Applications Note: SY5800A

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

S/IERGY Preliminary Specification

General Description Features

The SYS5800A is a single stage Flyback and PFC. Primary side control eliminates the opto-coupler.
controller targeting at LED lighting applicatiorisis 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 Flyfba e 0.3V primary current sense reference vo e leads
converter in the quaSi-l'esonant mode to aChie\/ﬂemig to a lower sense resistance thus a lo duction
efficiency. It keeps the Flyback converter in canst loss.
on time operation to achieve high power factor. « Internal high current MOSFET d%%lA sourcing
_ ) and 2A sinking
Ordermg Information « Low start up current: 15uA
SY5800 O(OO)OI * Reliable short LED and Open LED protection
L Temperature Code » Power factor >0.90 wi r@w le-stage conversion.
Package Code » Compact package: Mgo 10 and SO8
Optional Spec Code Application%jb«
Temperature Range40°C to 125°C o &
Ordering Number Package typg  Note ° LED I'g,ht'ngba
SY5800AFBC MSOP10 * Down "QQ
SY5800AFAC SO8 * Tube
- P mp
Typical Applications &»\g\
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Figure 1. Schematic Diagram MSOP10
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Pinout (top view)

-

COMP [
NC [ ]
Z2CS [
GND [
ISEN ]

a A W N =

107 SGND comp [ 1 O 8 [T 1™
o 1™ zcs [ 2 7 [[TJEN
8 1EN
7=V ISENCT] 3 6 [T VIN &\3
6 1DRV GND [T 4 5 [T DRV %é
J | N |

(MSOP10) (SO8)
Top Mark: AFD xyz for SY5800AFBC(device code: AFDx=year code, y=week code, z= lot number code)
AFRyz for SY5800AFAC(device code: AFBx=year code, y=week code, z= |6t number code)

. Pin number Pin number .
Pin Name sSO8 MSOP10 Pin Descr@
COMP 1 1 Loop compensation pin. Con a RC network adtasgin and
ground to stabilize the control;160p
NC 2 No connection. )
Inductor current zero-¢ressing detection pin. Tgiis receives the
auxiliary winding ﬁe by a resister divider adétects the
inductor curre rossing point. This pin gisovides over
ZCS 2 3 voltage pr@% and line regulation modificatidonction
simultanegusly:” If the voltage on this pin is abdvé2V, the IC
would over voltage protection mode. Good liegulation
can p%{ ieved by adjusting the upper resisttiveoflivider.
Cu sense pin. Connect this pin to the soufdle primary
. Connect the sense resistor across the esafithe primary
ISEN 3 5 itch and the GND pin.
Q (current sense resisteg:FRS:kVRLNF’S , k=0.16)
ouT
GND 4 (3 Ground pin
DRV 5 6 Gate driver pin. Connect this pin to théegaf primary MOSFET.
Power supply pin. This pin also provides output roveltage
VIN 6 7 : . .
protection along with ZCS pin.
O Enable pin. Enable the IC by pulling the voltagethis pin above
EN @ 8 1.5V and Shut down the IC by pulling the voltage tbis pin
below 0.2V. If not used, connect this pin to VIN prith a resistor
(470K is recommended).
™ 8 9 Connected to ground.
SGND 10 Signal ground.

AN_SY8035 Rev. 0.9
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Absolute Maximum Ratingsote 1)

VIN, DRV -0.3Vto 17V
EN, ZCS -0.3V to Vjy+0.3V
ISEN, COMP, TM 3.6V
Power Dissipation, @ A= 25°C MSOP10/S08 0.8W/1.1W
Package Thermal Resistance (Note 2)

MSOP10/SO8) JA 125°CW /88°C/W
MSOP10/S08) JC 60°CMW#45°CIW
Temperature Range -40? 150°C
Lead Temperature (Soldering, 10 sec.) 260°C

