ON Semiconductor®

Datasheet AX-SIGFOX-MODS
Revision 2

AX-SIGFOX MINISTAMP
AX-SIGFOX ANTSTAMP

Ultra-Low Power, AT Command Controlled, Sigfox
Compliant Modules

AX-SIGFOX MINISTAMP/ANTSTAMP Modules

(note that the actual product comes with a metal cap)

OVERVIEW

The AX-SIGFOX modules are ultra-low power module solutions for a node on the Sigfox network with both up-
and down-link functionality. The AX-SIGFOX modules connect to the customer application using a logic level
RS232 UART. AT commands are used to send frames and configure radio parameters.

The AX-SIGFOX module comes in two flavors

e AX-SIGFOX MINISTAMP with 50 Ohm antenna port
o AX-SIGFOX ANTSTAMP with on-board 0 dBi chip antenna
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FUNCTIONALITY AND AXSEM ECOSYSTEM

Sigfox up-link and down-link functionality controlled by AT commands
The AX-SIGFOX modules are part of a whole development and product ecosystem available from
AXSEM for any Sigfox requirement. Other parts of the ecosystem include

(0]
(0]

o
o

AX-Sigfox ultra-low power, AT command controlled, Sigfox compliant transceiver IC

Ready to go AX-Sigfox development kit with fully functional AX-Sigfox module including Sigfox
subscription

Sigfox Ready certified reference design for the AX-Sigfox IC

AX-Sigfox API IC for customers wishing to write their own application software based on the
AXSEM Sigfox Library

GENERAL FEATURES

18.2 x 22 x 3 mm? without chip antenna, 18.2 x 39.7 x 3 mm® with chip antenna
Supply range from 1.8 V to 3.3V

-40°C to 85°C

Temperature sensor

Supply voltage measurements

10 GPIO pins
0 4 GPIO pins with selectable voltage measure functionality, differential (1V or 10V range) or
single ended (1V range) with 10 bit resolution
0 2 GPIO pins with selectable sigma delta DAC output functionality
0 2 GPIO pins with selectable output clock
o0 3 GPIO pins selectable as SPI master interface

POWER CONSUMPTION

Ultra-low power consumption
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Charge required to send a Sigfox OOB packet at 14 dBm output power: 0.29 C
Deepsleep mode current: 500 nA

Sleep mode current: 1.6 A

Standby mode current : 0.5 mA

Continuous radio reception at 869.525 MHz: 13 mA

Continuous radio transmission at 868.130 MHz

for 14 dBm output power: 51 mA

for 0 dBm output power: 21 mA

The output power of AX-SIGFOX modules can be programmed in 1 dB steps from 0 dBm — 14 dBm.
They are optimized for best power efficiency at 14 dBm output power. For modules optimized for other
output power values e.g 0 dBm transmission with 10 mA please contact us.

HIGH PERFORMANCE NARROW-BAND SIGFOX RECEIVER

Carrier frequencies 868.525 MHz

Data-rate 600 bps

Sensitivity -126 dBm @ 600 bps, 869.525 MHz, GFSK
0 dBm maximum input power

HIGHLY EFFICIENT TRANSMITTER

Carrier frequencies 868.13 MHz

Data-rate 100 bps

Maximum output power 14 dBm

Power level programmable in 1 dBm steps from 0 dBm to 14 dBm

REGULATORY

Sigfox Ready certified
EN 300 220
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ABOUT THE SIGFOX TECHNOLOGY

Sigfox uses an Ultra Narrow Band (UNB) based radio technology to connect devices to its global network. The
usage of UNB is key to providing a scalable, high-capacity network, with very low energy consumption, while
maintaining a simple and easy to rollout star-based cell infrastructure.

The network operates in the globally available ISM bands (license-free frequency bands) and co-exists in
these frequencies with other radio technologies, but without any risk of collisions or capacity problems.

Sigfox currently uses the most popular European ISM band on 868 MHz (as defined by ETSI and CEPT) as
well as 902 MHz in the USA (as defined by the FCC), depending on specific regional regulations.

Sigfox only acts as a transport channel, pushing the data towards the customer's IT system.
An important advantage provided by the use of the narrow band technology is the flexibility it offers in terms of
antenna design. On the network infrastructure end it allows the use of small and simple antennas, but more

importantly, it allows devices to use inexpensive and easily customizable antennas.

