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Applications Note: SY5002C

Flyback Controller

With Primary Side CV/CC Control For Adapters and Chargers

C

General Description
SY5002C is a single stage Flyback controller tanget
at Constant Current / Constant Voltage (CC/CV)
applications. Both current and voltage regulatioea a .
achieved by primary side control technology for low
cost application. To achieve higher efficiency and .
better EMI performance, SY5002C drives Flyback ,
converters in the Quasi-Resonant mode and adaptive
PWM/PFM control. In addition, SY5002C has cable ,
compensation to regulate the output voltage fotebet
load regulation at cable terminal.

Ordering Information .
SY5002 (OO0 .
Temperature Code *

Package Code A

Optional Spec Code

Features

Primary side CV/CC control eliminates the opto-
coupler.

Valley turn-on of the primary MOSFET to achieve
low switching losses

Internal CC/CV loop compensation

The self-adaption compensation for better stability
PWM/PFM control for higher average efficiency
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
Maximum switching frequency limitation 125kHz
Compact package: SOT23-6

pplications

AC/DC adapters

Ordering Number Package typp  Note « Battery Chargers
SY5002CABC SOT23-6 —-
Typical Applications
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Figure 1. Schematic Diagram

AN_SY5002C Rev.0.9A

13380368939 QQ 2107076469

Silergy Corp. Calefintial- Prepared for Customer Use Only

Downloaded From | Oneyac.com

1



> SY5002C

Pinout (top view)

IseN 11 O 6 [T_IDRV
GND[T] 2 5T1VIN

NC [T 3 4 [TIVSEN

(SOT23-6)
Top Mark: ZS xyz (device code: ZS¢=year code, y=week code, z= |ot number code)

Pin | Name | Description
1 ISEN | Current sense pin. Connect this pin to theee of the primary switch.
2 GND | Ground pin.
3 NC Not used
Inductor current zero-crossing detection pin. Tiisreceives the auxiliary winding voltage by aisasr
4 VSEN| .. . . _
divider and detects the inductor current zero ¢ngspoint.
5 VIN Power supply pin.
6 DRV | Gate driver pin. Connect this pin to the gatterimary MOSFET.
AN_SY5002C Rev.0.9A Silergy Corp. Calefintial- Prepared for Customer Use Only 2
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_ SY5002C

Absolute Maximum Ratingsote 1)
VIN

-0.3v~21Vv
DRV -0.3V~15Vv
Supply Currentyy 20mA
ISEN -0.3V~3.6V
VSEN -0.3V~Vyy+0.3V
Power Dissipation, @ Al= 25°C SOT23-6 0.6w
Package Thermal Resistance (Note 2)
SOT23-69;4 170°C/W
SOT23-69;¢ 130°C/W
Temperature Range -45°C to 150°C
Lead Temperature (Soldering, 10 sec.) 260°C

Storage Temperature Range

-65°C to 150°C

Recommended Operating Conditionsvote 3)
VIN, DRV
Junction Temperature Range
Ambient Temperature Range

9V~17.5V
-40°C to 125°C
-40°C to 105°C

Block Diagram

' —VREF
Bias VIN_OVP
K
Supply | |rer
A
VIN + Vysen OVP . Hiccup
1T —»{ Protection [—m
Y
Vour )
IOUT_SEN| Detection Visen OVP | yoc - VIN_OK IPK_SEN
Logic
Cable Comp. — Vysen FB —VIN_OVP
A
VSEN L 7c8 R
T i DRV
PWM PWM
Generator > IZREER L1
IPK_SEN
ISEN [] oUT
Calculator IOUT_SEN %!“ A;
~ '
2]
m i
IREF IOUT_SEN
Yy vy
VIN_OK
—> COMP Behavior
(Frequency_ set, Ipk_set. Fast
Transient Response)
Vvsen FB
o COMPV [ Comp
G >
GND [] ¢ VREF, l g control CoMP
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SY5002C

Electrical Characteristics
(Vin =12V (Note 3), | = 25°C unless otherwise specified)

