c Applications Note:SY58201

Single Stage Flyback PFC Regulator

With Primary Side Control For LED Lighting
SIIERGY

General Description Features

The SY58201 is a single stage Flyback and PFC. Integrated 700V MOSFET

regulator targeting at LED lighting applications. | « Primary side control eliminate to 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, andedr . 0.3V primary current sense referenee voltage leads

the Flyback converter in the quasi-resonant mode to g 3 Jower sense resistance thus adower conduction
achieve higher efficiency. It keeps the Flyback  |gss.

converter in constant on time operation to achtagé « Low start up current: 16 typical

power factor. « Reliable short LED and Open.LIED protection

» Power factor >0.90 withsingle-stage conversion.

Ordering Information - Maximum frequencylimit: 120kHz

SY58201 O(OO)O » Compact package=~S©8
Temperature Code
Package Code Applications
Optional Spec Code - LED lighting

Ordering Number Package type Note Recommended operating output power
SY58201FAC SO8 Rroducts 90~264Vac 176~264Vdc
SY58201 5W 1ow

Typical Applications
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Figure 1. Schematic Diagram SO8 Figure Efficiency vs. Input Voltage
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Pinout (top view)

GND [T 1 o 8 [ 1 _12CS
Source [ 1] 2 7 [T 1comP
NC [ 3 6 [T 1VIN
Drain[] ] 4 5[ TINC

(S08)

Top Mark: AlF xyz (device code: AlFx=year code, y=week code, z= |ot number code)

=

=

Pin Pin number Pin Description
Name SO8
GND 1 Ground pin
Source pin of the internal primary MOSFET. Conrtbet sense resistor o
this Pin and the GND pin.
Source 2 V. xN
(current sense resistegRR =k—FE——F2y, k= 0.167)
OuT,
NC 3
Drain 4 Drain of the internal power MOSKET.
NC 5
Power supply pin. This_pifi also*provides outputroveltage protectior
VIN 6 . .
along with ZCS pin.
COMP 7 Loop compensatiornpin’. Connect a RC network adiasin and ground
to stabilize the contro[loop.
Inductor current, zero-crossing detection pin. T receives the
auxiliary winding» voltage by a resister divider addtects the inductg
current zero«Crossing point. This pin also providesr voltage protection
ZCS 8 and line, regulation modification function simultasly. If the voltage on
this pinyis above ¥sovs the IC would enter over voltage protectipn
mode. Good line regulation can be achieved by &dgishe upper resistg
ofithe divider.

AN_SY58201 Rev. 0.9
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Absolute Maximum Ratingsote 1)

VIN -0.3Vto 19V

Supply currentyy 30mA

ZCS

-0.3V to Vjy+0.3V

COMP, Source -0.3V to 3.6V
Drain 700V
Power Dissipation, @ A= 25°C SO8 1.1W
Package Thermal Resistance (Note 2)

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

Storage Temperature Range

-65°C to 150°C

Recommended Operating Conditionsvote 3)

VIN

Junction Temperature Range

Block Diagram

8V~15.4V
-40°C to 125°C

GND

G-

,_I—[] Drain

VIN
™
—— OVP v
UVLO
&BIAS
ZCS I:] Valley,Détect j
lo Estimator
Source I: o =St PW'_V' o
O Logic
VRER > & H

0.5 VO——P

VY

Driver

1

J
COMP

Figure3. Block Diagram
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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 W 8 154 | V
VIN turn-on threshold VinoN 176 | V
VIN turn-off threshold \iN,OFF 6.0 7.9 V
VIN OVP voltage \{inovp Vyin on+0.85 \
Start up Current S Vyin<Vvin,oFF 15 HA
Operating Current vin C_.=100pF,f=15kHz 1 mA
Shunt current in OVP mode IVIN,OVP VVIN>VVIN,OVP 1.6 2 2.5 mA
Error Amplifier Section

Internal reference voltage | g | | 0.294] 0.3 |'0.306] V
ZCS pin Section

chCr:eSSEg:dOVP voltage Vcs.ovp 148 Vv
Integrated MOSFET Section

Breakdown Voltage | W | Vo0V, lps=25QuA | 700\ | Y
Current Sense Section(Source pin of integrated MET3F

