SA22307

High Efficiency, 36V Input

Single Inductor Synchronous Step Up/Down Regulator

S/IERGY

General Description

The SA22307 is a high voltage synchronous Buck-
Boost converter. The device operates over a wide
input voltage range from 4V to 36V. The SA22307
offers two operational modes, PSM and FCCM,
under light load condition. The four-integrated low
Ros(on) switches minimize the conduction loss.

The SA22307 features external soft-start, enable
control, open drain power good indicator and 1uA
shutdown current. The SA22307 also includes full
protection features, such as output over current limit
protection, short circuit protection, over voltage
protection and thermal shutdown for reliable
operating.

The device is available in compact QFN5>5-30
package.

Ordering Information

SA22307 CI(O )OO
L Temperature Code
Package Code
Optional Spéc Code

Features

e 4V to 36V Input Voltage Range
e 3V to 20V Output Voltage Range
e Low Rps(ony for Internal Switches: 35mQ
e  External Soft-start Limits the Inrush Current
e  1uA shutdowncCurrent
e  7A Internal)Switch Peak Current Capability
e  Programmable Frequency 200kHz~600kHz
o  1:0V*2% Reference over -40<C to 125<C
e  Light Load Operating Mode Selection:
PSM or FCCM
e  Power Good Indicator
e  Hic-cup Mode for Output Short-circuit Protection
e  Output Over Current Protection
e  Thermal Shutdown with Auto Recovery
e  Compact Package: QFN5>5-30
e  Automotive AEC- Q100 Grade 1 Qualified

Applications

e  Automotive
. Infotainment

Ordering Number | Package type Note
SA22307TVA QFN5>5-30 . High-Voltage DC-DC Converters
Typical Application
Efficiency vs. Output Current
(PSM, L=2.2uH/PCMB104T2R2MS)
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Figurel. Typical Schematic Diagram

Figure2. Efficiency vs. Output Current
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Pinout (Top View)
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Top Mark: CBKxyz (Device code: CBKXx=year code, y=week code, z= lot number code)

Pin Name | Pin Number Description
IN 1,2,3,4 Power input pin, decouple this pin to GND with at least a 10puF ceramic capacitor.
LX1 5,28,29 Switching node 1.
EN 6 Enable control. Pull high to enable the device, pull low to disable the device. Do not
leave this pin floating.
Sync input or operating mode selection under light load. If connected to GND or
open, PSM (Power Saving Mode) operation is enabled. If connected to VCC or
SYNC T
7 external clock, force-PWM operation is enabled. When connected to an external
/MODE ) . . 7
clock, the internal oscillator synchronizes to the external clock. This pin has an
internal LMQ pull down resistor.
NC 8 No connection, tie directly to the GND pin or leave it floating.
sS 9 Soft-start pin. Connect a capacitor from this pin to GND to program the soft-start time.
Leave this pin open for default 1.6ms soft-start.
Es 10 Frequency setting pin. Connect a resistor from this pin to GND to program the
switching frequency between 200kHz to 600kHz.
vice 1 Internal 3.3V bias supply. Decouple this pin to GND with a minimum of 1uF ceramic
capacitor.
12, 26, 27, .
GND Exposed Pad Ground pin.
FB 13 Output feedback pin. Connect this pin to the center point of the output resistor divider
to adjust the Vout Voltage: VOUTZVREF><(1+R|:|31/R|:BQ)
COMP 14 Compensation pin. Connect RC network between this pin and ground.
Negative input of average current sense amplifier. Short to ISP and then connect to
ISN 15 O
OUT if it is not used.
Positive input of average current sense amplifier. Short to ISN and then connect to
ISP 16 e
OUT if it is not used.
PG 17 Power good indicator. Open drain output. Externally pulled high when the output

voltage is above 93% of regulation voltage. Pulled low otherwise.
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Pin Name | Pin Number Description
LX2 18,24,25 Switching node 2.

ouT 19,20,21,22 | Power output pin. Decouple this pin to GND with at least a 10uF ceramic capacitor.

BS? 23 Boot-strap pin. Supply high side gate driver. Connect a 0.1uF ceramic capacitor
between this pin and the LX2 pin.

Boot-strap pin. Supply high side gate driver. Connect a 0.1uF ceramic capacitor

BS1 30 between this pin and the LX1 pin.

