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About this document

This document describes how to program the TLI4971 with the Infineon proprietary one wire interface (SICI).

Timing of the serial inspection interface.

Command structure and commands for write/read and EEPROM access.

A description of the user changeable EEPROM section.

Details on the diagnosis mode.

For productive in circuit programming Infineon recommends to use a verified programmer which has been a
coproduction development between Infineon and CGS. For further documentation please refer to Sensor -
Programmer - CGS - Computer Gesteuerte Systeme GmbH (cgs-gruppe.de)

Further Infineon provides a programming board for laboratory usage.

Scope and purpose

TLI4971 Coreless Current Sensor Feature set, EEPROM and interface description.

Intended audience

e Users who use the high variety of the TLI4971 current sensor by programming the functionality like full scale
or over current detection, operating modes etc. to their need.

e Current Sensor Module Developers.
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1 Application and Programming circuit

The sensor has implemented a serial interface to set the EEPROM content. This chapter describes the hardware
environment to program the device. Further, it shows the recommended circuit for a three-phase GPD
application.
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Figure 1 TLI4971 3-phase GPD application circuit for semi and or fully- differential mode

The protection functionality is covered by two open drain outputs (OCD1 and OCD2) to indicate an overload
and to protect the system in case of an over current event. The OCD1 output shut down the HV gate-driver. The
OCD2 connect to an interrupt input of the microcontroller.

1.1 Circuit / Precondition

Each device can be set separately via the SICl-one wire interface.

In order to communicate with the sensor via the SICI one wire interface the Aour lines of each sensor need to
connect to a microcontroller.

As afirst step of the programming procedure, the parameter set has to download into the volatile memory area
of the sensor via the SICl interface.

In a second step, the parameter needs to get stored into the EEPROM by sending the programming command
and applying the programming voltage on OCD2 pin.

0OCD2 and Vpp need to be controlled by the programmer.

Application Note 30f31 Rev. 1.30
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1.2 In-circuit programming

To program the EEPROM the digital interface sends a particular programming sequence and applies the
programming voltage at pin OCD2. In a multiple sensor system the OCD2 can be connected together as each
sensor will receive their individual data set via the separated Aoyr pin connection. The programming voltage can
be applied to all sensors in parallel. Please find a detailed programming example in the chapter 3.
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Figure 2 External Programmer connected to GPD application circuit (TLI4971 in-circuit-programming)

The recommended serial resistors Rocp, and Ryccio are used to avoid a current feedback into the supply and to

avoid possible high floating of the uC supply. The resistors Rocp2 and Ryccio have to be determined as described
in following formula.

VCCIO VPROG - VCCIO

| ROCDZ = 101(.0 RVCCIO = 3309
RVCCIO ROCDZ
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Alternatively, the OCD2 channel can be connected with a pull down resistor to GND while applying the
programming voltage on the OCD2 pin as shown in Figure 4.
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Figure 3: TLI4971 In-circuit programming without external programmer
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2 Serial Inspection and Configuration Interface (SICI)

The sensor features a digital 16bit bidirectional one wire interface (SICI). Connect the Aour pin to a GPIO port in
order to establish a communication between the sensor and the controller.

2.1 Hardware Implementation
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oD 220 VDD
N
X|GND

Digital N
v GPIO locp1
A/D AOUT
A/D VREF
Jocp2
6.8nF/|6.8nF/|

50V |50V

i

Figure 4 SICI application circuit

To activate the interface the AOUT shall be forced to GND during and after the sensor startup.

The communication is based on transmitting a bit stream to the sensor driven by an external controller. For this
interface, the Aour pin is used as an 1/0 pin to read from the device and to write the registers of the device by
driving the pin with a defined timing.

The interface timing specification is shown in Table 1 and described in Figure 6 and Figure 7.

2.2 Entering Communication Mode

After or while suppling the sensor, the Aour pin shall be forced to GND to enter the interface mode of the device.
Figure 5 shows the “interface enable time” tiren Which is the valid time window to enable the SICl interface. This
low state has only to be present once after start up to allow the device to receive the 16 bit enter-interface-
command. The activation will also work if the Aour stays at ground from the beginning. While sending the enter-
interface-command, the device answers to each sent bit with logic “0” as shown in Figure 5.

After sending the enter-interface-command, the Aoyr pin will remain at Vsens (open drain). If the interface
activation is not successful the Aour pin will reflect the quiescent voltage.

To enable the access to the sensor memory the internal intelligent state machine (ISM) needs to be disabled with
a dedicated command like described in chapter 3.

Application Note 6 of 31 Rev. 1.30
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Vsens
Voo High_state(16V)
GND
tiren ,0" 1
-———————»>
Voens(3.3V) e e
High_state(1.6V) /
Aour Low_state(1.3V) /
GND }
t=0 100us 400us

Figure 5 Enabling SICI interface after device start up

2.3 Communication timing

As communication runsin both direction the GPIO of the external controller shall support tri state. After releasing
the Aour back to Vsens, the 16-bit enter-interface-command with LSB first has to be send from the controller. Figure
5 shows the LSB and MSB of the enter-interface-command.

Inthe Figure 5, the green highlighted squares indicate the received bit while the blue highlighted squares indicate

the bits sent by the sensor.

