Applications Note: SY5830

Single Stage Flyback And PFC Controller
With Primary Side Control For LED Lighting

S/IERGY Preliminary datasheet
General Description Features

The SY5830 is a single stage Flyback and PFC e Primary side control eliminates the opto-coupler.
controller targeting at LED lighting applicatiorsis 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 Fl}‘ba « Power factor >0.90 with Sing|e_stage conversion.
converter in the quasi-resonant mode to achieveeig . Reliable short LED and Open LED protection
efficiency. It keeps the Flyback converter in canst .

Quick start up <500ms
» Low start up current: 15U A typical
Package: SOT23-6

Applications

on time operation to achieve high power factor. It
adopts special design to achieve quick start up and
reliable protection for safety requirement.

Ordering Information

SY5830 C1(O )OI » LED lighting
Temperature Code
Package Code
Optional Spec Code

Ordering Number Package type Note
SY5830ABC SOT23-6

Typical Applications

Efficiency vs. Input Voltage (Vac)

920

915

/ \\

— 910 A
2 90.5 /
5.1/
S 90.0
0
‘C 895
=
W 890

88.5

88.0

80 100 120 140 160 180 200 220 240 260 280

Input Voltage (Vac)

Figure 1. Scheriabiagram SOT23-6 Figure 2. Efficiency vs Input Voltage

AN_SY5830 Rev.0.1 Silergy Corp. Confitleh Prepared for Customer Use Only 1



S

SILERGY

SY53830

Pinout (top view)

Top Mark: X

ISENCT{1 O 6 [ T_1DRV
GND [T 2 511 VIN

coMpP[I] 3 4 [TIVSEN
\ A

(SOT23-6)
O xyz (device code: XOx=year code, y=week code, z= ot number code)

Pin Name | SOT23-6

Pin Description

ISEN 1

Current sense pin. Connect this pin to the soufdbeoprimary switch,

Connect the sense resistor across the source pfithary switch and the

GND pin.

. Veee XN
(current sense resistegRR=k—FEE—F2 ' k=0.167)
ouT
Also this pin used to detect transformer and seapnis short or not.

17

GND 2

Ground pin

COMP 3

Loop compensation pin. Connect a RC network adtasin and
ground to stabilize the control loop.

VSEN 4

Inductor current zero-crossing detection pin. Tipis receives the
auxiliary winding voltage by a resister divider adetects the inductg

current zero crossing point. This pin also providesr voltage protectio

and line regulation modification function simultausly. If the voltage

on this pin is abov#sen ove the IC would enter over voltage protecti

mode. Good line regulation can be achieved by #&dmgighe upper

resistor of the divider.

=

VIN 5

Power supply pin. This pin also provides outputrowatage protectior

along with VSEN pin.

DRV

Gate driver pin. Connect this pin to the gatterimary MOSFET.

AN_SY5830 Rev.0.1
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Absolute Maximum Ratingsote 1)

VIN, DRV -0.3V~33V
Supply Currentyy 15mA
VSEN -0.3V ~Vy+0.3V
ISEN, COMP -0.3~3.6V
Power Dissipation, @ Al= 25°C SOT23-6 0.6W
Package Thermal Resistance (Note 2)

SOT23-60JA 170°C/IW

S0OT23-60JC 130°C/W
Junction Temperature Range -40°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

9.5V~-27V

Block Diagram

-40°C to 125°C

COMP VIN
1 ?
ISEN[}—o—> UVLO
[ lo Estimator Gm PIWM SBIAS > Veer
> o t+ Logic DRV
VRer —— Py
Driver
l. GND
n
VISEN,LIM o—pl- T
VSENl:} Valley Detect
—> OVP

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

Parameter | Symbol | Test Conditions | Min | Typ | Max | Unit
PowerSupply Section
VIN turn-on threshold Vin.on 25.3 V
VIN turn-off threshold AN 8.5 V
VIN OVP voltage Vvin.ove 30.0 V
Start upCurrent Ist Vyin<VviN.OFF 15 HA
Shunt current in OVP mode vil.ovp Vyn>Vvinove 4.7 mA
Error Amplifier Section
Internal reference voltage | VREee | | | 0.3 | | V
Current Sense Section
Current limit voltage V isENLIMIT 0.44 \Y
Protection limit for TR short MEN.EX 0.9 V
CC Feedforward coefficient K 0.1
CC Feedforward resistor KR 340 Q
COMP section
Pre-charge value | Abvp.LM | | | 14 | | \Y

