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Reference Design
High Voltage Intelligent Battery Shunt Sensor With CANFD

FEATURES
e Current measurement

- Low TCR shunt resistor (down to < + 10 ppm)
- Low thermal EMF (as low as < 1.25 pyV/°C)
Very low inductance (< 5 nH)

Easy to connect to a busbar

- Continuous current rating up to 1800 A

5 s overload up to 9000 A

¢ Three-channel voltage measurement

- Voltage measurement up to 1200 V

- Precision to =+ 0.5 % with low TCR tracking to
10 ppm/°C utilizing thick film technology

¢ Analog front end
- 24-bit analog-digital converter
- Up to 32 ksps output rate

e Hardware features

- 1/0O isolation test voltage of 3.5 kVp¢
9V to 24 V power supply

CANFD interface

NTC temperature measurement

LINKS TO ADDITIONAL RESOURCES
e HV-IBSS-CANFD reference design

KEY COMPONENTS
e WSBE8518 and WSBE8536
e CDMA8BMOOF1001DE

DESCRIPTION

The intelligent battery shunt sensor (IBSS) reference design

is based on Vishay’s WSBE low TCR shunt series and APPLICATIONS .

CDMV high precision, low tracing error voltage divider, * Industry and automation
allowing high bandwidth, high accuracy current and voltage e Industrial and server computing

measurements over a wide range of temperatures without
the need for temperature compensation.

The HV-IBSS-CANFD is available with multiple shunt values
to match the user’s measurement ranges (Table 1).

¢ Networking, telecom, and base station power supplies
¢ Battery management systems

¢ EV test environments

e Solar system installations

¢ Home automation
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TABLE 1 - DIFFERENT CURRENT AND VOLTAGE MEASUREMENT RANGES AVAILABLE
Reference design HVIBSSE HVIBSSE HVIBSSE HVIBSSE HVIBSSE HVIBSSE
order number 8518L100CAN 8518L050CAN 8518L0O30CAN 8536L050CAN 8536L025CAN 8536L015CAN
CURRENT MEASUREMENT
Shunt order number WSBE8518 WSBE8518 WSBES8518 WSBES8536 WSBE8536 WSBE8536

L1000JTA3 LO500JTA3 LO300JTA3 LO500JTA3 L0250JTA3 LO150JTA3
Shunt resistance 100 pQ 50 puQ 30 uQ 50 uQ 25 pQ 15 uQ
Power rating 36 W 36 W 36 W 50 W 50 W 50 W
(70 °C)
Continuous current 600 A 849 A 1095 A 1000 A 1414 A 1826 A
Short time overload 3000 A 4245 A 5475 A 5000 A 7070 A 9130 A
(5x for5s)
Max. measurable
current 1500 A 3000 A 5000 A 3000 A 6000 A 10 000 A
(ADC limit, gain 8)
Max. measurable
current 1500 A 3000 A 5000 A 3000 A 6000 A 10 000 A
(ADC limit, gain 8)
Shunt resistance o o o o o o
accuracy (%) 5% 5% 5% 5% 5% 5%
Shunt load life
(resistance change 1% 1% 1% 1% 1% 1%
over 1000 h)
Shunt TCR (max.) + 10 ppm/K + 10 ppm/K + 10 ppm/K + 10 ppm/K + 10 ppm/K + 10 ppm/K
Shunt thermal EMF 1.25 pV/K 1.25 pV/K 1.25 pV/K 1.25 pV/K 1.25 pV/K 1.25 pV/K
(max.)
Shunt temperature o o~ | _ag o o~ | Lpg o o~ | o o~ | Lar o o | _as ° °
operating range -65 °C to +170 °C | -65 °C to +170 °C | -65 °C to +170 °C | -65 °C to +170 °C | -65 °C to +170 °C | -65 °C to +170 °C
VOLTAGE MEASUREMENT
Voltage divider CDMA8BMOO0F CDMA8BMOO0F CDMABMOO0F CDMA8MOOF CDMAB8MOO0F CDMA8BMOO0F
order number 1001DEx1 1001DEx1 1001DEx1 1001DEx1 1001DEx1 1001DEx1
Resistance R4 8000 kQ 8000 kQ 8000 kQ 8000 kQ 8000 kQ 8000 kQ
Voltage divider 0.001 0.001 0.001 0.001 0.001 0.001
Voltage divider 19% 1% 1% 19 19% 19
accuracy
Voltage divider
ratio accuracy 0.5 % 0.5 % 0.5 % 0.5 % 0.5 % 0.5 %
Voltage 1200 1200 1200 1200 1200 1200
measurement range
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PIN CONFIGURATION TYPICAL APPLICATION CIRCUIT
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H LED Indicators
e 3.3V power LED indicates availability of “hot” 3.3 V rail
* CAN bus frame TX LED indicates data transmission

