S/LERGY

Applications Note: SYS800A

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

Preliminary Specification

General Description
The SY5800A is a single stage Flyback and PFC
controller targeting at LED lighting applications. It is a
primary side controller without applying any secondary
feedback circuit for low cost, and drives the Flyback
converter in the quasi-resonant mode to achieve higher
efficiency. It keeps the Flyback converter in constant
on time operation to achieve high power factor.

Ordering Information

SY5800 (O )OI

Temperature Code

Package Code
Optional Spec Code
Temperature Range: -40°C to 125°C
Ordering Number Package type Note
SYS5800AFBC MSOP10 —
SYS5800AFAC SO8 S

Features

Primary side control eliminates the opto-coupler.

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

0.3V primary current sense reference volta: ’@ds
to a lower sense resistance thus a lower C@Ction
loss.

Internal high current MOSFET driver:
and 2A sinking

Low start up current: 15uA typ'c&?

Reliable short LED and O[:&ED protection

Power factor >0.90 with'si -stage conversion.

Compact package:

sourcing

. NS){P and SO8
Applications@
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Pinout (top view)

comP 1 to—Jsanp COMPL L1 O [ L 1™
NCL__ 12 oL 1™ zcs [ 2 7 [T1EN
zcs[—13 8 [__1EN
GND [ 4 7] VIN ISEN[T] 3 6[ L 1VIN .
ISEN[___]5 6 [_1DRV GND [T 4 5 [T DRV A%
L J - &

(MSOP10)

(SO8)
Top Mark: AFDxyz for SYS800AFBC(device code: AFD, x=year code, y=week code, 7= lo&lber code)

AFBxyz for SYS800AFAC(device code: AFB, x=year code, y=week code, ziot u

mber code)

Pin Name Pin ggr;ber Pﬁsn ggllb Oe r Pin Desgﬁ%ﬂ
COMP 1 1 Loop compensation pin. Conne C network across this pin and
ground to stabilize the controlleep.
NC e 2 No connection. (&
Inductor current zero- ng detection pin. This pin receives the
auxiliary winding V@. ge by a resister divider and detects the
inductor curre crossing point. This pin also provides over
ZCS 2 3 voltage prote’%ﬁ and line regulation modification function
simultaneously. If the voltage on this pin is above 1.42V, the IC
would «¢ ver voltage protection mode. Good line regulation
can bxé&leved by adjusting the upper resistor of the divider.
Cu sense pin. Connect this pin to the source of the primary
. Connect the sense resistor across the source of the primary
ISEN 3 5 N >Witch and the GND pin.
H VREF X NPS —
%« (current sense resister Rg: Rg=k , k=0.16)
ouT
GND 4 ("] Ground pin
DRV 5 6 Gate driver pin. Connect this pin to the gate of primary MOSFET.
Power supply pin. This pin also provides output over voltage
VIN 6 7 . X .
protection along with ZCS pin.
O Enable pin. Enable the IC by pulling the voltage on this pin above
EN 6 ] 1.5V and Shut down the IC by pulling the voltage on this pin
below 0.2V. If not used, connect this pin to VIN pin with a resistor
(470kQ is recommended).
™ 8 9 Connected to ground.
SGND — 10 Signal ground.

AN SY8035 Rev. 0.9
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Absolute Maximum Ratings ot 1)
VIN, DRV -0.3Vto 17V
EN, ZCS -0.3V to Vi +0.3V
ISEN, COMP, TM 3.6V
Power Dissipation, @ Ta=25°C MSOP10/SO8 0.8W/1.1W

Package Thermal Resistance (Note 2)

MSOP10/SO8,0JA
MSOP10/S08,0JC

125°C/W /.88° "
60°C/W /

Temperature Range

-40°C te’'150°C

Lead Temperature (Soldering, 10 sec.)

