S/IERGY

SY5040

CCM+QR Mode SSR Flyback Controller

General Description

The SY5040 is a peak current mode SSR Flyback
controller that combines CCM and QR mode together
to minimize transformer size and achieve high
efficiency. Under low line and heavy load condition,
the SY5040 works under CCM, while under high line
or medium load condition, it works under QR mode
(valley switching). The SY5040 adopts frequency fold-
back control when the load decreases to achieve the
high average efficiency. When the load decreases to
very light level, the SY5040 will enter burst mode and
the switching frequency is fixed to 25kHz to avoid
audible noise.

The SY5040 also provides comprehensive and
reliable protections including brownout protection,
output OVP, external OTP, OLP, VCC OVP, internal
OTP, etc.

The SY5040 is available with a compact SOT23-6
package.

Features

Rated Switching Frequency: 65kHz

CCM+QR Combined Operating Mode
Frequency Fold Back and Burst Mode Control
Minimum Switching Frequency Limited to 25kHz
Fsw Modulation to Reduce EMI Noise
Programmable Brownout Protection by ZCS Pin
Programmable Output OVP by ZCS Pin
Programmable External OTP by CS Pin

OLP, VCC OVP, Internal OTP

Secondary Diode Short Circuit Protection

OCP Compensation over Universal Input Range
Low Start up Current: <4pA

Gate Drive Capability: 210mA/420mA(source/sink)
Internal Soft Start Process

RoHS Compliant and Halogen Free

Compact Package: SOT23-6

Applications

AC/DC Power Supply
Note Book Adapter
LCD TV

Auxiliary Power Supply
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Fig. 1. Typical Application Circuit
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Ordering Information Pinout (top view)
)
(o]

GND[T]1 6 | I |GATE
SOT23-6
SY5040ABC RoHS-Compliant and Ya xyz cCoMP[_I ]2 5 1 _]vcc
Halogen-Free
x = year code, y = week code, z = lot number code zcs[1 13 4 T]cs

~—

Pin Description

1 GND Ground pin
2 COMP This pin is connected to an opto-coupler for output voltage feed back
Multi-function including valley detecting, brownout protection and output
3 ZCS
OVP
4 CSs Primary peak current sense pin, also used for external OTP
5 VCC Power supply pin
6 GATE Gate drive pin
Block Diagram
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Absolute Maximum Ratings

VCC -0.3 34

GATE -0.3 15 Y

CS, COMP, ZCS -0.3 3.6

Supply Current lvcc 20 mA
Junction Temperature, Operating -45 150

Lead Temperature (Soldering, 10 sec.) 260 °C
Storage Temperature Range -65 150

Dynamic CS Negative Current in 1us Duratio -2 mA
Dynamic CS Negative Voltage in 1us Duration -0.7 \%

Dynamic ZCS Negative Current in 20us Duration -2 mA
Dynamic ZCS Negative Voltage in 20us Duration -0.7 \%

Thermal Information

02 Junction-to-ambient Thermal Resistance 125 W
Bsc Junction-to-case Thermal Resistance 60
PD Power Dissipation TA = 25°C 11 w

Recommended Operating Conditions

VCC 12 27 Y,

Junction Temperature Range -40 125 °C

Ambient Temperature Range -40 105 °C
SY5040 Rev. 1.0A Silergy Corp. Confidential- Prepared for Customer Use Only 3
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Electrical Characteristics