POWER SUPPLY AND CAN BUS PINS e Measurement data-ready LED indicates completion of
1 Ground DC supply input / Vss () * 9 V to 40 V power LED indicates availability of supply
2 CAN bus low CAN bus communication pin voltage
3 CAN bus high CAN bus communication pin
4 9Vtod40V DC supply input / Vgs (+)

L

HE B O |

- HV IBSS +
CANFD

Measurement data ready
indication LED

Power Supply and CAN Bus Connector (1-2232829-4)

VOLTAGE MEASUREMENT PINS
PIN NAME DESCRIPTION
1,2 Voltage input 1 CH-1 voltage sensing
1,2 Voltage input 2 CH-2 voltage sensing
1,2 Voltage input 3 CH-3 voltage sensing
A
B B
Voltage Measurement Connector (1-2232829-2)
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OVERALL BLOCK DIAGRAM
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OPERATIONAL DESCRIPTION

Device Overview

The fundamental structure of this circuit comprises two
domains: the high voltage domain (HV) and the low voltage
domain (LV), which are galvanically isolated from each other.

To reduce the cost, the number of data channels crossing
the isolation barrier is minimized. Therefore, it was chosen to
isolate the CAN interface and a single power supply. The
isolated power supply supplies the 3.3 V rail on the HV side
and supplies CAN TX and CAN RX signals to the MCU. The
MCU interfaces with an SPI bus to transfer the data from an
SD-ADC, which in turn is connected to a Vishay WSBE
series shunt for current measurement and three Vishay
CDMV voltage dividers for voltage measurement.

Current Measurement

When current flows through the shunt, the shunt’s resistive
element produces a voltage drop. This voltage is filtered
(RC filter) and digitized using a 24-bit ADC. The obtained
digital value is transferred via SPl to the MCU and
processed into data packages that are broadcasted on the
CAN bus.

Due to the low thermal coefficient of resistance, the voltage
drop over the shunt’s resistive element is very stable with
temperature (down to 10 ppm/K). Therefore, to reach
industry standard deviations over the whole automotive
temperature range and lifetime of the product, temperature
compensation is not required.

The WSBE series of shunts come with 5 % resistance
accuracy. The accuracy of the final reading can be
increased by calibration (two-point calibration since
temperature compensation is not necessary) and hence is
practically limited by the accuracy of the calibration
standard used, the resolution, and precision achieved by the
ADC.

To keep offset errors to a minimum, the global chop mode
of the ADCs is activated by default and should be kept
active.

Voltage Measurement

To measure voltage, the HV source is connected to a CDMV
voltage divider that reduces the input voltage at a ratio of
1000:1, producing voltages in a range the ADC can directly
measure.

The accuracy of the voltage measurement is determined by
multiple factors, such as thermal drift between the upper
and lower resistance in the divider, as well as gain and offset
errors in the ADC. Due to the unique construction of the
CDMV, thermal drift of the divider ratio is limited to 10 ppm
and ADC offsets are reduced by global chop mode. This
leaves the ADC’s non-compensatable errors, such as
thermal and temporal gain error drifts, as the main
contributors to the measurement errors.
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Temperature Measurement

The HV intelligent battery shunt sensor (IBSS) uses NTC
thermistors to measure the temperature of the shunt
resistor. The NTC sensor is placed near the shunt resistor
pin to accurately capture the thermal state. As the
temperature increases, the resistance of the NTC
decreases, and this change is converted into a voltage
signal. The system’s microcontroller reads this voltage via
an embedded ADC and calculates the temperature,
ensuring precise monitoring of the shunt temperature to
prevent overheating and ensure system safety.

Fig. 1 - NTC Placement on HV-IBSS-CANFD PCB

Tx Data 1

CAN rate: 10 ms

Vishay

Output Signals

The table below summarizes the output, calculated signals,
and measurements units.