260°C

-65°C to 150°C

Storage Temperature Range

)

Recommended Operating Conditions (Note 3)

VIN, DRV

Y

8V~15.4V

Junction Temperature Range

-40°C to 125°C

Ambient Temperature Range

-40°C to 85°C

Block Diagram Q
SGND COMP 6 VIN
ISEN — > UVLO
sev i Jo Estimator PUM &Bias [P Veer
L o0— Logic DRV
VRrer e 6 &
S Driver
*\ GND
4+
A
05V >
7CS Valley Detect

O
™ I C OVP

@ Figure3. Block Diagram
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Electrical Characteristics
(Vv = 12V (Note 3), T4 = 25°C unless otherwise specified)

Parameter | Symbol | Test Conditions | Min | Typ | Max | Unit
Power Supply Section

Input voltage range Vv 8 154 \Y
VIN turn-on threshold Vyinon 17.6 Q
VIN turn-off threshold VVIN.OFF 6.0 7.9

VIN OVP voltage Vvinove Vvin ont0.85 \Y
Start up Current IST VVIN<VV1'N OFF 15 MA
Operating Current Ivin C_=100pF,f=15kHz 1 mA
Shunt current in OVP mode | Iyivove Vv Vvinove 1.6 2 2.5 mA
Error Amplifier Section

Internal reference voltage | Viyer | | 0.294 | 0.3 | 0.306 | \

Current Sense Section

S(l)llrt;egnet limit reference Visexax 0.5 v
ZCS pin Section
ﬁl(EeSS 1113(1)r11dOVP voltage Vaesove 142 v
Gate Driver Section
Gate driver voltage VGate Vyin A%
Maximum source current Isource 1 A
Minimum sink current Isnk ° 2 A
Max ON Time TonMAX VCOMP=1\§L 24 us
Min ON Time TonMiN 400 ns
Max OFF Time TorrMmax 39 us
Min OFF Time TorrMIN & 2 us
Maximum switchin,
frequency ) fax 120 kHz
Enable function Section
Enable ON Vidor 1.5 v
Enable OFF EN.OFF 0.2 \
Thermal Section
Thermal Shutdown o
Temperature Tsp 150 C
Note 1: Stress ond the “Absolute Maximum Ratings” may cause permanent damage to the device. These are
stress ratin% unctional operation of the device at these or any other conditions beyond those indicated in the
c

operatio ions of the specification is not implied. Exposure to absolute maximum rating conditions for
exten riods may affect device reliability.

NoiZ: O, is measured in the natural convection at T, = 25°C on a low effective single layer thermal conductivity
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 Vyon voltage then turn down to 12V.

AN SY8035 Rev. 0.9 Silergy Corp. Confidential- Prepared for Customer Use Only 5
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Operation

SY5800A is a constant current Flyback controller with
primary side control and PFC function that targets at
LED lighting applications.

The Device provides primary side control to eliminate the
opto-couplers or the secondary feedback circuits, 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.

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 SY5800A is rather small
(15uA typically) to reduce the standby power loss further;
the maximum switching frequency is clamped to 120kHz
to reduce switching losses and improve EMI performance
when the converter is operated at light load condition.

SYS5800A provides reliable protections such as Sh%

Circuit Protection (SCP), Open LED Protection (O
Over Temperature Protection (OTP), etc.

SY5800A is available with SO8 and MSOP@’

Applications Inform 1@1

Start up

After AC supply or DC B owered on, the capacitor
Cyn across VIN an pin is charged up by BUS
voltage through a sta@ resistor Rgy. Once Vyy rises up
to Vym.on, the i al blocks start to work. Vypy will be
pulled down ternal consumption of IC until the

aux111ary of Flyback transformer could supply
enoug to maintain Vypy above Vyin.oFr.

% ole start up procedure is divided into two sections
shown in Fig.4. tsrc is the Cyy charged up section, and
tsto is the output voltage built-up section. The start up
time tsr composes of tsrc and tsro, and usually tgro is
much smaller than tgpc.

v Vi
BUS
VuNon| — — — — —

Vuinorrf — —
Rst [J

Vour

SY5800
VIN

Cuin $4¥

The start up resistor Rgr and
below:

(a) Preset start-up re st, Mmake sure that the current
through Rgr i 1s lar n IST and smaller than Iyy_ovp

v

BUS BUS (1 )

le— tsrc
Fig.4 Start ub

viv are designed by rules

VIN OVP\@
BU is the BUS line voltage.

elect Cyny to obtain an ideal start up time tsr, and
nsure the output voltage is built up at one time.
V,
( - _IST)XtST
N ()

VVINfON

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

Internal pre-charge design for quick start up

After Vy exceeds Vywon, Veome is pre-charged by an
internal current source. The PWM block won’t start to
output PWM signals until Vcomp is over the initial
voltage Vcompic, Which can be programmed by Rcowmp.
Such design is meant to reduce the start up time shown in
Fig.5.

