Applications Note: SY5019

Flyback controller
For adapters or chargers

S/LERGY

General Description Features

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

e Output current is monitored by primary detection for
reliable Over Current Protection and Short Circuit
Protection

*  PWM/PFM control for higher avcrage efficiency

SY5019 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. SY5019
adopt burst mode control for improved efficiency and
the output current is detected by internal primary
detection technology to achieve more reliable Over * BursF mode control for low~mo load loss and
Current Protection and Short Circuit Protection. The efficiency .

output voltage is achieved by secondary side control ¢ HV start up circuit is used to'reduce no-load.
technology for good load and line regulation. SY5019 * Internal high current MOSFET driver: 120mA
provides a fast internal HV start up circuit without * Auto-Recoveryfor QVP/OCP/SCP/OTP

consuming any standby power to achieve lowest no-load *  Maximum freq@iency limitation 125kHz
power consumption. » Compact package: SO8
Ordering Information Applications

Sys5019 OO 0O)O
Temperature Code
Package Code
Optional Spec Code

*“WAC/DC Adapters

s Battery Chargers

& Consumer Electronics

* Auxiliary power supplies

Ordering Number Package type Note
SY5019FAC SO8 —

Typical Applications

Vour+
© cs il RSZ= Cs 1
DBis| Clz= C2o= RST Cst QT T 3’1\ Vour
® <~
D2 Ry _
VIN  HV
ca VSEN  NC <
OMP DRV|—-A, } al s SRS6
1 ISEN GNDI— Roz L vy | = =Rrs3
R5 = r S+ OF t‘ gRe7 C4 2
AvAvAv _E T J_ 1
R6 R11 %Rm - PC817 CS5 =RsH
Qs1
= = 431
=RS4
Notel 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)

aNo [T 1 O 8 [T ISEN
DRV [] 2 7 [T1 comp
NC [T 3 6 [T 1 VSEN
HvV ] 4 5[T1VIN
- 00
(SO8)
Top Mark: BAExyz (device code: BAE, x=year code, y=week code, 7= lot number code)
Pin | Name Description
1 | GND | Ground pin.
2 | DRV Gate driver pin. Connect this pin to the gate of primary MOSFET.
3 |NC Not Connect
4 | HV Connect an internal HV start up circuit. Connect this pin to Bus or Draip-Pin of Primary MOSFET.
5 | VIN Power supply pin.
Inductor current zero-crossing detection pin. This pin receivesithe “auxiliary winding voltage by a
6 | VSEN . = . . .
resistor divider and detects the inductor current zero crossing point,
7 | comp Feedback input pin. The PWM ducy cycle is determined by voltage level into this pin.It’s connected to a
optocoupler. >
ISEN | Current sense pin. Connect this pin to the source of the-primary switch.

Block Diagram
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Fig.2 Block Diagram
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Absolute Maximum Ratings (Note 1)
HV 600V
VIN -0.3V~21V
Supply Current Iy 20mA
VSEN -0.3V~Vyn+0.3V
DRV -0.3V~15V
ISEN, COMP -0.3V~3.6V
Power Dissipation, @ TA = 25°C SO8 1.1W
Package Thermal Resistance (Note 2)
S0O8,0;a 125°C/W
SO8, ;¢ 60°C/W
Junction Temperature Range -45°C to 150°C
Lead Temperature (Soldering, 10 sec.) 260°C

-65°C to 150°C

Storage Temperature Range

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
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Electrical Characteristics
(Viv =12V, T, = 25°C unless otherwise specified)

Parameter | Symbol | Test Conditions | Min | Typ | Max | Unit
Power Supply Section
Input voltage range Vyin 9 17.5 \Y
VIN turn-on threshold Vvin on 13.7 14.7 15.7 A%
VIN turn-off threshold Vvin oFF 6.3 7 8.3 A%
VIN OVP voltage Vvin ove 17.5 18.5 19.5 A%
HV start up current Ihv on 1.5 mA
HV leakage current Iiv oFr Vuv=373V 3 LA
Start up current Ist Vyin<Vvin oFF 1.2 4 LA
Operating current Iyiy C.=100pF,f=100kHz 1.5 mA
Quiescent current Iy 100 300 600 pA
Shunt current in OVP mode Ivin ove Vvi>Vyin ove 9 mA
Current Feedback Modulator Section