SIGNAL UNIT MEASURED / CALCULATED
Voltage-1 mV Measured
Voltage-2 mV Measured
Voltage-3 mV Measured

Current A Measured
Temperature C Measured

Power w Calculated "

Energy Wus and Wh Calculated

Note

() By using the equations shown below, the IBSS provides the
calculated battery power and energy to track the energy flow.
The power and energy values are provided on the CAN bus
alongside the current and voltage measurements
Power = Vo1 X Ishunt (W)

@ Energy (Wus) = power (W) x elapsed time (us)

@) Energy (Wh) = [energy Wus to Wh conversion]

Measurements’ Update Rate

Current and voltages are sampled according to a
configurable sampling rate, the OSR rate. The data
packages are sent to the CAN bus every 10 ms, as shown in
Fig. 2. The current and voltage readings are used to
calculate the power and energy, as explained in the above
equations. As the energy needs a base time period to apply
the integration, we use a fixed 10 ms period to apply the
integration, as explained in Fig. 2.

Tx Data 2

OSR: 16k: 250 sps

OSR: 8k: 500 sps

OSR: 4k: 1000 sps
) —.
I

Accumulated energy from each sample I

IEa1 Etx1 =Eal+Ea2 + ... Ean IEb1

Energy Sample Rate I
©yOSR) _ J. L B Jo o

Accumulated energy from each sample

|Etx2 = Etx1 + Eb1 + Eb2 + ... + Ebn
—_—

Fig. 2 - Measurements’ Update Rate and Timings
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Anti-Aliasing Filter

To properly drive the sigma delta ADC, an anti-aliasing filter
in accordance with the ADC’s datasheet is used. Keep in
mind that the input impedance between the voltage divider
and current shunt are very different and require different
capacitors to reach the same cutoff frequency.

Failure to use proper filtering on the input of the ADC will
result in noise and artifacts that can reduce accuracy and
precision of the measurements below the ADC typical
values.

ADC Digital Filtering

The ADS131B04-Q1 incorporates a global chop mode
(enabled by default) option to reduce offset error and offset

CAN BUS INTERFACE

CAN Bus Default Settings

e Protocol: CANFD

e Nominal baud rate: 500 kbit/s

e Data baud rate: 1 Mbit/s

¢ Termination resistors: Active (120 Q)

* Measurement data ID: 0x11223344

e Measurement data cycle: 10 ms (default 250 sps)

By default, the HV-IBSS-CANFD operates as a CANFD
device with bus termination resistors active, broadcasting
readings and status messages periodically at a rate of
100 Hz.

—W/\,—(I—D—CANFD high
61.90

SJ1

_‘VVVV—‘ H }—CANFD low
61.90

ki SJ2
N

0]
o

Vishay

drift inherent to the device, resulting from mismatch in the
internal circuitry, to very low levels. When the global chop
mode is enabled, the device uses the conversion results
from two consecutive internal conversions taken with
opposite input polarity to cancel the IC’s offset voltage,
noise, and artifacts that can reduce the accuracy and
precision of the measurements. This acts as a filter
averaging two consecutive measurements.

In addition, filtering can be influenced by changing the
oversampling rate of the SD ADC'’s digital filter. The user can
change this configuration, but needs to be aware that
offsets and drifts will increase and will influence the
accuracy negatively if disabled.

A DBC file describing the CANFD protocol is available as
part of the reference design support package on message
URL HV-IBSS-CANFD reference design

CAN bus communication can be configured. CAN ID of
measurement results can be changed via the CAN bus
configuration message structure.

CAN Bus Termination Resistors

By default, the CAN bus is terminated using termination
resistors on CAN high and CAN low for easy evaluation in a
point to point application.

Bus termination resistors can be easily disengaged by
cutting the copper connection in the middle of the two
solder jumpers SJ1 and SJ2 found on the back of the PCB
if needed.

To engage the termination resistors, use solder to close the
jumper connection.

N A
VISHAY.

HV_1B55: CANFD

CAN_TERNINATION
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CAN COMMUNICATION

The HV-IBSS-CANFD FW heavily relies on the TI
ADS131B04-Q1 ADC and provides a means to configure
many of the functions provided by the ADC. For additional
information on the ADC’s performance, please consult the
ADC'’s datasheet.

Vishay

CAN MESSAGES OVERVIEW

This table summarizes the CAN messages used to configure
and collect the data from the IBSS device. Each message
will be explained in detail in the following section.

