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1 Overview

Features

+ Fully compliant to 1ISO 11898-2 (2016) and SAE J2284-4/-5

+ Reference device and part of Interoperability Test Specification for CAN
Transceiver

« Guaranteed loop delay symmetry to support CAN FD data frames up to
5 MBit/s

+ BusWake-up Pattern (WUP) function with optimized filter time (0.5us - 1.8us)
for worldwide OEM usage

« Excellent ESD robustness +/-10kV (HBM) and +/-9kV (IEC 61000-4-2)
« Very low current consumption in Sleep Mode of max. 25uA

+ Extended supply range on V.. and V|, supply

+ Dual Power Supply Solution via Vg, and V. for robust behavior during battery cranking
+ Fail safe features like TxD time-out, RxD Recessive Clamping and Overtemperature shut-down
+ Very low electromagnetic emission (EME) for chokeless usage

+ CAN short circuit proof to ground, battery and V.

« Undervoltage detection on Vg, Vec and Vi

+ Autonomous bus biasing according to ISO 11898-2 (2016)

+ BusWake-up (WUP) and Local Wake-Up (LWU)

« INH output to control external circuity

« Improved robust local failure diagnosis via NERR output pin

« Green Product (RoHS compliant)

Potential Applications

« Infotainment applications
+ Cluster Modules

« Radar applications

« HVAC
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Overview

Product validation

Qualified for automotive applications. Product validation according to AEC-Q100.

Description

The TLE9252V is a transceiver designed for HS CAN networks up to 5 Mbit/s in automotive and industrial
applications. As an interface between the physical bus layer and the CAN protocol controller, the TLE9252V
drives the signals to the bus and protects the microcontroller against interferences generated within the
network. Based on the high symmetry of the CANH and CANL signals, the TLE9252V provides very low
electromagnetic emission allowing the operation without a common mode choke. The non-low power modes
(Normal-operating Mode and Receive-only Mode) and low power modes (Sleep Mode and Stand-by Mode) are
optimized for reduced current consumption based on the required functionality. Even in Sleep Mode with a
quiescent current below 25 pA over the full temperature range, the TLE9252V is able to detect a Wake-Up
Pattern (WUP) on the HS CAN bus. The V,, voltage reference input is used to support 3.3V and 5V supplied
microcontrollers. The TLE9252V is integrated in an RoHS compliant PG-DSO-14 or PG-TSON-14 package and
fulfills the requirements of the 1S011898-2 (2016).

Type Package Marking

TLE9252VSK PG-DSO-14 9252V

TLE9252VLC PG-TSON-14 9252V
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Block diagram

2 Block diagram
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3 Pin configuration
3.1 Pin assignment
|
---------------------------------- et
TxD |1 | 14| NSTB TxD 10 14 NSTB
GND |2 | 13| cANH
""" PAD T GND 2 13 CANH
------ et
Vee |3 14| CANL
............ I
______ V 3 12 CANL
RxD |14 T N.C. ce
............ I
...... I......i
Vio |15 10|  Vear RxD 4 11 N.C.
...... I-““-I
...... :......|
EN |6 | 91l WAKE Vio 5 10 Vet
------ oot
INH [i7 i 8IINERR
------ o EN 6 9 WAKE
(Top-side x-ray view)
INH 7 8 NERR
Figure2  Pin configuration
3.2 Pin definitions
Table 1 Pin definitions and functions
Pin Symbol Function
1 TxD Transmit Data input
Integrated “pull-up” current source to V,g;
Logical “low” to drive a dominant signal on CANH and CANL.
2 GND Ground
Vee Transmitter supply voltage
100 nF decoupling capacitor to GND recommended.
4 RxD Receive Data output
Logical “low” while a dominant signal is on the HS CAN bus;
Output voltage adapted to the voltage on the Vg level shift input.
5 Vio Level shift input
Reference voltage for the digital input and output pins;
100 nF decoupling capacitor to GND recommended.
6 EN Mode control input
Integrated “pull-down” current source to GND;
Logical “high” for Normal-operating Mode.
Datasheet 6 Rev. 1.11

2019-10-17




o~ _.
TLE9252V Infineon
High-Speed CAN FD Transceiver '

Pin configuration

Table1 Pin definitions and functions (cont’d)

Pin Symbol Function

7 INH Inhibit output
Open drain output to control external circuitry;
High impedance in Sleep Mode.

8 NERR Error flag output
Failure and wake-up indication output;
Active “low”.

9 WAKE Wake-up input

Local wake-up input, terminated against GND and Vg3
Wake-up input sensitive on rising and falling edge.

