S/IERGY

SQ38343

Energy Saving Off-line AC/DC Converter

With Integrated 800V MOSFET

General Description

The SQ38343 is a peak current mode flyback/buck
converter that integrates a controller with an 800V
MOSFET. It features pseudo fixed frequency control
which can avoid sub-harmonic oscillation at CCM and
duty>50%. Frequency fold back control is used to
achieve high efficiency at medium and light load
conditions. The device automatically enters burst mode
during light or no-load conditions. When used in flyback
topology, the device can be configured to use either PSR
(Primary Side Regulation) or SSR (Secondary Side
Regulation) mode.

The SQ38343 offers a wide VCC operating range from
4.5V to 25.5V, which can support buck converter
configuration for output voltages as low as 5V. Quick
start-up is enabled by using an integrated HV (High
Voltage) start-up circuit.

The SQ38343 provides comprehensive protections
including VCC OVP (Overvoltage Protection), OLP
(Overload Protection), OTP (Over temperature
Protection) and input/output OVP using the ENB pin for
reliable operation.

The SQ38343 is available with compact SSOP10
package.

Features

e 800V Integrated Power MOSFET

e Pseudo Fixed Frequency

¢ Nominal Switching Frequency: 120kHz

e Frequency Fold Back and Burst Mode Control
e Fsw Modulation to Reduce EMI Noise

e Supports Flyback and Buck Topologies

e PSR/SSR Optional for Flyback Topology

e HV Start Up from DRAIN

e Peak Current Limit: 590mA

¢ Wide VCC Operating Range: 4.5V~25.5V

e VCC OVP, OLP, OTP, Input OVP (through ENB pin)
e Internal Soft Start Process

e Compact Package: SSOP10

Applications

e Auxiliary Power Supplies
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Fig. 1. Typical Application Circuit
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Ordering Information Pinout (top view)

Orderin ( )
Part Numger Package type Top Mark GND[T]10 10 [T 1DRAIN
SSOP10 vec[I] 2 9 [T JDpRAIN
SQ38343FHP RoHS-Compliant and FLHxyz Ene[ T3 8 [ T_IDRAIN
Halogen-Free 7 Foran

X =year code, y = week code, z = lot number code FBLT]4

comMP[T]5 6 [ T_IDRAIN

—_—

Pin Description

1 GND Ground pin.

2 VCC Supply pin of IC.

Disable pin. If voltage on this pin is pulled up to above 1.2V, IC will stop
switching. Pull this pin down below 1.2V will enable switching.

Output voltage feedback pin. The middle point of a resistor divider between
4 FB VCC and GND is connected to this pin for output voltage feedback, When
SSR flyback is selected, this pin is connected to GND.

Loop compensation pin. Connect a loop compensation network between
this pin and GND for loop compensation.

6~10 DRAIN DRAIN of internal power MOSFET and HV start up.

3 ENB

5 COMP

Block Diagram

VCC
VDD—| internal bias T H\;OCLlIJrLr:nI DRAIN
ENBI—+ 9 DRAIN
VCMP, deb ti _l ¢
_ chounee imer voltage monitor DRAIN
; < DRAIN
Vene_tH VCMP q DRAIN
Vcowe_otp Gate
protection clamp
logic L
25 switch frequency :}
control block s Q
R o] ot
VFEfD\S
S2 !
FB . M peak current leading edge .
N S1 control block blanking time
Vee_Rrer §
u B
COMP GND
Fig.2 Block Diagram
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Absolute Maximum Ratings

DRAIN -0.3 800

DRAIN, transient < 200 ns -1.5 v

Iorain (Pulsed, pulse width limited by SOA) 2 A

Iprain, transient < 200 ns -5.0 mA

IDRAIN A\{alanche current _ o 15 A

(Repetitive and non-repetitive, pulse width limited by Tivax)