(Vvee = 12V Note3) T, = 25°C unless otherwise siecifiedi

Turn-on Threshold Vvee o 20 21.5 23 \Vi
Turn-off Threshold Vvce oFfF 8 9 10 \%
OVP Threshold Vvce_ove 27.7 29.7 31.7 \Y
Current Sink under Over y
' Voltage Condition lvec_ove Vvce=Vce_ovp+0.1V 11 mA
VCC Pin
Start Up Current Ivee st Vvce=18V 2.6 4 HA
Operating Current lvec_opt CL=1nF, Fsw=65kHz 1.9 mA
Quiescent Current Ivee_q Under sleep mode 200 270 | pA
Current Sink under Fault
Condition lvec_FauLt 0.8 1 1.3 mA
Maximum Peak Current
Sense Voltage Vcs_max 0.92 0.97 1.03 V
Primary OCP Threshold Vcs_ocp 1.24 1.31 1.38 \%
L(_aadlng Edge Blanking Tes Les 470 ns
Time
External OTP Threshold Vcs otp 0.94 1 1.06 V
. Izcs=500pA 90 105 120 HA
CS Pin
OCP Compensation |Izcs=400pA 90 HA
lcs_ocrc
Current l2cs=300pA 64 HA
lzcs=200pA 36 A
CS Pin Short Circuit
Protection Threshold Ves scp 100 mv
CS Pin Short Circuit T 35 S
Detecting Blanking Time C8-SCP.BLK ' H
Output OVP Threshold Vzcs_ovp 1.9 2 2.1 \%
Blanking Time for Vout
Sense after Veate Jumps Tvosen_BLk 1.6 2.6 3.6 us
2cS pi from High to Low
in
Brown Out Threshold lso 90 100 110 UA
Current
Hysteresis for Brown In IBo_HYs 10 MA
Brown Out Debounce Time | Teo_psc 55 90 125 ms
Rated Switching Frequency | Fsw_raTe 60 65 70 kHz
'I\:"'”'m“m Switching Fsw i 20 25 30 | kHz
Switching |-_réquéncy —
Frequency Freql'.lency Modulation Fswmob_amp Vcomp=1.8V, CCM +6.5 kHz
Amplitude
Freguency Modulation Tsumon 4 ms
Period
COMP Internal Pull-up Voltage Vcomp_pu 2.7 \
Internal Pull-up Resistor Rcowmp_pu 20 kQ
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U]OrgeShOId to Enter Sleep Vcomp_insteer | Vcowp falling down 0.25 0.3 0.35 \%
COMP Ll’;rgshold to Exit Sleep Vcowmp_exsieep | Vcowme fising up 0.37 0.42 0.47 \%
OLP Threshold Vcowmp_oLp 2.0 2.25 25 \Y%
OLP Debounce Time ToLp_psc 55 a0 125 ms
Gate Clamp Voltage VGATE_cLAMP Vvce=20V 14 \%
GATE Pin Maximum Source Current IsourRcE_mAX CL=10nF 210 mA
Maximum Sink Current IsINK_mAX C.=10nF 420 mA
Maximum ON Time Ton_max 13 us
Internal Internal OTP Threshold Tote 140 °C
oTP Hysteresis Thvs 15 °C
Soft Start | Soft Start Time Tss 7 ms

Note 1: Stresses beyond the “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only.
Functional 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: 854 is measured in the natural convection at Ta = 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 via to bottom layer ground plane.

Note 3: Increase VCC pin voltage gradually higher than Vvcc_on voltage then turn down to 12V.
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Typical Performance Characteristics
(Test condition: Vin: 90~264Vac; output spec: 20Vdc_3.25A; output cable: 18AWG_1.8m; Ta=2515 °C)

Steady States Steady States
(Vin=90Vac,l0=3.25A) (Vn=264Vc,l0=3.25A)
Vobs 50V/div L ‘ Vbs 100\/div L— |
to
nOnnan Nonnn
| 10 R
| T
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nl e gmes g e T -
Time (10us/div) Time (10pus/div)
Brown Out Protection Brown Out Protection
(Vn=90Vac —~60Vac =90V, I0=3.25A) ~ (Vn=90Vac —~60Vac —~90V,c,10=0.5A) ~

100V/div 100V/div

10V/div

10V/div

10Vv/div
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Average Efficiency vs. Input Voltage
91

— 0
S
= |
Lc>" 89 = —
Kl
L 88
(3]
? -Average (cable end)
Q 87 Level 6
<

86
20 115 230 264
Input Voltage(Vac)
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Detailed Description
CCM+OR Operating Principle

The SY5040 adopts the mixed control method that combines
CCM and QR mode together. Under low input voltage and
heavy load condition, it will operate under CCM. Under high
input voltage or medium load condition, it will operate under
QR mode. Due to this control method, the optimized efficiency
and transformer size can be achieved.

