S/IERGY

Application Note:AN_SYS003C

Flyback controller
For adapters or chargers

General Description

SY5003C is a PWM/PFM controller with several
features to enhance performance of Flyback converters
that targeting at adapter or charger applications. It drives
Flyback controller in the Quasi-Resonant mode for
higher efficiency and better EMI performance.
SY5003C adopt burst mode control for improved
efficiency and the output current is detected by internal
primary detection technology to achieve more reliable
Over Current Protection and Short Circuit Protection.
The output voltage is achieved by secondary side control
technology for good load and line regulation.

Ordering Information

Sys003 @O
Temperature Code

Package Code
Optional Spec Code
Ordering Number Package type Note
SY5003CABC SOT23-6 -—-

Features

Quasi-Resonant (QR) mode operation: Valley turn-
on of the primary MOSFET to achieve low
switching losses

Output current is monitored by primary,deteetion for
reliable Over Current Protection and Sheftt Circuit
Protection

PWM/PFM control for higher average’efficiency
Burst mode control for low,_no load loss and
efficiency

Low start up current: 4pA typical

Internal high current MOSFET driver: 120mA
Auto-Recovery.for @ VP/OCP/SCP/OTP

Maximum freq@ency limitation 125kHz

Compact packa\ge: SOT23-6

Applications
*“WAC/DC Adapters
Battery Chargers
Consumer Electronics
Auxiliary power supplies

.
>
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Note: Ground node of current sample resistor must be connected to the ground of BUS

line capacitor.

Fig.1 Schematic Diagram
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Pinout (top view)

IseN 1 O 6 [T_IDRV
GND[I] 2 5 TIVIN

comPT{3 4 [T"WVSEN

(SOT23-6)
Top Mark: Bdxyz (device code: Bd, x=pear code, y=week code, 7= lot number code)

Pin | Name Description

—

ISEN | Current sense pin. Connect this pin to the source of the primary switch.

2 | GND | Ground pin.

3 | comp Feedback input pin. The PWM ducy cycle is determined by voltage level into'this pin.It’s connected to a
optocoupler.

Inductor current zero-crossing detection pin. This pin receives the “auxiliary winding voltage by a

4 | VSEN . - . . .
resistor divider and detects the inductor current zero crossing point

5 | VIN Power supply pin. N

6 | DRV Gate driver pin. Connect this pin to the gate of primary MOSFET+

AN _SY5003C Rev.0.9 Silergy Corp. Confidential- Prepared for Customer Use Only 2
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Absolute Maximum Ratings (Note 1)
VIN -0.3V~-21V
Supply Current Iyiy 20mA
VSEN -0.3V~Vyn+0.3V
DRV -0.3V~15V
ISEN, COMP -0.3V~3.6V
Power Dissipation, @ TA =25°C SOT23-6 1.1W
Package Thermal Resistance (Note 2)
SOT23-6,05a 125°C/W
SOT23-6, 6;c 60°C/W
Junction Temperature Range -45°C to 150°C
Lead Temperature (Soldering, 10 sec.) 260°C
Storage Temperature Range =65°C to 150°C

Recommended Operating Conditions (Note 3)

VIN 9V~17.5V
Junction Temperature Range -40°C to 125°C
Ambient Temperature Range -40°C to 105°C

Block Diagram
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Fig.2 Block Diagram
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Electrical Characteristics
(Vin =12V, Ta = 25°C unless otherwise specified)

Parameter | Symbol | Test Conditions | Min Typ | Max | Unit
Power Supply Section
VCC turn-on threshold Vveeon 13.7 14.7 15.7 \%
VCC turn-off threshold Vvce,orF 6.3 7 8.3 \Y
VCC OVP voltage Vvccove 17.5 18.5 19.5 Vv
Start up Current Ist Vvee<Vvcc,oFF 1.2 4 pA
Operating Current Ivce CL=100pF,=100kHz 1 mA
Quiescent Current I 400 pA
Shunt current in OVP mode | Ivccove Vvee>Vyeeove 7.5 mA
Current feedback modulator Section