Internal reference voltage | VREFI | 0.413 | 0.42 | 0.426 | \Y
ISEN Pin Section

.. Vepy<0.4V 0.7 \

Current limit voltage Visen Lim ViEZ> 04v oD I 1 N
Latch voltage for ISEN VISEN EX 2 A%
CC feedforward resistor Rz 225 300 375 Q
VSEN Pin Section
OVP voltage threshold Vysen ovp 1.37 1.45 1.52 A%
COMP Section
Internal voltage bias Vevs . 2.5 \
Sleep mode voltage ON threshold Vcomp_oN 04 A%
Sleep mode voltage OFF threshold Veomp orr 0.45 A%
Internal pull-up resistor Reoms 20 kQ
Gate Driver Section
Gate driver voltage Vaate 12 \%
Maximum. source current LsoureE Max 120 mA
Maximum. sink current Isink Max 500 mA
Max ON Time Ton Max Veomr=2.5V 24 us
Min ON Time Ton M 100 300 400 ns
Max OFF Time Torr Max 400 500 650 us
Min OFF Time Torr MiN 1.2 us
Minimum switching\period Treriop MIN 7 8 9 us
Thermal Section
Thermahshdtdown temperature Tsp 150 °C

Note 1. -Stresses 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 sections of the specification is not implied. Exposure to absolute maximum rating conditions for extended

periods may affect device reliability.

Note 2: ), is measured in the natural convection at T, = 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 3: Increase VIN pin voltage gradually higher than Vy on voltage then turn down to 12V.

AN_SY5019 Rev.0.9B
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Operation

SY5019 is a PWM/PFM controller with several features
to enhance performance of Flyback converters.

To achieve higher efficiency and better EMI performance,
SY5019 drives Flyback converters in the Quasi-Resonant
mode; the start up current of the device is rather
small(4pA max) to reduce the standby power loss 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 SY5019 provides Over Voltage
Protection (OVP), Over Temperature Protection (OTP),
VSEN pin short protection, etc..

SY5019 can be applied in AC/DC adapters, Battery
Chargers and other consumer electronics.

SY5019 is available with SO8package.

Applications Information

Start up

After AC supply or DC BUS is powered on,«thé capacitor
Cym across VIN and GND pin is charged. up, by BUS
voltage through HV start up circuit. Once!Vyy rises up to
Vvin on, the internal blocks start te=work.” Vy will be
pulled down by internal consumptiofi of IC until the
auxiliary winding of Flyback transformer could supply
enough energy to maintain V.yyy above Vyin_oFr.

The whole start up précedure is divided into two sections
shown in Fig.3. tsrc is.the Cyy charged up section, and
tsto is the output voltage built-up section. The start up
time tsr comp@ses, of tstc and tsro, and usually tsro is
much smallet thantsyc.

Vi
Veus

Vo on

Vi osef — — A= —

HV

Vour

SY5019
VIN

Cu |
|
i b— tee —fo{ 10 )
Fig.3 Start up

The Cyyare designed by rules below:

(a) Select Cyy to obtain an ideal gstart up time tsr and
ensure the output voltage is builtap atone time.

Con= (IHV_ON I - IHV_OFF) Xtyr )
VVleON

(b) If the Cyy is not'big=enough to build up the output
voltage at one time.Nncrease Cyyy until the ideal start up
procedure is obfaimed.

Shut down

After, A€ supply or DC BUS is powered off, the energy
steted in the BUS capacitor will be discharged. When
the” auxiliary winding of Flyback transformer cannot
supply enough energy to VIN pin, Vyy will drop down.
Once Vyy is below Vyiy orr, the IC will stop working.

Quasi-Resonant Operation(valley detection)

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

Vnaux
B
Pt

Valley _ _!

tos |

ts

Fig.4 QR mode operation

The voltage across drain and source of the primary
MOSFET is reflected by the auxiliary winding of the

AN SY5019 Rev.0.9B
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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 )

SY5019 is compatible with opto-coupler to achieve
output voltage control, which is shown by Fig.5.
lopT_in l Ropr RFEUE

lopT_out l
A

H L

L ~ "1

SY5019 Reso =

T
= v
Fig.5 Output voltage feedback circuit

COMP -

Vour

L

VY

The OFF time of MOSFET is up to the valley detection
of VSEN pin, and the ON time of MOSFET is a function
of Vcomp, so the output power can be controlled by
Vcome-

SY5019 integrates an internal 2.5V voltage bias ahd
20kQ resistor to interface the output of opto-couipler.
Vcowmp is in relation with the output current of thelopto-
Coupler IOPTfOUT by

2)

VCOMP = VCVB _IOPTioUT ><l{(‘()MP (

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 smallet, Ropr.