%5“% to 150°C

X

Storage Temperature Range

Recommended Operating Conditionguote 3) O&
VIN, DRV 8Vv~15.4v
Junction Temperature Range -40°C to 125°C
Ambient Temperature Range & -40°C to 85°C
Block Diagram Q‘b'
SGND COMP @ EN VIN
B UVLO
ISEN lo Estimator Gm PWM &BIAS [ Vrer
i Vrer 6 > Logc o
. b Driver
GND
* 7y
0.5V : p
7S Valley Detect
™ I C 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 | Max | Unit
Power Supply Section

Input voltage range W 8 154 | V
VIN turn-on threshold Vin.oN 176 | .V
VIN turn-off threshold Vin.OFF 6.0 791V
VIN OVP voltage \{in.ovp Vyin ont0.85 \
Start up Current S Vvin<Vvin.oFr 15 HA
Operating Current viN C.=100pF,f=15kHz 1 mA
Shunt current in OVP mode lyiy.ove Vvin>Vvin.ove 1.6 2 o 2.5 mA
Error Amplifier Section

Internal reference voltage | g | | 0.294] ~03 ] 0.306] V
Current Sense Section

S;:;egr: limit reference Vst e 05 Vv
ZCS pin Section

chCr:eSSEg:dOVP voltage Vacs.ovp 1.42 Vv
Gate Driver Section

Gate driver voltage Yate Vyvin \Y
Maximum source current sburCE 1 A
Minimum sink current dink o 2 A
Max ON Time -[)N,MAX VCOMP:]&’W 24 US
Min ON Time Tonmin 400 ns
Max OFF Time -BFF,MAX 39 Us
Min OFF Time T)FF,MIN 2 Us
Maximum switching fuax 120 KHz
frequency

Enable function Section

Enable ON Wy ont 15 v
Enable OFF ¥N.OFF 0.2 V
Thermal Section

Thermal Shutdown O T 150 e
Temperature

Note 1 Stres eyond the “Absolute Maximum RatingsYy weuse permanent damage to the device. These are
stress ratin . Functional operation of theickeat these or any other conditions beyond tlmdieated in the
operatio ions of the specification is noplied. Exposure to absolute maximum rating condgidor
exten eriods may affect device reliability.

NOKQZ O, is measured in the natural convection aE125°C on a low effective single layer thermal doctivity
test board of JEDEC 51-3 thermal measurement stdnt@last condition: Device mounted on 2" x 2" FRubstrate
PCB, 20z copper, with minimum recommended pad prager and thermal vias to bottom layer grounchg@la

Note 3 Increase VIN pin voltage gradually higher thanwén voltage then turn down to 12V.

AN_SY8035 Rev. 0.9 Silergy Corp. ConfidahtPrepared for Customer Use Only 5
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Vun

Operation e S S
SY5800A is a constant current Flyback controllethwi Rer D vimert = ==
primary side control and PFC function that targats (
LED lighting applications. svse0 VO
VIN

The Device provides primary side control to elinnthe Cun
opto-couplers or the secondary feedback circuitschv i (
would cut down the cost of the system. ) b e o

Fig.4 Start U@
High power factor is achieved by constant on opamnat . «%( '
mode, with which the control scheme and the circuit The start up resistordrand, Giy-are designed by rules
structure are both simple. below: O

In order to reduce the switching losses and impieve () Preset start- u%‘%ﬁ)ngake sure that the current
performance, Quasi-Resonant switching mode is eppli through Rris la andr and smaller than/k_ove
which means to turn on the power MOSFET at voltage
valley; the start up current of SY5800A is ratherad Vaus BUS )
(15uA typically) to reduce the standby power lagsHer; Ly ove Q

the maximum switching frequency is clamped to 120kH Whe

to reduce switching losses and improve EMI perforoea
when the converter is operated at light load caorlit (b)

S IS the BUS line voltage.

elect Gy to obtain an ideal start up timgrtand
sure the output voltage is built up at one time.

SY5800A provides reliable protections such as @ﬁ@f

Circuit Protection (SCP), Open LED Protection Veus -lgp) Xt
Over Temperature Protection (OTP), etc. Ry & 7 (2)
VVIN _ON

SY5800A is available with SO8 and M @ackage

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

App|icati0ns Informat voltage at one time. Increase,¢and decreasesR go
back to step (a) and redo such design flow unéglitkeal
Start up start up procedure is obtained.

