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4A,45Vto 15V Input
Synchronous Buck Regulator

DESCRIPTION

The SiP12109 is a high frequency current-mode constant
on-time (CM-COT) synchronous buck regulator with
integrated high-side and low-side power MOSFETs. Its
power stage is capable of supplying 4 A continuous current
at 1.5 MHz switching frequency. This regulator produces an
adjustable output voltage down to 0.6 V from 4.5V to 15V
input rail to accommodate a variety of applications,
including computing, consumer electronics, telecom, and
industrial.

SiP12109’s CM-COT architecture delivers ultra-fast
transient response with minimum output capacitance and
tight ripple regulation at very light load. The part is stable
with any capacitor type and no ESR network is required for
loop stability. The device also incorporates a power saving
scheme that significantly increases light load efficiency.

The regulator integrates a full protection feature set,
including output overvoltage protection (OVP), output under
voltage protection (UVP) and thermal shutdown (OTP). It
also has UVLO for input rail and internal soft-start ramp.

The SiP12109 is available in lead (Pb)-free power enhanced
3 mm x 3 mm QFN16-33G package.

TYPICAL APPLICATION CIRCUIT

ENABLE[ >

POWER GOOD<___|

INPUT=4.5Vto 15V

— 1
1

FEATURES
e 45V to 15 Vinput voltage
¢ Adjustable output voltage down to 0.6 V

Pb-free

e 4 A continuous output current RoHS
COMPLIANT

e Selectable switching frequency from 400 kHz to  HaLocen
1.5 MHz with an external resistor FREE

¢ 95 % peak efficiency

e Stable with any capacitor. No external ESR network
required

e Ultrafast transient response

¢ Power saving scheme for increased light load efficiency
e + 1 % accuracy of Voyr setting

e Cycle-by-cycle current limit

e Fully protected with OTP, SCP, UVP, OVP

* Pgoop indicator

e -40 °C to +125 °C operating junction temperature

¢ QOutput voltage tracking

e Material categorization: for definitions of compliance
please see www.vishay.com/doc?99912

APPLICATIONS

e Point of load regulation for low-power processors,
network processors, DSPs, FPGAs, and ASICs

e Low voltage, distributed power architectures with 5 V
or 12 V rails

e Computing, broadband, networking, LAN/WAN, optical,
test and measurement

e A/V, high density cards, storage, DSL, STB, DVR, DTV,
Industrial PC

VOouT

Fig. 1 - Typical Application Circuit for SiP12109
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ORDERING INFORMATION
PART NUMBER PACKAGE (L“I",f;'z(:'gﬁl)
SiP12109DMP-T1-GE4 QFN16 3 x 3 2109
SiP12109DB N/A -
Note
e “DB” means demo board
MARKING
O p/N
FYWLL
Format:
Line 1: dot
Line 2: P/N
Line 3: Siliconix logo and ESD symbol
Line 4: factory code and year code and work week code and LOT code
ABSOLUTE MAXIMUM RATINGS
ELECTRICAL PARAMETER CONDITIONS LIMIT UNIT
ViN Reference to Pgnp -0.3t0 16
Vee Reference to Agnp -0.3to0 6
LX Reference to Pgnp -0.3t0 16
LX (AC) 100 ns 17 \"
Boot -0.3to Vin + Ve
Aanp to Penp -0.3t00.3
All logic inputs Reference to Agnp -0.3to Vg + 0.3
TEMPERATURE
Max. operating junction temperature -40 to +150 oc
Storage temperature -65 to +150
POWER DISSIPATION
Junction to ambient thermal impedance 36.3 °G/W
(Rinan)
) o Ambient temperature = 25 °C 3.4
Maximum power dissipation - w
Ambient temperature = 100 °C 1.3
ESD PROTECTION
Electrostatic discharge protection HBM 2 kV

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional operation
of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device reliability.
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RECOMMENDED OPERATING RANGE (all voltages referenced to GND = 0 V)

