Applications Note: SY5810

Single Stage Flyback And PFC Controller
With Primary Side Control For LED Lighting
S/IERGY Preliminary datasheet

General Description Features

The SY5810 is a single stage Flyback and PFCe. Primary side control eliminates the opto-coupler.
controller targeting at LED lighting applicatiorisis a  « Valley turn-on of the primary MOSFET to achieve

primary side controller without applying any secand low switching losses

feedback circuit for low cost, and drives the Fk;dba e 0.3V primary current sense reference Vo“&bads

converter in the quasi-resonant mode to achievieehig to a lower sense resistance thus a Iowa& duction

efficiency. It keeps the Flyback converter in canst loss.

on time operation to achieve high power factor. « Internal high current MOSFET driv(;./O.ZSA

sourcing and 0.5A sinking

Ordering Information « Low start up current: 15pA tqual

SY5810 (0] D)% » Reliable short LED ar.ld 0] ED protection.
Temperature Code » Power factor >0.90 Wlt le-stage conversion.
Package Code Compact package: -6
Optional Spec Code Apphcaﬂon%@

Temperature Range: -40°C to 85°C

Ordering Number | Package tyfje Note * LED ||9htln%b’
SY5810ABC SOT23-6  Down Iﬁ&
e Tubel

: @@“
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Figure 1. Schematic Diagram SOT23-6
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Pinout (top view)

ISENCIT] 1 O 6 [ L 1DRV
GND[I] 2 5T VIN
COMPLL| 3 4 [Tzcs S
-/ &‘b‘
(SOT23-6) &

Top Mark: GZ xyz for SY5810ABC(device code: GZx=year code, y=week code, z= |ot numb{éode)

Pin Name | SOT23-6 Pin Description

Current sense pin. Connect this pin to the soufdbe primary“switch.
Connect the sense resistor across the source pfithary SV)Q and the

B . VREF DNPS o
(current sense resistegRR, = k———=,k = 0.1®’

ouT

17

GND 2 Ground pin

Loop compensation pin. Connect a RC ne@dk adrosin and
COMP 3 ground to stabilize the control loop.

Inductor current zero-crossing detection pin. Tipis receives the
auxiliary winding voltage by a r divider adetects the inducto
current zero crossing point. T in also providesr voltage protection
ZCS 4 and line regulation modification- function simultausly. If the voltage

on this pin is abov® ;s “gbe IC would enter over voltage protectipn
mode. Good line regu n can be achieved by #idgshe uppern
resistor of the divideps,

=

Power supply pin is pin also provides outputrov@tage protectior
VIN 5 . .
along with ZCS.pin-

DRV 6 Gate driver@yi‘b,‘t‘,onnect this pin to the gatterimary MOSFET.
>
C
&
&
. \6
%\
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Absolute Maximum Ratingsote 1)

VIN, DRV -0.3v~17Vv
ZCS Vin+0.3V
ISEN, COMP 3.6V
Power Dissipation, @ Al= 25°C SOT23-6 0.6W
Package Thermal Resistance (Note 2)

SOT23-60JA 170°CQV
S0T23-60JC 1
Temperature Range -40°C@ 50°C
Lead Temperature (Soldering, 10 sec.) £.2260°C
Storage Temperature Range : °C to 150°C

Recommended Operating Conditionguote 3)
VIN, DRV 8V~15.4v

-40°C to 125°C

Junction Temperature Range

Ambient Temperature Range

Block Diagram

-40°C to 85°C

VIN

PWM
Logic
&
Driver

UVLO
&BIAS [P Vrer

DRV

GND

T

ISEN . lo Estimator
i Q
4
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7CS . Valley Detect
C OVP

52
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Figure3. Block Diagram
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Electrical Characteristics
(Vin = 12V (Note 3), | = 25°C unless otherwise specified)