OCP Compensation

Generally, OCP level under low input voltage condition is
lower than that under high input voltage condition. The
SY5040 adopts OCP compensation function to make the
variation of OCP level over universal input voltage range to
be smaller. The compensation is achieved by adding a
resistor Rocpc between CS pin and peak current sense
resistor. The larger Rocrc is, the lower OCP level under high
input voltage will be. This compensation resistor Rocpc will be
adjusted by customers for their specified power converter
design.

BUS. Vor
A2 l
*
VING 1
' T Ns
i

VO-

GATE

cs—/A\NN—o
Rocrc %

Programmable Brown Out Protection

The SY5040 will sense the BUS voltage by ZCS pin and
programmable brown out protection can be achieved. When
the primary side power MOS is turned on, the ZCS pin will be
internal clamped to 0V, since the voltage on auxiliary winding
(negative) is proportional to BUS voltage, the current flow out
of ZCS pin will be proportional to BUS voltage. The SY5040
will compare the current flow out of ZCS pin with an internal
reference current (typical 100uA), if the current flow out of
ZCS pin is lower than the reference current, a timer will begin
to count, and when the timer elapse, brown out protection will
be triggered, the IC will stop switching and enter auto-
recovery mode. During the Vin start-up, when the VCC rises
to Vcc_on threshold, the GATE pin will turn on primary MOS
for a short duration (~2us) and the IC will identify if the input
voltage is above brown in level (110uA). Only when brown in
condition is meet, the IC will start normal operating, otherwise,
the IC will stop switching and enter auto-recovery mode. The
upper resistor of the ZCS pin resistor divider which is
connected between auxiliary winding will set input brown out

protection level. Input voltage brown out level (RMS)
is calculated as below equation:

| N
Vin_so == Ry
_ \/5 NA
BUs. VOt
A% l l
o—¢ *
VING
Y W 3 T Np Ns
= *
VO-
Ry
zcs
RL GATEJ

Programmable Output OVP

The SY5040 will sense output voltage by ZCS pin
and programmable output OVP can be achieved.
When the primary power MOS is turned off, the
voltage on auxiliary winding will be proportional to
output voltage. The ZCS pin will sense the output
voltage by a resistor divider connected between
auxiliary winding. When the ZCS pin voltage rises
above OVP threshold Vzcs_ove, the IC will stop
switching and enter auto-recovery mode. The output
OVP threshold is calculated as below:

N, R, +R
\V/ =V s HTTL
O_OVP ZCS_OvVP NA RL
Note: The upper resistor Ry should be determined
firstly according to input brown out level set point,
and then the lower resistor RL of ZCS pin resistor
divider is calculated according to above equation.

BUS. __ Vor
A2 l
*
VING 1
x4 T Np Ns
= *
VO-
Ry
ZCS
RL GATEJ

When the primary power MOS is turned off, there
will be a parasitic resonance on auxiliary winding
voltage as shown in below figure. To avoid the false
trigger of output OVP by the parasitic resonance, a
blanking time (Tvosen_sik) is adopted after primary
power MOS is turned off. The SY5040 only samples

SY5040 Rev. 1.0A
© 2024 Silergy Corp.

Silergy Corp. Confidential- Prepared for Customer Use Only 7

All Rights Reserved.



S/LERGY

SY5040

the auxiliary winding voltage after the blanking time elapse,
so reliable output OVP can be achieved. It is recommended
that the parasitic resonant time should be decayed to very
small level within 1.5us after primary power MOS is turned off.

