
Introduction

This technical note gives the basic information to utilize the STSW-DIGAFEV1DRV software library to control and use the 
TSC1641.

The TSC1641 is a high precision current, voltage, power, and temperature monitoring analog front-end (AFE).

It monitors current in a shunt resistor and load voltage up to 60 V in a synchronized way. The current measurement can be high-
side, low-side, and bidirectional.

The device integrates a high precision 16-bit dual channel ADC with a programmable conversion time from 128 μs to 32.7 ms. 
Moreover, the TSC1641 allows the assertion of several alerts on the voltage, current, power, and temperature signals. 
Additionally, for best performance, the device's parameters and thresholds can be correctly set using the specific registers.

The TSC1641 supports I2C and MIPI I3C protocols.

This document describes how to communicate with the TSC1641 thanks to I2C.

How to use STSW-DIGAFEV1DRV and a STM32 to control the TSC1641 through 
I2C
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1 Glossary

Table 1. Glossary

Acronym Description

I2C Inter-integrated circuit. Two-wire communication protocol for connecting multiple 
devices, allowing data exchange and control within electronic systems

SCL Clock line

SDA Data line

NACK
NACK stands for "Not acknowledged" in I2C communication. It is a response from the 
receiver device indicating that it has not acknowledged the data sent to it by the 
controller device

Rshunt Shunt resistor used for current sensing

STM32
A family of 32-bit microcontrollers developed by STMicroelectronics. They are based 
on the Arm Cortex®-M processor architecture and are widely used in a variety of 
applications
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2 I2C configuration of your microcontroller

2.1 TSC1641 characteristics
The TSC1641 supports standard mode, fast mode, and fast mode plus (1 MHz).
The supported voltage is 3.3 V.
Up to four devices can be connected to the bus thanks to two address pins: A0 and A1.

Table 2. TSC1641 characteristics

A1 A0 Target address (binary) Target address (hexa)

GND GND 10000000 40

GND VS 10000001 41

VS GND 10000010 42

VS VS 10000011 43

For best performance, be sure to limit the bus capacitance if you use several I2C devices on the same bus.
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3 Standard process of configuration

The standard process of configuration is the following:

Figure 1. Process to configure the TSC1641

3.1 Configuration register
The configuration register (@ 0x00(h)) permits to configure several characteristics of the device.
The configuration must be entered in a Configuration structure. This structure is located in the header file.

Figure 2. Configuration structure

Figure 3. Configuration register

Table 3. Links between variable and configuration register bits

Name Bits of the configuration register

uint8_t TSC1641_RESET Bit 15

uint8_t TSC1641_CT Bits 7-6-5-4

uint8_t TSC1641_TEMP Bit 3

uint8_t TSC1641_MODE Bits 2-1-0

Please refer to the datasheet or the application note AN5998 “Learning to use the TSC1641” to select the 
appropriate value to write in the registers.
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Figure 4. Several values to enter in the configuration register

The header file contains several values that help to configure the TSC1641.
Then, use the TSC1641_SetConf(I2C_HandleTypeDef *hi2c1, Configuration * CONF1) to write the desired value 
in the configuration register.

Figure 5. Example of configuration

Table 4. Configuration register (@ 0x00) filled by the TSC1641 SetConf() function

Bit n° 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Name RST CT3 CT2 CT1 CT0 TEMP M2 M1 M0

Value written 0 0 0 0 0 0 0 0 1 0 0 0 1 1 1 1
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3.2 Rshunt register
The shunt resistor value is defined in the header file.

Figure 6. Shunt resistor value

The LSB is 5µΩ. Hence the value to enter is:ValuetoWrite = RSℎuntvalRSℎuntLSB
In this example, the shunt resistor value is 5mΩ.ValuetoWrite = 5*10−35*10−6 = 1000 d = 0x01f4 h
Once the value defined, the value has to be written in the Rshunt register (@ 0x08) with the 
TSC1641_SetRShunt(I2C_HandleTypeDef *hi2c1) function.

Figure 7. Use of the SetRshunt function

3.3 Alert limit registers
The TSC1641 has several configurable alerts.

Table 5. Table with all the limit registers

Name Description address

SOL alert limit register Shunt voltage over limit 09h

SUL alert limit register Shunt voltage under limit 0Ah

LOL alert limit register Load voltage over limit 0Bh

LUL alert limit register Load voltage under limit 0Ch

POL alert limit register Power over limit 0Dh

TOL alert limit register Temperature over limit 0Eh

For more information regarding these alerts, please refer to the Datasheet or the application note AN5998 
“Learning to use the TSC1641”.
In the header file all the registers are already defined to simplify the programming.