2.3.1 Single low/high PWM transmission

The initial pulse length t; & t, in Figure 6 and Figure 7 determines the write sequence.
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Figure 6 SICI duty cycle; sending logic '0' to the device; receiving logic '1' from the device

The read-out time t, is marked with a grey square. The timing of the read sequence t, is depending on the low
time t; and high time t; as described in Table 1.
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Figure 8 SICl enter interface sequence

Figure 8 describes the interface activation by modulating the AOUT after startup. The modulation of the first two
bits can be seen in the picture.

! |
EZT e |
I 1 1 1 1 1 1 LISBI

Figure 9 SICI enter interface command

Figure 9 shows the oscilloscope picture of the enter interface command to activate the sensor interface after
performing the startup sequence.

Application Note 80f31 Rev. 1.30
2022-03-01



o _.
Current Sensor TLI4971 Infineon
Programming Guide and User Manual

2.4 Interface Timing Definition
Table 1 Interface timing
Parameter Symbol Min. Typ. | Max. | Unit Notes
Interface enable time | tiren 100 150 |400 us Drive Aout to GND
. . . One communication frame consist of

Period time of 1 bit T 40 titt, | 7500 | ps 16 x 2 bits (16bits write / 16bits read)
Low time sending 0 tio 28 33 38 % of T | Drive Aourto GND
Low time sending 1 tia 62 67 72 % of T | Drive Aour to GND

. . . The device drives Aout to Voo by
High time sending 0 t2.0 T-tio Hs default.
High time sending 1 ta1 T-tio us The device drives Aout to Voo by

default.

Drive Aoutr to GND

ta=2* ABS(t1x - t2.%)

Low time before read ts 10 - 30 % of t4 | t3can be set as applicable. Increase of
ts will reduce sensor response time ta.
Therefore t: has to be set accordingly

The device drives Aour to Voo by

Reading time tr 50 - 80 % of t, | default. Set the external controller in
tri state.
. ts can be set as applicable. Increase
Response time t 2abs(ti ctax) | - ) HS of t3 will reduce the response time ta.
Time between 2 bits ts 1 T-t4 5400 |us

Only valid for a single bit high time.
Max high time thigh 1 - 5400 |us There is no restriction in timing
between two commands

Min low time tiow 1 - 5400 |us

e Thereis no timing restriction between two commands as long as the Aoyr pin is not driven to GND.
e Thetypical threshold level to detect a logic “0” during a high to low transition is 1.3V.

e Thetypical threshold level to detect a logic “1” during a low to high transition is 1.6V.

2.5 Definition of Voltage Levels
Table 2 SICI High and low level definition
Parameter Symbol | Min. | Typ. | Max. | Unit |comment
Voltage level for SICI - High? Vsicimigh | 1.6 3.3 |[3.5 v high state
Voltage level for SICI - Low? Vsicitow |-0.3 |0 1.3 Vv low state
Application Note 90f31 Rev. 1.30
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3 Interface description

3.1 Command Structure

A typical SICI communication consists in multiple input commands sent to the device via Aour voltage
modulation, to which the sensor responds modulating the same Aour pin.

An input command is composed of 16 bits LSB first. One bit consists of a transmission sequence initiated by the
master and a receiving sequence driven by the device. The reply data stream sent by the device starts with the
LSB.

A typical communication consists of a command including the access information and address sent by the
master to the device. The device replies with data from the former received command. The upper nibble of the
command include the access information.

Table 3 SICI Command structure
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 LSB
w/r 0 Acl AcO | Ad7 Ad6 Ad5 Ad4 Ad3 Ad2 Ad1l AdO 0 0 0 0

Table 4 Access bit description

w/r | Acl | AcO description
1 0 X Set ones and zeros like the sent 16 bit data word
1 1 0 Set only the sent zeros. The ones will not be set
1 1 1 Set only the sent ones. The zeros will not be set

3.2 Read / Write Command

There is always a delay of one command between the request command and the addressed data. When a new
read command is sent to the sensor, the device replies with the data requested with the former command. The
NOP command terminates a read sequence without initializing a new read or write sequence.

read one address
Master to Sensor ,0“ 2 bit 8 bit ,0000" 16 bit ,NOP“ command
access | address
!
1
Sensor to Master ‘ 16 bit don’t care ] ‘ 16 bit addressed data ]
read
Master to Sensor 0| 0| 2P 8bit | ho0or | | 0v| 0| 2Pt 8bit 1 000" 16 bit ,NOP“ command
access | address access | address
I I
1
Sensor to Master [ 16 bit don’t care ] [ 16 bit addressed data ’ [ 16 bit addressed data ]
Figure 10 SICl read sequence
write to address
Master to Sensor .11 ,0% 2 bit 8 bit ,0000" 16 bit data to set in EEPROM
access | address
[
1
Sensor to Master . . .
16 bit last addressed register 16 bit addressed data
Figure 11 SICI write sequence
Application Note 100f 31 Rev. 1.30
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3.3 Interface Commands

