Application Note: AN_SY50282

Buck Regulator
with CC/CV control

S/IERGY Preliminary Specification

General Description Features

* Integrated 500V MOSFET
The SY50282 is a PWM controller with several feetur « CC/CV control eliminates Aux-winding

to enhance performance of Buck converters. It mdi®g . Quasi-Resonant (QR) mode to achieve low
a MOSFET with 500V breakdown voltage to decrease  switching losses

physical volume. Both current and voltage regutatioe

achieved by the controller. It drives the Buck cemer ~ * Fast Startup (<500ms)

in the quasi-resonant mode to achieve higher efiy

» Low start up current: typical
and better EMI performance. P 1B typ

e Maximum frequency limit: 45kHz

. . » Compact package: SO8
Ordering Information

SY502820(0 )0 Applications
Temperature Code
Package Code e Power supply for'small appliance
Optional Spec Code
_ Recommended/operating output power @12V
Ordering Number Package type Note Products 90~264Vac
SY50282FAC S08 SY50282 3W

Typical Applications

. R3 R4
SY50282
. Y'Y
R1 GND LX L
ISET LX
VIN LX
C2 VSEN LX
LO—¢ ci - |_ c3 . §
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N @——N———9 RZ,

Figure 1. Schematic Diagram SO8
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Pinout (top view)

)
awo [|1O 8| | wx
ISET ] 2 7] x
vIN []3 6] x
VSEN[ |4 5[] x

-

(S08)

Top Mark: ASZxyz (device code: ASZx=year code, y=week code, z= lot number code)

Pin Name Pin number Pin Description

GND 1 Ground Pin.

Current set pin. Connect a resistor to progranreference output current.
ISET 2 | M

O
2R1SET

VIN 3 Power supply pin.

Voltage sense pinaConnect to a resistor dividénadictor or auxiliary
VSEN 4 o

winding to sense ouiput voltage.

LX 5,6,7,8 Internal HY-M@SFET drain pin.
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Absolute Maximum Ratingsote 1)
ISET -0.3V~3.6V
VIN, VSEN -0.3v~17V
lvin 20mA
lLx 1.4A
LX 500V
Power Dissipation, @ TA = 25°C SO-8 1.1W
Package Thermal Resistance (Note 2)
S08,0;a 88°C/W
S08,0;c 45°C/W
Maximum Junction Temperature 160°C
Lead Temperature (Soldering, 10 sec.) 260°C

-65°C to 150°C

Storage Temperature Range

Recommended Operating Conditionguote 3)

VIN

8V~15.4v

-40°C to 125°C

Junction Temperature Range

Block Diagram

VIN

Self
Bias

IENE (%

VSEN[ |—=—+

GND []T

Feedback
OVP
Drive

1AL

— ] IsET

Figure2. 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
Power Supply Section

VIN turn-on threshold VinoN 14 \Y
VIN turn-off threshold VN OFF 7 Vv
Start up current s 15 HA
VSEN pin Section

VSEN pin over voltage V5EN,OVF VesnrerX 1,03 \Y
VSEN pin reference voltage WENREF 1.215 1.25 1.285 \Y
Driver Section

Min ON Time bNMIN 300 ns
Max ON Time bnMAX 25 Us
Min OFF Time bFF,MIN 1.8 Us
Max OFF Time SFF.MAX 150 us
Max switching frequency Miax 45 kHz
ISET pin Section

Current reference | A | | 620" 675 | 710] mv
Integrated MOSFET Section

BV of HY MOSFET \ 500 V
Turn on Resistor Rdson 12

Thermal Section

Thermal Shutdown Temperature|  TSD | | | 150 | | C

Note 1 Stresses beyond the “Absolute Maximum Ratingsj/oause permanent damage to the device. These are
stress ratings only. Functional operation of théaeat these or any other conditions beyond tihmdieated in the
operational sections of the specification is ngblied. Exposure to absolute maximum rating condgifor extended
periods may affect device reliability.

Note 2 8;, is measured in the natural conyection at125°C on a low effective single layer thermal doctivity test

board of JEDEC 51-3 thermal measurement standast. cbndition: Device mounted on 2” x2” FR-4 suaistrPCB,
20z copper, with minimum recommended pad on toprland thermal vias to bottom layer ground plane.

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

The SY50282 is a high performance controller with
constant current and constant voltage.