\(/:(;JI:;ZT: limit reference Vsource max 0.50 Vv
PWM Section

Max ON Time -[)N,MAX VCOMp:]..SV 24 Us
Min ON Time TonMIN 400 ns
Max OFF Time BrE.Max 39 Us
Min OFF Time -BFF,MlN 2 Uus
Maximum switching Fuuac 120 KHz
frequency

Thermal Section

Thermal Shutdown Tes 150 oc
Temperature

Note 1: The recommended poweris measured by 25°C temperdte on case, in an open frame design with
adequate heat sinking.

Note 2 Stresses beyond the “Absolute Maximum Ratingsy weuse permanent damage to the device. These are
stress ratings only, Fdngtional operation of theickeat these or any other conditions beyond thadieated in the
operational sectigns of the specification is noplied. Exposure to absolute maximum rating condgidor
extended periods may affect device reliability.

Note 3 6;4'Is measured in the natural convection at=T25°C on a low effective single layer thermal doctivity

test board-ef JEDEC 51-3 thermal measurement stdng@last condition: Device mounted on 2” x 2" FRubstrate
PCB,20z copper, with minimum recommended pad prager and thermal vias to bottom layer grounchgla

Note 4 Increase VIN pin voltage gradually higher thany\éy voltage then turn down to 12V.

AN_SY58201 Rev. 0.9  Silergy Corp. ConfideltRrepared for Customer Use Only 4
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Operation S
|
The SY58201 is a single stage Flyback and PFC aggul Rer D vimertt = = “‘:T “““
targeting at LED lighting applications. L (
syss201 VO : :
It integrates a 700V MOSFET to decrease physical NG :_'
volume. Con 1
|
|
i — toe—l] 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 SY5820%ather
small (15A typically) to reduce the standby power loss
further; the maximum switching frequency is clamped
120kHz to reduce switching losses and improve EMI
performance when the converter is operated at |gdd
condition.

SY58201 provides reliable protections such ‘@s\Short

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

SY58201 is available with SO8 package.

Applications Informatien

Start up

After AC supply or.BC BUS is powered on, the cafmaci
Cuin across VIN ‘andl GND pin is charged up by BUS
voltage through‘a start up resistairRONnce \(y rises up

to Vvin-on, thetinternal blocks start to work.y\ will be
pulled down by internal consumption of IC until the
auxiliarys Winding of Flyback transformer could siypp
enough‘energy to maintain/\{ above \Vn.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 resistordr and Gy.are“designed by rules
below:

(a) Preset start-up resistogRmake sure that the current
through Ry is larger thandrand smaller than,k_ove

\%

\

BUS BUS

| <Rgr | (1)
VIN_OVP ST

Where \4s.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_SY58201 Rev.0.9
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leri !
comp T /‘/ i
L—— Pwm | t }
(opt) } lsp
- Fig.5 pre-charge scheme in start up our (—
Where \eomp.cis the pre-charged voltage of COMP pin. /
Generally, a big capacitance of&ur is necessary to v, i
achieve high power factor and stabilize the syskeop i
(luF~2uF recommended); The voltage pre-charged in ! 3
start-up procedure can be programmed by On the ‘ ‘
\

other hand, larger Ryvp can provide larger phase margin (N o

Fig.6/switching waveforms

for the control loop; A small ceramic capacitoraidded
to suppress high frequency interruption (10pF~108pF
recommended if necessar

V) ISP:N PSXI PF(5)

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

After AC supply or DC BUS is powered off, the energ® the\Flyback transformer.

stored in the BUS capacitor will be discharged. Wtie

auxiliary winding of Flyback transformer can noppily*.> Thus, bur can be represented by

enough energy to VIN pin, W will drop down, ‘@nee

Vyn is below Vn.orr, the IC will stop workingsand

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-€liminate seayd pin, which is shown in Fig.7. These singals arecessed