At the same time, Ropr 1s designed by

V,

cvB

I <V,

OPT AN MAX XBXRCOMP COMP_ON (3)

Wheére~B, is the transfer ratio of the opto-coupler;
Iopr fiax is the maximum input current through the
opto-coupler, which is limited by Ropr.

I
|

. |
|
|
|
|
| |
| |
. .

Output current detection by Primary side(CC control)

The output current is monitored by SY5019 with primary
side detection technology. The maximum output current
IOUTiLIM can be regulated by:

_ Ky Xk, X Vige X Nipg

I =
OUT_LIM
! Rs

Where k; is the output current weight coefficient; k, is
the output modification coefficient; Vygr is the internal
reference voltage; Nps is the turns ratio of the Flyback
transformer; Rg is the current sense resistor.
k; , k; and Vggr are all internal constant parameters,
Iout Liv can be programmed by Npgland Rg.

4)

K, Xk X Vigr X Nopg (5)
I

OUT_LIM

Rs=

When over current operation or short circuit operation
happens. Veowme yvill be pulled down, and the output
current will be/limited at Ioyr pv. The V-1 curve is
shown as Fig:6y

Nogr

lout

Rated lout lout_um

Fig.6 V-I curve

Line regulation modification

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

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
AVigen ¢ 18 added to ISEN pin during ON time to
improve such performance. This AVigey ¢ is adjusted by
the upper resistor of the divider connected to VSEN pin.

N 1
AVJSEN; =VBUS X I:}UX X7Xk3 (6)

P VSENU

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

AN SY5019 Rev.0.9B
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The compensation is mainly related with Ryggny, larger
compensation is achieved with smaller Rysgyy. Normally,
Rysgnu 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 for 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 into hiccup mode
when Vy below Vyi_orr Within 64 times .

When the output voltage is not low enough to disable
valley detection in short condition, SY5019 will operate
in CC mode until VIN is below VN oF.

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

D1 Raux

VIN

Cyn A~
NAUX

SY5019

Fig. 7 Filtergesistor Rayx

Output voltage OVE protéction

The secondary<maximum voltage is limited by the
SY5019.When'\the¢, "VSEN pin signal exceeds 1.45V,
SY5019, will stop switching and discharge the VIN
voltages, Once Vyy is below Vyn orr, the IC will shut
downsand'be charged again by HV start up.

VSEN pin short protection

The SY5019 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 protection trigger level. When the VSEN
voltage does not reach this level, the VSEN pin is
shorted and the protection is activated. The IC stops
switching and discharge the VIN voltage. Once Vyy is
below Vy orr, the IC 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 Device 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 maximiz€d.

VMOSfDSfMAX :\/EVAQMAX TN % (Vour Ve JTAV (7
J2v,,
V. AC_MAX

D R MAX
N r

+V()UT (8)

Where V@ tx is maximum input AC RMS voltage;
Nps 1s the turs ratio of the Flyback transformer; Voyr is
the rated ;6utput voltage; Vp r is the forward voltage of
sécondary 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 MOSFET and
power diode is maximized.

1

MOS_PK_MAX ~ 'P_PK_MAX )

I
IMOSfRMSfMAX =IP7RM57MM (10)
IDﬁPKiMAX =N,g X IPiPKiMAX (11)
IDiAVG =loyr (12)

Where Ip px max and Ip gus max are maximum primary
peak current and RMS current, which will be introduced
later.

Transformer (Npg and Ly)

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

< VMOSf(BR)DS X 90%_\/§VAC7MAX _AVS
PS =
VOUT +VD7F

N (13)

AN SY5019 Rev.0.9B
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Where Vs sryps 18 the breakdown voltage of the power
MOSFET; Vac max is maximum input AC RMS voltage.

In Quasi-Resonant mode, each switching period cycle tg
consists of three parts: current rising time t;, current
falling time t, and quasi-resonant time t; shown in Fig.8.

Ve

lpri

Isec

lout

t ‘ t
ts
Fig.8 Switching waveforms

t3—

—

When the operation condition is with minimum input AC
RMS voltage and full load, the switching frequency is
minimum frequency, the maximum peak current through
MOSFET and the transformer happens.