Internal reference voltage | VREFI | | 0.4137 0.42 | 0.4263 | \4
ISEN pin Section
Current limit Voltage VISENLIM Xiizigiz 0()"965 0i7 10.685 X
Latch Voltage for ISEN VISEN,EX 2 \Y
CC feedforward resistor Rio 225 300 375 Q
VSEN pin Section
OVP voltage threshold | Vvsenove | 13775 145 | 15225 | Vv
COMP section
Internal voltage bias Vevs 2.5 \%
Slecp mode voliage ON Veonsan 0.4
tsl}f:glgllgde voltage OFF Vcomp-oFF 0.45
Internal pull-up resistor Rcompy 4 10 kQ
Gate Driver Section
Gate driver voltage VGate 12 \%
Maximum. source current ISOURCE,max. 120 mA
Maximum. sink current ISINK max. 500 mA
Max ON Time tonMAX Vcomp=2.5V 24 us
Min ON Time tonmid 300 ns
Max OFF Time tofF,MAX 400 500 700 us
Min OFF Time TorFMN 1.2 us
Maximum frequency fmax 110 125 145 kHz
Thermal Section
Thermal Shutdown Tep 150 oC
Temperature

Note 1: Stresse§ beyond 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\§ections of the specification is not implied. Exposure to absolute maximum rating conditions for extended

perigds may affect device reliability.

Note 2: 054 is measured in the natural convection at To = 25°C on a low effective single layer thermal conductivity test
board of JEDEC 51-3 thermal measurement standard. Test condition: Device mounted on* 2x 2” FR-4 substrate PCB,
20z copper, with minimum recommended pad on top layer and thermal vias to bottom layer ground plane.

Note 3: Increase VIN pin voltage gradually higher than Vyiv o~ voltage then turn down to 12V.
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Operation Voo ==
I
SY5003C is a PWM/PFM controller with several features Rer H Vimert = — == +T _____
to enhance performance of Flyback converters. L (
svsooac O : :
To achieve higher efficiency and better EMI performance, wo L L
SY5003C drives Flyback converters in the Quasi- o ¥l
Resonant mode; the start up current of the device is rather i /1
small(4pA typically) to reduce the standby power loss e— tse—>te] tsr0 !

further and the maximum switching frequency is limited
below 125kHz.

In order to improve the stability, the self-adaption
compensation is applied.

The output current is monitored by primary side detection
technology, and the maximum output current can be
programmed in Over Current Protection and Short Circuit
Protection. In addition to SY5003C provides Over
Voltage Protection(OVP), Over Temperature Protection
(OTP), Output voltage OVP protection , VSEN pin short
protection ,etc..

SY5003C can be applied in AC/DC adapters, Battery
Chargers and other consumer electronics.

SY5003C is available with SOT23-6 package.

Applications Information

Start up

After AC supply or DC BUS is powered onythe,capacitor
Cyiv across VIN and GND pin is chargedsup by BUS
voltage through a start up resistor Rgp. Onge Vyiy rises up
to Vvm.on, the internal blocks start to work. Vv will be
pulled down by internal consumption of IC until the
auxiliary winding of Flybagk, transformer could supply
enough energy to maintaimVyyn above VviN.orr.

The whole start up procedure is divided into two sections
shown in Fig.3. tsre is the Cyiv charged up section, and
tsto is the outputpvoltage built-up section. The start up
time tst composes/of tsrc and tsro, and usually tsro is
much smallécthan tsrc.

Fig.3 Start up

The start up resistor Rgr and Cyiy are designed*by rules
below:

(a) Preset start-up resistor Rgr, mékessure that the current
through Rsr is larger than Ist afid 'smaller than Ivin_ove.

VDC,MIN <R < VDC,MAX (1)
ST
IVINfOVP IST

Where Vpc is the’BYS line voltage.

