2N\ THEBEAST

" \- 4 AUTOMOTIVE IN-CABIN WIRELESS CHARGING TRANSMITTER
SPK-4101-3C15A

~FEATURES

¢« WPCQjv1.2.4 15W EPP certified

¢+ Supports all fast chargesmartphones

¢+ Supports future products and standards with a firmware upgrade

¢+ Chargeris backward compatible with low-power and legacy devices

¢+ Fixed frequency architecture to meet strict automotive requirements

¢+ CISPR 25 Class 4 certified, unique power drive architecture minimizes EMI

¢+ Precise frequency control to prevent adverse effects on other automotive systems
¢ Full power charging with a 6 - 19V input supply, supporting vehicle stop/start

¢+ Supports multi-coil configurations (standard and custom)

¢+ Standard 3 coil (MP-A13 or MP-A9), 2 coil and single coil solutions

¢+ Single MCU supports wireless charging, system application, CAN and external NFCinterface functions
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OVERVIEW

The Beast wireless power transmitter evaluation module is a high-performance, easy-to-use
development system for the design of automotive in-cabin wireless charging solutions. The SPK-4101-
3C15A system supports all the basic functions of a Qi-compliant, wireless charger for automotive
applications. The three-coil transmitter provides the designer a certified platform that drastically
reduces the development time of their end application. The system supports WPC v1.2.4 receivers up
to 15W, as well as all legacy Qi certified receivers. Smartphones with proprietary fast charge capability
are also supported. Additional features and future standards changes can be supported by the easy-to-
upgrade software.

SPECIFICATIONS

Table 1 provides a summary of performance specifications at an ambient temperature of 25°C.

Table 1. SPK-4101-3C15A Specifications

Parameter Conditions Min Typ Max Units
Vin | Input voltage RX output up to 15W 6 12 19 Vv
lin Input current Vin =12V, RX output Vour = 12V, loue = 1.25A 1.6 A
Input standby current | Vi =12V 125 mA
fsw | Switching frequency 127.8 kHz
Eox | Peak efficiency Vin = 12V, RX output Vour = 12V, loyt = 1.25A 77 %
ta Operation temp Ambient 25 85 °C

CERTIFICATIONS

Table 2 provides a summary of completed regulatory certifications. See the Appendix for certificates.

Table 2. SPK-4101-3C15A Certifications

Regulation Level Laboratory Description
WPC Qi v1.2.4 EPP Intertek, Hong Kong | Wireless Power Consortium product certification
CISPR-25 Class 4 NTS, Dallas TX Automotive EMI product certification
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CONNECTOR DESCRIPTIONS

Table 3 provides a list of connectors and their functions.

Table 3. SPK-4101-3C15A Connections

Connector Name Description
J1 JTAG JTAG serial communications interface for debug use
12 DAP MCU debug interface for use with Infineon KIT_DAP_MINIWIGGLER_USB
J3 UART UART serial debug interface for use with Spark GUI application
J4 SPI Serial Peripheral Interface (SPI) for connection to external devices
J5 DCIN Input supply connection (6V - 19V DC)
J6 COIL_REF Coil reference connection
17 COIL_TEMP1 Coil #1 thermistor connection
J8 COIL_H1 Coil #1 connection
J9 COoIL_L1 Coil #1 connection
J10 COIL_TEMP2 | Coil #2 thermistor connection
J11 COIL_H2 Coil #2 connection
J12 COIL_L2 Coil #2 connection
J13 COIL_TEMP3 Coil #3 thermistor connection
J14 COIL_H3 Coil #3 connection
J15 COIL_L3 Coil #3 connection
J16 CAN CAN interface
J17 FOD Spark optional enhanced FOD function

LED BEHAVIOR

Table 4 provides a summary of the LED indicator behavior.

Table 4. SPK-4101-3C15A LED Behavior

LED Behavior Description

Single Green Flash  One green flash at power-up; indicates system is working properly

Solid Green Normal charging; indicates a receiver is on the charging surface

Solid Red Error condition; FOD object detected
Error condition; Communication error
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BLOCK DIAGRAM

Figure 1 shows a block diagram of the major functions.

