Applications Note: SY50131

Flyback Regulator

With Primary Side CV/CC Control For Adapters and Chargers

S/IERGY

General Description Features

SY50131 is a single stage Flyback controller tanget
at Constant Current/Constant Voltage (CC/CV) .
applicationslt integrates a 600V MOSFET to decrease .
physical volume. Both the output current and vdatag .
are sensed by primary side signal process. SY5013]
operates quasi-resonant mode and adaptive PWM/PFN
control for highest average efficiency. In addition
SY50131 has cable compensation to regulate theibutp
voltage for better load regulation at cable terrhina

Very tight PSR CC/CV regulation over entire
operating range

QR-mode operation for high efficiency

PWM/PFM control for higher average efficiency
Internal CC/CV loop compensation

The self-adaption compensation for better stability
Fast dynamic load transient response

» Cable compensation for better load regulation
* Low start up current: 4A Max
» Reliable protections for OVP, SCP, OTP

Reliable protections for safety requirement

Ordering Information + ROHS Compliant and Halogen Free
Temperature Code » Compact package: SO8
Package Code . .
Optional Spec Code Appllcatlons
Ordering Number Package type  Note « AC/DC adapters
SY50131FAC SO8 -—--  Battery Chargers

Recommended operating output power

Products 90~264Vac 176~264Vdc

SY50131 5W oW
Typical Applications
_ DSIgy Vourt
£ % G IR
©_|—BD1 Gk ok RE R ’ “RstCstes?] Rs2T v
R4 ouUT™
— X x | v
RZ:’
£ DI
P
| 4l Wy
o
VIN DRAIN
= Cam=
i l I GND DRAIN
= VSEN DRAIN—

Vv

ISEN DRAIN

CYl

RS% SY50131

Note : Ground node of current sample resistor must be connected to the ground of bus
line capacitor

Figure 1. Schematic Diagram
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Pinout (top view)

VIN Er1 e SW] DRAIN
GND[] 2 7 [ ]oRAIN
vsen[ ] 3 6 [ ] oRAIN
ISEN |: 4 5 :| DRAIN
. J
(S08)

Top Mark: ATS xyz (device code: ATSx=year code, y=week code, z= lot number code)

Pin | Name Description
1 VIN Power supply pin.
2 GND Ground pin.
Inductor current zero-crossing detection pin. This receives the auxiliary winding voltage by
3 VSEN ; g . ; ;
resistor divider and detects the inductor curremb zrossing point.
4 ISEN Current sense pin. Connect this pin to thece of the primary switch.
5 DRAIN | Drain of the internal power MOSFET.
6 DRAIN | Drain of the internal power MOSFET.
7 DRAIN | Drain of the internal power MOSFET.
8 DRAIN | Drain of the internal power MOSFET.

AN_SY50131 Rev.0. 9 Silergy Corp. Confitlal- Prepared for Customer Use Only 2



c’ AN_SY50131

S/IERGY
Absolute Maximum Ratingsote 1)
VIN e 0.3v~21V
VSEN -0.3V~Vyy+0.3V
ISEN -0.3v~4Vv
Supply Currentyy 20mA
DRAIN 600V
Power Dissipation, @ Al= 25°C SO8 1.1wW
Package Thermal Resistance (Note 2)
S08.0 ja 125°C/W
S089 i 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

VIN 9V~17.5V
ISEN ov~1Vv

Junction Temperature Range -40°C to 125°C
Ambient Temperature Range —--------mmmm o e e -40°C to 105°C

Block Diagram

Bias > VREF VIN.OVp |
Supply
|— IREF
VIN 4 ;
[} Ve Ol protaction H.'CCUP
Y
10UT_SEN De\t/g(l;tTion Ve OVP| o —IVINOK o oo DRAIN
Cable Comp. |—m-Vysen FB | 09 | _gmvin_ove DRAIN
4 DRAIN
VSEN O VSEN DRAIN
PRI PWM, | DRIVER _|
Generator
IPK_SEN
ISEN 0 ouT ISEN
Calculator, |OUT_SEN % A AE
~ "o
LR
IREF [OUT_SEN
\ A
VIN_OK
- £ COMP Behavior
o (Frequency__set‘ Ipk_set, Fast
g Transient Response)
I,
Vvsen_FB
GND > NCOMPY, COTPI _
control gl
_[31 VREES COMP
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Electrical Characteristics
(Vv =12V (Note 3), | = 25°C unless otherwise specified)

