S/IERGY

SY?23425

Secondary Side Synchronous Rectification Controller

General Description

The SY23425 is a synchronous rectification controller with high
performance capabilities, ideal for use in flyback converters
operating in CCM (Continuous Conduction), DCM
(Discontinuous Conduction), and QR (Quasi-Resonant) modes.

It can drive both standard and logic-level N-channel MOSFETS
for secondary-side synchronous rectification.

To prevent false turn-on by parasitic ringing under DCM or QR

mode, the device uses the Dsen voltage falling slope rate detection.

The SY23425 features a DSEN high-voltage blanking time
detection function that enhances system ESD performance,
preventing external noise from false turn-on of the SR
(Synchronous Rectifier) MOSFET.

Under CCM operating mode, it has an extremely short turn-off
delay time, while the DSEN voltage regulation fully utilizes the
conduction time of the SR MOSFET for optimizing the efficiency
under DCM and QR modes.

During light load conditions, the controller enters power saving
mode to improve light load efficiency

Features

e Suitable for CCM, DCM and QR Mode Flyback Converters
e DSEN Pin Sensing up to 200V

e DSEN Falling Slope Rate Detection to Avoid False Turn on
of SR MOSFET by Parasitic Ring

e Uses DSEN High Voltage Blanking Time to enhance system
ESD performance

e GATE Pin Clamped before VDD On

e Dual Supply Channel for 3.3V to 21V Output Systems
e Supports the use of GaN MOSFETSs

e Up to 500kHz switching frequency

e 10 ns Typical Turnoff Propagation Delay

e 2ASink, 0.5A Source Gate Driver Capability

e Compact Package: SOT23-6

Applications

e AC/DC Adapters

e USB Type-C and Power Delivery AC Adapters
e Server and Telecom Power Supply

e Auxiliary Power Supplies
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S/IERGY SY?23425

Ordering Information Pinout (top view)

SOT23-6
RoHS Compliant and Halogen

SY?23425ABC

x=year code, y=week code, z= lot number code

D2xyz

1 VIN Power supply pin, connect it to the output of converter when a low-side SR MOSFET is
used. Connect it to GND pin when a high-side SR MOSFET is used.

2 GND Connect this pin to SR MOSFET Source terminal.
Connect a resistor between this pin and GND to set the falling slope timer reference

3 REG
(Tref).

4 VDD Output of internal LDO, power supply for control unit and gate drive circuit. Connect a
0.1uF or larger ceramic capacitor between the VDD and GND pins.

5 GATE Connect this pin to the gate terminal of the SR MOSFET

6 DSEN This pin should be connected to the DRAIN of SR MOSFET for voltage sensing. This
pin is also used as a power supply option.

Block Diagram

GND VDD

4.17 Bias Circuit |«

Power Supply | VIN

Unit

Y

DSEN Gate Clamp
—. - before VDD
on Unit
Y \ J \
REG DSEN High Voltage GATE

Turn on/off Logic

. | Gate Drive .
Unit | Control Unit

—.—> Blanking & Falling Slope

Time Detecting Unit

Y

Fig.2 Block diagram
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VIN -0.3 28

REG, VDD, GATE -0.3 16 \%

DSEN -1.5 200

lvop 20 mA
Junction Temperature, Operating -40 150

Lead Temperature (Soldering, 10 sec.) 260 T

Storage Temperature -65 150

0;a Junction-to-ambient Thermal Resistance 170 W
0,c Junction-to-case Thermal Resistance 130
PD Power Dissipation TA = 25<C 0.6 W

