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Abbreviations

Abbreviation Description

EV Electric Vehicle

IEC International Electrotechnical Commission

PCB Printed Circuit Board

loT Internet of Things

DC Direct Current

RDC-M Residual Direct Current Monitoring

ANSI American National Standards Institute

UL Underwriters Laboratories

EMC Electromagnetic compatibility

EN European Standards

MCU Micro Controller Unit

ZCT Zero-phase current transformers

ADC Analog to Digital Converter

RMS Root Mean Square

PWM Pulse Width Modulation

IC-CPD In Cable Control and Protection Device
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1 Product description

1.1 Introduction

The residual current detection sensors 791002002, 791002004 are sensors designed for Mode
3 EV stationary charging application according to IEC 62955: 2018.lt is an open loop flux gate
current sensor with toroidal core and designed for PCB mounting.

1.2 Sensor Feature
e Compact design for PCB board mounting
e Cable through hole (only for 791002002)
e 3-phase primary conductors on module (only for 791002004)
e DC 6mA residual direct current detecting RDC-M-Module for Mode 3 EV charging
¢ Digital open-drain output, 6mA DC trip indication
e Supply voltage drop monitoring
e Heart Beat or Error output for system fault indication
e Designed to meet standard: IEC 62955: 2018
e Module Software certified according to ANSI/UL 1998, Class 1
¢ Partially EMC tested according to IEC 62955: 2018 and EN 60730-1

Order code 79100200x 5
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1.3 Block diagram

Self-test Circuit

MCU and Peripheral
Circuit

Excitation Circuit

Sampling and
Filtering Circuit

N L1L2L3

Figure 1: Block diagram

WE-RCDS use the open-loop fluxgate principle and the excitation and pickup coil are the same
coil. The excitation coil drives the magnetic core into saturation and back to unsaturation and
into saturation in negative direction. The external flux generate by fault current will be draw in
or pushed out by the coils. If there is no external magnetic field exist, the voltage induced to
sampling resistor will be symmetrical in positive and negative direction. Otherwise, the voltage
will be different in positive and negative direction and the fault current can be acquired and
demodulated out from it.

As shown in the block diagram WE-RCDS is composed of self-test circuits, excitation circuit,
sampling circuit, filtering circuit and MCU and peripheral circuit.

e MCU and Peripheral Circuit

All interfaces are connected to MCU, and MCU is intended to monitor or control all func-
tion circuits.

e Product Self-test Circuit

Circuit is designed for generating 6.5mA DC fault in current transformer (ZCT), MCU
will initiate test signal when test request from TEST-IN is detected.

e Excitation Circuit

Excitation circuit is designed to generate periodic varying signal to ZCT, the exciting fre-
quency is controlled by MCU.

e Sampling and Filtering Circuit

The inducted current in coil is filtered and sampled by MCU ADC.

Order code 79100200x 6
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1.4 Ordering information

WE order . Operating
code EIBIE e lan lap Temperature
791002002| Horizontal | STnaseprimary | g apg | 80/40A 1 45 «c o +105°C
conductor max.
791002004 | Vertical Cable Through Hole | 6 mA DC | 40 A max. -40 °C to +105°C
|an:Rated Residual Operating Current; Ixp:Primary Current
Table 1: Ordering information
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2 Sensor and electrical specification
2.1 Electrical Specification
2.1.1 Electrical property of 791002002
Symbol Description Min. | Typ Max Unit
I Primary rated current (1phase / 80 / 40 A
3phase)
PN Ye, Residual DC operating current 6 mA
lADC tol Trip tolerance 3 4.6 6 mA
Recovery current level for Iapc
lar (absolute value DC) 2.5 mA
faw Detection frequency range DC
Heartbeat signal frleql.Jency for 940 | 1000 1060 Hy
PWM system monitoring
Heartbeat signal d.Uty. cycle for 49% | 50% 519%
system monitoring
V_pwM_out PWM output voltage 4.7 V
VTEST_IN, low TEST-IN inpUt VOltage, low level 0.6 \Y
Viest w high TEST-IN input voltage, high 31 vV
- level
V1grip low TRIP output voltage, low level 0.4 \
Vrrip high TRIP output voltage, high level +Vce Vv
Table 2: Electrical properties of 791002002
Order code 79100200x 8
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2.1.2 Electrical property of 791002004

Symbol Description Min. | Typ | Max | Unit
lp Primary nominal RMS current 32 40 A
IaDC Residual DC operating current 6 mA
[ADC tol Trip tolerance 3 4.6 6 mA
e
X Resolution @ Iapc 0.2 mA
PWMsreq Frequency 7.52 8 8.48 | kHz
PWM duty cycle of the DC
PWM,t component Iapc (for monitoring 3.33 %/mA
purpose only)
V pwM_out PWM output voltage 4.7 Vv
faw Frequency Range DC
V1est N, lOwW TEST-IN input voltage, low level 0.6 Vv
Vigst i, high TEST-IN |nr|>(l;\tlglloltage, high 31 Vv
V1grip low TRIP output voltage, low level 0.4 Vv
Vrrip high TRIP output voltage, high level +Vce Vv

Table 3: Electrical properties of 791002004

2.2 General Properties

Symbol Description Min. | Typ. | Max. | Unit
D-in Inner diameter 16.8 17 17.2 | mm
+Vpp Supply voltage 4.85 5 5.15 Vv
+Vee Pull up voltage 55 Vv
lcc Consumption current 17 22 30 mA
Clearance (primary to . .
Sclearps secondary) not applicable
Creepage (primary to . .
Screepps secondary) not applicable
Plastic Housing Flammability Rating UL94 V-0

Table 4: General properties of 791002002

*The sensor is manufactured and designed to use with insulated cables. The product user must evaluate the cor-

rect insulated cables by themselves or needs to make sure that the required clearances and creepage distances
are ensured.

Order code 79100200x 9
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Symbol Description Min. | Typ. | Max. | Unit
+Vpp Supply voltage 4.85 5 5.15 Vv
+Vee Pull up voltage 5.5 Vv
lcc Consumption current 17 24 30 mA
Scleary, Clearance (primary to primary)* | 5.7 mm
Screepp, Creepage (primary to primary)! | 6.5 mm
Sclear,s Clearance (prlmgry to 6.15 mm
secondary)
Creepage (primary to
Screepps secondary)? 6.15 mm
Plastic housing flammability rating UL94 V-0

Table 5: General properties of 791002004

L Fulfill the requirements with installed spacer provided by WE.