The Sigfox protocol is compatible with existing transceivers and is actively being ported to a growing number
of platforms.
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PINOUT

PIN
1%
0%
3%
4
5+
6*
7%
g*
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

29

30
31
32
58/
34

NAME
GND

NC

NC

NC

GND

ANT 500
GND

NC

NC
GPIO8
GPIO7
GPIO6
GPIO5
GPI04
CPU_LED
RADIO_LED
VTCXO
GPIO9
UART_TX
UART_RX
RX_LED
TX_LED
NC

NC

VDD

GND
RESET_N
GND

GPIO0

GPIO1
GPIO2
NC
NC
GPI03

34 26
25 25
D)
18 18
17 9 17
MINISTAMP ANTSTAMP
FUNCTION
Ground

Do not connect

Ground
50 Ohm antenna port
Ground

Do not connect

General purpose |10

General purpose 10, selectable SPI functionality (MISO)

General purpose |0, selectable SPI functionality (MOSI)

General purpose |0, selectable SPI functionality (SCK)

General purpose |0, selectable >A DAC functionality, selectable clock functionality
Module activity status, enabled whenever the module is running

Radio activity status

TCXO enable (used to control the on-board TCXO)

General purpose 10 and wake-up from deepsleep

UART used to communicate with the module at a bitrate of 9600 baud, no parity, 8 data bits and one stop
bit.
Radio receive activity status

Radio transmit activity status
Do not connect

Power Supply

Ground

Optional reset (active low). Do not connect the pin if not used.
Ground

General purpose |0, selectable ADC functionality, selectable >A DAC functionality, selectable clock
functionality

General purpose 10, selectable ADC functionality

General purpose |0, selectable ADC functionality
Do not connect

General purpose 10, selectable ADC functionality

All digital pins are Schmitt trigger inputs, digital input and output levels are LVCMOS/LVTTL compatible. Pins GPIO[3:0] must not be
driven above VDD, all other digital inputs are 5V tolerant.
All GPIO pins and UART_RX start-up as inputs with pull-up.
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DIMENSIONS (MM)

MINISTAMP ANTSTAMP
N B 39.7 R
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A E
3.8 3.8 177
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All dimensions in millimeter.
The area under the modules must be covered in solder stop. To guarantee good antenna performance with

the AX-SIGFOX ANTSTAMP, the left part of the module must remain free from any copper (i.e. no ground
plane and no traces).
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SPECIFICATIONS

SUPPLIES
SYM DESCRIPTION
Tauvs Operational ambient temperature

VDD
Ips
Isip

IsToBY

Supply voltage
Deep sleep mode current
Sleep mode current

Standby mode current

Continuous receive

Irx_conT

Current consumption in Sigfox RX test mode

Transmit at 14 dBm output power / receive

lrxmopave_14
QsFx_ooB_14

QsFx_ooB_14

QsFx_ooB_14

QsFx_LFR 14

QsFx_LFR 14

Transmit at 0 dBm output power /Receive

lrxmopave_14
QsFx_ooB_o

Q SFX_OOB_0

QSFX_OO B_0

QsFx_LFR 0

QsFx_LFR_0

Note 1 :

Modulated transmitter current
Charge to send a Sigfox out of band message

Energy to send a bit

Energy to send a bit with download receive
message

Energy to send the longest possible Sigfox frame
(12 byte)

Energy to send the longest possible Sigfox frame
(12 byte) with downlink receive

Notel

Modulated transmitter current

Charge to send a Sigfox out of band message

Energy to send a bit

Energy to send a bit with download receive
message

Energy to send the longest possible Sigfox frame
(12 byte)

Energy to send the longest possible Sigfox frame
(12 byte) with downlink receive

CONDITION

AT$P=2
AT$P=1

AT$SR=1,1,-1

AT$S0
AT$SB=0

AT$SB=0,1

AT$SF=
00112233445566778899%aabb
AT$SF=
00112233445566778899aabb,
1

AT$SO
AT$SB=0

AT$SB=0,1

AT$SF=
00112233445566778899%aabb
AT$SF=
00112233445566778899aabb,
1

MIN TYP MAX UNIT

-40
1.8

27
3.0
500
1.6
0.5

12.8

51.0
0.28
0.19

0.3

0.37

0.46

21.0
0.12
0.08

0.14

0.27

0.29

85
&8

“C
\
nA
pA
mA

mA

mA

The output power of AX-SIGFOX modules can be programmed in 1 dB steps from 0 dBm — 14 dBm. They are optimized for best power

efficiency at 14 dBm output power. For modules optimized for other output power values e.g 0 dBm transmission with 10 mA please

contact us.
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BATTERY LIFE CALCULATION EXAMPLE