10 Viar Battery supply voltage
100 nF decoupling capacitor to GND recommended.
11 N.C. Not connected
12 CANL Low-level HS CAN bus line
13 CANH High-level HS CAN bus line
14 NSTB Stand-by control input

Integrated “pull-down” current source to GND;
Logical “high” for Normal-operating Mode.

Datasheet 7 Rev.1.11
2019-10-17
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General product characteristics

4 General product characteristics

4.1 Absolute maximum ratings

Table2  Absolute maximum ratings®
All voltages with respect to ground, positive current flowing into pin (unless otherwise specified)

Parameter Symbol Values Unit |Noteor Number
Min. ‘Typ. ‘ Max. Test Condition

Voltages

Battery supply voltage Veat -0.3 - 40 v - P_8.1.1

Transmitter supply voltage Vee -0.3 - 6.0 v - P_8.1.2

Digital voltage reference Vio -0.3 - 6.0 v - P_8.1.3

CANH DC voltage versus GND | Vann -40 - 40 v - P_8.1.4

CANL DC voltage versus GND | VanL -40 - 40 v - P_8.1.5

Differential voltage between | Viay pier -40 - 40 v - P_8.1.6

CANH and CANL

Voltages at pin WAKE Vwake -27 - 40 v - P_8.1.7

Voltages at pin INH Vinn -0.3 - Vgar + |V - P_8.1.8

0.3

Voltages atdigitall/O pins:EN, | Vyax 101 -0.3 - 6.0 v - P_8.1.9

NSTB, TxD, RxD, NERR

Voltages atdigitall/O pins:EN, | Vyyax j02 -0.3 - Vot |V - P_8.1.10

NSTB, TxD, RxD, NERR 0.3

Currents

Max. output current on INH lNH_Max -5 - - mA |- P_8.1.11

Max. output current on NERR | /o¢ vax -5 - 5 mA |- P_8.1.12

and RxD

Temperatures

Junction temperature T, -40 - 150 °C - P_8.1.13

Storage temperature Tsg -55 - 150 °C - P_8.1.14

ESD resistivity

ESD immunity at CANH, CANL, | Vesp g can | 10 - 10 kv |HBM? P_8.1.15

WAKE and Vg, ; versus to GND

ESD immunity at all other pins | Vesp yem | -2 - 2 kv |HBM? P_8.1.16

ESD immunity at corner pins | Vesp cpw cp |-750 - 750 v cDM?) P_8.1.17

ESD immunity at any pin Vesp_com_op |-500 - 500 v cDM?) P_8.1.18

1) Not subject to production test, specified by design.
2) ESD susceptibility, Human Body Model “HBM” according to ANSI/ESDA/JEDEC JS001 (1.5k Q, 100 pF.)
3) ESD susceptibility, Charged Device Model “CDM” according to EIA/JESD22-C101 or ESDA STM 5.3.1.

Datasheet 8 Rev.1.11
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General product characteristics

Notes

1. Stresses above the ones listed here may cause permanent damage to the device. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

2. Integrated protection functions are designed to prevent IC destruction under fault conditions described in the
data sheet. Fault conditions are considered as “outside” normal operating range. Protection functions are
not designed for continuous repetitive operation.

4.2 Functional range

Table 3 Functional range

Parameter Symbol Values Unit | Note or Test Condition Number
Min. |Typ. |Max.

Supply voltages

Battery supply voltage Vaat 55 |- 40 v - P_8.2.1

Transmitter supply voltage Vee 45 |- 5.5 v - P_8.2.2

Digital voltage reference Vio 3.0 |- 55 |V - P_8.2.3

Thermal parameters

Junction temperature ‘ T, -40 ‘ - ‘ 150 |°C ‘ - P_8.24

Note: Within the functional or operating range, the IC operates as described in the circuit description. The
electrical characteristics are specified within the conditions given in the Electrical Characteristics
table.

4.3 Thermal resistance

Note: This thermal data was generated according to JEDEC JESD51 standards. Please visit
www.jedec.org.

Table4  Thermal resistance®

Parameter Symbol Values Unit | Note or Test Condition | Number

Min. ‘Typ. ‘ Max.

