Application Notes: AN_SY5839
Single Stage Buck PFC Controller

For LED Lighting

S/LERGY Preliminary datasheet

General Description Features

The SY5839 is a single stage Buck PFC controllers Valley turn-on of the MOSFET to achieve low
targeting at LED lighting applications. It is a mpary switching losses

side controller without applying any secondary fesak » Power factor >0.90 with single-stage conversion.
circuit for low cost, and drives the Flyback corteerin * Low start up current: 18\ typical

the quasi-resonant mode to achieve higher effigieic  « Quick start up <500ms

keeps the Flyback converter in constant on timee Reliable short LED and"®pen LED protection
operation to achieve high power factor. It adopiscial  « Power factor >0.9@ wijth single-stage conversion.
design to achieve quick start up and reliable ptaie » Compact packagesSOT23-6

for safety requirement.

Ordering Information Applications

SY5839 (O O)O « LEB Ilghtmg
Temperature Code * [Downlight
Package Code *(»>Tube lamp
Optional Spec Code », PAR lamp
¢ Bulb lamp

Ordering Number Package type Note
SY5839ABC SOT23-6

Typical Applications
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Figure 1. Schemaféagram Figure 2. Efficiency vs Input Voltage
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Pinout (top view)

ISEN| 1 6 | DRV

GND| 2 51VIN

COMP| 3 4 |VSEN
(SOT-23)

Top Mark: ZTxyz ( device codeZT, x=year code, y=week code;z=tot number code)

Pin Name Pin Numbe

Pin Description

ISEN 1

Current sense pin. Connect thisipin to the souirtieeoswitch. Connect
the sense resistor across thelsource of the saittithe GND pin.

. IV, I
(current sense resstegﬂozfzxg) .Also this pin used to detect

transformer and secoendary is short or not.

GND 2

Ground pin

COMP 3

Loop compenSatian pin. Connect a RC network adtosin and
ground torstabilize the control loop.

VSEN 4

Inductor cdrrent zero-crossing detection pin. Tirsreceives the
auxiliary’'winding voltage by a resister divider ahetects the inductor
currentzero crossing point. This pin also providesr voltage
protection and line regulation modification functisimultaneously. If
the voltage on this pin is aboved ove the IC would enter over
voltage protection mode. Good line regulation carmbhieved by
adjusting the upper resistor of the divider.

VIN 5

Power supply pin. This pin also provides outputroxa@tage protectior
along with VSEN pin.

DRV 6

Gate drive pin. Connect this pin to the gaftMOSFET.
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Absolute Maximum Ratingsote 1)
VIN, DRV -0.3V~33V
Supply Currenty 15mA
VSEN '03V - IN+0-3
ISEN, COMP -0.3~3.6V
Power Dissipation, @ A= 25°C SOT23-6 0.6W
Package Thermal Resistance (Note 2)
SOT23-60 ja 170°C/W
SOT23-60 ;¢ 130°C/W
Junction Temperature Range -40°C to 150°C
260°C

Lead Temperature (Soldering, 10 sec.)

Storage Temperature Range

-65°C to 150°C

Recommended Operating Conditionsvote 3)

9.5V~-27V

VIN, DRV

Junction Temperature Range

Block Diagram

-40°C to 125°C

COMP VIN
i ?
ISEN[J}—9—>] UVLOL o
C Io Estimator P PWM &BIAS Vrer
g o——1t Logic DRV
VRe# — &
Driver
|. GND
n
A
Visex tivo———p-

Valley Detect

VSEN[

J

OVP

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

Parameter | Symbol | Test Conditions | Mih Typ | Ma{x Unit
Power Supply Sectic
VIN turn-on threshol VviN.ON 25.2 \%
VIN turn-off threshold \in.OFE 8.5 vV
VIN OVP voltage \{in.ove 30.0 V
Start uj Curren lst Vvin<Vvin.oFE 15 HA
Shunt current in OVP mo lvin.ove Vyvin>Vvinove 4.7 mA
Error Amplifier Sectior
Internal reference voltage | RYE | | | 03 | | Vv
Current Sense Section
Current limit voltag VsENLIMIT 0.7¢ \%
Protection limit for TR sho V\sen Ex 1.5 \%
CC Feedforward coefficient K 0.1
CC Feedforward resistor KR 340 Q
COMP c<ectior
Pre-charge valu | Vcomp.Lim | | | 14 | | V

