® Applications Note:SY5983
Single Stage Flyback and PFC Controller

with Primary Side Control for LED Lighting

and integrates 0~10V transformer driver

S/|ERGY Preliminary Specification

General Description

The SY5983 is a single stage Flyback and PFC
controller targeting at LED isolate dimming
applications, which can achieve up to 5% dimming
level and high precision for all loading range. It is a
primary side controller without applying any secondary
feedback circuit for low cost, and drives the converter
in the quasi-resonant mode to achieve higher efficiency.
It keeps the converter in constant on time operation to
achieve high power factor. It integrates 0~10V
transformer driver and simply the peripheral.

Ordering Information

SY5983 (O )OI
Temperature Code
Package Code
Optional Spec Code

Ordering Number Package type | Note
SY5983FAC SO8

Features

Primary Side Control Eliminates the Opto-coupler.
Dimming Range from 5% t0100%

0~10V Dimming is Driver by Transformer.
Valley Turn-on of the Primary MOSFET to
Achieve Low Switching Losses

High Voltage Start-up Function , Start-up
Time<300ms

Low Standby Power<500mwW

Reliable Short LED and Open-LED Protection
Power Factor >0.90

Internal High Current MOSFET Driver: 0.19A
Sourcing and 0.6A Sinking

Compact Packager/SO8

Applications

e LED Dimming

Typical Applications
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Pinout (top view)

AN_SY5983

(S08)
Top Mark: CTN xyz (device code: CTN, x=year code, y=week code, z= lot number code)

Pin Name Pin number Pin Description

Loop compensation pin. Connect a RC network across ‘this pin and
ground to stabilize the control loop.

Inductor current zero-crossing detection pin. This“pin receives the
auxiliary winding voltage by a resister divider @nhd-detects the inductor
current zero crossing point. This pin alsonprovides over voltage
ZCS 2 protection, line regulation modification/function and CV detection
simultaneously. If the voltage on this?pin’is above Vzcsowe, the IC
would enter over voltage protectionimode. Good line regulation can be
achieved by adjusting the uppefyresistor of the divider.

Current sense pin. Connect thisrpin to the source of the primary
switch. Connect the sensg, resistor across the source of the primary

COMP 1

ISEN 3 switch and the GND pin,
. \Y N
(current sense resister,Rs: Rs:kM , k=0.167)
ouT
DRV 4 Gate driver pin, €onnect this pin to the gate of primary MOSFET.
Power stpply=pin. 330nF ceramic cap is recommend between this pin
VIN S to GND

Connectythis pin to primary side of Dim transformer to achieve

DIM 6 . .
dimming signal.
GND 7 Ground pin
HV 8 High voltage Start-up pin.

Block Diagram

comp VIN

r-———"">""~""~""~>""~>"™""™"™""™77 -0 A o |
| |
T |

uvLo > V.
&BIAS |

PWM
Logic . — LY

o
oM DIM
DIM to ADIM Control F— Veer
ADIM

Figure.3 Block Diagram
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Absolute Maximum Ratings (Note 1)

VIN, DRV -0.3v~18V
Supply current lvin 7mA
ZCSs -0.3v~1.8V
DIM --- -0.3V~40V
ISEN, COMP -0.3~ 3.6V
HV 700V
Power Dissipation, @ TA=25<C SO8 1AW
Package Thermal Resistance (Note 2)

S08,0JA 88 T/W

S08,0JC 45C/W
Junction Temperature Range -40C to 150C
Lead Temperature (Soldering, 10 sec.) 260<C
Storage Temperature Range -65C t0 150C
Recommended Operating Conditions (Note 3)
Junction Temperature Range -40C to 125<C
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Electrical Characteristics
(Vin =12V (Note 3), Ta = 25<C unless otherwise specified)

AN_SY5983

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

Input Voltage Range Vvin 7.5 17.4 \%
VIN Turn-on Threshold VVIN_ON 11.8 Vv
VIN Turn-off Threshold VVIN_oFF 7.5 \VJ
VIN OVP Voltage VvIN_ovp 174 \Y
Start-up Current Ist VvIN<VVIN oFF 170 LA
Discharge Currentin OVP Mode Ivin_ove Vvin=12V (Note 4) 7 mA
Error Amplifier Section