Parameter | Symbol | Test Conditions | Mih Typ | de Uit
Power Supply Section
Input voltage range Wn 8 154 V
VIN turn-on threshold Vin.oN 17.6 vV
VIN turn-off threshold )IN.OFE 6.0 7.9 V
VIN OVP voltage \Jin.ove Vym.on+0.85 w
Start up Current sk Vyin<Vvin oFr 15 HA
Operating Current vin C_=100pF,f=15kHz 1 mA
Shunt current in OVP mode vil.ovp Vvin>Vvin ove 1.6 2 @g mA
Error Amplifier Section
Internal reference voltage | R¥YE | | 0.294 | 0.3 | 0.306 | V
Current Sense Section
Current limit reference voltagé V|SEN.MAX | | | 0.5 | | V
ZCS pin Section
ZCS r;lhnr ;)SXZ c\j/oltage Vacs o b’ 142 Vv
Gate Driver Section
Gate driver voltage Yate Vvin \Y
Maximum source current sbuRCE 0.25 A
Minimum sink current dink 0.5 A
Max ON Time TonmAx Vcovr=h.5V 24 us
Min ON Time Ton.MIN 400 ns
Max OFF Time BrE.MAX L 39 Us
Min OFF Time Toremin 2 Us
Maximum switching frequency fuax 120 kHz
Thermal Section
Thermal Shutdown Teo 150 c
Temperature

Note 1 Stresses beyond the “Aﬁ(@ Maximum Ratingsy smuse permanent damage to the device. These are
stress ratings only. Functional ation of th@aeat these or any other conditions beyond tivudieated in the
operational sections of the cification is ngblied. Exposure to absolute maximum rating condgiéor

extended periods may aff&evice reliability.

Note 2 ©;4 is meaSIQEf in the natural convection aET25°C on a low effective single layer thermal doctivity
test board of JEDEC 51-3 thermal measurement stdndlast condition: Device mounted on 2" x 2" FRubstrate
PCB, 20z copper, with minimum recommended pad priager and thermal vias to bottom layer grounch@la

Note 3 O@ase VIN pin voltage gradually higher thap\b voltage then turn down to 12V.

%'»
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Vuimn

Operation Vo] = == =
|

SY5810 is a constant current Flyback controllerhwit Rer et =2 “+T “““
primary side control and PFC function that targats L .
LED lighting applications. svsgo Vo7 ! i

VINOOo L
The Device provides primary side control to elinenthe Cun : : ,&
opto-couplers or the secondary feedback circuitschv :L 1 :
would cut down the cost of the system. . e tore—>t= @%

Fig.4 Start up P

High power factor is achieved by constant on opemat . Q&
mode, with which the control scheme and the circuit The start up resistordrand G esigned by rules
structure are both simple. below: o

In order to reduce the switching losses and impieve () Preset start-up resisto@wake sure that the current
performance, Quasi-Resonant switching mode is egpli through R is larger thandr and smaller than/k_ove
which means to turn on the power MOSFET at voltage

valley; the start up current of SY5810 is ratherakbm Vaus <R.. < )

(15uA typically) to reduce the standby power lassHer; low ove b

the maximum svyltch|ng frequer!cy is clamped to 120kH Where \4 he BUS line voltage.

to reduce switching losses and improve EMI perforoea

when the converter is operated at light load caooralit (b) S@QQW to obtain an ideal start up time tand
ﬁ;te the output voltage is built up at one time.

SY5810 provides reliable protections such as Sho&
(

Circuit Protection (SCP), Open LED Protection (OL M-IST)xtST
Over Temperature Protection (OTP), etc. o Cyn = Rer )
\J‘\ VVINfON
SY5810 is available with STO23-6 4
. ] ] b’o (d) If the G,y is not big enough to build up the output
App||cat|0ns Information '»\ voltage at one time. IncreaseCand decreasesR go

back to step (a) and redo such design flow unélitkeal
O’Q start up procedure is obtained.

Start up
After AC supply or DC BUS is Qered on, the cafiaci Internal pre-charge design for quick start up
Cviv across VIN and GN& is charged up by BUS

voltage through a start sistasrRONce \(y rises up  After Vuy exceeds Vivon, Veow is pre-charged by an

to Vum.on, the interr@?@cks start to worky\ will be internal current source. The PWM block won't start

pulled down by interrial consumption of IC until the Output PWM signals until ¥we is over the initial

auxiliary windi f Flyback transformer could sipp Voltage owe,c Which can be programmed by-de.

enough ener aintain, above \m.orr. Such design is meant to reduce the start up timnestin
Fig.5.