VIN 3.3 21 v
DSEN -1 150
Junction Temperature -40 125 <
Ambient Temperature -40 105
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Threshold of Switching to VIN N
VIN Supply Channel VVIN_VINSPY Vv is rising 4.35 4.6 4.85 Vi
Threshold of Switching to DSEN . .
Supply Channel VVIN_DSENSPY Vin is falling 43 4.55 4.8 v
On Threshold Vvbp_on 5 5.26 5.52 Vv
VDD on Hysteresis VvDD Hys 1.9 2.15 2.4 \Y
VDD Regulation Voltage when
VIN Pin is Active to Supply IC Vven_reevin 8.5 9 94 M
VDD Regulation Voltage when
DSEN Pin is Active to Supply IC | /VPD-REG_DSEN 475 1 51 ) 83 |V
VDD . Vvbb=9V,Ccate=2.2nF,
Operating Current Ivop_op Fsw=100kHz 3 35 mA
VIN pin is active to
Maximum VDD Pin Capacitor | charge VDD capacitor 12 17 mA
Charging Current VDD_CHARGE_MAX I"DSEN pin is active to 40 50 mA
charge VDD capacitor
Quiescent Current lvop_staY Under Standby Mode 220 280 A
Ratio of PVS to DSEN K pvs_RraTio 50
PVS Initial Enable Threshold VPVS_INITIAL_EN 120 150 180 mV
Blanking Time for Sample PVS
Pin Voltage Tevs_BLk 210 310 410 ns
Low Level Threshold to Sense . .
DSEN | VDSEN Falllng Time VDSEN_LTH VDseN IS falllng 0 20 40 mV
DESN Threshold to Force Turn off | Vrorce tH 5 15 25 mvV
Closed Loop Vpsen Regulation SR MOSFET is
V0|tage LeVeI VDS—REG Conducting '54 '33 '22 mV
SR MOSFET Turn off Threshold VorF TH VpseN is rising -10 0 10 mV
Time Threshold IC Go into Sleep Tstanpsy 16 20 24 us
REG | Resistor to Program Frequency R Rrec=50k"%) 75 100 125 ns
Option Ree Rrec=300k(Noted) 225 | 300 | 375 | ns
GATE Pin Clamped Current _
before VDD ON lee Vgs=1V 160 200 mA
Vvop=9V, CLoap=2.2nF,
Max. Source Current IsouRcE_MAX Vgs from 1V to 8V 0.375 0.5
GATE | Max. Sink Current ISINK_mAX x\ézt;rc?%/’gc\:/f;iiz'zn':’ 15 2
Minimum ON Time Ton miN 450 700 950 ns
Minimum OFF Time Torr MmN 250 400 550 ns
Turn on propagation Delay ToeLAY ON Coate=2.2nF 30 50 ns
Turn off propagation Delay ToeELAY OFF CeaTe=2.2nF 10 20 ns
OTP Thermal Shutdown Temperature TopMNoted) 150 160 170 <
Hysteresis to Resume Operating Tore_nysMNoed) 15 20 25 T

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: 6;a 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 “2x 2” FR-4 substrate PCB, 20z copper, with
minimum recommended pad on top layer and thermal via to bottom layer ground plane.
Note 3: Guaranteed by design.
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Typical Characteristics
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SILERGY
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Typical Performance Characteristics

(Ta=25°C, 65W PD Charger, Input voltage: 90Vac~264Vac, Output spec: 5V3A, 20V3.25A.)

Efficiency vs. Load Current
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20V Output Characteristics

Steady States

Steady States
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Detailed Description
General Features
GATE Drive

For proper operation, while Vvpp<Vvpp on the SR MOSFET
gate is pulled down. The circuit in the diagram below is used
for this purpose:

Controller
totem pole

SOURCE

Controller
pull down
circuit

v
Fig. 3 Circuit used for SR MOSFET Control during start-up

When Vvpp<Vvop_on, SWitch S2 is Open and the DSEN voltage
will charge the Cgs capacitance for the S3 switch. When S3
turns ON, it will pull down the gate of the SR MOSFET. The
pull down current of S3 is 200mA (@Vgs=1V for the POWER
MOSFET) to optimize the performance.