Figure 1. SPK-4101-3C15A Block Diagram
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TEST SETUP

Spark recommends using a certified WPC Qi v1.2 15W EPP receiver for system evaluation. If a certified
WPC v1.2 receiver is not available, a certified WPC v1.1 or newer will also suffice. Use of non-certified
Qi receivers (sometimes called “Qi compatible”) is not recommended as functionality and performance
are not guaranteed. Spark does not support the use of non-certified receivers with the SPK-4101-
3C15A.

The transmitter fully complies with WPC v1.2.4 EPP protocol, allowing it to charge all WPC Qi certified
receivers, regardless of power level, up to 15W receiver output. The following test set-up and testing
results reflect the use of a WPC v1.2 EPP receiver.

Equipment required to test the transmitter:
e Qi certified receiver (15W EPP recommended)
e Power supply (12V, 3A recommended)
e Electronic load (constant current)
e Multimeters to measure input / output voltage and current
e Oscilloscope (optional) to measure signal waveforms

e Computer with a USB port (optional)

Operation of the system:

1. Connect the Multimeters per the diagram, to measure input / output voltage and current
Adjust the power supply to 12V and connect to J5
Turn on power supply; the status LED will flash green once to indicate the system is working
Place the receiver on the charging surface

i W

Measure the system parameters
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6. If a PCis connected to J3 using a USB-to-UART cable, the user can monitor the transmitter
operation through either a serial terminal window or the Spark Connected GUI application

7. The system software can be updated using the Spark Connected GUI application via a USB-to-
UART cable connected to J3

For more information on the SPK-4101-3C15A and to download the Spark Connected GUI application,
please go to www.sparkconnected.com/automotive.

Figure 2 shows the test equipment setup.

Figure 2. SPK-4101-3C15A Test Equipment Setup
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RECEIVER STARTUP

Figure 3 shows an oscilloscope capture of the transmitter behavior when a certified Qi receiver is placed
on the charging surface.

Figure 3. SPK-4101-3C15A 15W Qi Startup Sequence
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EFFICIENCY

Figure 4 shows the DC-to-DC efficiency of the system when tested with a certified Qi 15W EPP receiver
with a 50mm diameter 10uH coil. The receiver was tested at 15W (12V output) and 5W (5V output).

Figure 4. SPK-4101-3C15A System Efficiency
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Figure 5 and Table 5 show the DC-to-DC efficiency of the system with the receiver placed at different
locations on the charging surface.

Figure 5. SPK-4101-3C15A Efficiency Map
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Table 5. SPK-4101-3C15A Efficiency Map

Position Vin (V) Vout (V) lout (A) Pout (W) Efficiency
1 11.82 1.639 11.88 1.25 14.85 76.65%
2 11.81 1.824 11.66 1.25 14.58 67.66%
3 11.82 1.672 11.24 1.25 14.05 71.09%
4 11.81 1.803 11.55 1.25 14.44 67.80%
5 11.81 1.836 11.44 1.25 14.3 65.95%
6 11.82 1.777 11.89 1.25 14.86 70.76%
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CHARGING AREA

Figure 6 shows the charging area of the system when tested with an Apple iPhone 8. The outline
represents the outside limit for placement of the receiver coil center point where phone charging
begins.

Figure 6. SPK-4101-3C15A Charging Area Map in mm (iPhone 8)
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THERMAL PERFORMANCE

Figure 7 shows the FLIR thermal image for a system when tested with a certified Qi 15W EPP receiver
with a 50mm diameter 10uH coil. The image was taken at steady state operation with a receiver output
of 15W. The maximum temperature on the PCB is 49°C, measured at an ambient of 24°C.

Figure 7. SPK-4101-3C15A Thermal Image
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FOREIGN OBJECT DETECTION (FOD)

Lower transmitter operating frequencies utilized by the WPC Qi standard (110kHz - 205kHz) require a
safety mechanism to prevent heating of metallic objects within the charging field. These are referred to
as “foreign objects” and can be located both inside the device (referred to as “friendly”) and outside the
device. Sensing these objects and preventing safety issues is referred to as Foreign Object Detection
(FOD). Qi employs two main techniques for FOD.