After AC supply or DC Bk@powered on, the capmci  !nternal pre-charge design for quick start up
P

Cun across VIN a in is charged up by BUS .

voltage through a start/up resistasROnce \{,y rises up After Vyin exceeds Vinon, Vcowe iS pre-charged by an
to Vym.on, the internal blocks start to worky) will be internal current_source. T_he PWM block wont_s_tgrt
pulled down 2 internal consumption of IC until the output PWM signals until ¥oue is over the initial

auxnlary of Flyback transformer could sipp Voltage \eowr,c Which can be programmed bydge.
enou gy to maintain, above Wn.ore- Such design is meant to reduce the start up tiroestin

Fig.5.
%/ ole start up procedure is divided into twotisas
shown in Fig.4.4rc is the G charged up section, and The voltage pre-chargedc¥ue c in start-up procedure
tsto is the output voltage built-up section. The stgst ~ can be programmed byBup
time tsr composes of stc and &ro, and usually dro is
much smaller thanstc. Veowr 1c=600MV-30QA xR 4s(3)

AN_SY8035 Rev. 0.9 Silergy Corp. ConfidahtPrepared for Customer Use Only 6
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comp
Reowe
Ceoup
(opt)
Ceowt

- Fig.5 pre-charge scheme in start up
Where \eomp.cis the pre-charged voltage of COMP pin.

Generally, a big capacitance of&ur is necessary to
achieve high power factor and stabilize the syskeop
(luF~2uF recommended); The voltage pre-charged in
start-up procedure can be programmed byR, On the
other hand, larger Rvp can provide larger phase margin
for the control loop; A small ceramic capacitoraidded

to suppress high frequency interruption (10pF~108pF
recommended if necessary)

Shut down

After AC supply or DC BUS is powered off, the energ
stored in the BUS capacitor will be discharged. Wire*
auxiliary winding of Flyback transformer can nopgl
enough energy to VIN pin, W will drop down.
Vyn is below Vn.orr the IC will stop wor

Vcomp Will be discharged to zero. Q\

Primary-side constant-current controIO‘Q

Primary side control is applied‘to eliminate seamd

feedback circuit or opto-coupler, which reduces the
circuit cost.The switching W&rms are shown in Fig.6.

The output currenbb@@e represented by,

Where S<é’ peak current of the secondary sigg;i$

the ge time of Flyback transformesg; is the
s}perlod

The secondary peak current is related with prinpeask
current, if the effect of the leakage inductor églected.

| = lsp xt DIS
out
2

Ve

lpp,
lert

Isec

lour

Vos

/

‘ VDIS

Fig.6(§;zching waveforms

1o=N b o 5)
«i@%

W}% Ns is the turns ratio of primary to secondary of
%eyF yback transformer.

NThus, but can be represented by

o Lots ()
tS

The primary peak currentsd and inductor current
discharge timepis can be detected by the IC, and the
effect of the leakage inductor can be compensaied b
internal control schemeg|r can be induced finally by

— klxk2xVREFxN

| =
ouT
RS

=(7)

Where kK is the output current weight coefficient; Is
the output modification coefficient; pég is the internal
reference voltage; fs the current sense resistor.

ki,ko and \ker are all internal constant parametegsyrl
can be programmed by-Aand R.

_klkaXVREFxN

Rs PS (8)

I ouT

Quasi-Resonant Operation

AN_SY5800ARev0.9
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QR mode operation provides low turn-on switching Thus, the turns of the auxiliary windingaly and the
losses for Flyback converter. resistor divider is related with the OVP function.

VZCS,OVP - NAUX X RZCSD (9)
N S R ZCSU-'-R ZCSD

\ Vowe
N X %\é

V\/INfOVP > AUX (10)
VOVP N S

Where \bp is the output ov V(g&ge specification;
Rzcsu and Resp compose the r or divider. The turns
T ratio of Ns to Nyyx and the ratio of Rgy to Rcgp could
! - — ' be induced from equath nd (10).

