S/IERGY

SA23004

5.5V, 4A Single Synchronous Buck Converter

General Description

The SA23004 synchronous buck converter has integrated
power MOSFETSs, an input voltage range of 2.8V to 5.5V,
a configurable output voltage from 0.6V to Vi, and a
maximum load current capability of 4A. Under light load
conditions, it can operate in either pulse width modulation
(PWM) mode or pulse frequency modulation (PFM) mode.
The soft-start time and 1.8MHz-3MHz switching
frequency can be adjusted using external components.

The SS/TR pin can be used to control the soft start time
or as an input for tracking and sequencing, which allows
the output voltage to follow the voltage applied at TR in
both directions (up and down) in forced PWM mode.

When required by the application, if an external clock
frequency is applied on the MODE_SYNC pin, the
switching frequency will be synchronized to the external
clock frequency and the device will operate in forced
PWM mode.

The SA23004 also provides power good indication,
undervoltage lockout (UVLO), short-circuit protection,
cycle-by-cycle current limit protection, and thermal
shutdown.

The SA23004 is available in a QFN 2mmx3mm-9 pin
package.

Key Features

e 2.8Vto 5.5V Input Voltage Range

*  Up to 4A Output Current

e  External Adjustable Output Voltage with +1.2%
Reference Voltage Accuracy

. 1uA Shutdown Current (Typical)

e 36 PA Quiescent Current (Typical)

e Adjustable Switching Frequency of 1.8MHz to
3MHz

e PWM or PFM Operation Selectable in Light Load

e Adjustable Soft-Start Time

*  100% Duty-Cycle for Lowest Dropout

e Optional Frequency Spread Spectrum

*  Cycle-by-Cycle Current Limit Protection

*  Hiccup Mode Short-Circuit Protection

e  Power Good Indicator

e Thermal Shutdown

e Compact QFN2x3-9 Package

e Automotive AEC-Q100 Grade 1 Certified

Applications
* Digital Cockpit
*  Advanced Driver Assistance System (ADAS)
e Surround View ECU

Other Automotive Electronic Equipment

Typical Application Circuit

Efficiency vs Output Current
(Vour=3.3V, Fs=2.4MHz, PFM, L=0.22uH (VCHA042A-R22MS6))
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Figure 1. Schematic Diagram Figure 2. Efficiency vs Output Current
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Ordering Information Pinout (top view)
Ordering R R
Part Number PaCka’ge Type Top Mark H— I H
QFN2x3-9 EN|; 8 7 1| FSET
SA23004XHQ RoHS-Compliant and Halogen- HGQxyz i !
Free L E— ‘ ] H
x = year code, y = week code, z = lot number code PG ,!,,,,9,,,) 6' SSITR
| |
Moo= 1@, VN sw GNC 5 i|FB
[ 2 3 4 A
(QFN2x3-9)
Pin Description
Pin No Pin Name Pin Description
Mode control and frequency synchronization pin. Under light load conditions, the device
is in forced CCM mode when the pin is pulled high and in PFM mode when this pin is
1 MODE_SYNC oo .
pulled low. The switching frequency can also be synchronized to an external clock
applied to this pin. There is no internal pulldown resistor. Do not leave this pin floating.
2 VIN Power input pin.
3 SW Switching node.
4 GND Ground.
5 FB Output voltage feedback pin. The output voltage reference is 0.6V.
This is a dual-purpose pin.
SS: Soft-start time control pin. Connect this pin to GND with a ceramic capacitor to
6 SS/TR define the output voltage rise time.
TR: Tracking and sequencing. Allows output voltage to follow the voltage applied at this
pin in both directions (up and down) in forced PWM mode.
Switching frequency, compensation of the control loop, and internal clock frequency
7 FSET modulation configuration pin. Connect this pin to GND with a resistor to configure these
parameters. There is no internal pulldown resistor. Do not leave this pin floating.
8 EN Device enable pin. There is no internal pulldown resistor. Do not leave this pin floating.
9 PG Power good pin. Open-drain output. A pull-up resistor is required (100kQ, for example).
Can be connected to GND or left floating if not used.
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Block Diagram
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Figure 3. Functional Block Diagram

