Application Notes: AN_SY5839

Single Stage Buck PFC Controller
For LED Lighting

S/IERGY Preliminary datasheet
General Description Features

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

controller without applying any secondary feedback e Power factor >0.90 with single-stage conversion.
circuit for low cost, and drives the Flyback converter in e Low start up current: 15u A typical

the quasi-resonant mode to achieve higher efficiency. It e Quick start up <500ms

keeps the Flyback converter in constant on time operation e Reliable short LED and Open LED protection

to achieve high power factor. It adopts special design to e Power factor >0.90 with single-stage conversion.

achieve quick start up and reliable protection for safety e Compact package: SOT23-6
requirement.

. : Applications
Ordering Information PP

SY5839 C(CT) e LED lighting

Tempera ture Code e Down light

Packa ge Code e Tube lamp
Optional Spec Code ¢ PAR lamp
e Bulblmp

Ordering Number Package type Note
SY5839ABC SOT23-6 —

Typical Applications

Efficiency vs. Input Voltage (Vac)
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Figure 1. Schematic Diagram Figure 2. Efficiency vs Input Voltage
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Pinout (top view)

ISEN | 1 6 | DRV

GND | 2 5|VIN

COMP| 3 4 |VVSEN
(SOT-23)

Top Mark: ZTxyz (device code: ZT, x=year code, y=week code, z= lot number code)

Pin Name Pin Number | Pin Description
Current sense pin. Connect this pin to the source of the switch. Connect
the sense resistor across the source of the switch and the GND pin.

v

ISEN 1 (current sense resister Rg: | =1 x_* ) Also this pin used to detect
0 2 Rs
transformer and secondary is short or not.
GND 2 Ground pin

Loop compensation pin. Connect a RC network across this pin and
ground to stabilize the cont ol loop.
Inductor current zero-crossing detection pin. This pin receives the
auxiliary winding vo tage by a resister divider and detects the inductor
current zero crossing point. This pin also provides over voltage
VSEN 4 protection and I ne regulation modification function simultaneously. If
the voltage on this pin is above Vgpn. ovp, the IC would enter over
voltage prot ction mode. Good line regulation can be achieved by
adjust ng the upper resistor of the divider.
Power supply pin. This pin also provides output over voltage protection
VIN 5 . .

alo g with VSEN pin.
DRV 6 Gate drive pin. Connect this pin to the gate of MOSFET.

COMP 3

AN SY5839 Rev. 0.1 Silergy Corp. Confidential-Prepared for Customer Use Only 2
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Absolute Maximum Ratings mote 1y

VIN, DRV

Supply Current Iyyy
VSEN

ISEN, COMP

Power Dissipation, @ Ta =25°C SOT23-6

Package Thermal Resistance (Note 2)
SOT23-6, 01

SOT23-6, )¢

Junction Temperature Range

Lead Temperature (Soldering, 10 sec.)

Storage Temperature Range

0.3V~33V
15mA

0.3V ~V|N+0.3
0.3~3.6V

0.6W

170°C/W
130°C/W
-40°C to 150°C
260°C

-65°C to 150°C

Recommended Operating Conditions (ote3)
VIN, DRV

Junction Temperature Range

Block Diagram

9.5V~27V
-40°C to 125°C

COMP VIN
1
»
ISEN * > Ll k P P Vrer
> [P RN It © or
Driver GND
h " L]
VisEN 1M O—— P -
VEEN[ ] Valley Delsct
— oW

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

Parameter | Symbol | Test Conditions | Min | Typ | Max | Unit
Power Supply Section
VIN turn-on threshold " VNN 25.3 \4
VIN turn-off threshold " VINOFF 8.5 \%
VIN OVP voltage " yivove 30.0 \4
Start up Current st T vivore 15 pA
Shunt current in OVP mode ynove YV vINove 4.7 mA
Error Amplifier Section
Internal reference voltage " Rer | | 0.3 | | \4
Current Sense Section
Current limit voltage SN LT 0.75 \4
Protection limit for TR short ¥ ISENEX 1.5 \4
CC Feedforward coefficient ™, 0.1
CC Feedforward resistor I‘K2 340 Q
COMP section
Pre-charge value | " comp Liv | | 1.4 | | Vv
VSEN pin Section
VSEN pin OVP voltage \Y%
threshold VSEN,0VP 1.5 \
Fast start up theshold ¥ ysensT 0.55 \
Gate Driver Section
Gate driver voltage " Gute 11.7 \4
Maximum source current "Source 0.06 A
Minimum sink current Sk 0.25 A
Max ON Time " oNMAX ISEN=0V 20 s
Max OFF Time T OrrAAX VFB<0.55V 150 s
Blanking time for ON time TonLK 350 ns
Blanking time for OFF time " OFFBLK 2 us
Maximum switching frequency Niax 113 kHz
Thermal Section
Thermal Shutdown T
Temperature sD 150 C