The th@art up procedure is divided into twotisas ]
shown in Fig.4. 4rc is the Gy charged up section, and The voltage pre-chargedc¥we ic in start-up procedure

tsto IS-the output voltage built-up section. The stgpt ~ can be programmed byBwe
time tsr composes of stc and &ro, and usually dro is
much smaller thanstc. Veowr 1c=600mMV-30QA XR 5,(3)
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Van Ve

lert
600mV|- — — — — — —
SY5810 v
cowpicf— — — — — — —|
comp }
——— Pwm [l '
Reows |
|
Ceowpz
(opt) —[

Ipp,

Coowet

Isec

TFig.S pre-charge scheme in start up lour
Where \eomp.cis the pre-charged voltage of COMP pin.

Generally, a big capacitance oftd&up IS Necessary to . O
achieve high power factor and stabilize the syskeop Q
(luF~2uF recommended); The voltage pre-charged in ,& 3
start-up procedure can be programmed byR, On the ‘
other hand, larger Rvp can provide larger phase margin tor \
for the control_ loop; A small _ceramic_ capacitoragded Fig.6 @(:hmg waveforms
to suppress high frequency interruption (10pF~108pF @

recommended if necessary)

Shut down Q

s is the turns ratio of primary to secondary of

After AC supply or DC BUS is powered off, the ener éh%yba(:k transformer.

stored in the BUS capacitor will be discharged. Wtie

auxiliary winding of Flyback transformer can nop (b' Thus, bur can be represented by
enough energy to VIN pin, W will drop down.

VVIN is below \‘/lN-OFFa the 1C will Stop worki and [ — NPSXIPth_DIS(B)

Vcome Will be discharged to zero. ouT 2

/

The primary peak currentsd and inductor current
. . . . 7 discharge timepis can be detected by the IC, and the
Primary side control is applie liminate secryd effect of the leakage inductor can be compensated b

f?edpaCk circutt or gpto-cou which reduces thelnternal control schemegt can be induced finally by
circuit cost.The swﬂchmg&fcrms are shown in Fig.6.

Primary-side constant-current controlé

The output currenty @)e represented by, lour= klxksz\:REFxN PS(7)
S
ISP tDIS . . ..
lour= 7" Where kK is the output current weight coefficient; Is

h %e K fth d the output modification coefficient; g¢r is the internal
svnere peak current of the secondary sige;is reference voltage; fs the current sense resistor.

the §% ge time of Flyback transformeg; i$ the
period. ki,ko and \ker are all internal constant parametegsyrl

b db dR.
The secondary peak current is related with prinmsesk can be programmed by:iand R

current, if the effect of the leakage inductor églected. Kk, XK, XV g XN

Rs PS (8)

I ouT
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Quasi-Resonant Operation condition still exists, the system will operate hiccup
mode.

QR mode operation provides low turn-on switching

losses for Flyback converter. Thus, the turns of the auxiliary windingaly and the

resistor divider is related with the OVP function.

o \ Vzcs o — N aux x Rycso (9) &
, \ Vove Ns  RzesutR zesp (b‘

VVIN OovP NAUX
— =" >_22 (10
0o &

Vos Vove Ns $

Where b is the output voltage specification;
T Rzcsu and Resp compose resistor divider. The turns

|
| R ' ratio of Ns to Nayux an%‘g ratio of Rsyto Rcsp could
Fig.7 QR mode operation be induced from e n (9) and (10).

The voltage across drain and source of the primaryShort Circuit I@tion (SCP)
MOSFET is reflected by the auxiliary winding of the ﬂ
Flyback transformer. ZCS pin detects the voltagessc  When th put is shorted to ground, the outplttge
the auxiliary winding by a resistor divider. Whelnet s clan@o zero. The voltage of the auxiliaryaing
voltage across drain and source of the primary MEISF is p @b jonal to the output winding, sa,¥ will drop
is at voltage valley, the MOSFET would be turned on %&ﬂ without auxiliary winding supply. Oncey\ is
\b oW Wnorr the IC will shut down and be charged
Over_Voltage Protection (OVP) & Open LED@ again by the BUS voltage through the start up tesi#f
Protection (OLP) &‘\, the short circuit condition still exists, the systewill
VIN operate in hiccup mode.

Raux

- S . b In order to guarantee SCP function not effected by
)\ voltage spike of auxiliary winding, a filter resistRayx

= sv5s1Q is needed (1Q typically) shown in Fig.8.