The voltage pre-charged Vcomp i in start-up procedure
can be programmed by Rcowmp

Veour 1 =600mV-300pA X R oy (3)

AN SY8035 Rev. 0.9
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600mV- — — — — — —
SY5800 Veomt — — — — —
comp
_— PWM
Reows
Ceowrz
(opt.)

Ccowet I

'F ig.5 pre-charge scheme in start up
Where Vcowmp.ic 18 the pre-charged voltage of COMP pin.

Generally, a big capacitance of Ccomp iS necessary to
achieve high power factor and stabilize the system loop
(1pF~2pF recommended); The voltage pre-charged in
start-up procedure can be programmed by Rcomp; On the
other hand, larger Rcomp can provide larger phase margin
for the control loop; A small ceramic capacitor is added
to suppress high frequency interruption (10pF~100pF is
recommended if necessary)

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 supp

Vyw is below Vymn.orr, the IC will stop worki
Vcomp Will be discharged to zero. *\

enough energy to VIN pin, Vy will drop dow
nd
éﬂ I

Primary-side constant-current control O’Q

Primary side control is applied to inate secondary

feedback circuit or opto-cou which reduces the
circuit cost. The switching wave s are shown in Fig.6.

The output current Iou@oe represented by,

SP tois >
IOUT X—= %

Where I peak current of the secondary side; tpg is
the a e time of Flyback transformer; ts is the
sSwi perlod.

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

Ve

lemi

lsec

lour

N &O&

/

Fig.6 s@}'}nng waveforms

th s is the turns ratio of primary to secondary of
® lyback transformer.

\e Thus, Iour can be represented by

N, %I t
our= PS PP IS ()

2 N

The primary peak current Ipp and inductor current
discharge time tp;g can be detected by the IC, and the
effect of the leakage inductor can be compensated by
internal control scheme. Ioyr can be induced finally by

kl ka >(\]REF XN

ouT
R

I PS (7)

S

Where k; is the output current weight coefficient; k; is
the output modification coefficient; Vgrgr is the internal
reference voltage; Rg is the current sense resistor.

ki,k, and Vggr are all internal constant parameters, loyr
can be programmed by Npg and Rg.

k Xk >(\]REF PS (8)

ouT

R¢=

S

Quasi-Resonant Operation

AN_SY5800ARev0.9
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QR mode operation provides low turn-on switching
losses for Flyback converter.

]

M
e\

| |
| D |
I 1s

Fig.7 QR mode operation

The voltage across drain and source of the primary
MOSFET is reflected by the auxiliary winding of the
Flyback transformer. ZCS 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&(\
operate in hiccup mode.

Protection (OLP)

VIN
Raux

o =S *\
&

- SY! Oo
2CS @
] Q
- Fig.@ &OLP

The output volta &% reflected by the auxiliary winding
voltage of the IE% transformer, and both ZCS pin and
1

Rzcsu

VIN pin pr er voltage protection function. When
the loadx 1 or large transient happens, the output
volt M exceed the rated value. When Vv exceeds
Vym, or Vgzcs exceeds Vzcsove, the over voltage
protection is triggered and the IC will discharge Vyy by
an internal current source Iynovp. Once Vyn is below
Vymorr, 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 Nyx and the
resistor divider is related with the OVP function.

VZCSfOVP _ N RZCSD

AUX o

VOVP NS RZCSU +RZCSD

)

VVl'NfOVP > NAUX (10)
VOVP NS

&
Where Vovp is the output over Yﬁe specification;
Rzcsy and Ryzcsp compose the resistor divider. The turns

ratio of Ng to Nyx and the am
be induced from equation (

RZCSU to RZCSD could

(10).

Short Circuit Prote%'g SCP)

When the outpt&honed to ground, the output voltage
is clamped t%o. The voltage of the auxiliary winding
is propo @p the output winding, so Vyy will drop
dow out auxiliary winding supply. Once Vyy is
belo vinorr, the IC will shut down and be charged
%ﬂ by the BUS voltage through the start up resistor. If

short circuit condition still exists, the system will

In order to guarantee SCP function not effected by
voltage spike of auxiliary winding, a filter resistor Rayx
is needed (10Q typically) shown in Fig.8.