Absolute Maximum Ratings

GND

Parameter (Note 1) Min Max Unit
VIN, SW -0.3 6.5
MODE_SYNC, FB, SS/TR, FSET, EN, PG -0.3 VIN + 0.3 Vv
Dynamic SW to GND voltage in 10ns Duration -3 VIN + 2
Dynamic SW to GND voltage in 20ns Duration -3 VIN + 1.5
Junction Temperature, Operating -40 150

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

ESD Susceptibility

HBM (Human Body Mode) 2000 Vv
CDM (Charge Device Mode) All pins 500
Thermal Information

Parameter (Note 2) Typ Unit
8. Junction-to-Ambient Thermal Resistance 39

838 Junction-to-Board Thermal Resistance 18 SC/W
Buc_top Junction-to-Case (top) Thermal Resistance 16

Y,7 Junction-to-Top Characterization Parameter 0.9

Po Power Dissipation Ta = 25°C 3.2 W
Recommended Operating Conditions

Parameter (Note 3) Min Max Unit
VIN, SW 2.8 5.5 V
Ambient Temperature -40 125 oC
Junction Temperature -40 150
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Electrical Characteristics

(Vin=5V, Ven=3.3V, Ts=-40°C to +125°C. Typical values are at Ts= 25°C, unless otherwise specified. The values are
guaranteed by test, design, or statistical correlation. (Note 4))

© 2024 Silergy Corp.

Parameter Symbol Test Conditions Min | Typ | Max Unit
UVLO Rising Threshold | Vuvio r 2.6 2.7 2.8 \%
UVLO Falling Threshold | Vuvio_r 245 | 255 | 2.65 Y
VIN Shut Down Current Isp EN =0V, T, =25°C 1 2 MA
Shut Down Current Isp EN =0V, T;=125°C 10 30 MA
Quiescent Current lo EN = VIN, no load, PFM 36 80 MA
EN Logic High
Threshold VEN_H 1.05 11 1.15 Y
EN EN Logic Low
Threshold VEN_L 0.96 1.0 1.05 Y
Switching Frequency fsw 1.8 3 MHz
Switching Frequency Yofsw 15 15 %
Accuracy
Frequency Tolerance fsw FSET pin tied to GND 2 2.35 2.7 MHz
Power Stage i i
g High Side MOSFET Rps(on)_Hs Vin = 5V 28 45 mQ
Rbs(on)
Low Side MOSFET Rps(©on)_Ls Vin = 5V 10 18 mQ
Rbs(on)
Discharge Resistance RbiscHARGE 20 35 60 Q
Output Feedback
Reference VRer 600 mV
Output Feedback o oo i o
FB Reference Accuracy /Vrer T=25°C ! 1 &
Output Feedback o o o i o
Reference Accuracy %0V REF 40°C £ Ty=125°C 1.2 1.2 %
Soft-Start Time tss SS pin open 70 150 300 us
ss Soft-Start Current Iss 8.5 105 | 125 MA
Soft-Start Discharge _
Resistor Robis_ss EN=0 0.7 1.1 1.5 kQ
Synchronization Clock
High Level Pulse Width foN_ i (Note 4) 100 ns
Synchronization Clock
MODE_SYN | Low Level Pulse Width | ©FF-¥N (Note 4) 100 ns
C Sync Frequency SYNC Frequency = 1.1x fsw 1.8 3 MHz
Logic High Threshold VH 1.2 \%
Logic Low Threshold Vi 0.4 \%
Resistance from FSET to
Logic Low Threshold RreseT_L GND, internal frequency 0 2 kQ
FSET (2.35MH2) is used
Logic High Threshold | Reser s :Qtjégg' frequency (2.35MHz) |, kQ
Falling (Fault) Voltage VpGTH_FF Vs as percent of Vrer 87 90 93 %VRrer
PG Rising (Good) Voltage VPGTH_RG Vs as percent of Vrer 92 95 98 %VRrer
Rising (Fault) Voltage VPGTH_RF Vs as percent of Vrer 107 110 113 | %Vrer
Falling (Good) Voltage | VreTH_FG Vs as percent of Vrer 104 107 110 | %Vrer
Thermal Thermal Shutdown o
Shutdown | Threshold Tso 150 | 165 | 180 | °C
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Thermal Shutdown o
Hysteresis TspHys 10 15 20 C
Peak Current Limit lumiT_p 5.7 7.2 8.5 A
Valley Foldback Current
Current Limit | Limit 4.2 5.8 7.1 A
Negative Valley Current
Limit lumi_y 2 3 4 A
-Ci i 0,
Short-Circuit :Eort g!rcu!t ;hreshold Vscp Vs as percent of Vrer 20 30 40 YoV REF
Protection Tin?g' CUILRESPONSE 1 tocr VIN = 5V 5 10 | 20 us