Table 5 Available Commands

Command name addresshex commandhex| description
£ | ¢ d ABCD Activate communication as described in
nter Interface comman hex chapter Entering Communication Mode
> d ISM 55 8000 reserve if-access to the EEPROM data bus to
owerdown hex hex avoid that ISM is blocking the data bus
. . o Prevent unintended activation of the OCD2
Disable failure indication 01hex 0000hex
output
Write command 40nex t0 42pex | 8400hex Initialize Write command to address 40nex
send data XYXY to previous addressed line
Send values XYXY where XYXY stand for 16bit data
placeholder
Read command 40nex t0 51hex | 0400hex Initialize read command at address 40nhex
Initialize read command at address 41nex
41hex 0410nex .
Read command " " read data from previous address 40nex
Read command 51, 05105, Initialize read command at address 51hex
read data from previous address
NOP FFFFoo, No operation command, to read former
addressed values.
EEPROM margin testones | 3Enex 0044ex Compare cell voltages of programmed ones
C
EEPROM margin test zeros | 3Enex 0045hex ompare cell voltages of programmed
zeros
EEPROM set zeros 3Ehex 0248ex Set EEPROM bits to zero
EEPROM set ones 3Ehex 024Bhex Set EEPROM bits to one
EEPROM refresh 3Ehex 024Chex Refresh the all EEPROM lines
EEPROM program zeros 3Ehex 024Epex Program all set zeros into EEPROM
EEPROM program ones 3Ehex 024Fhex Program all set ones into EEPROM
Application Note 110f31 Rev. 1.30
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34 Write and programming sequence

set data prog. ones EEP command wait setdata prog. zeroes EEP command

Write command EEP command apply Veros refresh Write command EEP command apply Veros refresh

Vsens ; N EEE—N—————
16bit v v/ 16bit N 16bit 16bit 16bit 16bit N
AOUT /com +address A\ 16bitdata Z\mm . addresX 16bitcom X Mgz Acoms+ addressX ><_><com + addressX 16bitdata xcom + addresx 16bitcom Y‘“‘g‘ z com + address X\, 16Ptcom
GND H H

20v6 7/
v3 20.6V 20.6V
0CD2
S~ S~ \y/
640 ps 30 ms 100 ps

Figure 12 Programming Sequence

Figure 12 shows the command sequence for a write command and describes the sequence to program the
EEPROM. After writing the values into the EEPROM, the programming voltage has to be applied for 30ms followed
by a refresh command as shown.

3.5 Temporary register

For test purpose, it is possible to change the sensor settings in the temporary registers. This allows to test user
settings without programming the EEPROM.

The addresses for the temporary registers are different from the EEPROM addresses. See Table 6 for details.

In order to access temporary registers send 0x8000 to address 25he. Set to 0x0000 to leave the interface mode
and to change into normal operating mode until the next power down. The sensor uses the content of the
temporary registers instead of the correlating EEPROM values until the next power down.

Table 6 Temporary register description

Temporary EEPROM
. . Note
register address | register address

25, ) Write 0x8000 to this address to get access to the register
(otherwise the registers gets occupied / overwritten by the sensor)

0lr ) Write 0x0000 to temporary disables failure indications like CRC
check.

11hex 40hex Bit description and bit position same for both addresses

12hex 41pex Bit description and bit position same for both addresses

13hex 42pex Bit description and bit position same for both addresses

Application Note 12 0f 31 Rev. 1.30
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3.6 Read Example (temperature register read out)

The temperature value can be read out via the SICI interface. The following example describes the required
command sequence to enter the interface and to read out the 16 bit temperature value. The temperature
sensitivity is set to a sensitivity of 16 LSB,s/°C. The ADC value for 25°C corresponds to 1408 LSB;s. The following
formula describes how to calculate the temperature dependent on the 16bit value.

ADCpq1e — 2048

T t = + 65
emperature 16

Table 7 Command sequence example to read out the internal 16 bit temperature value

Command / sequence minimum frame time Description

ABCDhex 0.64ms Enter interface command
(sending 16bit reading 16bit)

Write command to address 25nex 0.64ms Power down ISM
(write to address 25ne)

8000hex 0.64ms Power down ISM
(write data)

Read command at address 18hex 0.64ms Sending the address to read the
temperature value

FFFFhex 0.64ms Reading the data.

Power on and off the device to activate normal operating mode. (1.5ms typical after power on)
Alternatively set the device in normal operating mode by sending the following commands:

Write command to address 25nex 0.64ms Power on ISM
(write command to address)

0000hex 0.64ms Power on ISM
(send data)

Wait until the Aour settles into calibrated mode. In calibrated mode, the Aqur reflects the voltage level of the
Vrer pin. Assumed no current flows through the primary current rail of the device.

Application Note 130f31 Rev. 1.30
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4 EEPROM

The sensor’s non volatile memory (EEPROM) is organized in 16-bit (word) registers which can be addressed
individually.

When contentin the user area is re programmed, a CRC check register has to be updated. Since the EEPROM CRC
is calculated covering the entire EEPROM storage space, the user is required to readout the entire EEPROM
content, calculate the new CRC values and store it into the respective registers. An incorrect CRC value will be
detected by the sensor and cause a transition to its safe state. In case of a CRC error the OCD open drain output
will be set to GND.

All 18 lines of the EEPROM are readable because the CRC calculation has to be done with the complete data
content of the EEPROM. The device is doing a cyclic redundancy check (CRC) of the EEPROM content while
accessing the EEPROM and indicates an error on the OCD pin in case of a wrong programmed CRC.