Internal Reference Voltage VRer 280 mV
Current Sense Section

Current Limit Reference Voltage VIsEN_MAX 0.45 \%
ZCS Pin Section

ZCS Pin OVP Voltage Threshold Vzcs ovp 15 \%
Gate Driver Section

Gate Driver Voltage VGate 11 \Y
Maximum Source Current Isource 0.19 A
Minimum Sink Current Isink 0.6 A
Max ON Time Ton_max "\ Vcomp=2.7V 22 83
Min ON Time Tonan 450 ns
Max OFF Time Tlore) Max 50 83
Min OFF Time Torr MmN 15 83
Maximum Switching Frequeney Fmax 120 kHz
DIM function Section

Peak Current I_pk 23 mA
HV Function Section

BV V_BV 700 \%
Thermal Section

Thermal Shut down Temperature Tso 150 <

Notesk; 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: ©;a is measured in the natural convection at Ta = 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 Vvin_on Voltage then turn down to 12V.

Note 4: Increase VIN pin voltage gradually higher than Vvin_ove voltage then turn down to 12V
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Typical Performance Characteristic

AN_SY5983

Open LED Protection
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Operation

The SY5983 is a single stage Flyback and PFC controller
targeting at LED lighting applications with isolate
dimming function.

SY5983 provides primary side control to eliminate the
opto-couplers and the secondary feedback circuits, which
can decrease the BOM cost of the system design.

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

In order to reduce the switching loss and improve EMI
performance, Quasi-Resonant switching mode is applied.

The maximum switching frequency is limited at 120KHz
to reduce switching losses and improve EMI performance
when the converter is operated at light load condition.

In order to meet isolate dimming applications, 0~10V
transformer driver is integrated, the dimming circuit is
simple.

SY5983 provides reliable protections such as Short
Circuit Protection (SCP), Open LED Protection (OLP),
Over Temperature Protection (OTP), etc.

SY5983 is available with SO8 package.

Applications Information

HV start up

After AC supply or DC BUS is pewered on, the capacitor
Cvin between VIN and GND pin isycharged up by BUS
voltage through a start-up(resistor Rst and HV inner
MOS. Once Vv risesiup to0 Vvin_on, the internal blocks
start to work. Vviy will"be pulled down by internal
consumption of 4C\ until the auxiliary winding of
transformer coald . supply enough energy to HV to
maintain Vytabove Vvin_orr.

The whole,start up procedure is divided into four sections
shown, in Fig.4. tstc is the Cvin charged up section, and
tsto~is’ the output voltage build-up section. The start-up
time tst is composed of tstc and tsto, and usually tsro is
much smaller than tsrc.

tsto is fast start-up stage, which will help to create output
voltage quickly. After tsto, if Vovmer is less than
VDIMMER_ON, IC enters into CV mode. When Vpimmer iS

larger than Vpmmer on, IC works in constant on time
mode.

Vuin

Vv onf

|
Veus

Vuinorrf — — ——JI-T—I————

.

Ihy | | ¢
R Vour | : I
______ L

HY /K/i

|
SY5983 |

st
T VIN Vommer ;
|
T G| VowmRonp ——— — — :_ 1|7|V_

Fig.4 Staxt up

The start up resistor Rst and Cvn are designed by rules
as below:

(a) Preset start-up_fesistor Rst, make sure that the current
through Rsr isdarger than 0.35mA and smaller than 1mA.

VBUS <RST z VBUS (1)
1mA 0.35mA
Where Vgus is the BUS line voltage

(b) Select Cyvin to obtain an ideal start up time tsr, and
ensure the output voltage is built up at one time.
(\éBUS lgp) x tgr

C,=—>s (2)

v VVINfON
Usually, 330nF-470nF/50V ceramic cap is recommend
(d) If the Cyin is not big enough to build up the output
voltage at one time, decrease Rsr, go back to step (a) and
redo such design flow until the ideal start up procedure is
obtained.