1. The transmitter performs a Quality Factor (QF) measurement of the coil system when a receiver is
placed on the charging surface. If there is a metallic object within the charging field, it will reduce
the QF measurement. This method is only enabled by a Qi receiver that supports the v1.2 EPP
functionality. At startup, the receiver sends the transmitter a packet containing the real Quality
Factor (QF) measurement for the receive coil system. This QF measurement is compared to the
value measured by the transmitter. If the QF measurement by the transmitter is below that
communicated by the receiver, then an FOD event is triggered and power transfer is stopped. The
SPK-4101-3C15A signals the error by turning the LED indicator solid red. The transmitter will
maintain the error status until both the receiver and the foreign object is removed from the
transmitter surface. At that time the transmitter returns to standby mode.

2. The transmitter performs a Power Delta calculation during power transfer to determine if excess
power is being absorbed by objects other than the receiver. This method is only enabled by a Qi
receiver that supports the v1.1 or greater BPP functionality. During power transfer, the receiver
sends regular packets reporting the power received, including losses in the receiver system (coil,
rectifier, voltage regulator). The transmitter measures power output, including losses in the
transmitter system (coil, bridge, voltage regulator, other fixed losses). The transmitter then
subtracts received power from transmitted power, and if transmitted power is greater than received
power by more than a certain margin, then an FOD event is triggered and power transfer is stopped.
The SPK-4101-3C15A signals the error by turning the LED indicator solid red. The transmitter will
maintain the error status until both the receiver and the foreign object is removed from the
transmitter surface. At that time the transmitter returns to standby mode.

Since both FOD methods rely on information from the Qi receiver, the accuracy of the data provided by
the receiver is critical to effective metallic object detection.

The SPK-4101-3C15A also performs other real-time measurements of AC coil voltage, AC coil current,
system efficiency, and thermal input from any attached thermistors. Using these inputs, the system
ensures safe and stable power delivery as environmental changes occur. If an error condition is
detected, the SPI-4101-3C15A signals the error by turning the LED indicator solid red. To return the
system to standby, the user is required to address the cause of the error.
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BILL OF MATERIALS (BOM)

Table 6 provides a list of components and their functions.

Table 6. SPK-4101-3C15A BOM

Designator Value Rating Part Number Manufacturer Qty Description

C1 2.2uF 10v LMK107BJ225KAHT Taiyo Yuden 1 Ceramic Capacitor
C2,C3,C5,C7,Cs,

C10, C41, C42, C43,

C75, C82, C89, C97, . .
€100, C101, C107, 100nF 50V 20 Ceramic Capacitor
C110, C113, C114,

Cl16

C6, C45 330nF 16V ACO0603KRX7R7BB334 Yageo 2 Ceramic Capacitor
C9, C11, C14, C62 4.7uF 1ov LMK107BJ475KAHT Taiyo Yuden 4 Ceramic Capacitor
C12,C13 15pF 50V 2 Ceramic Capacitor
32 €20, €23, €31, 1uF 50V UMK212B7105MGHT Taiyo Yuden 5 Ceramic Capacitor
C16, C19, C22, C48,