) ) ) COMMAND ID DESCRIPTION
In the following . segtlon, the CAN. |nterfacg .of the 0x1000 Reset / apply command
HV-IBSS-CANFD is discussed. DBC files containing this
information are available as part of the reference design Ry Set/get CAN ID
support package on: HV-IBSS-CANFD reference design 0x1200 Set / get CAN type
0x1400 Set / get CAN nominal baudrate
0x1500 Set / get CAN data baudrate
CAN BUS CONFIGURATION MESSAGE STRUCTURE
e SET(S) ID: Ox5FA (fixed)
e GET(G) / RESPONSE(R) ID: 0x5FB (fixed)
e DLC: 8
e ERROR DATA: Ox7F
Command RESET / APPLY Configuration
e CMD: 0x1000
BYTE VALUE DESCRIPTION
Byte [0] 0x10 Command ID [MSB]
Byte [1] 0x00 Command ID [LSB]
0x00 Reset counters
0x01 Restart device
Byte [2] 0x02 Apply default settings and restart device
0x03 Apply settings and restart device
0x04 Apply factory calibration settings
Byte [3] to byte [7] 0x00 Reserved
MESSAGE ID LENGTH DATA FIELDS
O0x5FA (S) 8 0x10 0x00 0x_ 0x00 0x00 0x00 0x00 0x00
Ox5FB (R) () 8 0x10 0x00 Ox_ _ 0x00 0x00 0x00 0x00 0x00 No error
0x5FB (R) ™M 8 0x10 0x00 OX7F Ox7F OX7F Ox7F OX7F OX7F Error
0x5FB (R) @ 8 0x10 0x00 OxFF OxFF OxFF OxFF OxFF OxFF
Notes

() Only 0x00 is responded immediately.

@ When the device is restarted with command, 0xFF is responded over 0x5FB message ID.
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Command SET CAN ID
e CMD: 0x1100

BYTE VALUE DESCRIPTION

Byte [0] 0x11 Command ID [MSB]

Byte [1] 0x00 Command ID [LSB]

Byte [2] Ox_ _ CAN ID [0]

Byte [3] Ox_ _ CAN ID [1]

Byte [4] Ox_ _ CAN ID [2]

Byte [5] Ox_ _ CAN ID [3]

Byte [6] to byte [7] 0x00 Reserved

MESSAGE ID LENGTH DATA FIELDS

O0x5FA (S) 8 0x11 0x00 Ox_ _ 0Ox_ _ Ox_ _ Ox_ _ 0x00 0x00

0x5FB (R) 8 0x11 0x00 Ox_ _ Ox_ _ Ox_ _ Ox_ _ 0x00 0x00 No error
0x5FB (R) 8 Ox11 0x00 Ox7F Ox7F Ox7F Ox7F Ox7F Ox7F Error
MESSAGE ID LENGTH DATA FIELDS

0x5FB (G) 8 0x11 0x00 0x00 0x00 0x00 0x00 0x00 0x00

0x5FB (R) 8 0x11 0x00 Ox_ _ Ox_ _ Ox_ _ Ox_ _ 0x00 0x00

Command SET CAN ID TYPE
e CMD: 0x1200

BYTE VALUE DESCRIPTION
Byte [0] 0x12 Command ID [MSB]
Byte [1] 0x00 Command ID [LSB]
0x00 Not available - applies system factory default ID type
Byte [2] 0x01 Standard ID
0x02 Extended ID
Byte [3] to byte [7] 0x00 Reserved
MESSAGE ID LENGTH DATA FIELDS
O0x5FA (S) 8 0x12 0x00 Ox_ _ 0x00 0x00 0x00 0x00 0x00
0x5FB (R) 8 0x12 0x00 Ox_ _ 0x00 0x00 0x00 0x00 0x00 No error
0x5FB (R) 8 0x12 0x00 Ox7F Ox7F Ox7F Ox7F Ox7F Ox7F Error
MESSAGE ID LENGTH DATA FIELDS
0x5FB (G) 8 0x12 0x00 0x00 0x00 0x00 0x00 0x00 0x00
0x5FB (R) 8 0x12 0x00 Ox_ _ 0x00 0x00 0x00 0x00 0x00
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Command SET NOMINAL BAUDRATE
e CMD: 0x1400