While Vvoo>Vvop on, the S2 switch is closed, leading to S3
being turned OFF (switch open). The GATE pin will be
controlled only by the driver circuit consisting of S4 and S5, as
shown in Fig.3 & Fig.4.

T,

PWM

(UL,

Voare_sr MosFET
M t

Fig. 4 GATE Pin Timing diagram
SR MOSFET GATE Control

The traditional method of turning ON the SR MOSFET is to use
a set turn-on threshold VON_TH.

When the DSEN voltage falls and reaches VON_TH, the SR
MOSFET is turned ON after a short delay.

While in DCM or QR operating modes, a resonant waveform
may appear after the transformer secondary current decreases
to zero. Sometimes, the amplitude of this resonant waveform
can be large enough to cause the DSEN voltage to drop below
the turn-on threshold VON_TH, which may lead to the false

turn-on of the SR MOSFET. To address this issue, a circuit to
detect the falling slope rate of Vpsen is used.

When the primary MOSFET QL1 is turned off, the Vpsen falling
slope rate is very high, and the SR MOSFET will turn on.
During the resonant phase, the Vpsen falling slope rate is
relatively low, and the SR MOSFET will not turn on. The
SY23425 uses a resistor divider circuit to sense the DSEN
voltage, where Vpys is 0.02 X Vpsen.

Two thresholds are set to sense the Vpys falling slope rate.
AT is the time duration measured when Vpys is falling between
the high-level threshold Vpys ntH and the low-level threshold
Vosen v (OmV). AT is compared with a falling slope
reference time TREF using a counter.

A blanking period is used to prevent external noise (such as
ESD noise) from falsely turning on the SR MOSFET.

If Vpvs is above VPVS_HTH, lasts for Tpvs_BLK (300ns) and the
falling slope time AT <Tger, the IC considers this action as a
primary MOSFET turn-off event, and will turn ON the SR
MOSFET after a short delay. In all other cases the SR MOSFET
will not be turned ON.

AT - kAT
Vevs

PRI
Ve _sec ,—

Fig.5 SR MSOFET Turn ON Time diagram

t

Vpvs_nth IS @ dynamically adjusted value, and it has a value of
0.85 X VDseN.

The falling slope ref time threshold Trer is controlled by REG
resistor as shown below:

Trer

300ns

100ns

0 50k 300k
Rees

Fig. 6 Tref Programming

In DCM mode, the current through the SR MOSFET will
decrease before the primary MOSFET is turned on. The closed-
loop Vos regulation circuit will gradually reduce Veate once
Vos is above the Vos_rec (-33mV) level. As the current through
the SR MOSFET decreases, Veate drops close to the turn-off
threshold of the SR MOSFET. At this point, the product of the
(Io x Roson) can no longer be regulated to Vos_rec, causing Vos
to increase beyond Vorr_tH. After a short time delay (Torr_bLy),
a large sink current will pull down the gate voltage to zero to
turn OFF the SR MOSFET.

DS_SY23425 Rev.1.0
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T—To o > To

Fig. 7 SR MOSFET control in DCM mode

During the CCM mode, the primary MOSFET will be turned
ON before secondary current decreases to ZERO, and Vpsen
will rapidly increase. The device will compare Vpsen With
another threshold Vorr_tH, and once Vpsen is rising and crossing
Vorr_TH, after a short delay time Torr pLy, the gate voltage will
be pulled down by a large sink current to achieve fast turn off.
The turn off delay time Torr pLv is designed to be very short to
minimize the power loss caused by primary and secondary
MOSFET overlap.

t

o] AT

N E— /

Fig. 8 SR MOSFET in CCM Mode
Min ON Time & Min OFF Time

When primary MOSFET is turned off, the DRAIN voltage of
the secondary SR MOSFET will drop rapidly to about -700mV,
due to the circuit parasitics resonance.To void false turn off of
the SR MOSFET, a blanking time Ton_min is applied after the
SR MOSFET is turned ON. During this blanking time, the
GATE pin output is latched off.