2 Designed and manufactured based on reinforced insulation, insulation material group llla, pollution degree 2,
altitude < 3000m and overvoltage category Il (In accordance with IEC 60664-1:2007). Assume the mounting
PCB to be at least material group llla.

2.3 Absolute Maximum Ratings

Symbol Description Min. Max. Unit
Maximum rated voltage (AC
RMS) of primary conductors
Uniax (Phase against neutral voltage/ 250/440 v
Phase against phase voltage)
+Vpp Supply voltage -0.3 5.5 Vv
+Vee Pull up voltage -0.3 5.5 Vv
V1rip, input Input voltage of TRIP -0.3 5.5 Vv
ltrip,SiNk Maximum sink current of TRIP 20 mA
VTEST_|N,inpUt |npUt VOltage of TEST-IN -0.3 55 \Y
. Maximum sink current of
|TEST_|N,S|nk TEST-IN +5 mA
Table 6: Absolute maximum rating of 791002002
Conditions above these ratings may cause permanent damage and may impact the reliability.
Therefore, exceeding these values or others are not permitted.
Order code 79100200x 10
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Symbol Description Min. Max. Unit
lp Primary nominal RMS current 40 A
Maximum rated voltage (AC
RMS) of primary conductors
Unax (Phase against neutral voltage/ 250/440 v
Phase against phase voltage)
+Vpp Supply voltage -0.3 5.5 Vv
+Vee Pull up voltage -0.3 5.5 Vv
Input voltage of digital output i
Vin (PINs 1.3.4) 0.3 5.5 %
Maximum sink current of digital
ik output (PINs 1,3,4) 20 mA
, Maximum input voltage of
VTEST_|N,|nput TESpT-|N 9 55 Vv
, Maximum sink current of
|TEST_|N,S|nk TEST-IN +5 mA

Table 7: Absolute maximum rating of 791002004

Conditions above these ratings may cause permanent damage and may impact the reliability.
Therefore, exceeding these values or others are not permitted.

2.4 Certifications

Certification

Standard

RoHS Approval

Compliant [2011/65/EU&2015/863]

REACH Approval

Conform or declared [(EC)1907/2006]

Halogen Free

Conform [JEDEC JS709B]

Halogen Free

Conform [IEC 61249-2-21]

Software Functional Safety

Compliant [ANSI/UL 1998, Class 1]

Table 8: Certifications of 791002002 and 791002004
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3 Application

The residual current detection sensor WE-RCDS are designed for Mode 3 stationary electrical
vehicles charging devices. The following figure shows a simplified, typical block diagram of a
Mode 3 stationary electrical vehicle (EV) charging, which is also typically known as a wallbox
station.

PE PE
L1 S L 2ot L1
@ N | relay |
PLUG I [52%] | Vehicle
L2 % Hall @ ey | L2 Connector
Sensor WE-RCDS } ! }
L3 EMI Sensor I L) I L3
| relay |
| |§vp| |
NTC N ey ] N nTC CP
r T T T rrrr———""T—"—"—"——1 —— A L‘
| |
” Voltage and Residual . .
| owecion PE Loss Curent || SSS |1 | wesse | NTC——
|
J

Auxiliary Tem
Detection

EEPROM

-
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} Power
| Module
|
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|
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’ Boost H Level
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Tem | BIS (@) 0|

Detection | @ @ B Q |

| Data Lines m:‘;:;"{'m RF & Wireless Status LED |

,,,,,,,,,,,,,,,,,,,,,

Figure 2: Simplified typical block diagram of Mode 3 EV charging station

3.1 Common electrical charging mode

Electric vehicles are normally loaded at different times, in different places or different feed
points, requiring different energy input. In order to provide the necessary safety and charging
energy to match the demand, four different charging modes are defined in IEC 61851-1.
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AC charging AC charging Schuko/CEE AC charging
Schuko/CEE direct Ul wentiol Wallbox/charging station IS TSR e
and Protection Device)
S )
® ® 3
. Mode 1 . Mode 2 N—r’ Mode 3 ~— Mode 4
Forbiddenin EU I[EC 62752 IEC 61851 referring DC charging station
to IEC 62955

Figure 3: Different charging modes as defined in IEC 61851-1

e Mode 1: The EV directly connects to a household socket.

Maximum Current: 16 A.

Voltage: Up to 250 V (single-phase) or 480 V (three-phase).

Communication: No communication between the EV and the charge point.

Use: Prohibited or restricted in many countries due to its simplicity and lack of safety
features.

e Mode 2: Uses a special charging cable equipped with an in-cable control and protection
device (IC-CPD).

Maximum Current: 32 A.

Voltage: Up to 250 V (single-phase) or 480 V (three-phase).

Safety: IC-CPD ensures control and safety functions.

Use: Safer than Mode 1 for long-term charging from household sockets.

e Mode 3: AC current delivered to the EVs on-board charger.

Safety: Employs control and protection functions for public safety.
Use: Commonly found in public charging stations or home appliances

e Mode 4: Delivers DC current directly to the battery, bypassing the on-board charger.

Use: Typically used for fast charging stations in public areas

Order code 79100200x 13
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3.2 General residual current detection requirement in EV charging

According to IEC 60364-7-722, each connecting point should be protected by its own RCD
of at least type A, having a rated residual operating current not exceeding 30 mA. Additional
protective measures against DC fault currents need to be taken. The appropriate measures
are:

e RCD type B, or

e RCD type A and appropriate equipment that ensures the switching of the supply in case
of a DC fault current above 6 mA.

To ensure that the proper functionality of RCDs type A or type F is not impaired by DC residual
currents above 6 mA.

WE- RCDS are designed to meet the operating characteristics based on IEC62955 to build a
Residual direct current detecting device to avoid costs of RCD type B

3.3 Main verification points of the operating characteristics of a residual
current detecting device

Based on IEC62955 which is a related product reference standard of our WE-RCDS sensor.
The exact verification procedure and the necessary repetitions of the tests are described in this
standard.

3.3.1 Tripping current

e Steady increase of smooth DC residual current
— RCD module shall trip within the limits of 3 mA and 6 mA DC.

e Residual direct currents which may result from rectifying circuits supplied from two phases
— RCD module shall trip within the limits of 3.5 mA to 7 mA.

e Residual direct currents which may result from rectifying circuits supplied from three
phase

— RCD module shall trip within the limits of 3.1 mA to 6.2 mA.

3.3.2 Break time
e Verification of correct operation on a smooth DC residual current.
e Residual direct currents supplied from two phases.

e Residual direct currents supplied from three phases.

The break times shall be in compliance with the values given in Table of Maximum values of
break times for residual direct currents below.