DRAIN Single pulse avalanche energy

(L=1mH, las=1.5A, Vbs=50V, Rec=470hm, starting at T;=25°C) 11 mJ

VCC -0.3 28.5 Y

Ivee (Current sink to clamp VCC) 13.2 mA

ENB -0.3 3.6

FB -0.3 3.6 Y

COMP -0.3 3.6

Junction Temperature Tj, Operating -45 150

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

Storage Temperature Range 260

\éfggtrostatic ?gnagg?g% model (HBM), per ANSI/ESDA/JEDEC +2000 Vv

Discharge Charged-device model (CDM), per ANSI/ESDA/JEDEC +750 Vv
JS-002-2018

Thermal Information

B3a Junction-to-ambient Thermal Resistance 139

838 Junction-to-board Thermal Resistance 335 °C/W
Bsc Junction-to-case Thermal Resistance 29.6

Po Power Dissipation Ta = 25°C 0.9 W

Recommended Operating Conditions

VDRAIN 800 \%
Vvee 4.5 255 \%
Junction Temperature T, -40 125 °C
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Electrical Characteristics
(Ty=-40 to 125°C, VCC=9V, typical values are at Ts = 25°C, unless otherwise specified (Note 4))

Break down v IbrRAIN=250[A, 800 v
Voltage BVDSS Vcomp=GND, Ts=25°C
Drain-source Vps=400V, Vcompr=GND,
Leakage Current loss T,=25°C 3 HA
OFF-state Drain | Vbrain=800V, 2 A
Current oFF Veomp=GND, T,=25°C H
On Resistance of R Iorain=50mMA, T,=25°C 17 20 Q
DRAIN DSON
Power MOS IoraN=50MA, T1=125°C 34 40 Q
Equivalent Output Ves=0, Vbs=0 to 640V,
Capacitance Coss_eq T,=25°C 7 pF
Break down
Voltage of Start- up | Vevpss_su T,=25°C 800 \Y
JFET
Drain-source Start : :
up Voltage VHv_START Vvcc=0V, lcharce=500pA 7 V
Operating Voltage |\, - Veno=0V 45 25.5 Vv
Range
VCC OVP
Threshold Vvce ovp 25.5 27 28.5 V
Current Sink to _
Clamp VCC lvee_sink Vvce=Vvcc ovp 6.5 10 135 mA
VCC OVP
Debounce Time Tvccove_psc 165 240 315 us
VCC VCC ON Threshold | Vvcc on 14.6 15.6 16.6
HV Current Source .
Turn on Threshold Vcs_on Vvcc Falling 4 4.25 4.5
VCC UVLO
Threshold Vce_orrF 3.8 4.05 4.3 V
Quiescent Current lvee_ o No Switching, 0.2 0.25 mA
VEs>VEB_REF
. Vps=150V, Vcomp=1.2V,
Operating Current Ivec_op Fsw=60kHz 11 1.45 mA
Reference Voltage | Vrs_Rer 1.175 1.2 1.225 V
Current Source to
Select PSR/SSR IFe_seLECT T,=25°C 75 90 105 HA
Mode
FB EA Disable Voltage | Vs pis 250 300 350 mV
Transconductance Vcomp=1.5V,
of EA G Ves>VEs_REF 300 500 700 HAV
Max. Source _ _
Current Icomp1 Vcomp=1.5V, Vre=0.5V 70 100 130 A
Max. Sink Current Icomp2 Vcomp=1.5V, Vrs=1.5V 70 100 130 A
Internal Pull up Rcowp Vrs=GND, Icomp=40pA 27 40 53 kQ
Resistor
COMP —
Current Limitation V. 19 Vv
Threshold coMP_H )
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PFM Threshold Vcowmp_L 1.1 \YJ
Threshold to Enter
Sleep Mode Vcomp_sLPIN 500 mV
COMP Threshold to Exit Vcomp_sLPoUT 600 mV
Sleep Mode
OLP Threshold Vcomp_oLp 2.1 2.2 2.3 vV
O.LP Debounce ToLp_psC 50 70 90 ms
Time
Eii'i/t”\' Current I, wiax Ty=25°C 530 590 650 mA
Power Coefficient 12f Io_max_TvP?XFsw_TvP 0.9xI2f 12f 1.1xI2f | A?xkHz
Min. DRAIN
Current at Light Io_min T,=25°C 160 195 230 mA
Load
Disable Threshold |\, . 1.15 1.2 1.25 Vv
Voltage
Debounce Time
OLPand | pefore DIS Tois_pec 550 750 950 us
Timing Protection Tripping
Restart Time after
DIS Protection Tois_RESTART 530 750 970 ms
Tripping
Soft Start Time Tss 4.2 6 7.8 ms
Min. ON Ti T Veour=0.7V, 235 310 385
. ns
n Ime ON_MIN Vre=Vrs_rer, T1=25°C
Restart Time after | . & 530 750 970 ms
Fault
Nominal Switching | - T1=25°C, Vcomp=1.5V 108 120 132 kHz
Frequency
Min. Switching Faw_uin Ty=25°C, Veowp=0.8V 22 26 30 KHz
Switching Frequency
Modulation Depth
Frequency (Note5) P Fo +7Fsw_Nom %
Modulation
Frequency (Noteb) Fu 330 Hz
Max. Duty Cycle Dwmax 65 90 %
OTP Threshold Tore 163 °C
(Note5)
Thermal -
Shutdown Hysteresis to
resume Operating Thys 20 °C
(Noteb)