Address 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 OO0
40pey Customer accessible settings Customer accessible settings
41 0x Customer accessible settings Customer accessible settings
421 ex Customer accessible settings Customer accessible CRC
43 ex read only read only
read only read only
511ex read only read only

Figure 13 EEPROM overview

Application Note 14 of 31 Rev. 1.30
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4.1 EEPROM Content
Table 8 EEPROM (address 40hex — 42hex)
address | 15 14 13 | 12 11 |10 |9 |8 |7 |6 |5 |4 |3 |2 |1 |o
40hex OCD2en OCD1en OCD2geglitch OCD1geglitch OPmode MEASng
Alnex 0CD2tesh OCDLinssh | OCDcomp_hyst
42nex RATIOof | RATIOGan | OCD2fony | QVIVS« | Empty | VREFe« | CRC
Table 9 Functional description Address 40
Bit field Bit Type Bit field description Default
name value
The measurement range bits define the sensitivity in mV/A
Symbol | Setting | Description / Full Scale setting
S1 05hex +120A Full Scale (FS) / 10mV/A
MEAS 4.0 rw 52 06hex £100A /12 mV/A XXX0X
" ’ S3 08hex | +75A /16 mV/A
S4 0Chex +50A /24 mV/A
S5 10hex | +£37.5A/32mV/A
S6 18hex +25A /48 mV/A
Symbol | Setting | Description
Semi-differential bidirectional Vogbid 1 :
SD bid Ohex Veer = Voo / 2
VOQbid_z . VREF =1.5 (QVlVS = l)
D Lo Fully-differential
OPrmode 6:5 rw (Voq = Vbp/2) (doubled sensitivity) 00
SD uni 2 Semi-differential unidirectional
VOQuni : Vier = VDD/5-5
Single-ended
SE She VOQ = Vper = VREF_ext
The device standard setting is the semi-differential mode
Symbol | Setting | Deglitch timein ns
do Ohex 0 (standard setting)
di Lhex 500
d2 2hex 1000
OCD 14eglitch 9:7 rw d3 3hex 1500 000
d4 Ahex 2000
d5 Shex 2500
dé Bhex 3000
d7 Thex 3500
Symbol | Setting | Deglitch timein ns
do 0 0 (standard setting)
d1i 1 500
d2 2 1000
d3 3 1500
d4 4 2000
OCD2geglitch 13:10 rw 32 2 ;ggg 0000
d7 7 3500
ds 8 4000
d9 9 4500
d1o0 10 5000
di1 11 5500
di2 12 6000
Application Note 150f31 Rev. 1.30
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d13 13 6500
d14 14 7000
d15 15 7500

The over-current detection enable bit 1 activates the over-current
functionality of channel 1. If this bit set to zero the OCD pin 1 will not

Dlen 14 L . . L 1
oc w indicate an internal failure or an over-current event. The standard setting is
1=enabled
The over-current detection enable bit 2 activates the over-current
0CD2 15 W functionality of channel 2. If this bit set to zero the OCD pin 2 will not 1
o indicate an internal failure or an over-current event. The standard setting is
1=enabled
Table 10 Functional description Address 41,
Bit field . I i Default
Bit Type Bit field description
name value

OCD release point: Standard setting out of range Onex .. Fhex
® 3y, for 25A- and 75A-full-scale-variant

®  Gpe, for 50A- and 120A-full-scale-variant
Calculated thresholds for 120A-full-scale-variant:
OCD1lihresh=120A*1.25=150A
OCDlrel_thresh = OCDlthresh * ( l - ( OCDcomp_hyst_setting / OCDlthrsh_setting ) ) =
=150 A* (1 - (6hex/ 13nex)) =103 A
OCD2thresh =120 A * 0.82=98 A
OCDzrel_thresh = OCthhresh * ( 1- ( OCDcomp_hyst_setting / OCthhrsh_setting ) ) =
=98A* (1~ (6hex/ 1Bhex) ) =TTA
Calculated thresholds for 75A-full-scale-variant:
OCDlihesh = T5A *1.25=94A
OCDcomp_hyst 3:0 rw OCD1rel thresh = 94 A* (1 = ( 3hex/ OAnex ) ) =66 A Ox1x
OCD2¢presh =75 A *0.82=62A
OCD2rel thresh =62 A* (1 = ( 3hex / OFhex ) ) =49 A
Calculated thresholds for 50A-full-scale-variant:
OCD1ihesh =50 A *1.25=63A
OCD1re thresh =63 A* (1 = (6pex/ 14hex ) ) =44 A
OCD2¢presh =50 A *0.82=41A
OCD2el thresh =41 A* (1 - (6hex/ 1Chex ) ) =32 A
Calculated thresholds for 25A-full-scale-variant:
OCD1ihesh =25A *1.25=31A
OCD1ret thresh =31 A™ (1= (3nex/ O0Thex ) ) = 18 A
OCD2thresh =25A*0.82=21A
OCD2rel thresh =21 A* (1= (3hex/ OBhex) ) =15A
Threshold level of OCD1

