S/IERGY

Applications Note:SY5814U

Single Stage Buck PFC Controller
for LED Lighting
Preliminary Specification

General Description

The SY5814U is a single stage Buck PFC controller
targeting at LED lighting applications. It drivebet
Buck converter in the quasi-resonant mode to aehiev
higher efficiency. It keeps the Buck converter in .
constant on time operation to achieve high powetofa

Ordering Information

SY5814 (O O)O1

Temperature Range: -40°C to 105°C

Temperature Code
Package Code
Optional Spec Code

Ordering Number

Package type Note

SY5814UABC

SOT23-6

Features

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

Aux-winding for ZCS detection and bias current
optional

Better current accuracy and-better line regulation
through direct sensing of /_ED current

0.3V current sense reférence voltage leads to a
lower conduction logs an the sense resistor
Internal high current MOSFET driver: 0.25A
sourcing and 0:5Assinking

Low start dp current: 1BA typical

Reliable short LED and Open LED protection
Powerfactor >0.90 with single-stage conversion.
Compaet package: SOT23-6

Applications

LED lighting
Down light
Tube lamp
PAR lamp
Bulb lamp

Typical Applications
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Figure 1. Schematic Diagram
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Pinout (top view)

ISEN| 1 6 | DRV

GND| 2 5|VIN

COMP| 3 4 |ZCS
(SOT23-6)

Top Mark: RR xyz for SY5814UABC(device codeRR, x=year code, y=week*code, z= |ot number code)

Pin Name Pin Number Pin Description
Current sense pin. Connect this, pin to the soufrtleeoswitch. Connect
ISEN 1 the sense resistor across the source of the sattithe GND pin.
(current sense resistegRg =0.3V/Rg)
GND 2 Ground pin for IC
Loop compensation'pin. Connect a RC network frois pin to GND
COMP 3 o
to stabilize the eanitrol loop.
Inductor currentizero-crossing detection pin. Tiisreceives the
inductorvoltage by a resister divider and det&watsinductor current
ZCS 4 zero crossing point. This pin also provides ovdtage protection. If
the veltage on this pin is aboved ovs the IC would enter over-
voltage*protection mode.
Power supply pin. This pin also provides outputrexatage
VIN 5 ; . .
protection along with ZCS pin.
DRV 6 Gate drive pin. Connect this pin to the get&OSFET.
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Absolute Maximum Ratings(Note 1)
VIN, DRV -0.3v~19V
Supply Currentyy 30mA
ZCS Vyin+0.3V
ISEN, COMP 3.6V
Package Thermal Resistance (Note 2)
SOT23-69;4 170C/IW
SOT23-69;¢ 130°C/IW
Maximum Junction Temperature 125°C
Lead Temperature (Soldering, 10 sec.) 260°C

-65°C to 150°C

Storage Temperature Range

Recommended Operating Conditions (Note 3)

8Vv~15.4Vv

VIN, DRV

-40°C to 125°C

Junction Temperature Range

-40°C to 105°C

Ambient Temperature Range

Block Diagram

COMP VIN
T T
UVLO
&BIAS Vrer
ISENL]
v Gm PWM
REE_O—+ — » Logic IDRV
—p»| Driver
+ 11 GND
A
1.5V0——-
L Valley
zcs > Detector
—p OVP
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Electrical Characteristics
(Vv =12V (Note 3), | = 25°C unless otherwise specified)