Thermal resistance

Junction to ambient PG-DSO-14  |Ryja psois |~ |93 |- K/W |2 P_83.1

Junction to ambient Rinin tsonia |~ 51 |- K/W |? Exposed Pad soldered |P_8.3.2
to PCB

Thermal shut-down junction temperature

Thermal shut-down temperature |T g, 170 {180 (190 |°C |- P_8.3.3

Thermal shut-down hysteresis AT 5 10 |20 K - P_8.3.4

1) Not subject to production test, specified by design.

2) Specified Ry, 5 value is according to Jedec JESD51-2,-7 at natural convection on FR4 2s2p board; The Product
(ChiptPackage) was simulated on a 76.2 x 114.3 x 1.5 mm board with 2 inner copper layers (2 x 70 mm Cu,
2 x 35 mm Cu).

Datasheet 9 Rev.1.11
2019-10-17


www.jedec.org

TLE9252V iﬁneon |

High-Speed CAN FD Transceiver

High-Speed CAN functional description

5 High-Speed CAN functional description

HS CAN is a serial bus system which connects microcontrollers, sensors and actuators for real-time control
applications. The use of the Controller Area Network (abbreviated CAN) within road vehicles is described by
the international standard 1SO 11898. According to the 7-layer OSI reference model the physical layer of a
HS CAN bus system specifies the data transmission from one CAN node to all other available CAN nodes within
the network. The physical layer specification of a CAN bus system includes all electrical specifications of a CAN
network. The CAN transceiver is part of the physical layer specification. The TLE9252V supports both Bus
Wake-up Pattern (WUP) functionality and Local Wake-up as defined by the ISO 11898 Standard. Additionally,
the TLE9252V supports CAN Flexible data rate (CAN FD) transmission up to 5 Mbit/s.

™D A Vio = Digital supply voltage
N Vee = Transmitter supply voltage
_____________ o= T T T T T T T ——— XD = Transmit data input from
the microcontroller
RxD = Receive data output to
the microcontroller
CANH = Bus level on the CANH
> input/output
! : ' CANL=  Buslevel onthe CANL
A ! | input/output
CANH | .\ Vegrmmmmmm e Voir = Differential voltage
CANL : : between CANH and CANL
| | \ Voirt = Veank — Veant
' :
] | /
| |
| |
| |
: : >
| I t
| |
A |
‘ | |
Vorr | _ A Vg mmmmm b
| 1
| |
| |
| |
2 S F=\"—~ “dominant” receiver threshold
e (R - ‘recessive” receiver threshold
| |
T T >
| | t
| |
A | |
RxD : :
- — —:— —————————— Vip-————————————————— JI- —————————————————
| |
| |
| |
| |
| |
| |
| |
— | >
Loop(H,L) Loop(LH) | t
1 1 1
Figure3  High-Speed CAN bus signals and logic signals
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High-Speed CAN functional description

The TLE9252V is a High-Speed CAN transceiver operating as an interface between the CAN controller and the
physical bus medium. A HS CAN network is a two wire, differential network which allows data transmission
rates up to 5 MBit/s. The characteristic for a HS CAN network are the two signal states on the CAN bus:
dominant and recessive (see Figure 3). The CANH and CANL pins are the interface to the CAN bus and operate
as an input and output. The RxD and TxD pins are the interface to the microcontroller. The TxD pin is the serial
data input from the CAN controller. The RxD pin is the serial data output to the CAN controller.

The HS CAN transceiver TLE9252V includes a receiver and a transmitter unit, allowing the transceiver to send
data to the bus medium and monitors the data from the bus medium at the same time. The HS CAN transceiver
TLE9252V converts the serial data stream which is available on the transmit data input TxD, into a differential
output signal on the CAN bus, provided by the CANH and CANL pins. The receiver stage of the TLE9252V
monitors the data on the CAN bus and converts it to a serial, single-ended signal on the RxD output pin. A
logical “low” signal on the TxD pin creates a dominant signal on the CAN bus, followed by a logical “low” signal
on the RxD pin (see Figure 3). The feature, broadcasting data to the CAN bus and listening to the data traffic
on the CAN bus simultaneously is essential to support the bit-to-bit arbitration within CAN networks.

The voltage levels for HS CAN transceivers are defined in 1SO 11898-2. Whether a data bit is dominant or
recessive depends on the voltage difference between the CANH and CANL pins:

Voirr = Veann - Veant:

To transmit a dominant signal to the CAN bus the amplitude of the differential signal V4 is higher than or
equalto 1.5V. Toreceive arecessive signal from the CAN bus the amplitude of the differential V4 is lower than
orequalto0.5V.