(b) Seleet Cuin to obtain an ideal start up time tsr, and
ensurg thewoutput voltage is built up at one time.

X7

( ;;MIN 'IST ) x tST
Con= ST )
4 er VVINfON

(c) If the Cviv is not big enough to build up the output
voltage at one time. Increase Cyiv and decrease Rst, go
back to step (a) and redo such design flow until the ideal
start up procedure is obtained.

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 cannot
supply enough energy to VIN pin, Vyin will drop down.
Once Vv is below Vyin.orr, the IC will stop working.

Quasi-Resonant Operation(valley detection)

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

AN_SY5003C Rev.0.9
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Fig.4 QR mode operation

The voltage across drain and source of the primary
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 on VSEN pin across zero, the MOSFET would be
turned on after 400ns delay.

Output Voltage Control(CV control )

SY5003C is compatible with opto-coupler to achieve
output voltage control, which is shown by Fig.5.

Vour

L
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IOPT,OUTl lopTn
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Erimel

1 AR
Reao ‘f’

= ~
Fig.5 Output voltage feedback circuit
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SY5003C

The OFF time of MOSFET is up to the valley detection
of VSEN pin, and the ON time of MOSFET is a function
of Vcowmp, so ¢the "output power can be controlled by
Vcowmp.

SY5003€ ‘integrates an internal 2.5V voltage bias and
10kQ) resistor to interface the output of opto-coupler.
Vcowmp is in relation with the output current of the opto-
coupler Ioprout by

3)

VCOMP = VCVB _IOPT,OUT XRCOMP (

Ropr is the resistor across the output node and the anode
of the opto-coupler. The selection of Ropr is related with
system loop stability, and higher loop gain of the system
is achieved by smaller Ropr.

At the same time, Ropr is designed by

V,

cvB IOPT,IN,MAX X BXRCOMP < V(?OMP.ON (

4)

Where [ is the transfer ratio of the opto-coupler;
Iorr,nMax is the maximum input current through the
opto-coupler, which is limited by Ropr.

Output current detection by Primary'side(CC control)

The output current is monitoréd by SYS5003C with
primary side detection technoldgy.The maximum output
current Iour,Liv can be regulated by:

kl ka >(\]REF XN
RS

Where k; is th€ output current weight coefficient; k> is
the output modification coefficient; Vrgr is the internal
reference~vdltage; Nps is the turns ratio of the Flyback
transformer; Rs is the current sense resistor.

krykovand Veer are all internal constant parameters,
Iogr,Lv can be programmed by Nps and Rs.

I PS (5)

OUT,LIM =

’Rs: kl >(1(2 >(\/REF >(NPS (6)

ouT

When over current operation or short circuit operation
happens. Vcomp will be pulled down, and the output
current will be limited at Iourm. The V-1 curve is
shown as Fig.6.
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|
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| |

| |

Rated lout  loutLim

Fig.6 V-I curve

Vour

lour

Line regulation modification

The IC provides line regulation modification function to
improve line regulation performance of the output
current.

AN_SY5003C Rev.0.9
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Due to the sample delay of ISEN pin and other internal
delay, the output current increases with increasing input
BUS line voltage. A small compensation voltage AVisen.c
is added to ISEN pin during ON time to improve such
performance. This AVisen.c is adjusted by the upper
resistor of the divider connected to VSEN pin.

VBUSXNIGUX x— xk, (7)

P VSENU

AV,

ISENC

Where Rysenu is the upper resistor of the divider; k3 is an
internal constant as the modification coefficient.

The compensation is mainly related with Rysgnu, larger
compensation is achieved with smaller Rysgnu. Normally,

Rysenu ranges from 50kQ~150kQ.

Short Circuit Protection (SCP)

There are two kinds of situations, one is the valley signal
cannot be detected by VSEN, the other is the valley
signal can be detected by VSEN.