Parameter Symbol | Test Conditions | Mih Typ | Me{x Uit
Power Supply Section
Input voltage range Wn 8 154 vV
VIN turn-on threshold Vin.on 17.6 V
VIN turn-off threshold \)iN.OFF 6.0 7.9 \
VIN OVP voltage \in.ove Vyin.ont0.85 V
Start up Current sk Vyvin<Vvin oFF 15 HA
Operating Current vin C.=100pF,f=15kHz 1 mA
Shunt current in OVP mode vil.ovp Vyin>Vvin ove 1.6 2 2.5 mA
Error Amplifier Section
Internal reference voltage | RYE | | 0294 | 0.3 | 0.306 | \Y
Current Sense Section
Current limit reference voltagé VisEnMAX | | | 15 | | \
ZCS pin Section
ZCS I?hnr SSXZ (;/oltage Vacs o 142 v
Gate Driver Section
Gate driver voltage Yate Vvin \%
Maximum source current sburce 0.25 A
Minimum sink current dink 05 A
Max ON Time Ton mAx Vcomr—=1.5V 24 Us
Min ON Time TonMIN 400 ns
Max OFF Time BreE max 69 us
Min OFF Time Torr N 2 Us
Maximum switching frequency fmax 200 kHz
Thermal Section
Thermal Shutdown Teo 150 o
Temperature

Note 1 Stresses beyondthe “Absolute Maximum Ratingsy cause permanent damage to the device. Thestess s
ratings only. Functional operation of the devic¢hatse or any other conditions beyond those inglitat the operational

sections of the’specification is not implied. Exjpresto absolute maximum rating conditions for edeshperiods may

affect devicé reliability.

Note 2 6,4)is measured in the natural convection a&=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 sudigt PCB,
20z copper, with minimum recommended pad on toprland thermal vias to bottom layer ground plane.

Note 3 Increase VIN pin voltage gradually higher thanwén voltage then turn down to 12V.
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Operation Ve v
|
SY5814U is a constant current Buck PFC controller . T[] et =2 “‘:T “““
. . . . . |
targeting at LED lighting applications. , ! .
SY5814U o : |
High power factor is achieved by constant on opemat N L :_'
mode, with which the control scheme and the circuit Com L i
structure are both simple. i 1 .
#=—tsrc —>}o] ts1o
Better current accuracy is achieved by sensing ubutp Fig:2 Start up
LED current directly.lt is compatible with no auxiliary
winding design. The start up resistordr'and G,y are designed by rules

below:

In order to reduce the switching losses and impieive
performance, Quasi-Resonant switching mode is eppli  (2) Presetstait-up resistosfRmake sure that the current
which means to turn on the power MOSFET at volige through-Rris larger thangr and smaller thanyk_ove
drain valley; the start up current of SY5814U ishea
small (15uA typically) to reduce the standby povass Yals Vaus

: . o - <Rg; < (1)
further; the maximum switching frequency is clamped ¢ . ST lr
200kHz to reduce switching losses and improve EMN, .. - ;
performance when the convgner is operated E\t | Where ousis the BUS line voltage.
condition.

(b) Select G\ to obtain an ideal start up timgrtand

. . . ensure the output voltage is built up at one time.
SY5814U provides reliable protections, such as Short Vv P g P
BUS

Circuit Protection (SCP), Open LED Protection (OLP) ( o) Xt o
Over Temperature Protection (OTP)g€tc! Cun = Rsr @)
VVIN_ON

SY5814U is available with SOT23*6\package.
(c) If the G, is not big enough to build up the output

App]ications Information voltage at one time. Increase,¢and decreasedR go
Start up back to step (a) and redo such design flow unglitkeal

start up procedure is obtained.

After AC supplys.or DC BUS is powered on, the . )
capacitor G aetoss VIN and GND pin is charged up by !nternal pre-charge design for quick start up
BUS voltage! through a start up resistas.ROnce
rises up.t@ Vinlon. the internal blocks start to work.,
will be pulled down by internal consumption of l@til

After Vyy exceeds Vinon, Vcowp iS pre-charged by an
internal current source. The PWM block won't sttart

the auxiliary winding of Buck transformer could giyp ~ ©utPut PWM signals until ¥oye is over the initial
enough energy to maintain, above \j.orr- voltage Veowmp,ic Which can be programmed bydp.