Figure 8. Treshold registers
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Table 6. Defined constants with register addresses

Name Name in the header file Address Comments

SOL alert limit register TSC1641_RegAdd_VshuntOV 09h LSB=2.5µV

SUL alert limit register TSC1641_RegAdd_VshuntUV 0Ah LSB=2.5µV

LOL alert limit register TSC1641_RegAdd_VloadOV 0Bh LSB=2mV

LUL alert limit register TSC1641_RegAdd_VloadUV 0Ch LSB=2mV

POL alert limit register TSC1641_RegAdd_PowerOL 0Dh
LSB=25mW.

Works only if VLOAD>0

TOL alert limit register TSC1641_RegAdd_TempOL 0Eh LSB=0.5°C

The limits are set in the Limit structure.

Figure 9. limit structure

In the following example, all the thresholds are set with different values:

Table 7. Values to write in the limit registers

Name Name in the header file Value (SI) Value to write (hexadecimal)

SOL alert limit register TSC1641_RegAdd_VshuntOV 10 mv 0x0FA0

SUL alert limit register TSC1641_RegAdd_VshuntUV 5mv 0x07D0

LOL alert limit register TSC1641_RegAdd_VloadOV 30V 0x3A98

LUL alert limit register TSC1641_RegAdd_VloadUV 15V 0x1D4C

POL alert limit register TSC1641_RegAdd_PowerOL 200W 0x1F40

TOL alert limit register TSC1641_RegAdd_TempOL 70°C 0x008C

Figure 10. Values written in the limit structure

At the end, the TSC1641_SetLimits(I2C_HandleTypeDef *hi2c1, Limit* LIMIT) is called to write all the values in 
the several registers.

Note: It is not mandatory to write in all the limit registers. It is possible to only write the limits to use.
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3.4 Mask register
The last step is to activate the desired alerts. To do this, bits has to be set to 1 in the Mask register (@0x06)
In the header file a Flag structure is described. It includes all the possible flags.

Figure 11. Structure gathering the activable alerts in the TSC1641

In the following example, the alerts and parameters described in Table 8. Alerts activated or not for this example 
are activated by writing in the Mask register.

Table 8. Alerts activated or not for this example

Variable To activate

TSC1641_SOL yes

TSC1641_SUL no

TSC1641_LOL yes

TSC1641_LUL no

TSC1641_POL yes

TSC1641_TOL no

TSC1641_CVNR yes

TSC1641_APOL no

TSC1641_ALEN yes

The desired alerts and parameters are selected in a Flag structure, then this structure is given as a parameter for 
the TSC1641_SetAlerts(I2C_HandleTypeDef *hi2c1, Alert* ALERT1). The way to use the structure and the 
function is described in Figure 12. Process to write the mask register.

Figure 12. Process to write the mask register
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At the end of the process, the Mask register is the following:

Table 9. Mask register value

Bit n° 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Name SOL SUL LOL LUL POL TOL CVNR APOL ALEN

Value written 1 0 1 0 1 0 1 0 0 0 0 0 0 1 1
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4 Collect of data

4.1 Read of sensed data
The STSW-DIGAFEV1DRV software has several functions to read the values sensed or computed by the 
TSC1641.

Figure 13. Functions to read the sensed or calculated data

They work all in the same way. They read the adequate register (@ 0x01 to 0x05 according to the desired value) 
and store the data in a uint8_t table.

Table 10. Register map of sensed/calculated data

Pointer address (hex) Register name

01h Shunt voltage register

02h Load voltage register

03h DC power register

04h Current register

05h Temperature register

For example, these two lines are the only needed to read the shunt value and the shunt voltage is stored in the 
two bytes variable Data_shunt:

Figure 14. Shunt value example

4.2 Get the alerts
As mentioned in the Section 3.4: Mask register, the TSC1641 has several activable alerts.

4.2.1 Read the flag register
The alert states, the saturation flag and the math overflow flag are accessible by reading the Flag register 
(@0x07).

Figure 15. Function to read the flag register

The state of each flag is stored in a flag structure.
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Figure 16. Flag structure

4.2.2 Be informed via the pin alert
As in the figure below, an ALERT/Data ReaDY pin is accessible on pin 3:

Figure 17. TSC1641 pinout

According to the chosen polarity defined in the Alert structure, the TSC1641 ALERT/DRDY will be to the one logic 
or the zero logic when a flag is risen.
To detect the rising flag, the STM32 can use an interruption.

Figure 18. Example of an interrupt

In this example the LED 2 is toggled when an alert is triggered.
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IMPORTANT NOTICE – READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and improvements to ST 
products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on ST products before placing orders. ST 
products are sold pursuant to ST’s terms and conditions of sale in place at the time of order acknowledgment.

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or the design of 
purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.

Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

ST and the ST logo are trademarks of ST. For additional information about ST trademarks, refer to www.st.com/trademarks. All other product or service names 
are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.
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