Symbol Setting
level x FS S1 S2 S3 S4 S5 S6
|THR1.1 1.25 13hex*) OFhex OAhex*) 14hex*) ODhex 07hex*)
ITHRL2 139 | 16nex | 1lhex | OBhex | 17nex | OFhex | O9nex
IThR13 1.54 19hex 14hex ODhex 1Anex 12hex OAnex
OCD Ly ™ 168 | 1Chex | 16nex | OFrer | 1Dhex | 14nex | OChex oo
IThRLS 1.82 1Ehex 18hex 11hex 20hex 16hex ODhex
ITHRLS 196 | 2lnex | 1Bnex | 12hex | 23nex | 18hex | OFnex
IThRL7 2.11 24hex 1Dhex 14hex 26hex 1Bhex 10hex
ITHrLS 225 | 2Thex | 1Fnex | 16hex | 2%ex | 1Dhex | 12hex
‘) Standard setting datecode 2118 and later
OCD24prsh 15:10 rw Threshold level of OCD2 XXXXXX
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Symbol Setting

level X FS S1 S2 S3 S4 S5 S6
ItHR2.1 0.50 OEhex | OBhex | O7nex | OEnex | O0%ex | 04nex
ItHR2.2 0.61 13hex | OFhex | OAnex | 13hex | ODhex | O6hex
IThR2.3 0.71 17hex 12hex 0Chex 17hex 10hex 08hex
ItHR2.4 0.82 | 1Bhex) | 16hex | OFhex! | 1Chex! | 13hex | OBhex’
IThR25 0.93 1Fhex 1Anex 12hex 21hex 17hex ODhex
ItHr2.6 1.04 24hex | 1Dhex | 15nex | 25hex | 1Anex | OFnex
IthR2.7 1.14 28hex 21hex 17hex 2Ahex 1Dhex 1lhex
ItHr2.8 1.25 | 2Dhex | 24hex | 1Ahex | 2Enex | 2lhex | 14nex
") Standard setting datecode 2118 and later

Table 11 Functional description Address 42«

Bit field . o N Default
Bit | Type Bit field description
name value
CRC calculation is byte by byte, starting from address 42.... After reaching the
CRC 7:0 rw end of the EEPROM (address 51ne), the address 40ne to 41hex are append. The -

CRC calculation is based on the polynomial x®+x*+x3+x2+1

Symbol | Setting | Description
1V65 O, VREF_nom = 1.6:‘3 V (£10% if ratiometricity is enabled)
standard setting
VREFext 10:8 rw 1v2 1 hex Vrer nom = 1.2V (£10% if ratiometricity is enabled) 000
1V5 2 hex Vrer_nom = 1.5V (£10% if ratiometricity is enabled)
1v8 3 hex Vrer nom = 1.8V (£10% if ratiometricity is enabled)
Standard is set to 1.65V
Not used 11 rw Not used 0

The bit enables the quiescent voltage to 1.5V in semi-differential.
Default is 0 (=disabled)

If the bit is set to one only failure indication is activated at the OCD2 channel.
OCD2fony 13 rw Over current detection is not activated if the bit is set to one. 0
Default is 0 (= fault signal on both OCDs)

If the bit is set, the sensitivity is ratio metric to VDD respective to VREF in single-

QV1V54 12 w

RATIOcain 14 ™| ended mode. Default is 0 (=disabled) 0
The ratio-metric offset behavior of the quiescent voltage is activated if the bit is

RATIOon 15 w set to one. Default is 0 (=disabled) 0

4.2 Programming Example

Table 12 will guide the user through a complete programming sequence.

After activating the interface the integrated intelligent state machine (ISM) has to be powered down. To avoid
unintended high current consumption during applying the programming voltage at the OCD2 pin, the error
indication has to be disabled by writing the disable failure indication command to the device.

Programming requires two single commands followed by the programming pulse. One sequence is required to
program the ones and one sequence to program the zeros into the EEPROM. All digital values are stored in the
EEPROM. Figure 12 gives timing and an exemplary description of the programming sequence.
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Table 12 EEPROM programming example

Command name addresshex | commandpe, | description
Enter Interface DCBAnex Enter interface
8250hex Write command: get access to the register
Power down ISM 2510,
8000hex Set data
8010hex Write command
Disable failure indication 01pe "
0000hex Set data
Read all register Read data before modifying values
Read command (All EEPROM 40hex 0400hex Read command at EEPROM line 0
register) n 00no Read command for address “n”
51 hex 0510nex Address last line in EEPROM
NOP FFFFhex Read values from previous address
Write command 8400hex Write to EEPROM line 0: Access: set ones and zeros
H 4Ohex
Write data NNNNhex Write content to be programmed
83E0nex Write to EEPROM command line
EEPROM program zeros 3Ehex
024Ehex Set EEPROM command program zeros
Apply programming voltage
83E0hex Write to EEPROM command line
EEPROM refresh 3Ehec
024Chex Set EEPROM command refresh
Wait 100 ps
Write command 8400hex Write to EEPROM line 0: Access: set ones and zeros
H 40hex
Write data NNNNhex Write content to be programmed
83E0hex Write to EEPROM command line
EEPROM program ones 3Eex
024Fpex Set EEPROM command program ones
Apply programming voltage
3Ehex 83EO0hex Write to EEPROM command line
EEPROM refresh
024Chex Set EEPROM command refresh
Wait 100 ps
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Table 13 EEPROM voltage and timing parameter

Parameter Symbol | Min | Typ | Max | Unit | Note

Programming Voltage Veros 20.5 | 206 |21.0 |V EEPROM designed to write under
specified condition on the first shot.
In case of lower voltage (i.e. 15V)
Infineon recommends a margin test
to proof quality of EEPROM content
and repeat the programming-
sequence if needed.