BYTE VALUE DESCRIPTION
Byte [0] 0x14 Command ID [MSB]
Byte [1] 0x00 Command ID [LSB]
0x00 Not available - applies system factory default baudrate
0x01 250 kbit/s
Byte [2] ,
0x02 500 kbit/s
0x03 1000 kbit/s
Byte [3] to byte [7] 0x00 Reserved
MESSAGE ID LENGTH DATA FIELDS
O0x5FA (S) 8 0x14 0x00 Ox_ _ 0x00 0x00 0x00 0x00 0x00
0x5FB (R) 8 Ox14 0x00 Ox_ _ 0x00 0x00 0x00 0x00 0x00 No error
0x5FB (R) 8 0x14 0x00 Ox7F Ox7F Ox7F Ox7F Ox7F Ox7F Error
MESSAGE ID LENGTH DATA FIELDS
0x5FB (G) 8 0x14 0x00 0x00 0x00 0x00 0x00 0x00 0x00
0x5FB (R) 8 0x14 0x00 Ox_ _ 0x00 0x00 0x00 0x00 0x00

Command SET DATA BAUDRATE
e CMD: 0x1500

BYTE VALUE DESCRIPTION
Byte [0] 0x15 Command ID [MSB]
Byte [1] 0x00 Command ID [LSB]
0x00 Not available - applies system factory default baudrate
0x01 1 Mbit/s
Byte [2] 0x02 2 Mbit/s
0x03 4 Mbit/s
0x04 5 Mbit/s
Byte [3] to byte [7] 0x00 Reserved
MESSAGE ID LENGTH DATA FIELDS
O0x5FA (S) 8 0x15 0x00 Ox_ _ 0x00 0x00 0x00 0x00 0x00
0x5FB (R) 8 0x15 0x00 Ox_ _ 0x00 0x00 0x00 0x00 0x00 No error
0x5FB (R) 8 0x15 0x00 Ox7F Ox7F Ox7F Ox7F Ox7F Ox7F Error
MESSAGE ID LENGTH DATA FIELDS
0x5FB (G) 8 0x15 0x00 0x00 0x00 0x00 0x00 0x00 0x00
0x5FB (R) 8 0x15 0x00 Ox_ _ 0x00 0x00 0x00 0x00 0x00
Revision: 20-Nov-2024 9 Document Number: 15003

For technical questions, contact: ww2cresistors@vishay.com

THIS DOCUMENT IS SUBJECT TO CHANGE WITHOUT NOTICE. THE PRODUCTS DESCRIBED HEREIN AND THIS DOCUMENT
ARE SUBJECT TO SPECIFIC DISCLAIMERS, SET FORTH AT www.vishay.com/doc?91000



http://www.vishay.com

\____ A
VISHAY. HV-IBSS-CANFD

www.vishay.com Vishay
CAN BUS MEASUREMENT MESSAGE STRUCTURE
CANFD
e |D: 0x11223344 (default)
® Period: 10 ms
e DLC: 32
- V1: voltage - 1
- V2: voltage - 2
- V3: voltage - 3
- C: current
- P: power
- E: energy
- T: temperature (1)
- SED: system error data
- MED: measurement error data
- CNT: message counter
Note
e Temperature value has +25 °C offset and range is between 0 °C (-25 °C) and 255 °C (230 °C).
SIGNAL Vi V2 V3 C P E T SED MED CNT
[0:31] [32:62] [64:95] [96:127] | [128:159] | [160:223] | [224:231] | [232:239] | [240:247] | [248:255]
Bit unsigned | unsigned | unsigned | unsigned | unsigned signed unsigned | unsigned | unsigned | unsigned
4 byte 4 byte 4 byte 4 byte 4 byte 8 byte 1 byte 1 byte 1 byte 1 byte
Unit mv mv mv mA mw Wh °C Message
counter
Endianness Big Big Big Big Big Big Big Big Big Big

Error Data Structure

If the error is resolved or the device is reset, these flags will MED: measurement error data
be cleared. e BITO: measurement ADC ready
SED: system error data * If ADC data is not ready for 100 ms, that bit occurs
* BITO: system application verification e BIT1: measurement ADC lock
- If tl?% devitce cannot verify the app upon startup, this flag - If ADC’s PLL is not locked, this flag will be set
will be se

BIT1 ¢ librat ficati ¢ BIT2: measurement ADC reset
. : system calibration verification
y - If the ADC resets itself or remains in a reset state, this

flag will be set
e BIT3: measurement ADC overvoltage

- If the device cannot read or verify the calibration data
upon startup, this flag will be set

® BIT2: system configuration
y g - If any of the device's voltage measurement channels

exceeds 1200 V, this flag will be set
¢ BIT4: measurement ADC overcurrent

- If the device cannot read or verify the configuration data
upon startup, this flag will be set