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

The output currentlyrCan be represented by, Vieee=l ppXR Sxt;’iXK (7

S
— ISP tDIS
lour= ) X t_s ) Source
Where, kgis the-peak current of the secondary sigg;i$

the .discharge time of Flyback transformeg; is the
switehing 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_SY58201 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 _ _ _ _ AN

tois |

I 's

Fig.8 QR made)operation

VIN

SY58201
ZCs

Fig.9 OVP&OLP

The output voltage is reflected by the auxiliarynding
voltage of the Flyback transformer, and both ZQSapid
VIN pin provide over voltage, protection function.héh
the load is null or largestransient happens, thgpuu
voltage will exceed the rated value. WhepnVexceeds
Vvinove OF Vzcg eXeeeds Ycsovp the over voltage
protection is triggered and the IC will dischargguby
an internal current sourcgove. Once \(n is below
Vvinorr theddC will shut down and be charged again by
BUS voltage through start up resistor. If the oveltage
condition®still exists, the system will operate hitcup
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\/INfOVP > 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).

The voltage 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(Valtage 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_SY58201 Rev.0.9
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In order to guarantee SCP function not effected by| products| Input range C’UtPUtt Application | Temperature
. - . . . . curren rse
voltage spike of auxiliary winding, a filter reistRyx 0.3A Py pp—— P
is needed (1Q typically) shown in Fig.9. 90vac-26dvac| = :
SY58201 | 9ovac-264vac| 0.3A 4.0W/ER27 35C
Line regulation modification 90Vac~264vac | 0.3A 5.0W/ER27 45C

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, larger
compensation is achieved with smallerz&. Normally,
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

VOVP N AUX X RZCSU (15)

1_@)(75

VOVP NAUX
Where \pyp\ IS, the output over voltage protection
specification; \6yr is the rated output voltage;z&y is
the upper-resistor of the divider;sldnd Nyx are the

R,...>

ZCsb =

The test is operated in natural cooling 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 inhbenl
MOSFET and seeondary power diode is maximized;

VMOSﬁDSfMAx:\/EV e max TN pg ¥ (VourtV DJ) +AV s( 16)

£ \/EVAC_MAX

D_R_MAXS™

V Vo (17)

PS
Where Vic max IS maximum input AC RMS voltage;p
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.

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

I MOSiPKiMAXZI P_PK_MAX (18)
I MOS_RMS_MAX:I P_RMS_MAx(lg)

I D_PK_MAX =N ps X | P_PK_MAX (20)

I D_AVG =l ouT (21)

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

turns™of secondary winding and auxiliary winding Transformer (Npgand Ly)

separately.

Power design reference

A few applications are shown as below

Npsis limited by the electrical stress of the inténpawer
MOSFET:

VMOSf(BR)DS x80%'\/—2VAQMAx A
VOUT +VD_F

VS
Nps < (22)

AN_SY58201 Rev.0.9
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Where Msos @erpps IS the breakdown voltage of the
integrated MOSFET.

In Quasi-Resonant mode, each switching period ctgcle
consists of three parts: current rising time durrent
falling time t and quasi-resonant timgshown in Fig.10.

Va

leri

Isec

lour

Fig.10 switching waveforms

The system operates in the constantson time mode to:

achieve high power factor. The. ONjtime increaseth wi

(b) Preset minimum frequency.fin

(c) Compute relativest t; (t3 is omitted to simplify the
design here)

L ()

ts=
S_MIN

tS xN PSX (V OUT+V DJ)

| (25)
\/EVAC_NHN +NPS x (VOUT+V D_F)

(d) Design inductance-

= w (26)
2|:)OUT X tS

M

(e) Compute 4

t3 =mX V LM ><CDrain (27)

Where G IS the parasitic capacitance at drain of
integrated MOSFET.