EEPROM threshold margin Vrh_on 3.55 |38 415 |V “1” programmed cells
level at start of lifetime?
025 |V “0” programmed cells
EEPROM threshold margin Vinr 1.9 \Y “1” programmed cells
level after lifetime
1.1 v “0” programmed cells
Margin voltage sweep Vimargin 1.3 43 v 25mV step size recommended
range, test of “1” bits
Margin voltage sweep 0 1.7 Y
range, test of “0” bits
EEPROM Programming time | teepuprog 30 ms Time to apply programming voltage

VpRoc, on OCD2 pln

EEPROM wait time teepwait 100 s Wait time after EEPROM refresh
command

Programming Current lproc 6 10 mA | Current consumption of OCD2 while

consumption applying the programming voltage

1) Limits for EEPROM programming and margin level test at the same temperature. Alternatively the temperature
characteristic of the margin level test needs to be considered: VTH(T)=VTH(WRITE_ERASE)+0.0016V/K*(TPROG-T).
Please note that only a typical temperature coefficient is used.

4.3 Margin Test

The margin test command is used in order to check the threshold voltages of the programmed EEPROM cells.
For reliable sensor EEPROM operation the threshold level of the cells have to be kept within the specification
(Table 13). After sending the margin test command an external margin voltage can be switched to the control
gates while refreshing the EEPROM-registers by an external trigger, so that the switching threshold of the
EEPROM cells can be identified (Table 13). EEPROM cells programmed to '0' or to '1' need to be tested
separately. For the '1' programmed cells a threshold voltage smaller than the applied margin voltage a '0" will
be stored to the EEPROM registers, for those with a higher threshold a '1". Vice versa the procedure when
testing '0' programmed cells, for a margin voltage smaller than the threshold a '1' and for those higher than the
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threshold a '0' is stored in the EEPROM registers. By sweeping the external margin voltage the effective
threshold voltages of each EEPROM cell can be identified. The threshold voltages of cells programmed to '1'
can be found in this way. The smallest possible margin voltage is 0V, it is therefore not possible to determine
the threshold voltages below 0V for the cells programmed to '0'.

Table 14 EEPROM margin test

Command name addresshex | commandge, | description
Enter Interface DCBAnex Enter interface

8250hex Write command: get access to the register
Power down ISM 25hex

8000hex Set data

8010hex Write command
Disable failure indication OLhex h

0000hex Set data
Read all register Read data before modifying values
Read all EEPROM for 40nhex 0400hex Read command at EEPROM line 0
reference n 00no Read command for address “n”

51hex 0510hex Address last line in EEPROM

NOP FFFF e Read values from previous address

Sweep voltage from start voltage till end voltage in

Loop reference voltage on OCD2: defined step-size

) - 83EOhex Write to EEPROM command line
Send “margin” command | 3,
0045, Set margin test “zeros” (0044, = “ones”)
Apply actual reference voltage for comparison and
wait 2ms
) . , 83EOhex Write to EEPROM command line
Send “margin stop 3Epe,
0080hex Stop margin test
Wait 100 ps
Read all EEPROM for 40nex 0400nex Read command at EEPROM line 0
comparison n 00n0 Read command for address “n”
51hex 0510pex Address last line in EEPROM
LoopEnd
Find threshold-voltage when EEPROM cell flipped Compare all EEPROM-content at each voltage to
reference
Application Note 200f31 Rev. 1.30
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4.4 Cyclic Redundancy Check

The CRC calculation is based on the polynomial x8+x4+x3+x2+1. Table 15 describes the CRC calculation. The seed
word is defined as 0xAAhex. The CRC calculation of the EEPROM is performed byte by byte, starting from the
EEPROM line three (address 43.). After reaching the end of the EEPROM the line 0 (address 40ne,) to line 2 are
appended. The CRC byte is not used for the calculation. The end word is defined as 0xFFhex.

[ SEED (OXAApex) ] [ EEPROM line3 [15:8] ]

"

[ Result ] [ EEPROM line3 [7:0] ]

XOR |=

1

Ea

Result ] [ EEPROM line i [15:8] ]

.

[ Result ] [ EEPROM line i [7:0] ]

XOR
dofromi=4toi=17

-
-—

A
Result ] [ EEPROM line i [15:8] ]

S

.

Result ] [ EEPROM line i [7:0] ]

dofromi=0toi=1
~—

%

Result ] [ EEPROM line 2 [15:8] ]

¢

[ Result ] [ End word (OxFFpe) ]

r

CRC value to store
(EEPROM line 2 [7:0]

Figure 14 flow chart CRC calculation
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Table 15 CRC calculation specification

CRCvalue | operation comment

CRC_3_1 [0XAArex] XOR The CRC calculation starts with the content
[EEPROM_line_03_bitl5_downto_bit8] of the upper 8 bits in the EEPROM line 3

CRC_3.2 CRC_3_.1  XOR Continue calculating the CRC with the lower
[EEPROM_line_03_bit07_downto_bit0] 8 bits stored in the EEPROM line 3

CRC_4_1 CRC_3_2 XOR
[EEPROM_line_04_bit15_downto_bit8]

CRC_4_2 CRC_4_1 XOR
[EEPROM_line_04_bit07_downto_bit0]

Proceed calculation until EEPROM line 17

CRC _n_2 CRC_n_1 XOR CRC_n stands for CRC_17 to represent the
[EEPROM_line_17_bit07_downto_bit0] CRC calculation with the content of the last
line (17) of the EEPROM

CRC_0_1 CRC_n_2  XOR Continue calculating the CRC with the
[EEPROM_line_00_bitl15_downto_bit8] content of EEPROM line 0

Proceed calculation until EEPROM line 2

CRC k_1 CRC_k-1_2 XOR CRC_k represents the CRC value calculated
[EEPROM_line_02_bitl5_downto_bit8] with the EEPROM content of the third
EEPROM line (line 2).