* BIT3: system CAN bus RX .
) ) . - If any of the device’s current measurement channels
- If the device receives a CAN Bus message that it cannot exceed the shunt resistor's maximum wattage, this flag
handle, this flag will be set will be set

¢ BIT4: system CAN bus TX e BIT5: reserved

- If the device cannot send a message via the CAN bus, ¢ BIT6: reserved

this flag is set. It cleared after the first successful
transmission e BIT7: reserved

e BIT5: system temperature

- If the device’s temperature exceeds 200 °C, this flag is
set

* B|T6: reserved
e BI|T7: reserved
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CAN BUS CALIBRATION MESSAGE STRUCTURE

To apply and save calibration data on the device, the oversampling ratio and global chop calibration message (0x01443323)
can be used.

If any single channel’s offset error, gain, or gain error needs to be calibrated, or if all of these parameters need to be calibrated,
the offset error, gain, and gain error calibration message (0x01443322) must be sent first, followed by the oversampling ratio
and global chop calibration message (0x01443323).

Calibration Default Settings
e Gain: 8

e OSR: 16384

¢ Global chop: enable

Offset Error and Gain and Gain Error
¢ |D(S): 0x01443322 (fixed)
e RESPONSE ID(R): 0x01998876 (fixed)

e DLC: 48
VOLTAGE 1 VOLTAGE 2
Signal Offset error Gain Gain error Offset error Gain Gain error
[0:31] [32:63] [64:95] [96:127] [128:159] [160:191]
Bit sighed unsigned unsigned signed unsigned unsigned
4 byte 4 byte 4 byte 4 byte 4 byte 4 byte
Endianness Little Little Little Little Little Little
VOLTAGE 3 CURRENT
Signal Offset error Gain Gain error Offset error Gain Gain error
[192:223] [224:255] [256:287] [288:319] [320:351] [352:383]
Bit sighed unsigned unsigned signed unsigned unsigned
4 byte 4 byte 4 byte 4 byte 4 byte 4 byte
Endianness Little Little Little Little Little Little
Offset Error

Offset error calibration (OCAL) is a 32-bit signed register of the HV-IBSS-CANFD device.

The voltage offset error is measured in millivolts (mV). Since the device does not display negative voltages, if a negative offset
error is entered, the measurement data may show 0 V. This offset error setting is primarily intended to correct ground (0 V) offset
errors. The offset error, in millivolts, is entered into the relevant data field.

Example Application of Voltage Offset Error:

Assume that the system ground (0 V) is connected to channel 1, and the device is measuring 0.015 V. In this case, the 0 V offset
error would be 15 mV. Since this error is positive, a negative offset error should be applied, which would be -15 mV.

The situation is similar in the current channel. Since the device can also measure negative currents, any offset error entered here
will be reflected in the measurement data. This offset error setting is primarily intended to correct 0 A offset errors. The offset
error, in milliamps (MA), is entered into the relevant data field.

Example Application of Current Offset Error:

1. If 0 Alis connected to the current channel, and the device measures 0.008 A, the 0 A offset error would be 8 mA. Since this
error is positive, a negative offset error should be applied, which would be -8 mA

2. If 0 A is connected to the current channel, and the device measures -0.012 A, the 0 A offset error would be 12 mA. Since
this error is negative, a positive offset error should be applied, which would be 12 mA
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Gain Error

Gain error calibration (GCAL) is a 32-bit signed register of the HV-IBSS-CANFD device.

Gain error represents the difference in the multiplier between the actual signal and the measured signal. This error causes a
non-linear deviation across the entire measurement range of the device. Gain error is typically detected and adjusted during
calibration. This adjustment is made to ensure that the device accurately reports the measured value. The gain error value
should be entered into the relevant data field.

Gain calculation result should be between 0.0000001 and 1.9999999.

Example Application of Voltage Gain Error:

When the actual value is greater than the measured value:

- Actual voltage value: 200 000 mV

- Measured voltage value: 199 821 mV

- Gain error calculation: 200 000 / 199 821 = 1.000895
- Register Value = 1.000895 x 1 000 000 = 1 000 895

When the actual value is less than the measured value:
- Actual voltage value: 800 000 mV
- Measured voltage value: 802 694 mV
- Gain error calculation: 800 000 / 802 694 = 0.996643
- Register value = 0.996643 x 1 000 000 = 996 643

Example Application of Current Gain Error:

When the actual value is greater than the measured value:
- Actual current value: 200 000 mA
- Measured current value: 199 845 mA
- Gain error calculation: 200 000 / 199 845 = 1.000775
- Register Value = 1.000775 x 1 000 000 =1 000 775

When the actual value is less than the measured value:
- Actual current value: 600 000 mA
- Measured current value: 601 276 mA
- Gain error calculation: 600 000 / 601 276 = 0.997877
- Register value = 0.997877 x 1 000 000 = 997 877

Calculation of Gain

Available gain values are listed in the table below. Should the HV-IBSS-CANFD receive a request for a non-listed gain value, it
will revert to use the gain value marked as default.