Block Diagram
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Absolute Maximum Ratings (Note 1)

IN, LX1 -0.3V to 40V
OUT, LX2, ISP, ISN -0.3V to 28V
EN, PG, SYNC/MODE - mmmm oo o oo oo oo e oo e oo e e e oo -0.3V to 36V
COMP, VCC, SS, FB, FS -0.3V to 4V
BS-LX -0.3V to 4V
Power Dissipation, PD @ Ta = 25<C, QFN5>5-30 3.5W
Package Thermal Resistance (Note 2)

0 28TIW

0 1 2.8TIW
Junction Temperature Range -40<C to 150C
Lead Temperature (Soldering, 10 sec.) 260<C
Storage Temperature Range -65C to 150C
Recommended Operating Conditions (ote3)
Input Voltage Range -- 4V to 36V
Output Voltage Range -- 3V to 20V
Ambient Temperature Range -40C to 125<C

Electrical Characteristics
(Vin =12V, T; = -40T to +125<C, Typical values-areat T,=25<C, unless otherwise specified, the values are

guaranteed by test design or statistical correlation

Parameter Symbal Test Conditions Min | Typ | Max | Unit
Input Voltage Range VN 4 36 V
Input UVLO Threshold Vivio 3.3 3.9 V
Input UVLO Hysteresis Viys 0.3 V
LDO Output Voltage Vibo Vin=12V, No Load 3.18 | 3.3 | 34 V
LDO Output Current Limit lLmT,LDO 30 70 | 130 mA
Quiescent Current lo No switching 200 | 260 A
EN=0,T;=25<T 1 2 LA
Shutdown Current Istpn EN=0. T, = 40<C {0 125C 5 LA
T, =25<C, internal reference 099| 1 |1.01 \Y
Feedback ReferenceVoltage VRer _TJ =-40Cto 125<T, 098 1 102 v
internal reference
FB Input Current Ik V=3V -50 50 nA
Internal FET=Ron RDS(ON) 35 60 mQ
Peak Inddctor' Current Limitation | lpk vt 6 7 8.5 A
Ilf?r\rlﬁtrasgon Inductor Current Inea Force-PWM P a5 A
Zerg €urrent Detection Threshold | Izero PSM 500 mA
ENJRising Threshold VENR 1.1 | 1.2 | 1.3 \%
EN Falling Threshold VENF 08 | 0.9 1 \%
Internal Soft-start Time tss SS pin floating 0.7 | 16 | 3.2 ms
Soft-start Charging Current Iss 4 5 6 pA
Soft-start Done Threshold Vss 1 V
g‘;"r:gg“”g Frequency Program | ¢ we | Res=83.3k~250k 200 600 | KHz
Switching  Frequency  Setting fow Res=100kQ 430 | 500 | 570 KHz
Accuracy
Minimum ON Time ton,MIN (Note 4) 120 | 150 ns
Minimum OFF Time torE,MIN (Note 4) 80 | 120 ns
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Parameter Symbol Test Conditions Min | Typ | Max | Unit
Clock Sync Input Voltage High VsyNCH 1.5 \Y
Clock Sync Input Voltage Low VsvyneL 0.8 \Y
Clock Sync Input Duty Dcik 20 80 %
Vg falling, PG from high to low 87 | 91 94 | %Vger
Power Good Threshold Vee Vs rising, PG from low to high 90 | 93 | 97 | %Veer
. troR Low to high (Note 4) 200 LB
Power Good Delay Time oo r High to low (Note 4) 20 5
Power Good Output Low Vee,L lpc=2mA 0.3 \Y
OUT Pin Over Voltage Protection
Threshold Vourover 22 26 v
_(I?#:ssugogver Voltage Protection Vouroves | Vrs rising 115 | 120 | 125 | %Vrer
Output OVP Delay tove,DLY (Note 4) 15 83
Output Under Voltage Protection . %\
Threshold Vuve Vs falling 40 | 50 60 REF
Output UVP Delay tuve,DLY (Note 4) 200 83
Thermal Shutdown Temperature | Tsp 150 | 160 | 170 <
Thermal Shutdown Hysteresis Thys 15 <
Average  Current  Regulation
Rangeg g Vise — Visn 48 | 55 | 62 | mv

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 jis not implied. Exposure to absolute maximum rating conditions for
extended periods may affect device reliability.

Note 2: 0 ;4 is measured in the natural convection at Ta = 25<C on a four-layer Silergy Evaluation Board.

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

Note 4: Based on simulatienwresult.

SA22307 Rev1.0
© 2024 Silergy Corp.

Silergy Corp. Confidential- Prepared for Customer Use Only

5

All Rights Reserved.