VSEN pin Section

VSEN Fr::]egr:ﬁdvo'tage Vusenove 15 v
Fast start up theshold VWEN ST 0.55 V
Gate Driver Section
Gate driver voltage Vgate 11.7 \Y
Maximum urce current | source 0.06 A
Minimum sink current dink 0.25 A
Max ON Time Ton mAx Vcowr—=1.5V 10 us
Max OFFTime ToFF.MAX 150 U
Blanking time for ON time TonBLK 350 ns
Blanking time for OFF time derEBLK 2 Us
Maximum switching frequency fvax 113 kHz
Thermal Section
Thermal Shutdown Teo 150 c
Temperature

Note 1 Stresses beyond the “Absolute Maximum Ratingsy meuse permanent damage to the device. These are
stress ratings only. Functional operation of theiaeat these or any other conditions beyond tldieated in the
operational sections of the specification is noplied. Exposure to absolute maximum rating condgidor
extended periods may affect device reliability.

Note 2 ©;, is measured in the natural convection aET125°C on a low effective single layer thermal doctivity
test board of JEDEC 51-3 thermal measurement stan@last condition: Device mounted on 2” x 2" FRubstrate
PCB, 20z copper, with minimum recommended pad prager and thermal vias to bottom layer grounch@la

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

SY5830 is a constant current Flyback controllethwit
primary side control and PFC function that targsts
LED lighting applications.

The device provides primary side control to elinina
the opto-couplers or the secondary feedback cecuit
which would cut down the cost of the system.

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

Start up process is optimized inside SY5830, and
quick start up (less than 500ms) is achieved withou
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 SY5880 i
rather small (1pA 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.

SY5830 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.

SY5830 is available with SOT23-6

Applications Information

Start up

After AC supply or DC BUS is powered on, the
capacitor G across VIN and GND pin is charged
up by BUS voltage through a start up resistgf. R
Once Vn rises up to Vn.on, the internal blocks
start to work and PWM output is enabled.

The output voltage is feedback by VSEN pin, which
is taken as Y. If Vggy is lower than certain
threshold Vsen st Which means the output voltage is
not built up, \Weomp is pulled up to high clamped; if

Vegy is higher than Vsen st Vcowe IS under charge
of the internal gain modulator.

Vui

Vumoy — — — — —

S

OMP.INT
High - — — — — —
clamped| |
Veoupic — — — — —
Veowr |
|

SY5830
VIN

Cum igg

This operation is aimed to build up enough output
voltage for auxiliary winding bias supply as quickl
as possible. It is enabled only one time just when
Vi is over W on-

Fig. Start up

Vcomp IS pre-charged by internal current source to
Vcompic and hold at this level until fast start up
process is finished.

The start up resistor Jg and G,y are designed by
rules below:

(a) Preset start-up resistorsRR make sure that the
current through R:is larger thandr and smaller than

I VIN_OVP

V, \%
BUS <R, <—BUS

IVIN_OVP ST

Where \4ys is the BUS line voltage.

AN_SY5830Rev.0.1
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(b) Select Gy to obtain an ideal start up timg tand
ensure the output voltage is built up at one time.

V
( RBUS 'IST) xtST
Cvm = 5N
VVINfON

(d) If the G,n is not big enough to build up the
output voltage at one time. Increase,\C and
decrease §, go back to step (a) and redo such
design flow until the ideal start up procedure is
obtained.

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
Vyn Will drop down. Once Vy is below \n.orr,

the IC will stop working and ¥wp Will be
discharged to zero.

Primary-side constant-current control

Primary side control is applied to eliminate seamyd
feedback circuit or opto-coupler, which reduces the
circuit cost. The switching waveforms are shown in
blow.

The output currentglyr can be represented by,

Where kp is the peak current of the secondary side;
tpis is the discharge time of Flyback transformeiist
the switching period.

The secondary peak current is related with primary
peak current, if the effect of the leakage indudsor
neglected.

Ve

Isec

lour

/

I tois
ts

Fig. switching waveforms
ISP:N PSXI PF‘(4)

Where Nbsis the turns ratio of primary to secondary
of the Flyback transformer.

Thus, byt can be represented by

Nps X1 t
lour= P52 prfls
The primary peak currentd and inductor current
discharge timepis can be detected by Source and
VSEN pin, which is shown in blow. These singals are
processed and applied to the negative input of the
gain modulator. In static state, the positive and
negative inputs are equal

— tDIS
VREF_l PPXR Sx—xk 1
t

S
ISEN B]_l_.
IPPXRSX%Xkl

S
VSEN[]_I—> GM

VREF

Fig. Output current detection diagram
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Finally, the output currengl,;r can represented by
- VREF X N PS
ouT RS x 2)( kl

Where Kk is the output current weight coefficient;
Vger is the internal reference voltage;s B the
current sense resistor.

ki, and \ker are all internal constant parametegs;r|
can be programmed by-Nand R.