T O

Roces [] Line regulation modification

L (Q The IC provides line regulation modification furmsti to
B O improve line regulation performance.

F'@VP&OLP Due to the sample delay of ISEN pin and other imdkr

The output v % is reflected by the auxilianynding delay,_ the output current increases \{vith increasimpgit

voltage of thé;%oack transformer, and both ZOSaid BUS line voltage. A small compensation voltaQésen.c

VIN pil @wide over voltage protection function.héh is added to ISEN pin durm_g ON_ time to improve such

the % null or large transient happens, thgpwtu performance. ThisAVisen.c is adjusted by the upper

volt will exceed the rated value. WhepnVexceeds resistor of the divider connected to ZCS pin.

Vyinovwe OF Vzcs exceeds Ycsovn the over voltage

protection is triggered and the IC will dischargguwby AV gen =V pus X N aux xixk ,(11)

an internal current sourcgove. Once \{ is below ’ Ne  Racsy

Vvinorr the IC will shut down and be charged again by

BUS voltage through start up resistor. If the oveitage =~ Where Rcsy is the upper resistor of the divider; k3 is an
internal constant as the modification coefficieNt;,x

Rzcsu
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and N> are the turns of auxiliary winding and primary

winding of the transformer.

The compensation is mainly related withcR), larger
compensation is achieved with smalleic&®. Normally,
Rzcsranges from 100R~1MQ.

Then Rcsp can be selected by,

Vzcs_ovp x N s

V, N

V out Aldx RZCSU >R ZCSD(lZ)!
1- ZCS_OVP s

VOUT N AUX
And,
Vzcs_ovp % NS
RZCSD 2 VOVP N AU X RZCSU(13)
1- Vzcsfovp % Ns
VOVP N AUX

Where \owp is the output over voltage protection
specification; \byris the rated output voltage;z&y is
the upper resistor of the divider;sldnd Nyyx are the

turns of secondary winding and auxiliary winding

x@

separately.

&
Power Device Design

MOSFET and Diode

00

When the operation condition@with maximum input

voltage and full load, the
secondary power diode'@

ge stress of MOSFKHET
imized;

VMOS_DS_MAx:\/EVAc_ ax TN pg X v outtV 9+AV (14)

ﬁagﬁ
VD R_MAX ™~ = +VOUT (15)
PS

Where Ax is maximum input AC RMS voltage;pl
is t% s ratio of the Flyback transformegyY is the
rated~output voltage; M is the forward voltage of
secondary power diode\Vs 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
power diode is maximized.

I MOS_PK_MAXZI P_PK_MAX (16)
IMOSfRMSfMAXZI PiRMsfMAX(]'?)

D_PK_MAX =Npgx1 P_PK_MAX (18)

IDﬁAVGZI ouT 19)

Where b-pk-MAX and b.rMs-MAx are maximu
peak current and RMS current, which wi

later. &/
Nps is limited by the ele | stress of the power
MOSFET:

N < VMOSf(BR)DS x 9@§VAQMAX AV

ps =
ut +VD_F

imary
introeld

Transformer (Npsand Ly)

(20)

Where \{,
MOSF

rpsis the breakdown voltage of the power

asi-Resonant mode, each switching period ccle

QﬂSIStS of three parts: current rising time durrent

alllng time t and quasi-resonant timeg shown in
F|99

lpp,
leri

Isec

lour

Fig.9 switching waveforms
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The system operates in the constant on time mode to L, L,

achieve high power factor. The ON time increase$ wi J4P§UTX[J§V N X(VgurtV 9]2+4LM < Four
the input AC RMS voltage decreasing and the load + oL R i,
increasing. When the operation condition is with
minimum input AC RMS voltage and full load, the ON (26) i . i

time is maximized. On the other hand, when the tinpu WWheren is the efficiency; Bur is rated full load power
voltage is at the peak value, the OFF time is midch
Thus, the minimum switching frequency/fin happens at