Once the minimum frequency fs vy is set, the inducfance
of the transformer could be induced. The designiflew is
shown as below:

(a)Select Npsg;
VMOSf(BR)DS X 90%-\/5VAC7MAX -AVS
V +VDj

out

N.. <

PS —

(14)

(b) Preset minimum frequency fs' v ;

(¢) Compute inductor=ky and maximum primary peak
current I pg vaxs

I - 2P0t + 2Poyr
P_PK_MAX

T nxVDQMIN r]xNPsx(VOUT"'VDj) (15)

2P
+T[\/% x CDrain X foMIN
2P
- ouT (1 6)
M x 2 xf,
n P_PK_MAX S_MIN

Where Cpnin is the parasitic capacitance at drain of
MOSFET; n is the efficiency; Poyr is rated full load
power; Vpc vy is minimum input DC RMS voltage.

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

L, %I
t,= M ~ 1P _PK_MAX (17)

VDCfMlN
L, xI
t,= M 7 1P_PK (18)
NPS x (VOUT JrVl)j)
t= LI

S_MIN

(e) Compute primary maximum’RMS*current Ip rms max
for the transformer fabricatiof ;

V3 ¢
IPfRMSfMAX = IPﬁPKiMAX t_l (20)
S

3

(f) Compute secondaty maximum peak current Is px max
and RMS curfent Isgrus max for the transformer
fabrication(.

ISﬁPKiMAX FN g X IPiPKiMAX (2D

3 t
ISfRMSfMAXZTNPS XIPiPKiMAX x |2 (22)

ts

»

Transformer design (Np, Ng, 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:

(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;

AN SY5019 Rev.0.9B
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_ LM XIPiPKiMAX (23)

" ABXA,

(d) Compute secondary turn Ng;

N
Ng= N = (24)

PS

(e) compute auxiliary turn Nyx;

V.
N ux =N % Y- (25)

ouT

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

(f) Select an appropriate wire diameter ;

With Ip gus max and Is rms max, select appropriate wire
to 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 Cgys

Generally, the input capacitor Cgys is selected by
Cpus =2~3uF/W
Or more accurately by

arcsin(1-

Voe wi )+E 1 (26)

ey 2 Pour

CBUS=

V) )
" ik 2fINV:C i (17 —

\/EVAQM IN

Where Vpc miv is the minimumwyoltage of BUS line and
AVypys is the voltage ripplel ofiBUS line; fiy is AC line
frequency ;

RCD snubber for MOSFET

The power loss of the snubber Pgcp is evaluated first.

Nips X (Vour tVp p)TAVg L
Pren= = - X —-x Pour (27)
AV Ly

Where Npg is the turns ratio of the Flyback transformer;
Vour is the output voltage; Vp r is the forward voltage of
the power diode; AVy is the overshoot voltage clamped
by RCD snubber; Ly is the leakage inductor; Ly is the
inductance of the Flyback transformer; Poyr is the output
power.

The Rgcp is related with the powef 10ss:

_ [NPS X (Vour JrVDj JHAV

Rycp= J (28)

PRCD
The Cycp is related with the voltage ripple of the snubber
AVQRCD :

AN

_ Nipg® (V.OUT +VD7F )+AVS

Crep= 29
e Ryep Xfs XAVe pep @

kayout

’(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 SY5019 Rev.0.9B
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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
Vour 12V Tour 2A
Pout 24W n 86%
fin miv 60KHz
#2.Transformer Design (Npgand Ly,)
Refer to Power Device Design
Conditions
Vac miN 90V Vac max 264V
POUT 24W foMl'N A 60kHZ
Parameters designed
Vmos_Br)DS 600V AVg 75V
Cbrain 100pF Vb r v
(a)Compute turns ratio Npg first ; ¢
N < VMOSf(BR)DS ><90%'\/§VAQMAX 'AVs
PS —
VOUT +VD7F
_ 600V x0.9-/2 x264V-75V
12V+1V
=7.05
Nps is set to
Ny =7
(b)fs v 1s preset,;
f§ v =60kHz
(c) Compute inductor Ly and maximum primary peak current Ip px max ;
2P, 2P, 2P,
I = OuUT + OuUT + T OuUT X C i X f
B nx(ﬁVAciMrN -AVBUS) NX*Nps X (Vour +Vp ) \/ n ? -
_ 2%24W N 2x24W +nx\/2x24WX100pF><6OKHz
0.86% (\2 X90V -0.3%~/2 x90V)  0.86x7x(12V +1V) 0.86
=1.297A

AN SY5019 Rev.0.9B Silergy Corp. Confidential- Prepared for Customer Use Only 10
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2POUT