Scenario for example calculation:

2 AAA Alkaline batteries in series

One OOB frame transmission per day at 14 dBm output power

Four maximum length frames with downlink receive per day at 14 dBm output power
Device in sleep mode when no other activity

Neglecting battery self discharge

2 AAA alkaline capacity 1500 mAh * 3600 s/h 5400 C
Sleep charge per day 1.6 pA * 86400 s 0.14 C/day
OOB frame transmission 0.28 C/day
Frame transmission with downlink 4 *0.46 C/day 1.84 C/day
Total charge consumption 2.26 C/day
Battery life 6.5 years
LOGIC
SYM DESCRIPTION CONDITION MIN TYP MAX
Digital inputs
Vs Schmitt trigger low to high threshold point L5
V. Schmitt trigger high to low threshold point 1.25
Vi Input voltage, low VPR =33V 0.8
Vi Input voltage, high 2.0
Vipa Input voltage range, GPIO[3:0] -0.5 VDD
Vipsc Input voltage range, GPIO[9:4], UART_RX, RESET_N -0.5 515
I Input leakage current -10 10
Rpu Programmable pull-up resistance 65
Digital outputs
Output current, high
lon Ports GPIO[9:0], UART_TX, TX_LED, RX_LED, Von=2.4V 8
CPU_LED, RADIO_LED
ot Output current, low Vo = 0.4V 8
GPIO[9:0], UARTTX, TXLED, RXLED, TXLED, CPULED
loz Tri-state output leakage current -10 10
TRANSMITTER
SYM DESCRIPTION CONDITION MIN TYP MAX
SBR Signal bit rate 100
iz Carrier frequency 868.13
Blpes Lowest Transmitter output power AT$CW=868130000,1,0 0
P e Highest Transmitter output power AT$CW=868130000,1,14 14
PTXstep Programming step size output power 1
dTXtemp Transmitter power variation vs. temperature -40 °C to +85 °C +/- 0.5
dTXvdd Transmitter power variation vs. VDD 1.8t03.3V +/- 0.5
PTXnam2  Emission @ 2™ harmonic 51
PTXnams  EMission @ 3™ harmonic -63
PTXnamsa  Emission @ 4™ harmonic -84
7115 WwWw.onsemi.com

mA

mA

LA

UNIT
bps
MHz
dBm
dBm
dB
dB
dB
dBc
dBc
dBc
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RECEIVER

SYM DESCRIPTION CONDITION MIN TYP MAX UNIT
SBR Signal bit rate 600 bps
iz Carrier frequency 869.525 MHz
o AT$SB=x,1, AT$SF=x,1, AT$SR
IS Sensitivity PER < 0.1 -126 dBm
Wanted signal is 3 dB above the typical
BLK Blocking at +/- 10MHz offset sensitivity limit (PER=0.1) and the blocker 78 dB

is a continuous wave

ADC / TEMPERATURE SENSOR

SYM DESCRIPTION CONDITION MIN TYP MAX UNIT
gDCRE ADC resolution 10 bit
V AbcREF ADC reference voltage 0.95 1 1.05 V
Zapcoo Input capacitance 25 pF
DNL Differential nonlinearity +/-1 LSB
INL Integral non linearity +/-1 LSB
OFF Offset 3 LSB
GAIN_E .

= 0,
RR Gain error 0.8 %

ADC in differential mode
Absolute voltages & common mode voltage in differential

VaBsOFF 1104 at each input Y VilD) Y

Ves peror Full swing input for differential signals Gain x1 -500 500 mV
VEs piFF10 Gain x10 -50 50 mV
ADC in single ended mode

Vi _se Mid code input voltage in single ended mode 0.5 V

VN sEoo Input voltage in single ended mode 0 VDD V

VEs seor Full swing input for single ended signals Gain x1 0 1 V

Temperature sensor

Trrne Temperature range -40 85 =C
Terr caL  Temperature error +-2 °C
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COMMAND INTERFACE

SERIAL PARAMETERS: 9600, 8, N, 1

The AX-SIGFOX modules use the UART (pins UART_TX, UART_RX) to communicate with a host and use a
bitrate of 9600 baud, no parity, 8 data bits and one stop bit.