HV supply logic

In initial state, Vvin =0, after AC supply or DC BUS is
powered on, inner MOS of HV works, Cvin is charged
by Iy, when Vv rise to Vvin on ,inner MOS of HV
turn off. When Vv is discharged to Vvin on -1.5V,
inner MOS of HV will works against, and also turn off
when Vy rise to VVIN_ON.
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Fig.5 HV supply logic

Internal pre-charge design for quick start up

See as Fig.6, In P3, Vcowmp is pre-charged by internal
current source until it is over the initial voltage Vcomp_ic.
Vcomr_ic can be programmed by Rcome. Such design is
meant to reduce the start-up time.

The voltage pre-charged Vcowmp ic in start-up procedure
can be programmed by Rcowmp:

Voowr_ic =1.2V-300pA X R copp @)

Where Vcowmr_ic IS the pre-charged voltage of COMP pin.

Fig.6 Pre-charge scheme in start up

Generally, a big eapacitance of Ccomp1 IS necessary to
achieve high power. factor and stabilize the system loop
(470nF~1pF4s recommended).

The. veltage pre-charged in start-up procedure can be
pregrammed by Rcomp; On the other hand, larger Rcomp
can provide larger phase margin for the control loop; A
small ceramic capacitor is added to suppress high
frequency interruption (100nF is recommended in
Ccomp2)

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 the transformer cannot supply
enough Voltage to HV pin, Vvin will drop down. Once
Vvin is below Vvin_orr, the IC will stop working and
Vcome Will be discharged to zero.

Primary side constant current control

Primary side control is applied to eliminate jsecondary
feedback circuit and opto-coupler, which reduces the
BOM cost. The switching waveformsiare shown in Fig.7.

The output current lout can be represented by,

| t
| =ls . lois ()

ouT — 2 ts

Where lsp is the-peak’current of the secondary side; tpis
is the discharge=time of the transformer; ts is the
switchingyperiod.

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

Ve

Fig.7 switching waveforms
lsp =Nps x 155 Q)

Where Nps is the turn ratio of primary to secondary of
the transformer.

Thus, lout can be represented by
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Nog x1pp t [
|y = —25—F2 DS (6) Vi
2 t

The primary peak current lep and inductor current
discharge time tpis can be detected by ISEN and ZCS pin,
which is shown in Fig.8.These signals are processed and
applied to the negative input of the gain modulator. In
static state, the positive and negative inputs are equal.

tois

VREFZIPPXRSXt_Xkl )

S

ISEN

t
Loy X Rg x 22 x ki
tS

ZCSs

VREF

Fig.8 Output current detection diagram
Finally, the output current oyt can be represented by

_ Vaer X Nps

| =
ouT Rg x2xka

(8)

Where k; is the output current weight coefficient; Mgrér is
the internal reference voltage; Rs is the current” Sense
resistor.

ki and Vger are all internal constant parameters, lour can
be programmed by Nps and Rs.

Ro= Vrer X NPs. 9)
lour X 2x Kt
Then
RS:kXVREFXNPS,k:i (10)
lout 2ka

Quasi“Resonant Operation

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

Fig.9 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 awresistor divider. When the
voltage across drain ang\source of the primary MOSFET
is at voltage valley, the MOSFET would be turned on.

CV Mode

WhenWoimmer < Voivmver_orr, I1C still need bias power:

(L) If Mommer Vvoltage is greater than Vpmmer on, 1C
always works at CC mode.

(2) If Voimmer voltage is lower than Vpimmer orr, CV
mode is triggered. IC works in CV mode to maintain
Vzcs nearby Vzcs_cv (0.5V). Np: Naux and Rzcs can be
adjusted to prevent LED flicker and keep bias supply
enough at CV mode.

1.5ms Sleep

VZCS,CV

%
&

Il

Figure.10 The working process of CV mode

VDR’V

ey
ey
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e
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In CV mode, which is shown in Fig.10.

(1) If Vzcs is greater than Vzcs cv (0.5V), 1C will sleep
for 1.5ms.