Ly *n

Adjust t and §to ' and & considering the effectof t

the peak value of input voltage with minimum inpAG ¢ L VR e 27) &(b'
RMS voltage and maximum load condition; Meanwhile, "s™ 4P, %
the maximum peak current through MOSFET and the Ve
transformer happens. L x| efr

fr= M TP PK MAX (28) $
Once the minimum frequency f is set, the inductance \/EVAC MIN
of the transformer could be induced. The desigw fi® - O

shown as below: , Q
| = t_l x| &(29)
(a)Select Ns P_RMS_MAX ™4[ G @n X

N <VMOSf(BR)Dngo%-\/_ZVAchAX_AVS 21 .
ps = VANRY, (21) (g) Compute dary maximum peak curremtax
our - "D.F and RMS rent slrmsmax for the transformer

fabrication‘ba
I &%_ ps Xl PfPKﬁMAX(SO)

(b) Preset minimum frequency.fin

(c) Compute relativest t; (tz is omitted to simplify the
design here)

1 ., &tlz:tls'tll't 3(31)

(22)

ts= T
t

SMIN ‘&4\7 IS_RMS_MAX = 6t2' x| S_PK_MAX (32)

< i

tS xN PSX (V OUT+V Dia

t,=
\/EVAC_NHN +NPS x (VOUT+V D_F)

(23)

%\' Transformer design (No,Ns,Naux)
@ Deszlgn mduzctance,\}._ 'Q The design of the transformer is similar with ogdin
L = Vac un Xt X1 (24) C O Flyback transformer. the parameters below are sacgs
. 2POUT X tS

Necessary parameters

(e) Compute ¢ Turns ratio Ns
O Inductance b

t,=mx /LM xCo ( Primary max?mum current plK-MAX

Primary maximum RMS current | p_kus-max
Where G e parasitic capacitance at drain of Secondary maximum RMS currents rus-wax

MOSFET.
. The design rules are as followed:

() %}mte primary maximum peak curreptpd.max

and MS current plryswax for the transformer (a) Select the magnetic core style, identify the effec

fabrication. area A,
L L . .
2R X[ M + M ] (b) Preset the maximum magnetic flaB
| _ o \/EVA(:_N”N N PS X (V OUT+V D_I)
PPIMAX Ly xn AB=0.22~0.261
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(c) Compute primary turn N _NpsX(VoyrtVp g+AV Sxix P (a7
RCD ouT
AV Ly
— LM x| P_PK_MAX (33)
T ABxA, Where Ngis the turns ratio of the Flyback transformer;
Vour is the output voltage; 3k is the forward voltage of
(d) Compute secondary turrgN the power diodeAVs is the overshoot voltage clamped

by RCD snubber; L is the leakage inductor;jlLis the
No 34 inductance of the Flyback transformer)UPls@ output

= NPS power. /%
The Ryep is related with the power@&:

- (Nps* (V ourtV D_9+A\//4§38)

(e) compute auxiliary turn Nyx

N ux =Ng % \\//VIN (35) Reco Psco
ot The Gyep is related wi t&«/oltage ripple of the snubber
Where W is the working voltage of VIN pin (10V~11V AVeren O

is recommended). X (VioyrtV p AV
PS

. . . RCD (39)
(f) Select an appropriate wire diameter ,é;@ fAV ¢ rep
With lp.rus.max @and krus.max, Select appropriate wire to
make sure the current density ranges from 4A3’mm
10A/mn?. ut

(9) If the winding area of the core and bobbin i‘E})t (a) To achieve better EMI performance and reduge li

enough, reselect the core style, g¢apand redesi frequency ripples, the output of the bridge reetihould

transformer until the ideal transformer is achie be connected to the BUS line capacitor first, thethe
6 switching circuit.

Output capacitor Cout

%4 (b) The ground of the BUS line capacitor, the g
Preset the output current npm&om,@ sinduced by  the current sample resistor and the signal grourithe
IC should be connected in a star connection.

1{ Zlour )2 (c) The circuit loop of all switching circuit shalbe kept
€ 6) L pri Ay

Coyr=—— small: primary power loop, secondary loop and aaril

4n fACRLED power loop.

Where byt is the rated output currentyloyr is the (d) The wire connected to ISEN and DRV should be as
demanded current ripplexd is the input AC supply thick as possible.

frequency; % the equivalent series resistor of the

LED Ioad % (e) The resistor divider is recommended to be mside

the IC.

RCD@}Mbber for MOSFET

power loss of the snubbeiBis evaluated first
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Design Example
A design example of typical application is showlohestep by step.