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: B is measured under natural convection mounted on a low effective thermal conductivity single layer PCB in
accordance with JESD 51-3.

Note 3: The device is not guaranteed to operate outside its operation conditions.

Note 4: Unless otherwise stated, limits are 100% production tested under pulsed load conditions such that Ta
Limits over the operating temperature range (See recommended operating conditions) and relevant voltage range(s) are

guaranteed by design, test, or statistical correlation.
Note 5: Guaranteed by design or statistical correlation. Not production tested.

Ty=25C.
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Typical Performance Characteristics

(Test condition: PSR flyback, VIN: 90~264Vac; output spec: 12V/0.42A; Ta=25%5 °C)

SQ38343

Steady States

Steady States
(Vin =26_4V(Ac), _|9UT=0.42A)

(Vie=90Vac), lour=0.42A)

los 0.2A/div lps & 0.2A/div U

[ ' | 4 [ = 1 1
Il i I T I i
i I [ [

] L {0 F

' { | vl { : :

4 | T L s (Y J | j \ [\ 3 | RPN | VPP | N P
Vos 200V/div

Vbs 100V/div

wa 'Vﬂﬂ M L‘W ﬂ_ | I;rf-‘v" I

Time (4ps/div) '

Time (4ps/div)

Steady States

Steady States
(ViN=264V (ac), lour=0.01A)

(Vin=90V(ac), lout=0.01A)

Ips 0. 2Ald|v

H

o s v

Vos | 200V/div

111111

LLETLLLLLL

100V/div

Time (200us/div)

Time (40us/div)

Startup

Startup
(Vin=264Vac), lour=0.42A)

(VIN:QOV(AC)r lOUT:O-42A)

[ ———
s
g

NVour 5V/giv
Lot

Time (4ms/div) Time (4ms/div)
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OLP OLP
(Vin=90V4, lo jump from 0.42A tolA) (Vn=264V,, lo jump from 0.42A tolA)

lout

= ”/\f\if\\NIJ\\NI \o\ii\\\l\\\\l&

Time (400ms/div) Time (400ms/div)

Load Regulation

12.8

12.6
12.2 \\
12.0

11.8 N

11.6

Output Voltage (V)

V=115V
Vin=230V

11.2

11.0

0 0.1 0.2 0.3 0.4 0.5
Output Current (A)
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Detailed Description

General Features

Pseudo Fixed Frequency Control

The SQ38343 uses a Silergy proprietary pseudo fixed
frequency control to avoid sub-harmonic oscillation when
the converter operates under continuous conduction mode
(CCM) and a duty-cycle D>50%. Sub-harmonic oscillation
is an inherent issue under peak current control method.
Traditionally, slope compensation is used to avoid this
issue. The SQ38343 do not need slope compensation to
solve the sub-harmonic issue simplifying the design.