Order code 79100200x 14
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Residual direct current Max. Break time
6 mA 10.0 s
60 mA 0.3s
200 mA 0.1s

Table 9: Maximum values of break times for residual direct currents

3.3.3 Non-operating time for alternating residual currents

The following test shall be made at each of the remaining value of the alternating residual
current specified in the table of Minimum values of non-operating time for alternating residual
currents (RMS values). The residual current is suddenly established, and the break time being
measured.

Alternating Residual current(RMS) Non-operating time
up to 30 mA no tripping
60 mA 0.3s
150 mA 0.08 s
5A 0.08 s

Table 10: Minimum values of non-operating time for alternating residual currents (RMS values)

3.4 Necessity of DC Current detection

Electric vehicles use rectifiers to convert AC from the power grid to DC for battery charging,
which can result in small amounts of DC current flowing back into the AC grid. Additionally,
insulation faults or coupling effects in the charging equipment or vehicle can cause DC current
to leak into the grounding conductor. Both issues can lead to DC residual currents in the
main line of the Mode 3 charging station that not be detected by standard AC residual current
devices (RCDs Type A). In case a DC residual current occur, the magnetic material of the ZCT
of upstream type A RCD will be pre magnetized and thus insensitive to any further residual
currents. Type A RCD will "become blind" and its protective function is thus overridden.

Order code 79100200x 15
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Magnetic induction Magnetic induction
ay\ 4y

) Magnetic flow actuated
Magnetic flow by laacand loc
actuated by laac

/— Initial magnetization curve 2
/ +— Hysteresis curve
2 — / >
Magnetic field strength Magnetic field strength
R S ™ !
/ AC AC
\ Excitation by lsac DC
Excitation by laac with
pre-magnetization by laoc
Figure 4: Magnetization by AC and DC
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Version 1.2, October 2024 www.we-online.com/wcs


http://www.we-online.com/wcs

WIRELESS CONNECTIVITY & SENSORS FLERTRONIK

User manual RCDS sensor VOO ExreeT

4 RDC-M-module Characteristics

RDC-M-module capable of 6 mA DC residual current detection and evaluation electrically cou-
pled to a separate protective or switching device.

N L1L2L3

—_— —_—
- —_
- ——

1T RCD-M-Module T~

Evaluation Unit \

- —

Switching Device
e.g. RCBO or RCCB

Figure 5: RDC-M-module schematic

The tripping time specified for WE-RCDS Modules is the time from residual current suddenly
established to the tripping signal generated by the sensor. The total tripping time should be
considered from customer side with including for example the response time of relay and all
control units.

4.1 Operation Characteristic

According to IEC62955 the operating characteristics for smooth DC, two phase pulsating DC,
and three phase pulsating DC need to be verified in terms of tripping current and break time.
The typical residual current waveforms shown as below.

Order code 79100200x 17
Version 1.2, October 2024 www.we-online.com/wcs


http://www.we-online.com/wcs

WIRELESS CONNECTIVITY & SENSORS FLERTRONIK

User manual RCDS sensor VOO ExreeT

positive

negative

Figure 6: smooth DC characteristic

positive

negative

Figure 7: two phase pulsating DC characteristics

Figure 8: three phase pulsating DC characteristics
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e Tripping current

Different types of residual current being applied respectively, and the residual current is steadily
increased starting from a value to reach a certain value in 30 s in accordance with the require-
ments of the standard.

And WE-RCDS modules performs as follows:

For 791002002:
Wave Frequency Min. Typ. Max. Unit
Smooth DC OH 3.0 4.6 6.0 mA
Two phase DC 50Hz 3.5 5.3 7.0 mA
Three phase DC 50Hz 3.1 4.6 6.2 mA
Table 11: Residual trip current for 791002002
For 791002004:
Wave Frequency Min. Typ. Max. Unit
Smooth DC OH 3.0 4.6 6.0 mA
Two phase DC 50Hz 3.5 5.2 7.0 mA
Three phase DC 50Hz 3.1 4.6 6.2 mA

Table 12: Residual trip current for 791002004

e Break time

Different types and sizes of residual current is suddenly established respectively, and the break

time being measured.

For 791002002:
Max. time .
Wave Frequency Current Typ. limit Unit
Smooth DC OHz 6mA 115 10000 ms
Smooth DC OHz 60mA 45 300 ms
Smooth DC OHz 200mA 45 100 ms
Two phase DC 50Hz 60mA 50 300 ms
Two phase DC 50Hz 200mA 55 100 ms
Three phase DC 50Hz 60mA 45 300 ms
Three phase DC 50Hz 200mA 45 100 ms
Table 13: Break time for 791002002
For 791002004:
Order code 79100200x 19
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Wave Frequency | Current Typ. Mal)i(r.ntiltme Unit
Smooth DC OHz 6mA 128 10000 ms
Smooth DC OHz 60mA 49 300 ms
Smooth DC OHz 200mA 49 100 ms

Two phase DC 50Hz 60mA 55 300 ms
Two phase DC 50Hz 200mA 58 100 ms
Three phase DC 50Hz 60mA 50 300 ms
Three phase DC 50Hz 200mA 49 100 ms

¢ Non-Operation

Table 14: Break time for 791002004

The alternating currents of different sizes are applied as requested and the non-operation be-
haviors of WE-RCDS shown as below.

For 791002002:
Wave Frequency Current Min. Low-limit Unit
AC 50Hz Up to 30mA 00 00 ms
AC 50Hz 60mA 00 300 ms
AC 50Hz 150mA 100 80 ms
AC 50Hz 5A 80 80 ms
Table 15: Non-operation time for 791002002
For 791002004:
Wave Frequency Current Min. Low-limit Unit
AC 50Hz Up to 30mA 00 00 ms
AC 50Hz 60mA 00 300 ms
AC 50Hz 150mA 100 80 ms
AC 50Hz 5A 80 80 ms
Table 16: Non-operation time for 791002004
Order code 79100200x 20
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4.2 Schematic

4 A +VDD +VDD +Vce
T e
Voo | Pinl _ T Control electronics
T e
T T
TRIP | Pin2 TRIPPING SIGNAL
1
10nF
T T _|’El‘} 4,7ko[l] I
TEST-IN | Pin5
e Core in | ana J_I_
ZCT !
HEART BEAT | pin4 Ak _ _I—I_I—I_
lOOpF_L
GND ] Pin3 I
J
Figure 9: Application circuit for 791002002
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Pin No.