C57, C63, C80, C87, 10nF 50V 11 Ceramic Capacitor
C94, C103, C111

C17,C18, C21, C96 100pF 50V 4 Ceramic Capacitor
C24, C25, C26, C47 10uF 25V TMK316AB7106KLHT Taiyo Yuden 4 Ceramic Capacitor
C27, C28, C29, C59 10uF 25V TMK316AB7106KLHT Taiyo Yuden 4 Ceramic Capacitor
C30, C34, C35, €81, . .
C88, €95, C98 100nF 50V GCM155R71H104KE02) Murata 7 Ceramic Capacitor
gii’ZCSS’ €55, €56, 10uF 1ov LMK212ABJ106KGHT Taiyo Yuden 5 Ceramic Capacitor
gii;cy’ €39, €40, 1nF 50V GCM155R71H102KA37D Murata 5 Ceramic Capacitor
C38, C44 470nF 16V GCM188R71C474KA55) Murata 2 Ceramic Capacitor
ggg’ €30, €51, €32, 10uF 10V LMK316AB7106KLHT Taiyo Yuden 5 Ceramic Capacitor
C54 22nF 16V EMK105B7223MVHF Taiyo Yuden 1 Ceramic Capacitor
C58, C99 1uF 10V LMK107B7105KAHT Taiyo Yuden 2 Ceramic Capacitor
C60, Co61 10uF 25V GRM21BR61E106KA73L Murata 2 Ceramic Capacitor
gsi’ €67, C68, €71, 100nF 50V CGA5L2CO0G1H104J160AA TDK 5 Ceramic Capacitor
C66, C72 47nF 50V CGA5H2C0G1H473J115AA TDK 2 Ceramic Capacitor
gg EZ €8s, c84, 100nF 100V CGA5L1C0G2A104J160AC TDK 6 Ceramic Capacitor
C102, C105 2.2nF 25V AC0402KRX7R8BB222 Yageo 2 Ceramic Capacitor
C104, C106 2.2nF 200V C0805C222J1GAC7800 Kemet 2 Ceramic Capacitor
C108, C109 220pF 50V 2 Ceramic Capacitor
D1 APHBM2012SURKCGKC Kingbright 1 LED Dual Color
D2, D3, D8, D9 60V NRVTS260ESFT1G ON Semi 4 Diode Schottky
D4, D5, D6, D7 20V PMEG2005EGWJ Nexperia 4 Diode Schottky
D10 30V BAT54GW)J Nexperia 1 Diode Schottky
D11 12v SZMMSZ5242BT1G ON Semi 1 Diode Zener

D14, D15, D16, D19, . .

D20, D23, D24, D27 BAS16GW) Nexperia 8 Diode

D17, D18, D21, D22, . .

D25, D26, D29 10V MM3Z10VST1G ON Semi 7 Diode Zener
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D28 SBAS70-04LT1G ON Semi 1 Diode Schottky
D30, D31, D32 BAS21GWIJ Nexperia 3 Diode
EgibFBz’ FBS, FB8, 1K BK1005HS102-T Taiyo Yuden 5 Ferrite Bead
FB3, FB4 30 8.5A BLM21SN300SZ1D Murata Ferrite Bead
FB6, FB7 600 500mA MMZ1608Y751BTD25 TDK Ferrite Bead
n FTSH-110-01-L-DV-A Samtec 1 JTAG 20-pin
Connector
12 FTSH-105-01-L-DV-K Samtec 1 DAP 10-pin
Connector
. UART 4-pin
J3 M20-9960445 Harwin 1 e Tl
14 M20-9980445 Harwin 1 SPI 8-pin Connector
Barrel Connector
’° PI-0S1BH cul ! 2.5mm ID/5.5mm OD
J16 M20-9990345 Harwin 1 CAN 3-pin Connector
J17 M20-9980445 Harwin 1 FOD 8-pin Connector
L1 4A ACM70V-701-2PL-TLOO DK 1 common Mode
Choke
MSS1260-103 Coilcraft
L2 10uH 7.48A 1 Inductor
784771100 Wurth Elektronik
L3 56uH 1.4A SRN6045TA-560M Bourns 1 Inductor
L4 100uH 260mA LQH3NPZ101MMEL Murata 1 Inductor
MSS1260-333 Coilcraft
L5, L6 33uH 4.34A 2 Inductor
784771330 Wourth Elektronik
Common Mode
L7 A ! Choke
760308106 Wurth Elektronik ) )
L8 12.5uH WT1005690-12K2-A6-G DK 1 Wireless Power Coil
Ql BC817-25,235 Nexperia 1 NPN Transistor
Q2,Q3,Q7 IPG20NO4S4L11AATMAL Infineon 3 N Channel FET
Q4, Q5, 06, Q8 BSR606NH6327XTSA1 Infineon 4 N Channel FET
Q9 MUNS5213DWI1T1G ON Semi 1 NPN/NPN Transistor
Q10 BSS138WH6433XTMA1 Infineon 1 N Channel FET
Ql1, Q14,Q17,Q19 MUN5312DWI1T1G ON Semi 4 NPN/PNP Transistor
Ql12, Ql6, Q18 BSS7728NH6327XTSA2 Infineon 3 N Channel FET
Q13 IPD50N06S4L12ATMA2 Infineon 1 N Channel FET
Q15 IPG20N06S4L14AATMAL Infineon 1 N Channel FET
R1, R5, R18, R91, . .
R109, R126 1K 6 Chip Resistor
R2, R3, R10, R11, R12,
R13, R31, R42, R44,
R46, R50, R55, R57,
R62, R65, R67, R68, . .
R69, R71, R73, R74, 10K 33 Chip Resistor
R75, R77, R79, R80,
R81, R89, R95, R97,
R98, R100, R147, R148
R4, R14, R51 10 3 Chip Resistor
R6, R37, R45, R131, . .
R134 0 5 Chip Resistor
R7, R8, R43, R133 100 4 Chip Resistor
R19, R20 220 Chip Resistor
R21, R32 0.010 0.5w KRL1220E-M-R010-F-T5 Susumu Chip Resistor
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R22, R23, R24, R25,