Frequency Fold Back Control

The SQ38343 uses frequency fold back control to improve
medium and light load efficiency. As the load get lower, the
COMP pin voltage is also reduced. When COMP pin
voltage drops below 1.1V, the device begins to decrease
its switching frequency. A minimum switching frequency of
26kHz is reached when COMP pin voltage drops to 0.9V.
If load further decreases, the device enters burst mode.
The switching frequency control curve is shown below:

Ie/MA

VCDMP
FewlkHz
1

"ok " ‘019‘11 “““ 18 Veomp
Fig.3 Peak current/Switching Frequency Control Curve
Burst Mode

The SQ38343 uses burst mode control under very light
load or no-load conditions. Under very low load when the
COMP pin voltage drops below Vcowmp_sLpin (0.5V typ.), the
part enters sleep mode, where switching stops and most
parts of internal control circuitry are shut down to save
energy. As there is no switching, the output voltage will
gradually drop. In this state COMP pin voltage starts
increasing until reaches the threshold Vcowmp sLrout (0.6V
typ.), when the device wakes up and resumes normal
operation. This control architecture helps maintain high-
efficiency during light mode operation. During burst mode
a slightly larger output voltage ripple is expected.

Vcomp

Veowmp_stein

$

N

N
t

|
i

PWM sleep active | sleep active sleep
i

N

Fig.4 Timing of Burst Operating Mode

Vcome_strout Vi
L
i
I
|
|
]
|
T
|

i
T

active 1 sleep
i
|

HV Start up

The SQ38343 integrates a high voltage start up circuit
internally connected to the DRAIN pin. A IcHz2 current
source is used to charge the VCC pin capacitor. To limit
the power dissipation in the event of a short between the
VCC and GND pins, the current source current is limited to
IcHz until the VCC pin raises abovel.5V.

Internal Soft Start Process

The SQ38343 integrates a soft start, to achieve monotonic
output voltage rise, and keep the peak current of the power
MOSFET within the safe operating area (SOA). The device
gradually increases the peak current set point gradually
using 8 distinct steps, until it reaches maximum value
(590mA typ.), and also gradually increases the switching
frequency until it reaches its maximum value (120kHz typ.),
as shown below:

lo closed loop

o7 |« take over
]

62

soft start time

Fig.5 Timing of Soft Start Process

Peak Current Reduction under Abnormal Conditions

Under normal operating conditions, the peak current does
not exceed its maximum value (590mA typ.). Under
abnormal conditions (output short or increased load
current), the peak current can rise to higher than the
maximum set point value since there is a leading-edge
blanking time before the peak current sense when the
power MOSFET is turned on. During the blanking time, the
peak current is not monitored. To keep the output current
at safe levels, the device increases the off time of power
MOSFET by a factor of 5, compared to normal operating
conditions as soon as the peak current reaches the higher
threshold, Io_ocp (Io_ocP=125% * Ip_max). Using this control
method, the transformer current (flyback configuration) or
inductor current (buck configuration) can be maintained at
safe levels. The peak current reduction process under
abnormal conditions is shown below:

DS_SQ38343 Rev. 1.0
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Fig.6 Timing of Peak Current Reduction
VCC OVP

Under abnormal conditions, such as opto-coupler open
circuit or failure in the case of a Secondary Synchronous
Rectifier (SSR) flyback, the output voltage will increase
along with VCC (VCC is supplied by the auxiliary winding).
To avoid the device damage caused by a VCC pin
overvoltage condition, switching stops as soon as VCC
voltage raises above the OVP threshold Vvcc ove and the
device enters auto-recovery mode. Before Vvcc reaches
Vvcc ove threshold, a 10mA current sink on the VCC pin
will try to clamp VCC pin voltage. As soon as the OVP
condition is detected a timer is enabled. When the auto-
recovery timer elapses, the device will try to resume
normal operation.