Pin Symbol

Description

Pin 1

+VDD

Module’s power supply
Current output capability should be > 100mA
Ripple voltage should be < 150mV
The voltage should remain approximately
monotonically increasing as it rises from 10% to 90%

Pin 2

TRIP

If residual current is lower than the pre-set DC trip

value, the output of Pin 2 would be in a low level.

In any other case, the output of pin 2 would be in a
high impedance state.

Pin 3

GND

Ground

Pin 4

HEART BEAT

Heartbeat signal output
In normal condition the heartbeat signal is typically
1KHz with a duty cycle of 50% and will change in an
event of system fault. Abnormal frequency or duty
cycle of heartbeat signal are considered as a system
anomaly and the main circuit must be switched off.

Pin 5

TEST-IN (Self-test)

By pulling down this pin to GND (low level) for a
period of 50ms to 1000ms, the module will calculate
the zero-point drift and store the value to the internal

register to finish the calibration operation. After the
calibration is finished, the system will internally
generate a simulated residual current to check

whether the module provides the correct response.

Table 17:

Pin description of 791002002
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Figure 10: Application circuit for 791002004
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Pin No. Pin Symbol Description
Open-drain output pin for system fault condition
indication.
Pin 1 Error In normal operation this pin will be conducted to GND.
In case a fault occurs, the impedance of this pin will
be high.

By pulling down this pin to GND (low level) for a
period of 50ms to 1000ms, the module will calculate
the zero-point drift and store the value to the internal
Pin 2 TEST-IN register to finish the calibration operation. After the

calibration is finished, the system will internally

generate a simulated residual current, to check
whether the module provides the correct response.

If residual current is below pre-set DC trip value, Pin
Pin 3 TRIP-OUT1 3 would be in a low level state. In any other case, Pin
3 would be in a high impedance state.

If residual current is below pre-set DC trip value, Pin

Pin 4 TRIP-OUT2 4 would be in a low level state. In any other case, Pin
4 would be in a high impedance state.
Pin 5 GND Ground

Module’s power supply
Current output capability should be > 100mA
Pin 6 +Vpp Ripple voltage should be < 150mV
The voltage should remain approximately
monotonically increasing as it rises from 10% to 90%.

Indicating of DC residual current from 2.5-30mA DC
with duty-cycle of 8kHz PWM.

Pin 7 PWM Fluctuation range of duty-cycle of PWM at 6mA DC is
from 17% to 21%.
Pin 8 NC Not connected
Pin 9, 11, AC Primary AC main circuit input
13, 15
Pin 10, . .
12.14. 16 AC Primary AC main circuit output

Table 18: Pin description of 791002004
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The filtering and decoupling capacitors, Pull-up and current limiting resistors have been ap-
plied in the recommended application circuit and all evaluations and specifications have been
defined and verified with this recommended application diagram, Besides the EMC verification
is done with this schematic either and the EMC test reports can be shared by the request.

4.3 Calibration process and Self Test

Calibration process and self- test is a crucial process to ensure the sensor work accurately and
properly and the process starts when the right test-in signal is applied.

During this process the current status will be written into the relevant register to eliminate
the influence of the drift due to aging, environmental factors etc.

Afterwards, a simulated fault current generates internally and corresponding responses such
as tripping signal, PWM signal etc. will be made. User can detect these signals and use them
to determine if the sensor is working properly or not.

For 791002002

!
|
VoD —/1 I
Aﬁ
TEST-IN

TEST Current

M1

TRIP —@
M2

FinnnAnRARTnARTAAARTRARTATART

HEART BEAT

Figure 11: Timing Diagram for 791002002

The ramp-up time for stable 5V of +Vpp should be less than 15ms.

T1: waiting time for system stabilization. T > 100 ms.

T2: pulling down time of TEST-IN signal. 50 ms < T, < 1000 ms.

T3: waiting time. T3 &~ 265 ms.

T4: self-test indication duration time. T4 ~ 1.3 s. It is suggested to read the TRIP signal
after 300ms (M1).
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During the complete self-test procedure, the main circuit must be switched off to ensure that
no residual current is flowing. The frequency and duty cycle of the heartbeat signal should be
in the normal range. The tripping signal can be detected at M1, and TRIP has to be low level at
M2. After this, the sensor self-test procedure is finished. Abnormal power up timing sequence
must be considered as system anomaly and the main circuit must be switched off in such a

case.
For 791002004
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Figure 12: Timing Diagram for 791002004

e The ramp up time for stable 5V of Vpp should be less than 15ms.
e TO: waiting time for system stabilization. TO ~ 270ms

e T1: withstanding time of high level TEST-IN signal. T1 > 100ms .
e T2: pulling down time of TEST-IN signal. 50ms < T2 < 1000ms.
e T3: waiting time for TRIP-OUT1 signal generation T3 ~ 200ms.
e T4: waiting time for TRIP-OUT2 signal generationT4 ~ 690ms.

e T5: self-test indication duration time. T5 ~ 1580ms. It is suggested to read the TRIPP-

OUT1 signal after 300ms (M1)

e T6: self-test indication duration time. T6 ~ 1090m. It is suggested to read TRIPP-OUT2

signal after 300ms (M2).
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During the complete self-test procedure, the main circuit must be switched off to ensure no
residual current is flowing. As if there is residual current flowing in this procedure the current
state with residual current will be considered as no residual current state written to the register
and the sensor will be calibrated incorrecily.

The frequency of the PWM signal should be in the specified range during the self-test indication
duration time T5. TRIP-OUT1 and TRIP-OUT2 have to be high level at M1 and M2 separately
and low level at M3.

After this, the sensor self-test procedure is finished. Abnormal power up timing sequence must
be considered as system anomaly and the main circuit must be switched off in such a case.

4.4 Supply voltage monitoring

The purpose of supply voltage monitoring function is to monitor the supply voltage to avoid
inaccuracy measurement or improperly operation caused by undervoltage.

e Supply voltage monitoring for 791002002

essereesr — | UUUUULIAMAUUUUTARUULIAN U

Figure 13: Supply Voltage Monitoring Diagram for 791002002

The heartbeat signal will change from PWM signal (1kHz, 50 % duty cycle) to high level when
+Vpp drops to the supply voltage threshold(Vyr). The heartbeat signal will recover to the
normal PWM signal (1kHz, 50 % duty cycle) when +Vpp returns to the supply voltage recovery
threshold (Vgr). The heartbeat signal will change from PWM signal to low level if when +Vpp
drops to a value such that the system does not work at all. The main circuit must be switched
off when the abnormal HEARTBEAT signal is detected in terms of frequency and duty cycle.
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e Supply voltage monitoring for 791002004

Error DY)

Figure 14: Supply Voltage Monitoring Diagram for 791002004

The Error pin state changes to high impedance if +Vpp drops to the supply voltage threshold(Vur)
and the Error pin state will be back to low level when +Vpp returns to supply voltage recovery
threshold(Vgr). Due to the safety reasons the main circuit must be switched off when the error
signal is detected.