GATE

VO sampling

x instant

VAUX

j = TVOSENiBLK

VO
sampling “
>t

Programmable External OTP

The SY5040 can achieve programmable external OTP
through the CS pin. When the primary MOS is turned off, the
voltage on auxiliary winding will be proportional to output
voltage. Since the output voltage is a constant value under
steady state, the voltage on auxiliary winding is also a nearly
constant value. It will be used as a reference voltage. ANTC
resistor and the OCP compensation resistor Rocpc will form a
voltage divider (peak current sense resistor is very small and
is neglected). Under the normal temperature, the NTC
resistor is very large, and the CS pin voltage will be low level.
When NTC’s temperature rises, the NTC resistor becomes
smaller and smaller, the CS pin voltage will become higher
and higher. If the CS pin voltage is higher than OTP threshold
Vcs otp, and last for 4 consecutive switching cycles, the
external OTP will be triggered. The IC will stop switching and
enter auto-recovery mode. Resistance of NTC resistor at
external OTP set point is calculated as below equation:
%'Vo _VDl

ocpc (——-D- R aos

Cs_OTP

R =R

NTC(OTP)

Where Vcs_otp is CS pin OTP threshold (typical=1.0V), Raps
is used to fine tune external OTP threshold.

Note: OCP compensation resistor Rocpc should be firstly
determined according to OCP level over 90V~264V input
range. Then the external OTP parameter is calculated
according to above equation. It is recommended that diode
D1 should be a small signal switching diode such as 1N4148,
BAV21, etc

VO+

VIN

Ns

VO-

Secondary Diode Short Circuit Protection

Under the secondary diode short circuit condition,
when the primary power MOS is turned on, the
primary current will increase with very high di/dt rate.
After CS pin leading edge blanking time elapse,
primary peak current signal Vcs will rise above
0.97V (maximum peak current limit level under
normal condition). The SY5040 defines an OCP
threshold Vcs ocp, when Vcs rises above Vcs ocp
after leading edge blanking time elapse, and last for
4 consecutive switching cycles, secondary diode
short circuit protection will be triggered, IC will stop
switching and enter auto-recovery mode.

OoLP

When the over load condition happens, COMP pin
voltage will be pulled up to high level, and the
primary peak current will reach the maximum value.
The SY5040 will compare COMP pin voltage with an
OLP threshold, when Vcowmp is higher than the OLP
threshold, a timer will begin to count, and if Vcowmp is
continuously higher than OLP threshold which result
in OLP timer elapse, the SY5040 will stop switching
and enter auto-recovery mode.

VCC OVP

Under abnormal conditions, such as opto-coupler
open circuit, VCC pin voltage may rise to a very high
level. To avoid IC damage caused by VCC pin over
voltage condition, the SY5040 adopts an internal
OVP threshold Vvcc ove, when Vvcc exceeds
Vvce_ovp threshold, the SY5040 will stop switching
and enter auto-recovery mode.

Internal OTP

The SY5040 monitors die temperature in normal
operating mode. Once die temperature rises above
internal OTP threshold, IC will stop switching and
enter auto-recovery mode.

SY5040 Rev. 1.0A
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Power Supply Design Guide

BUS Capacitor Calculation

Generally, the bulk capacitor Csus is selected according to
below rules:

1~2uF per watt (input power)
CBUSfMIN =(1.0- PIN) uF
CBUS_MAX = (2-0 . PIN ) uF

Minimum BUS Voltage Calculation

The minimum BUS voltage appears when the input voltage
Vin is the lowest and the output current reaches the rated
value.

Minimum BUS voltage at rated output power is calculated as:

P,-(1-Kqy)
VBUS_MIN = \/Z'VIN_MINZ _%
n-Cays o

Where Kcn is BUS capacitor charge coefficient (generally Kcn
is set to 0.2~0.3), is converter efficiency, and fo is
frequency of AC input.