(2) After 1.5mS sleep, if Vzcs is smaller than Vzcs cv, IC
will work until Vzcs is greater than Vzcs cv. During this
time, MOSFET turns on by QR and turns off until the
ISEN voltage Vrs reach 50mv.

The output of CV can be calculated as below:

AN_SY5983 Rev.0.1A
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VOUT o 205\/ % ( RZCSU + RZCSD ) x NS (ll)
’ RZCSD NAUX
Where, Rzcsu is the upper resistor of ZCS pin; Rzcsp is
the down resistor of ZCS pin; Nsand Naux are the turns
of secondary winding and auxiliary winding separately.

Dimming function

Vow

Vuw+Vommer

Vi

L I DR
Figure.11 DIM working module

The dimming circuit is a Flyback converter. The inductor
Lm_T2 store energy when Q1 turns on. Q1 works in
constant peak current 23mA mode. After Q1 turning off,
inductor release energy for 0~10V dimmer power supply.
Simultaneously, the voltage between DIM pin and VCC
pin is reflected the voltage of dimmer. (Set the turn ratio
of primary to secondary of the dimming transformer is 1).
It is shown in Fig.11.

VDIM _VVIN =VDIMMER + (VD3 _Voz) (12)

In order to eliminate error between D2 and D8, the same

type diode is needed in this circuit, SS14.is(recommended.

In order to avoid sampling mistake,™a” blanking time
toianking 1S USed to eliminate oscilldtion voltage of VDIM
when Q1 turn off. So the tais_simeedito higher than totanking.
So the inductance:

V,

DIMMER, max X t
Lyro >

blanking
13
23MA (13)

Where tolanging 15,1.5Us.

If magheti€.ring is used in this application, due to the ui
vapy-fast_during low to high temperature. Normally, the
inductance of magnetic ring is only half when
transformer  works in high temperature or low
temperature Clower than -30°C) . So the magnetic ring
inductance will be set as:

2%V,

DIMMER, max
Lm T2

23mA

x tblanking (14)

Also, need to consider the+ 30% error of the z; .

Over Voltage Protection (OVP) & Open LED
Protection (OLP)

Naux
Rzesu

= SY5983
ZCs

Fig.12 OVP&OLP

The output voltage is refleeted by the auxiliary winding
voltage of the Flyhaek transformer, and ZCS pin
provides over voltage protection function. When the load
is null or large”transient happens, the output voltage will
exceed the rated value. When Vzcs exceeds Vzcs ove, the
over avoltage” protection is triggered and the IC will
discharge Vvin by an internal current source. Once Vvin
isdbelow Vvin_orr, the IC will shut down and be charged
again by HV voltage through start up resistor. If the over
voltage condition still exists, the system will operate in
hiccup mode.

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

VZCS_OVP - NAUX x R ZCsSD (15)
VOVP NS R ZCsu +RZCSD

VVIN_OVP > NAUX (16)
VOVP N S

Where Vove is the output over voltage specification;
Rzcsu and Rzcsp compose the resistor divider. The turn
ratio of Ns to Naux and the ratio of Rzcsu to Rzcsp could
be induced from equation (15) and (16).

Short Circuit Protection (SCP)

When the output is shorted to ground, the output voltage
is clamped to zero. The voltage of the auxiliary winding
is proportional to the output winding, so valley signal
cannot be detected by Vzcs .Without valley detection,
MOSFET cannot be turned ON until maximum off time
torr max IS matched. If MOSFET is turned ON by
torr max 64 times continuously, IC will be shut down

AN_SY5983 Rev.0.1A
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and enter into hiccup mode.

Line requlation modification

The IC provides line regulation improvement function by
adjusting the external resistor.

Due to the sample delay of ISEN pin and other internal
delay, the output current increases with the increasing of
input BUS line voltage. A small compensation voltage
AVisen ¢ is added to ISEN pin during ON time to
improve such performance. This AV sen_c IS adjusted by
the upper resistor of the divider connected to ZCS pin and
external resistor Risen,c on ISEN pin.

N 1
AVisen e =Vaus * B x ———xk, x (R, + Risen.c) (17)

N P ZCsu

Where Rysenu is the upper resistor of the divider; kz is an
internal constant as the modification coefficient; Rk is an
internal feed-forward resistor; auxiliary resistor Risenc
can be added to enhance feed-forward effects.