M T 2
NXTp bk max fofMIN

_ 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, ;

_Lu*Lp p wax _ 0.55mHx1.297A

t =5.61ps

l VBUSfMIN \/5 x90V

t2 — LM XIPiPKiMAX — 0.55mH x1.297A — 784“_5
Nos X(Vour +VD7F) 7x(12V +1V)

t,=n %Ly, XCp.. =1 %/0.55mH x100pF =0.74ps

tg =t +t, +t; =5.61us +7.84us +0.74us = 14.19us
(e) Compute primary maximum RMS current Ip gus max for the transformet fabrication ;

B3, o O o POy X

Lo rms max = 3 PPK_MAX t 3 14,1915 =0471A

»

(f) Compute secondary maximum peak current Is px mag and'RMS current Is gvs max for the transformer fabrication .

g i suax =Nos XIp i iax =7 %1.297A =9.081A

NG t NG 7.84ps
S_RMS_MAX = NPS XTIPiPKiMAX x |2 = 7XTXO905AX m =3.898A

ts

I

#3. MOSFET and Diode Design

Conditions

Vac max 264V Nps 7
Vour 12V Vb F v
AV 75V n 86%

(a) Comput€the voltage and the current stress of MOSFET:

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

=2 x264V+7 % (12V+1V)+75V
=539V

IMOSfPKiMAX :IPiPKiMAX =1.297A

IMOSfRMSfMAX :IPiRMsiMAX =0.471A
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(b) Compute the voltage and the current stress of secondary power diode

J2v
VDiRiMAX = % JrVOUT
PS
_V2x26av o
7
=65.3V

I b max =Nps XIp g pax =7 %1.297A=9.081A

I I 2A

D_AVG = ouT =

#4. Start up design
Refer to Start up

Conditions
Vbe MmN 90V x 1.414 Vbe Max 264V x4
Ist 4pA (max) Vvin on 14.7V\(ypical)
Inv on 1.5mA (typical) Inv oFr A/ (typical)
Designed by user
tst | 1s \ \
(a) Design Cyy
_ (IH\QON _IHV70FF - IST) Xtor
. VVINfON 4
_ (1.5mA-3pA-4pA) x1s
- 14.7V
=101.6uF
Set
Cyn=43UF

#5. Output voltage control

Vour

L1

!
OPT_OUT lopT N Ropt Rrsu

FB1

M\

X
-—

1

= 7 —_—
VRer_TL431 IreF_TLa31

SY5019 Rrep %>

= A4
Fig.8 Output voltage feedback circuit
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Conditions
Vevs 2.5V Vcomp_ on 0.4V
Recomp 20kQ Vopr 1.2V
B 1 VREF TL431 2.5V
Ik min ImA Ik max 100mA
IRer TL431 2~4pA

Where Vopr is the input forward voltage of the opto-coupler ; Ik is the cathode current of the TL431 ; Irgr 1431 1S the

reference input current of the TL431.

(a) Ropr Design

The maximum input current of the opto-coupler is limited by

Vevs-V,

1
I cve~ Ycomp oN L

OPT_IN_MAX
RCOMP

_25V-04V
20KQ
=0.105mA

At the same time,

B

1

Iopr v is limited by the current range of TL431 cathode .

IKiMAX >IOPT7IN >IK7MIN

And IOPTJN -

_ VOUT 'VOPT 'VREF7TL431

R

Hence,

OPT

Vour 'VOPT 'VREFJL431

OPT I
OPT_IN_MAX

_12V-12V-2.5V
0.105mA
=79.04KQ

R > VOUT 'VOPT 'VREFJLAsl
OPT

IK_MAX
12V-12yDsY
. (100mA
=830
Set
R =510Q

(b) resistor divider design

To achieve accurate voltage reference, Rgpp is limited by

AN_SY5019 Rev.0.9B
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S/IERGY
V,
RFBD < REF_TL431 _ 25V :125KQ
1000 1p45 100X 20A
Set
RFBD:1 OK
Vour-Vie 2.
RFBU: ouT REF_TLA431 FBD: 12V 2 SV XlOKQ=38KQ
VREF_TL43 1 2 : SV
(c) Feedback Loop Design
Recommended parameters
CFBI 100nF CFBZ 22nF
Repi 1.5KQ

#6. Output Current Protection design

Refer to Primary-side constant-current control

Conditions

k; 0.5 Nps 7
VRerF 0.42V

Parameters designed

Tout Lim 2.4A

Iout Liv is the maximum output current.
The current sense resistor is

_ K, X Ve XNopg
IOUTJ.IM
0.5%0.42V X7
 24A
~0.613Q

R

#7. Input Capacitor Cpys DesSign

Conditions
VACfMIN 90V A\]BUS 30% VBUSfMIN
AN SY5019 Rev.0.9B Silergy Corp. Confidential- Prepared for Customer Use Only 14
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. A
arcsin(1 - A) +

AC_MIN

2 X 1)OUT X

1

C =
BUS T

. 0.3%x42%90V, T
arcsin(l —————) +—
V2 x90V 2.