Unit

Parameter | Symbol | TestConditions | Min] Typ | Max
Power Supply Section
VIN turn-on threshold VinON 13.7 14.7 15.7 \Y
VIN turn-off threshold ViNOFF 6.3 7 8.3 \
VIN OVP voltage \in.ovp 17.5 18.5 19.5 \%
Start up current Sh Vyin<VvinoFF 1.2 4 HA
Operating current vin C_.=500pF,f=100kHz 15 mA
Quiescent current 1Q CL=0, f=2kHz 100 300 600 HA
Shunt current in OVP mode vi.ovp Vvin>Vvinove 9 mA
Current Feedback Modulator Section
Internal reference voltage | p¥ | | 0.414 | 0.42 | 0.426] V
ISEN Sense Section

. Vegy<0.4V 0.7 \%
Current limit reference voltage| 1 &¢n.Lim Vieay>0.4V 09 1 11 v
Latch voltage for ISEN MEN.Ex 2 \Y
VSEN Pin Section
OVP voltage threshold WENOVP 1.40 1.45 1.55
VSEN pin voltage reference WENREF 1.232 | 1.25 1.268| V
Cable compensation coefficient K 17.5 HA/NV
Gate Driver Section
Gate driver voltage Vhate 12 V
Maximum source current sdURCEMAX 120 mA
Maximum sink current SINK.MAX 500 mA
Max ON Time -BN,MAX 24 Us
Min ON Time TonMIN 150 250 400 ns
Max OFF Time Bre MAX 400 500 650 Us
Min OFF Time Bervin 1.2 1.4 1.6 Us
Minimum switching period JERIODMN 7 8 9 us
Thermal Section
Thermal shutdown temperaturg g7 | | | 150 | | C

Note 1 Stresses beyond the “Absolute Maximum Ratingsy neuse permanent damage to the device. Thes&ess s
ratings only. Functional operation of the devicetla¢se or any other conditions beyond those inglicah the
operational sections of the specification is ngplied. Exposure to absolute maximum rating condgifor extended

periods may affect device reliability.

Note 2 0,4 is measured in the natural convection at=T25°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 sudist PCB,

20z copper, with minimum recommended pad on toerland thermal via to bottom layer ground plane.

Note 3 Increase VIN pin voltage gradually higher thap\y voltage then turn down to 12V.
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c’ SY5002C

S/IERGY
. Vuin
Operation Ve Vo]
|

SY5002C is a high performance Flyback controllethwi Rer H Vimor: = = “‘:T “““
primary side control and constant current and @onst L (
voltage regulation. svsoozc Vo ! |

! w L)
The Device provides primary side control to elimenthe o == ¥l
opto-isolators or the secondary feedback circuitsich I /1
would cut down the cost of the system. = (PR S —. P '

Fig.2 Start up
In order to reduce the switching losses and impieive
performance, Quasi-Resonant switching mode is e@hpli  The start up resistorgrand Gy are designed by rules
which turn ON the power MOSFET when the voltage pajow:
across Drain and Source is at its lowest pointstae up
current of the device is rather smalluMmax) to reduce

a) Preset start-up resistogRmake sure that the current
the standby power loss further. @ P ER

through Ry is larger thandr and smaller than,k_ove

In order to improve the stability, the self-adaptio Vv v
compensation is applied. BUS <R, <—2Y3(1)
IVIN70VP IST
The device provides reliable protections such agrOv Where 4y is the BUS line voltage.
Voltage Protection (OVP), Short Circuit Protect{@CP),
Over Temperature Protection (OTP), Output voltage (b) Select G, to obtain an ideal start up timgrtand

OVP protection , VSEN pin short protection ,etc.. ensure the output voltage is built up at one time.
V,
SY5002C can be applied in AC/DC adapters, Battery (7RBUS lor) Xtgy
Chargers and other consumer electronics. Cun :S\T/— (2
VIN_ON