R27, R28, R29, R30, 2.2 11 Chip Resistor

R49, R54, R56

R26 49.9 1 Chip Resistor

R33 422K 1 Chip Resistor

R34, R58, R59 47K 3 Chip Resistor

R35 27K 1 Chip Resistor

R36, R66, R72, R78,

R123, R124, R135, 33K 8 Chip Resistor

R137

R38, R41 470 2 Chip Resistor

R39, R47, R70, R76,

R82, R84, R85, R86,

R87, R88, R90, R92, . .

R93, R94, R99, R136, 100K 22 Chip Resistor

R138, R143, R144,

R145, R146, R149

R40, R48, R139, R140 22K 4 Chip Resistor

R52, R129, R130 10K 1% 3 Chip Resistor

R53, R102 2K 1% 2 Chip Resistor

R60, R61 150 0.5W 2 Chip Resistor

R83 4.7K 1 Chip Resistor

R96, R101, R104 1K 3 Chip Resistor

R103, R110, R112,

R113, R116, R118, 33K 1% 7 Chip Resistor

R121

R106 200K 1 Chip Resistor

R107, R114, R117, o . .

R120, R122 820 1% 5 Chip Resistor

R108, R115, R125 100K 1% 3 Chip Resistor

R127 150K 1% 1 Chip Resistor

R128 75K 1% 1 Chip Resistor

U1 SAK-TC2125-8F1335C Infineon 1 Wireless Power
Controller

u2 TLD5190QVXUMAL Infineon 1 Buck-Boost
Controller

u3 TLE8366EV50XUMA1 Infineon 1 Buck Regulator

ua TLS203BOLDV33XUMA1 Infineon 1 LDO (3.3V)
FET Driver (5V-20V

us AUIRS2301STR Infineon 1 Supply with 3.3V-5V
MCU Interface)

U6 LM2904AQM8-13 Diodes 1 OPAMP (2 Channel)

u7 LMV824IYPT ST 1 OPAMP (4 Channel)

U8, U10, U11 74LVC1G66GW-Q100,1 Nexperia 3 Analog Switch
(Single)

U9 SN74HC4852PWR TI 1 ATl L
(Dual 4-channel)

ul2 TLE7250VSJIXUMA1 Infineon 1 CAN Transceiver

Y1 20MHz ECS-200-12-33Q-JES-TR ECS 1 Crystal

o0,
o.s © Spark Connected 2018 All Rights Reserved
..

16




APPENDIX A

Qi v1.2.4 certification document.