POWER MODES STATE DIAGRAM

RESET_N=0

AT$SB, AT$SF

finished

AT$P=1

finished
AT$SO

UART Break OOB timer

OOB timer )
ransmit

00B

finished

STANDBY MODE

After Power-Up and after finishing a Sigfox transmission, the AX-SIGFOX modules enter Standby mode. In
Standby mode, AX-SIGFOX modules listen on the UART for commands from the host. Also, OOB frames are
transmitted whenever the OOB timer fires. To conserve power, the AX-SIGFOX modules can be put into
Sleep mode or turned off (Deep Sleep mode) completely.

SLEEP MODE

The command AT$P=1 is used to put AX-SIGFOX modules into Sleep mode. In this mode, only the wakeup
timer for out-of-band messages is still running. To wake up the AX-SIGFOX module from Sleep mode, toggle
the UART_RX pin, e.g. by sending a break (break is an RS232 framing violation, i.e. at least 10 bit durations
low). When an Out of Band (OOB) message is due, AX-SIGFOX modules automatically wake up to transmit

the message, and then return to Sleep mode.

It is strongly recommended to put AX-SIGFOX modules into sleep mode when they are not being used.

DEEP SLEEP MODE

In Deep Sleep mode, the AX-SIGFOX modules are completely turned off. Deep Sleep mode can be activated
with the command AT$P=2. To wake-up from Deep Sleep mode the pin GPIO9 is pulled to GND.

When using Deep Sleep mode, two things should be kept in mind:

Everything is turned off, timers are not running at all and all settings are lost (use ATSWR to save settings to
flash before entering Deep Sleep mode). Out-of-band messages will therefore not be sent.

The pins states are frozen in Deep Sleep mode. The user must ensure that this will not result in conditions at
the module boundary that draw a lot of current.
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AT COMMANDS
NUMERICAL SYNTAX

hexdigit Ii= [0-9A-Fa-T]

hexnum ii= “Ox” hexdigit+

decnum = “0” | [1-9] [0-9]*

octnum = “0” [0-7]+

binnum = “Ob [01]+

bit = [01]

optnum = “-1”

frame = (hexdigit hexdigit)+

uint = hexnum | decnum | octnum | binnum
uint_opt = uint | optnum

COMMAND SYNTAX

A command starts with ‘AT’ (note that everything is case sensitive!), continues with the actual command
followed by parameters (if any) and ends with any kind of whitespace (space, tab, newline etc.)

If incorrect syntax is detected (“parsing error”) all input is ignored up until the next whitespace character.

Also note that any number can be entered in any format (Hexadecimal, Decimal, Octal and binary) by adding
the corresponding prefix (‘0x’, ‘0’, ‘0Ob’). The only exception is the 'Send Frame' command (AT$SF) which
expects a list of hexadecimal digits without any prefix.

RETURN CODES

A successful command execution is indicated by sending ‘OK’. If a command returns a value (e.g. by querying
a register) only the value is returned.

EXAMPLES
Bold text is sent to the AX-SIGFOX module.

Here, we execute command ‘I’ to query some general information:
AT$I1=0
AXSEM AT Command Interface

This sends a Sigfox frame containing { 0XAA : OxBB : 0x12 : 0x34 } without waiting for a response telegram:
AT$SF=aabb1234
OK

This sends a Sigfox frame containing { 0x00 : 0x11 : 0x22 : 0x33 : 0x44 }, then waits for a downlink response
telegram, which in this example contains { OXAA : 0xBB : OxCC : 0xDD }.

AT$SF=0011223344,1

OK

RX=AA BB CC DD

The ‘CB’ command sends out a continuous pattern of bits, in this case OXAA = 0b10101010:
AT$CB=0xAA, 1
OK

This transitions the device into sleep mode. Out-of-band transmissions will still be triggered. The UART is
powered down. The module can be woken up by a low level on the UART, i.e. by sending break:
AT$P=1
OK
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COMMANDS

COMMAND
AT

AT$SB=bit[,bit]

AT$SF=frame[,bit]

AT$SO

ATSuint?

ATSuint=uint
ATSIF=uint

ATSIF?
AT$DR=uint

AT$CW=uint,bit
[,uint_opt]

ATS$CB=
uint_opt,bit

ATST?

AT$V?
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NAME

Dummy
command

Send bit
Send frame

Manually send
out of band
message

Get register

Set register

Set TX
frequency

Get TX
frequency

Set RX
frequency

Continuous
wave

Test mode:
TX constant byte

Get temperature

Get voltages

DESCRIPTION

Just returns 'OK' and does nothing else. Can be used to
check communication.