SY5002C is available with SOT23-6 package.
(c) If the G,y is not big enough to build up the output
; ; ; voltage at one time. Increasg,¢Cand decreasedR go
Appllcatlons Informatlon back to step (a) and redo such design flow unglitkeal
start up procedure is obtained.
Start up

After AC supply or DC BUS is powered on, the cafci Shut down

Cvin across VIN and GND pin is charged up by BUS
voltage through a start up resistasrRONce \{y rises up

to Vyin-on, the internal blocks start to work.)\{ will be
pulled down by internal consumption of IC until the
auxiliary winding of Flyback transformer could siypp
enough energy to maintain,\{ above \{n.orr-

After AC supply or DC BUS is powered off, the energ
stored in the BUS capacitor will be discharged. Whe
the auxiliary winding of Flyback transformer cantno
supply enough energy to VIN piny\ will drop down.
Once W is below W n.orr the IC will stop working.

Quasi-Resonant operation(valley detection)

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

The whole start up procedure is divided into twctisas
shown in Fig.2.4r¢ is the G\ charged up section, and
tsto is the output voltage built-up section. The stast
time st composes of stc and o, and usually dro is
much smaller thansfc.

AN_SY5002CRev.0.9A Silergy Corp. ConfidahtPrepared for Customer Use Only 5
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tois |

Is

Fig.3 QR mode operation

The voltage across drain and source of the primary

MOSFET is reflected by the auxiliary winding of the
Flyback transformer. VSEN pin detects the voltag®ss
the auxiliary winding by a resistor divider. Whehet
voltage on VSEN pin across zero, the MOSFET woeld b
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 dirig

voltage.
| VIN

- SY5002C
VSEN

Fig.4 VSEN pin connection

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

AUX

VAUX :(VOUT +VD—F) X (3)

S
Naux is the turns of auxiliary winding; Nis the turns of
secondary winding; Ve is the forward voltage of the
power diode.

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

N

V,
VSEN-REF — X AUX (4)
VOUT R VSENU + R VSEND N S
Where \{sen-reriS the internal voltage reference.

R VSEND

Ve

lpri

Isec

lour

Vaux

Fig.5 Auxiliary winding voltage waveforms

Output current control(CC control)

The output current is regulated by SY5002C with
primary side detection technology, the maximum outp
current byr.um can be set by

Ky X Vigee X

N PS (5)
RS

IOUT»LIM =

Where K is the output current weight coefficientzp¢ is
the internal reference voltages ks the current sense
resistor.

k; and \kee are all internal constant parametegg;rlm
can be programmed by-ANand R.

- Ky X Vigee X

RS N PS (6)

IOUT

Kiis setto 0.5

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

AN_SY5002CRev.0.9A
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Vour

I
I
I
I
I
I
I
I I
I I
1 1

Rated loyt  loutLim

Fig.6 V-I curve

lout

The IC provides line regulation modification furstito
improve line regulation performance of the outputent.

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

N
RCabIe = 2k3 [(R SEI\I_S [R VSENUEI_S (8)
N P AUX

ks is set to17.5uA/V

R.ae 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 largerdgyy, the stronger
cable compensation effect will be achieved.

If the output current is below 10% the OCP poihere
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 added to ISEN pin during ON time to improve such is clamped to zero. The voltage of the auxiliaryaing

performance. ThisAV senc is adjusted by the upper
resistor of the divider connected to VSEN pin.

AV,

ISEN-C™

V yeX NI\IUX x—1 _xk,(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,
Ryvsenu ranges from 5QR~150kQ.

Cable compensation

SY5002C has cable compensation to regulate theubutp

voltage for better load regulation at cable terrhikéhen
the converter output load increases from no loatuiio

load, the voltage drops on the output cable are

compensated by decreasing the voltage feedbachlsjgn
which is shown by Fig. 7.

Ne Naux

+—— JVvseN

SY5002C
Rvsenn g

<~
Fig. 7 Cable compensation

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 W n.oer Within 64 times .

When the output voltage is not low enough to disabl
valley detection in short condition, SY5002C will
operate in CC mode until VIN is below\brr.