In partially supplied CAN networks, participants have different power supply status. Some nodes are powered,
other nodes are unpowered, or some other nodes are in Low-Power Mode. Therefore the TLE9252V provides
the Sleep Mode in which the device is still able to recognize a Wake-Up Pattern or a local wake-up and signals
the wake-up event to the external microcontroller via RxD and NERR output pin. The INH output pin allows to
control an external device e.g. a voltage regulator. The HS CAN transceiver TLE9252V provides two Low-Power
Modes Sleep Mode and Stand-by Mode with optimized very low current consumption.

The voltage level on the digital input TxD and the digital output RxD is determined by the reference supply
level at the V|5 pin. Depending on the voltage level at the V, pin, the signal levels on the logic pins (EN, NERR,
NSTB, TxD and RxD) are compatible with microcontrollers having a 5V or 3.3V 1/0 supply. Usually the digital
power supply V|, of the transceiver is connected to the 1/0O power supply of the microcontroller.

Datasheet 11 Rev.1.11
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Modes of operation

6 Modes of operation

The TLE9252V supports five different Modes of operation (see Figure4). Each mode with specific
characteristics in terms of quiescent current, data transmission or failure diagnostic. For the mode selection
the digital input pins EN and NSTB are used. Both digital input pins are event triggered. A mode change via the
mode selection pins EN and NSTB is only possible if the power supply voltages Vg, OR V.. AND the digital
reference voltage V,q is in the functional range.

Normal-operating EN->1
Mode NSTB -> 1
EN=1
NSTB =1
EN->1 INH = ,ON“
NSTB=1
EN->0
NSTB ->0
EN=1
NSTB -> 1
Receive-only EN=0
Mode NSTB -> 0 Stand-by Mode
EN =0 EN=0
NSTB=0
NSTB = 1 INH = ,,ON*
INH =, ON“ EN=0 =
NSTB ->1 \ VBat > VBAT_UV
\_/“ OR
A Vee > Vee_uv
EN=0 EN->0 EN=1
NSTB -> 1 NSTB -> 1 NstB->0
Vio > Vio_uv + T
Bl EN o1 /" Power on Reset ™
Command [ NSTB=0 ’:' INH =, OFF“ 5
EN=1 EN->0 % '
EN->1 — NSTB=0 t < tsieep \ For Viar > Vear_pop
NSTB -> 0 | INH =,,ON“
INH =  ON“ NSTB =0 =0
1
T
t>tseer L
NSTB=O Ty
No Wake-up pending
POR flag reset
VBAT < VBAT_POD
AND
Vce < Vec_uv
Sleep Mode
EN =X WUP OR LWU Any Mode
\ NSTB=0 detected
EN=1 _ “«
NSTB -> 1 INH =, OFF
Vio > Vio_uv
Vee < Vec_uv AND Vio < Vio_uv AND ->: Rising or falling edge detected
Any Mode — tvcc_uv_t " expired tvio_uv_t Y expired — Any Mode = : State remains stable
AND tsilence expired AND tsilence expired Y Timer armed when Viar> Vear oy
Figure4 Modes of operation
Datasheet 12 Rev.1.11
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Modes of operation

The following operation modes are available on the TLE9252V:
+ Normal-operating Mode (Chapter 6.1)

+ Receive-only Mode (Chapter 6.2)

« Stand-by Mode (Chapter 6.3)

+ Sleep Mode (Chapter 6.5)

+  Go-to-Sleep command (Chapter 6.4)

Depending on the mode, the output driver stage, the receiver stage and the bus biasing are active or inactive.
Table 5 shows the different operation modes depending on the logic signal on the input pins EN and NSTB
with the related status of the INH pin and the bus biasing.

Table 5 Overview operation modes

Operation mode EN NSTB INH Bus biasing
Normal-operating Mode 1 1 Veat Vee/2
Receive-only Mode 0 1 Veat Vee/2
Stand-by Mode 0 0 Viar GNDV
Go-to-Sleep command 1 0 Var? GND Y
Sleep Mode 0 0 High-Z GNDV
Power On Reset 0 0 follows Vgt Floating

1) Valid if tg;.nce has expired. The Bus biasing follows the Autonomous Bus Biasing described in Chapter 6.7.

2) INH stays connected to Vg aslongas ts gp has not expired OR if a wake-up is pending OR if the POR flag is set. If 5, g¢p
expires AND no Wake-up is pending AND the POR flag is reset the INH is High Z.