®

S/LERGY

SA22307

Typical Performance Characteristics
(fsw=500kHz, Ta=25<C)

Efficiency vs. Output Current
(PSM, L=2.2uH/PCMB104T2R2MYS)

Efficiency vs. Output Current
FCCM, L=2.2uH/PCMB104T2R2MS)
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Startup from Vg Shutdown from Vy
(Vn=20V, Vour=12V, Riom=6Q) (Vin=20V, Vour=12V, RLoa=6Q)
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Output Ripple Output Ripple
(Vn=20V, Vour=12V, loyr= 0A, FCCM) (Vn=20V, Vour=12V, loyr= 0A, PSM)
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Short Circuit Protection
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Application Information

Input Under-voltage Lock-out

To prevent operation before all internal circuitry is ready
and to ensure that the power and synchronous rectifier
switches may be sufficiently enhanced, the IC
incorporates input under-voltage lock-out (UVLO)
protection. The device remains in a low current state and
all switching is inhibited until Vin exceeds VuvLo, the
input UVLO (rising) threshold. At that time, if EN is
enabled, the device will start-up by initiating a soft-start
ramp. If Vinfalls below Vuvio less the UVLO hysteresis,
switching will be suppressed again.

Enable Control

The EN input is a high-voltage capable input with logic-
compatible threshold. When EN is driven above 1.3V
normal device operation will be enabled. When driven <
0.8V the device will be shut down, reducing input current
to typical 1pA. In applications where EN is pulled high to
the power input Vin, a 10kQ to 100kQ resistor should bé
added between power input and EN.

Soft-start
The SA22307 provides an external soft-start pin to
smoothly ramp the output to the desired voltage whenever
the device enabled. The soft-start /time” can be
programmed by external capacitor connected’between SS
pin and GND, as given in equation (1).

v

SuA
Leave SS pin open for defaultd.6ms soft-start.

t (Ms)=C (NF) x 1)

External Bootstrap Capaeitor Connection

This device integrates.@floating power supply for the gate
driver that operates(the high-side power switch. Proper
operation requires‘a 200nF low ESR ceramic capacitor to
be connected between BS1 and LX1, BS2 and LX2. This
bootstrap capaeitor provides the gate driver supply voltage
for the high-side N-channel power MOSFET switch.

BS1
Ces1
100nF

LX1

Fig. 3. External Bootstrap Capacitor Connection

VCC Linear Requlator

An internal 3.3V linear regulator (VCC) provides the
power supply for the internal gate drivers, PWM logic,
analog circuitry, and other blocks. Connect a minimum of
1uF low ESR ceramic capacitor from VCC to GND.

VCC
I 1pF
Fig. 4. VCC Regulator

Feedback Resistor Selection

Choose R1 and R2 to_program the proper output voltage.
To minimize the péwer,consumption under light loads, it
is desirable to choose“large resistance values for both R1
and R2. A value of between 10kQ and 100kQ is highly
recommendéd-_for both resistors. The output voltage
VOUT is programmed by external voltage divider with
the 1V internal voltage reference as given in equation (2).

+
R,*R, @)

Vg, =1V x

Fig. 5. Vout Programming

Light L oad Operation Mode

PSM or force-PWM light load operation is selected by
SYNC/MODE pin. Pull SYNC/MODE pin low or floating
for PSM operation, and connect this pin to VCC or
external clock for force-PWM operation.

Adjustable Switching Frequency and
Synchronization

The FS pin can be used to set the switching frequency of
the device by connecting a resistor Res between this pin
and GND. The switching frequency is programmable from
200kHz to 600kHz, as given in equation (3). The
switching frequency can also be synchronized to external
clock by applying a clock signal to the SYNC/MODE pin.

£, (kH2)= RSO(()ISS) )

Peak Inductor Current Limit

The device incorporates a cycle-by-cycle peak current
limit. Inductor current is measured in SW1 when it is on.
If the current exceeds the current limit, both SW1 and
SWa3 turn off, and SW2 and SW4 turn on.

Reverse Inductor Current Limit

The device incorporates reverse inductor current limit
under force-PWM mode. Inductor current is measured in
SW4 when it is on. If the reverse current exceeds the
current limit, SW4 turn off, and SW3 turn on.

SA22307 Rev1.0
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Average Output Current Limit

The SA22307 provides output current limit function by
sensing the voltage drop between ISP and ISN pins (as
shown in fig.1). The value of the limit voltage between the
ISP and the ISN pins is 55mV. The current sense resistor
(Rsense) between the ISP and ISN pins should be selected
to ensure that the output current limit is set high enough
for output. The output current limit setting resistor is
given by Equation (4). Short the ISP to the ISN and then
connect to OUT pin if this function is not used.