SY5983

ISEN
ISEN,C

Fig.13 Feed-forward rgsistor

The compensation is mainly related with Rzcsy, larger
compensation is achieved with,smaler Rzcsy. Normally,
Rzcs ranges from 100kQ~1M€,

Then Rzcsp can be selected by,
vV 0-5'(chsu + chso)

AUX_CV —
- R

>20 (18)
ZCSD

12K is recommended to use in Rzcsp.

Rzcsu is,the”upper resistor of the divider; Nsand Naux are
the .turps“ef secondary winding and auxiliary winding
separately.

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 maximized;

VMOSfDSfMAX :\/EVAQMAX +Npg < (Voyr +VDJ=)+AVS (20)
J2v
Vo r max= I\T - +Vour (21)
PS

Where Vac_max is the maximum input”AC RMS voltage;
Nps is the turn ratio of the Flyback transformer; Vour is
the rated output voltage; Vp_ris/the forward voltage of
secondary power diode; AVg is the overshoot voltage
clamped by RCD snubber during OFF time.

When the operation.condition is with minimum input
voltage and full fead, the current stress of MOSFET and
power diade is maximized.

I MOS“PK_MAX = I P_PK_MAX (2 2)

I I P_RMS_MAX (23)

MOS_RMS_MAX —

ID_PK_MAX =Nps X IP_PK_MAX (24)

Ip_ave =lour (25)

Where Ip px_max and lp rms max are maximum primary
peak current and RMS current, which will be introduced
later.

Transformer (Nps and Lm)

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

< VMOS_(BR)DS X 90%-J§VAC_MAX -AVS

Nps <
VOUT +VD_F

(26)

Where Vwmos @rps is the breakdown voltage of the
power MOSFET.

In Quasi-Resonant mode, each switching period cycle ts
consists of three parts: current rising time ti, current
falling time t, and quasi-resonant time t; are shown as
Fig.14.

AN_SY5983 Rev.0.1A
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Fig.14 switching waveforms

The system operates in the constant on time mode to
achieve high power factor. The ON time increases with
the decreasing of input AC RMS voltage and the
increasing of load. When the operation condition is with
minimum input AC RMS voltage and full load, the ON
time is maximized. On the other hand, when the input
voltage is at the peak value, the OFF time is maximized.
Thus, the minimum switching frequency fs_ min happens
at the peak value of input voltage with minimum input
AC RMS voltage and maximum load cendition;
meanwhile, the maximum peak current through-MOSFET
and the transformer happens.

Once the minimum frequency fs min iS.set, the inductance
of the transformer could be induced. The design flow is
shown as below:

(a)Select Nps

VMOS_(BR)DS e 90%'\/§VAC_MA>< -AV
Vour *Vo ¢

Npg < (27)

(b) Preset minimum frequency fs_min

(c) Compute relative ts, ty (ts is omitted to simplify the
design’here)

(28)

t = ts X Npg x (Vour +VD7F) (29)
=
‘/EVAC_MlN +Npg x (Vour +VD_F)

(d) Design inductance L

2 2
VAC_MIN Xt xn

2Py Xt

M

(30)

(e) Compute t3

t, =% \|Lpy % Cprain (31)

Where Cprin is the parasitic capacitancéhat drain of
MOSFET.

(f) Compute primary maximum peak, current Ip pk_max
and RMS current Ip rms max fOF the transformer
fabrication.

L

L
2Py r %[ L + M 1
_ \/EVAC_NHN Nps x (Vour +VD_F)
Io o max = L, xn

M
L L

4P2 % . + M 244l xnxP, _xt

. \/ ouT [\/EVACJVHN NPS x (VOUT +VD_F) ] M n ouT 3

Ly xn

(32)
Where n is the efficiency; Pour is rated full load power

Adjust t; and ts to t1" and ts' considering the effect of ts

2
t= Nx Ly X 15 o max

33
° 4Poyr 539
= Ly x IP_PK_MAX (34)
\/EVAC_NHN

t’
IP_RMS_MAX ~ ﬁ x IP_PK_MAX (35)
V s

(9) Compute secondary maximum peak current Is pk_max
and RMS current Isrms max for the transformer
fabrication.