4.5 Watchdog function

A watchdog is used to protect our system from software or hardware failures that may cause
the system to stop responding.

Watchdog is composed of timer + counter and the timer define a time base. If MCU is working
normally, MCU do the counter clearing before counting to the set value, in case of MCU out of
control, MCU will not clear the counter, the counter number reaches to the set value, then the
timer will reset the MCU.

If the watchdog timer monitors MCU fault to reboot the system, there will be different behaviors
for 791002002 and 791002004

e Watchdog function for 791002002

Rebooting
T
|

T1=1ms

TRIP 22

e s JUUUTLTLTLARUUULULARAAS (UL ARAARAUUUULLTLAAR

Figure 15: Watchdog function diagram for 791002002
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During rebooting process pin 2 (TRIP) will be in high impedance state and heartbeat signal will
be low level.

The pin 2 (TRIP) will change to low level and heartbeat signal will return to normal condition if
the MCU is under control after rebooting.

Once a trip signal or an abnormal heartbeat signal is detected the main circuit must be switched
off and a restart of the Self-test procedure has to be followed.

e Watchdog function for 791002004

Rebooting

T
T1=270ms
TRIP-OUT1 22
TRIP-OUT2 22
Error 22

Figure 16: Watchdog function diagram for 791002004

During rebooting process pins of TRIP1-OUT1, TRIP-OUT2 and Error will be in high impedance
state. Pins of TRIP1-OUT1, TRIP-OUT2 and Error will return to low level if the MCU is under
control after rebooting.

Once a trip or an error signal detected the main circuit must be switched off and a restarting
self-test procedure has to be followed.

4.6 PWM signal indication
The PWM signals of 791002002 and 791002004, respectively indicate different information.
e PWM signals of 791002002

PWM signal of 791002002 is so called heartbeat signal which the frequency is 1kHz with the
tolerance of +/-6%and the duty cycle is 50Hz with the tolerance of +/-2%. The heartbeat signal
is used to indicate the system status (supply voltage, watchdog etc.) in terms of frequency and
duty cycle. If the heartbeat is failed which means the frequency or duty cycle is out of tolerance,
rebooting the system is strongly suggested to reach a higher reliability.

e PWM signal of 791002004

PWM signal of 791002004 The PWM signal of 791002004 which the frequency is 8kHz with
the tolerance of +/-1% is used to indicate DC fault current from 2.5mA to 30mA by the size of
duty cycle (3.33%/mA).
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4.7 Switching/recovery level

To avoid signal oscillation(Trip pin of 791002002 , TRIP-OUT1, TRIP-OUT2 pin of 791002004),
tripping signal output flipping has been set with tripping threshold and recovery threshold.

laT

lar

Output

Figure 17: Switching/recovery level diagram

When the residual current exceeds the threshold Ia7, TRIP-OUT1, TRIP-OUT2 pin of 791002004
and Trip pin of 791002002 will change from low level to high impedance and when the residual
current decrease to the recovery threshold Iag, TRIP-OUT1, TRIP-OUT2 pin of 791002004
and Trip pin of 791002002 will be back to low level state. Iot1 is set as 100% typical tripping
value, and xR is set as 55% typical tripping value.
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4.8 State explanation
e State for 791002002:

Pin 2 Pin 4 State
Low level 1kHz 50% PWM Normal Condition
High impedance 1kHz 50% PWM [agc > 6M ADC
High impedance 1kHz 50% PWM System fault
High impedance Low level Rebooting
Low level/High impedance High level/low level Vpp fault

Table 19: Pin state for 791002002

Normal condition: There is no residual current in the system, the power supply is normal, and
the WE-RCDS module is working properly.

Irgc > 6 mA DC: The power supply is normal and the WE-RCDS module is working prop-
erly, but there is residual current exceeding or equal to 6mA in the system.

System fault: There is a system failure happening, such as an open circuit of the winding.
Rebooting: The system is rebooting, caused by events such as watchdog monitoring.

Vpp fault: The power supply is undervoltage, which means the supply voltage is lower or
equal to the supply voltage threshold. The state of Pin2 (TRIP) and Pin4 (HEART BEAT) is not
consistent during a Vpp fault, and it depends on how low the supply voltage is. If the supply
voltage is lower than the threshold but the system still works, Pin2 (TRIP) is at a low level and
Pin4 (HEART BEAT) is at a high level. However, if the supply voltage drops to the point where
the system does not work anymore, Pin2 (TRIP) is in high impedance, and Pin4 (HEART BEAT)
is at a low level.
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e State for 791002004:

Pin 1 Pin 3 Pin 4 State
Low level Low level Low level Normal Condition
Low level High Impedance High Impedance [age > 6m ADC
Low level High impedance High impedance System fault
High impedance High impedance High impedance +Vpp fault
High impedance High impedance High impedance Rebooting

Table 20: Pin state for 791002004

Normal condition: There is no residual current in the system, the power supply is normal, and
the WE-RCDS modules are working properly.

Inac > 6 mA DC: The power supply is normal, and the WE-RCDS modules are working prop-
erly, but there is a residual current exceeding or equal to 6mA in the system.

System fault: There is a system failure, such as an open circuit of winding.

Vpp fault: The power supply is undervoltage, meaning the supply voltage is lower than or
equal to the supply voltage threshold.

Rebooting: The system reboots due to causes such as watchdog monitoring.

The conditions In 4c > 6 mA DC and System fault are indicated by the same pin states, and
+Vpp fault and Rebooting are also indicated by the same pin states. This is because Ia 4c >
6 mA DC and System fault are considered the most critical failures, and the main circuit must

be switched off without hesitation.

4.9 Operating temperature

An operating temperature refers to the allowable temperature range in which an electrical or
mechanical device can function effectively. This range varies based on the device’s purpose
and context. The operating temperature range of WE-RCDS is -40°C up to +105°C. It has to
be ensured that WE-RCDS is not driven out of this specified range. Otherwise the function
is may not given or permanent damage could be appear. Thermal management has to be
considered to ensure that the environment and the self-heat of the WE-RCDS cause drive out
of this temperature range.
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5 PCB design Guidelines

5.1 Recommended trace design

e Recommended land pattern

The recommended land patterns are specified in the respective specification and all the verifi-
cations were performed with taking these recommended land patterns.