Note 1: Stresses beyond the “Absolute Maximum Ratings” ma y cause permanent damage to the device. These are stress
ratings only. Functi nal 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: {}4 is measured in the natural convection at T = 25°C on a low effective single layer thermal con ductivity
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 Vyy on voltage then turn down to 12V.
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Operation

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

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

Start up process is optimized inside SY5839, and quick
start up (less than 500ms) is achieved without any
additional circuit

In order to reduce the switching losses and improve EMI
performance, Quasi-Resonant switching mode is applied,
which means to turn on the power MOSFET at voltage
valley; the start up current of SY5839 is rather small (15pA
typically) to reduce the standby power loss further; the
maximum switching frequency is clamped to 125kHz to
reduce switching losses and improve EMI performance
when the converter is operated at light load condition.

SY5839 provides reliable protections such as Short Circuit
Protection (SCP), Open LED Protection (OLP), Over
Temperature Protection (OTP), transformer shorted
protection and power diode shorted protection, etc.

SY5839 is available with SOT23-6

Applications Information

Start up

After AC supply or DC BUS is powered on, the capacitor
Cyin across VIN and GND pin is charged up by BUS
voltage through a start up resistor Rgt. Once Vyy rises up

to Vyin-oN, the internal blocks start to work and PWM
output is enabled.

The output voltage is feedback by VSEN pin, which is
taken as Vgg. If V ggy is lower than certain threshold
VvsgN,sT> which means the output voltage is not built up,
Vcomp is pulled up to high clamped; if Vggy is higher
than Vy gnsT» Vcomp is under charge of the internal gain
modulator.

Vuinon \“—--—-_ —
VVINOFF | e e e e e g e e e
t
High Veowenr
clamped
v i
Veomr
Vo
PWM t b
~ [
"t Y50
Veav
Vrasr Com T
"t A4
Fig. Start up

This operation is aimed to build up enough output voltage
for auxilia y winding bias supply as quickly as possible. It

is enabled only one time just when Vyy is over Vyin oON-

Vcomp is pre-charged by internal current source to

Vcowmp,ic and hold at this level until fast start up process
is finished.

The start up resistor Rgt and Cyn are designed by rules
below:

(a) Preset start-up resistor Rgt, make sure that the current
through Rgr is larger than Igt and smaller than IyN_ovp

\Y \Y

BUS BUS

I Rst <]
VIN_OVP ST
Where Vysg is the BUS line voltage.

(b) Select CyN to obtain an ideal start up time tgr, and
ensure the output voltage is built up at one time.
v

(K

BUS

-Ist ) x tsT

VIN_ON

(d) If the Cyqy is not big enough to build up the output

voltage at one time. Increase Cypn and decrease Rgr, go
back to step (a) and redo such design flow until the ideal
start up procedure is obtained.

AN SY5839 Rev. 0.1
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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 Flyback transformer can not supply

enough energy to VIN pin, Vypy will drop down. Once
Vyn is below Vyin.orr, the IC will stop working and
Vcowmp Will be discharged to zero.

constant-current control

The switching waveforms are shown in Fig.5. The output
current IgyT can be represented by,
1 1 t

4)

PK EFF
OUT = X

2 ts
Where Ipg is the peak current of the inductor; tgpp is the

effective time of inductor current rising and falling; tg is
the switching period.

Ipk and tgpp can be detected by Source and VSEN pin,
which is shown in Fig.6. These singals are processed and
applied to the negative input of the gain modulator. In
static state, the positive and negative inputs are equal.

- t
VvV =l -
REF Pk X Rg x— (5)

ts

-
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Fig.5 switching waveforms
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Fig.6 Output current detection diagram

Finally, the output current gyt can represented by
\

IOUT = — (6)
Rs x 2

Where VRgr is the internal reference voltage; Rg is the
current sense resistor.