VSEN pin Section

VSEN Fr::\esor:gli: voltage Vusenow 15 v
Fast start up theshc Vysen st 0.5t V
Gate Driver Section
Gate driver voltage Wate 11.7 vV
Maximum source currer lsource 0.0¢ A
Minimum sink curren ISk 0.2¢F A
Max ON Time Tonax Veome=1.5V 20 Us
Max OFF Time Bermax VFB<0.55V 150 Us
Blanking time for ON time ENBLK 350 ns
Blanking time for OFF tin ToFF.BLK 2 <
Maximum switching frequent fmax 112 kHz
Thermal Section
Thermal Shutdown Teo 150 c
Temperatur

Note 1_Stresses beyond the “Absolute Maximum Ratingsy mause permanent damage to the device. These are
stress| ratings only. Functional operation of theickeat these or any other conditions beyond thidieated in the
operational sections of the specification is ngplied. Exposure to absolute maximum rating condgifor extended
periods may affect device reliability.

Note 2 ©;, 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 stdnd@ast condition: Device mounted on 2” x 2" FRubstrate
PCB, 20z copper, with minimum recommended pad prager and thermal vias to bottom layer grounchgla

Note 3 Increase VIN pin voltage gradually higher thap\y voltage then turn down to 12V
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Operation

SY5839 is a constant current Buck PFC controller VV
targeting at LED lighting applications.

High power factor is achieved by constant on-time '

operation mode, with which the control scheme dred t Jon - — ===

circuit structure are both simple. Voouriel— — — — — — ;h/
Veowe |

Start up process is optimized inside SY5839, andkqu ™™ |

start up (less than 500ms) is achieved without any
additional circuit

Veus

t SY5839

In order to reduce the switching losses and impievi : VIN
performance, Quasi-Resonant switching mode is egpli N . 7:/ o

which means to turn on the power MOSFET at voltage

valley; the start up current of SY5839 is ratherakbm . i

(15uA typically) to reduce the standby power loss farth Fig. Start up

the maximum switching frequency is clamped to 125kH
to reduce switching losses and improve EMI perforcea  his-operation is aimed to build up enough outmitage
when the converter is operated at light load caorlit for auxiliary winding bias supply as quickly as pitxe.

It is enabled only one time just wheRr,¥is over \{y on-
SY5839 provides reliable protections such as,‘Short
Circuit Protection (SCP), Open LED Protection (OLP) Vv, is pre-charged by internal current source to
Over Temperature Protection (OTP), transformertsidor v, c and hold at this level until fast start up process

protection and power diode shorted proteetion, etc. finished.
SY5839 is available with SOT23-6 The start up resistordrand Gy are designed by rules
below:

Applications Informaftion

(a) Preset start-up resistogRmake sure that the current
Start up through Ry is larger thandr and smaller than,h_ove

After AC supply ornDCJBUS is powered on, the capaci V,
Cuin across VIN and GND pin is charged up by BUS |
voltage through a start up resistairRONnce \(y rises up
to Vuin-ons~the, internal blocks start to work and PWM
output/is enabled.

V
BUS BUS
<RST <
VIN_OVP ST

Where \bys is the BUS line voltage.

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

The.loutput voltage is feedback by VSEN pin, whish i ensure the output voltage is built up at one time.

takenlas Vs. If Vegy is lower than certain threshold (VBUS dgp) Xty
VysEnst Which means the output voltage is not built up, — Rgr
Vcowp is pulled up to high clamped; if i, is higher VIN Vo on

than Msenst Veompe is under charge of the internal gain

modulator. (d) If the G,y is not big enough to build up the output

voltage at one time. Increaseg,€and decreasedR go
back to step (a) and redo such design flow unélitkeal
start up procedure is obtained.
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Shut down
After AC supply or DC BUS is powered off, the energ  gqyrce

stored in the BUS capacitor will be discharged. Wtre

auxiliary winding of Flyback transformer can notpgly |pKXRthEj

enough energy to VIN pin, Wy will drop down. Once ts

Vyn is below Mn.oer, the IC will stop working and VSENI:]—I_>

Vcomp Will be discharged to zero. Vrer fM
constant-current control

o — Fig.6 Output tdetection di
The switching waveforms are shown in Fig.5. Thepatut '9 HipUE cLUn@rev-ection diagram

current pyrcan be represented by,
I t
| =_PK x_EFF (4
T 9 tg “) lour=
Where by is the peak current of the inductog:dis the
effective time of inductor current rising and fatli & is
the switching period.

Finally, the output currenbisr can represented by

VREF (6)
Ryx2

Where \kge isvthe internal reference voltageg B the
current/Sense resistor.

Ipk @and ter can be detected by Source and VSEN pin
which is shown in Fig.6. These singals are prockssel
applied to the negative input of the gain modulator
static state, the positive and negative inputegreal.