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

Raux

VIN

Cun A~
Naux

SY5002C

Fig. 8 Filter resistor Rx

Output voltage OVP protection

The secondary maximum voltage is limited by the
SY5002C.When the VSEN pin signal exceeds 1.45V,
SY5002C will stop switching and discharge the VIN

AN_SY5002CRev.0.9A Silergy Corp. ConfidahtPrepared for Customer Use Only 7
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voltage. Once VY is below {n.orr the IC will shut
down and be charged again by HV start up.

VSEN pin short protection

The SY5002C has a protection against faults cabged
shorted VSEN pin or a shorted pull-down resistarriby

start-up, the voltage on the VSEN pin is monitored.
normal situations, the voltage on the VSEN pin hesc

Transformer (Npsand Ly)

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

VMOSf(BR)DS X 90%-\/_2VAC7MA>< A

VS
(14)
VOUT +VD_F

Npe <

the sense protection trigger level. When the VSENWhere \jos @rppsis the breakdown voltage of the power

voltage does not reach this level, the VSEN pishisrted
and the protection is activated. The IC stops $witg
and discharge the VIN voltage. Onceis below .

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(2k

Power Device Design

Mosfet and Diode

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

VMOS_DS_MAX:\/EVAC_MAX-FN psX (V OUT+V D_9+AV 3(8)

2V,
\/— AC_MAX +VOUT (9)

NPS

Where Vic.max IS maximum input AC RMS voltage;shl
is the turns ratio of the Flyback transformegyYis the
rated output voltage; 3k is the forward voltage of
secondary power diode\Vs is the overshoot voltage
clamped by RCD snubber during OFF time.

VDiRiMAX =

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

I MOSiPKiMAXZI P_PK_MAX (10)
IMOS_RMS_MAX:| P_RMS_MAX(ll)

I D_PK_MAX =Npg 1 P_PK_MAX (12)

ID_AVG =lour (13)

Where bprvax and brusmax are maximum primary
peak current and RMS current, which will be introeld
later.

MOSFET.

In Quasi-Resonant mode, each switching period dycle
consists of three parts: current rising timectirrent
falling time % and quasi-resonant timgshown in Fig.9.
Ve

Ipp,
lpri

Isec

lour

Fig.9 Switching waveforms

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

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

(a)Select Ns
< VMOS_(BR)DS X 90%"/_2VAC_MAX A

Vs (15)
T Vour +VD7F

N

(b) Preset minimum frequency.fin

(c) Compute inductor |, and maximum primary peak
current b_pk.max

AN_SY5002CRev.0.9A
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| = 2|:E)UT + 2FC))UT
P_PK_MAX NXVoe wn MXNpsX(V otV 5 ) (16) AB=0.22~0.26T
+n\/% % Copan X s in (c) Compute primary turn N
2POUT L, xI
o= (17) — M " P_PK_MAX
nxli_PK_MAX fo_MIN N» ABxA, (24)

Where G, is the parasitic capacitance at drain of

MOSFET,; n is the efficiency; Byr is rated full load
power
(d) Compute current rising time tand current falling
time

Ly xI

t = P_PK_MAX (18)
! VBUS
L_xI
t2 - m P_PK_MAX (19)
NPSX(VOUT+VD_9
t,=— (20)
S_MIN

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

3 t
IPfRMSfMAX :?I PiPKfMAXx t_l (21)
S

(f) Compute secondary maximum peak curretihax
and RMS current ggruswax for the transformer
fabrication.