\Y

REF is internal constant parameters, IoyT can be

programmed by Rg.
A"
REF
Rg=
IOUT X2

Quasi-Resonant Operation
QR mode operation provides low turn-on switching losses
for Buck converter.

Vo

| |
1 L |

3 1s

Fig.7 QR mode operation

The voltage across drain and source of the MOSFET is
reflected by the auxiliary winding of the Buck transformer.
VSEN pin detects the voltage across the auxiliary winding
by a resistor divider. When the voltage across drain and
source of the MOSFET is at voltage valley, the MOSFET
would be turned on.

AN SY5839 Rev. 0.1
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Over Voltage Protection (OVP) & Open LED
Protection (OLP)

D VN

Fig. OVP&OLP

The output voltage is reflected by the auxiliary winding
voltage of the Flyback transformer, and both VSEN pin
and VIN pin provide over voltage protection function.
When the load is null or large transient happens, the output

voltage will exceed the rated value. When Vyn exceeds
VVIN,OVP or VVSEN exceeds VVSEN,OVP, the over
voltage protection is triggered and the IC will discharge
VvyIn by an internal current source Iyn,ovp. Once Vyin
is below VyN,oFF, the IC will shut down and be charged
again by BUS 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 Nayx a d the
resistor divider is relia\ted with the OVP function.

SEN_OVP = VSEND
V R +R
OVP VSENU VSEND
v
— VIN OVP > NA-UX—
\% N
OVP S

Where Vgyp is the utput over voltage specification;
Rysgnu and Ryspnp compose the resistor divider. The
turns ratio of Ng to Nayx and the ratio of Ryggny to
RysenD could be induced from equation above.

Short C rcuit 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 VSEN. Without valley detection, MOSFET
cannot be turned ON until maximum off time torr MAX 18

matched. If MOSFET is turned ON by topr,MaAX

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

If the output voltage is not low enough to disable valley
detection in short condition, Vypy will drop down without
auxiliary winding supply. Once Vypy is below VyIN OFF,
the IC will shut down and be charged again by the BUS
voltage through the start up resistor. If the short circuit
condition still exists, the system will operate in hiccup
mode.

Line requlation modification

The IC provides line regulation modification function to
improve line regulation performance.

Due to the sample delay of ISEN pin and other internal
delay, the output current increases with increasing input

BUS line voltage. A small compensation voltage AViggn-
c is added to ISEN pin during ON time to improve such

performance. This AVisgn,c is adjusted by the upper
resistor of the divider connected to VSEN pin.

AV N xK xR +R )

AUX 1
BENC = (Vs = Vour ) X K2 ISEN.C

X
R

N VSEN,U

Where Ryseny is the upper resistor of the divider; kj is an
internal constant as the modification coefficient; Ry, is an

internal feed-forward resistor; auxiliary resistor Riggpn,c
can be added to enhance feed-forward effects.

|
15
Rganc
ISEN A~ ’

"3

Fig. feed-forward resistor

Power Device Design

MOSFET and Diode

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

\Y =2v  (13)

MOS_DS_MAX AC_MAX

AN SY5839 Rev. 0.1
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Vo =RV (14)

D_R_MAX AC_MAX

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

Inductor (L)
VIN

Va

-y

)

Fig.9 input waveforms

The power is transferred from AC input to output only
when the input voltage is larger than output voltage in
Buck converter. The input voltage and inductor current
waveforms are shown in Fig.9, where 0; and 0, are the
time that input voltage is equal to output voltage.

In Quasi-Resonant mode, each switching period cycle tS
consists of three parts: current rising time tq, current falling
time ty and quasi-resonant time t3 shown in Fig.10.
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Fig.10 switching waveforms

The system operates in the constant on time mode to
achieve high power factor. The ON time increases with the
input AC RMS voltage decreasing and the load

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 input voltage is at
the peak value, the OFF time is maximized. Thus, the
minimum switching frequency fg pn happens at the peak
value of input voltage with minimum input AC RMS
voltage and maximum load condition; Meanwhile, the
maximum peak current through MOSFET and the
transformer happens.