11,26, 13,67,

Cut-out

Figure 19: Recommended land pattern for 791002004
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5.2 PCB Trace Layout design for 791002004

The PCB layout should be verified and tested in the application of the user considering the
operating temperature mentioned in 4.9. With considering the existing structure of the product
of 791002004 and the limited trace space on PCB two trace layouts are recommended and
user can design according to their actual application. The copper layers for this recommended
PCB trace are 70 um for top and bottom layer and 35 um for the interior layers.

The following trace layouts are just only for reference as example.
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Figure 20: PCB Trace Layout design example 1
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Figure 21: PCB Trace Layout design example 2 with improved temperature characteristic
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6 Patent Information

WE-RCDS Residual Current Detection Sensor is designed to support IEC 6181-1 (ensuring
supply disconnection in the event of a DC fault) and is therefore suitable to building up a dis-
connection device in accordance with IEC 62955. We would like to inform you that, depending
on the use and implementation of this switch-off device, a patent infringement may occur.

It is your responsibility to integrate and evaluate our sensors in your application by respect-
ing patents and intellectual property.

Specifically, we would like to refer to the European Patent EP 2 571 128 B3 (which is valid
in Austria, Switzerland/Liechtenstein, Germany, Spain, France, Great Britain and Norway) and
parallel intellectual property rights CN 103 001 175 B, US 9,397,494 B2 and DE 10 2011 082
941 A1 and corresponding:"Electrical monitoring device and method for securing the protective
function of a residual current safety device (RCD type A)" which should be taken into account.

The patent holder offers a corresponding license agreement which has to be signed in ad-
vance of any infringing action. The use of the WE-RCDS in conjunction with a switch-off device
may infringe the intellectual property rights described above and make it necessary to contact
the patent holder for clarification. If you have any questions, please do not hesitate to contact
us (wcs@we-online.com).
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7 Manufacturing information

7.1 Wave soldering

Profile feature Pb-free assembly Sn-Pb assembly
Preheat temperature, min Ts min 100 °C 100 °C
Preheat temperature, typical Tiypical 120 °C 120 °C
Preheat temperature, max Ts max 130 °C 130 °C
Preheat time ts from Ts min to t, 20 seconds 20 seconds
Ts max
Ramp-up rate AT 150 °C max. 150 °C max.
Peak temperature To 250 °C - 260 °C 235 °C - 260 °C
. max. 10 seconds max. 10 seconds
Time of actual peak
to max. 5 seconds max. 5 seconds
temperature
each wave each wave
Ramp-down rate, min ~2 K/second ~ 2 K/second
Ramp-down rate, typical ~ 3.5 K/second ~ 3.5 K/second
Ramp-down rate, max ~5 K/second ~5 K/second
Time 25 °Cto 25 °C 4 minutes 4 minutes

Table 21: Classification wave soldering profile

First Wave . Second Wave

Tomax
Tsypical T

Ts mn T

Temperature

Preheat area Cool down area ™™ ==--.______

Time
— typical temperature procedure

----- min temperature procedure
----- max temperature procedure

After wave soldering, visually inspect the board to confirm proper alignment
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7.2 Cleaning and washing

e Do not clean the product. Any residue cannot be easily removed by washing. Use a "no
clean" soldering paste and do not clean the board after soldering.

e Washing agents used during the production to clean the customer application might dam-
age or change the characteristics of the component. Washing agents may have a nega-
tive effect on the long-term functionality of the product.

e Using a brush during the cleaning process may damage the component. Therefore, we
do not recommend using a brush during the PCB cleaning process.

7.3 Potting and coating

e If the product is potted in the customer application, the potting material might shrink or
expand during and after hardening. Shrinking could lead to an incomplete seal, allowing
contaminants into the body, pins or termination. Expansion could damage the compo-
nents. We recommend a manual inspection after potting to avoid these effects.

e Conformal coating may affect the product performance. We do not recommend coating
the components.

7.4 Storage conditions

e A storage of Wirth Elektronik eiSos products for longer than 12 months is not recom-
mended. Within other effects, the terminals may suffer degradation, resulting in bad
solderability. Therefore, all products shall be used within the period of 12 months based
on the day of shipment.

e Do not expose the components to direct sunlight.

e The storage conditions in the original packaging are defined according to
DIN EN 61760 - 2.

e For a moisture sensitive component, the storage condition in the original packaging is
defined according to IPC/JEDEC-J-STD-033. It is also recommended to return the com-
ponent to the original moisture proof bag and reseal the moisture proof bag again.

e ESD prevention methods need to be followed for manual handling and processing by
machinery.

e The storage conditions stated in the original packaging apply to the storage time and not
to the transportation time of the components.

7.5 Handling

¢ Violation of the technical product specifications such as exceeding the absolute maximum
ratings will void the warranty and also the conformance to regulatory requirements.

e The applicable country regulations and specific environmental regulations must be ob-
served.
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e The PWM signal can only be used to indicate the leakage current (from 2.5 mA to 30 mA)
and it can’t be used for functional safety related purposes.

e Abnormal frequency of PWM signal (during internal residual current simulation at power-
up stage),abnormal power up time sequence or an error output signal detected are con-
sidered as system abnormalities and the main circuit must be switched off in these situa-
tions.

e The error signal should be monitored permanently and the main circuit must be switched
off if an error signal appears.

¢ Do not disassemble the component. Evidence of tampering will void the warranty.

e The temperature rise of the component must be taken into consideration. The operating
temperature is comprised of ambient temperature and temperature rise of the component.

e The operating temperature of the component shall not exceed the maximum temperature
specified.

e Due to physical product characteristics, the measuring accuracy of the module can be af-
fected by strong temperature changes, therefore a self-test and calibration of the module
is recommended at certain time intervals. Especially after a high self-heating of the entire
application where this module is placed.

e Direct mechanical impact to the component must be prevented as the material of the
body, pins or termination could flake or, in the worst case, could break. As these devices
are sensitive to electrostatic discharge, proper IC handling procedures must be followed.

¢ |f a component drops, it has to be sorted out as it might change its characteristics.