ELECTRICAL PARAMETER MINIMUM TYPICAL MAXIMUM UNIT
Vin 4.5 - 15
Vee 4.5 - 5.5 Y
LX -1 - 15
Vour 0.6 - 5.5
TEMPERATURE
Recommended ambient temperature -40 to +85 oc
Operating junction temperature -40 to +125
ELECTRICAL SPECIFICATIONS (test condition unless otherwise specified)
LIMITS
PARAMETER SYMBOL Vi - 1; E/’S'{Acf_':g';'gct’&% . T e T | UNT
POWER SUPPLY
Power input voltage range Vin Note 1 4.5 - 15 y
Ve regulator voltage Vee 4.5 5 5.5
Input current IViN_NOLOAD -ﬁo:r]-zs;?/ng hr:]"é‘ To7=5 g% - 1.2 - mA
Shutdown current IVIN_SHDN EN=0V - 5 8 WA
Vce UVLO threshold Vee uvlo Vg rising 2.3 2.55 2.8 \'
Ve UVLO hysteresis Vce uvLo HYs - 300 - mV
CONTROLLER AND TIMING
Ta=25°C 0.596 0.600 0.604
Feedback reference VeB \'
Ta=-40°Cto +85 °C 0.594 0.600 0.606
VEg input bias current [[=) - 2 200 nA
Transconductance Om - 1 - mS
COMP source current lcomP_SoURcE - 50 -
COMP sink current lcomP_SINK - 50 - WA
On-time ton Ron = 75 kQ 100 135 170
Minimum off-time torF MIN. 145 200 255 ns
Soft start current Iss 3 5 7 uA
POWER MOSFETS
High-s.ide on res.istance Ron_Hs Ves =5V - 45 67 mo
Low-side on resistance Ron Ls - 27 41
FAULT PROTECTIONS
Over current limit locp Inductor valley current 4 5 6 A
Output OVP threshold Vre ove Vg with respect to 0.6 V reference . 21 - %
Output UVP threshold VEB_uvp - -65 -
. Rising temperature - 160 -
Over temperature protection - °C
Hysteresis - 35 -
POWER GOOD
Power good output threshold VEB_RISING_VTH_OV Veg risi.ng above 0.6 V reference - 21 - %
VEB_FALLING VTH_UV Vgg falling below 0.6 V reference - -12.5 -
Power good on resistance Ron_pcoob - 30 60 Q
Power good delay time tbLy_PGcooD - 5 - ps
ENABLE THRESHOLD
Logic high level VEN H 1.5 - - Y
Logic low level VEN L - - 0.4

Note

() Tie Vgg to Viy when Viyis < 5.5V
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FUNCTIONAL BLOCK DIAGRAM

RON [

COMP vce
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Regulator
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PWM 4
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VFB — 3
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0.72v

PIN CONFIGURATION

Fig. 2 - SiP12109 Functional Block Diagram
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Fig. 3 - SiP12109 Pin Configuration (Top View)

PIN CONFIGURATION

PIN NUMBER NAME FUNCTION
1,16 ViN Input supply voltage for power MOS. Viy=4.5Vto 15V
2 Vee Internal regulator output, tie Vg to Viy when Viy is < 5.5V
3 AGND Analog ground
4 Ron An external resistor between Royn and Agnp sets the switching on time
5 COMP Connect to an external RC network for loop compensation and droop function
6 Ves Feedback voltage. 0.6 V (typ.). Use a resistor divider between Voyt and Agnp to set the output voltage
7 SS An external capacitor between SS and Agnp sets the soft start time
8 EN Enable pin. Pull enable above 1.5 V to enable and below 0.4 V to disable the part. Do not float this pin
9 Pcoop Power good output. Open drain
10, 11,12 LX Switching node, inductor connection point
13 BOOT Bootstra.p pin. - connect a capacitor of at least 100 nF from BOOT to LX to develop the floating supply
for the high-side gate drive
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PIN CONFIGURATION

PIN NUMBER NAME FUNCTION
14, 15, PAD Penp Power ground
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ELECTRICAL CHARACTERISTICS (Viy=12V,Vour=1.2V, Fgy=1MHz, Ly =1 pH, Cp =3 x 22 pF, unless noted otherwise)
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Fig. 4 - Efficiency vs. loyt
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Fig. 5 - Load Regulation vs. loyt
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Fig. 6 - Frequency Variation vs. loyt
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Fig. 7 - Steady-State, loyt =0 A,
CH1 (BRN) = LX (5 V/div), CH3 (BLU) = Voyr (20 mV/div),
CH4 (GRN) = Icoi (1 A/div), Time = 5 ps/div
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Fig. 8 - Steady-State, loyr =4 A,
CH1 (BRN) = LX (5 V/div), CH3 (BLU) = Vout (20 mV/div),
CH4 (GRN) = IcoyL (1 A/div), Time = 1 ps/div