Transformer Parameter Calculation

Primary/Secondary Turns Ratio: Nps

Nps is limited by the voltage stress of primary power MOSFET:

VMOS_BR ’ KDR _‘/z'le_MAx _AVSN

N, <
P Vo +Vy ¢

Where Vmos_gr is the breakdown voltage of primary MOSFET;
Kor is Vbs de-rating factor of power MOS; Vb r is forward
voltage drop of secondary rectification diode; AVsn is voltage
spike during primary MOS turn off instant.

lpri
A

Al

IVL

0.5-Al

Kep = ————
R 1, —0.5-Al

Krp<l: CCM
Krp=1: DCM (QR mode)

Generally, to get the optimized transformer size and
efficiency for universal input application, under low
input and full load condition, CCM operating is
selected, while under high input and full load
condition, QR mode is selected.

Based on design experience, under the lowest input
and full load condition, it is recommended to choose
Krp between 0.3~0.5 for optimized performance.
And for an initial start, Krp=0.4 is selected. Once Krp
is selected, primary inductance of transformer is
calculated as equation below:

2 2
B VBUS_MIN ‘Dyax” M

" 2'Po'fSW'KRP

Where fsw is rated switching frequency (65kHz), lo
is rated output current, is converter efficiency.
Dwmax is maximum duty cycle at Veus min and rated
output power, and Dwax is calculated as below
equation:

NPS '(Vo +VD_F)

Vbs D. . =
A MAx VBUSfMIN + NPS . (Vo + VDfF)
f\ 1 AV 3) Turns of Primary Winding: Np
v NVt Vo 1) \ /‘\ (a) Selegt the magngtic core type, identify the
3 ] effective cross-sectional area Ae
U (b) Preset the maximum magnetic flux density Bmax
Veus at rated output power
. .t Byjax =0.22T7~0.28T
. ] (c) Calculate maximum primary peak current lpk at
Primary Inductance: Lu rated output power:
Transformer primary inductance is related with primary
current i i i ipple is defi _ Vorlo (L Ke)
pple. Generally, primary side current ripple is defined o =
as shown in below figure. And current ripple factor is defined Veus_win *Dax ‘1
as below equation: (d) Calculate primary turns: Np
SY5040 Rev. 1.0A Silergy Corp. Confidential- Prepared for Customer Use Only 9
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_ LM'IPK

- BMAX 'AE

Where Ak is effective cross-sectional area of core

4) Turns of Secondary Winding: Ns

N
Ny =—2
NPS

5) Turns of Auxiliary Winding: Na

Before the calculate auxiliary turns, VCC supply voltage
Vecpauxy by auxiliary winding should be predefined first.
Generally, Vccuy) is set to 14V~18V, then auxiliary turns is
calculated as:

NA _ VCC(A\L}X) : Ns
o

Peak Current Sense Resistor Calculation

Maximum peak current appears under minimum BUS voltage
and maximum load condition (OCP point); maximum peak
current is calculated as:

Vo o - Koep -1+ Kgp)

IPK_MAX =

VBUS_MIN ‘Dyax M

Where Kocp is OCP proportion, Kocp is generally set to
120%~130%.

After the maximum primary peak current has been calculated,
the peak current sense resistor Rcs can be easily derived by
equation below:

_ Ves max
Res = PE—
PK_MAX

Where Vcs wvax is the maximum allowed peak current sense
voltage (typical=0.97V).

Note: Customer may need to fine tune current sense resistor
according to the converter OCP point. If OCP point is larger
than target level, Rcs should be tuned a little larger; If OCP
point is smaller than target level, Rcs should be tuned a little
smaller.

Secondary Diode Selection

Under the conditions of the maximum BUS voltage and
maximum output voltage, the reverse voltage of secondary
rectification diode will reach the maximum level. The
maximum value of diode reverse voltage (ignore voltage
spike when primary MOS is turned on) is calculated as
equation below:

Where Vin_max is maximum AC input voltage (RMS), Nps is
the primary/secondary turns ratio of the transformer and

Vo_ovp is output OVP threshold, which is predefined
by customer.