CERTIFICATE OF REGISTRATION QI-ID 4699

The product The Beast Automotive In-cabin Wireless Charger by Spark Connected with type

number SPK-4101-3C15A is licensed to-use the Qi logo on the product, on the product's
packaging, and in the product's user manual.

The product passed the tests defined in the Qi wireless power specification and works
correctly when used in combination with other products that are licensed to use the Qi logo.

oot

Oct 23, 2018
Menno Treffers

Chairman

http://www.wirelesspowerconsortium.com/products/details/4699/info

The symbol q) and the word "Qi" are registered trademarks in many jurisdictions. Use of these trademarks requires a license. Members of
the Wireless Power Consortium-can license the Qi symbol for use-on their products. The trademark license is granted only for products that
are registered in the Product Registration Database.

This cerificate of registration can be withdrawn by the Wireless-Power Consortium. For actual status consult the website.
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APPENDIX B

CISPR-25 Class 4 certification document.

SN NTS Report Number: TR-PRO80866 CE Rev 0
{LnTS
iy

1.0  Administrative Data

1.1 References

+  Spark Connected

« NTS Quote Number OP0254710-01 dated 07/10/2018 and OP0251401

« ISO/MIEC 17025:2005(E), General Requirements for the Competence of Testing & Calibration Laboratories,
May 15. 2005

o CISPR 215, Vehicles, boats and internal combustion engines — Radio-frequency disturbance characteristics —
Limits and methods of measurement for the protection of on-board receivers, Ed 3.0 2008-03

1.2  Description of Test Item

Qty Ttem ' PN ' SN
1 15 Watt 3-Coil In-Cabm Automotive Wireless Charger SPK-4101-3C15A NA

1.3 Test Configuration
According to CISPR 25, Car battery. artificial network, wireless power transmitter.

1.4 Test Locations and Dates

Test Category Test Dates
Radiated Enussions 07/05/2018
Conducted Emissions 07/05/2018

Note: All testing was performed at NTS in Plano, TX

1.5 Calibration Details

Lists of the equipment used during testing are included in each test section. This equipment is calibrated according to
ISO/TEC 17025:2005(E) and calibration is traceable to the National Institute of Standards and Technology (NIST).
Calibration records are maintained on file at National Technical Systems.

1.6 Test and Result Summary

The 15 Watt 3-Coil In-Cabin Automotive Wireless Charger was tested to the specified standards and to comply with
all of the criteria to which it is tested:

Test | Section ‘ Reference | Performance | Test Result
_ Emissions Class Limit _
Radiated Enussions | 21 Class 4 | Pass
o CISPR 25
Conducted Enussions | 22 Class 4 | Pass

1.7 Mode of Operation and Power

The 15 Watt 3-Coil In-Cabin Automotive Wireless Charger was operated via 12 - 14VDC from car battery. The
wireless power transmitter detects the presence of a wireless power receiver on its surface and starts the power transfer.
The power level is controlled by the receiver via in-band communication data packets.
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TERMS AND CONDITIONS FOR EVALUATION MODULES

1. Delivery. Spark Connected (“Spark”) delivers Spark evaluation boards, kits, or modules, including any accompanying
demonstration software, components, or documentation (collectively, an “EVM” or “EVMSs”) to the User (“User”) in
accordance with the terms and conditions set forth herein. Acceptance of the EVM is expressly subject to the
following terms and conditions:

a. EVMs are intended solely for product or software developers for use in a research and development setting
for feasibility evaluation, experimentation, or scientific analysis of the Spark reference design. EVMs have
no direct function and are not finished products. EVMs shall not be directly or indirectly assembled as a part
or subassembly in any finished product.

b. EVMs are not intended for consumer or household use. EVMs may not be sold, sublicensed, leased, rented,
loaned, assigned, or otherwise distributed for commercial purposes by Users, in whole or in part, or used in
any finished product or production system.