¢ Avoid touching damaged components. These cautions and warnings comply with the
state of the scientific and technical knowledge and are believed to be accurate and reli-
able. However, no responsibility is assumed for inaccuracies or incompleteness.
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8 Important notes

The following conditions apply to all goods within the wireless connectivity and sensors product range of Wirth Elektronik eiSos GmbH & Co. KG:

General customer responsibility

Some goods within the product range of Wirth Elektronik eiSos GmbH & Co. KG contain statements regarding general suitability for certain
application areas. These statements about suitability are based on our knowledge and experience of typical requirements concerning the
areas, serve as general guidance and cannot be estimated as binding statements about the suitability for a customer application. The respon-
sibility for the applicability and use in a particular customer design is always solely within the authority of the customer. Due to this fact, it is
up to the customer to evaluate, where appropriate to investigate and to decide whether the device with the specific product characteristics de-
scribed in the product specification is valid and suitable for the respective customer application or not. Accordingly, the customer is cautioned
to verify that the documentation is current before placing orders.

Customer responsibility related to specific, in particular safety-relevant applications

It has to be clearly pointed out that the possibility of a malfunction of electronic components or failure before the end of the usual lifetime
cannot be completely eliminated in the current state of the art, even if the products are operated within the range of the specifications. The
same statement is valid for all software source code and firmware parts contained in or used with or for products in the wireless connectivity
and sensor product range of Wirth Elektronik eiSos GmbH & Co. KG. In certain customer applications requiring a high level of safety and
especially in customer applications in which the malfunction or failure of an electronic component could endanger human life or health, it must
be ensured by most advanced technological aid of suitable design of the customer application that no injury or damage is caused to third
parties in the event of malfunction or failure of an electronic component.

Best care and attention

Any product-specific data sheets, manuals, application notes, PCNs, warnings and cautions must be strictly observed in the most recent
versions and matching to the products revisions. These documents can be downloaded from the product specific sections on the wireless
connectivity and sensors homepage.

Customer support for product specifications

Some products within the product range may contain substances, which are subject to restrictions in certain jurisdictions in order to serve
specific technical requirements. Necessary information is available on request. In this case, the Business Development Engineer (BDM) or
the internal sales person in charge should be contacted who will be happy to support in this matter.

Product improvements

Due to constant product improvement, product specifications may change from time to time. As a standard reporting procedure of the Product
Change Notification (PCN) according to the JEDEC-Standard, we inform about major changes. In case of further queries regarding the PCN,
the Business Development Engineer (BDM), the internal sales person or the technical support team in charge should be contacted. The basic
responsibility of the customer as per section 8 and 8 remains unaffected.

All software like "wireless connectivity SDK", "Sensor SDK™ or other source codes as well as all PC software tools are not subject to the
Product Change Notification information process.

Product life cycle

Due to technical progress and economical evaluation, we also reserve the right to discontinue production and delivery of products. As a
standard reporting procedure of the Product Termination Notification (PTN) according to the JEDEC-Standard we will inform at an early stage
about inevitable product discontinuance. According to this, we cannot ensure that all products within our product range will always be available.
Therefore, it needs to be verified with the Business Development Engineer (BDM) or the internal sales person in charge about the current
product availability expectancy before or when the product for application design-in disposal is considered. The approach named above does
not apply in the case of individual agreements deviating from the foregoing for customer-specific products.

Property rights

All the rights for contractual products produced by Wiirth Elektronik eiSos GmbH & Co. KG on the basis of ideas, development contracts as
well as models or templates that are subject to copyright, patent or commercial protection supplied to the customer will remain with Wirth
Elektronik eiSos GmbH & Co. KG. Wiirth Elektronik eiSos GmbH & Co. KG does not warrant or represent that any license, either expressed
or implied, is granted under any patent right, copyright, mask work right, or other intellectual property right relating to any combination, appli-
cation, or process in which Wiirth Elektronik eiSos GmbH & Co. KG components or services are used.

General terms and conditions
Unless otherwise agreed in individual contracts, all orders are subject to the current version of the "General Terms and Conditions of Wirth
Elektronik eiSos Group", last version available at www.we-online.com.

9 Legal notice

Exclusion of liability

Wiirth Elektronik eiSos GmbH & Co. KG considers the information in this document to be correct at the time of publication. However, Wiirth
Elektronik eiSos GmbH & Co. KG reserves the right to modify the information such as technical specifications or functions of its products
or discontinue the production of these products or the support of one of these products without any written announcement or notification to
customers. The customer must make sure that the information used corresponds to the latest published information. Wirth Elektronik eiSos
GmbH & Co. KG does not assume any liability for the use of its products. Wirth Elektronik eiSos GmbH & Co. KG does not grant licenses for
its patent rights or for any other of its intellectual property rights or third-party rights.

Notwithstanding anything above, Wirth Elektronik eiSos GmbH & Co. KG makes no representations and/or warranties of any kind for the
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provided information related to their accuracy, correctness, completeness, usage of the products and/or usability for customer applications.
Information published by Wiirth Elektronik eiSos GmbH & Co. KG regarding third-party products or services does not constitute a license to
use such products or services or a warranty or endorsement thereof.

Suitability in customer applications

The customer bears the responsibility for compliance of systems or units, in which Wirth Elektronik eiSos GmbH & Co. KG products are
integrated, with applicable legal regulations. 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 Wirth Elektronik eiSos GmbH & Co. KG components in its
applications, notwithstanding any applications-related information or support that may be provided by Wirth Elektronik eiSos GmbH & Co. KG.
Customer represents and agrees that it has all the necessary expertise to create and implement safeguards which anticipate dangerous con-
sequences of failures, monitor failures and their consequences lessen the likelihood of failures that might cause harm and take appropriate
remedial actions. The customer will fully indemnify Wirth Elektronik eiSos GmbH & Co. KG and its representatives against any damages
arising out of the use of any Wirth Elektronik eiSos GmbH & Co. KG components in safety-critical applications.

Trademarks
AMBER wireless is a registered trademark of Wirth Elektronik eiSos GmbH & Co. KG. All other trademarks, registered trademarks, and
product names are the exclusive property of the respective owners.

Usage restriction

Wiirth Elektronik eiSos GmbH & Co. KG products have been designed and developed for usage in general electronic equipment only. This
product is not authorized for use in equipment where a higher safety standard and reliability standard is especially required or where a failure
of the product is reasonably expected to cause severe personal injury or death, unless the parties have executed an agreement specifically
governing such use. Moreover, Wiirth Elektronik eiSos GmbH & Co. KG products are neither designed nor intended for use in areas such as
military, aerospace, aviation, nuclear control, submarine, transportation (automotive control, train control, ship control), transportation signal,
disaster prevention, medical, public information network etc. Wirth Elektronik eiSos GmbH & Co. KG must be informed about the intent of
such usage before the design-in stage. In addition, sufficient reliability evaluation checks for safety must be performed on every electronic
component, which is used in electrical circuits that require high safety and reliability function or performance. By using Wirth Elektronik eiSos
GmbH & Co. KG products, the customer agrees to these terms and conditions.