Once the minimum frequency fg vy is set, the inductance
of the transformer could be Calculated. The design flow is
shown as below:

(a) Preset minimum frequency fg_pN

(b) Compute relative tg, t

(15)

ts
1
S_MIN

t =ts x(Vour +Vor) (16)
VTV V)

( AT MIN DF
try=ts-t; (17)
Wh re Vp is the forward voltage of the diode

(c) Design indu(v:tance L

out 1 1

0, =arcsin( 2V X 12 xf (18)
: ( \/% AC_MIN ) AC
1

92 =2><fAc —91 (19)

L=1xfacxVour xti «

Four (20)

[\rm,\c,wv X COS(Zﬂ'f AC X (91 ) — COS(Zﬂ'f AC X@Z ) _ VOUT (02 _01 )]

2xfac
Where 1 is the efficiency; Poyr is rated full load power ;

(d) compute inductor maximum peak current Iy _pg_MmaAX-

j(/Zv -V )xt
AC_MIN ouT 1 (21)

| _
L_PK_MAX
- L

Where I} _pg_-mMaXx is maximum inductor peak current ;

(e) compute RMS current of the inductor

I, rRMS MAX 1S Inductor RMS current of whole AC period

AN SY5839 Rev. 0.1
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I 131 III ) ) 46\/ AC_MIN ><Vou7 21
LRMS MAX = 3 1 JV ac min~ +Vour” - x \( _ Sl
C = out
(22) ot 4nf R (26)

(f) compute RMS current of the MOSFET

’4[_V xV
1 ’1_1 t_l\j 2 ac MmN ouTt
LRus Max - A 3te x, VVac win” +Vour* -

T

(23)

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

Necessary parameters

Inductance L

T
inductor maximum current L_PK_MAX
. . I
inductor maximum RMS current L-RMS-MAX

The design rules are as followed:

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

(b) Preset the maximum magnetic flux AB
AB=0.22~0.26T
(c) Compute primary turn N

L xI
v —s L PKMAX (24

AB x A,
(d) compute auxiliary turn Naoyx

VIN

Naux =N "™ (25)
AUX V

ouT

Where Vv is the working voltage of VIN pin (10V~11V
is recommended).

(e) Select an appropriate wire diameter with I} _RMS-MAX »
select appropriate wire to make_sure the current density
ranges from 4A/mm” to 10A/mm"”

(f) 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 AlpuT, Court is induced by

Where Igyt is the rated output current; Algyt is the
demanded current ripple; fac is the input AC supply

frequency; Rpgp is the equivalent series resistor of the
LED load.

Single fault design

If VSEN pin is shorted to GND pin or floating, valley
detection is failed, which is similar to SLP, the system will
operate in hiccup mode.

If the transformer is sh rted, Visgn will exceeds VISEN,EX,
which will trigger IC latch operation. In latch mode, IC
won't work unless AC source restarts. The protection
above is also suitable for secondary diode short.

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.

(c) The connection of ground is recommended as:
Cs: - - - - -~ E)
$
@

Ground : ground of BUS line capacitor

Ground (@): ground of bias supply capacitor and GND pin
Ground 3: 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 the bias
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.

(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 put outside
the power circuit loop.

DC Output
*M
Fi L R1 S D2 A C4= R6Z *
A
a_sz VTV
’ TR <
o 02 -

AN SY5839 Rev. 0.1 Silergy Corp. Confidential-Prepared for Customer Use Only 10
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SOT23-6 Package outline & PCB layout design

o 2.80-3.10 ——————

j A
=
-
o~ .o o™ O o '
3
o ~ o
1 1 | I P o l
. v
= 095 — -1 060 | l—=|__ 0.30-050

Recommended Pad Layout

I

=
o
S
=
w
| 0.01-0.1

|-~ -
0.95TYP

190 TYP

Notes: All dimensi ns are in millimeters.
All dimensions don’t include mold flash & metal burr.

AN_SY5839 Rev. 0.1
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Taping & Reel Specification
1. Taping orientation
SOT23-6 |—1.ﬁ:|.-1.s:: |_,_3.:..,.4.1_,_|

/
M_L\ N & & o

1.45/1.55

! - ~ = 2.3?;';5.3?—1—-—\:[
F [l [1n1n [1nn [(nn I_II_II_I_é
o
. a ® ] ] =
Rugn L0 L0 L0 I_ILILI_T'_
1.20¢1,8043
3,304, 10—
Feeding direction —»
2. Carrier Tape & Reel specification for packages
—» e Reel
T Width
Reel ||
Size ]
Tape . .
Package _ Pocket Reel size Reel Trailer Leader length | Qty per
types \Evnl1dr;[1k)] 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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