#1. Identify design specification

Design Specification

Vac(RMS) 90V~264V \but 20V &
lour 200mA n 85% &@a
#2. Transformer design gy Ly) ‘g/%
Refer to Power Device Design ée
Conditions

AV 50V Vmos-BR)Ds 608\6

Pout 4w Vo e 1V

Corain 100pF Emin @kHZ

(a)Compute turns ratio N first

Q°
VMOS_(BR)DSX 90(%)-\/_2VAC_,\,|AX AV &6

Nps <
e VourtVoe q

_ 600V 0.94/2x 264V-50V ) &
20V+1V &x

=5.54
Npsis set to 660
>

N,p=4.2 OQ

(b)fsmin is preset ( )
f57M|N:75kHZ &Q

(c) Compute the s@;dhing periogand ON time tat the peak of input voltage.

il
t fS{ =l

— xtS x N PSX (V OUT+V D_l)
' \/EVACJ\/HN +Npg X (VourtV DJ-‘)
_ 13.3u5% 4.2¢ (20V+1V)

T J2x90V+4.2¢ (20V+1V)
=5.464:5

t
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(d) Compute the inductance,L
_ V:CfMIN xtlz xm
" 2POUT X t‘S
_90V? % 4.8971s*x 0.85
T 2x4Wx13.3is
=1.973mH

Set

L,=1.6mH @&

(e) Compute the quasi-resonant tige t ‘$

t3:TCX \/ LM xCDrain &Q
=nx/1.6mHx 100pF &O

=1.25%'s b

(f) Compute primary maximum peak curresiptvax &6

2POUT

L L

x [ M + M ] Q

\/EVACJMN Nps X (VourtVop 9 &6
Ly *n :

I P_PK_MAX™

L L .
AP X [N+ ¥
+ \/ T \/EVAC_NHN Nps X (VourtV 1

PR
=0.39A 4

Adjust switching periodstand ON tim sandt;.

t's: nxL,, xI s’fPKfMAX O
4Ry C

_0.85¢< 1.6n Hx 0.39A

4x AW
=13.2is O

t;_z LM ><IP_P AX
ﬁv@%
1@ 0.39A

% J2x90v

=4.897s

R‘&Lm XnNXPyr Xt

Compute primary maximum RMS curreptzhs.max

/ t) [4.89%s
Ip_RMS_MAX = _Btl' x| P_PK_MAX: m x0.39A=0.102A
s .
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(g) Compute secondary maximum peak current and thermemiRMS current.

ls o =N psX | p o up=2-67% 1.038A=2.772

t, =ttt ,=14.4515-6.1215-0.86u5=7.4 715

t 7.054s ‘55
| = L2y = |24 41 638A=0.466A N
S,RMS,MAX 6ts S_PK_MAX 6x 132LS /%

#3. Select power MOSFET and secondary power diode é
Refer to Power Device Design O
Known conditions at this step

V ac-max 264V Nos 4.2

VOUT 20V VD—F &/

AVg 50V n %

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

VMOS_DS_MAX: \/EVAC_MAX +Npgx \ ourtV D_})+ AV ¢ &6
=/2x 264V+4.2 (20V+1V)+50V \2«

=511.5Vv ,
&&
I MOS_PK_MAXZI P_PK_MAX:O'SQA 6‘0

.xb

(b) Compute the voltage and t eefr%u stress ofnskzcy power diode

J2v
VDiRiMAX = —I\T CMAX +V9&
o O
2 >; 26@ S0V

=108:

| me@gs X1 o o u=4-2% 0.39A=1.6384
|E%,2:| our=0.32A

#4. Select the output capacitas s

I MOS_RMS_MAX: I P_R MS_MAXZO . 102A

Refer to Power Device Design
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Conditions
IOUT ZOOmA Alou'r 0-3IOUT
fAC 50Hz R_ED 6x1.6Q2

The output capacitor is

( 2|OUT )2_1

— AIOUT %&
U At R '&/
AC LED
<

2x0.2A

it O | ‘$
- (O.6>< 0.2 )
4 x50Hzx 6% 1.6
=527uF &Q

#5. Design RCD snubber %c}

Refer to Power Device Design @b’

Conditions

Vour 20V AVs 50V

Nps 4.2 L/Lm 1%

Pour aw

The power loss of the snubber is ‘,\@

_ NPS X (VOUT+V D_9+AV Sy LK

Preo = —*Ryr 660
»»