2. Limited Warranty. If any EVM fails to conform to Spark's published specifications, Spark may, at its option, repair or
replace such EVM. If Spark elects to repair or replace such EVM, Spark shall have a reasonable time to repair the
EVM or provide replacements. Notwithstanding the foregoing, Spark shall not be liable for any defects that are
caused by neglect, misuse or mistreatment by an entity other than Spark, including improper installation or testing,
or for any EVMs that have been altered or modified in any way by an entity other than Spark. Moreover, Spark shall
not be liable for any defects that result from User's design, specifications or instructions for such EVMs. Testing and
other quality control techniques are used to the extent Spark deems necessary or as mandated by government
requirements. Spark does not test all parameters of each EVM.

3. EVM Use Restrictions and Warnings:

a. EVMS ARE NOT FOR USE IN FUNCTIONAL SAFETY AND/OR SAFETY CRITICAL EVALUATIONS, INCLUDING BUT
NOT LIMITED TO EVALUATIONS OF LIFE SUPPORT APPLICATIONS.

b. User must read and apply the user guide and other available documentation provided by Spark regarding
the EVM prior to handling or using the EVM, including without limitation any warning or restriction notices.

c. Safety-Related Warnings and Restrictions:

i. User shall operate the EVM within Spark’s recommended specifications and environmental
considerations stated in the user guide, other available documentation provided by Spark, and any
other applicable requirements and employ reasonable and customary safeguards. Exceeding the
specified performance ratings and specifications (including but not limited to input and output
voltage, current, power, and environmental ranges) for the EVM may cause personal injury or
death, or property damage. If there are questions concerning performance ratings and
specifications, User should contact a Spark prior to connecting interface electronics including input
power and intended loads. Any loads applied outside of the specified output range may also result
in unintended and/or inaccurate operation and/or possible permanent damage to the EVM and/or
interface electronics. Please consult the EVM user guide prior to connecting any load to the EVM
output. If there is uncertainty as to the load specification, please contact a Spark. During normal
operation, even with the inputs and outputs kept within the specified allowable ranges, some
circuit components may have elevated case temperatures. When testing the EVM, please be aware
that the EVM may become very warm.

ii. EVMs are intended solely for use by technically qualified, professional electronics experts who are
familiar with the dangers and application risks associated with handling electrical mechanical
components, systems, and subsystems. User assumes all responsibility and liability for proper and
safe handling and use of the EVM by User or its employees, affiliates, contractors or designees.
User assumes all responsibility and liability to ensure that any interfaces (electronic and/or
mechanical) between the EVM and any human body are designed with suitable isolation and means
to safely minimize the risk of electrical shock hazard. User assumes all responsibility and liability for
any improper or unsafe handling or use of the EVM by User or its employees, affiliates, contractors
or designees.

d. User assumes all responsibility and liability for compliance to any applicable international, federal, state, or
local laws and regulations related to User’s handling and use of the EVM. User assumes all responsibility and
liability for proper disposal and recycling of the EVM consistent with all applicable international, federal,
state, and local requirements.

4. Accuracy of Information. Spark attempts to be as accurate as possible when providing information regarding the
EVM. However, Spark does not warrant the accuracy of EVM descriptions, documentation or other information as
accurate, complete, reliable, current, or error-free.
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5. Disclaimers:

a. DISCLAIMER OF WARRANTY. EVMS AND ANY DOCUMENTATION PROVIDED WITH THE EVM BY SPARK ARE
PROVIDED "AS IS", WITHOUT WARRANTIES OF ANY KIND FROM SPARK, EITHER EXPRESS OR IMPLIED. TO
THE FULLEST EXTENT POSSIBLE PURSUANT TO APPLICABLE LAW, SPARK DISCLAIMS ALL WARRANTIES
EXPRESS, IMPLIED, OR STATUTORY, INCLUDING, BUT NOT LIMITED TO, IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, RELIABILITY OR AVAILABILITY, ACCURACY, LACK
OF VIRUSES, QUIET ENJOYMENT, NON-INFRINGEMENT OF THIRD-PARTY RIGHTS (INCLUDING THIRD PARTY
INTELLECTUAL PROPERTY RIGHTS) OR OTHER VIOLATION OF RIGHTS. NO ADVICE OR INFORMATION,
WHETHER ORAL OR WRITTEN, OBTAINED BY YOU FROM SPARK OR ITS AFFILIATES SHALL BE DEEMED TO
ALTER THIS DISCLAIMER BY SPARK OF WARRANTY REGARDING THE SOFTWARE, OR TO CREATE ANY
WARRANTY OF ANY SORT FROM SPARK.