Fig.7 QR mode operation

Short Circuit Protect 0n(SCP)
The voltage across drain and source of the primary
MOSFET is reflected by the auxiliary winding of the When the out shorted to ground, the outplitye
Flyback transformer. ZCS pin detects the voltagess:  is clamped g ro. The voltage of the auxiliaryding
u

the auxiliary winding by a resistor divider. Whelmet is propor to the output winding, sa,y will drop
voltage across drain and source of the primary MOSF dow auxiliary winding supply. Oncey\ is

is at voltage valley, the MOSFET would be turned on e@ vinorr the 1C will shut down and be charged
ain by the BUS voltage through the start up tesi#f
Over_Voltage Protection (OVP) & Open LED- short circuit condition still exists, the systewill
Protection (OLP) \J\operate in hiccup mode.

VIN

. @Q In order to guarantee SCP function not effected by

5 oL @ voltage spike of auxiliary winding, a filter resistRayx

is needed (1Q typically) shown in Fig.8.
= sv: OCO

ZCs

Naux

Rzcsu

Line requlation modification

s [] The IC provides line regulation modification furmeti to
&7 improve line regulation performance.
= Fig.8§ OVP&OLP Due to the sample delay _of ISEN pin_an_d other_ makr
delay, the output current increases with increagnpgit

The output voltagé. is reflected by the auxiliarynding ~ BUS line voltage. A small compensation voltaésen.c
voltage of the k transformer, and both ZOSaid is added to ISEN pin during ON time to improve such

VIN pin p er voltage protection function.nan ~ Performance. ThisAVisenc is adjusted by the upper
the loa ull or large transient happens, thepwu resistor of the divider connected to ZCS pin.

volt exceed the rated value. WhepnVexceeds
Vi, or Vzcs exceeds Ycsovn the over voltage AV =V e N aux Xixh(ﬂ)
protection is triggered and the IC will dischargguby ’ P zcsu

an internal current sourcgove. Once \{ is below

Vuinors the IC will shut down and be charged again by Where Rcsy is the upper resistor of the divider; k3 is an
BUS voltage through start up resistor. If the oveltage internal constant as the modification coefficient.
condition still exists, the system will operate hiccup

mode.

AN_SY5800ARev0.9 Silergy Corp. ConfidaiiPrepared for Customer Use Only 8
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The compensation is mainly related withcR), larger
compensation is achieved with smalleic&®. Normally,
Rzcsranges from 100R~1MQ.

Then Rcgp can be selected by,

Vzcs_ovp x N s

V, N

V out Aldx X RZCSU >RZCSD(12)!
1- ZCS_OVP s

VOUT N AUX
And,
Vzcs_ovp % NS
RZCSD 2 VOVP N AU X RZCSU(13)
1- Vzcsfovp % Ns
VOVP N AUX

Where \owp is the output over voltage protection
specification; \bytis the rated output voltage;z;&y is
the upper resistor of the divider;sldnd Nyyx are the
turns of secondary winding and auxiliary winding
separately.

Power Device Design

MOSFET and Diode

O

When the operation condition

is wi %ximum input
voltage and full load, the voltage str of MOSFKHET

secondary power diode is maxim ;

VMOS_DS_MAX: \/EVAC_MAX +Nps 6@/ D_l)+ AV 5(14)
J2v

AC_MAX . (15)

VDiRiMAX -

NPS
Where Vac max ?%ximum input AC RMS voltage;sl
is the turns ;%v the Flyback transformegyYis the
rated o t;@ oltage; 3% is the forward voltage of

seco d% power diodeAVs is the overshoot voltage
clar%i y RCD snubber during OFF time.

When the operation condition is with minimum input

voltage and full load, the current stress of MOSFET
power diode is maximized.