I S_PK_MAX— N psX I PP K_MAX(22)

V3 t
ISfRMSfMAX = ? N PSI:I] PfPKfMAXD t_2 (23)
S

Transformer design (Ns,Ng,Naux)

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

Necessary parameters

Turns ratio Ng
Inductance M
Primary maximum current pbk-MAX
Primary maximum RMS current | pkuswmax

Secondary maximum RMS current s gms max

The design rules are as followed:

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

(b) Preset the maximum magnetic flaB

(d) Compute secondary turnsN

N
Ng=—F (25
ST 80

PS

(e) compute auxiliary turn Nyx

N =N X2 (26)

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 krus-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, g¢apand redesign the
transformer until the ideal transformer is achieved

Input capacitor Csus

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

Or more accurately by

AVBUS

Tt
_— "BUS )4.7
\/EVACJ\/HN

2 % Pour %
n n
1

arcsin(t-

CBUS =

(27)

AV
2fINVA2C7MIN [1_(1_ BUS )2]

\/EVACJ\/HN

WhereAVgs is the voltage ripple of BUS line.

RCD snubber for MOSFET

The power loss of the snubbe{Bis evaluated first

Nps X (VourtVp dHAV g Ly
= = x—-x R (28)
RCD AVs L " ouT

AN_SY5002CRev.0.9A
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Where Nbsis the turns ratio of the Flyback transformer;
Vour is the output voltage; Mk 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:

_ (N ps (VOUT+V Dj)"'AV 5)2

RRCD -

(29)

PRCD

The Gep is related with the voltage ripple of the snubber Ground®:

AV rep

C. = Nps X (V ourtV D_F)+AV
R RRCDfSAVCJ:{CD

>(30)

Layout

(a) To achieve better EMI performance and redirce |
frequency ripples, the output of the bridge reeti§hould
be connected to the BUS line capacitor first, thethe
switching circuit.

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

(c) The connection of primary ground is recommena&d

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 node of current sample resistor.
Ground®: ground of IC GND.

(d) bias supply trace should be connected to tlas bi
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.

() The resistor divider connected to VSEN pin is
recommended to be put beside the IC.

AN_SY5002CRev.0.9A
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®
1 Ll R3=C
DBl | Cl= 2= =
©
<~
DI
0= rZ
D2 R
AAA
[ N Wy
Cc4
&= =Rs
SY5002C
BEN DRV
J_—GND VIN
E:RG @ NC  VSEN| Yl
@)—7_ @T

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

AN_SY5002CRev.0.9A Silergy Corp. ConfidahtPrepared for Customer Use Only 11
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Design Notice

1. Atno load, secondary side diode freewheeling timeuld be more than 1.8us

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

3. Some transformers structure may induce larger spilkarger ring on the current sample resistor hatinitial of
the primary switch turning on.This spike or ringyrause wrongly detection of the peak current anélenthe
switch turn off earlier, so the accuracy feedbagkage sample cannot be guaranteed. The recommarduses
are: 0.5Pri.----shielding----Sec.----Aux.----0.5ri Pri.----shielding----Sec.----Aux.; Do not udeetstructure like
0.5Pri.----Aux----Sec.----Shielding.----0.5Pri..

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 capattitowyill affect the feedback voltage sample amclude larger
ripple or other issues. The recommend parametei®/ien Imin(Imin=0.15V/Rs)is 0.1A,the snubber cafmc
should not larger than 470pF.

5. At heavy load, the peak-to-peak voltage at the VPENshould be less than approximately 100mVp-graft off-

min time(1.8us).This can be guaranteed by decrgdbmleakage inductance and using proper RCD smubb

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 eesthe stability, output capacitor should be iraage, that is
Cout*(Vo/lo) should not be far away from 3.7m.Faample, 5V2A output case, Cout=3.7/2.5=1480uF piltput
capacitor should be in the range of 1270uF to 1680w other hand, switching frequency ripple shoalsb be
considered. If switching frequency ripple is largerease the capacitance properly or use low ERRator.

N

AN_SY5002CRev.0.9A Silergy Corp. ConfidahtPrepared for Customer Use Only 12
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Design Example

A design example of typical application is showiohestep by step.