GAIN VALUE VALUE (h)
1 1 ox1
2 2 0x2
4 4 Ox4
8 (default) 8 0x8
16 16 0x10
32 32 0x20
64 64 0x40
128 128 0x80

Response Message
0x01998876 response message structure over CAN bus is the same as each other (0x01443322).
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Oversampling Ratio and Global Chop
¢ ID(S): 0x01443323 (fixed)

e RESPONSE ID(R): 0x01998877 (fixed)
e DLC: 12

SIGNAL OSR CHOP
[0:31] [32:63]

Bit unsigned unsigned
4 byte 4 byte

Endianness Little Little

Oversampling Ratio

The oversampling ratio (OSR) is a key parameter in SD-ADCs, significantly affecting the accuracy and reliability of the

measurements.

The HV-IBSS-CANFD device provides programmable OSR settings, enabling optimization of performance for specific shunt

sensor applications.

OSR VALUE VALUE (h)
128 128 0x80
256 256 0x100
512 512 0x200
1024 1024 0x400
2048 2048 0x800
4096 4096 0x1000
8192 8192 0x2000
16 384 (default) 16 384 0x4000

Global Chop

The global chop technique, also known as chopper stabilization or auto-zeroing, is a method used in analog to digital
converters (ADCs) to minimize offset errors and low frequency noise (1/f noise). This technique is particularly useful in

precision measurement applications, such as those involving shunt sensors for current measurement.

CHOP VALUE VALUE (h)
Disable 0 0x0
Enable (default) 1 0x1
Response Message
SIGNAL OSR CHOP SHUNT ID RESERVED
[0:31] [32:63] [64:79] [80:95]
Bit unsigned unsigned unsigned unsigned
4 byte 4 byte 2 byte 2 byte
Endianness Little Little Little Little
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JTAG PROGRAMMING

In case the customer wants to develop their own firmware, a connection to the MCU can be established via the JTAG connector
(J4) on the PCB. For information on programming the MCU, please consult the manufacturer’s documentation.

The MCU can be programmed, e.g. by using a TI XDS 110 debug probe or TI XDS 100V2/V3, as suggested by TI.

The pinout of the JTAG connector (J4) is as follows:

— enenodoIe ol
[ = IOOCOO

- L
3t .‘,

ﬁﬁ.ﬂﬂﬂ--mw-f,-

\- - >
C25 CEGNm
3V3_ISO JTAG 1

T 290302

R35
10k J4 CON8

RESET_N
JTAG_TMSC
JTAG_TDI
JTAG_TDO
JTAG_TCKC
3V3_ISO

(N[O fwNf—

GND_ISO

e ) e =
5V SUPPLY RéC SO

A
oYW
h w
PSS S

JTAG_TDI

JTAG_TMSC

A ——

[ e

JTAG_TDO g

PIN NUMBER PIN NAME
1 3V3 PULL UP
RESET
TMSC
TDI
TDO
TCKC
3V3
GND

0| N[~ |lwW|N

Revision: 20-Nov-2024 14 Document Number: 15003
For technical questions, contact: ww2cresistors@vishay.com

THIS DOCUMENT IS SUBJECT TO CHANGE WITHOUT NOTICE. THE PRODUCTS DESCRIBED HEREIN AND THIS DOCUMENT
ARE SUBJECT TO SPECIFIC DISCLAIMERS, SET FORTH AT www.vishay.com/doc?91000



http://www.vishay.com

\____ A
VISHAY. HV-IBSS-CANFD

www.vishay.com Vishay

MECHANICAL

Bus Bar Mounting

To achieve the best current measurement with an HV-IBSS-CANFD, it is crucial to ensure adequate busbar connections. During
the busbar mounting process, minimize any stress and forces on the shunt. It is essential to have a proper overlap between the
busbar and the shunt to maintain low connection resistance while ensuring optimal thermal contact.