R _ VLIM_SENSE 4
SENSE — | 4)
OUT_LIMIT

Where Vim sense IS the current limit setting voltage
between the ISP and ISN pins. lout Limit is the desired
output current limit.

Short-circuit Protection

If Vour < 50% of the set-point continuously for
approximately 200s, the short-circuit protection mode
will be initiated, and the device will shut down for
about 2.6s. The device will then restart and keep
working for about 2.4ms. If the short circuit condition
remains, another ‘hiccup’ cycle of shutdown and restart
will continue indefinitely.

Vour Shutdown
2.6s short removed
> Retry i
50%*Vser 2.4ms

Tnnn_ nnonn

Fig. 6. Description of Shart=circuit Protection

LA

Output Over-voltage Protection (OVP)

This device includes.“eutput over-voltage protection
(OVP). If the output voltage rises above the feedback
regulation level, SSW1 and SW3 turn off and the
synchronous réctifier turns on. If the output voltage
remains highthe* SW2 and SW4 remain on until the
inductor current reaches zero. If the output voltage
continues to rise and exceeds the output over- voltage
threshold for more the 15us, the output over-voltage
proteetion mode is triggered. The device resumes
regulation once the overvoltage condition is removed.

Over-temperature Protection (OTP)

SA22307 includes over-temperature protection (OTP)
circuitry to prevent over heating due to excessive power
dissipation. This will shut down switching operation when
the junction temperature exceeds 160<C. Once the
junction temperature cools down by approximately 15<C
the IC will resume normal operation after a complete soft-
start cycle. For continuous operation, provide adequate
cooling so that the junction temperature does not exceed
the OTP threshold.

Loop Compensation

The SA22307 incorporates average current control
scheme. The inner current loop uses internal
compensation. The outer loop, voltage loop, is
compensated with external components.

The IC operates in buck mode or boost mode. Therefore,
both buck and boost operating modes require loop
compensations. The restrictive one of both compensations
is selected as the overall compensation from a loop
stability point of view. Typically for a converter designed
either work in buck/fmade or boost mode, the boost mode
compensation design.is‘more restrictive due to presence of
a right half plap’zero (RHPZ).

In most applications, a Type 2 or Type 2a compensation
network~as show in Fig.7 and Fig.7a can be used to
stabilize the voltage loop. The Type 2 is the most widely
used~and ‘works fine for power stages lagging down to -
90*.and where the converter brought by the output
capacitor ESR must be canceled. Type 2a is used where
theé output capacitor ESR effect can be neglected.

Vour

v
% +G COMP
m
FB B RZ% i
i “ N
Type 2 l

Fig.7
VOUT 1V
% + o COMP
R1 m —
FB o R,

Cz
Type 2a l

Fig.7a

To calculate the value of external components for the
outer voltage loop, follow the following steps.

1. Select the crossover frequency fc of the closed loop. It
is recommended that the crossover frequency is chosen
1/5 of right half plane zero (fruez) and 1/10 of switching
frequency for the tradeoff of stability and transient
response of the system. The system has faster response at
higher crossover frequency. For boost mode:

1-D)* %V,
( ) ouT (5)
2nx Lxlgyr

2. Select a Rz value of the R-C series combination
connected to the COMP pin.

V,
— ouT (6)
G X Gy X Ve
Where G, is the error amplifier trans-conductance, which

is typically 88uS; Gy is gain of the power stage at
crossover frequency.

fRHPZ =

IQZ

SA22307 Rev1.0
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-___1-D Q
2nxfcx Cyp xRy

Where Rs is the current sense gain, which is typically
100mQ.

fc

3. Select a Cz value of the R-C series combination
connected to the COMP pin. The compensation zero
decides phase margin at the crossover frequency. Place a
compensation zero at or before the dominant pole of R
and Cour. RL is the load resistance.
_ R xCour )
= @)
I:22

4. A high frequency pole is recommended to attenuate the
high frequency noise. Place this pole to cancel the ESR
zero of Cour
Resr X Cour

RZ
Input Capacitor Cin
In the buck mode, the input capacitor supplies high ripple
current. The RMS current in the input capacitor is
calculated as:

ICIN_RMSZIOUT x\/Dx(l-D) (10)

To minimize the potential noise problem, place a“typical
X5R or better grade ceramic capacitor close to the IN and
GND pins. Care should be taken to minimize the“loop area
formed by Cin, and IN/GND pins. For most applications, a
2210 low ESR ceramic capacitor is recommended.