T
Vvee v

51!

Nsoft start

Fig.7 VCC OVP timing
OoLP

During overload conditions, the COMP pin voltage will be
pulled up to high level, and the peak current will reach the
maximum setpoint (590mA typ.). When the COMP pin
voltage raises above the OLP threshold a timer is enabled,
and if COMP pin voltage is continuously higher than OLP
threshold until the timer elapses, the OLP will is triggered,
the device stops switching and enters auto-recovery mode,
by initiating a soft-start sequence. The device stays in out-
recovery mode until the condition disappears. When the
overload disappears, the converter resumes normal
operation.

over load
o happens here

AL
R VIV VAV —

Nsoft start

Fig 8 OLP Timing

oTP

The SQ38343 monitors the die temperature under normal
operating mode. When the die temperature rises above the
OTP threshold Tore (163 °C typ.), the device stops
switching. Normal operation is resumed as noon as die
temperature drops below the OTP recovery temperature

threshold Totp — Thys (143°C typ.).

Die
Temp)|
T

Ihysteresls

Nsoft start process

Fig.9 OTP timing
PSR/SSR Configuration for Flyback Topology

For Flyback topology, both PSR and SSR applications are
available. The PSR/SSR mode is configured using the FB
pin. During start up, when VCC is charged to Vvcc_on
threshold, a current source Irs_seLect will flow out of FB pin
to detect FB pin to GND impedance. If the FB pin voltage
is higher than Ves_pis, the device is configured for PSR
mode, the internal error amplifier will be active, and a
passive compensation network expected to be connected
to COMP pin. If FB pin voltage is lower than Vrs_pis, the
device is configured for SSR mode, the internal error
amplifier is disabled and an opto-coupler output is
expected to be connected be connected to COMP pin. Itis

DS_SQ38343 Rev. 1.0
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recommended to directly connect the FB pin to GND for
PSR operation.

AC \»
input

DS,

—oVO+

RCS

$—oVO-

Fig.10 Isolated Flyback Topology with PSR Configuration

BD: DS;

1 ‘WAN— VO+
A A *
AC = Lc RCS:
input
A oVO-
DJ SR v
= 5
i{ [GND
;D' = ch: 3Rs
— T vee t
—LTene et | Sks,
B RS;
ICOMP ]
L
T 2R I
RS; cs,
opr2 Qsy’
«
CAT rs ‘>R55
RS <

Fig.11 Isolated Flyback Topology with SSR Configuration

Power Stage Design Guide

Bridge Rectifier Selection

The voltage rating of the bridge rectifier (Ver) is decided by
maximum application input voltage (Vin.max). The
maximum average forward rectified current (ler_avErRAGE)
can be estimated based on the minimum input voltage
(Vin_min), maximum output power (Po max) and converter
efficiency(n):

Vgr > 1.5 * V2 * Viy max

Po_max
VIN_MIN * COS @ %)

Vin_max: maximum AC input voltage (RMS value);

Igr_AVERAGE >

Vin_min: minimum AC input voltage (RMS value);
cos@: power factor, generally cosg= 0.5~0.7

BUS Capacitor Selection

The bulk capacitor Csus capacitance value depends on the
maximum rated output power, with a value of 1uF-2uF per
watt recommended for most cases.

For example, for a 6W output power design, the Csus value
should be selected in the 6uF~12uF range.

Transformer Parameters Calculation (Flyback)

1) Primary/Secondary Turns Ratio: Nps

Nps is limited by voltage rating of primary MOSFET:

Vmos srKpr — V2Vin max — AVsy
Vo+ Vb r

Vwmos_sr: breakdown voltage of integrated MOSFET, 800V;

Kor: Vbs de-rating factor of power MOSFET, generally
80%~90%;

Vin_max: maximum AC input voltage (RMS value);

Nps <

Vb _r is the forward voltage drop of secondary rectification
diode, generally Vp _r is around 0.6V.