The whole start up procedure is divided into two S.uch design is meant to reduce the start up tiroestn
sections shown in Fig.2s#k is the Gu charged up Fig.3.
section, andgto is the output voltage built-up section.
The start up timest composes ofgtc and 1o, and  The voltage pre-chargedcMue_ic in start-up procedure
usually trois much smaller tharc. can be programmed byBup

Veowr 1c=600MV-30QA xR 4(3)
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Fig.3 pre-charge scheme in start up
Where \eomp.c is the pre-charged voltage of COMP pin.

Generally, a big capacitance of-&r is necessary to
achieve high power factor and stabilize the syslkeop
(luF~2uF recommended); The voltage pre-charged in
start-up procedure can be programmed byyR On the
other hand, larger Rvp can provide larger phase margin
for the control loop; A small ceramic capacitafofap: IS
added to filter out high frequency noise (10pF~10p
recommended if necessary)

Shut down

After AC supply or DC BUS is powered offsthe.energ
stored in the BUS capacitor will be dischatged. ©nc
Vyn is below Vn.orr, the IC will stop.working and
Vcomp Will be discharged to zero.

Constant-current control

The switching waveforms atesshown in Fig.5.

The average current Of the inductor can be detelsied
Source pin of the ICdirectly, which is applied ttee
negative input of the“gain modulator. In staticdestdhe
positive and négative inputs are equal.

VREF:| OUT><R 5(4)

IOUTXRS

Sourcel:

—

GM
-

VREF

Fig.4 Output current detection diagram

The output currentglyr can be represented by,

Ve (5)

Rs
Where \ker is the internal reference voltageg B the
current sense resistor.

out ™

lout can be programmed bygR

VREF

Rs=—-(6)

ouT

VDrain

Fig.5 switching waveforms

Quasi-Resonant Operation

QR mode operation provides low turn-on switching
losses for Buck converter. The voltage across daaimh
source of the integrated MOSFET is reflected by the
main winding of the Buck transformer. ZCS pin dé&dec
the voltage across the main winding by a resisidider.
When the voltage across drain and source of the
integrated MOSFET is at voltage valley, the MOSFET
would be turned on.

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

e []

SY5814U
ZCS

]

A\
Fig.6 OVP&OLP

The output voltage is reflected by the Buck inducémd
both ZCS pin and VIN pin provide over voltage
protection function.

When the load is null or large transient happehs, t
output voltage will exceed the rated value. WhepyV
exceeds Vinove OF Vzcs exceeds Yesovn the over
voltage protection is triggered and the IC will afiarge
Vyin by an internal current sourc@nove. Once \ is
below W orr the IC will shut down and be charged
again by BUS voltage through start up resistorthé
over voltage condition still exists, the systeml wjerate
in hiccup mode.

Thus, the resistor divider is related with the ©MRCtion.

VZCSfO\/P — R ZCSD

(7)
VOVP R ZCSU+R ZCSD
Where \bp is the output over wvoltage specification;
Rzcsuand Resp compose the resistor divider.
The ratio of Rcsy t0 Rycsp ‘could be induced from
equation (7)

Short Circuit Protection (SCP)

When the output)is shorted, the output voltagdasped

to zero. OnCe Vi is below \norr the IC will shut
down and\be charged again by the BUS voltage throug
the start _up resistor. If the short circuit coratitistill
exists, the system will operate in hiccup mode.

Rower 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_Msz\/EVAc_MAx (8)

VD_R_MAx:\/EVAc_MAx (9)

Where Vicmax iS maximum input AC RMS voltage.
When the operation condition is with minimum input
voltage and full load, the current stress of MOSFET
power diode is maximized.

Inductor (L)
Vin

—~+v

91 e2

/N

Fig.7 input waveforms
The power is transferred from AC input to outputyon
when the input voltage is larger than output vadtag
Buck converter. The input voltage and inductor entr
waveforms are shown in Fig.7, wheBeand 6, are the

time that input voltage is equal to output voltage.

In Quasi-Resonant mode, each switching period dycle
consists of three partsurrent rising time,f current
falling time t and quasi-resonant timgshown in Fig.8.