VREF X N PS

R.=
s lOUszxkl

then

:kaREFxNPS k= 1

R
S 2k,

IOUT

Quasi-Resonant Operation

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

Viaux \
Valley _ __ _ AN

I ] |
| tors |

1
I s

Fig. 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 voltage
across the auxiliary winding by a resistor divider.
When the voltage across drain and source of the
primary MOSFET is at voltage valley, the MOSFET
would be turned on.

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

VIN

Ruvsenu [

SY5830
VSEN

Fig. OVP&OLP

The output voltage is reflected by the auxiliary
winding voltage of the Flyback transformer, andhbot
VSEN pin and VIN pin provide over voltage
protection function. When the load is null or large
transient happens, the output voltage will excded t
rated value. When ) exceeds Viove OF Vysen
exceeds Vsenove the over voltage protection is
triggered and the IC will dischargeyN by an
internal current sourcel ove. ONce \yy is below
Vvinorr the IC will shut down and be charged again
by BUS voltage through start up resistor. If therov
voltage condition still exists, the system will ogte

in hiccup mode.

Thus, the turns of the auxiliary winding\l\% and the
resistor divider is related with the OVP function.

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

Where \byp is the output over voltage specification;
Rysenu @and Risenp compose the resistor divider. The
turns ratio of N to Nayx and the ratio of Rgny to
Rvsenp could be induced from equation above.

Short Circuit 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 timeofruax IS
matched. If MOSFET is turned ON byefvax 64

AN_SY5830Rev.0.1
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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,\\ will drop
down without auxiliary winding supply. Once,\ is
below W orr the IC will shut down and be charged
again by the BUS voltage through the start up tasis
If the short circuit condition still exists, the ssgm
will operate in hiccup mode.

Line requlation modification

The IC provides line regulation modification furaeti
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 voltagaV sen c is added to ISEN pin
during ON time to improve such performance. This
AV senc IS adjusted by the upper resistor of the
divider connected to VSEN pin and external resistor
Risen,con ISEN pin.

N
VBUS>< o xka zx(R k2+R ISEN,()

P VSENU
Where Rsenu is the upper resistor of the divideg k
is an internal constant as the modification coedfit;
Rk is an internal feed-forward resistor; auxiliary
resistor Rsen c can be added to enhance feed-forward

effects.
{ H

AV,

ISEN,C™

Risenc

ISEN

] Risen

Fig. feed-forward resisto

Single fault design

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

If the transformer is shorted, ¢y Will exceeds
Visenexs 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.

Power Device Design

MOSFET and Diode

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

VMOS_DS_MszﬁVAC_MAX +N psX v OUT+V D_9+ AV s
J2v
V. _ AC_MAX +V

D_R_MAX N ouT
PS

Where Vicmax iS maximum input AC RMS voltage;
Nps is the turns ratio of the Flyback transformer;
Vour is the rated output voltage;p¥ is the forward
voltage of secondary power diod&iVs 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
and power diode is maximized.

I MOS_PK_MAX:I P_PK_MAX
I MOS_RMS_MAXZl P_RMS_MAX

x|

I D_PK_MAX =Npg P_PK_MAX

ID_AVG:|OUT

Where bpkmax and brus.max @are maximum primary
peak current and RMS current, which will be
introduced later.

Transformer (Npgand Ly)

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

< VMOS_(BR)DS X 90%"/_2VAC_MAX AV s

N, <
w Vour +VD7F

Where Mos,@rpps is the breakdown voltage of the
power MOSFET.

AN_SY5830Rev.0.1
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In Quasi-Resonant mode, each switching period cycle
ts consists of three parts: current rising time t
current falling time ¢ and quasi-resonant timeg t
shown in

blow.
Vg

leri

Isec

lour

/

Fig. 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 igwi
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
fs.vin 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 frequencysfin is set, the
inductance of the transformer could be induced. The
design flow is shown as below:

(a)Select Mg
VMOS_(BR)DS X 90%"/—2VAC_MAX _AVS

N_. <
PS =
VOUT +VDfF

(b) Preset minimum frequency.fin

(c) Compute relativest t; (tzisomitted to simplify the
design here)
1

ts=

fswa
t= tg X Npgx % ourtV D_Q
=
\/EVACJ\/HN +Npg x (VOUT+V Dj)

(d) Design inductance.

2 2
_ VAC_MIN Xt xn

2POUT x tS

M

(e) Compute 4

t3:TCx V LM >(CDrain

Where G, is the parasitic capacitance at drain of
MOSFET.

(f) Compute primary maximum peak curresnipd.max
and RMS current plrms.vax for the transformer
fabrication.