A JO

Fig. 9 - Load Step Undershoot Response, loytr=0A to 4 A,
CH3 (BLU) = Voyt (100 mV/div),
CH4 (GRN) = LX (5 V/div), Time = 10 ps/div
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Fig. 10 - Steady-State, loyt =0 A,
CH1 (BRN) = LX (5 V/div), CH3 (BLU) = Voyr (20 mV/div),
CH4 (GRN) = Icoi (1 A/div), Time = 5 ms/div

L

Fig. 11 - Load Step Overshoot Response, loyr=4Ato 0 A,
CH3 (BLU) = Voyr (100 mV/div),
CH4 (GRN) = LX (5 V/div), Time = 10 ps/div
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Fig. 12 - Load Step Undershoot Response, loytr=0Ato 2 A,
CHS3 (BLU) = Voyr (100 mV/div),
CH4 (GRN) = LX (5 V/div), Time = 10 ps/div

Vishay Siliconix

CH3

Fig. 13 - Start-Up, loyt = 0 A,
CH1 (BRN) = LX (5 V/div), CH3 (BLU) = Vour (1 V/div),
CH4 (GRN) = EN (5 V/div), Time = 1 ms/div
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Fig. 14 - Start-Up, lout =4A,
CH1 (BRN) = LX (5 V/div), CH3 (BLU) = Vour (1 V/div),
CH4 (GRN) = EN (5 V/div), Time = 1 ms/div
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Fig. 15 - Load Step Overshoot Response, loytr=2Ato 0 A,
CH3 (BLU) = Voyr (100 mV/div),
CH4 (GRN) = LX (5 V/div), Time = 10 ps/div
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Fig. 16 - Shut-Down, loyr =0 A,
CH1 (BRN) = LX (5 V/div), CH3 (BLU) = Vgur (1 V/div),
CH4 (GRN) = EN (5 V/div), Time = 1 ms/div

Fig. 17 - Shut-Down, loyr =4 A,
CH1 (BRN) = LX (5 V/div), CH3 (BLU) = Vgur (1 V/div),
CH4 (GRN) = EN (5 V/div), Time = 1 ms/div

Vishay Siliconix

CH4 A

i

Fig. 18 - Over Current Protection, loyt = 5.9 A; lyaLLey = 5.2 A,
CH1 (BRN) = gy (1 A/div), CH3 (BLU) = Voyt (200 mV/div),
CH4 (GRN) = LX (5 V/div), Time = 500 ps/div

CH3 |
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.
o

Fig. 19 - Over Current Protection, loyt = 5.9 A; lyaLLey = 5.2 A,
CH1 (BRN) = gy (1 A/div), CH3 (BLU) = Voyt (200 mV/div),
CH4 (GRN) = LX (5 V/div), Time = 10 ps/div
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OPERATIONAL DESCRIPTION

Device Overview

SiP12109 is a high-efficiency monolithic synchronous buck
regulator capable of delivering up to 4 A continuous current.
The device has programmable switching frequency up to
1.5 MHz. The control scheme is based on current-mode
constant-on-time architecture, which delivers fast transient
response and minimizes external components. Thanks to
the internal current ramp information, no high-ESR output
bulk or virtual ESR network is required for the loop stability.
This device also incorporates a power saving feature by
enabling diode emulation mode and frequency foldback as
load decreases.

SiP12109 has a full set of protection and monitoring
features:

- Over current protection in pulse-by-pulse mode

- Output over voltage protection

- Output under voltage protection with device latch
- Over temperature protection with hysteresis

- Dedicated enable pin for easy power sequencing
- Power good open drain output

This device is available in QFN16 3 x 3 package to deliver
high power density and minimize PCB area.