Parameter | Symbol | TestConditions | Mij  TyMax | Unit
Power Supply Section
Input voltage range Wi 9 17.5 \%
VINturn-on threshold Vin.on 14.7 \Y
VINturn-off threshold \iN.OFF 7 V
VIN OVP voltage \in.ove 175 \Y
Start up Current sh Vyin<VvinoFr 4 HA
Operating Current viN C.=100pF,f=100kHZ 1 mA
Quiescent Current [®) CL=0, f=2kHz 200 HA
Shunt current in OVP mode VlllI,OVP VV|N>VV|N,OVP 7.5 mA
Current feedback modulator Section
Internal reference voltage | ¥ | | -1.5%] 0.42| +1.5%]| V
ISEN pin Section

- VFBV<0.4V 0.5 \Y
Current limit Voltage VISEN,LIM VFBVS0 4V AR 5% v
Latch Voltage for ISEN VISEN,EX 2 Vv
VSEN pin Section
OVP voltage threshold WENOVP -5% | 1.45| +5% \%
Internal reference voltage VYEN.REF -1.5%| 1.25| +1.5%| V
Cable Compensation coefficientk, 17.5 LAV
Integrated MOSFET Section
Breakdown Voltage | W | Ves=0V,Ips=250uA | 600 | | | v
Gate Driver Section
Gate driver voltage Vhate 12 \Y
Max ON Time bN,MAX 24 Uus
Min ON Time bNMIN 300 ns
Max OFF Time éFF,MAX 500 Us
Maximum switching frequency| fyax 125 kHz
Thermal Section
Thermal Shutdown Temperatul€Tsp | | | 150 | | °C

Note 1 Stresses beyond the “Absolute Maximum Ratingsy cause permanent damage to the device. Thes&rese s
ratings only. Functional operation of the devicetla¢se or any other conditions beyond those inditah the
operational sections of the specification is noplied. Exposure to absolute maximum rating condgifor extended
periods may affect device reliability.

Note 2 03, is measured in the natural convection at=125°C on a low effective single layer thermal doctivity test
board of JEDEC 51-3 thermal measurement standast. cbndition: Device mounted on “2 x 2" FR-4 sudtst PCB,
20z copper, with minimum recommended pad on toprland thermal vias to bottom layer ground plane.

Note 3 Increase VIN pin voltage gradually higher thanwéy voltage then turn down to 12V.
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Operation S T
SY50131 is a high performance Flyback controllethwi e = S =t =T
primary side control and constant current and @oist I
voltage regulation. ovsorar Vo !
|

VIN

It integrates a 600V MOSFET to decrease physical

CVlN -
volume. I
t

f— tsrc —>le] tor0
The Device provides primary side control to elimenthe Fig.2 Start up
opto-isolators or the secondary feedback circuitsich
would cut down the cost of the system. The start up resistordrand G are designed by rules

o . below:
In order to reduce the switching losses and impievg

performance, Quasi-Resonant switching mode is egpli
which means to turn on the integrated MOSFET at
voltage valley; the start up current of the devgeather
small (4.A typically) to reduce the standby power loss

(a) Preset start-up resistogfRmake sure that the current
through R is larger thandr and smaller thanh_ove

further. BUS <Ry, < Veus (1)
IVIN_OVP | ST
In order to improve the stability, the self-adaptio Where \bys is the BUS line voltage.

compensation is applied.

(b) Select Gy to obtain an ideal start up timertand

The device provides reliable protections such asrOv ensure the output voltage is built up at one time.

Voltage Protection (OVP), Short Circuit Protect{@CP),

Over Temperature Protection (OTP), Output voltage (VBUS o) Xtor
OVP protection , VSEN pin short protection ,etc. Cypy =—ST )
VVIN ON
SY50131 can be applied in AC/DC adapters, Battery B
Chargers and other consumer electronics. () If the Gy is not big enough to build up the output
) ) ) voltage at one time. Increasg,and decreasedR go
SY50131 is available with SO8 package. back to step (a) and redo such design flow unélitteal

start up procedure is obtained.