Line regulation 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 AViggnc is adjusted by the upper
resistor of the divider connected to ZCS pin.

N 1
AVisen e =Vays X % x——xk, (11)

P ZCsu

Where Rycsy is the upper resistor of the divider; k3 is an
internal constant as the modification coefficient.

AN_SY5800ARev0.9
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The compensation is mainly related with Rzcsy, larger
compensation is achieved with smaller R;csy. Normally,
Rzcs ranges from 100kQ~1MQ.

Then Rycgp can be selected by,

Vzcspw < Ng

V. N

V oLt ANUX X RZCSU >R ZCSD (12)!
1- ZCS_OVP o, S

VOUT NAUX
And,
Vzcspw % Ns
V, N
I{ZCSD 2 \/OVP ALX XI{ZCSU(13)
1o ZCSOVP o S
V, N

ovP AUX

Where Vovp is the output over voltage protection
specification; Voyr is the rated output voltage; Rzcsy is
the upper resistor of the divider; Ng and Njyx are the
turns of secondary winding and auxiliary winding

separately.

Power Device Design

MOSFET and Diode ‘\

voltage and full load, the voltage stress OSFET and
secondary power diode is maximize

When the operation condition is wi @%num input
! of M

VMOSfDSfMAX :\/EVAQMAX TN X5 DF )+AV (14)
J2v
AC_MAX
VDiRiMAX = N - or(15)
PS

aximum input AC RMS voltage; Npg
he Flyback transformer; Vqyr is the

is the turns ratio

rated o oltage; Vpr is the forward voltage of
seco 'ar%»ower diode; AVs is the overshoot voltage
cla y 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.

Where VAC,MAX i

IMOSfPKiMAX =IP7PK7MAX ( 1 6)

Figo.
O —
o

IMOSfRMSfMAX =IP7RM87MAX 17

I =NPS x IPiPKiMAX (18)

D_PK_MAX

IDﬁAVG =lour (19)

Where Ippxmax and Iprus.max are maximum primary
peak current and RMS current, which will be introduced

later. .
%\
9

Nps is limited by the electrical %@ of the power
MOSFET: &

N.. < VMOSf(BR)DS X90%'\/&8m 'AVS (20)

"o VOUT@)‘
<

Where VMOS,(BR?@‘&the breakdown voltage of the power
MOSFET.

Transformer (Nps and Ly;)

In Q s@onant mode, each switching period cycle tg
con@ f three parts: current rising time t;, current
i

time t, and quasi-resonant time t; shown in

lep,
Ipri

Isec

lour

Fig.9 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

AN_SY5800ARev0.9
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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 fsyn 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 fs.uy is set, the inductance
of the transformer could be induced. The design flow is
shown as below:

(a)Select NPS
< VMOSf(BR)DS x 90%'\/§VAQMAX -AV,

N, < > (21)
" VOUT +VD7F

(b) Preset minimum frequency fg_vn

(¢) Compute relative ts, t; (t; is omitted to simplify the
design here)

tg=

(22)

S_MIN

t x NPS x (VOUT +VD F)
\/—VAC MIN NPS X (VOUT 7F)

(23)

(d) Design inductance Ly, b’
vV xtlx %«

L,- ac MiN 24 XM (24) o

(e) Compute t3 C

t,=nx,/L,, XCp... (25) O'C 2

2P ouT X tS
Where Cp;, is the g:/sitic capacitance at drain of
MOSFET.

(f) Compute ﬁ% maximum peak current Ippg.max

and mu{ rrent  Iprus.max  for the transformer
fabri me

L L

2Py X[ M+ M ]
I _ ot \/EVAciMIN NPS x (VOUT +VD7F)
P_PK_MAX

- Ly xn
L L
4P2 % M4 M 2+4L,, XX P, Xt
+\/ * [\/EVA(LMIN Nos X(Vour +VD,F)] M o
Lyxn

(26)

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

Adjust t; and tg to t;" and tg' considering the effect of t;

= nxLy IP  PK_MAX 7)

4POUT
= LM X IPiPKiMAX (28) .
1
\/EVAQMH\J %&
. S
IP RMS MAX — — XIP PK_MAX (29) O
R G “o

(g) Compute secondary m%@n peak current Is pxmax
and RMS current ax for the transformer
fabrication.