b. NOTHING IN THESE TERMS AND CONDITIONS SHALL BE CONSTRUED AS GRANTING OR CONFERRING ANY
RIGHTS BY LICENSE, PATENT, OR ANY OTHER INDUSTRIAL OR INTELLECTUAL PROPERTY RIGHT OF SPARK, ITS
SUPPLIERS/LICENSORS OR ANY OTHER THIRD PARTY.

6. USER'S INDEMNITY OBLIGATIONS AND REPRESENTATIONS. USER WILL DEFEND, INDEMNIFY AND HOLD SPARK, ITS
LICENSORS AND THEIR REPRESENTATIVES HARMLESS FROM AND AGAINST ANY AND ALL CLAIMS, DAMAGES,
LOSSES, EXPENSES, COSTS AND LIABILITIES (COLLECTIVELY, "CLAIMS") ARISING OUT OF OR IN CONNECTION WITH
ANY HANDLING OR USE OF THE EVM THAT IS NOT IN ACCORDANCE WITH THESE TERMS AND CONDITIONS. THIS
OBLIGATION SHALL APPLY WHETHER CLAIMS ARISE UNDER STATUTE, REGULATION, OR THE LAW OF TORT,
CONTRACT OR ANY OTHER LEGAL THEORY, AND EVEN IF THE EVM FAILS TO PERFORM AS DESCRIBED OR EXPECTED.

7. LIMITATION OF LIABILITY. SPARK WILL NOT BE LIABLE FOR ANY DAMAGES OF ANY KIND ARISING OUT OF OR
RELATING TO THE USE OR THE INABILITY TO USE THE DEVICE, THE SOFTWARE OR ITS CONTENT OR FUNCTIONALITY,
INCLUDING BUT NOT LIMITED TO DAMAGES CAUSED BY OR RELATED TO ERRORS, OMISSIONS, INTERRUPTIONS,
DEFECTS, DELAY IN OPERATION OR TRANSMISSION, COMPUTER VIRUS, FAILURE TO CONNECT, NETWORK CHARGES,
AND ALL OTHER DIRECT, INDIRECT, SPECIAL, INCIDENTAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES EVEN IF
SPARK HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES. NOTWITHSTANDING THE FOREGOING, SPARK 'S
TOTAL LIABILITY TO YOU FOR ALL LOSSES, DAMAGES, CAUSES OF ACTION, INCLUDING BUT NOT LIMITED TO THOSE
BASED ON CONTRACT, TORT, OR OTHERWISE, ARISING OUT OF YOUR USE OF THE EVM OR THIRD PARTY
APPLICATIONS ON THE DEVICE, OR ANY OTHER PROVISION OF THIS AGREEMENT, SHALL NOT EXCEED THE AMOUNT
YOU PAID SPECIFICALLY FOR THE PRODUCT. THE FOREGOING LIMITATIONS, EXCLUSIONS, AND DISCLAIMERS SHALL
APPLY TO THE MAXIMUM EXTENT PERMITTED BY APPLICABLE LAW, EVEN IF ANY REMEDY FAILS ITS ESSENTIAL
PURPOSE.

8. Applicable Law. This Agreement is governed by and construed in accordance with the laws of the state of Texas in
the United States of America, excluding any choice of law rules that may direct application of laws of another
jurisdiction. The exclusive venue and forum for any action brought in connection with this Agreement will be any
state or federal court located in Dallas County, Texas.

Spark Connected, LLC

Powering the World, Wirelessly. o0 Mckwen Rd

. . Dallas, TX 75244
Visit us @ www.sparkconnected.com USA
sales@sparkconnected.com
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