When the busbar is brought into thermal contact with a heatsink, thermal dissipation is enhanced, thereby improving the
performance of the shunt. However, connecting cables or busbars with poor thermal dissipation characteristics can degrade
the peak current-carrying capability of the shunt. Therefore, attention to detail during the mounting process is necessary to
ensure accurate and reliable current measurements.

WSBE8536 WSBE8518
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DIMENSIONS HV-IBSS-CANFD USING WSBE8518
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HV-IBSS-CANFD using WSBE8518: 74 g
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DIMENSIONS HV-IBSS-CANFD USING WSBE8536
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Disclaimer

1. Vishay Intertechnology, Inc. and its affiliates (“Vishay”) provides the reference design to which this disclaimer is attached
(the “reference design”), and may provide certain products, parts and components to implement the reference design
(each, an “evaluation kit”), solely to assist customers and potential customers (each, a “user”) who, in a research and
development setting, are developing products and applications that incorporate Vishay products. This disclaimer
supplements the terms of and conditions under which the user gains access to the reference design and / or evaluation kit
(the “terms and conditions”). If and to the extent this disclaimer conflicts with the terms and conditions, this disclaimer will
control.

2. Vishay and their respective directors, officers, agents, and employees (collectively, the “Vishay parties”), disclaim any and
all warranties concerning the reference design or evaluation kits, and all liability for any errors, inaccuracies, incompleteness
or other defects in the reference design or evaluation kits. Without limiting the foregoing:

2.1.Users are responsible for (a) using their independent analysis, evaluation and judgment to validate the operating
parameters, including typical parameters, for each component specified by the reference design or included in an
evaluation kit, (b) assuring the safety of the products they develop and the compliance of those products with all
applicable regulations, laws and other applicable requirements, and (c) obtaining any licenses to third party intellectual
property rights that may be necessary for their products.

2.2.Vishay makes no warranty, representation, or guarantee regarding the suitability of the reference design or evaluation
kits for any particular purpose. To the maximum extent permitted by applicable law, Vishay disclaims (i) any and all
liability arising out of the application or use of any design or product, (ii) any and all liability, including without limitation
special, consequential, or incidental damages, and (iii) any and all implied warranties, including warranties of fitness for
particular purpose, non-infringement, and merchantability. The aggregate liability of all Vishay parties will not exceed
the amount the Vishay parties received in exchange for the reference design or evaluation kit giving rise to the claim.

2.3.Users acknowledge that (i) the reference design was created under laboratory conditions, and no Vishay party has
conducted any testing other than as may be specifically described in the reference design, (ii) any information in the
reference design related to third party components described by a reference design or included in an evaluation kit
(“third party products”) does not constitute a license to use any third party product, or a warranty or endorsement of
any third party product, and use of any such information, products or services may require a license from a third party
under patents or other intellectual property rights and (iii) Vishay may make corrections, enhancements, improvements
and other changes to their respective products and services, reference design, or evaluation kit, and to discontinue any
product or service. Vishay has no obligations and makes no claims, representations, warranties, or guarantees
regarding third party products included in a reference design or evaluation kit.

2.4.Statements regarding the suitability of the reference design, evaluation kit, or other Vishay product for certain types of
applications are based on Vishay’s knowledge of typical requirements often placed on Vishay products in generic
applications. Such statements are not binding statements about the suitability of the reference design, evaluation kit,
or other Vishay product for a particular application. It is the customer’s responsibility to validate that a particular
reference design, evaluation kit, or other Vishay product with the properties described in the reference design or
included in the evaluation kit is suitable for a particular application.

2.5.The reference design is not fault-tolerant and is not intended for high risk applications, including without limitation in the
operation of nuclear facilities, aircraft navigation or control systems, air traffic control, life support machines, weapons
systems, or any other application in which the failure of the reference design could lead to death, personal injury, or
severe physical or environmental damages. Any use of the reference design in connection with high risk applications
or any other applications is fully at the user’s own risk. Neither the evaluation kits nor their components are intended
for commercial products or in consumer or household environments.

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

4. This disclaimer will be governed by the laws of the Commonwealth of Pennsylvania without reference to conflict of laws
principles. User and the Vishay parties agree that the sole and exclusive jurisdiction for any dispute regarding the reference
design or evaluation kits will be the state and federal courts sitting in Philadelphia, Pennsylvania.
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Disclaimer

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

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

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

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

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

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

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

© 2026 VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED
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