 X[ fZL\;M + LM ]2 +4LM xnx POUT Xt 3
+

Lmxn
=0.685A

Adjust switching period t S and ON timet tot'and t'.
1 S 1

2
'=nx Ly x Ip” pK max
S T

ouT

_0.85x 1.4mHx 0.685A°
4x8W

=17.4ps
L xI

f'= M PPKMAX

AC_MIN

=1.4mHx 0.69A
J2x90V
=7.59us

Compute primary maximum RMS current Ip_grps-MAX

I ~ [y xI = | _7.59us
rrus X A[Br e [ T7.4ps x 0.685A=0.185A
S

(9) Compute secondary maximum peak current and the maximum RMS current.

ISfPKfMAX :Nps X IPfPKfMAX =4.5x 0.685A=3.08A

AN SY58203A1 Rev.0.9 Silergy Corp. Confidential- Prepared for Customer Use Only 13
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th =tg -t; -ty =17.4us-7.59pus-1.215=8.61s

I ~ [t xI =[ 8.6us
S.RMS,MAX ot S_PK_MAX 6)(17.4],18 x3.08A=0.88A
S

#3. Select secondary power diode

(a) Compute the voltage and the current stress of secondary power diode

7\/7V AC_MAX \/E x 264V

v +V = +25V=108V
D R MAX N ouT

PS 4.5
IDfPKfMAX :NPS X IPfPKfMAX =4.5% 0.685A=3.08A

I'p avg =l our =0.33A
#4. Select the output capacitor CoyT

Refer to Power Device Design

Conditions
“out 330mA “our 0.31oyT
"ac 50Hz “Lep 8 x 1.6Q2

The output capacitor is

(_oury2_] (2><0.33A )1

= ouT 03 X 033A
ouT 4nt R = =820uF
Ac LED  4q x 50Hzx 8x 1.6Q

#5. Design RCD snubber

Refer to Power Device Design

Conditions

" out 24V AVg 50V
s 4.5 Li/Ly 1%
" out 8W

The power loss of the snubber is

p

RCD

~ Nps x (Vour +Vp ¢)+AVs oLk

AVg

The resistor of the snubber is

(Nps x (Vour +Vp £ )FAVs ) (4.5x (24V+1V)+50V)

_ 4.5% Q4VHIV)H50V

50V

r

RCD

x 0.01x8W=0.26 W
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The capacitor of the snubber is

Nps x (Vour +Vp £)+AVs  4.5x (24V+1V)+50V

RCD 1\ O WANY =0.64nF

RCD S C RCD 101kQ x 100kHz x 25V
#6. Set VIN pin

Refer to Start up

Conditions

¥ BUS-MIN 90Vx 1.414 ¥ BUSMAX 264Vx 1414

ST 15pA (typical) " v-on 16V (typical)

VIv-ovp 2mA (typical) st 500ms (designed by user)

(a) Rgr is preset

R Vv
ST BUS — 90VX1414:848MQ R
1
ST 15puA
Vv
R > BUS =264VX1414 =186kQ
ST
1
VIN_OVP 2mA
Set RgT

Rst =470kQ x 2=940kQ

(b) Design Cyn
Vv
(— dgr) xtsy (QOV 1414 15 A) x 500ms
C = I\ST 750kQ
VIN \Y% = =4.83uF
VIN_ON 16V
Set Cyn
C vin =10pF

#7 Set COMP pin

Refer to Internal pre - charge design for quick start up

Parameters desi ned

AN v
CcoMP 500Q COMP,IC

450mV

| \
COMPI 2uF COMP2

100pF
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#8 Set current sense resistor to achieve ideal output current

Refer to Primary-side constant-current control

Known conditions at this step

k 0.167 PS 4.5

v 1

REF 0.3V ouT 0.33A

The current sense resistor is

R =k X VREF X Nps =0.167>< 0.3Vx 4.5 =0.65Q
S
1
our 0.33A
#9 set ZCS pin

Refer to Line requlation modification and Over Voltage Protection (OVP) & Open Loop Protection (OLP)

First identify Rz gy need for line regulation.

Known conditions at this step
K [ 68 I I
Parameters Designed
" zesu | 150kQ | |
Then compute Rzcsp
Conditions
Y 7CS_OVP 1.42V ¥ ove 30V
Y out 24V
Parameters designed
" csu 150kQ
U5 U Aux 2.4

\"

7CS_OVP o Ng 142V 24
K Your M XK= o4y
7CSD 1 Y som ™ zesu 1 142V o x 150k Q = 24.8kQ
out AUX 24V
\%

_zsow Ns 142V 24

R VOVP NALX X R = 30V
x> “ssow  Ng oo LAV x150kQ=19.2kQ
__V_ X N_ =T X Z.
ovP AUX 30V

Rzcspisstto

R 7ZCD =22.1kQ

#10 Final result

AN SY58203A1 Rev.0.9 Silergy Corp. Confidential- Prepared for Customer Use Only 16
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) Dé/ESZD A7QuE Output
IN L
S C2== g ; R3 ¢ L1 | 24V330mA
'2 5 100K A
©—e ] 0
6C81 T1 3
AC input n A70uF
90~264V : At
© i
D1 RS i
——A-E54 !
N © [ ssiHIO10R _|
AU 10u ] L
R6 s CL o
120K = RR NC Drainf— v
516]‘ VIN NC
FOMP Source
cS GND
L ]
R9 4 SY58203A1 R8 C6
22.1K 0.65R
‘ In
- o = AV
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SO8 Package Outline & PCB Layout Design
L.E?TYP—'-—-'
|
— 3
| HHHE
e )
< ¥ 5
s E-:_ 5
) I
O
AN /)
Recommended Pad Layout Top view
(Reference only)
n e 4,80-5,00 <
o | =
E a / \ EI
[ . § R el
[ -ﬁ , },‘ \\_l I 0 }-1.27 (TYP) |
- 0.40-127-— T T
S %
Side view Front view
Notes: All dimension in millimeter and exclude mold flash & metal burr.
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