Vgale

VDrain

Fig.8 switching waveforms

The system operates in the constant on time mode to

achieve high power factor. The ON time increaset wi
the input AC RMS voltage decreasing and the load
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increasing. When the operation condition is with Where |, . v iS Inductor RMS current of whole AC
minimum input AC RMS voltage and full load, the ON period -

time is maximized. On the other hand, when the tinpu
voltage is at the peak value, the OFF time is medch

Thus, the minimum switching frequency.in (9) compute RMS current of the MOSFET

happens at the peak value of input voltage withimmim | b b Vo 24y 2_4\/_2\/,3U,|,N XNV
input AC RMS voltage and maximum load condition; "wrsmax =4[5~ {[Yac N Yo 7 (18)
Meanwhile, the maximum peak current through s
MOSFET and the transformer happens.
Once the minimum frequency.fn is set, the inductance inductor design (N)
of the transformer could be Calculated. The defligw
is shown as below: the parameters below are-necessary:
(a) Preset minimum frequency.fin Necessary parameters
Inductance L
(b) Compute relativest t; inductor maximum current I\ bk max
t.= 1 (10) inductormaximum RMS current] | fvs.max
S_MIN
= ij—x(\/oUT +V,,) 1) The'design rules are as followed:
(V2Vac_n *Vor ) (a) Select the magnetic core style, identify the difec

t,=ts-t, (12) area A

Where \bris the forward voltage of the diode ) ]
(b) Preset the maximum magnetic flaB

(c) Design inductance L

v 1 1 AB=0.22~0.261
6, = arcsin—2T— x=x 13)
\/EVACMN T 2% 1 (c) Compute primary turn N
1
= -6, (14
*axp, 00 =l pcwm g g9
L:nxf/scxvourxtlx ABXA,
P
el (15)  (e) Select an appropriate wire diameter
cos(2rf, ;x4 )~ cos(@f,. 6, )
[\/EVACMN x _Vour(ez _51)] . . .
27t . With I_rusmax » S€lect appropriate wire to make sure the

Wheren is the efficiency; Byr is rated full load power current density ranges from 4A/rfito 10A/mnf

(d) computelinductor maximum peak currantdyax - (f) If the winding area of the core and bobbin is not
enough, reselect the core style, gdapand redesign the
(\/EVAC wn — Vour) Xty transformer until the ideal transformer is achieved
ILfPK;MAX: = L (16)

Output capacitor Cout

Where | prk.max IS maximum inductor peak current ; . o
Preset the output current rippiéout, Cour is induced by

(f) compute RMS current of the inductor
2l

— t1 \V/ 2+V 2_4\/—2/AC_MIN XVOUT (AIOUT )2'1
L RMS_MAX _\/§XL AC_MIN ouT T a7 C. = ouT (20)

ouT
Anf \ R ep

Where byt is the rated output currentiloyr is the
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demanded current ripplead is the input AC supply  Another auxiliary circuit can be applied in moratse
frequency; Rep is the equivalent series resistor of the bias supply operation which is shown in Fig.10.

LED load.

Bias Supply

D
Vout vin'©~ Ry

VIN
SY5814U

6 o T g GND

Fig.9 bias supply (a)

L1

The simple bias supply circuit is composed gi\D Ry
and G,y shownin Fig.9 Select Ry between Rn_win
and Ryn_wmax to make sure that W\ is larger than
Vui,orr and smaller than Wy_ove.

|:“/—2XVAC_MN xsin(@e<f, xt )—VOJT}X(VOJT - \41\104:) x4,

Layout

(a) To achieve better EMI performance and reduce li
frequency ripples, the output of the bridge reetihould
be connected to the BUS line capacitor first, theithe
switching circuit.

(b) The circuit loop of all*switching circuit shaube kept
small.