I MOS_PK_MAXZI P_PK_MAX (16)

>
@Q

IMOS_RMS_MAX:I P_RMS_MAX(17)

I D_PK_MAX =N ps X | P_PK_MAX (18)

ID_AVG:I ouT (19)

Where bpkvax and bgrus.max are maximum primary
peak current and RMS current, which will be introeld
later. ﬂ
Transformer (Npsand Ly) %E

Nps is limited by the electric s@;é
MOSFET:

S

- MAX 'AVS (20)

of the power

< VMOSf(BR)Dngo%V\@

N
" Vou VD_F

Where Mos,@&r &gﬁne breakdown voltage of the power
MOSFET. ()b.

In Qua}‘;i@’dgﬁnant mode, each switching period cycle
t

of three parts: current rising time durrent

9.

cor%
;allin time t and quasi-resonant timg shown in

Ieri

Isec

lour

Vos

Fig.9 switching waveforms

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

AN_SY5800ARev0.9
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increasing. When the operation condition is with Wheren is the efficiency; Byt is rated full load power
minimum input AC RMS voltage and full load, the ON

time is maximized. On the other hand, when the tinpu Adjust , and to t;' and & considering the effect of t
voltage is at the peak value, the OFF time is madth XLy X12 o uax

Thus, the minimum switching frequencyfin happens at t's:T” (27)

the peak value of input voltage with minimum inA€ out

RMS voltage and maximum load condition; Meanwhile,

the maximum peak current through MOSFET and the v Ly xI

— P_PK_MAX
transformer happens. NV (28) . Eﬂ

AC_MIN

Once the minimum frequency.fn is set, the inductance
of the transformer could be induced. The desigw fi®

t' :
shown as below: I rus_max = ,/? Xl o pi_wax(29) <
S

(a)Select Mg

(g) Compute secondar)@um peak curremichax

N <VMOS_(BR)Dngo%-\/_ZVAC_MAX_AVS 21) and RMS current dgimsnax for the transformer
T VourtVo fabrication.
(b) Preset minimum frequency.fun l's_pr_wax=N ps* |’£;K7MAx(30)

(c) Compute relativest t; (tz is omitted to simplify the t,=tg-t,-
design here)

ST [E
= (22) @‘W o, ! srx(32)

S_MIN
_ tg X Npgx % ourtV D_I)
=
\/EVACJVHN +NPS X (VOUT+V DJ-‘)

(23) &\%ansformer design (Ns,Ns,Naux)

(d) Design inductance: Flyback transformer. the parameters below are secgs

V2 XU
= Tacn 7 70 (24) Necessary parameters

2R X 1 OQ Turns ratio Ns
C Inductance "
Primary maximum current plK-MAX
Primary maximum RMS current | p_kus.max

ty=nx /Ly XCpy (25) O’& Secondary maximum RMS currepts.gus.max

Where Gin is the sitic capacitance at drain of The design rules are as followed:
MOSFET.

6@0 The design of the transformer is similar with ogtin

M

(e) Compute 4

(a) Select the magnetic core style, identify the difec
(f) Comput ry maximum peak curreptpd.max area A.

and R& rrent plrus.vax  for the transformer

fabricati
S L L,

(b) Preset the maximum magnetic flaB

2Ry X[z ] —0.22~
| ) ouT \/EVAC_NHN Nog X (V gtV D_F) AB=0.22~0.261
P_PK_MAX™
Ly xn (c) Compute primary turn N
L L
ARy X [= M+ = FHaLy xn xRy x 4
+\/ > I-\/EVAC,MIN NpsX (VourtV o 9 > _ Ly X P_PK_MAX (33)
L, *7 P ABXA,
(26)

AN_SY5800ARev0.9 Silergy Corp. ConfidaiiPrepared for Customer Use Only 10
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(d) Compute secondary turrgN Where Nsis the turns ratio of the Flyback transformer;
Vour is the output voltage; 3+ is the forward voltage of
the power diodeAVs is the overshoot voltage clamped
by RCD snubber; L is the leakage inductor;yLis the
inductance of the Flyback transformegyPis the output
power.