The start up resistordrand Gy are designed by rules
below:

(a) Preset start-up resistogfRmake sure that the current

It integrates a 500V MOSFET to decrease physicalthrough Rris larger thandrand smaller tharyi_ove

volume.

In order to reduce the switching losses and impievi
performance, Quasi-Resonant switching mode is egpli
which means to turn on the power MOSFET at valley o
drain voltage; the start up current of SY50282ather
small (15 A typically) to reduce the standby povass
further; the maximum switching frequency is clamped

45kHz to reduce switching losses and improve EMI

performance when the converter is operated at |gdd
condition.

Rsr < Yaus 1)
IST
Where \bys is the BUS line voltage.

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

V
(ﬁ'ly) xtST
ST

CVIN = (2)

VVIN_ON

SY50282 provides reliable protections such as Short(c) If Rst and Gy, are chosen to a very small start up

Circuit Protection (SCP), Over Voltage Protecti@Ve),
Over Temperature Protection (OTP), etc.

SY50282 is available with SO8 package.

Applications Information

Start up

After AC supply or DC BUS is powered on, the"cajpaci
Cun across VIN and GND pin is charged(up“by BUS
voltage through a start up resistaisROnee A\ rises up

to Vyin-on, the internal blocks start to_werk.,{ will be
pulled down by internal consumptiontofC until tBack
inductor could supply enough~energy to maintaipgyV
above \n-orr

The whole start up procedure is divided into twctisas
shown in Fig.3. 4r¢c isthenGin charged up section, and
tsto is the outputVoltage built-up section. The stast
time tst composes. ofstc and tro, and usually 4o is
much smaller thansfc.

Vaus

Vuin.on

Vinorrf

syso2s1 VO

VIN

CV\N - I
|
fe— tsrc —t] tsro )

Fig.3 Start up

time, SCP and*OVP power loss will be large. Thep, C
and Rt time eonstant should be increased.

Proprietary’self-bias technique allowgyCto be charged
every 'switching cycle. There is no need to add leuyi
winding “for power supply. & can be chosen with
small value and small package to save cost

Shut down

After AC supply or DC BUS is powered off, the energ
stored in the BUS capacitor will be discharged. Whe
power supply for IC is not enough,\\\ will drop down.
Once Vy is below {n orr the IC will stop working.

Quasi-Resonant Operation

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

S
T

Vs

| 1;

Fig.4 QR mode operation
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ZCS pin detects the inductor voltage by a resididder.

When the voltage across drain and source of the I t

integrated MOSFET is at voltage valley, the MOSFET

would be turned on.

Output Voltage Control

In order to achieve constant voltage control. Thepot
voltage is sampled by detecting the inductor vatag

Vour

]

SY50282
ZCS

e []

~
Fig.5 ZCS pin connection

As shown in Fig.6, during OFF time, the voltageoasr
the inductor is
VL :VOUT+VD,F 3

Vpis the forward voltage of the power diods;i¥
the voltage across the inductor.

At the current zero-crossing point,p¥is nearly
zero, so \yr is proportional with Y exactly. The
voltage of this point is sampled by the IC as hedback
of output voltage. The resistor divider is desighgd

VZCSfREF _

VOUT R ZCSU+R ZCSD
Where \.csreris the internal voltage reference.

Gate

RZCSD (4)

Fig.6 inductor voltage waveforms

Constant-current control

The switching waveforms are shown in Fig.7. Thepaut
current byt can be represented by,

|OUT:ﬂxﬂ (5)

S

Where ki is the peak current of the inductagiis the
effective time of inductor current rising and fafli t is
the switching period.

Ipk and tgr can be detected by ISET and VSEN pin,
which is shown in Fig.7. These signals are procksase
applied to the negative input of the gain modulator
static state, the positive and negative inputsegral.

Vrer = Ipk XRiger xK x% (6)
s

Vix

Fig.7 switching waveforms

ISET
ter
I XRyger xKx—+—
ts
VSEN GM
VRer H-

Fig.8 Output current detection diagram

Finally, the output currenti;r can represented by

|O :\/Ri 7
2RISET

Where \ker is the internal reference voltagesd is the
current set resistorglr can be programmed bydRr.
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V
Rer =75 (8)

2| ouT

When over current operation or short circuit ogerat
happens, the output current will be limited atql m-
The V-I curve is shown as Fig.9.