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: 8;a is measured in natural convection at Ta = 25°C on a 20z four-layer Silergy evaluation board. The case
temperature B;c is measured at pin 3.

Note 3: The device is not guaranteed to function outside its operating conditions.

Note 4: Unless otherwise stated, limits are 100% production tested under pulsed load conditions, such that T, = T; = 25°C.
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 and not production tested.
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Typical Performance Characteristics
(Ta=25°C, Vin =5V, Vour =1.1V, L = 0.22uH, Cout = 22uFx3, unless otherwise noted)

Efficiency vs Output Current

Efficiency vs Output Current
(Vour=1.8V, Fs=2.4MHz, PFM, L=0.22uH (VCHA042A-R22MS6))

(Vour=1.1V, Fs=2.4MHz, PFM, L=0.22uH (VCHA042A-R22MS6))
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Startup from Enable
(Vn=5V, Vour=1.1V, loyr=4A)
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Bode Plot Bode Plot
(Vin =5V, Vour = 1.1V, loyr = 4A) (Vi =5V, Vour = 1.8V, loyr = 4A)
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Detailed Description

The SA23004 synchronous buck converter has built-in
power MOSFETS, an input voltage range of 2.8V to 5.5V,
a configurable output voltage from 0.6V to Vin, and a
maximum load current capability of 4A. Under light load
conditions, it can operate in PWM mode or PFM mode.
The soft-start time and 1.8MHz-3MHz switching
frequency can be adjusted using external components.
The SA23004 also provides power good indication, UVLO,
short-circuit protection, cycle-by-cycle current limit
protection, and thermal shutdown.

FSET
The FSET pin can independently configure the following
parameters:

¢ Switching frequency (1.8MHz to 3MHz, adjustable in
PWM mode)

¢ Internal compensation of control loop (two settings
available)

* Frequency Spread Spectrum (7.5k modulation
frequency and £5% modulation amplitude)

Connect the FSET pin to GND with a resistor to configure
the switching frequency and the control loop
compensation. The switching frequency, which the user
can adjust during operation, must be selected to meet the
minimum on-time (typical 85ns/maximum 125ns) and
minimum off-time (typical 100ns/maximum 150ns), based
on the input and output voltages. The compensation
selection, which is sampled and latched at converter
startup, must balance the values of output capacitance
with dynamic performance requirements.

To reduce external components, the FSET pin can also
be directly tied to VIN or GND to set a predefined
switching frequency or compensation. The minimum
parasitic capacitance on FSET is beneficial for switching-
frequency stability, which requires the resistor to be
placed close to this pin. There is no internal pulldown
resistor. Do not leave FSET floating.

MODE_SYNC

The MODE_SYNC pin combines mode control and
frequency synchronization. Under light load conditions,
the SA23004 operates in PFM mode when the
MODE_SYNC pin is set low, and operates in forced PWM
mode when the MODE_SYNC pin is set high. If an
external clock frequency is applied on the MODE_SYNC
pin, the switching frequency will be synchronized to the
external clock frequency and the device will operate in
forced PWM mode. The external frequency must be
selected in the frequency range 1.8 MHz to 3MHz, and it
must meet the specifications for the minimum on-time
(85ns typical) and minimum off-time (100ns typical).

To ensure device performance and successful
synchronization, the external clock frequency must be at
least 1.1 times larger than the internal oscillator clock set
by Rrs, as shown in the following formula:

f clock 21'1X fSW

external _
Otherwise, the SA23004 will fail to synchronize with the
external clock. Also, the external clock minimum on-time
and minimum off-time must be greater than 100ns. When
there is no resistor from FSET to GND, but the pin is
pulled high or low, external synchronization is not possible.