v The Ryep is related with the power loss: 4, %ﬂ
NAUX :NS x VVIN (35)

out (N ps™ (V OUT+V D_F)+AV 9 ? (3®ﬁ%

NP
=P (34
TN (34)

PS

(e) compute auxiliary turn Nyx

RRCD =
. . . Preo

g?ségr:]brwelﬁ(;gg)flvorkmg voltage of VIN pin (10V~11V The Gep is related with the \&&3 ripple of the snubber
AV rep:

(f) Select an appropriate wire diameter &A
C :NPSXNOUT+ D_| VS(Sg)

With Iprusmax and k.rvs.vax, Select appropriate wire to <P Recof eV & ren

make sure the current density ranges from 4A7rum é -

10A/mnt

&

(g) If the winding area of the core and bobbin is not Lay@
enough, reselect the core style, gdapand redesign the &
transformer until the ideal transformer is achieved (%To achieve better EMI performance and reduce li

we uency ripples, the output of the bridge reetihould

Output capacitor Cout » fba e connected to the BUS line capacitor first, thethe
\;\r switching circuit.
Preset the output current rippéoyr, Cour iS induc@

@ (b) The ground of the BUS line capacitor, the g
2lour <2 b the current sample resistor and the signal grounithed
(r) -1 %\ IC should be connected in a star connection.
ouT
(36)
Anf\cR ep OQV (c) The circuit loop of all switching circuit shalibe kept

g small: primary power loop, secondary loop and aarjl
Where byt is the rated outp urrentyloyr is the power loop.

demanded current rippl@e(@ie the input AC supply
i

ouT

frequency; Rep is the e nt series resistor of the (d) The wire connected to ISEN and DRV should be as
LED load. thick as possible.
RCD snubber for, I\/g:ZFET (e) The resistor divider is recommended to be mside
the IC.
The powem@the snubbeiBis evaluated first

“ @ + +
P@E AL (V°“ATVV°-F) AVSxt—Kx%m (37)
S M

AN_SY5800ARev0.9 Silergy Corp. ConfidaiiPrepared for Customer Use Only 11
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Design Example

A design example of typical application is showlohestep by step.

#1. Identify design specification

Design Specification

Vac(RMS) 90V~264V \but 38V
lout 320mA n 87%
#2. Transformer design @Y Ly) ﬁ
Refer to Power Device Design £ |l @
Conditions
AV 50V Vmos-BR)DS 60%
Pout 12w VD,F &
Corain 100pF Emin Hz
(a)Compute turns ratio N first @Q
N.. < VMos_(BR)szgo%'\/_szc_MAx _AVS Q
ps =
VourtVor &
_ 600Vx 0.9/ 2x 264V-50V A
38V+1V

=2.99 6@0
Npsis set to %\
Nos=2.67 o0

(b)fsmin is preset O
fsflqu:?SkHz O&

(c) Compute the svg;%ing periogand ON time tat the peak of input voltage.

L i
t.= =13
T @ﬂ(’
\iS x N PSX (V OUT+V D_l)
t=s
2VAC7MIN +NPS x (VOUT+V DJ-‘)
13.3u5% 2.67% (38V+1V)
J2 % 90V+(38V+1V)
=6us

AN_SY5800ARev0.9
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(d) Compute the inductance,L
_ VAZC_MIN xtlz xn
" 2POUT x tS
_90V? x 6us’x 0.87
T 2x12Wx 13.3s
=78QuH

Set \d
<
L, =750uH @%

(e) Compute the quasi-resonant tirge t é

S

tBZTEX\]LM >(CDrain &
=n x \|750uH x100pF b,
=860ns &@
(f) Compute primary maximum peak curresipkvax Q(b‘
2POUT x [ LM + LM ] Q&
| _ \/EVAciMIN Nps* v ourtV DJ) \
P_PK_MAX LM x1 i
L L
AP X [N+ ¥ &L xNxPy ;X t,
. \/ out \/EVAC_MW NPS x (V OUT+V ‘]S M out
Ly X.nz 5
=1.038A N

Adjust switching periodstand ON tin@('S andt;.

t= nxL,, xI s’fPKfMAX
L= M PPRMAX ‘ )
4Ry

_0.87x 75QH ><1.038A2&
4x12W
=14.451s ( )

tr_ LM leﬁP
1=

Compute primary maximum RMS currepiziys.max

/ t] / 6.12us
Ip_RMS_MAX = é x| P_PK_MAX: m x1.038A=0.289A
S .