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

6, N
R =.[q T2, xSt < d (21)  (dyLoop of ISEN pin — current sample resistor — GND
pinsshould be kept as small as possible.
6, [&XVPC_MAX xsin(2e f,, xt )_chr:|x(vcm' - \4INO\/P) x Xy
Ry :.[q 2R e XS KUK |y, a(22) (e) The resistor divider connected to ZCS pin is
- recommended to be put beside the IC.
Where fy is input frequency. (f) The control circuit is recommended to be putsie
the power circuit loop.
Vout o2 al 23
csl R4 J_ VINSYssmu
Y 1uF | 100K C4
T D1 ‘O“FT GND
12v
T i
Fig.9-bias supply (b)
AN_SY5814U Rev0.1 Silergy Corp. ConfidahtPrepared for Customer Use Only 9
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Design Example
A design example of typical application is showlohestep by step.

#1. Identify design specification

Design Specification

V ac(RMS) 176V~264V bur 20V

92%

louT 300mA n

#2.Inductor design (L)

Refer to Power Device Design

Conditions
|:)OUT 6W fS-MIN 56kHz

(a)fsmin is preset
fSﬁMIN =55kHz

(b) Compute the switching periogdnd ON timetat theyeak of input voltage.

t=—t =181

S_MIN

= ts X (Vour +Vor) _ 18.18us< (20w X ):1.52&18
(\/EVAC_MIN +Vie) (\/E x176VAIA)
t,=tg-t, =18.1815-1.528is = 1668

(c) Compute the inductanee 'k
1 1

g, = arcsinf Vour )xlx L. arcsing ¥—x = 0.256 1s
AC_MIN T 2x fAC \/§X176V T 2x50Hz
 =— L _g=. 1 _0256x10°s= 9.74% 10s
2% £, 2x 50HZ
L= N %F X Vour Xty «
POUT

cos(xmrx f,.x8 » cos(2mx f,. x4, )
[\/EVACJ\/HN x = 2><17'[>< fo re—2 ~Vour (6, =6)]
_0.92x 5(Hzx 2W x 1.528 $

18W
(V2 X176V cos(2rx 5MHzx 0.2568 18s ) cosfx Blax

2% 50Hz

= 3264H

(d) compute inductor maximum peak currentd.vax -

9.744 19 ~3ov (9.744 10°s— 0.258 16s]

AN_SY5814U Rev. 0.1
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_ (\/EVACJ\/HN _Vou'r) th _ (\/§X176— 20)< 1.528US_
IL PK _MAX — - =1.073A
- L 326uH

Where | prxmax 1S maximum inductor peak current ;

() compute RMS of the inductor currepkls-max

| — tl \/V 2 +V 2 _ 4\/_2\/AC7MIN ><\/OUT

L_RMS_MAX 3xL AC_MIN ouT T

_ 1528us \/17a/Z+ o2 A 2178 x 20

\3x326uH T

=0.428A
#3. Select power MOSFET and power diode
Refer to Power Device Design
Known conditions at this step
Vac-max 264V n 92%
VOUT 80V
Compute the current stress of MOSFET:

| = Lxh\/\/ 24y 2 _4\/_2\/A07M|N *Vour

L_RMS_MAX 3ts L AC_MIN ouT T

_ [1528 1'52§<\/17a/2 4 pqa N2 1T6x 30

3x18.18 326 T

=0.124A
#4. Select the output capacitas
Refer to Power®evice Design
Conditions
IOUT 300mA Alou'r O-3IOUT
fAC 50Hz Rep 6x 1.60Q

The output capacitor is
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( 2|OUT )2_1
C — AIOUT
ouT —
4anCRLED
2x0.3A
G )L
__ V' 0.3x0.3A
4nx50Hzx 6% 1.6
=100QuF

#6. Set VIN pin

Refer to Start up

Conditions

VEBusMIN 176Vx 1.414 \VBus-max 264Vx1.414

Ist 15uA (typical) Vin-oN 16V (typical)

lvin-ovp 2mA (typical) 133 500ms (designed by user)