L L
X[zt . ]
\/EVAC_MIN NPSX(VOUT+VD p)

2|DOUT

I P_PK_MAX—

Ly *n
L L
AP X [—M 4+ M
\/ o \/EVA(:_N”N NPSX(VOUT+V DJT)
Ly *n

]2+4LM XX Ry X
+

Wheren is the efficiency; Byr is rated full load
power

Adjust t; and tto t;" and ¢ considering the effect of
ta

2
'_T]XLM leﬁPKﬁMAX

° ARy

_ L YRe I P_PK_MAX

f=—M _PPKMAX
\/EVAC_MlN

&
61,

I P_RMS_MAX — P_PK_MAX

(g) Compute secondary maximum peak curremic
vax and RMS currentslrpms-max for the transformer
fabrication.

AN_SY5830Rev.0.1
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I S_PK_MAX— N psX I P_PK_MAX

=ttty

| = |t

S_RMS_MAX —
RS 6t

x|

S_PK_MAX

Transformer design (Ns,Ng,Naux)

The design of the transformer is similar with oedin
Flyback transformer. the parameters below are
necessary:

Necessary parameters

Turns ratio Ns
Inductance M
Primary maximum current pbk-MAX
Primary maximum RMS current | pkwswmax

Secondary maximum RMS current s gms max

The design rules are as followed:

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

(b) Preset the maximum magnetic flai
AB=0.22~0.26T

(c) Compute primary turn N

_ Ly xI P_PK_MAX

P ABXA,
(d) Compute secondary turnsN

NP
NPS

Ng=

(e) compute auxiliary turn Nyx

V,
— VIN
N aux =Ns X
out

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

(f) Select an appropriate wire diameter

With lprusmax @and krus.max, Select appropriate
wire to make sure the current density ranges from
4A/mmfto 10A/mnt

(9) If the winding area of the core and bobbin is not
enough, reselect the core style, gdapand redesign
the transformer until the ideal transformer is agbd.

Output capacitor Cout

Preset the output current rippl&loyr, Cour is
induced by

( 2|OUT )2_1
= AIOUT
o 4TC.I:ACRLED
Where byt is the rated output currentloyr is the
demanded current rippleid is the input AC supply

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

RCD snubber for MOSFET

The power loss of the snubbe{Bis evaluated first

NoeX (V. VL JFAV
oo = PS ( ouT DJ; Sy L_K % %UT
AVg Ly

Where Ns is the turns ratio of the Flyback
transformer; \yr is the output voltage; 3k is the
forward voltage of the power diodeyVs is the
overshoot voltage clamped by RCD snubbeg;it
the leakage inductor; [l is the inductance of the
Flyback transformer; &7 is the output power.

The Ryep is related with the power loss:

_ (N ps v ourtV DJ)"'AV s) ?

RRCD -

I:)RCD
The Gep is related with the voltage ripple of the
SnubbelAVC.RCD:

C — N PS X (VOUT+V D_I)+AV S
ReP RRCDfSAVCJ?CD

AN_SY5830Rev.0.1
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Layout

(@) 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 shalbe
kept small: primary power loop, secondary loop and
auxiliary power loop.

The connection

Ground® :ground of BUS line capacitor
Ground®: ground of bias supply capacitor
Ground®: ground node of auxiliary winding
Ground®: ground of signal trace

Ground®: primary ground node of Y capacitor
Ground®: ground node of current sample resistor.

(d) bias supply trace should be connected to the 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 —

(c) of primary ground is
recommended as: GND pin’ should be kept as small as possible.
O 0202026 (f) The resistor divider connected to VSEN pin is
0 recommended to be put beside the IC.
T1
1.6mH n=43 D2
Pt Output
(o}
R2ZE ch- wd s B L Les | 20v200ma
Fi 11 > 100K 440u YA
©—s DBI ciL ri [I00K] 47nf © .
. oon] IMF
AC mput =CXl =CX2
I~ Ve
90~264V @ by
RTI L2 L X
Ry B 7 :
o wy :
NAUX ; 1CO4=I: SIZ
M m
s @)
100K = Y ar
, R9/10
ISEN DRV My 114 Q1
R6 GND VIN L
1 5K§ | COMP VSEN[ 11{0112 eyl
=f7 SY5830 v
@ 500 =R111
cs =
ORIA

Fig. Ground connection recommended
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S/LERGY SY5830
SOT23-6 Package outline & PCB layout design

1.90

- 2.80-3.10 ™

2.40

Li 1.50 -1.70 — o=

SN N Y

- 2.70-3.00————®

-— 1.00 —

‘k 0.95 %‘ — 0.60 — lws— 0.30-0.50
Recommended Pad Layout

)
—

1.0-13

\-m— 0.25 REF
——
| —=— 0.01-0.1

‘<—>
0.95TYP

»‘ rﬁ 0.1-0.15

0.3-0.6 f 190 TYP

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