10 License terms for Wirth Elektronik eiSos
GmbH & Co. KG sensor product software and source
code

These license terms will take effect upon the purchase and usage of the Wirth Elektronik eiSos GmbH & Co. KG sensor products. You
hereby agree that these license terms are applicable to the product and the incorporated software, firmware and source codes (collectively,
"Software") made available by Wirth Elekironik eiSos in any form, including but not limited to binary, executable or source code form.

The software included in any Wiirth Elektronik eiSos sensor product is purchased to you on the condition that you accept the terms and
conditions of these license terms. You agree to comply with all provisions under these license terms.

Limited license

Wiirth Elektronik eiSos hereby grants you a limited, non-exclusive, non-transferable and royalty-free license to use the software and under the
conditions that will be set forth in these license terms. You are free to use the provided software only in connection with one of the products
from Wirth Elektronik eiSos to the extent described in these license terms.

You are entitled to change or alter the source code for the sole purpose of creating an application embedding the Wirth Elektronik eiSos
sensor product. The transfer of the source code to third parties is allowed to the sole extent that the source code is used by such third parties
in connection with our product or another hardware provided by Wurth Elektronik eiSos under strict adherence of these license terms. Wirth
Elektronik eiSos will not assume any liability for the usage of the incorporated software and the source code.

You are not entitled to transfer the source code in any form to third parties without prior written consent of Wiirth Elektronik eiSos.

You are not allowed to reproduce, translate, reverse engineer, decompile, disassemble or create derivative works of the incorporated software
and the source code in whole or in part.

No more extensive rights to use and exploit the products are granted to you.

Usage and obligations

The responsibility for the applicability and use of the Wirth Elektronik eiSos sensor product with the incorporated software in a particular
customer design is always solely within the authority of the customer. Due to this fact, it is up to you to evaluate and investigate, where appro-
priate, and to decide whether the device with the specific product characteristics described in the product specification is valid and suitable for
your respective application or not.

You are responsible for using the Wirth Elektronik eiSos sensor product with the incorporated software in compliance with all applicable
product liability and product safety laws. You acknowledge to minimize the risk of loss and harm to individuals and bear the risk for failure
leading to personal injury or death due to your usage of the product.

Wiirth Elektronik eiSos’ products are not authorized for use in safety-critical applications, or where a failure of the product is reasonably ex-
pected to cause severe personal injury or death. Moreover, Wirth Elektronik eiSos’ products are neither designed nor intended for use in areas
such as military, aerospace, aviation, nuclear control, submarine, transportation (automotive control, train control, ship control), transportation
signal, disaster prevention, medical, public information network etc. You shall inform Wiirth Elektronik eiSos about the intent of such usage be-
fore design-in stage. In certain customer applications requiring a very high level of safety and in which the malfunction or failure of an electronic
component could endanger human life or health, you must ensure to have all necessary expertise in the safety and regulatory ramifications of
your applications. You acknowledge and agree that you are solely responsible for all legal, regulatory and safety-related requirements concern-
ing your products and any use of Wirth Elektronik eiSos’ products in such safety-critical applications, notwithstanding any applications-related
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information or support that may be provided by Wirth Elektronik eiSos. YOU SHALL INDEMNIFY WURTH ELEKTRONIK EISOS AGAINST
ANY DAMAGES ARISING OUT OF THE USE OF WURTH ELEKTRONIK EISOS’ PRODUCTS IN SUCH SAFETY-CRITICAL APPLICATIONS.

Ownership
The incorporated software created by Wirth Elektronik eiSos is and will remain the exclusive property of Wirth Elektronik eiSos.

Disclaimer of warranty

THE SOFTWARE AND IT'S SOURCE CODE IS PROVIDED "AS IS". YOU ACKNOWLEDGE THAT WURTH ELEKTRONIK EISOS MAKES
NO REPRESENTATIONS AND WARRANTIES OF ANY KIND RELATED TO, BUT NOT LIMITED TO THE NON-INFRINGEMENT OF THIRD
PARTIES’ INTELLECTUAL PROPERTY RIGHTS OR THE MERCHANTABILITY OR FITNESS FOR YOUR INTENDED PURPOSE OR US-
AGE. WURTH ELEKTRONIK EISOS DOES NOT WARRANT OR REPRESENT THAT ANY LICENSE, EITHER EXPRESS OR IMPLIED, IS
GRANTED UNDER ANY PATENT RIGHT, COPYRIGHT, MASK WORK RIGHT, OR OTHER INTELLECTUAL PROPERTY RIGHT RELATING
TO ANY COMBINATION, MACHINE, OR PROCESS IN WHICH THE WURTH ELEKTRONIK EISOS’ PRODUCT WITH THE INCORPO-
RATED SOFTWARE IS USED. INFORMATION PUBLISHED BY WURTH ELEKTRONIK EISOS REGARDING THIRD-PARTY PRODUCTS
OR SERVICES DOES NOT CONSTITUTE A LICENSE FROM WURTH ELEKTRONIK EISOS TO USE SUCH PRODUCTS OR SERVICES
OR A WARRANTY OR ENDORSEMENT THEREOF.

Limitation of liability

Any liability not expressly provided by Wiirth Elektronik eiSos shall be disclaimed.

You agree to hold us harmless from any third-party claims related to your usage of the Wirth Elektronik eiSos’ products with the incorporated
software and source code. Wirth Elektronik eiSos disclaims any liability for any alteration, development created by you or your customers as
well as for any combination with other products.

Applicable law and jurisdiction

Applicable law to these license terms shall be the laws of the Federal Republic of Germany. Any dispute, claim or controversy arising out of or
relating to these license terms shall be resolved and finally settled by the court competent for the location of Wiirth Elektronik eiSos registered
office.

Severability clause
If a provision of these license terms is or becomes invalid, unenforceable or null and void, this shall not affect the remaining provisions of the
terms. The parties shall replace any such provisions with new valid provisions that most closely approximate the purpose of the terms.

Miscellaneous

Wiirth Elektronik eiSos reserves the right at any time to change this terms at its own discretion. It is your responsibility to check at Wiirth
Elektronik eiSos homepage for any updates. Your continued usage of the products will be deemed as the acceptance of the change.

We recommend you to be updated about the status of new software, which is available on our website or in our data sheet, and to implement
new software in your device where appropriate.

By ordering a product, you accept these license terms in all terms.
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