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 valley signal
cannot be detected by VSEN. There are two cases , the
one is without valley detection, MOSFET cannot be
turned on until maximum off time is reached. If
MOSFET is turned on with maximum off-time fof“64
times continuously which can not detected valley,IC will
be shut down and enter into hiccup mode..The other is
that IC will be shut down and enter intoxhiecup mode
when Vv below Vyiv.orr within 64 times!.

When the output voltage is not low gnough to disable
valley detection in short condition, SY5003C will operate
in CC mode until VIN is below Vit.orr.

In order to guarantee SCP\function not effected by
voltage spike of auxiliary/winding, a filter resistor Raux
is needed.

D1 Raux

VIN

Cun A~
Naux

SY5003C

Fig. 7 Filter resistor Raux

Output voltage OVP protection

The secondary maximum voltage is limited by the
SY5003C.When the VSEN pin signal exceeds 1.45V,
SY5003C will stop switching and discharge the VIN
voltage. Once VVlN iS below VVIN—OFF, the IC will shut
down and be charged again by HV start up.

VSEN pin short protection

The SY5003C has a protection against faults caused by a
shorted VSEN pin or a shorted pull-down resistor.
During start-up, the voltage on the VSEN_ pin is
monitored. In normal situations, the/voltage on the
VSEN pin reaches the sense proteCtiontrigger level.
When the VSEN voltage does net reach this level, the
VSEN pin is shorted and the protection is activated. The
IC stops switching and dischargeithe VIN voltage. Once
Vviv is below Vym.orr, the I€ will shut down and be
charged again by HV start,up. In order to ensure reliable
detection, the pull-down ‘resistor should larger than 2kQ.

Power Dévice Design

MOSFET:and Diode

When the operation condition is with maximum input
Voltage and full load, the voltage stress of MOSFET and
secondary power diode is maximized.

VMOSfDSfMAX :\/EVAQMAX FNps X (Vour +VD,F JTAV (8)
\/EVA(LMAX

+V O]
Nps ouT

VDiRiMAX =

Where Vacmax is maximum input AC RMS voltage; Nps
is the turns ratio of the Flyback transformer; Vour is the
rated output voltage; Vpr is the forward voltage of
secondary power diode; AVs 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 MOSFET and
power diode is maximized.

MOS_PK_MAX :IPiPKiMAX (10)
MOS_RMS_MAX —1p RMS_MAX (11)
b pk max —Nps X Ip o wax (12)

D _AVG =l (13)

— e

AN_SY5003C Rev.0.9
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Where Ipprk-max and Iprms-mMax are maximum primary
peak current and RMS current, which will be introduced
later.

Transformer (Nps and L)

Nps is limited by the electrical stress of the power
MOSFET:

< VMOSf(BR)DS x 90%'\/§VAQMAX _AVS

ps =
VOUT JrVDJ

N (14)

Where Vmos,srps is the breakdown voltage of the power
MOSFET; Vacmax is maximum input AC RMS voltage.

In Quasi-Resonant mode, each switching period cycle ts
consists of three parts: current rising time t;, current
falling time t, and quasi-resonant time t3 shown in Fig.g.

Ve

lpri

Isec

lout

t I 1 ;{
ts
Fig.8 switching waveforms

ty—

—

When the operation condition 1$iwith minimum input AC
RMS voltage and full*load) the switching frequency is
minimum frequency,‘the /maximum peak current through
MOSFET and the ttansformer happens.

Once the minimum' frequency fsmn is set, the inductance
of the transformer could be induced. The design flow is
shownm as below:

(a)Select Nps;
< VMOSf(BR)DS X 90%'\/§VAQMAX _AVS

Npg <
VOUT JrVDJ

(15)

(b) Preset minimum frequency fs-mm ;

(¢) Compute inductor Ly and maximum primary peak
current Lpgmax;

I - 2Pyy + 2Py
P_PK_MAX
o NXVoe v N¥Nps X (Vour +Vy 5) (16)
+T[\/2POUT x CDram x fS MIN
n -
2P
L, = ot (17)

xf,

2
nx IPiPKiMAX S_MIN

Where Cprin is the parasitic capacitance\ap~drain of
MOSFET; n is the efficiency; Pour i§” rated full load
power; Vpc miN is minimum input D€ RMS~oltage.