AVsn is the voltage spike during primary MOSFET turn off.
A good starting value that can be used is 50V.

V
"y

Fig.12 Primary Vps Waveform

When Nps is determined, the reflected voltage can be
calculated as follows.

Vor = Nps * (Vo + Vp_g)
2) Primary Inductance: Lp

The SQ38343 has PWM/PFM mode. Transformer primary
inductance is mainly related to the rated switching
frequency. Generally, DCM operation is recommended for
transformer design. The transformer magnetizing
inductance Lm is calculated by following formula.

2% P *K
LP o ocp

- Fsw nom * IIZJ_MAX *M

Po: Rated output power.

Kocp: output OCP factor, generally 120%~150%
Io_max: max peak current limit, typical=590mA
Fsw_nom: rated switching frequency, 120kHz typ.

n: converter efficiency

DS_SQ38343 Rev. 1.0
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3) Turns of Primary Winding: Np
(a) Select the magnetic core, confirm the effective Ae
(b) Start with a Bmax of the magnetic core (0.2T~0.3T)

(c) Calculate maximum primary peak current
Ipk Max = Ip_max
The typical value of Ip_max is 590mA
(d) Calculate primary turns: Np

Lp * Ipk max

N, =
F Bumax * Ag

4) Turns of Secondary Winding: Ns
Np
Ng = —
" Nps
5) Turns of Auxiliary Winding: Naux
The auxiliary winding will supply VCC pin of SQ38343
under normal operating mode. The auxiliary winding
voltage should be guaranteed within the VCC operating
range of 4.5V~25.5V. A voltage range of 10~15V is

recommended. The auxiliary winding turns is calculated
using the equation below:

N VCC N
= *
AUX VO

Typical Application Schematic

FB Pin Resistor Divider Calculation

When designing a PSR Flyback the FB pin resistor divider
is used to configure the output voltage. The lower resistor
RL has to be selected first to satisfy the following equation:
VFB_DIS

R, >—2D8
VFB_SELECT

Vre_pis: EA disable voltage (300mV typ.)

VEB_seLECT: current source used to select PSR/SSR Mode
(90UA typ.)

Secondary Rectification Diode Selection

The voltage rating of output rectifier diode (Vowmax) is
selected according to the following equation:

V2 * Vin_max

Vbmax > N + Vp g + AVgk
PS

The average rectified output current of output rectifier
diode (Io_averace) is selected according to the following
rules.

Ip_averace > lo

Where AVsk is rectifier diode voltage spike, generally
10V~20V and lo is output current.

A typical application circuit used for a 5W PSR Flyback design is shown below:

L1

470uH/1W
VA

© Vout+

Cs1
> - 470pF/250V/0805
g
1

.
‘ .
o | R cs RS1 DS
| 20R/0805
1AI250V | 2K/0805 200k/0805 LnF/500V/0805 SS310B/SMB rs2
o—"N\—— CE1 CE2 S csz o= [] 4.7kI0805
— 5.6uF/450V 5.6uF/450V 470uF/16V .
8 AC Input } R6 R7
| 100R/0805 100R/0805 © Vout-
| T1
D1 I [ 12 420uH/EE13 ~
RSIM/SOD-123F ~ "7~ = 3.3uH/0805
D2 U1l
RS1M/SOD-123F SQ38343/SSOP10
F$‘— CE3 N\
. 4.TUF/50V GND  DRAIN}——¢
é o VCC  DRAN[}—¢
ca — [ 180ki0805 ——0.1uF/50V/0805 ENB DRAIN[}——+¢
0.1uF/50V R3 =
0805 24k/0805 FB DRAIN[F—¢
I s COMP  DRAIN[}——
= R7
20k/0805 51k/080 c3
2 1nF/25V/0805
L 4.7nF/25V/0805
Fig 13. 5W PSR Flyback Typical Application Circuit
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Recommended BOM List