#1. Identify design specification

Design Specification

V ac(RMS) 90V~264V \but 12v
IOUT 2A n 90%
#2. Transformer design @y Ly)

Refer toPower Device Design

Conditions

VAC,MIN o0V VAC,MAX 264V
AVg 75V VMos-BRr)Ds 600V
PQUT(maX) 24W \6,F v
Corain 100pF Emin 60kHz
AVpys 30% Veusmin

(a)Compute turns ratio M first

VMOS_(BR)DSX 90%'\/_2VAC,MAX _AVS

N, <
°e VOUT+VD,F
_600Vx 0.9+ 2¢ 264V-75V
12V+1V
=7.05
Npsis set to
NPS:7

(b)fsmin is preset
fs iy =60kHz

(c) Compute inductor § and maximum primary peak currepbk max

IP,PK,MAX = ZPOUT + Z%UT " T[\/ ZBUT chrain x fs,NnN
r]X(\/EV -AVBUS) anPsx(VOUT+VD,»:) n

2x 24W 2x 24W \/ x 24W

+ + TIX

AC,MIN
_ L 100pFx 60KHZ
0.9x (/2% 90V - 0.3+ 2 90V) 0.9 7x (12V+ 1V) 09 P

=1.241A
2POUT

m = 2
n X lP,PK,MAX ><fS,MIN

_ 2% 24W
0.9x (1.241A% x 60KHz
=0.577mH

AN_SY5002CRev.0.9A Silergy Corp. ConfidahtPrepared for Customer Use Only
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Set: L,=0.55mH

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

‘= Ly XTe pimax _ 0.55mHx 1.241A_ " 5.3a1s
! Vaus J2x90v

Lo Xl o pemax _ 0.55mHx 1.241A
t, = P, = = 7.51s
NesX(Vour+Vopd 7 x(12V+1V)

t,=nx /L, XCppn =1 %+/0.55mHx 100pF=0.737 s

Drain

to=t,+t,+t,=5.36ust 7 & 0737 s 1316 s

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

V3 t, /3 5.361s_
IP,RMS,MAX :?I P,PK,MAXX t_l :_xl 241Ax 13 Q,l s =0.45A

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

s pkmax=Nps X p prmax =7 X1.241A= 8.686A

V3 J3 751s
IS,RMS,MAX =N PSX?I P,PK,MAX t_z :7x—x1 241Ax 13 61 S: 3.724A

#3. Select power MOSFET and secondary power diode

Refer toPower Device Design

Known conditions at this step

V acmax 264V Nos 7
Vour 12v Vo 1V
AVg 75V

(a) Compute the voltage and the current stress of MEXTSF

VMOS,DS,MAX:\/EVAC,MAX +N PS X (V OUT+V D,F)+ AV S

=/2x 264V+7x (12V+1V)+75V
=539V

I MOS,PK,MAXZl P,PK,MAX:1'241A

I MOS,RMS,MAXZI P,RMS,MAX:O'45A

(b) Compute the voltage and the current stress ofnslzcy power diode

AN_SY5002CRev.0.9A Silergy Corp. ConfidahtPrepared for Customer Use Only 14
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VD,R,MAX =

_J2x264v
7

'\/EVAC,MAX

N +VOUT
PS

+12Vv

=65.3V

Lo pranx =Nps X1 p =7 X1.241A=8.686A

I DAVG =2A

#4. Select the input capacitonC

Refer tolnput capacitor Csus

Known conditions at this step

VAC,MIN | 9OV | AVBUS | 30% VBUS,MIN
arcsin(l—h )#E
C - \/EVAC,MIN 2 x Pou'r x 1
BUS
T 2 AV 2
2fINVAC,MIN [1_(1_A) ]
\/EVAC,MIN
. 0.3xy/2x 90V T
arcsintF——— f—
_ & 2xoov )*2x24wx 1
T
2x50Hzx 90V x [1- (1—M/5 1
J2x 90V
=48.F
Set Gus
CBUS =44uF
WhereAVpgys is the voltage ripple of BUS line.
#5. Set VIN pin
Refer toStart up
Conditions
VBUS,MIN 90V x JE VBUS,MAX 264V x \/E
Ist 4uA (max) Vin-on 14.7V (typical)
lvin-ove 9mA (typical) Er 2s (designed by user)