(d) Compute current rising time, t; /and current falling
time t; ;

LM x IP PK_MAX
tlzv—” (18)

DC_MIN

L_xI

t.= m P_PK (1 9)
’ NPS x (VOUT +VD7F)
tg= (20)

SEMIN:

(e)’Compute primary maximum RMS current Ip.rms-max
for the transformer fabrication ;

3

> NE :
L rus max =5 Ip pic_max t_l (21)
s

(f) Compute secondary maximum peak current Ispg-max
and RMS current Isrmsmax for the transformer
fabrication .

ISfPKiMAX :NPS X IPiPKiMAX (22)

3 t
ISfRMSfMAX = T NPS X IPﬁPKﬁMAX X t_z (23)
S

Transformer design (Np, Ns, Naux)

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

Necessary parameters

Turns ratio Nps
Inductance Lm
Primary maximum current Ip-pk-MaX
Primary maximum RMS current Ip-rMs-MAX
Secondary maximum RMS current | Is.rms-max

The design rules are as followed:

AN_SY5003C Rev.0.9
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(a) Select the magnetic core style, identify the effective
area A. ;

(b) Preset the maximum magnetic flux AB ;
AB=0.22~0.26T

(¢) Compute primary turn Np;

LMXIPPKMAX
=M EFRMAX (04
" ABXA, @9

(d) Compute secondary turn Ns;;

N
Ny=—2*

(25)

PS

(e) compute auxiliary turn Naux ;

N
N, x =Ng x—2 (26)

ouT

Where Vvy is the working voltage of VIN pin (11V~15V
is recommended) ;

(f) Select an appropriate wire diameter ;

With Iprms-max and Is.rms-max, select appropriate wirgto
make sure the current density ranges from 4A/mm?to
10A/mm?.

(g) 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 .

Input capacitor Cgus

Generally, the input capacitonCpus is selected by
Cpoys =2~3uF/W
Or more accurately,by

VnchN )+E (27)

e 2 Py 1

T oof V2

arcsin(1-

Cays=

T VDQMIN )z

(1
. \/EVAC MIN

Where Vpcmy is the minimum voltage of BUS line and
AVpus is the voltage ripple of BUS line ; fiv is AC line
frequency ;

RCD snubber for MOSFET

The power loss of the snubber Prcp is evaluated first .

N X (Vour +Vp oAV, L
PRCD= PS ( ouT DﬁF) S X_KXPOUT (28)
AV L,

Where Nps is the turns ratio of the Flybaek transformer;
Vour is the output voltage; Vpr is the férward voltage of
the power diode; AVs is the oversh¢ot voltage clamped
by RCD snubber; Ly is the leakage,inductor; Ly is the
inductance of the Flyback transformer; Pour is the output
power.

The Rrep is related with'thespower loss:

_ [NPS X (Vg +VD7F J+HAVg

RCD

R

:|2
(29)
PRCD
The Crcpris Telated with the voltage ripple of the snubber
AVcrRrép':

_ NPS X (VOUT +VD7F )+AVS
RRCD X fS X AV

C_RCD

(30)

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;

(b) The ground of the BUS line capacitor, the ground of
the current sample resistor and the signal ground of the
IC should be connected in a star connection;

(c) The circuit loop of all switching circuit should be
kept small: primary power loop, secondary loop and
auxiliary power loop.