)
S PR uAx ;éérm (30)
=te-t,- @9

k\/QrAx = \/7 s pk wax (32)

L5

Mransformer design (Np,Ns.Naux)

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

Necessary parameters

Turns ratio Nps
Inductance Ly
Primary maximum current Ip_pr-max
Primary maximum RMS current IprRMs-MAX
Secondary maximum RMS current | Is.rms.max

The design rules are as followed:

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

(b) Preset the maximum magnetic flux AB
AB=0.22~0.26mT

(c) Compute primary turn Np

_ Ly % IPiPKiMAX (33)

 ABXA,

P

AN_SY5800ARev0.9
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(d) Compute secondary turn Ng

N
Ny= (34)

PS

(e) compute auxiliary turn Nayx

N

AUX

V,
Ny (35)

ouT

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

(f) Select an appropriate wire diameter

With Iprmsmax and Isrms-max, select appropriate wire to
make sure the current density ranges from 4A/mm?’ to
10A/mm’

(g) 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.

Preset the output current ripple Aloyt, Cour 18 induced@

&
i O

OUT \2
—2L)"-1
C _ (AIOUT) (36) Q'\'
ouT
4anCRLED O
Where Ioyr is the rated outpthrent; Algut is the
demanded current ripple; f the input AC supply

frequency; Rigp is the e t series resistor of the
LED load.

RCD snubber forcMOSFET

The power %%tke snubber Pycp is evaluated first

N (Vour Y AV | L
C

P x—K xP (37
% AV L, our B7)

Where Npg is the turns ratio of the Flyback transformer;
Vour is the output voltage; Vp.r is the forward voltage of
the power diode; AVy is the overshoot voltage clamped
by RCD snubber; Ly is the leakage inductor; Ly, is the
inductance of the Flyback transformer; Poyr is the output
power.

The Rycp is related with the power loss: &

PRCD (:@&

The Cgcp is related with the V%a@ripple of the snubber

AVcgrep: O
_ NPS X (VOUT +N) AVS

R RCD f C_RCD

Qo

_ (Nps X (Vour +VD7F )TAV )2

RRCD -

(39)

RCD

Lay

,{1?0 achieve better EMI performance and reduce line

quency ripples, the output of the bridge rectifier should

Output capacitor Cour '{b’be connected to the BUS line capacitor first, then to the

switching circuit.

(b) The ground of the BUS line capacitor, the ground of
the current sample resistor and the signal ground of the
IC should be connected in a star connection.

(c) The circuit loop of all switching circuit should be kept
small: primary power loop, secondary loop and auxiliary
power loop.

(d) The wire connected to ISEN and DRV should be as
thick as possible.

(e) The resistor divider is recommended to be put beside
the IC.

AN_SY5800ARev0.9
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Design Example

A design example of typical application is shown below step by step.

#1. Identify design specification

Design Specification

%\
S

Vsc(RMS) 90V~264V Vour 38V

IOUT 320mA n 87%

#2. Transformer design (Nps, L)

Refer to Power Device Design %O
Conditions

Vacmm 90V Vacmax 264V

AVS SOV VMOS—(BR)DS 600%

Pout 12W Vb 1

Chorain 100pF fsmmn z

(a)Compute turns ratio Npg first @Q

< VMOS,(BR)DS x 90%'\/§VAQMAX -AVS Q&

ps =
Vour +VD,F \

_ 600V x0.9-/2 x264V-50V '\,@'
38V+1V

=2.99 ‘ 660
Nps is set to %}
N, =2.67 O’Q

(b)fs vy is preset C
@)

(c) Compute the switehing period tg and ON time t; at the peak of input voltage.