(M Compute primary maximum peak curreptpdvax

and RMS current plrms.wax for the transformer
fabrication.
x L + Ly

| - ZPOUT [\/EVAC_MW NPSX(VOUT+V D_F) ]

P_PK_MAX LM x1

\/4P(§UTX[ L + L ]2+4LM XX Ry X 4

\/EVAC_N”N N psX (V OUT+V DJ;
Ly >n

the input AC RMS voltage (decreasing and the load(28)

increasing. When the operation condition

is with

minimum input AC RMS-dltage and full load, the ON Wheren is the efficiency; Byr is rated full load power

time is maximized. On the\other hand, when the tinpu

voltage is at the peakyalue, the OFF time is madch
Thus, the minimum switching frequencyfin happens at
the peak value of input voltage with minimum inAG

Adjust t and §to ' and & considering the effect of t

nxLy xIg

RMS voltage ‘and maximum load condition; Meanwhile, tg:%(zg)
the maximum™peak current through integrated MOSFET out
and thextransformer happens.
t'= LM XIP_PK_MAX (30)

Once-<the minimum frequency.f\ is set, the inductance \/EVAC "
of the transformer could be induced. The desigw fi® -

. t'
Shown as belOW. IPfRMSfMAX = é XI PfPKfMAX(Sl)

S

(a)Select Mg
VMOS_(BR)DS X 80%"/—2VAC_MAX A

VourtV D_F

VS
Npg < (23)

AN_SY58201 Rev.0.9
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(g) Compute secondary maximum peak currgmhax
and RMS current ggruswax for the transformer
fabrication.

I S_PK_MAX ™ Npgx! PﬁPKiMAX(SZ)

£, =tst,14(33)
t'

—2
I

61, x| S_PK_MAX (34)

ISﬁRMSfMAX =

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

Transformer design (Ns,Ng,Naux)

The design of the transformer is similar with ogdin
Flyback transformer. the parameters below are secgs

Necessary parameters

Turns ratio Ng
Inductance M
Primary maximum current plKk-MAX
Primary maximum RMS current | p_kus-max
Secondary maximum RMS current s rus-max

The design rules are as followed:

(a) Select the magnetic core style, identify ¢he, affec
area A

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

(c) Compute primary turn N

- Ly *I P_PK_MAX (35)

P ABxA,
(d) Compute'secondary turrgN

N N

(36)

PS

(e) compute auxiliary turn Nyx

NAUX :NS x \\//VIN (37)

ouT

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

(f) Select an appropriate wire diameter

With lprus.max @and krus-.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 core style, ggapand redesign the
transformer until the ideal transformer jis achieved

Output capacitor Cout

Preset the output current rip@i¢our, Cout is induced by

( 2|OUT )2_1
- AIOUT (38)

o anf LR 5o
Wheré€ “byr 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 snubbegBis evaluated first

NpsX (VourtVp J+AV s L
Poco = - x—Kx P, (39)
RCD AVS L " ouT

Where Nsis the turns ratio of the Flyback transformer;
Vour is the output voltage; 3k 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 Ryep 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 crep

C. = N ps X (VOUT+V D_F)+AV
Rep RRCDfSAV C_RCD

°(41)

AN_SY58201 Rev.0.9
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Ground® :ground of BUS line capacitor
LayOUt Ground®: ground of bias supply capacitor
Ground®: ground node of auxiliary winding
(a) To achieve better EMI performance and reduce li  Ground@): ground of signal trace
frequency ripples, the Output of the brldge reeti§hould Ground@: primary ground node of Y Capacitor

be connected to the BUS line capacitor first, thethe  Ground®): ground node of current sample resistor.
switching circuit.

o S (d) bias supply trace should be connected to tlas bi
(b) The circuit loop of all switching circuit shalibe kept  supply capacitor first instead of GND pin. The bias

small: primary power loop, secondary loop and aamil  supply capacitor should be put beside the IC.
power loop.

(c) The connection of primary ground is recommena&d (€) Loop of'Source pin — current gagple resistor — GND
pin’ should be kept as small asypassible.

00200020
() The resistor dividersconnected to ZCS pin is
@ recommended to be put beside the IC.

D2

o P ) _‘L M
Np Ng R -|-C3
© o - DC output
Ti i
AC input
90~264V
o————
D1
51— P —W—— CY1
NAUXV\ @ 4“ NE Drain |— ®
©) e, —VIN NC 7|

> \5/
RG;I -Hl—'\N\,—COMP Sourcq

ZCSs GND [
] .