AN_SY5800ARev0.9 Silergy Corp. ConfidaiiPrepared for Customer Use Only 13
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(g) Compute secondary maximum peak current and thermemiRMS current.

ls o =N psX | p o up=2-67% 1.038A=2.772

t, =ttt ,=14.4515-6.1215-0.86u5=7.4 715

t; _ | 7.4%s _
s rusax = /ﬁ *1's pr a /m x2.77A=0.81A
S .

#3. Select power MOSFET and secondary power diode

Refer to Power Device Design

&g)
A

S

Known conditions at this step

V ac-max 264V Nos 267
Vour 36V Vb.r
AVg 50V n 7%
(a) Compute the voltage and the current stress of METSF @Q
VMOS_DS_MAX: \/EVAC_MAX + N PS X (V OUT+V D_})+ AV & ;f
=J2x 264V+2.6% (38V+1V)+50V B &
=527V )&‘\
I MOS_PK_MAXZI P_PK_MAX:1'038A b@

I MOS_RMS_MAXZI P_RMS_MAX:0'289A &

(b) Compute the voltage and t)‘@@nt stress ofnskzcy power diode

Jav
VDiRiMAX = l\/; e/
PS
_Va2x 26& v
2.
&
| Dﬁp,&m@ ps X p o ma=2.67%1.038A=2.77/

|Dc~_ d=1,,,=0.32A

#4. Select the output capacitas s

Refer to Power Device Design

AN_SY5800ARev0.9 Silergy Corp. ConfidaiiPrepared for Customer Use Only
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S

SILERGY SY5800A
Conditions
IOUT 320mA Alou'r 0-3IOUT
fAC 50Hz Rep 12x1.6Q2

The output capacitor is

R N
COUT = %
4anCRLED @
2x032A .,
o &
0.3x 0.32

- 4n x50Hzx 12x 1.6 O&

=546uF &

#5. Design RCD snubber b’

,§©
Refer to Power Device Design (ba

Conditions

Vour 38V AVs 50V

Nps 2.67 /L 1%

Pour 12W

The power loss of the snubber is &\'

PRCD = N i (VOUT+V D_9+AV SXL—K x POUT @(

AV, L,

_2.67x (3BVHLV)¥SOV, @Q
50V
=0.37W

The resistor of the snubb@

_(NPSX(VOUT VDEAVQZ
CD

RRCD -

_ (2.67>(§;$‘§+1V)+50V5

0.37W

T apacitor of the snubber is

AN_SY5800ARev0.9 Silergy Corp. ConfidaiiPrepared for Customer Use Only 15



'S
Sli’ SY5800A

— NPS>< (VOUT+V DJ)+AV S
ReP RRCDfSAVCJQCD

_ 2.67x (38V+1V)+50V

" 64kQx100kHzx 25V

=1nF
#6. Set VIN pin
Refer to Start up @
Conditions
VBus-MIN 90Vx 1.414 \Bus-MAX 264Vx1.414
Ist 15uA (typical) Y 16V (typical)
lvin-ove 2mA (typical) Er 500ms (designed by user)
(a) Rstis preset b&o
RST<VBUS :90V><1.4l4:8.48'\/Q ’ &6

lsr 15uA (b,

Vaus _264Vx1.414_

=1860 &
IVIN_OVP 2mA Q
Set %T “ (b\

Rgr>

R, =250k x 3=750K2 >

25'6
(b) Design G !