I
I
I
I
I
I
I
I I
I I
1 1

Rated lour  lout,Lim

Fig.9 V-I curve

Vour

lout

Line requlation modification

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

Due to the sample delay of ISET pin and othervider
delay, the output current increases with increagnpgt
BUS line voltage. A small compensation voltd9éset.c

is added to ISET pin during ON timécte ‘improve such
performance. ThisAV set.c IS adjusted by the upper

resistor of the divider connected ta" V'SEN pin.

k
AV sere =(Veus = VodX R L
ZCcsu

xRser (8)

Where Rcgy is the" upper resistor of the divideg; ik an
internal constant as.the modification coefficient.

The compensation is mainly related withcR), larger
compensation is achieved with smallegcR.

Short Circuit Protection (SCP)

When the output is shorted, demagnetizing voltafie o

inductor is zero, st Will be clamped atder yax, When

up resistor. If the short circuit condition stikists, the
system will operate in hiccup mode.

Power design

A few applications are shown as below.

Inputrange Output

90Vac~264Va 3.6W I 12V/0.25A

Power Device Design

MOSFET and Diode

When the operation_condition is with maximum input
voltage and fulhload, the voltage stress of thtegrated
MOSFET and eutput power diode is maximized;

Vios € hed¥ J2v AC_MAX 9)

VD_R_MAX:\/EVAC_MAX (10)

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

Inductor (L)

In Quasi-Resonant mode, each switching period dycle
consists of three partsurrent rising time { current
falling time t and quasi-resonant timgshown in Fig.11.

Veate

Vbrain

torrmax Shows up for 64 times, SCP is triggered and the
IC will discharge \)n by an internal current source
IVIN,SCP- Once is below \‘/|N'0|:|:, the IC will shut
down and be charged again by BUS voltage throua st

Fig.11 switching waveforms
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When the operation condition is with minimum ing\@
RMS voltage and full load, the switching frequerisy
minimum frequency, the maximum peak current through
integrated MOSFET and the transformer happens.

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

Once the minimum frequency.fy is set, the inductance (c) Compute inductor turn N
of the transformer could be induced. The desigw fi®

shown as below:

(a) Preset minimum frequency.fin

(b) Compute relativest t;
Ly

ts=
fswa

= tS X (VOUT +VDF)
1
(\/EVAciMIN +VDF)
t,=tg-t, (13)

Where \bris the forward voltage of the diode
(c) Compute inductor L and maximum peak curregt |

I L_PK_MAX =2x IO (14)

(12)

(\/EVAciMIN - Vo) xt

L = L (15)

I L_PK_MAX

(f) Compute RMS current of the inductor

_ I L_PK_MAX

ILﬁRMSﬁMAX _T (16)
(g) Compute RMS current of the MOSFET

I =1 x b
MOS_RMS_MAX — ' L_PK_MAX
- - 3, (17)

inductor design (N)

the parameters below are necessary:

Necessary,patameters
Inductance L
induetor maximum current

I L_PK_MAX

inductor maximum RMS current || o q yax

The design rules are as followed:

(a) Select the magnetic core style, identify the effec

area A.

_ LxI L_PK_MAX (18)

T ABxA,

(d) Select an appropriate wire diameter

With | rus.max ,» Select appropriate wire to make sure
the current density ranges from 4A/fim 10A/mnf.

(c) If the winding area of the core and bobbin is not
enough, reselect the core style, g@apand redesign the
transformer until the ideal transformer is achieved

Input capacitor.Csus

Generally,¢th€ input capacitoggs is selected by
Cous =I>F/W
Or more)accurately by

arcsin(l—% ),.E
Coys = - AC.MIN X P?]UT X
19
1 (19)
AV
2fINVA2C,MIN[1_(1_¢)2]
\/EVAC,NHN

WhereAVgys is the voltage ripple of BUS line.

Layout

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

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

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

(d) Loop of‘Source pin — current sample resistor — GND

pin’ should be kept as small as possible.

AN_SY50282 Rev.0.2
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(e) The resistor divider connected to ZCS pin is (f) The control circuit is recommended to be putsale
recommended to be put beside the IC. the power circuit loop.
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Design Example

A design example of typical application is showlokestep by step.
#1. Identify design specification

Design Specification

V ac(RMS) 90V~264V \bur 12V

| ouT 250mA n 80%

#2.Inductor design (L)

Refer to Power Device Design

Conditions
Vac Min 90V Vac-max 264V
Pout 3W fS-MIN 30kHz

(a)fsmin is preset
fe n=30KHZ
(b) Compute the switching periogand ON time tat the peak of input véltage.