VOUT‘ Bandgap

V,

ref

<
1=

+
Current
mirror -

Vishay Siliconix

Power Stage

SiP12109 integrates a high-performance power stage with
a ~ 45 mQ high side n-channel MOSFET and a ~ 27 mQ low
side n-channel MOSFET. The MOSFETs are optimized to
achieve 95 % efficiency at up to 1.5 MHz switching
frequency.

The power input voltage (Viy) can go up to 15 V and down
as low as 4.5 V for the power conversion. The logic bias
voltage (Vcc) ranges from 4.5V to 5.5 V.

PWM Control Mechanism

SiP12109 employs a state-of-the-art current-mode COT
control mechanism. During steady-state operation, output
voltage is compared with internal reference (0.6 V typ.) and
the amplified error signal (Vcomp) is generated on the COMP
pin. In the meantime, inductor valley current is sensed, and
its slope (lsense) is converted into a voltage signal (Veyerent) to
be compared with Vecomp. Once Veyrrent is lower than Veowp,
a single shot on-time is generated for a fixed time
programmed by the external Royn. Fig. 20 illustrates the
basic block diagram for CM-COT architecture and Fig. 21
demonstrates the basic operational principle:

Ron
Control —'iG
On-time logic and
generato MOSFET|
M driver LG
—

comparator

Fig. 20 - CM-COT Block Diagram
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V,

current

Fixed on-time
>

PWM
Fig. 21 - CM-COT Operational Principle
The following equation illustrates the relationship between Once on-time is set, the pseudo constant frequency is then
on-time, V|n, VouT and Roy value: determined by the following equation:
; Vour
Ton=Ron XK Xo— ,whereK=175x10"2isa fsw= D — Vin — Vour
ViN constant set internally T 1 RAn X K
ON ON
v X RON x K
IN

Loop Stability and Compensator Design
Due to the nature of current mode control, a simple RC network (type Il compensator) is required between COMP and Agnp for
loop stability and transient response purpose. The general concept of this loop design is to introduce a single zero through the
compensator to determine the crossover frequency of overall close loop system.
The overall loop can be broken down into following segments.
Output feedback divider transfer function Hy,Z:
Rioo

Hiyp = s——=—
® " Rgy1 X Rypp
Voltage compensator transfer function Ggowmp (S):

_ Rox (1 +sCcompRcomp)

Goomp (9) = (1 +sRoCcomp) am

Modulator transfer function Hyoq (S):
_ 1 « Rigad X (1 + SCoRegR)
AV4 X Rps(on) (1 +3CoR5q)

Hmod (S)

The complete loop transfer function is given by:

s ) = o B (T S M X Ay oo A e
fb1 fb2 O“~COMP 1 DS(on) 0Mload

When:
Ccomp = compensation capacitor Ro1 = feedback resistor connect to LX
Rcomp = compensation resistor Rie = feedback resistor connect to ground
gm = error amplifier transconductance Ro = output impedance of error amplifier = 20 MQ
Roag = load resistance AV4 = voltage to current gain =3
Co = output capacitor

Rpsn) = LS switch resistance
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Light Load Operation

To further improve efficiency at light-load condition, emulation mode by turning off LS FET. If load further
SiP12109 provides a set of innovative implementations to decreases, switching frequency is further reduced
eliminate LS recirculating current and switching losses. The proportional to load condition to save switching losses while
internal zero crossing detector (ZCD) monitors LX node keeping output ripple within tolerance. The switching
voltage to determine when inductor current starts to flow frequency is set by the controller to maintain regulation. At
negatively. In light load operation as soon as inductor zero load this frequency can go as low as hundreds of Hz.

valley current crosses zero, the device first deploys diode

OUTPUT MONITORING AND PROTECTION FEATURES
Output Over-Current Protection (OCP)

SiP12109 has pulse-by-pulse over-current limit control. The In the severe over-current condition, pulse-by-pulse current
inductor valley current is monitored during LS FET turn-on limit eventually triggers output under-voltage protection
period through Rps(on) sensing. After a pre-defined time, the (UVP), which latches the device off to prevent catastrophic
valley current is compared with internal threshold (5 A typ.) thermal-related failure. UVP is described in the next section.
to determine the threshold for OCP. If monitored current is OCP is enabled immediately after Vo passes UVLO level.

higher than threshold, HS turn-on pulse is skipped and LS
FET is kept on until the valley current returns below OCP
limit.