IS_PK_MAX =Npg x I P_PK_MAX (36)

6=ttty (37)

tV
ISfRMSﬁMAX ~ ﬁ x ISfPKﬁMAX (38)
‘J s

AN_SY5983 Rev.0.1A
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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 Nes
Inductance Lm
Primary maximum current Ip_pK_max
Primary maximum RMS current Ip_rRMS_MAX
Secondary maximum RMS current | Is rms max

The design rules are as followed:

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

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

(c) Compute primary turn Np

N = Ly x IPfPKﬁMAX (39)

P ABxA,

(d) Compute secondary turn Ns

Ng=—E (40)

(e) Compute auxiliary turn Naux , ForVCCis supplied

by HV, and HV is supplied by Vauxmi, in order to ensure
the VCC works normally during CV mode. Naux can set:

3xV
NAUX :Ns — = (41)
ovp

Where Vove is the Output over voltage protection point,
and VAUX,CV is 20V.

(f) Select arvappropriate wire diameter

With Ipgms-max and Isrms-max, Select appropriate wire to
make sure the current density ranges from 4A/mm? to
10A/mm?,

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

Output capacitor Cout

Preset the output current ripple Alour, Cour is induced
by

( 2IOUT )2_1
AIOUT

= 42
o 4'T[.':ACRLED ( )
Where loyt is the rated output current; Alouf iséthe
demanded current ripple; fac is the input ACasupply
frequency; Riep is the equivalent series résistor of the
LED load.

RCD snubber for MOSFET

The power loss of the snubber Prep is evaluated first

P = NPS x (VOUT +VD7F)+AVS y i
RCD AVS LM

x Pour (43)

Where Nps is the_turns ratio of the Flyback transformer;
Vour is the'output voltage; Vo  is the forward voltage of
the power ‘diode; AVs is the overshoot voltage clamped
by RCB snubber; Lk is the leakage inductor; Lw is the
inductance of the Flyback transformer; Pour is the output
pOWer.

The Rrep is related with the power loss:

_ (N ps X (VOUT +VD7F )+Avs)2

RRCD -

(44)

I:)RCD
The Crep is related with the voltage ripple of the snubber
AVc¢ Rrep:

_ Npgx (Mour +VD7F)+AVS

RCD
R RCDfSAVC RCD

(45)

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

(c) Bias supply trace should be connected to the bias
supply capacitor first instead of GND pin. The bias
supply capacitor should be put beside the IC.

(d) Loop of ‘Source pin — current sample resistor — GND
pin’ .should be kept as small as possible.

AN_SY5983 Rev.0.1A
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Ground @: ground of BUS line capacitor

SIIERGY

(e) The resistor divider is recommended to be put beside
the IC. Ground @: ground of bias supply capacitor and GND

pin

(f) The connection of ground is recommended as: Ground ®: ground of signal trace except GND pin

Ground @: ground of current sample resistor.
® Ground ®: primary ground node of Y capacitor.
Ground ®: ground of auxiliary winding
D4 Output
BD1  VBUS C2 2.2nF/630V T R20A200CT DC 40V 1000mA
1
1l Wiy
6 EC2 T T EC3 51k = H
470uF/50V 470uF/50V |
AC ct L |
source R2 220nF/450V ]~
™ v i
D2 =
R6 10R RS1M @
49
EC1 D3 VCC D7 SS14
. sk 3.3uF/1ooV|‘ RSTM D3 Vdimmer
c5
X
® L 330nF/50 0~10v
° Dimmer
.
COMP Hv D6 SS14
R9 zcs DIM ¢
1.5k
C3 — ISEN VCC|
100nF ca D5 BAV21 R1022R u
aTnF =R GND DRV M@
e H 1one0c T
SY5983 P 11?3 .ﬁ | =
i - ©
® l 200R WR13= R14 =R16
= = ®7 047 0.47 0.47 CY1 1nF/Y1