Send a bit status (0 or 1). Optional bit flag indicates if the AX-
SIGFOX module should receive a downlink frame.

Send payload data, 1 to 12 bytes. Optional bit flag indicates if
AX-SIGFOX module should receive a downlink frame.

Send the out-of-band message.

Query a specific configuration register’s value.
See Chapter “Registers” for a list of registers.

Change a configuration register.
Set the output carrier macro channel for Sigfox frames.

Get the currently chosen TX frequency.
Set the reception carrier macro channel for Sigfox frames.

To run emission tests for Sigfox certification it is necessary to
send a continuous wave, i.e. just the base frequency without
any modulation. Parameters:

Name Range Description Default
frequency | 800000000 | Continuous wave -
- frequency in Hz.
999999999, | Use 868130000 for
0 Sigfox or 0 to keep
previous frequency.
mode 0,1 Enable or disable -
carrier wave.
power 0-14 dBm of signal 14

For emission testing it is useful to send a specific bit pattern.
The first parameter specifies the byte to send. Use ‘-1’ for a
(pseudo-) random pattern. Parameters:

Name Range Description Default
pattern 0-255, -1 Byte to send. Use ‘- | -
1’ for a (pseudo-)
random pattern
mode 0,1 Enable or disable -
pattern test mode.

Measure internal temperature and return it in 1/10" of a
degree Celsius.

Return current voltage and voltage measured during the last
transmission in mV.
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COMMAND NAME DESCRIPTION

AT$l=uint Information Display various product information:
0: Software Name & Version
Example Response: AX-Sigfox 1.0.6-ETSI
1 Contact Details
Example Response: support@axsem.com
2: Silicon revision lower byte
Example Response: 8F
3: Silicon revision upper byte
Example Response: 00
4. Major Firmware Version
Example Response: 1
55 Minor Firmware Version
Example Response: 0
6: Firmware Revision
Example Response: 3
7 Firmware Variant (Frequency Band etc. (EU/US))
Example Response: ETSI
8: Firmware VCS Version
Example Response: v1.0.2-36
9: SIGFOX Library Version

Example Response: DLO-1.4
10: Device ID
Example Response: 00012345

11: PAC
Example Response: 0123456789ABCDEF
AT$P=uint Set power mode  To conserve power, the AX-SIGFOX module can be put to sleep

manually. Depending on power mode, you will be responsible for
waking up the AX- SIGFOX module again!

0: software reset (settings will be reset to values in the flash)

1: sleep (send a break to wake up)

2: deepsleep (toggle GPIO9 or RESET_N pin to wake up; the AX-
SIGFOX module is not running and all settings will be reset!)

ATSWR Save config Write all settings to flash (RX/TX frequencies, registers) so that they
survive reset/deepsleep or loss of power.

Use AT$P=0 to reset the AX-SIGFOX module and load settings
from flash.

AT:-Pn? Get GPIO pin Return the setting of the GPIO pin n; n can range from 0 to 9. A
character string is returned describing the mode of the pin, followed
by the actual value. If the pin is configured as analog pin, then the
voltage (range 0...1 V) is returned. The mode characters have the
following meaning:

Mode | Description

0 Pin drives low

1 Pin drives high

4 Pin is high impedance input

U Pin is input with pull-up

A

T

Pin is analog input (GPIO pin 0...3 only)
Pin is driven by clock or DAC (GPIO pin 0 and 4
only)

The default mode after exiting reset is U on all GPIO pins.
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COMMAND
AT :Pn=?

AT :Pn=mode

AT:ADC Pn[-Pn[
(1v]10v)11?

AT:SPI[LCAIBICID)]=
bytes

NAME

Get GPIO
pin range

Set GPIO
pin

Get GPIO
pin analog
voltage

SPI
transaction

AT:CLK=freq,reffreq Set clock

13/15

generator

DESCRIPTION

Print a list of possible modes for a pin. The table below lists the
response.
Pin Modes
PO 0,1,Z,UAT
P1 0,1,Z,U,A
P2 0,1,Z,U,A
P3 0,1,Z,U,A
P4 0,1,Z,U,T

BS 0,1,Z,U
P6 0,1,Z2,U
P7 0,1,Z2,U
P8 0,1,z,U
P9 0,1,z,U

Set the GPIO pin mode.
For a list of the modes see the command AT:Pn?