( VBUS

R 'IST) xtST
LN @

VIN _ON
90Vx1.414 @m
-15
:( 750k ”?)\
=4.83F

Set Gin Qé
C, ,—%@»
#7 Nget COMP pin

Refer tolnternal pre-charge design for quick start u

Parameters designed

Recomp | 500 | Vcowmp.ic | 450mVv

AN_SY5800ARev0.9 Silergy Corp. ConfidaiiPrepared for Customer Use Only 16



S

SILERGY SY5800A
| Ceomrs | 2uF | Coomre | 100pF |
=
¢
S

Q
@,’Q
S
Q’Q
>
Y
. @00
S'Q
O’Q

AN_SY5800ARev0.9 Silergy Corp. ConfidaiiPrepared for Customer Use Only 17



S

SILERGY

SY5800A

#8 Set current sense resistor to achieve idealibatprent

Refer toPrimary-side constant-current control

Known conditions at this step

ke XKy 0.16

Nes

2.67

Vrer 0.3V

IOUT

0.32A

The current sense resistor is

_ K xKy X Vieee XN o

RS
IOUT
_0.16x 0.3\x 2.67
- 0.32A
=0.40

#9 set ZCS pin

&g)
A

&

o

9

Refer toLine regulation modification andOver Voltage Protection (O)Lﬁb& Open Loop Protectim (OLP)

First identify R.csy need for line regulation.

,&6

Known conditions at this step

ks [ 68 [ . |
Parameters Designed
Recsu [ 10010 L |

Then compute Rsp

Conditions
VZCS OVP 142V Vovp 48V
Vour 38V
Parameters designed
Rzcsu 100K
Ns 2 Naux S
Vzcs_ovp % @O
VOUT AUX
RZCSD < X RZCSU

1Yz kw’i AR
% N
. Q‘in/le AUX

38V 6
142V 21
38V 6
=18.6XQ

x100kQ

1

AN_SY5800ARev0.9
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S

SILERGY SY5800A

Vzcsfovp

VOVP N

R >
1- VZCS_OVP % NS

ZCsb =

VOVP N AUX

1.42v_21
X

_ 48V _ 5
LAV 71<100K2

48V 5 é&\j
=14.192 ﬁ%
Rzcspis set to ¢ ! @

RZCSD :15m O&/

#10 final result
15
L2 15mH
m\‘l pt.) (opt.)
o . . 6 Bl -
R2

F1
T2A250V

1206 m
AV, Z f
ACinpu 250V, m
o= ik v
10mH

V|, y”

SY5800A
L]

comp ™
EN
c zcs @
u

FQPF

2UF ISEN VIN RI10
AAA
0805 ND D 4NB0C
R17] £ ‘/\1’0" 102
(ot 15K 0805
510 PL ogost
080! R L
Rl4,
10 R7/2S R8/. R91 —
08 0805 > 080! =

Tt

0805

AN_SY5800ARev0.9 Silergy Corp. ConfidaiiPrepared for Customer Use Only 19



'S
7 SY5800A

S/LERGY

MSOP10 Package outline & PCB layout

}

T 0.300 0.500 HHHH
- I )
JflE ¥
- S %
2 )
1o ]
O
g
Recommen@% Pad Layout
O
b@
%/\' 2.85-3.10 0
Ly 8 ) g
j

0.10-0.25= |~
1 M

0.25 ba56r>r+

& 0.40-0.86

T
CO —-—=1—0.50 (TYP)

z{f?;% Notes: All dimension in MM
\ All dimension do not include mold flash & metal bur

%\

—
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S

SILERGY SY5800A

SO8 Package Outline & PCB Layout Design

sarr—— fH 0 f E
|

N\

3

+ &
O <

Hg =

—= 0.60=— —= =—0.30-0.50
Recommended Pa yout

>

5.80 - 6.20

~——3.80-4.00——

@

%

|
|

A

0

WLV& X

&y

f:\ﬁj\,_ﬂﬁ limml )

& 0.60 - 0.85 —L—;I—l.ﬂ (TYP)

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

%\\

1.40 - 1.60
—
J
0.08-0.25

‘ -—0.25b

i
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