Applications Information
Shut down

Start up
After AC supply or DC BUS is powered off, the engrg

After AC supply or DC BUS is powered on, the cafmci stored in the BUS capacitor will be discharged. Whe
Cun across VIN and GND pin is charged up by BUS the auxiliary winding of Flyback transformer cantno
voltage through a start up resistayROnce W rises up ~ Supply enough energy to VIN pin,\ will drop down.

to Vuinon, the internal blocks start to worky) will be ~ Once M is below Wn.orr, the IC will stop working.
pulled down by internal consumption of IC until the . ] ]

auxiliary winding of Flyback transformer could sipp Quasi-Resonant Operation(valley detection)

enough energy to maintain,{ above )y orr-

QR mode operation provides low turn-on switching

The whole start up procedure is divided into twotisas  losses for Flyback converter.
shown in Fig.2.4r¢ is the G\ charged up section, and

tsto is the output voltage built-up section. The stawt

time st composes of stc and o, and usually dro is

much smaller thansfc.
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ts

Fig.3 QR mode operation

The voltage across drain and source of the primary

integrated MOSFET is reflected by the auxiliary diitg
of the Flyback transformer. VSEN pin detects thiage
across the auxiliary winding by a resistor divitiéhen

the voltage on VSEN pin across zero, the MOSFET

would be turned on after 400ns delay.

Output Voltage Control(CV control)

In order to achieve primary side constant voltagetol,
the output voltage is detected by the auxiliary dimg

voltage.
VIN

]

- SY50131
VSEN

Fig.4 VSEN pin connection

As shown in Fig.5, during OFF time, the voltageoasr
the auxiliary winding is

N
VAUX :(VOUT +VD,F) X X (3)

NS
Naux is the turns of auxiliary winding; Ns the turns of
secondary winding; ¥ is the forward voltage of the
power diode.

At the current zero-crossing pointpYis nearly zero, so
Vour is proportional with Wyx exactly. The voltage of
this point is sampled by the IC as the feedbac&utput
voltage. The resistor divider is designed by

R\/SEND N

VVSEN,REF: % N AUX (4)

VOUT R VSENU + R VSEND N S
Where V{sen reriS the internal voltage reference.

Ve

lpri

Isec

lour

Vaux

Fig.5 Auxiliary winding voltage waveforms

Output Current Control (CC control)

The output current is regulated by SY50131 with
primary side detection technology, the maximum outp
current byrum can be set by

I - Ky X Viee X
ouT.LIM
Rs

Nes (5)

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

ki and \ker are all internal constant parametegs;rhm
can be programmed by-Nand R.

- Ky X Viee XN pg (6)

s |
ouT

K;is setto 0.5

When over current operation or short circuit operat
happens, the output current will be limited gl m.
The V-I curve is shown as Fig.6.

AN_SY50131 Rev.0.9
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Rated lout  loutLim

Fig.6 V-I curve

The IC provides line regulation modification furostito
improve line regulation performance of the outputrent.

Due to the sample delay of ISEN pin and other irdkr
delay, the output current increases with increagnpgit
BUS line voltage. A small compensation voltagésen.c

is added to ISEN pin during ON time to improve such
performance. ThisAV sgnc iS adjusted by the upper
resistor of the divider connected to VSEN pin.

AV, V

ISEN,C™ Y BUS

N 1
X ’\’;UX x—— xk 2(7)

P VSENU

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

The compensation is mainly related withsRw, larger
compensation is achieved with smalleg&u. Normally,
Rysenu ranges from 50R~150KQ.

Cable Compensation

SY50131 has cable compensation to regulate theubutp
voltage for better load regulation at cable terrhidghen

the converter output load increases from no loaéltio
load, the voltage drops on the output cable are
compensated by decreasing the voltage feedbacklsjgn
which is shown by Fig. 7.

N»

Naux

Jvsen

SY50131

N
Fig. 7 Cable Compensation

= Rcable IﬁE‘I'II\ﬁl\UX (8)
S

2k, (R Ng

RVSENU

ks is set to17.5uA/V.

R.ape IS the resistance on the cable. The cable
compensation effect can be adjusted by change the
resistance of Regnyto achieve good load regulation of
different output cables. The largeKdgyu, the stronger
cable compensation effect will be achieved.