"VEernis internal constant parametersgyd can be
programmed by R

VREF

S

()

loyr X2

t
Veer=l s XR sx% ®)
s

Quasi-Resonant Operation
QR mode operation provides low turn-on switching

v losses for Buck converter.
gate

o

Vs

tos |

. ts
Vbrain f

Fig.7 QR mode operation

Fig.5 switching waveforms The voltage across drain and source of the MOSEET i

reflected by the auxiliary winding of the Buck
transformer. VSEN pin detects the voltage across th
auxiliary winding by a resistor divider. When theltage
across drain and source of the MOSFET is at voltage
valley, the MOSFET would be turned on.
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Over Voltage Protection (OVP) & Open LED

Protection (OLP)

VIN

Raux

Cun 1~
Naux

Rvsenu

- SY5839
VSEN

o]

Fig. OVP&OLP

The output voltage is reflected by the auxiliarynding
voltage of the Flyback transformer, and both VSEN p
and VIN pin provide over voltage protection functio
When the load is null or large transient happehs, t
output voltage will exceed the rated value. WhepV
exceeds Vinove OF Vysen exceeds Vsenove the over
voltage protection is triggered and the IC will afiarge
Vyin by an internal current sourc@nove. Once \gsis
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 turns of the auxiliary-windingal) and the
resistor divider is related with the‘©OVP function.

VSEN_OVP _ RVSEND
VOVP RVSENU N RVSEND
VVIN_OVP > NAUX
VOVP N S

Where \byps”is the output over voltage specification;
Rysenu '@and Risenp compose the resistor divider. The
tutnsiratio of N to Naux and the ratio of Reny tO
Rysenn could be induced from equation above.

Short Circuit Protection (SCP)

When the output is shorted to ground, the outplthge
is clamped to zero. The voltage of the auxiliaryding
is proportional to the output winding, so vallegrsl
cannot be detected by VSEN. Without valley detegtio
MOSFET cannot be turned ON until maximum off time
tOFF,MAX is matched. If MOSFET is turned ON w’i,MAX

64 times continuously, IC will be shut down andeent
into hiccup mode.

If the output voltage is not low enough to disabddiey
detection in short condition,\\{ will drop down without
auxiliary winding supply. Once W is below M orr,
the IC will shut down and be charged again by thisB
voltage through the start up resistor. If the shointuit
condition still exists, the system will operate hiccup
mode.

Line requlation modification

The IC provides lifteyregulation modification furgsti to
improve line regulation performance.

Due to thé sample delay of ISEN pin and other idkr
delay,, the, output current increases with increagipgit
BUS line voltage. A small compensation voltagésen.c
is‘added to ISEN pin during ON time to improve such
performance. ThisAVisenc is adjusted by the upper
resistor of the divider connected to VSEN pin.

1

N
AUX
X ><KZX(RKZ-'—RISEN,C)
VSEN,U

AVISENC = (VBUS - VOUT) x

Where Rseny is the upper resistor of the divides; ik an
internal constant as the modification coefficidRy; is an
internal feed-forward resistor; auxiliary resistsen c
can be added to enhance feed-forward effects.

‘{ H
Risen,c
ISEN

Risen

Fig. feed-forward resisto

Power Device Design

MOSFET and Diode

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

VMOSfDSfMsz \/EV AC_MAX (13)
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VD_R_MAX = \/EVAC_MAX (14)

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

Vo

IIN

Fig.9 input waveforms

The power is transferred from AC input to outputyon

when the input voltage is larger than output vatag

Buck converter. The input voltage and inductor entt
waveforms are shown in Fig.9, wheeand 6, are~the

time that input voltage is equal to output voltagé.

In Quasi-Resonant mode, each switching\period agle

consists of three parts: current rising dime durrent

falling time t, and quasi-resonant timgshown in Fig.10.

VDrain

Fig.10 switching waveforms

The system operates in the constant on time mode to
achieve high power factor. The ON time increaseh wi

increasing. 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 tinpu
voltage is at the peak value, the OFF time is mi&ednh
Thus, the minimum switching frequengyin happens at
the peak value of input voltage with minimum in#\¢
RMS voltage and maximum load condition; Meanwhile,
the maximum peak current through MOSFET and the
transformer happens.