AN_SY5003C 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

VAC,MIN 90V VAC,MAX 264V
VOUT 1 2V IOUT 2A
Pour 24W n 86%
fin MmN 60KHz

#2.Transformer Design (Npsand L)

Refer to Power Device Design

Conditions

VAC,MIN 90V VAC-MAX 264V
POUT 24W fS-MIN 60kHz
Parameters designed

VMos-BR)DS 600V AVy 75V
CDrain 1 OOpF VD,F »y 1V

(a)Compute turns ratio Nps first ;

< VMOSf(BR)DS x 90%'\/§VA(17MAX _AVS
Ps =
VOUT +VD,F g

_ 600V x 0.9-/2 x264V-75V
12V+1V

N

=7.05
Nps is set to
N, =7
(b)fsmin is preset ;
f§ yn=60kHz

(¢) Compute inductor Ly and maximum primary peak current Ippk max ;

2P, 2P, 2P
IP,PK,MAX . L + ot T UL x CDram x fS,MIN
r]X(\/EVAC,MH\J 'AVBUS) n XNPS X(VOUT +VD=F) n

_ 2x24W 2x24W \/2x24w
= + +TIX

0.86%(+2 X90V -0.3%+/2x90V) 0.86x7x(12V +1V) 0.86
=1.297A

x100pF x60KHz

AN _SY5003C Rev.0.9 Silergy Corp. Confidential- Prepared for Customer Use Only 10
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— 2I’OU T

m =

xf,

nx If’,PK,MAX S,MIN
_ 2%24W
0.86%(1.297A)? x 60KHz

=0.553mH

Set
Ly=0.55mH

(d) Compute current rising time t; and current falling time t; ;

_ Ly XL pemax _ 0.55mH x1.297A
Vaus \/5><90V

t, =5.61us

_ LoXLcuax  _ 0.55mHx1.297A _
Npg X(Voyr + V) 7X(12V+1V)

t, 7.84ps

t,=nx /L, xCp, .. =1 x+/0.55mH x100pF =0.74ps

Drain

tg =t +t, +t; =5.61us +7.84us +0.74ps =14.19s
(e) Compute primary maximum RMS current Ip.rms-max for the transformenfabrication ;

-3, [l 2P g1 [S60
Us

1
P,RMS,MAX P,PK,MAX T
3 t 14.1

I =04971A

(f) Compute secondary maximum peak current Is.pk-max and-RMS current Is.rms-max for the transformer fabrication .

L5 px max =Nps ¥ Ip px max = 7%1 297A =9.081A
NG t B 7.8441s
IS,RMS,MAX = NPS ><TIP,PK,MAX X i =7 XT X0.905A x m =3.898A
#3. MOSFET and Diode Design
Conditions
Vac-Max 264V Nps 7
Vour 12V Vbr 1V
AVs 75V n 86%

(a) Compute the voltage and the current stress of MOSFET :

VMOSfDSfMAX =\/EVACJ\AAX TN X (VOUT +VD7F )+Avs

=2 X264V+7 X (12V+1V)+75V
=539V

IMOSﬁPKiMAX =IP7PK7MAX =1.297A

I =0.471A

MOS_RMS_MAX ZIPiRMsiMAX

AN _SY5003C Rev.0.9 Silergy Corp. Confidential- Prepared for Customer Use Only 11
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(b) Compute the voltage and the current stress of secondary power diode

\/EVAQMAX
N

_V2x264V x7264v +12V

V,

D R MAX +V0UT

=65.3V

I “Nig XL, py yax =7 ¥1.2907A=9.081A

D_PK_MAX

I 1 2A

D AVG  lour -

#4. Start up design

Refer to Start up

Conditions

VbeMiN 90V x 1.414 VbeMaxX 264Vix 1414
Ist 4pA (typical) Vin-on 14.7V (typical)
Iviv-ove 7.5mA (typical) ”

Designed by user

tsT | 2s |

(a) Rsr is preset

Vs _ 90V x1.414
I, 4pA

R, < =31.81MQ, >

R o Veus _264Vx1414

o =49.77kQ
Lo  7-5SmA

Set
R, =6MQ
(b) Design Cyix

V.
( oS 'IST) X tST
Cer = S{,

VIN, ON

90V%1.414
QOVXLAIA 4 Ayx2
A emg A

R 147V

=2.34pF
Set

Cyn=3.3UF
#5. Output voltage control

AN _SY5003C Rev.0.9 Silergy Corp. Confidential- Prepared for Customer Use Only 12
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comp !
L

Rcomp
IOPT'OUTl lopTn l § Ropr RFBU§

Ve
Oy

RB2
[ iumimal
— Rrg1 Cra1
= Zx

-—
VREFTL431  |Rer TL431

SY5003C Resp ?