Fig.15 Ground Layout
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Design Example

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

#1. ldentify design specification

Design Specification

Vac(RMS) 90V~264V Vour 42V
lout 1000mA n 89%
#2. Transformer design (Nps, L)
Refer to Power Device Design
Conditions
Vac_miN Qv Vac_max 264V
IAVA 50V Vmos_(BR)DS 600V
Pout 42W Vor 1V
CDrain 100pF fS_MIN 75kHZ

(a)Compute turns ratio Nps first

N < VMOSf(BR)DS x 90%_\/§VA07MAX 'Avs

. VOUT +VD,F
_ 600V x 0.9-4/2 x 264V-50V
A2V+1V
=2.71
Nps is set to
N, =2.60

(b)fs_min is preset

g =42kHZ

(c) Compute the switching-period ts and ON time t; at the peak of input voltage.

tg=

=23.8u8

S_MIN

£ g <Npg x (Vour +VDJ=)

' \/EVACJ\MN +Npg x (Vour +VDJ=)
_ 23.8usx2.60x (42V+1V)
2 x90V+2.60x (42V+1V)
=11.13ps

(d) Compute the inductance L

AN_SY5983 Rev.0.1A
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_ VA2\C7MIN x t12 a

) 2Pour X 1g

_ 90V x11.13p:s% x 0.89
T 2x42Wx23.8us
=446.693uH

LM

Set
L,,=440uH

(e) Compute the quasi-resonant time t3

t3 =mXx \l LM X CDrain
=n x \[440pH x100pF

~ 659ns

(f) Compute primary maximum peak current Ip_pk_max

L
2Pour =

LM

L ) L,,
x[ M + ] 4P5,r X[ +
\/EVACJVHN N ps X (VOUT +VDJ:) + \/ \/EVAQMW

2441 xnx P - xt
Nog x (Voyr +VDJ:)] M XN X Foyr X 13

IPﬁPKﬁMAX =

Lyxn
=3.26A

Adjust switching period ts and ON time t; to tgand t; .
t= nxLy, x Ié_PK_MAX
° 4'POUT
_ 0.89x440pH x 3.26A%

4% 42W
=24.772ys

r_ LM X IP_PK_MAX

=
\/EVAC_MIN
_ 440pH x 3.26A

J2 x90Vv
=11.27ps

Compute primary maximum RMS current lp rms_max

’ t f 11.27
IPﬁRMS;MAX ~ ? X IPﬁPKﬁMAX = ﬁ x 3.26A=0.90A
s .

Lyxn

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

lg o ax =Nps X I prc ax =2-60% 3.26A=8.47A

t,=t, -t -t,=24.772ps-11.275-0.6595=12.843s
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’ t; ’ 12.843ps
s rmsmax = 6% Xls p ax = 6><T772u8 x8.47TA=2.55A
S .

#3. Select power MOSFET and secondary power diode

AN_SY5983

Refer to Power Device Design

Known conditions at this step

Vac_Max 264V Nps 2.60
Vour 42V Vo F v
AVs 50V n 89%

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

VMOSfDSfMAX :\ﬁVAciMAX +N PS X (VOUT +VD7F )+AVS

=42 x264V+2.60 x (42V+1V)+50V
=535V

I MOS_PK_MAX =l P_PK_MAX =3.26A
I MOS_RMS_MAX =l P_RMS_MAX =0.90A
(b) Compute the voltage and the current stress of secondary powendiode

\/EVAQMAX

NPS

_ J2 x 264V ey
2.60

=186V

VDiRiMAX = +Vour

Lo, ok saax SNps X I oy ax =2.60% 3.26AZ847A

I 1A

D_AVG :|OUT =
#4. Select the output capacitor Cout

Refer to Power Pevice Design

Conditions
IOUT 1000mA AIQUT 0.3|QUT
fAC 50Hz Riep 12x 1.6Q

The output capacitor is

AN_SY5983 Rev.0.1A Silergy Corp. Confidential-Prepared for Customer Use Only 16
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C —_ ouT