Enable and Power Sequencing

The EN pin acts as the enable control input. The EN
comparator has an accurate 1.1V rising threshold with
0.1V hysteresis. Pull EN high to enable the internal
reference and the analog circuits. Soft-start is then
activated, and the output voltage is ramped up. Pull EN
low to turn off the device. To prevent power from cycling
improperly due to disturbances on the EN pin, the device
starts switching after a delay of approximately 250us
when EN is set high, and stops switching after a delay of
about 3us when EN is set low. Furthermore, the chip will
stop switching when VIN voltage is above 7.1V (min 6.8V,
max 7.4V) with 0.3V hysteresis voltage, even if the EN pin
is high. See Figure 4.

. . Ven 7‘ ~VEn_H Ven -4 ~F-Ven_n
Table 1. Compensation Settings
. Switching Spread Vin Vowo.r|
compensation | Res | proquency | Spectrum | 9V mous V" oo - oo
. 6k- _18MHz-kQ Ves ™ 0 R/
Setting 1 10K "= TR k) No Low i N
. 20k- _ 60MHz-kQ 167", A
Setting 2 33k o =R @) Yes Low Vo
, 60k- _180MHz-kQ . Figure 4. Enable ON/OFF Sequence
Setting 3 100k fow = R () No High
Tied Fixed SS
Setting 4 to No Low The SS/TR pin can be used as an external interface for
2.35MHz . L .
GND the internal soft-start circuitry. SS is used to control the
Tied ) output voltage slope during startup to avoid excessive
. Fixed . ; ;
Setting 5 to Yes High inrush current, prevent unwanted voltage drop from high
2.35MHz .
VIN impedance power sources, and ensure a controlled
output voltage rise time. The internal reference rises with
DS_SA23004 Rev.1.0 Silergy Corp. Confidential- Prepared for Customer Use Only 9
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a slope controlled by an external capacitor, which is
connected from the SS pin to GND and charged with
10.5pA by an internal current source. Leave the SS pin
open for the fastest startup ramp (150us typical). The
capacitance required to set a given ramp time (tramp) can
be determined using the following equation:

C.. =10.5UA-tg e (MS) /1V

TR

The SS/TR pin can also be used as an input for tracking
and sequencing, which allows the output voltage to follow
the voltage applied at TR in both directions (up and down)
in forced PWM mode. This requires the voltage applied at
TR to be below the feedback voltage (0.6V). If the voltage
on TR is above the feedback voltage, the internal
reference is clamped to 0.6V and the output voltage no
longer varies with TR pin voltage.

Power Good

The SA23004 provides an external PG pin for power good
indication. PG is an open-drain output, which should be
connected to VIN or another voltage source through a
resistor (e.g. 100kQ).

When VIN voltage rises until the internal initial power is
ready, the PG internal MOSFET is turned on so that PG
is actively driven low. After soft-start is complete and the
feedback voltage Vrs rises above 95% of Vrer (rising
edge) and stays below 107% of Vrer (falling edge), PG is
set to high-impedance state after a delay time of 15us
(typical). When Vs drops to 90% of Vrer (falling edge), or
rises above 110% of Vrer (rising edge), PG is driven low
after a delay time of 35us (typical). When EN is set low,
PG is driven low after a delay time of 3us (typical),
whether Ves drops to 90% of Vrer or not. See Figure 5.

Ven 7 Ven
Vin
_
SS done . . 110%Vrer /\ 107%VRer
Ves / 90%Vger ; < / i” 95%VRer | |
—
1.67*tramp
Vpe i i ! !

Figure 5. Power Good Logic

Fault Protection Modes

Current Limit Protection

The SA23004 features cycle-by-cycle current limit
protection. When the peak current exceeds the limit
threshold, the device will turn off the power switch for the
remainder of the cycle. If the peak current limit is detected
for three consecutive cycles, the valley current limit
threshold will fold back to 80% of the original value. See
Figure 6.

Increase load current

Peak current limit
|. .
limit A J

,ﬁ“ AN

=

Valley current limit

Figure 6. Cycle-by-Cycle Current Limit

Short-Circuit Protection

The SA23004 provides output short-circuit protection to
prevent power MOSFET damage. When the output
voltage drops below the short-circuit threshold, after the
initial short-circuit blanking time tsce, the device will
remain off for the hiccup time (7 x SS time) and then
proceed through the soft-start tss. See Figure 7.