OCPihreshold /

lioad /

N

linguctor

W LT

Skipped GH Pulse

Fig. 22 - Over-Current Protection lllustration

Output Under-Voltage Protection (UVP)

UVP is implemented by monitoring output through Veg pin.
Once the voltage level at Vgg is below 0.2 V for more than Over-Temperature Protection (OTP)
20 ps, then UVP event is recognized and both HS and LS
MOSFETSs are turned off. UVP latches the device off until
either Vg or EN is recycled.

SiP12109 has internal thermal monitor block that turns off
both HS and LS FETs when junction temperature is above
160 °C (typ.). A hysteresis of 30 °C is implemented, so when

UVP is only active after the completion of soft-start junction temperature drops below 130 °C, the device
sequence. restarts by initiating the soft-start sequence again.
Output Over-Voltage Protection (OVP) Soft Start up
For OVP implementation, output is monitored through SiP12109 soft-start time is adjustable by selecting a
VEs pin. After soft-start, if the voltage level at Vgg is above capacitor value from the following equation. Once Vg is
21 % (typ.), OVP is triggered with HS FET turning off and above UVLO level (2.55 V typ.), Vour will ramp up slowly,
LS FET turning on immediately to discharge the output. rising monotonically to the programmed output voltage.
Normal operation is resumed once Vg drops back to There is an internal 5 YA current source tied to the soft start
0.675 V. pin which charges the external soft start cap
OVP is active immediately after Vg passes UVLO level. SS time Cextx 0.8V

5 pA

During soft-start period, OCP is activated. OVP and
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short-circuit protection are not active until soft-start is
complete.

Pre-bias Startup

In case of pre-bias startup, output is monitored through
Veg pin. If the sensed voltage on Vgg is higher than the
internal reference ramp value, control logic prevents HS and
LS FET from switching to avoid negative output voltage

VFB_Rising_Vth_OV

Vishay Siliconix

spike and excessive current sinking through LS FET.

Power Good (Pgoop)

SiP12109’s power good is an open-drain output. Pull Pgoop
pin high up to 5 V through a 10K resistor to use this signal.
Power good window is shown in the below diagram. If
voltage level on Vgg pin is out of this window, Pgoop signal
is de-asserted by pulling down to GND.

(typ. =0.725V) _ VFB_Falling_Vin_OV
(typ. = 0.675 V)
V. (0.6 V)
v, VFB_Falling_Vth_UV VFB_Rising_Vth_UV
B (typ. = 0525 V) (typ. = 0575 V)
Pull-high
PG
Pull-low

Fig. 23 - PGOOD Window and Timing Diagram
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Fig. 24 - Reference Board Schematic

BILL OF MATERIAL
ITEM | QTY | REFERENCE VALUE VOLTAGE | FOOTPRINT PART NUMBER MANUFACTURER
1 | 3| ci,0506 01 uF 35V C0402-TDK GMK105BJ104KV-F Taiyo Yuden
2 | 2 C2,C3 22 uF 0V C0805-TDK LMK212BJ226MG-T Taiyo Yuden
3 | 1 ca 22 |F 3BV C0805-TDK | C2012X5R1V226M125AC TDK
4 | 1 c7 2.2 JF 6V C0603-TDK C0603C225KAPACTU Kemet
5 | 1 ) 10 nF 16V C0402-TDK | CCO402KRX7R7BB103 Yageo
6 | 1 co 0.47 nF 50V C0402-TDK | C1005C0G1H471J050BA TDK
7 | 1 Ic1 SiP12109 - QFN163x3 | SiP12109DMP-T1-GE4 Vishay
8 | 6 | ‘f,) 23,04 \\//I|':1 ZS;TE\,\’IO%B - TP30 2108-2-00-44-00-00-07 Mill-Max
o | 1 1 TaH - IHLP1616 IHLP1616BZERTROM11 Vishay
0 | 1 R 75K - R0402-Vishay | CRCW040275KOFKEDHP Vishay
TR R2 0 - RO402-Vishay RCG04020000Z0ED Vishay
12 | 1 R3 6.04K - R0402-Vishay | CRCWO4026K04FKED Vishay
13| 2 R4, R5 100K - R0402-Vishay | CRCWO0402100KFKED Vishay
4 | 2 R6, R7 Bk11 - RO402-Vishay | CRCWO04025K11FKED Vishay