1

te= =33.33 ¢
S_MIN

_ X (Vour +Vie) _33.33usc (12w Y )
= = —
(\/EVAC_MIN +Vie) (\/E x90V+ V)

3.33us

t,=t-t, = 33.33:5-3.3315= 3Qs

(c) Compute the inductance L
L= (\/EVACJ\/HN 'Vou'r) Xty - (\/5 x Q0VA2V)x 3.33s
0)5A

= 760uH

IL_PK_MAX
(d) compute inductor maximum peak currgmitd max -
I ek wax=2%1o =0.5K

Where | pxmax 1S maximum inductor peak current ;
(f) compute RMS of the inductor currenkls.vax

Hlipou g 2894

I L_RMS_MAX \/1—%

#3. Select power MOSFET and power diode

Refer to Power Device Design

| Known conditions at this step

AN_SY50282 Rev.0.2 Silergy Corp. ConfidehtPrepared for Customer Use Only
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Vacui 90V lour 250mA
Vour 12V

Compute the voltage and the current stress of MOSFE

[t [ 33%s
IMOS_RMS_MAX =1 L_PK_MAX X 3t_1s =0.5Ax m =0.091A

#4. Select the input capacitonC

Refer to input capacitor,¢Design

Known conditions at this step

VAC,MIN 10 AVBUS 30% VAC,MIN

n 80%

AVigs )‘_E
\/EVAC,MIN 2 P 1

x 1 OUT o
T

arcsin(t-

CBUS =
AV
2fINVA2C,MIN [L-(-—(—"5)]
\/EVAC,MIN
0.3xy/2x 90V, T
J2xoov T 2 3W 1
T

2x50Hzx 90V % J1# (1

arcsin(t-

0.3x+/2x 90v5 ]
J2x90V
=6.7uF

WhereAVpgys is the voltage ripple of BUS linel

#6. Set VIN pin

Refer to Start up

Conditions

VBUS-MIN

90Vx1.414

\/BUS-MAX

264Vx1.414

IST

150A (typical)

VIN-ON

14V (typical)

I VIN-OVP

2mA (typical)

b1

1.5s (designed by user)

(a) Rstis preset

Ve _90Vx1.414

RST <

=8.48M2 ,

o 150A

Vaus _264Vx1.414_

=186

Rgr>

I VIN_OVP

Set Rt

2mA

AN_SY50282 Rev.0.2
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Rey=4.7M

(b) Design G

\Y
(s xtg, (VXA 10 N s Bs
'Ry _ 47MQ -
CVIN - hE
VV|N70N 14V

Set Guin
CVIN :1“':
#8 Set current sense resistor to achieve idealibatprent

Refer toconstant-current control

Known conditions at this step

Vrer | 0.675V | burum |F0.25A

The current sense resistor is

Veer
=_—RF__ =104
Rer =5 our 1.3

V,
— YoomP_mAx _ 0.9 =0.88

I%s:z‘r_rqu - |pK 1.0

N

Because the saturation current of Mosfet is 1.48,dufrent limit is set in 1.02A to consider thergia, so the sense
resistance is not less than 0.880hm.(The circgitehgood start-up performance in 250mA output wderse resistor
is setin 0.880hm. )

#7. Set ZCS pin

Refer to \byt

First identify Rcsy need for line regulation.

Parameters Designed

Racsu | 200k

Then computefsp

Conditions
Vour 12v Vzcs REF 1.25V
Rzcst 200k

R
R,cen= VZCSU = 122(\)/0K =22.1K

our 9 ( _1)

VZCS,REF 125V

RZCSD:ZZK2

#10 final result
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N
R4 R3
L1 22k 200k
S Ve Vo Ve WD R1 A
680uH = 47M[—ocnp LX L3
ISET LX 760UH
VIN LX
C3 < vsEn X
- W= = ca | R=
c2 R Svs0262 A 200F = 36k
90~264V
L2 e
—e\ o -
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S08 Package Outline & PCB Layout Design

P rH 00 ] {
( r ~

\ O m‘
\\ >,
0 o8 ¢

—= 0.60—=— —1 [~=+—0.30-0.50
Recommended Pad Layout

0.25 - O.SO*J/*/ B

S

late————4.80 - 5.00——

3 . [ A

ﬁ;j\ﬁﬁ Nl y

0.60+0.85 % T———Tu? (TYP)

0.08 - 0.25

= 0.18 -0.2¢
0.25 base

1.40-1.60

1

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