H Voo =

Vin a
| Short output voltage

SCP detected

Short circuit removal
Hic-cup time

v 7+SS time
Vre | . )

Figure 7. Short Circuit Protection

Over Temperature Protection

The SA23004 enters thermal shutdown when the junction
temperature exceeds 165°C (typical). In this mode, the
high side switch and low side switch are turned off. When
the junction temperature falls below 150°C (typical), the
buck will be re-enabled automatically. See Figure 8.

/ “Vuwio_r

VIN
165C
Temp.

Vpe

Figure 8. Overtemperature Protection

Application Information

Feedback Resistor Divider Rtor and Rsor

Choose Rror and Rsor to program the proper output
voltage. Choose larger resistor values for both Rrop and
Reot to minimize the power consumption under light loads.
Choose lower resistor values for a more robust design
and to suppress high frequency noise. A value between

DS_SA23004 Rev.1.0
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10kQ and 100kQ is highly recommended for both
resistors.

The output voltage can be configured using the following
equation:

Voul

RTO P f— CFF

Vour =@+ e IxVig Vs
BOT

RBOT

where Ves has a value of 0.6V (typical). )

Output Inductor L
Consider the following when choosing this inductor.

1) Choose the inductance to provide the desired ripple
current that is approximately 40% of the maximum
output current. The recommended inductance is
calculated as follows:

Vour XA-Vour /VIN_MAX)

0
fSW X IOUT_MAX x40%

where fsw is the switching frequency and lout_wmax is
the maximum load current.

2) The SA23004 has high tolerance for ripple current
amplitude variation. As a result, the final choice of
inductance can vary slightly from the calculated value
with no significant performance impact.

3) The inductor’s saturation current rating must be
greater than the peak inductor current under full load:

Vour X @-Voyr /VIN_MAX)

| > | +
SAT _MIN OUT _MAX
- - 2f, xL

4) The DCR of the inductor and the core loss at the
switching frequency must be low enough to achieve
the desired efficiency requirement. Choose an
inductor with smaller DCR to achieve good overall
efficiency.

Input Capacitor Ci
The ripple current through the input capacitor is calculated
as follows:

ICIN_RMS = IOUT_MAX X\/ Dx(l' D)

The capacitance of input capacitor is calculated as follows:

IOUT ><VOUT X (VIN -VOUT)

CIN = 2
AV, x fop, X113V

where AV\n is maximum allowed input voltage ripple.

For reliable operation, place typical X7R or better grade
ceramic capacitors close to the VIN and GND pins.
Minimize the loop area formed by Cin and the VIN/GND
pins. For most applications, three 10uF ceramic
capacitors are recommended, and a 1uF 0402 low ESR
capacitor placed closest to the chip is highly
recommended.

Output Capacitor Cout
Select the output capacitor Cout to handle the output
ripple requirements.

For applications where the design must meet stringent
ripple requirements, the following considerations must be
followed:

The output voltage ripple at the switching frequency is
caused by the inductor current ripple (AlL) on the output
capacitor's ESR (ESR ripple), as well as the stored
charge (capacitive ripple). When calculating total ripple,
consider both.

VRIPPLE,ESR =Al xESR

Al,

VRIPPLE,CAP = 8xC f
XLout X Tsw

The measured capacitive ripple may be higher than the
calculated value because the effective capacitance for
ceramic capacitors decreases with the voltage across
their terminals. The voltage derating is usually included as
a chart in the capacitor datasheet, and the ripple can be
recalculated after taking the target output voltage into
account. The recommended minimum output capacitance
values for typical applications are provided below, based
on the Vout selected.

It is recommended to use X7R or better grade ceramic
capacitors. The recommended output capacitance values
and configuration depends on the FSET pin configuration
resistance and output voltage. Recommended values can
be found in the Recommended Values for Typical
Applications paragraph.

Load Transient Considerations

To improve transient performance, a feed-forward
capacitor Crr with a value of 47 pF is recommended for
most applications.