N oo v2 [1—(1—7AVBUS Y1
IN YAC MIN
- \/EVAQMIN

24W 1
X

Tt

=50.45uF
Set

Cous=44uF
#8. set VSEN pin

0.86

0.3x~/2 90V

2%x50Hzx90V? x[1—(1 - )]
J2 %90V

To reduced power loss and consider humidity, identify Ryggny.

Conditions

ks | 68

Parameters Designed

| 110kQ

RVSENU

Then compute Rysgnp

Conditions

1.45V

Vysen ove

Viur 12V

Parameters designed

Vove 16V

Ruseny 110kQ

NS/N AUX 1

VVSENfOVP % Ng
< VOUT NAUX xR
VSEND V. N

] _VSEN.OVP o s
Vour N
145V 10

_ 12V 11
145V 310

12V, 1l
=13-574kQ

R

xJ10kQ

VSENU

AN_SY5019 Rev.0.9B
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VVSENfOVP % Ng
V. N
RVSEND 2 V or ANUX RVSENU
1_ VSEN_OVP x S
VOVP NAUX
1.45V
X1
__16V
1.45V 110k
1- X1
16V
=9.876kQ

RVSEND is set to
R ygenp =10kQ

#9. Design RCD snubber

Refer to Power Device Design

Conditions

Vour 12V AVy 75V
Nps 7 Lx/Ly 1%
POUT 24W y

The power loss of the snubber is

_ NPS x (VOUT JrVDj )+AVS « Ly

RCD AVS meOUT
+ +
_TXUVHIVIFTSY
75V

=0.53W

The resistor of the snubber is

2
_ [NPS X(Vour JrVDj )TAV :|
RCD Peco

_[7xa2vavy7svf

0.53W.
=52kQ

R

The capacitorf ofithe Snubber is

c (= Npax (Vour +VD7F )+AV
RCD
Rien f5)/111\1 AVQRCD
_ Tx(12V+1V)+75V

53kQ x60kHz %25V
=2.08nF

#10. Final Result

AN_SY5019 Rev.0.9B
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cst
Lt cv1
220H/0.5W 330pF/ 220pF()250V108
. 250V

! RS
DE?!DO'SS . o 2 24/0805
<
c1 H 6 InFI630V/ R7 ok Voutt
= 220F/ LF1 5 = 1206
ooV Uuser-tomH 83 pred 10041208 PTR10L100CT
& cs2=< o< Css —=cs3 | |Rs7 - cs7
m & ATOUF/6 470uF/16V la7ouF/16V NC [0.1uF/25V/0805
R6 T1
600pH/
% 1001206 | 2 Vout
F1 A4
1A/250V
AC Input U1_SY5019
D2 R3 RS2 RSB
CRAVEC) SIMSMA 211206 . 1k/0805 NG
VIN Hv
MTAE 0 1 w Rsy 0S8 RS5
10uF/25V) ! VSEN NC - 10805 | V10805 U”“‘*M’O
1206 [ c 1 805
3
| CcoMP DRV TRV Plég:7 Cs RS4 csg
1 1206 NCT 51k/080 NC
= ISEN GND Qst
R1 o 10k/0805 oF NCP431
110K/0805 = RS6
10K/0805
R2 Rg —
10k/0805 300/1206
R R13
111206 1.2/1204
Fig.9 Final Result
N
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SO8 Package Outline & PCB Layout Design

1.27 TYP T<—>‘

1.55
N
(T ]
(T ]
I
580-620 ——————™

- 3.80-4.00 —
_|_

=
O
kk|:| |:| |:| J
—=1 0.60 ~=— g —= = 0.30-0.50

Recommended Pad Layout

0.25 - 0.50 V 5

!

~70.18 - 0.25

K3
° N

=R i
0.60%- 085 T———Tl.n (TYP)

1.40 - 1.60
—
—
0.08 - 0.25

‘ ~— 0.25base

if

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