>
R9S SY58201 RS
@) @ ®
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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
2Vs 50V Vmos-(BR)DS 700V
Pout 8W Ve 1V
Cbrain 100pF E-min 65kHz

(a)Compute turns ratio N first

Nps <

VMOSﬁ(BR)DSx 80%—\/—2VAC7MAX AV

VOUT+VD,F

_700Vx 0.8~/ 2x 264V-50V

24V+1V
=5.47

Npsis set to
N,.=4.5
(b)fsmin is preset

fe iy =65kHZ

(c) Compute the'switching periogdand ON timeitat the peak of input voltage.

t=—n 218 3

S_MIN

tS x N PS>< (V OUT+V

0

1 =
\/EVACJ\/HN +Npg % (VOUT+V DJ-‘)

_ 15.3u5% 4.5¢ (24V+1V)
V2x90V+4.5¢ (24V+1V)

=7.2us

AN_SY58201 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 R
\/EVACJ\MN N PS X (V OUT+V DJ)

Ly *n

2POUT

I P_PK_MAX™

L L
AP X [N+ ¥
+ \/ > \/EVAC_NHN Nps*(VourtVo 9

]2+4LM xNXFyur X

Ly *n
=0.685A
Adjust switching periodstand ON timesttotgand t; .

2
t= nxL,, xI P_PK_MAX

° 4Ry
~0.85x 1.4mkk 0.685A
4x8W
=17.4is

- LM XIP_PK_MAX
\/EVAC_NHN
_14mHx'0.69A
o x90v

=7.59s

t

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_SY58201 Rev.0.9 Silergy Corp. ConfidehtPrepared for Customer Use Only 13




&
s,,gey SY58201

(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 0-3IOUT
fAC 50Hz Rep 8x 1.6Q

The output capacitor is

(2lom )1 2x0.33A,,
Al (0.3x 0.338)
— ouT —_ . . :82QI,F

C. = =
T 4nf, R, 4nx5QHzx 8 1.8

#5. Design RCD snubber

Refer to Power Bevice Design

Conditiens

Voot 24V AVg 50V
Nps 4.5 /Ly 1%
Pout 8w

The power loss of the snubber is

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

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

AN_SY58201 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 Atypical)
lvin-ovp 2mA (typical) 133 500ms (designed by user)
(a) Rstis preset
RST<VBUS —90Vx1'414:8.48|\/r2 ’

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

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

V

(28 xtg, (SONXLALA, 5 0 500ms

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_SY58201 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 regulation modification andOver Voltage Protection (OVP) & Open Loop Protectian (OLP)

First identify Rcsy need for line regulation.

Known conditions at this step

ks [ 68 |
Parameters Designed
Rzcsu | 150K2 |

Then compute Rsp

Conditions
Vzcs ove 1.42V Vovb 30V
Vour 24V
Parameters designed
Rzcsu 150k
Ng/ Naux 2.4
Vzes_ove « Ns 142V 04
V, N :
Racso <y 22X Racsy =f%—vx 1500 = 24.8R
1. Yzesow, Ns 1.2V s 24
VOUT N AUX, 24V
Vaes ovp =N La2v
V, N :
Rycsn 2 g b A% X Ry, :f%—vx 15010=19.2K)
poecsoe , Ns 114V 04
VOVP N AUX SOV

Rzcspis set to

R,cer=22.1H2

AN_SY58201 Rev.0.9
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#10 Final result

AC input
90~264V

©

4
D2ES2D  470uF

R9
22.1Ks

NC Drain fp—
VIN NC
COMP  Source
ZCS GND

SY58201

R3 g
100ky [ | g~
C3
NZ470uF
V.
VA
V4
A4
K3 c6
0%65R
| 1In
l A\v4

24V/330mA

AN_SY58201 Rev.0.9
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SO8 Package Outline & PCB Layout Design

P r|:| 0 0 ] {
( r ~

2 % O 5
\ \N J
0.8 0 C

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

!

0.25 - O.SD}/V B

== 0,18 -0.2¢

Q\ﬁj\ I V.

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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