<l

s '\tS x NPS x (VOUT +VD7F)
1 %VAQMIN N ps X (VOUT +VD7F)
_13.3usX2.67X(38V+1V)
V2 X90V+(38V+1V)
=6us

N

f \un=75kHz

(d) Compute the inductance Ly

AN_SY5800ARev0.9
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_ V/inMIN x tlz xn
" 2POUT X tS
_ 90V’ x6us” x0.87
2x12W x13.3ps

=780uH

Set é\
L,,=750uH 6

(e) Compute the quasi-resonant time t; %O

t=n XLy XCp, &O&
=n X,/750pH x100pF b’
=860ns &6

>

_— R

2P, X[ M ]
o \/EVAQMIN N PS x (VOUT +VD7F) ’Q&
Ly XN \

L L
4p2 x| M + M ]Zﬁim xnXP, . Xt
+ \/ o \/EVACiMIN NPS x (VOUT Jr\]D,F) o ’
BRe
=1.038A ‘\

Adjust switching period ts and ON time t&and t .
XLy, xI;

' P_PK_MAX O
t=————————
4P0UT O

_ 0.87x750uH x1.038A° Q
4x12W

=14.45ps OO
t{ _ LM X IPﬁPKiMAb%

NAA
7 038A
% x90V

=6.12ps

(f) Compute primary maximum peak current Ip px_max

IPiPKiMAX =

Compute primary maximum RMS current Ip_ruvsmax

/ t; , 6.12pus
IPfRMSfMAX = 6'(1' XIPiPKiMAX= —6><l4 45ps x1.038A=0.289A
s .
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(g) Compute secondary maximum peak current and the maximum RMS current.

g i wax =Nis X i iy =2.67 X1.038A=2.77A

t, =t -t,-t,;=14.4515-6.12s-0.8611s=7.47ps

{ t) [ 747us
Is pmsvax = ﬁ XI5 bk vax = m x2.77A=0.81A
S .

#3. Select power MOSFET and secondary power diode

Refer to Power Device Design

Known conditions at this step

Vac-max 264V Nps 2.67
VOUT 3 6V VD—F 1 V
A Vs 50V 1 87%
(a) Compute the voltage and the current stress of MOSFET: GQ
VMOSfDSfMAX :\/EVAQMAX JrNPS X (VOUT +VD7F )+AVS Q&

=2 x264V+2.67 X (38V+1V)+50V \

=527V c'\(b
IMOSfPKiMAX :IPiPKiMAX =1.038A b@o
Lios rums max =Ip rus max =0-289A %\

(b) Compute the voltage and the cu er@r ss of secondary power diode

\/EVAQMAX

VDiRiMAX = N— JrVOUT Q
s oK
_2x264y 3 Q

2.67
=178V

Iy max = ? px vax —2-07 X1.038A=2.77A
chx\lm =0.32A
#4. Select the output capacitor Coyr

Refer to Power Device Design

AN SY5800ARev0.9 Silergy Corp. Confidential- Prepared for Customer Use Only 14
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Conditions
IOUT 320mA AIOUT O~310UT
fAC 50Hz RLED 12%1.6Q
The output capacitor is
( 21OUT )2 -1
— AIOUT
ot 4chACRLED
2x032A |,
— -1
_ (0.3><0.32A) %O
4nx50Hz %12 %x1.6Q &
=546uF %Q
#5. Design RCD snubber b
Refer to Power Device Design &
Conditions
Vour 38V AVg 50V
Nps 2.67 Lx/Ly 1%
Pour 12W

The power loss of the snubber is

P =
RCD AV

S

+1V)+
_ 267X (GBVALV)HSOV o o

50V
=0.37TW

The resistor of the snubber is

(N X (Vour + Vi PRV, )

R

_ NPS x (VOUT +VDJ )+AVS < L_K %P

out
L

1X12V\0
O
C

RCD =

P/
_ (.67 x(}d{ﬂ\msovf

37TW
ah?
T%ﬁ\acitor of the snubber is

— NPS X (VOUT +VD7F )JrAVS
RRCDfSAVCJ{CD
_2.67X(38V+IV)+50V
64kQ x100kHz %25V
=InF

RCD

>

‘\(bd
&’Q

AN_SY5800ARev0.9
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#6. Set VIN pin

Refer to Start up

Conditions
Vaus.mmv 90V x 1414 Vaus-max 264V x 1414
Ist 15uA (typical) Vin.oN 16V (typical)

Tvin.ove 2mA (typical) tsr 500ms (designed by user) =
(a) Rgy is preset @%
v x1. O
Ry, <—BUs _J0Vx1414_¢ sema, &