CZ

CP = ©)

Output Capacitor Cout

The output capacitor is selected tohandle the output ripple
noise requirements. Both steady.state ripple and transient
requirements must be takem, into consideration when
selecting this capacitor.\For most applications, it is
recommended to use.hete than 66uF capacitance with
X5R or better grade ceramic capacitor. The capacitance
derating with D€ voltage must be considered.

Inductor Seleetion
For the Buck-Boost converter, the inductor must support
buck applications with the maximum input voltage and
boost-applications with the minimum input voltage. The
criticalinductance values for buck mode is calculated with
Equation (11):

_ Vour ¥ (1= Vour Viymax)

L =
BUCK fow XAl

Where Al is the peak-to-peak inductor ripple current, and
it is about 30% to 50% of the maximum output current.

1)

The critical inductance for boost mode is calculated with
Equation (12) and Equation (13):
L _ VIN,MIN x (VMour _VIN,MIN) (12)

BOOST
Vour % fow x Al

IIN,MAX = M (13)
Vinmin X7

Where 7 is the efficiency, and Al_ is the peak-to-peak
inductor ripple current, it is about 30% to 50% of the
maximum input current (linwax). The recommended
minimum inductor values are either Lguck Or Lgoost
whichever is higher.

In addition to the jinductance value, the inductor must
support the peak ‘current based on Equation (14) and
Equation (15) to’avoid saturation:

VOUT X (1_ VOUT /\/IN,MAX )

loear-suck = Yoyt (14)
2xfg, xL
loeafoost = \\/;)UT *lour + Vinwin X (Vour _VIN,MlN) (15)
iNvIN <77 2x Vg xTgy xL

Choosing a larger inductance reduces the ripple current
but also increase the size of the inductor and reduces the
achievable bandwidth of the converter by moving the right
half-plane zero to lower frequency. The appropriate
balance should be chosen based on the application
requirements

Layout Design

For the best efficiency and minimum noise problem, we

should place the following components close to the IC:

Cin, Cvee, Cour, Ces, L, Rrorand Rgor.

1) It is desirable to maximize the PCB copper area
connecting to GND pin to achieve the best thermal
and noise performance. If the board space allowed, a
ground plane is highly desirable. Reasonable vias are
suggested to be placed underneath the ground pad to
enhance the soldering quality and thermal
performance.

2) The decoupling capacitor of VIN must be placed
close enough to the IN pin and GND pin. The loop
area formed by the input capacitors, IN pin and GND
pins must be minimized.

3) The decoupling capacitor of VOUT also must be
placed close enough to the OUT pin and GND pin.
The loop area formed by the output capacitors, OUT
pin and GND pins also must be minimized.

4) BS pin is sensitive. Bootstrap cap must be placed
between BS and LX as close as possible.

5) To prevent the circulating currents in the ground
plane from disrupting operation of the regulator, all
small-signal grounds should return to GND by a
separation way. This main includes the ground

SA22307 Rev1.0
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connection for the FB pin resistor and the feedback Li-lon battery, it is desirable to add a pull down 1MQ
network. resistor between the EN and GND pins to prevent the
noise from falsely turning on the regulator at
6) If the system chip interfacing with the EN pin has a shutdown mode.

high impedance state at shutdown mode and the IN
pin is connected directly to a power source such as a

SA22307 Rev1.0 Silergy Corp. Confidential- Prepared for Customer Use Only 13
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QFN5>6-30 Package Outline Drawing
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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
QFN5>5
’——3 .9;4.1—-—| [1.4571.55
l——5.20—5.40—|
° . T . N
J I 7.90-8.10 I
Feeding direction ~—~——
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
QFN5>5 12 8 13" 400 400 5000
3. Others: NA
SA22307 Rev1.0 Silergy Corp. Confidential- Prepared for Customer Use Only 15
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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

July 17,2024 | Revision 1.0 1. Update the Block Diagram (page 3);
2. Update the Peak Inductor Current Limit description (page 10);
3. Modify the Short Circuit Protection cycle (page 11)

Aug.01, 2022 | 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/iise 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 conséquential damages, including but not limited to lost profits, lost savings, business
interruption, costs related to the removal or replacément 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,a*SHergy 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 thereforesuch 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 custemer’s general terms and conditions with regard to the purchase of Silergy products by the customer.

6. MNo-effer to sell or license. Nothing in this document may be interpreted or construed as an offer to sell products that is
open far 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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