Datasheet 13 Rev.1.11
2019-10-17



TLE9252V iﬁneon |

High-Speed CAN FD Transceiver

Modes of operation

6.1 Normal-operating Mode

In Normal-operating Mode all functions of the TLE9252V are available and the device is fully functional. Data
can be received from the HS CAN bus as well as transmitted to the HS CAN bus.

« The transmitter is active and drives data stream on the TxD input pin to the bus pins CANH and CANL.

+ Thereceiver is active and converts the signals from the bus to a serial data stream on the RxD output pin.
+ Thebus biasing is connected to V,./2.

« The TxD time-out function is enabled (see Chapter 7.5).

« The overtemperature protection is enabled (see Chapter 7.6).

+ The RxD Recessive Clamping detection is enabled (see Chapter 7.7)

+ Theundervoltage detection on Vg1, Vc and V5 are enabled (see Chapter 7.2).

« The Local Wake-Up pin is disabled.

+ TheINH output pin is connected to Vg,;.

« Local failure detection is active and failures are indicated at the NERR output pin (see Chapter 8).

The TLE9252V enters Normal-operating Mode by setting the mode selection pins EN and NSTB to logical
“high” (see Figure 4 and Table 5). Normal-operating Mode can be entered if Vg,; or V¢ is in the functional
range and the reference voltage V5 is in the functional range.

Possible mode changes are described in Figure 5.

Receive-only EN->1 EN>0 . Receive-only
Mode NSTB =1 NSTB =1 Mode
EN->1
Stand-by Mode NSTB->1 Normal-operating
Mode
- EN->0
EN=1 NsTB>o ——™ Stand-by Mode
NSTB=1
Go-to-Sleep EN=1 INH =, ON“
Command NSTB ->1
EN=1 EN=1 Go-to-Sleep
Sleep Mode NSTB -> 1 NSTB -> 0 Command
Figure5 Mode changes in Normal-operating Mode
Datasheet 14 Rev.1.11
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Modes of operation

6.2 Receive-only Mode

In Receive-only Mode the transmitter is disabled and the receiver is enabled. The TLE9252V can receive data
from the HS CAN bus, but cannot transmit data to the HS CAN bus.

« The transmitter is disabled and the data available on the TxD input is blocked.

+ Thereceiver is active and converts the signals from the bus to a serial data stream on the RxD output pin.
+ Thebus biasing is connected to V,./2.

+ The TxD time-out function is disabled.

« The RxD Recessive Clamping detection is disabled.

« The overtemperature protection is disabled.

+ The undervoltage detection on Vg1, Vc and V, is enabled (see Chapter 7.2).

« TheINH output pin is connected to Vg,;.

« The Local Wake-Up pin is disabled.

+ ThePower-upflagissignalled at the pin NERR when coming from Standby, Sleep or Go-to Sleep Command
mode.

« The V. undervoltage detection is active and an undervoltage is indicated at the NERR output pin when
coming from Normal-operating Mode (see Chapter 8).

Conditions for Entering Receive-only Mode:

The TLE9252V enters Receive-only Mode by setting the mode selection pin EN to logical “low” and the NSTB
to logical “high” (see Figure 4 and Table 5). Receive-only Mode can only be entered if Vg, or V(. is in the
functional range and the reference voltage V5 is in the functional range.

Possible mode changes are described in Figure 6.

_ EN->0 EN->1 N I-
No.rmal T NSTB=1 NSTB=1 ™ orma
operating Mode operating Mode
EN=0
Stand-by Mode —— o551 Receive-only
Mode
EN=0 NS"F‘B_—SO —» Stand-by Mode
NSTB =1
Go-to-Sleep EN->0 INH =, ON“
Command NSTB->1
EN=0 EN->1 Go-to-Sleep
Sleep Mode NSTB -> 1 NSTB -> 0 Command
Figure6 Mode changes in Receive-only Mode
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6.3 Stand-by Mode

Stand-by Mode is a low power mode of the TLE9252V and the transmitter and the receiver are disabled. In
Stand-by Mode the transceiver can neither send data to the HS CAN bus nor receive data from the HS CAN bus:

« Thetransmitter is disabled and the data available on the TxD input is blocked.

« The low power receiver is enabled and monitors the HS CAN bus for a valid Wake-Up Pattern. The RxD
output pin and NERR display a wake-up event (Chapter 6.9). After Power On Reset RxD and NERR output
pins are logical “high”. The default value of the RxD and NERR output pins are logical “high” if no wake-up
event is pending.

« The Local Wake-Up (LWU) pin is active.