After SR MOSFET is turned OFF, a ringing will appear on
DRAIN voltage waveform. To avoid the internal logic circuit
false trigger, a blanking time Torr min USEd.

7 N

Fig. 9 timing diagram of Min ON/OFF time

Power Supply

The device optimizes the overall efficiency by using two
possible power sources during normal operation.
iR
VoD e
9.0V|f-----=--mmmmomoe s

supply
channel

supplied by supplied by supplied by
VIN pin DSEN pin VIN pin

Fig. 10 Timing diagram of dual channel supply

Before VDD voltage reaches the Vvpp_on threshold, the voltage
is supplied by DSEN pin. When the voltage exceeds the
Vin_insey threshold, the VIN pin will be used instead.

As VIN increases, VDD will follow VIN (with about 0.5V
voltage drop). When the voltage goes above 9V, the rail is
regulated internally to this value.

When VIN is decreasing and crossing Vosen_vinsey, the device
will switch to using the DSEN pin, and VDD will be regulated
to 5.1V. The timing diagram is shown in Fig. 10.

Power Saving Mode

Under light load conditions, the SY23425 will enter power
saving mode to improve light load efficiency.

During the switching cycle, a timer will start to count after SR
MOSFET is turned off. If the timer counts to 20us before next
SR turn ON, the device will enter the power saving mode to

reduce the power consumption. The SY23425 will exit power
saving mode on the next SR MOSFET turn ON event.

Vonre:

Fig. 11 timing diagram of power saving mode

Over Temperature Protection

IC die temperature is monitored, if the die temperature rises
above 160°C, IC will stop driving SR MOSFET and the keep
gate voltage to OV. When die temperature drops below 140°C,
IC will resume normal operating again.

DS_SY23425 Rev.1.0
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Typical Application Schematic

Typical application circuit information is displayed in a 65W PD Flyback design. The PD charger circuit includes a primary side

controller (SY5033A), synchronous rectification controller (SY23425), and a protocol controller (SY5258).

. Q VO+
l == QS2
*
RS1 CS2 L
100 1InF CS1°T°CS5
WA—| 470uF |470uF]
S ANA—$—O VO-
Qst Rs;l 3 j% \4 RSS
30k|  =cs3
Io.zqu
us2
g £ 8 %
uUsL )E’ 5 > RS3 @
Ul SY5033A ks\23425 100
T R2 z 2 8
¢—— [|VsEN HV = L>J Dt Protocol IC
{comp . RS4
i vee | 0(.:1?1‘!1: _"i %mok US3 SY5258
[ o
i:) 1 §R4 [JoenD  GATE[] '\5\5\, . |K} Q1
24 C4 b3
,\Qé\' R9 Cvi
CST R7 '||_”_D
L L
Fig. 12 65W PD Typical Application Circuit
Recommended BOM List
Designator Description Part Number Manufacturer
RS1, RS3 10 Q /0805 0805W8F100JT5E UNI-ROYAL
RS2 30k/0805 0805W8F3002T5E UNI-ROYAL
RS4 100k/0805 0805W8F1003T5E UNI-ROYAL
CS1, CS5 470uF/25V/Solid Cap 250ARHA471M08A2 APAQ
CS2 1nF/100V/X7R, 0805 CCO0805KRX7R0BB102 YAGEO
CS3 0.47uF/16V/XT7R, 0805 CCO0805KRX7R0BB474 YAGEO
Cs4 0.1uF/25VIX7R, 0805 CCO0805KRX7R0BB104 YAGEO
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Design Procedure
SR MOSFET Selection

The MOSFET selection is based on optimizing the RDSON
verus Gate Charge losses.

Below a certain level, the RDSON of the MOSFET doesn’t
directly reduce the conduction loss, because SY23425 uses a
loop that regulates the voltage drop in the forward direction to
around 33 mV across the drain-source terminals.

For optimal performance consider a mimimum of 30% SR
MSOFET conduction period at maximum load for optimal
performance.