DS_SA23004 Rev.1.0
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Application Schematic (Vour=1.1v, fsw = 2.4MHz)
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9 SYNC —
6 7 —
. I SSITR FSET Al
L =
BOM List
Reference Designator Description Part Number Manufacturer
Cint E-cap 47yuF, 10V Panasonic
Cinz2, Cing, Cing Cap 10uF, 6.3V, 0603 GCM188D70J106ME36D Murata
Cins Cap 1uF, 10V, 0402 GCM155C71A105KE38D Murata
Css Cap 15nF, 50V, 0603 GCM188L81H153KA37D Murata
Crr Cap 47pF, 50V, 0603 GCM1885G1H470FA16D Murata
Cour1, Courz, Couts Cap 22uF, 6.3V, 1206 GCM31CR70J226ME23L Murata
Rec Res 100kQ, 0603 YAGEO
Rrs Res 7.5kQ, 0603 YAGEO
Rrop Res 39.2kQ, 0603 YAGEO
Rsot Res 47kQ, 0603 YAGEO
L Inductor 0.22pH VCHAO042A-R22MS6 Cyntec
U1 Silergy 4A Regulator Silergy
Coura NC

Recommended Component Values for Typical Applications

VOUTM RTop (kQ) RBOT (kQ) C|:|: (pF) L (IJ.H) COUT (gM is |0W) COUT (gM is high)

0.6 0 NC NC 0.22 22uF x 4, 6.3V, 1206, X7R | 22pF x 5, 6.3V, 1206, X7R
0.8 10 30 47 0.22 22uF x 4, 6.3V, 1206, X7R | 22pF x5, 6.3V, 1206, X7R
0.9 15 30 47 0.22 22uF x 4, 6.3V, 1206, X7R | 22uF x 5, 6.3V, 1206, X7R

1 20 30 47 0.22 22uF x 4, 6.3V, 1206, X7R | 22uF x 5, 6.3V, 1206, X7R
11 39.2 a7 47 0.22 22uF x 3, 6.3V, 1206, X7R | 22uF x 4, 6.3V, 1206, X7R
1.2 47 47 47 0.22 22uF x 3, 6.3V, 1206, X7R | 22uF x 4, 6.3V, 1206, X7R
15 30 20 47 0.22 22uF x 3, 6.3V, 1206, X7R | 22pF x 4, 6.3V, 1206, X7R
1.8 30 15 47 0.22 22uF x 3, 6.3V, 1206, X7R | 22uF x 4, 6.3V, 1206, X7R
2.5 47.5 15 47 0.22 22uF x 3, 6.3V, 1206, X7R | 22uF x 4, 6.3V, 1206, X7R
3.3 88.7 19.6 47 0.22 22uF x 3, 6.3V, 1206, X7R | 22uF x 4, 6.3V, 1206, X7R

(*)See Table 1 for gm settings
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Layout Design

Follow

SA23004

these PCB layout guidelines for optimal

performance:

To achieve the best thermal and noise performance,
maximize the PCB copper area connected to the GND
pin. Using a separate layer as a ground plane is highly
recommended.

Place the input capacitors on the left side of the IC, as
close as possible, between the VIN and GND pins. A
1pF 0402 low ESR capacitor Cin2 placed near the IC
is highly recommended. See Figure 9.

Minimize the PCB copper area associated with the SW
pin to reduce EMI.

To reduce noise, place the feedback components Rrop
and Rsot close to the IC and not adjacent to the SW
net. The trace connecting to the FB pin must be as
short as possible, and the GND of Resor must not be
adjacent to the GND of the VIN capacitor.

- Bottom layer

Figure 9. Layout Design Suggestion
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SILERGY SA23004

QFN2x3-9 Package Outline Drawing
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Front View Recommended PCB Layout
(Reference Only)

Note: All dimensions are in millimeters and exclude mold flash and metal burr.
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Tape and Reel Specification

QFN2x3-9 Tape Orientation

—1.85/1.85 |03 91:--'4.’c~—| 140
2 2.2012.40————j
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L | 7.90/8.10 | 3.10/3.40— Fﬂ
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Feeding direction —

Carrier Reel Specification

QFN2x3-9 12 8 13" 400 400 5000
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Revision History

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

Date Revision Change Pages changed

Sep.05, 2024 | Revision 1.0 Initial Release -
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SILERGY SA23004

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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