(a) Rstis preset

RST <

Vaus v - 90V x \/_2
4

IST

=31.82M2

AN_SY5002CRev.0.9A
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m s Vausx _264Vx/2 _ 41.48K0

ST IVINfOVP gm
Set Rt
RST:6M
(b) Design G

V
(%_%T)xtg (M-%A) x 25

c - or ____6MQ

Vi VVIN_ON 14.7v
Set Gy
Cun =3-31F

=2.34IF

#6. Set current sense resistor to achieve ideplLibatrrent

Refer toOutput current control(CC control)

Known conditions at this step

Ky 0.5 Nos 7
VRer 0.42v bur,um 2.4A
The current sense resistor is

:kleREFxN PS

S
IOUT,LIM
_0.5x0.42vx 7
2.4A

=0.6132
Set Rs
Rs=0.55&
#7. Set VSEN pin
Refer toOutput veltage control(CV control)
First compute Rsenu
Conditions
Vour 12v VVsEN REF 1.25v
RCable 0.20 Ns 13
Naux 15 Ks 17.5uA/V

N
RVSENU = N_P ERCabled\:GA GZKLDR = 83KQ
S S 3 S

AN_SY5002CRev.0.9A
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Set Risenu

RVSENU :82m
Then compute Renp

RVSENU

=8.14K

R = =
YT Vo Ny (12Vx15

(

V\/SENfREI’-I\l S 125VX 13_

Rysenp =8.2K2

1

AN_SY5002CRev.0.9A
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#8. Final result

DB1

F1 MB10S

250VM1A

AC
source

= -
\LC1

22uF/400V

D1
S1M/SOD-

L

R5 []
82k/0805

R6
8.2k/0805

" 10nF/630V
T e c3 ™ 7 VN
o 0
Rt cs f‘Jémos =
RIS 2M  1n/630V/1206 b
(=17}
=§ o= e g~
= N /st
& R2 N
o 2%9
AR 2
= Cs2 |
R3
R4 2M Al
123 5.1/0805 1206 4704F/I16V
4 Ayl
Cc4 CS3
3.3uF/ 4704FH6V
. R12 D3
1208 20/0805 1N4148
SY5002C 2 N
o H & oS Al
ISEN DRV l5e L=
200/1206 H L T5  |4rournev
R11 % S RS2
VIN |— ¥
GND
R10 5.1k/|1|206
= 20k/0805 Vout- cssl | Vout+
NC VSEN — 10uF/25V/0805
cv1
330pF
R 300/1206
R7 R8
111206 13.311206 =

PTR10L100CT

AN_SY5002CRev.0.9A
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SOT23-6 Package outline & PCB layout design

- 2.80-3.10—————

2.40

—— 1.50-1.70 — =

‘k 0.95 A‘ 0.60 —1 lww— 0.30-0.50
Recommended Pad Layout

- 2.70-3.00——®

]
|

)
|/

1.0-13

‘<—>
0.95TYP

\-t—— 0.25 REF
l——————
— = —=— 001-0.1

»‘ rﬁ 0.1-0.15

J
|

0.3-0.6 190 TYP

Notes: All dimensions are in millimeters.
All dimensions don'’t include mold flash & metdburr.
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Taping & Reel Specification

Taping orientation

SOT23-6 |—1-ﬁb”-“ﬁ |-—3.:-.-'4.1—-| 148 |
_L\I fJﬁI .”’Jﬁ, If':{ .f’_‘“wl -
_/ \_ S S N
it 2,9713,37 |
F nnn (101 (101 (101 Oo0ono| &
L L L L L E
LT LT LT LT I_ILILI_T'_
3,304, 1 (-
Feeding direction—>
2. Carrier Tape & Reel specification for packages
Reel
Size
Package ;%F;ﬁ Pocket Reel size Trailer Leader length | Qty per
types (mm) pitch(mm) (Inch) length(mm) (mm) reel
SOT23-6 8 4 7" 280 160 3000
3. Others: NA

12001, 804
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