BD1 MB10F/MBF MB10F-GKA GOODWORK
c1 0.1uF/50V/0805 0805B104K500NT FH

c2 4.7nF/25V/0805 0805B472K500NT FH

c3 1nF/25V/0805 0805B102K500NT FH

c4 0.1uF/50V/0805 0805B104K500NT FH

c5 1nF/500V/0805 0805B102K501NT FH
CE1 5.6UF/450V EGW2WM5R6G160T AISHI
CE2 5.6UF/450V EGW2WM5R6G160T AISHI
CE3 4.7uF/50V ERS1HM4R7D110T AISHI
cs1 470pF/250V/0805 0805B471K101NT FH
CS2 470uF/16V 12EC0399 KNSCHA
%! 470pF/Y1/400V CY1471ME14EE45W2A2 Dersonic
D1 RS1M/SOD-123F RS1IMWF-7 DIODES
D2 RS1M/SOD-123F RS1IMWF-7 DIODES
D3 1N4007/ SOD-123F 1N4007 TRR
DS1 SS310B/SMB SS310B YANGJIE
F1 1A/250V 2009T1A250V Hongda
L1 470UH/IW XR0510-471 XR

L2 3.3uH/0805 CMH201209B3R3MT FH

R1 2k/0805 0805W8J0202T5E UNI-ROYAL
R2 180k/0805 0805W8F1803T5E UNI-ROYAL
R3 24k/0805 0805W8F2402T5E UNI-ROYAL
R4 20k/0805 0805W8F2002T5E UNI-ROYAL
R5 51k/0805 0805W8J0513T5E UNI-ROYAL
R6 100/0805 0805W8J0101T5E UNI-ROYAL
R7 100/0805 0805W8J0101T5E UNI-ROYAL
R8 200k/0805 0805W8J0204T5E UNI-ROYAL
RS1 20R/0805 0805W8J0200T5E UNI-ROYAL
RS2 4.7k/0805 0805W8J0472T5E UNI-ROYAL
U1 SQ38343/SSOP10 SQ38343FHP SILERGY
T1 EE13(5+2) 360uH / /

DS_SQ38343 Rev. 1.0
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PSR Flyback Design Example

Input/output specification

Parameter Symbol Value

Input voltage range | Vin 90Vv~300V

AC input voltage | fo 50Hz/60Hz

frequency

Rated output power | Po 5.0W

Rated output voltage | Vo 12v

Rated output current | lo 0.42A

output OCP factor Kocp 120%

Efficiency n 80%
Preset parameter

Parameter Symbol Value

Break down voltage of | Vmos_er 800V

power MOS

Vps de-rating factor of | Kor 80%

power MOS

Spike on VDS at | AVsn 80V

power MOS turn off

BUS capacitor charge | Kcn 0.2

coefficient

Secondary diode | Vb_r 0.6V

forward voltage drop

Transformer effective | Ae 15.7mm?

Ae (EE13)

1) BUS capacitor selection
Select BUS capacitor: Csus=10uF (2uF/W)
2) Minimum BUS voltage calculation

BUS capacitor charge coefficient: Kcu=0.2, AC input
voltage frequency fo=60Hz

Po x Kocp x (1— KCH)
N x Ceusx fo

VIN_MIN = \/ZVIN _MIN—

:\/2x902— 5><1.2><(1-_(2.2)
80% x10x107" x 60
=79V
3) Transformer design

(a) Calculate primary/secondary turns ratio: Nps

Vmos _Br X Kpr — \/E x VIN _max — AVsn

Nps <
Vo+ Vb _r
~ 800x0.8—+/2x300-80
12+0.6
=10.79

Select Nps=10.

(b) Calculate Lp of the transformer: Fsw _nom=120kHz,
Ip_mMax=590mA

Lo< 2 x Pox Kocp
Fsw_nomx Ip_ max? XM
B 2x5x1.2
~ 120%10°x0.59°x0.8
=359.09uH
Select L,=360uH.
(c) Calculate primary winding turns Np: Bmax=0.27T
Np — Lex Ip_wmax _ 360x0.59
Bmax nomx Ae  0.27x15.7
Select Np=50Ts.