If the output current is below 10% the OCP poihgre
is no cable compensation.

Short Circuit Protection (SCP)

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

When the output is shorted to ground, the outplihyge

is clamped to zero. The voltage of the auxiliarpding

is proportional to the output winding, so vallegrsil
cannot be detected by VSEN. There are two casies
one is without valley detection, MOSFET cannot be
turned on until maximum off time is reached. If
MOSFET is turned on with maximum off-timer 64
times continuously which can not detected valley, |
will be shut down and enter into hiccup mode. Ttiep
is that IC will be shut down and enter into hicaupde
when W,y below \{y oreWithin 64 times .

When the output voltage is not low enough to disabl
valley detection in short condition, SY50131 wilevate
in CC mode until VIN is below ¥ orr

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

RAUX

VIN

Cvin A

SY50131

Fig. 8 Filter resistor Rx

AN_SY50131 Rev.0.9
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Output voltage OVP protection

The secondary maximum voltage is limited by the
SY50131.When the VSEN pin signal exceeds 1.45V
SY50131 will stop switching and discharge the VIN
voltage. Once Vjy is below Wy orr the IC will shut
down and be charged again by HV start up.

VSEN pin short protection

The SY50131 has a protection against faults cabgeal
shorted VSEN pin or a shorted pull-down resistarriBy

start-up, the voltage on the VSEN pin is monitorkd.
normal situations, the voltage on the VSEN pin heac

the sense protection trigger level. When the VSEN

voltage does not reach this level, the VSEN pishisrted
and the protection is activated. The IC stops $wilg
and discharge the VIN voltage. Once, is below
Vvinorr the IC will shut down and be charged again by
HV start up.

Power design

A few applications are shown as below.

Temperature
Products Input range Output )
rise
90Vac~264Vac| 5W 5V/1A 40C
SY50131 | 90Vac~264Vac| 6.5W 5V/1.3A 50C
90Vac~264Vac| 7.0W 5V/1.4A 60C

The test is operated in natural cooling conditibB=C
ambient temperature .

Power Device Design

DIODE

When the operation condition is with maximum input
voltage and full load, the voltage stress of seaond
power diode is maximized,;

J2v,
D_R_MAX = e +VOUT (9)

NPS
Where Viacmax is maximum input AC RMS voltage;pl
is the turns ratio of the Flyback transformegyY is the

rated output voltage.

When the operation condition is with minimum input
voltage and full load, the current stress of podiede is
maximized.

I D_PK_MAX =Npgx1 P_PK_MAX (10)

, ID_AVG:| ouT (11)

Where bprmax iS maximum primary peak current,
which will be introduced later.

Transformer (Npgand Ly)

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

< VMOSf(BR)DS X 90%-\/_2VA07MAX A

% 12)
T VOUT +VD_F

Where Myos@rpps IS the breakdown voltage of the
integrated MOSFET. Y is the forward voltage of
secondary power diodejVs is the overshoot voltage
clamped by RCD snubber during OFF time.

In Quasi-Resonant mode, each switching period dycle

consists of three parts: current rising time durrent
falling time % and quasi-resonant timgshown in Fig.9.

B -

Ipr1

Isec

lour

%

\
I
I
I
I
I
I
I
I
I
I
I
I
|
tois i

|
.

ts

Fig.9 switching waveforms

When the operation condition is with minimum in@
RMS voltage and full load, the switching frequensy
minimum frequency, the maximum peak current through
integrated MOSFET and the transformer happens.

AN_SY50131 Rev.0.9
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Once the minimum frequency iy is set, the inductance
of the transformer could be induced. The desigw fie
shown as below:

(a)Select Mg
VMosf(BR)sz 90%—\/—2VAC7MA>< A

Vs
(13)
VOUT +VD_F

Nps <

(b) Preset minimum frequency.fn

(c) Compute inductor . and maximum primary peak
current p pk max

2 POUT

N*Vocmn

2POUT

|
NXNpsX(Vour+Vp ) (14)

+

P,PK,MAX

+T[\/% x CDrain x fS,MIN

L = 2Ryur

m

(15)

2
rl x IP,PK,MAX fS,MIN

Where G, is the parasitic capacitance at drain of

integrated MOSFET) is the efficiency; Byt is rated full
load power

(d) Compute current rising time tand current falling
time b

L, x|

t = P,PK,MAX 16
' VBUS ( )
t. = Lm x| P,PK,MAX ( )
’ NPSX(VOUT+VD,9
to= 1 (18)

fS,MIN

(e) Compute primary maximum RMS curremtrls-max
for the transformer fabrication.