Maximum instantaneous forward current is
calculated as equation below:

ID_PK_MAX = IPK_MAX ' NPS

Where Ipk_uwax is the maximum primary peak current
at Veus_min and OCP point.

Average forward current of diode is

ID_AVG_MAX = Io ) Kocp

Where lo is rated output current, and Kocp is OCP
proportion to rated output current.

Layout Considerations

A proper PCB design must follow the below
guidelines:

(@) To achieve a good EMI performance and to
reduce the line frequency voltage 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 as small as possible: primary power loop,
secondary power loop and auxiliary power loop.

(c) The connection of primary ground is
recommended as:

Ground @: Ground of BUS capacitor

©

O 00O
@~
3

Ground @: Ground of bias supply capacitor
Ground ®: Ground of auxiliary winding
Ground @: Ground of ZCS pin divider resistor
Ground ®: Ground of primary side Y capacitor
Ground ®): Ground of current sense resistor.

Ground @): Ground of controller IC.

SY5040 Rev. 1.0A
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(e) The switching loop formed by ‘Source pin —
current sense resistor — GND pin’ should be kept as
(d) Bias supply trace should be connected to the bias supply small as possible.

capacitor first and then to the GND pin. The bias supply
capacitor should be put right beside the IC.

Ground ®: Ground of receiver of opto-coupler.

(f) The resistor divider connected to ZCS pin is
recommended to be put close to the IC.

-

il

L —o VO+
*
N l oVO-
p
\
GND
5 @ ® ®
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Design Example

A design example of typical application is shown below step by step.
Input/Output specification

Parameter Symbol Value
Input voltage range VIN 90V~264V
Rated output power Po 45W
Rated output voltage Vo 20V
Output OVP level Vo_ovp 24V
Rated output current lo 2.25A
OCP proportion Kocp 120%
Preset Parameter
Parameter Symbol Value
Break down voltage of power MOS Vmos_BR 650V
Vps de-rating factor of power MOS Kbr 90%
Spike on Vps during power MOS turn off AVsn 100V
Converter efficiency 88%
Primary current ripple factor at Veus_min & rated output | Krp 0.4
power
BUS capacitor charge coefficient Kch 0.2
Secondary diode forward voltage drop Vo_r 0.5V
Input brown out protection level (RMS) VIN_BO 70V
Transformer effective cross-sectional area (RM10) Ae 98 mm?2
1) BUS Capacitor Selection
Calculate input power at rated output power
P
Py=—2= A 51.14W
n 88%
Minimum BUS capacitor: Cg g\ =1.0x51.14 =51.14uF
Maximum BUS capacitor: Cy s \yax =2.0x51.14 =102.28uF
Select BUS capacitor: Cg,s =82uF
2) Minimum BUS Voltage Calculation
BUS capacitor charge coefficient: Kcy=0.2
P, -(1-K,) 45.(1-0.2)
2 2
VBUS_MIN = 2'V|N_M|N e =\/2'90 T RR0s a9 BN
N-Caus - T 88%-82u-50
3) Transformer Design
(a)Calculate primary/secondary turns ratio: Nps
N.. < VMOS_BR ' KDR -\/E\/IN_MAX 'AVSN - 650'0-9'\/5' 264-100 =55
e Vy+V, ¢ 20+0.5 '
SY5040 Rev. 1.0A Silergy Corp. Confidential- Prepared for Customer Use Only 12
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Nps is selected to: N, =5

SY5040

(b) Calculate maximum duty cycle: Dmax

D - Nes - (Vo + Vo ¢) __ 520405 ..o,
M Vaus i + Nps - (Vo +Vp ) 79+5-(20+0.5) '
(c) Calculate primary inductance: Lw
_ VBUS_MlN2 ) DMAx2 ‘n 79° -56.5%" -88% — 749.2uH