Measure the voltage applied to a GPIO pin. The command also
allows measurement of the voltage difference across two GPIO
pins. In differential mode, the full scale range may also be
specified as 1 V or 10 V. Note however that the pin input voltages
must not exceed the range 0..VDD. The command returns the
result as fraction of the full scale range (1V if none is specified).
The GPIO pins referenced should be initialized to analog mode
before issuing this command.

This command clocks out bytes on the SPI port. The clock
frequency is 312.5kHz. The command returns the bytes read on
MISO during output. Optionally the clocking mode may be
specified (default is A):

Mode Clock Inversion | Clock Phase
A normal normal
B normal alternate
C inverted normal
D inverted alternate
SEL (GPlOX)*\ /7

Mosi— D7 [ D6 | D5 | D4 | D3 | D2 | D1 | DO }——
miso— D7 [ b6 [ b5 [ b4 | b3 | D2 | D1 | DO }——

Note that SEL, if needed, is not generated by this command, and
must instead be driven using standard GPIO commands
(AT:Pn=0|1).

Output a square wave on the pin(s) set to T mode. The frequency

of the square wave is fzrféq x ref freq. Possible values for reffreq

are 20000000, 10000000, 5000000, 2500000, 1250000, 625000,
312500, 156250. Possible values for freq are 0 ...65535.
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COMMAND
AT :CLK=0OFF

AT :CLK?

AT :DAC=value

AT :DAC=0FF

AT :DAC?

REGISTERS

NUMBER
300

302
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NAME

DESCRIPTION

Turn off clock  Switch off the clock generator.

generator

Get clock
generator

Return the settings of the clock generator. Two numbers are
returned, freq and reffreq.

Set XA DAC Output a XA DAC value on the pin(s) set to T mode. Parameter

value may be in the range —32768..32767.
value) « VDD

217
An external low pass filter is needed to get smooth output
voltages. The modulation frequency is 20 MHz. A possible low
pass filter choice is a simple RC low pass filter with R=10ka and
C=1uF.

The average output voltage is G +

Turn off XA Switch off the DAC.

DAC

Get A DAC Return the DAC value.

NAME

Out of band
period

Power level

DESCRIPTION DEFAULT RANGE UNIT

AX-SIGFOX module sends periodic 24 0-24 hours
static messages to indicate that they
are alive. Set to 0 to disable.

The output power of the radio. 14 0-14 dBm
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PART NUMBERS

PROTOCOL
SIGFOX 868 MHz

MINISTAMP
AX-SF10-MIN21-868

ANTSTAMP
AX-SF10-ANT21-868

PART VERSIONS

PART NUMBER
AX-SF10-MINI21-868
AX-SF10-ANT21-868

ATS$I=3
0x51
0x51

ATS$I=0
AX-Sigfox 1.0.6-ETSI
AX-Sigfox 1.0.6-ETSI

ATS$I=2
Ox8F
Ox8F

TRADEMARKS

Sigfox and Sigfox Ready are registered trademarks of Sigfox SARL.

ON Semiconductor and the ON logo are registered trademarks of Semiconductor Components Industries, LLC (SCILLC) or its subsidiaries in the United States and/or other countries.
SCILLC owns the rights to a number of patents, trademarks, copyrights, trade secrets, and other intellectual property. A listing of SCILLC’s product/patent coverage may be accessed
at www.onsemi.com/site/pdf/Patent-Marking.pdf. SCILLC reserves the right to make changes without further notice to any products herein. SCILLC makes no warranty, representation
or guarantee regarding the suitability of its products for any particular purpose, nor does SCILLC assume any liability arising out of the application or use of any product or circuit, and
specifically disclaims any and all liability, including without limitation special, consequential or incidental damages. “Typical” parameters which may be provided in SCILLC data sheets
and/or specifications can and do vary in different applications and actual performance may vary over time. All operating parameters, including “Typicals” must be validated for each
customer application by customer’s technical experts. SCILLC does not convey any license under its patent rights nor the rights of others. SCILLC products are not designed, intended,
or authorized for use as components in systems intended for surgical implant into the body, or other applications intended to support or sustain life, or for any other application in which
the failure of the SCILLC product could create a situation where personal injury or death may occur. Should Buyer purchase or use SCILLC products for any such unintended or
unauthorized application, Buyer shall indemnify and hold SCILLC and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and
expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such
claim alleges that SCILLC was negligent regarding the design or manufacture of the part. SCILLC is an Equal Opportunity/Affirmative Action Employer. This literature is subject to all
applicable copyright laws and is not for resale in any manner.
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