\3 t
IP,RMS,MAX :?I P,PK,MAX X t_l (19)
S

(f) Compute secondary maximum peak currgipihiax
and RMS current glrus.max for the transformer
fabrication.

I S_PK_MAX™ Npgxl PfPKﬁMAX(ZO)

V3 t
IS,RMS,MAX = ? N PSD] P,PK,MAXD t_2 (21)
S

Transformer design (Ne,Ng,Naux)

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

Necessary parameters

Turns ratio Ns
Inductance M
Primary maximum current p.bk-MAX
Primary maximum RMS current | pkwvsmax
Secondary maximum RMS current s grus.max

The design rules are as followed:

(a) Select the magnetic core style, identify the dffec
area A

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

(c) Compute primary turn N

LM le PK_MAX
P ABxA, 2)

(d) Compute secondary turrsN

N
N.=—F (23
Sy (23)

PS

(e) compute auxiliary turn Nyx

V.
NAUX :Ns xvﬂ (24)

ouT

Where V\{n is the working voltage of VIN pin
(11v~15V is recommended).

(f) Select an appropriate wire diameter

With Ip_rms-max @nd k.rus-max, Select appropriate wire to
make sure the current density ranges from 4A7iam
10A/mnt

(g) If the winding area of the core and bobbin is not
enough, reselect the core style, gdapand redesign the
transformer until the ideal transformer is achieved

Input capacitor Cesus

Generally, the input capacitoggs is selected by
Cous=2~HUF/W

AN_SY50131 Rev.0.9
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Or more accurately by

arcsin(l—& )FE
Caus = - AC,MIN X P?]UT X
25
1 (25)
AV
2le VA2C,MIN[1_(1_ BUS )2]
\/EVAC,MIN

WhereAVpgys is the voltage ripple of BUS line.

RCD snubber for MOSFET

The power loss of the snubbe{B is evaluated first

NpsX (VourtVp J¥AV S L
RCD — = OUATVS = Sxﬁx %UT (26)

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_9+AV 9 ?

RRCD -

(27)

PRCD

Layout

(a) To achieve better EMI performance and redire |
frequency ripples, the output of the bridge reetifi
should be connected to the BUS line capacitor, filgn
to the switching circuit.

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

(c) The connection of primary ground is recommended
as:

Ground® :ground of BUS line capacitor
Ground®: ground of bias supply capacitor
Ground®: ground node of auxiliary winding
Ground@: ground node of divider resistor
Ground®: primary ground node of Y capacitor
Ground®: ground node of current sample resistor.
Ground@®@: ground of IC GND.

The Gep is related with the voltage ripple of the snubber (d) bias supply trace should be connected to tlas bi

AV rep

_ NpgX (VOUT+V Dj)"' AV
ReP RRCDfSAVC_RCD

°(28)

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 VSEN pin is
recommended to be put beside the IC.

AN_SY50131 Rev.0.9
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1)51’| Vourt
@—| 7 C3‘L ’-W\,—HJ _]_ =
' 1 1 rE = "”}i’s’i”"’c’:’s"l'"'cszT RS2
BDI Cl~ 2 N 9 R4 | Vour-
A R v
@_7- DI
D2 RS
N AAA
vy
[e)
VIN DRAIN
s R6S C4
®I @_l__ GND DRAIN
= VSEN DRAIN
=RrRIS ISEN DRAIN
b cyl
RS SY50131 _|__| }1

Note : Ground node of current sample resistor must be connected to the ground of bus
line capacitor
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Design Notice

1. At no load, secondary side diode freewheeling tsmeuld be more than 1.8us

VIN voltage prefer to larger than 11V for all cdtahs.