= A4

Vour

L

T

Fig.8 Output voltage feedback circuit

Conditions

Rcomp 10kQ Vorr 12V

B 1 VREF,TL431 2.5V

Ik MmN ImA Ik max 100mA
IREF,TL431 2~4puA

Where Vopr is the input forward voltage of the opto-couplen,; Ik is the cathode current of the TL431 ; IrgrTr431 1S the
reference input current of the TL431. g

(a) Ropr Design

The maximum input current of the opto-coupler isdimited by

Vs~V 1
IOPT’IN’MAX > CVB COMP-ON X
RCOMP B
2.5V-04V
=" " X1
10KQ
=0.21mA

At the same time,
Toprn is limited by thesetirrent range of TL431 cathode .

IK.MAX >I >I

opT,INT A MIN

v VOUT 'VOPT 'VREF,TL431
And gk =
' R
OPT

Hence,

AN SY5003C Rev.0.9 Silergy Corp. Confidential- Prepared for Customer Use Only 13
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VOUT 'VOPT 'VREF,TL431

OPT I
OPT,IN,MAX

_12V-1.2V-2.5V

0.21mA
=39.52KQ

VOUT 'VOPT 'VREF,TL431

ROPT > I
K.MAX

_12V-1.2V-2.5V

100mA
=83Q

Set
R pr =510Q

(b) resistor divider design

To achieve accurate voltage reference, Repp is limited by

VREF,TLA3 1 2 SV

R,y < = =12.5KQ
1000 3pp rpay 100X 2pA
Set
RFBD:1 0K
V. -V 12V-2.5V
R. —_YOUT"VREETL®I yp x10KQ=38KQ
FBU v FBD 2.5V

REF,TL431

(¢) Feedback Loop Design

Recommended parameters

Cra1 100nF Crg2 22nF
Res1 1.5KQ

#6. Output Current Protection ‘design

Refer to Primary-side constant-current control

Conditions

ki 0.5 Nps 7
VReF 0.42V

Parameters designed

Tout.oce | 2.4A

Tout,Lim 1s the maximum output current .

The current sense resistor is

AN _SY5003C Rev.0.9 Silergy Corp. Confidential- Prepared for Customer Use Only 14
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- K, X Vigr X Nipg

R
* IOUT
0.5%0.42V %7
2.4A
=0.613Q

#7. Input Capacitor Cgus Design

Conditions
Vacmi | 90V | AVius [ 30% Vacw
arcsin(l — &) + 1
\/EVAC MIN POUT 1
CBUS = ’ X X
n n 2f V32 [1_(1_h)2]
IN " AC,MIN
\/EVAC,MIN
arcsin(l — 0.3x2 90V J2x90v n
_ J2x90v T2 24W 1
T 0.86
2x50Hzx90V? x[1 (1 —M)ﬂ
V2 %90y
=50.45UF
Set
Cpus=44UF
#8. set VSEN pin
First identify Rysenu need for line regulation.
Conditions
ks | 68 | |
Parameters Designed
Ryseny | 100kQ | |
Then compute Rysenp
Conditions
VVSEN OVP |45V Vour | 12V
Parameters designed
Vovr 14V Rvsenu 100kQ
Ns/Naux 1