CRC CRC_k XOR [OXFFhex] The CRC has to be stored into the lower 8
bits of the EEPROM line 2.
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4.5 Code example CRC calculation

//CRC calculation example for Infineon TLI4971 current sensor
//CRC 8 (SAE - J1850) CRC polynomial: x8 + x4 + xA3 + xA2 + 1
//len=18 (EEPROM line 0-17)

#define CRC_POLYNOMIAL 0x1D

#define CRC_SEED 0xAA

//check CRC

bool checkCRC (uintl6_t* data, int len) {
uint8_t checkSum = data[2]&0xFF;//CRC lower byte in EEPROM line2
return checkSum == crcCalc(data, len);

}

//read data beginning in EEPROM line 3 to line 17, append line 0 to line 2
uint8_t crcCalc(uintl6_t* data, int len) {
uint8_t crcData8[len*2];
for(inti=0;i<len;i++){
crcData8[i*2] = (data[(i+3)%18] >>8 ) & OxFF;//read upper 8 bit
crcData8[i*2+1] = ( data[(i+3)%18] ) & OxFF;//read lower 8 bit
}

return crc8(crcData8, len*2-1); //do not include last byte (line 2 lower byte)

}

// CRC calculation
uint8_t crc8(uint8_t *data, uint8_t length) {
uint32_t crc;
intl6_ti, bit;
crc =CRC_SEED;
for (i=0;i<length;i++) {
crc A= datalil;
for (bit =0; bit < 8; bit++) {
if ((crc & 0x80) !=0) {
cre<<=1;
crc A= CRC_POLYNOMIAL;
}else{
cre<<=1;
}
}
}
return ~crc; // ~crc = crc"OxFF;

}
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5 Operation Mode

The default output mode is semi-differential mode Vog = Vogpid:.

5.1 Single-Ended Mode

The sensors reference voltage pinis set asinput and supplied by an external reference voltage generation circuit.
The Veerinput leakage current of up to 20pA has to be considered in the design of the reference voltage generation
circuit.

Sensor Input (current to measure) Sensor Output Voltage

AOUT[V] /\

A N o MV VYV
VAAVAVARVANERG

Ext.VREF ‘ Lt

Figure 15 Sensor output signal dependent on input signal waveform in single-ended mode

V3V3 V3V3 V3V3 V3V3

Vsvs
1
T

T h L 1L [
TITTT

Figure 16 TLI4971 connected to puC in single-ended mode

5.2 Fully-differential Mode

In fully differential output mode, both Vrer and Aour are analog outputs to achieve double voltage swing.

Sensor Input (current to measure) Sensor Output Voltage

I[A] VDD/ZT /\ \//\\/ <
N N o MV
VARVAAVARVANEEES

AOUT [V]

Figure 17 Sensor output signal dependent on input signal waveform in fully differential mode
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infineon

V3V3 V3V3 V3V3

TLI4971
VDD
0CD1
0CD2
VREF
AOUT
GND

I

TT

Figure 18 TLI4971 (fully-differential mode) connected to differential ADC

5.3 Semi-differential Mode

In Semi-Differential Output Mode, the sensor is using a chip-internal reference voltage. This reference voltage is
then provided on the VREF. Therefore, the reference voltage can be monitored by the microcontroller and/or
used for other devices as a reference voltage (cascade setup). The current-dependent output signal is provided

as single-ended signal on AOUT.

The Quiescent Voltage will be set to a value in the middle of the voltage range or at 1.5V (Vogbia) to measure
bidirectional current values, whereas when the direction of the current is already known by the application, the
quiescent voltage can be set to a lower value (Voquni) in order to better exploit the full voltage range.

Sensor Input (current to measure)

I[A]

/\

Sensor Output Voltage

AOUT[V]

ANVNVANYNS

VARVARY

N
VARV

TN e

Internal

N

refrence
Voltage

Figure 19 Sensor output signal dependent on input signal waveform in semi-differential mode

V3V3

V3V3 V3V3

TLI4971

Figure 20 TLI4971 in semi-differential mode

Application Note

250f31

Rev. 1.30
2022-03-01



o _.
Current Sensor TLI4971 Infineon
Programming Guide and User Manual

6 How to connect the sensor in a 5V domain

This chapter gives a proposal how to connect the 3.3V sensor device with a 5V microcontroller.

Table 16 Electric parameter for application circuit

Name Value Unit
Capacitor on VDD 220 nF

Capacitor on analog outputs 6.8 nF

Pull up resistor on OCDs 4.7 kQ

6.1 Single-Ended Mode

The open drain output of the OCD2 can be connected via the pull up resistor to the 5V.
The OCD1 has to be separated from the 5V with a level shifter since the maximum voltage is limited to 3.6V.