(d) Calculate secondary winding turns: Ns

Ns=&=5—0Ts=5TS
Nes 10

x10°uH

Ts=50.10Ts

Select Ns=5Ts.

(e) Calculate auxiliary winding turns Naux, Select
VCC=13V

N 5
Naux = VCCx — =13x —Ts=5.42Ts
Vo 12
Select Naux=6Ts.
5) Secondary diode selection
(@)Maximum reverse voltage calculation: Preset AVsk
=12v
\/E x VIN _mMAX

Ners

=@+0.6+12+12V

Vowmax < +Vp_r+Vo+ AVsk

=67V
Reverse voltage rating is recommended to be 100V.

(b)The average rectified output current of output rectifier
diode (Io_averace) is selected according to the following
rules

Io_averace > lo

DS_SQ38343 Rev. 1.0
© 2024 Silergy Corp.

Silergy Corp. Confidential- Prepared for Customer Use Only 14

All Rights Reserved.



®

=

S/IERGY

SQ38343

Layout Considerations

A good PCB layout is helpful for correct operation,
improved noise immunity and good EMI performance. The
following steps are recommended:

(a) The following three high-current loops that feature fast
switching, should be kept as small as possible:

Loopl: formed by BUS capacitor, primary winding of
transformer and SQ38343 (DRAIN->GND);

Loop2: formed by secondary winding of transformer,
rectification diode DS1 and output capacitor CSz;

Loop3: formed by auxiliary winding of transformer,
rectification diode D1 and capacitor Co.

The loops are shown in the diagram below.

(b) Analog ground and power ground should be separated
clearly, the two nets should only be connected at a single
point.

Analog ground includes ground of COMP pin
compensation network, ground of FB pin resistor divider,
ground of ENB pin resistor divider and VCC pin capacitor.
All analog ground traces should be kept short.

Power ground includes the negative terminal of the bus
capacitor and GND pin of SQ38343. Minimize the trace
length between them.

(c) A ceramic capacitor Cz with 0.1uF~1uF should be
located close to the device for noise decoupling.

(d) FB pin resistor divider (especially lower resistor) should
be located close to the device for noise immunity.

(e) COMP pin loop compensation network should be
located close to the device to reduce noise interference.

() ENB pin resistor divider (especially lower resistor)
should be located close to the device.

DS;

VO+

AC
input K
LOOP1
o
= U,
)
b—{ T |GND DRAIN
=Cs ..
v TJvée..  DRAIN
CTlens DRAIN
FB “bRAIN
T jcomPp DRAIN

DS_SQ38343 Rev. 1.0
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SSOP10 Package Outline Drawing
470510

Nl
10000 -
= ~ o
S
—{—017025
U H U
—| |~—0.30-050 e il
Top view Side view
|~——f100 —| |~—050
r1.?5[Max.}

e

‘-——‘» 1.00(Typ) 0.10-0.30 J

10000

Front view Recommended PCB layout
(Reference only)
Notes: All dimension in millimeter and exclude mold flash & metal burr.
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Tape and Reel Information

Tape dimensions and pin 1 orientation

5.'¢1—-| —1.451.55
4
r}\ % N ) . -~

\ O U \_/ 9 O

SR = - 1 1 | (] -

SN= R | & | ® | | ® -

1 | o (I - 1 |

1 = i — | | =

2.00-2.34
| 790410 |
Feeding direction 2
Reel dimensions
Reel
Size
Tape Reel Qty per
Pocket Trailer * Leader *
Package types width size reel
pitch(mm) length(mm) | length (mm)
(mm) (Inch) (pcs)
SSOP10 12 8 13" 400 400 2500
DS _SQ38343 Rev. 1.0 Silergy Corp. Confidential- Prepared for Customer Use Only 17

© 2024 Silergy Corp. All Rights Reserved.



=

S/IERGY

SQ38343

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
May 8, 2024 Revision 1.0 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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