I, 15pA

R o Veus _264Vx1414

ST

=186kQ

IVINﬁOVP 2
Set RST
R, =250kQ x3=750kQ

(b) Design Cyy

V,
( RBUS 'IST) X tST
Cer = =

VVINfON

90V x1.414
FOVxL4A 15 A)x500ms
s MY

>
<
Q\b
S
Cyp =20uF O’&

#7 Set COMP pin%
Refer to %ﬁ%{n‘e-charge design for quick start up

16V
=4.83yF

Set CVlN

‘\(bd

Parametets designed
RCQ&J 500Q Vcomr.ic 450mV
Ccompi 2uF Ccomp2 100pF

AN_SY5800ARev0.9
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#8 Set current sense resistor to achieve ideal output current

Refer to Prima

-side constant-current control

Known conditions at this step

k, Xk,

0.16

2.67

VREF

0.3V

IOUT

0.32A

The current sense resistor is

:kl XKy X Vg X Nopg

R

IOUT

_0.16x0.3V x2.67

0.32A
=0.4Q

#9 set ZCS pin

Refer to Line regulation modification and Over Voltage Protection (OVP) & Open Loop Protection (OLP)

First identify Rzcsy need for line regulation.

,{/6

Known conditions at this step

ks | 68 [ - |
Parameters Designed
Rycsu | 100kQ | |
Then compute Rycsp 2 b’
Conditions
Vs ovp 1.42V Vovp 48V
Vour 38V
Parameters designed
RZCSU 100m
Ns é{( Naux 5
Vzcsfovp % S
< VOUT NAUX x
R csp B v, T)( N, Ryesu
%5% NAUX
‘S\QZV » 21
38V 6
N 142V - Bl x100kQ
38V 6
=18.62kQ

AN_SY5800ARev0.9
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v

ZCS_OVP Ns
R > Vove N

7CSD = ZCSU
1 Vzcsfovp % Ng

VOVP NAUX
142V 21

__48V 5§
1_1.42VX2xlookQ e

48V 5

»\
=14.19kQ 6%

Rycsp 1s set to

R, =15kQ

#10 final result

L2 15mH
R2

S1K1206

2]

7
(opt)

c2
Fl a

T2A250V T
©—oo—4 00 DBI07 68nF 68nF
/\/ -

0.047uF
ACinput| 2s0v, —
0— 415 s
1
v

10mH ' AAA J
SSIHI0 @
Nauy ©
- m.wvj— c10
{‘Iz 10uF

125V M

M lzos%

Ri1
ot K>
K; O 0805

0805 $15800A »”

°
comp ™

220uF63V 220uF63V

=
L]

=
<3

1<
<3

7Cs EN a
FQPF

C6;
20F ISEN v 0
7 AAA
0805 o . Fo] DRY \ A0 C 102
15K] 0805
510 (0P hg0:
080; cv
RI4
R72 S R8I RY1 =
£ .\: 0805> 0805 > 0803 0805

Tt

—

AN SY5800ARev0.9 Silergy Corp. Confidential- Prepared for Customer Use Only 18



'S
7 SYSS800A

SILERGY

MSOP10 Package outline & PCB layout

—

—pe L
L1/ o
] T3 o
: s O &O& Z
ﬁb
o
Recommen&éﬁ%ad Layout
LAY
f J& 2.85-3.10 2
T ML I
SR
i g —~—=L—0.50 (TYP)

% Notes: All dimension in MM
. be All dimension do not include mold flash & metal burr

<
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SO8 Package Outline & PCB Layout Design

AAAF

1.55

1.27 TYP T<—T

%

§
5.80 - 6.20

_|_
&

O
H@ﬁ%@ |:| =

™ *—0.30-0.50

5.40 4"
- 3.80-4.00 ——

— 0.60 =

0.25-0.50— Vs‘
. J/ !
£

Q

L fan

Recommended P»{Syout

%5%
|
|

L

] Q
—
Q< 0.
*‘ ~—0.25 base
-
_|. -
|
I

—
—
0.08-0.25

1.40 - 1.60

1
0.60 - 0.85 —L—h 1.27 (TYP)

B

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

N
>

=
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