VSV VSV VSV

TLI4971
VDD
0CD1
0CD2
VREF
AOUT

GND

=
4
TT ; TT

Figure 21 TLI4971 3.3 to 5V topology approach for single-ended mode

6.2 Semi and or Fully-differential Mode

In order to connect the sensor within a 5V environment an amplifier for each analog output can be part of the
signal conditioning circuit as shown Figure 22.

|
st st V5v I ng3 V3v3

TLI4971
VDD

OCD1
0OCD2
VREF
AOUT
GND

|
| U
|

. TT
Figure 22 TLI4971 in fully differential mode (using two ADC input)
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7 Diagnosis Mode

General Description

The TLI4971 current sensor is equipped with an internal self-diagnosis mode. It can be enabled by setting bit 14
at address 0x51 to logical one.

In order to verify the full functionality of the device signal path and the external signal conditioning circuit the
diagnosis mode can be activated externally.

The diagnosis mode can be activated at any time after start up by forcing the OCD2 for at least 100us to GND. The
programmed threshold limits for the OCD channels are modified during the diagnosis test is activated. It is
recommended to run the diagnosis mode as an initial test after startup.

The sensor converts the magnetic flux density to output voltage, which is linearly proportional to the current
through the sensor package. In diagnosis mode, an additional known test voltage will be add at the Hall probes
to the current depending output voltage.

The voltage caused by the test signal is equivalent to a primary current of 40A. The output voltage at Aour is
dependent on the sensitivity range.

The threshold voltage of the OCD comparators is set to fixed values (Vrest x 1.2, Vrest x 0.8) as seen in
Figure 24.

How to Operate

Ensure the OCD2 are not pull together in a multiple sensor setup. If connect together and Diagnosis Mode is
enabled there will be interaction between the sensors: In an overcurrent event one sensor can trigger the
diagnosis of the other sensor. The diagnosis event of the other sensor will trigger the diagnosis of the first sensor.
A deadlock exist.

Force OCD2 to GND for at least 100us to activate the diagnosis mode.
Observe the voltage on the Aour and Veer pin according to the timing shown in Figure 24.

o The additional output voltage caused by the test mode corresponds to an input current of about
40A.

o The Aour voltage will change accordingly to the set sensitivity range.

The current sensor operates in normal mode after 4 times 250 us =1 ms.

Recommendation

To avoid unintended activation, the minimum pulse width of the activation pulse applied at OCD2 has to meet
the minimum timing constraint of 100ps.

Since the OCD2 is kept to GND after startup by the sensor, the capacitance on the OCD2 pin shall be low to avoid
unintended activation of the diagnosis mode because of a to slow release of the OCD2 level. This can happen if
the threshold level for a logic “1” (1.6V) is not reached within 100ps.

If all OCD2 in a multiple current sensor system are connected together the OCD2 fault indication might activate
an unintended activation of the diagnosis mode by forcing the pin to ground due to an over current event.
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TLI497' Vee o Vec o
Vpp EIT L[I? Vecio
220nF
— Pa— R Apc
6.8nF == 6.8nF == 1nF=— 1nF_50V
TLI4971 L L L L
vDD VDD X GPIO

X GPIO
™ GPIO

o ? §ADC GND

- 1 o Ep—
6.8nF 6.8nF 1nF 1nF_50V
T T i %

Figure 23 Application Circuit for diagnosis mode, OCD2 are wired separately

250 us%| |%

DM external |
trigger |
—_— " ——y
A——
o-rc?)r?\npdir?r():u[i Regular X (Iorimary X S€NSitiViLY) +Vie o X (lorimary X SENSItIVILY) - Vie o X Regular

OCD Thr level Regular X Vg X 1.2 X +Vee e Xx0.8 X Vieg X 1.2 X Vs X0.8 X Regular
L] L] L]
VAOUT WVREF + (lprimary X SENSItiVitY) + Vies X Veer + (lorimary X SENSitivity ) 'Vmaw

Figure 24 Diagnosis mode timing if 0A applied in the primary current path
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8 Glossary

FS Full Scale

SICI Serial Inspection and Configuration Interface
EEPROM Electrically Erasable Programmable Read-Only Memory
CRC Cyclic Redundancy Check

VDD Supply voltage

ISM Intelligent State Machine

A/D Analog Digital Converter Input

ADC Analog to Digital Converter

FSR Full Scale Range

CGS Computer Gesteuerte Systeme GmbH........
NI National Instruments™

PC Personal Computer

UsB Universal Serial Bus

ocD Over Current Detection

VREF Reference Voltage

AOUT Analog Output

GND Ground

GPIO General Purpose Input Output

1/0 Input / Output

PWM Pulse Width Modulation

NOP No Operation

MSB Most Significant Bit

LSB Least Significant Bit

AC Alternating Current

IGBT Insulated Gate Bipolar Transistor

pnc Micro Controller

GPD General Purpose Drive

IFX Infineon
Application Note 29 0f31 Rev. 1.30

2022-03-01



o _.
Current Sensor TLI4971 Infineon
Programming Guide and User Manual

Revision history

Document Date of release Description of changes
version
Rev. 1.30 2022-03-01 Updated typo in note (table 1)

Updated register address (table 5)

Added position of Diagnosis_mode_enable_bit in chapter 7
Combine table 12..14 into Table 9..11 and renumber all later tables
Delete chapter 8 (OCD-Settings Overview)

Added chapter 4.3 (Margin test)

Shorten chapter 5 and remove table 16

Editorial changes

Changed to revision V1.3

Rev. 1.20 2021-03-01 Updated “Enter Interface Sequence”
Updated OCD-settings

Updated programming voltage

Editorial changes

Rev.1.10 2020-03-01 Change OCD setting
Updated OCD example
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