PCB LAYOUT OF REFERENCE BOARD

Fig. 25 - Top Layer

Fig. 27 - Bottom Layer

Fig. 26 - Inner Layer1

Fig. 28 - Inner Layer2
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PRODUCT SUMMARY

Part number SiP12109

Description 4 A, 4.5V to 15 Vinput, 1.5 MHz synchronous buck regulator
Input voltage min. (V) 4.5

Input voltage max. (V) 15

Output voltage min. (V) 0.6

Output voltage max. (V) 5.5

Continuous current (A) 4

Switch frequency min. (kHz) 200

Switch frequency max. (kHz) 1500

Pre-bias operation (yes / no) Yes

Internal bias reg. (yes / no) Yes
Compensation External

Enable (yes / no) Yes

Psoop (yes / no) Yes

Overcurrent protection Fixed

Protection OVP, OCP, OTP, SCP, UVLO
Light load mode Powersave

Peak efficiency (%) 95

Package type QFN16-33G

Package size (W, L, H) (mm) 3.0x3.0x0.8

Status code 2

Product type microBUCK (step down regulator)
Applications Computing, consumer, networking, industrial, healthcare

Vishay Siliconix maintains worldwide manufacturing capability. Products may be manufactured at one of several qualified locations. Reliability data for Silicon
Technology and Package Reliability represent a composite of all qualified locations. For related documents such as package / tape drawings, part marking, and
reliability data, see www.vishay.com/ppg?62694.
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Vishay

Disclaimer

ALL PRODUCT, PRODUCT SPECIFICATIONS AND DATA ARE SUBJECT TO CHANGE WITHOUT NOTICE TO IMPROVE
RELIABILITY, FUNCTION OR DESIGN OR OTHERWISE.

Vishay Intertechnology, Inc., its affiliates, agents, and employees, and all persons acting on its or their behalf (collectively,
“Vishay”), disclaim any and all liability for any errors, inaccuracies or incompleteness contained in any datasheet or in any other
disclosure relating to any product.

Vishay makes no warranty, representation or guarantee regarding the suitability of the products for any particular purpose or
the continuing production of any product. To the maximum extent permitted by applicable law, Vishay disclaims (i) any and all
liability arising out of the application or use of any product, (i) any and all liability, including without limitation special,
consequential or incidental damages, and (i) any and all implied warranties, including warranties of fitness for particular
purpose, non-infringement and merchantability.

Statements regarding the suitability of products for certain types of applications are based on Vishay's knowledge of typical
requirements that are often placed on Vishay products in generic applications. Such statements are not binding statements
about the suitability of products for a particular application. It is the customer's responsibility to validate that a particular product
with the properties described in the product specification is suitable for use in a particular application. Parameters provided in
datasheets and / or specifications may vary in different applications and performance may vary over time. All operating
parameters, including typical parameters, must be validated for each customer application by the customer's technical experts.
Product specifications do not expand or otherwise modify Vishay's terms and conditions of purchase, including but not limited
to the warranty expressed therein.

Hyperlinks included in this datasheet may direct users to third-party websites. These links are provided as a convenience and
for informational purposes only. Inclusion of these hyperlinks does not constitute an endorsement or an approval by Vishay of
any of the products, services or opinions of the corporation, organization or individual associated with the third-party website.
Vishay disclaims any and all liability and bears no responsibility for the accuracy, legality or content of the third-party website
or for that of subsequent links.

Vishay products are not designed for use in life-saving or life-sustaining applications or any application in which the failure of
the Vishay product could result in personal injury or death unless specifically qualified in writing by Vishay. Customers using or
selling Vishay products not expressly indicated for use in such applications do so at their own risk. Please contact authorized
Vishay personnel to obtain written terms and conditions regarding products designed for such applications.

No license, express or implied, by estoppel or otherwise, to any intellectual property rights is granted by this document or by
any conduct of Vishay. Product names and markings noted herein may be trademarks of their respective owners.

© 2024 VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED
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