AV L,
_4.2x (20V+1V)+50V, %

50V 001}(3@
=0.111W O

The resistor of the snub{Q
_ (N ps ™ (VOU]’Fv 9+AV 92

RRCD %_D/'

~ (4.2><M+1V)+50Vf

- %'L{,"@.lnw

. Qk Q

T%Eapacitor of the snubber is

CRCD - N PS X (VOUT+V DJ;+AV S
RRCDfsAvciRCD

_ 4.2x (20V+1V)+50V

" 178kQ2 x100kHzx 25V
=0.3nF
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#6. Set VIN pin

Refer to Start up

Conditions
VBUS-MIN 90Vx 1.414 \bUs-MAX 264Vx 1.414
Ist 150A (typical) Vin-oN 16V (typical)
IVIN-OVP 2mA (typ'cal) Er 500ms (designed by USGIN
(a) Rstis preset e)&/
R <Vaus 9OVXLAL o O‘$
lsr 15pA ’Q
R.> Vays _264Vx1.414_ o 9‘&,0

I VIN_OVP 2mA

Set Ryt
R¢; =250K2 x 3=750k2
(b) Design G

VBUS

(
R
Cun =

'IST) xtST
ST

VVINfON

90Vx1.414

(——=—=——-15uA) x500ms

750k

16V
=4.83F

Set Gy
Cyn =20uF

#7 Set COMR pi

QO

&

Refert\ nal pre-charge design for quick start u

Parameters designed
Rcomp 5000 Vcomp,ic 450mVv
Ccowmp1 2uF Ceomp2 100pF

AN_SY5810Rev0.1
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#8 Set current sense resistor to achieve idealibatprent

Refer toPrimary-side constant-current control

Known conditions at this step

ky XK, 0.16 Nes

4.2

Vier 0.3V lout

0.2A

The current sense resistor is

Ky XKy X Ve XN pg

Rs= |
out

_0.16x 0.3V 4.2

0.2A
=1.00¢

#9 set ZCS pin

S

Refer toLine regulation modification andOver Voltage Protection (OV@& Open Loop Protectim (OLP)

First identify R.csy need for line regulation.

Q%

S

Known conditions at this step

ks | 68 | |
Parameters Designed
Rzcsu | 200K | |
Then compute Rsp Q
Conditions
VZCS OVP 142V Vovp 48V
Vour 20V
Parameters designed
Rzcsu 100K/
Ng 32, Naux 38
Vzcs_ovp x@@
A/

RZCSD < = A x RZCSU

1- VZC X L

AUX

2V
oo

20V 38 % 200kQ

1- 1. 42V 32
20V 38
=12.7%Q
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Vzcsfovpx Ns
V N
RZCSD 2 V o pl‘\L;X X RZCSU
__zZcs owe s
VOVP N AUX
142V 32
__ 24V 38
" 142y, 32720 @‘&
24V 38 XN
=10.48lQ /%
v
Rzcspis set to ‘$
R,cep =11.0510 QO
#10 final result @&
Out put
R3= 20V/200mA
Vs
C1 — R1 100K vC5'7C7
AC input 47n | 250 220p 220
© : 250 x@ RS1
L2 = M
D3 D
(o] 2 [
NAUX C8-1- Oq- e
R12 z 1
200 " | Rre
T RSY5810 10 . ”
ISEN DRV W :t Qi
R1 Q GND VIN R7 é 4N60T-
1 é | compzcs— 10K 251
( = i:S £R8/
00 1
c4
oL
0\(\/
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SOT23-6 Package outline & PCB layout design

1.90

- 2.80-3.10—————— ™

AR &

é“b
O*Qo
5

T

2.40

150-1.70 —m= %
<&

-

SN N Y

L* 0.95 A‘

— 0.60
Recommended Pad Layout Q)Q

-— 1.00 —

- 2.70-3.00——®

— lws— 0.30-0.50

2
©
_
|/

.25R
l——————
— ! —_— 0.01-0.1

—>‘ rﬁ 0.1-0.15
lt—— O

‘<—>
f 0.95 TYP
( J —
0.3-0.6

190 TYP

Notes: All di@ﬁsions are in millimeters.
All dimensions don't include mold flash & metalburr.

52
S

. \6
%\
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