M2V, Ny fy, Kee  2-20-2.25-65-1000-0.4
Select L,, =750uH
(d)Calculate primary peak current at rated output power:

_ Vol (1+Kgp) 20-2.25-(1+0.4)

ek = =1.60A
VBUS_MIN ‘Dyax "M 79-56.5% -88%

(e)Calculate primary winding turns: Np

, _ -6 12
Transformer core effective cross-sectional area: Ag =98-107m
Maximum allowed flux density: B,,,, =0.27T

_ Ly-lpe _ 750u-16
P ByaxAc  0.27-98:10°°

=45.35

Select primary winding turns: Np=45
(f) Calculate secondary winding turns: Ns

N5y

Select secondary winding turns: Ns=9
(g) Calculate auxiliary winding turns: Na

VCC supply voltage from auxiliary winding is set to: Vccpaux=16V
Vecwun *Ns 16-9

v, 20

N, = 7.2

Select auxiliary winding turns: Na=7
(h) If other transformer core type is selected, then recalculate (e)~(g).
4) Current Sense Resistor Calculation:
Vo -lo - Kogp - (L+Kgp) _ 20-2.25-120%- (1+0.4)

| _ =1.92A
M Vaus i - Divax ™ 79-56.5%-88%
V,
Res === csax _ 097 _ g 5050
PK _MAX

5) Secondary Diode Selection

(@Maximum reverse voltage calculation:

SY5040 Rev. 1.0A Silergy Corp. Confidential- Prepared for Customer Use Only 13
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J2-v .
Vo r wax = %"‘Vo,ovp = @+ 24 = 98.7V
PS

Considering the voltage spike, reverse voltage rating of the diode is recommended to be 120V~150V.
(b)Maximum instantaneous forward current:

Ip ok wax = Nos *lox wax =5-1.92=9.6A
(c)Maximum average forward current:

Ip ave max =lo - Kogp =2.25-120% =2.7A
6) Calculate ZCS Pin Resistor Divider

(a)Firstly, calculate upper resistor: Ru

Predefined input voltage browns out protection level: Vin_so=70V

_ \E'VlN_Bo _&_ \/5'70 7

= -— =154kQ)
le N, 100u 45

H

Select Ry=150k
(b) After Ry is determined, then calculate lower resistor: RL

1 1
R, = ‘R, = =——=—-150k =18kQ
" M-&—l i ﬁl_l
Vzes_owe Ns 29

Select R.=18 k

SY5040 Rev. 1.0A Silergy Corp. Confidential- Prepared for Customer Use Only 14
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SOT23-6 Package Outline & PCB Layout Design
2, 82-3, 02
0. 30-0, 50 —=| [=—
‘ t
P ] \
I |
i.
\ 0. 35-0. 55
Top View Side View
1. 40 |
1.3l Max B
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Notes: All dimension in millimeter and exclude mold flash & metal burr.
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Taping & Reel Specification

1. Taping orientation for packages (SOT23-6)
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2. Carrier Tape & Reel specification for packages
Reel
Size
Package Tape width Pocket Reel size Trailer Leader length Qty per
type (mm) pitch(mm) (Inch) length(mm) (mm) reel
SOT23-6 8 4 7" 280 160 3000
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Revision History

The revision history provided is for informational purpose only and is believed to be accurate, however, not warranted.
Please make sure that you have the latest revision.

Date Revision Change

June 21, 2024 Revision 1.0A 1, Add dynamic ZCS/CS pin negative voltage/current capability;
2, Add the specification for ISEN pin short circuit
protection(VCS SCP, TCS SCP_BLK) in EC table

August 7, 2019 | Revision 0.9 Initial Release
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IMPORTANT NOTICE

1. Right to make changes. Silergy and its subsidiaries (hereafter Silergy) reserve the right to change any information published
in this document, including but not limited to circuitry, specification and/or product design, manufacturing or descriptions, at any time and
without notice. This document supersedes and replaces all information supplied prior to the publication hereof. Buyers should obtain the
latest relevant information before placing orders and should verify that such information is current and complete. All semiconductor
products are sold subject to Silergy’s standard terms and conditions of sale.