For example, for a 65W converter, the peak current of the SR
MOSFET should be about 14A for 3.25A load current. To
achieve a control time corresponding to 30% duty cycle, the
Roson should be selected using the formula:

R > VDSfREG _ 33mV

> = ~7.86m
PN a2 X0.3 42A

For the MOSFET voltage rating, the maximum Vds should be
lower than breakdown derated voltage. For example, for the
65W converter example, the transformer turn ratio is 7 and the
derating coefficient K is 0.9.

Derating
The breakdown voltage of the MOSFET should be higher than
the value calculated using the formula below:

\Y/

Vv Nt AV 33y 410V

vV 5 YDS_MAX _ Nps _ 7 —70V
DS(BR) = K - K - 0.9 -

Derating Derating

A 100V/8mQ MOSFET is recommended for the above
requirements.

Other considerations for selecting the right MOSFET are:
overall efficiency, thermal performance, cost.

Snubber Selection

The Snubber components RS1 and CS1 are used to damp the

switching ringing caused by stray inductance Lg,, and

equivalent capacitance Cg, in the secondary switching loop.

The L

calculated considering the switching ringing period, based on
the formula:

suay Can be tested using a LCR meter. The Cg, can be

T? 50ns?

C., = i = =
B (2n)?xL (6.28)2 *100nH

634pF

Stray

Considering the Q of the circuit equal to 1, the snubber resistor
RS1 can be calculated using the formula:

L
Rug =4 [mom _ [LOONH 15 560
Q\Ce  \63%pF

A value of 10Qcan be selected in this case.

Ccs1 will influence the spike of VDS and thermal performance.
The recommended value for CCS1 is 1nF.

External Components Selection

When used in low-side configuration, the SY23425 uses two
power inputs. VIN pin is one of the supply channels, and a
reservoir capacitor, CS4, has to be connected close to this pin.

The recommended value and voltage rating for CS4 are:
0.1 F/25V.
The recommended value for RS3 is 10Q.

The recommended value and voltage rating for CS3 in most
applications are:

0.47uF/16V.

The REG pin is used to programm the falling slope reference.
The recommended value for corresponding to a falling slope
rate of 100 ns is 100k.

Layout Design

Follow the follwing PCB layout guidelines for optimal
performance and thermal dissipation:

Minimize the size of the switching loops: secondary power
loop, secondary RC snubber circuit loop and IC power supply
loop.

GND pin should be connected to the Source of the SR MOSFET
using a short trace.

DSEN pin should be connected to the Drain of the SR MOSFET
using a short connection.

To achieve better EMI and Efficiency performance, use a
decoupling capacitor between the output connector and the SR
MOSFET output.

To reduce ringing the parasitic inductance should be reduced by
optimizing the layout, and/or increasing the RC snubber.

CS

S+

RS

S-

RS3

SY 23425
RS2

CS3

Fig.13 PCB Layout suggestion
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SOT23-6 Package Outline & PCB layout
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Taping & Reel Specification

1. Taping orientation for packages (SOT23-6)

|—1 651,85

1.45/1.55
/

|

1

<

If + |
N/

2,97/3,37—=——]]

e

\_J .

(1011

(101101

|—+:~:_1n.'15t-|

Ejugs

g

=3 5004, 1 (-

Feeding direction ——»
2. Carrier Tape & Reel specification for packages

1,200,804

Package type Ta?r?]vr;/]adth Pocket pitch(mm) R(e;«;lcsr:ie Trailer length(mm) Lead(f:;n:(;ngth Q%epler
SOT23-6 8 A - 280 - 2000
14
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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
October 13, 2022 | Revision 0.9 Initial Release
DS SY?23425 Rev.1.0 15

© 2022 Silergy Corp. All Rights Reserved.



C ®
s:gf SY23425

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.  Termsand 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
©2022 Silergy Corp. All Rights Reserved.
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