(a) Rstis preset

Vas _176VX1414_ 0 oo
s 150A

RST <

Veus _264Vx1414_ o

RST >

IVINfOVP 2m

Set Ryt
R¢; =470K2 % 2=950k

(b) Design Gy

( VBUS
— I?ST
CVIN -

VVIN_ON

176Vx1.414
= =22 15uA) x500ms
:( 950k )

'|ST) xtST

16V
=7.74F

Set Gy

CVIN :1Q’lF

#7 Set COMP pin
Refer tolnternal pre-charge design for quick start up
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Parameters designed

Rcomp 1KQ Veomp,ic 600mVv
Ccomp1 2uF Ceompe 0
#8 Set current sense resistor to achieve idealibotprent
Refer toconstant-current control
Known conditions at this step
Vrer | 0.3V | lour | 0.3A
The current sense resistor is
R= Veer _ 03 _ 19
loor  0.3A
#9 set ZCS pin
Refer toOver Voltage Protection (OVP) & Open Loop Pretectia (OLP)
First identify Rcsy need for line regulation.
Known conditions at this step
Parameters Designed
Rzcsu | 100K
Then compute Rsp
Conditions
VZCS OVP 1.42V Vovp 30V
Vout 20V
Parameters designed
Rzcsu 1100k | |
Vzcs_ovp
\,
Rzcso <VO¢X Rzesu
1- 7€S_OVP
VOUT
1.42v
-_ 20V
1_1.42V 100K
20V
=7.64kQ
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Vzcsfovp

V
ovP
chso 2 x chsu
1. Zcs.ove

Vow
1.42Vv

__30V
" LAV x100i2
30V

=4.969lQ

Rzcspis set to 5K
RZCSD :5|42

#10 set Ry

Known conditions at this step
Parameters Designed

V\/IN,OFF 7.9V
[y 2mA

Y 18.45V

% |:\/—2x\/AC7MN xsin(@e<f, <t )_VCUT}X(VCUT - \GNCW) * X
Room, V2 g xsin@ocy )y

ad =44Q

e (V22,0 e XSIN@P £y Xt Vi (Vs = Vel G 2
e V2X, o XSiN(@2 Byt )y

"4 =65m

Ry is set to 3.3K

AN_SY5814U Rev. 0.1
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#11 final result

DB10s PN
2.2mH
R2 Q1
€L R14 H
51K =—=C2 R1 AvAvAv | |+ 4N6O
- 4T0F 470K 10 R3% | H
L2
Vac 2.2mH 10K
176~264V ——cxi1 M\ R4 L
0.0474F A 470K R6 =
L3
330uH
83K RS1M
AMA
vy
R8 DI
24
=3
10pF .
RISSC4T~ |
100K3
R12 R1I0 = 220F
5K 100K = *M

D2
ES2J

output
20V/0.3A
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SOT23-6 Package outline & PCB layout design

1.90

- 2.80-3.10—————

2.40

“7 1.50-1.70 — =

A N S S

‘k 0.95 »‘ 0.60 —1 ls— 0.30-0.50
Recommended Pad Layout

~— 1.00 —

- 270-3.00—— ™

Y
—

1.0-13

‘<—>
0.95TYP

--—— 0.25 REF
el ——————
— ! ——— 0.01-0.1

J—

0.3-0.6

»‘ rﬁ 0.1-0.15

— -~

!

190 TYP

Notest All dimensions are in millimeters.
All dimensions don't include mold flash & metéburr.
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Taping & Reel Specification
1. Taping orientation

SOT23-6
- 3oL 1.45/1.55
o O @ O
2O a1 || RS2
[ ] [ ] ® ® ®
U0\ Uuy (| Uog || O oog

Feeding direction—=—%

2. Carrier Tape & Reel specification for,packages

2, |« Reel
I Width
Reel .
Size ]
Tape : .
Package . Pocket Reel size Reel Trailer Leader length | Qty per
width : :
types (mm) pitch(mm) (Inch) width(mm) | length(mm) (mm) reel
SOT23-6 8 4 7" 8.4 280 160 3000
3. Others: NA
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