Once the minimum frequencyyfiy is set, the inductance
of the transformer could-be.Calculated. The defligw
is shown as below:

(a) Preset minimum, frequency.fin

(b) Computevelativest t;
Lo 1s)

ts=
S MIN

L B XVoyr +Vor)
: (\/EVACJ\/HN +VDF)
t,=ts-t, (17)

Where \Leis the forward voltage of the diode

t (16)

(c) Design inductance L

6, = arcsing Vour )><£>< 1 (18
V2V, - T 2% K

6,=—2 -4 (19
2)( fAC

L= nX fae XVour Xt x
Pour (20)

cos(2rf,. x6, » cos(zrf,. %6,
( AC 1 )— ( AC 2 )_ VOUT (02 —_ 91)]
2mf .

V2V, @

Wheren is the efficiency; Byr is rated full load power

(d) compute inductor maximum peak currentdmax -

_ (\/EVACJ\MN _VOUT) xtl (21)

| =
L_PK _MAX
- L

Where | pr.max 1S maximum inductor peak current ;

(e) compute RMS current of the inductor

I rws_wax IS Inductor RMS current of whole AC period

the input AC RMS voltage decreasing and the load
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| =- 4 \/V 24y 2 4\/—2\/AC7MIN *Vour o
LRMS_MAx = T | YAe i T Your — 1 (AIOUT -1
- out 26
(22) o 4nf R ep 9

(f) compute RMS current of the MOSFET

| - Hx‘l\/\/ ey 2 YV Pe Vo
L_RMS_MAX % L ac_min T Vour =

(23)

Inductor design (N, Naux)
the parameters below are necessary:

Necessary parameters
Inductance L
inductor maximum current

I L_PK_MAX

inductor maximum RMS current] | _kms-max

The design rules are as followed:

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

(b) Preset the maximum magnetic flaB
AB=0.22~0.261

(c) Compute primary turn N

_ Ly xI L_PK_MAX (24)

"~ ABXA,

(d) compute auxiliary tbrn Nx

V,
N, ux =N Xvﬂ (25)

ouT

Where W\ is the working voltage of VIN pin (10V~11V
is‘teepmmended).

(e) Select an appropriate wire diameter witks.max »
select appropriate wire to make sure the currensitde
ranges from 4A/mfAto 10A/mnf.

Where byt is the rated output currentyloyr is the
demanded current ripplexd is the input AC supply
frequency; Rep is the equivalent series resistor of the
LED load.

Single fault design

If VSEN pin is sharted to GND pin or floating, veyl
detection is failed, which is similar to SLP, thgstem
will operate 'in”hiccup mode.

If theltransformer is shorted, ¢y will exceeds Vsen ex
which will trigger IC latch operation. In latch medIC
won't*work unless AC source restarts. The protactio
above is also suitable for secondary diode short.

Layout

(a) To achieve better EMI performance and reduce li
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 shaube kept
small.

(c) The connection of ground is recommended as:

0000
®
Ground® :ground of BUS line capacitor
Ground®: ground of bias supply capacitor and GND pin
Ground®: ground node of auxiliary winding

Ground®: ground of signal trace except GND pin
Ground®: ground node of current sample resistor.

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

(f) If the winding area of the core and bobbin is not (e) Loop of‘Source pin — current sample resistor — GND

enough, reselect the core style, ggapand redesign the
transformer until the ideal transformer is achieved

Qutput capacitor Cout
Preset the output current rippiéoyr, Cour is induced by

pin’ should be kept as small as possible.

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

AN_SY5839 Rev. 0.1
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(g) The control circuit is recommended to be pufsiole
the power circuit loop.

DC Output
x ¥
Ri= D2 C4== R6= *
F =i 3 T .
ﬁ RS L~V */VI
AC Input @ o 2 TR1 KB
) D
R2
E2O) @
e OV o
Ly
- R8 ¥
@<L
R3 =
SY5839 =R
o= Lo ot
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SOT23-6 Package outline & PCB layout design

1.90

- 2.80-3.10——————— ™

2.40

Li 1.50 -1.70 — =

SN R L

-— 1.00 —

L 0.95 a‘ — 0.60 — |~— 0.30-0.50
Recommended Pad Layout

.- 2.70-3.00 ™

Y
—

1.0-13

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

0.95TYP

»‘ rﬁ 0.1-0.15

‘<—>

_ M

0.3-0.6

1

190 TYP

Notest All dimensions are in millimeters.
All dimensions don't include mold flash & met&burr.
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Taping & Reel Specification

1. Taping orientation
SOT23-6

7.7/8.3

A 1.45/1.55
(1 I ) 1L T )] A2 M
[ ] [ ® ® ®
oot by U2y Ul

Feeding direction—=—2%

2. Carrier Tape & Reel specification for packages

2 Reel
L 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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