3. Some transformers structure may induce larger spikkarger ring on the current sample resistor hatinitial of
the primary switch turning on.This spike or ring yrzuse wrongly detection of the peak current aa¢tenthe
switch turn off earlier, so the accuracy feedbagkage sample cannot be guaranteed. The recommanduses
are:0.5 Primary.----Shielding----Second.----Auxilja---0.5Primary.or Primary.----Shielding----Secbn--
Auxiliary; Do not use the structure like 0.5PrimaryAuxiliary----Second.----Shielding.----0.5Prima

4. RCD snubber's influence:

At no load and light load, capacitor's voltage rbaydischarged to a small value, when primary switein off ,

peak current needs to charge the snubber capattitenill affect the feedback voltage sample anduice larger
ripple or other issues. The recommend parametei/fgen Imin(Imin=0.15V/Rs)is 0.1A,the snubber cadfmc
should not be larger than 330pF.

5. At heavy load, the peak-to-peak voltage at the \fsarshould be less than approximately 100mVp-praft

off-min time(1.8us).This can be guaranteed by desirey the leakage inductance and using proper RODber

6. Rysenu is the upper resistor of the divider .Normallg, vialue should be in 50k-150kQ.

7. Because AP51 built in CC/CV loop , in order to ersine stability, output capacitor should be image, that is
Cout*(Vo/lo) should not be far away from 3.7m.Faample, 5V2Aoutput case, Cout=3.7/2.5=1480uF, thtpwut
capacitor should be in the range of 1270uF to 1680uother hand, switching frequency ripple shaalkb be
considerd. If switching frequency ripple is largerease the capactiance properly or use low EPRBaitor.

N
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Design Example

A design example of typical application is showiolestep by step.(Cable Test)

#1. Identify design specification

Design Specification

V ac(RMS) 90V~264V \bur 5V

IOUT 1A n 80%

#2. Transformer design @Y Ly)

Refer to Power Device Design

Conditions

VAC,MIN 90V VAC-MAX 264\/
AVg 70V VMmos-(BR)DS 600V
Pour (Max) 5W VbE 1.0v
Corain 100pF Emin 65kHz
AVpys 30% Vaus

(a)Compute turns ratio  first

VMosf(BR)sz 90%'\/—2VAC7MA>< 'Avs
VOUT-'_VD,F
_ 600V 0.94/ 2x 264V-70V

5V+1.0V
=16.108

Nps <

Npgis set to
N..=16
(b)fsmn is preset

fs n=65kHZ

(c) Compute inductor |, and maximum primary peak curreabk max

IP,PK,MAX = ZPOUT * Z%UT +T[\/ ZBUT XCDrain xfs,wN
nx(\/EVAC,MIN 'AVBUS) NXNesX(Vour +V o, n

= 2x5W + 2x SW +T[><\/ 2 W, 100pPx 65KHzZ
0.80x (/ 2x 90V -0.%~/  90V) 0.80x 16¢ (5V+ 1V) 0.80
=0.299A

AN_SY50131 Rev.0.9 Silergy Corp. ConfidehtPrepared for Customer Use Only 13
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L = 2|:)OUT

m

URe |§’,PK,MAX fo,MIN

B 2x 5W

~ 0.80x (0.299A) x 65kHz
= 2.15mH

Set: L,,=2.3mH

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

Ly %l pewax _ 2.3mHx 0.299A

t. =
! Vaus J2x90v

5.4Qus

Lo Xl o 2.3mHx 0.299A

t, = =7.1qus
NpsX(VourtVpa  16x(5V+1V)

t,=n % /Ly XCppap =m X1/2.3mHx 100pF=1.50 s

Drain
tg=t,+t,+t,=5.0Qust 6.2 3 0.99 s 14047 s

(e) Compute primary maximum RMS currepkls.max for the transformer fabrication.

J3 t, /3 [5.4qs
I = X |L =-=x0.299Ax |— =0.107A
P,RMS,MAX 3 P,PK,MAX ts 3 14011 s

(f) Compute secondary maximum peak currepkliax and RMS currentslrus-max for the transformer fabrication.