out —
Anf R e

,( 2x1A ;)
_ 0.3x1A

" 4mx50Hz x12x1.6Q
=546F
#5. Set VIN pin
Refer to Start up
Conditions
VBUS_MIN 90V>< 1.414 VBUS_MAX 264V>< 1.414
Ist 34uA (typical) Vin on 22V (typical)
tst 300ms (designed/by user)
(a) Rsr is preset
< Vous _90Vx1.414 ~363KQ,
350pA  350pA
R > Vews _ 90VxLA14_ 0 o
1ImA 1mA
Set Rst
R =150kQ x 2=300k<2
(b) Design Cyin
Set Cvin
C,y=330nF
#6 Set COMP pin
Refer to Internal pre-charge design for quick start up
Parameters designed
Rcowmp 1.5kQ
Ccomp1 470nF
Ccomp 100nF
#7-Seticurrent sense resistor to achieve ideal output current
Refer to Primary-side constant-current control
Known conditions at this step
k 0.167 Nps 2.60
VRer 0.28V lour 1A
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The current sense resistor is

REF PS

R.= kx V... xN

IOUT
_0.167x0.28V x 2.60
N 1A
=0.12Q

#8 set ZCS pin

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

First identify Rzcsu need for line regulation.

Parameters Designed

Rzcsu | 510kQ

Then compute Rzcsu and Naux

Conditions
Vzcs ove 1.5V Vovp 248V
Vout 42V
Parameters designed
Rzcsu 510kQ
Ns 12 Naux
VAUX o = 0-5‘(Rzlgsu + chso) > 929
ZCSD
£ > chsn
215 R,eq

Rzcsup=510 kQ
Ryesp <11.8

Rzcsp is set to

R,cp=12kQ

Then set the . Naux-to
3%V ux v

N qux ZNgx
ovP

NAux:16.5
Naux is set tol7

#9 Set dimming Transformer inductance

Refer to Dimming function
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Known conditions at this step
VDIMMER MAX | 12V | Nps T2 1

Magnetic ring is used in this application. Then Lm12 is set to

2 X VDIMMER,max X tblanking _ 2 X 12 X 15,U
23mA 23m

Lrn_TZ >

L, ;,>1.56mH

m_T

Consider the+ 30% error of the 4, L, ;, canset:

Ly 1y > 221 o omi
0.7

m_

L, 1, set3mH.

#10 final result.

D4

Output
BD1 VBUS C2 2.2nF/630V b1 10A/300V DC 40V 1000mA
L1 1
F1 1.5mH R17 =
J =
1 6 EC2 T T Ec3Stk<
e e 470pF/50V 470uF/50V !
= |
source
R2 <
M= v i
D2 =
R6 5.1R RSTM
4 R7 EC1 AS 903 vee vee D7 S\ immer
3.3uF/1000[ ™, RS1M
6 510K L_
c5
I
= 330nF/5(JI 0~10V
° " = R Dimmer
Comp D6 SS14
RO ZCS DIM —id
1.5k T2
c3 - ISEN vee 11
100nF o D5BAV21 R1022R | :
4T00F :E Lo GND DRV | Q2
= ’7 R12§; H 1on60C
SY5983
" R1157R o
vy
| 2%2;; R1I3S R4 SR15Z =R16
SRlié o CY1 1nF/Y1
<+ 0473 04770477 1047 "
I

= v
Fig.16 Final Design Result
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SO8 Package Outline & PCB Layout Design

l.E?T‘rP—‘

1
- J,'?] -
1 10 HH
s N
o g &
~ =t w0
Ty -:_I;- <—I:-
@ @
™ lf"‘u_ L
I'\.___f"l
Toon
0.60 —‘ Lc.3n—3.31
Recommended Pad Layout Top view
(Reference only)
re 4,80-5,00 e
ol | =
':_l? % | II| '-':Ij
3 [=] =]
i ] — = — — =
|I 'l ] If"j_ I"'.__ | || ] [
_!_ _)I'Iz Ill I|I \ 1 J :J-J l—l.?? T-.F 1
—EELI: 0.40-127 44— T i
o m
Side view Front view
Notes: All dimensions are in millimeter and exclude mold flash & metal

burr.
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