AN _SY5003C Rev.0.9 Silergy Corp. Confidential-

Prepared for Customer Use Only 15
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VVSENfOVP % Ny
v N
RVSEND V oL ANUX >(RVSENU
1_ VSEN_OVP x S
VOUT NAUX
L4SV |
=—12V___xj00kQ
145V 00
1=V 1
12V
=15.4kQ
VVSENfOVP % Ns
v, N
RVSEND 2 V OF ?EIX ><l{\/SENU
] VSEN OVP o s
VOVP NAUX
145V
=14V 00k
1.45V
1- x1
14V
=11.5kQ

Ryvsenp 1S set to

R =12kQ

VSEND
#9. Design RCD snubber

Refer to Power Device Design

Conditions

Vour 12V AVs 75V
Nps 7 Lx/Lm 1%
Pour 24W

The power loss of the snubber is

— NPS x (VOUT +VD7F )+AVS X L_K

RCD AVS LM ><POUT
+1V)+
:7><(12V 1V) 75Vx0,01x24W
75V

=0.53W,

The resister of the snubber is

2
[ Nis X (Vour V5 1AV, |
Ryep=

PRCD
[7x2v+1vrsv]?

0.53W
=52kQ

AN SY5003C Rev.0.9 Silergy Corp. Confidential- Prepared for Customer Use Only 16
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The capacitor of the snubber is

_ NPS X (VOUT +VD7F )+AVS

CRCD -
RRCD fS,MIN AVQRCD

_ TX(12V+1V)+75V
53kQ x60kHz %25V
=2.08nF

#10. Final Result

csi
1 Vv
4 100pF/100
550pH/EE25
D

cs2
RSt
F
o X e
DB106S . A v
c2 c1 R4 Qut+
L == 3M/1206 y
1nF/630V —— :Z‘l‘)f// T c3 DS1 cs5
2.2nF/630V STPS10100 A70pFH6VH RS2
11206 = = b
R6 cs4 cs3 10K/1206
3M/1206 10uF/25V [1000pF/16V
L ¢ ¢ Vout-
R7 D2 v
5.1/0805  BAV21 D1
S1M
RS3
D3 c6
s l NAtas 1OnFI25V/080: 510/0805
3.3uF/50V T cs7
w RS6
4 U1 SY5003C j w 220F1257 D 100K//62k
o } 10805
ISEN DRV 4 = Plc’g}7 RS5
U FQPFEN6OC N 10k/0805]
RY ast
100k/0805) GND VIN NCP431 css
[ 100pF/25V/ RS8
= I 0.1uF/25V/0805 N 0805 10k/0805
COMP Z2Cst—— L
cv1
1000pF
R12
200/0805
3
R11
12k/0805 R14 R15 =
2/1208 11206
= »
Fig:9 Final Result
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SOT23-6 Package Outline & PCB Layout Design

- 2.80-3.10 ———— =y

2.40

e 1,50 - 70 ~ W

SR ) Y

‘k 0.95 J 0.60 N —1 Let— 0.30 - 0.50
Recommended Pad Layout

~— 1.00 —-

- 2.70-3.00 ——— ™

)
I

7 1.0-13

\t—— 0.25 REF
-
= = (.01-0.1

0.95TYP

‘<—>

f
!

0.3-0.6 % 1.90 TYP

Notes: All dimensionsarein millimeters.
All dimenSions“don’t include mold flash & metal burr.
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Taping & Reel Specification

1. Taping orientation for packages (SOT23-6)

|—1-ﬁ*‘”-“5 |-—3.:~.-'4.1—-—| /14858 |
1— | 'JF\‘\'l 'JF\‘\H 'f_-:{ 'f__x'l "’r-
/ _/ o/ o N \
AN 2,973, 37—
E-J OO0 || 000 || 000 (looo | oooj
. . . . ® =
000 || OO0 ||O00 || OO || OOOysg =1
1,201,803
~=-3.00/4,10-= .
Feeding direction ——»

2. Carrier Tape & Reel specification for packages

Package Tapewidth Pocket Reel size Trailer Leader length | Qty per
type (mm) pitch(mm) (Inch) length(mm) (mm) reel
SOT23:6 8 4 7" 280 160 3000
19
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