2. Applications. Application examples that are described herein for any of these products are for illustrative purposes only. Silergy
makes no representation or warranty that such applications will be suitable for the specified use without further testing or modification.
Buyers are responsible for the design and operation of their applications and products using Silergy products. Silergy or its subsidiaries
assume no liability for any application assistance or designs of customer products. It is customer’s sole responsibility to determine
whether the Silergy product is suitable and fit for the customer’s applications and products planned. To minimize the risks associated
with customer’s products and applications, customer should provide adequate design and operating safeguards. Customer represents
and agrees that it has all the necessary expertise to create and implement safeguards which anticipate dangerous consequences of
failures, monitor failures and their consequences, lessen the likelihood of failures that might cause harm and take appropriate remedial
actions. Silergy assumes no liability related to any default, damage, costs or problem in the customer’s applications or products, or the
application or use by customer’s third-party buyers. Customer will fully indemnify Silergy, its subsidiaries, and their representatives
against any damages arising out of the use of any Silergy components in safety-critical applications. It is also buyers’ sole responsibility
to warrant and guarantee that any intellectual property rights of a third party are not infringed upon when integrating Silergy products into
any application. Silergy assumes no responsibility for any said applications or for any use of any circuitry other than circuitry entirely
embodied in a Silergy product.

3. Limited warranty and liability. Information furnished by Silergy in this document is believed to be accurate and reliable.
However, Silergy makes no representation or warranty, expressed or implied, as to the accuracy or completeness of such information
and shall have no liability for the consequences of use of such information. In no event shall Silergy be liable for any indirect, incidental,
punitive, special or consequential damages, including but not limited to lost profits, lost savings, business interruption, costs related to
the removal or replacement of any products or rework charges, whether or not such damages are based on tort or negligence, warranty,
breach of contract or any other legal theory. Notwithstanding any damages that customer might incur for any reason whatsoever, Silergy’
aggregate and cumulative liability towards customer for the products described herein shall be limited in accordance with the Standard
Terms and Conditions of Sale of Silergy.

4. Suitability for use. Customer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory
and safety-related requirements concerning its products, and any use of Silergy components in its applications, notwithstanding any
applications-related information or support that may be provided by Silergy. Silergy products are not designed, authorized or warranted
to be suitable for use in life support, life-critical or safety-critical systems or equipment, nor in applications where failure or malfunction of
an Silergy product can reasonably be expected to result in personal injury, death or severe property or environmental damage. Silergy
assumes no liability for inclusion and/or use of Silergy products in such equipment or applications and therefore such inclusion and/or
use is at the customer’s own risk.

5. Terms and conditions of commercial sale. Silergy products are sold subject to the standard terms and conditions of
commercial sale, as published at http://www.silergy.com/stdterms, unless otherwise agreed in a valid written individual agreement
specifically agreed to in writing by an authorized officer of Silergy. In case an individual agreement is concluded only the terms and
conditions of the respective agreement shall apply. Silergy hereby expressly objects to and denies the application of any customer’s
general terms and conditions with regard to the purchase of Silergy products by the customer.

6. No offer to sell or license. Nothing in this document may be interpreted or construed as an offer to sell products that is open
for acceptance or the grant, conveyance or implication of any license under any copyrights, patents or other industrial or intellectual
property rights. Silergy makes no representation or warranty that any license, either express or implied, is granted under any patent right,
copyright, mask work right, or other intellectual property right. Information published by Silergy regarding third-party products or services
does not constitute a license to use such products or services or a warranty or endorsement thereof. Use of such information may require
a license from a third party under the patents or other intellectual property of the third party, or a license from Silergy under the patents
or other intellectual property of Silergy.

For more information, please visit: www.silergy.com
©2024 Silergy Corp. All Rights Reserved.
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