ls o uax=N psX | p pr unx =16%0.299A= 4.781A

x\/§| P PK,MAXX\/E :16X£X0.299AX 714 =1.97A
' tg 3 14.07 s

IS,RMS,MAX =N PS 3

#3. Select secondary power diode
Refer to Power Device Design

Compute the voltage and the current stress of skexgmpower diode

2V
e, %ﬁsv =28.34V

D_R_MAX N ouT
PS

\%

o i =N ps X! p oy 16X 0.2909A=4.78A
I ave=1.0A

#4. Select the input capacitonC

Refer to input capacitor GDesign

AN_SY50131 Rev.0.9 Silergy Corp. ConfidehtPrepared for Customer Use Only 14
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Known conditions at this step

| 9oV | AVgus

VAC,MIN

| 30% Vacmn

p T

P, 1
AC,MIN x ouT x

arcsin(k AVeus

C =
BUS T r_]

AVBUS

2fINVA2C,MIN 1-@- )2]

\/EVAC, MIN

0.3x+/2x 90V,
V2x 90V

arcsin(t-

2 _SW 1
X x
T 0.80

—11.131F
Set: CBUS:]-]-SHF

WhereAVpgys is the voltage ripple of BUS line.
#5. Set VIN pin

Refer to Start up

2x50x 90V x [1- (1-

0.3x+/2x 9ov} |
J2x90V

Conditions
VBus-miN 90V x \/E VBus-max 264V x \/E
IST 4|,LA (MaX) VIN—ON 14.7V (typlcal)
lvin-ovp 7.5mA (typ|CaI) &1 2s (deSigned by user)
(a) Rstis preset
Rgr < Veus :M =31.81M2,
lsr 4pA
R, > Vous _264Vx 1'414:49_77@
IVIN_OVP 75mA
Set Rt
R4 =6M
(b) Design G
V
(~BUS | Y xtg, (90V>< 1.414_4HA) X9
Rer 6MQ
Con= = =2.34\F
Vi on 14.7v
Set Gin
Cun =3.3uF

AN_SY50131 Rev.0.9
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#6. Set current sense resistor to achieve ideplibatrrent

Refer toPrimary-side constant-current control

Known conditions at this step

ks 0.5 Nos

16

VRer 0.45v butLiM

1.2A

The current sense resistor is

RS:kleREFXN PS

IOUT

_0.5x0.42\k 16
2.4A
=2.80

Set R

R,=2.4Q

#7. Set VSEN pin
Refer to \byr

First compute Rsenu

Conditions

Vour 5V Vvsen REF

1.25v

Rcable 0.31Q Ns

10

Naux 24 Ks

17.5u

N
RVSENU :N_PERCabled\MGL =118KQ

s Ns 2K;IRs

Set Risenu

R gy =100KQ

Then compute Renp

R _ Rysew _ 100K

VSEND VOUTNAUL _1 - ( 5V X20 _l)
V\/SEN,REFI\l S 125VX 10

=11.6K

Set Riseno

Rysenp =11.3K2
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#8. Final result

L2
ACN 1 BDT MBS LV T1 EE13 6 7
1 330uH/MW c6 5 2.30mH e
4.7TRI0.5W — 1 470pF R9 D S
RT0 400V/080 240K/1206 ST
AC NC R5 [] § e
Input C1== C2 —= 3M/1206 4 @ g
6.8uF/ 4.7uF/ R9 g 2N/
400V 400V 200/0805 -
ACL R6 cs4 2B
10uH/1206 3M/1206 470uF/10V = g?
)| I
L1 J1 S
— D2 2
S1M/SOD-123 082” NC
D1 R3 b <} il
N — CS3
L 470uF/10V
S1M/SOD-123  2R/0805 11
J1
! R1 SY50131 cs5 0.1|u|FI6.3V
[] 100K/ 0805 o A
3 cs VIN DRAIN —
1 RS2 1.3K/1206
3.3uF/0805/25V _— Vout Vout
——4¢ —J
GND DRAIN
AW —
VSEN DRAIN
cY1
R2 470p
[]11.3k/0805 ISEN DRAIN
R7
2.4R/1206
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S08 Package Outline & PCB Layout Design

B
1.27 TYP—=— i
( G )
S &
< ©
s + :
o
: "o i
\\ 5,

—=—0.30-0.50

— -1 0_60 L ——

Recommended Pad Layout

0.25 - O.SO*J/*/ B

!

=-0.18 -0.2¢

—
_
0.08 - 0.25

0.25 base

1.40-1.60

P

N A Nl
0.60 - 0.85 % T———Tu? (TYP)

Notes: All dimensions are in millimeters.
All dimensions don’t include mold flash & metal burr.
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