+ After Power On Reset the bus biasing connected to GND. The conditions for the bus biasing are defined in
Chapter 6.7.

+ TxD Dominant time-out function is disabled.

+ RxD Recessive Clamping detection is disabled.

« The overtemperature protection is disabled.

+ Theundervoltage detection on Vg1, Vc and V,y is enabled (see Chapter 7.2).
+ TheINH output pin is connected to Vg,;.

+ Local failure detection on NERR pin is disabled.

Conditions for entering the Stand-by Mode:

+ After Power On Reset if Vg,7 Or V¢ is in the functional range for at least tpothe TLE9252V will enter Stand-
by Mode. Mode changes by host command are only possible if V5 is in the functional range.

« Stand-by Mode will be entered if a wake-up (WUP or LWU) has been detected in Sleep Mode or Go-to-Sleep
command.

+ Thedeviceisin Go-to-Sleep command and the EN pin goes logical “low” before the time t < tg, ¢ has
expired.

+ Thedeviceisin Normal-operating Mode or Receive-only Mode and the input pins EN and NSTB are set to
logical “low”.

Possible mode changes are described in Figure 7.

Normal- NES"\IJ'B_> 00 NES'¥B_> 11 —  »  Normal-
. > > .
operating Mode operating Mode
Receive-only EN=0
Mode NSTB->0
Stand-by Mode
Power On VAT > VBATﬁUVOfCI;r at least tron EN=0 EN=0 Receive-only
Reset Vce > Vec_uv for at least tron NSTB =0 NSTB ->1 Mode
INH =, ON“
Go-to-Sleep EN->0
— t<tsieep
Command NSTB = 0
WUP OR LWU EN->1 Go-to-Sleep
SIeep MOde detected NSTB =0 COmmand
Figure7  Mode changes in Stand-by Mode
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6.4 Go-to-Sleep command

Go-to-Sleep command is a transition mode allowing external circuitry like a microcontroller to prepare the
ECU to go to Sleep Mode. The TLE9252V stays for the maximum time t = tg, ¢¢p in Go-to-Sleep command. After
exceeding the time tg ¢¢p the device changes to Sleep Mode if no wake-up is pending AND the POR flag has
been reset. If a wake-up is pending OR the POR flag is set the device remains in Go-to-Sleep command and INH
is connected to Vg,r. A wake-up is indicated on the RxD and NERR output pins. A mode change to Sleep Mode
via Host Command is only possible via the Go-to-Sleep command. The following conditions are valid for the
Go-to-Sleep command:

« Thetransmitter is disabled and the data available on the TxD input is blocked.

« The low power receiver is enabled and monitors the HS CAN bus for a valid Wake-Up Pattern. The RxD
output pin and NERR indicate a wake-up event (Chapter 6.9). The default value of the RxD and NERR
output pin are logical “high” if no wake-up event is pending.

« The Local Wake-Up pin is active.

+ The bus biasing is GND if tg; .. IS €xpired. The conditions for the bus biasing are defined in Chapter 6.7.
+ The TxD time-out function is disabled.

« The RxD Recessive Clamping detection is disabled.

« The overtemperature protection is disabled.

« Theundervoltage detection on Vg1, V- and V| are enabled (see Chapter 7.2).

« TheINH output pin is connected to Vg, if the timer tg ¢y is not expired OR a wake-up is pending OR the
PORis set. If tg c¢p is expired and no wake-up is pending and the POR Flag is reset, the INH output pinis high
impedance.

Conditions for entering the Go-to-Sleep command:

Go-to-Sleep command is entered from Normal-operating Mode, Receive-only Mode and Stand-by Mode by
setting the NSTB input pin to logical “low” AND EN input pin to logical “high”.

Normal- ___ EN=1 e Normal-
. NSTB ->0 NSTB -> 1 .
operating Mode operating Mode
| EN->0 Receive-only
Go-to Sleep NSTB ->1 Mode
Command
Receive-onl . =
y EN->1 EN=1
Mode NSTB >0 NSTB=0
- “u EN->0
INH = ,,ON t<tsteep —P Stand-by Mode
NSTB =0
t > tsLeep
EN->1 NSTB =0
Stand-by Mode NSTB = 0 — NoWake-up pending ——» Sleep Mode
POR Flag reset

Figure8 Mode changes in Go-to-Sleep command
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6.5 Sleep Mode

Sleep Mode is a low power mode of the TLE9252V. In Sleep Mode the current consumption is reduced to a
minimum while the device is still able to detect a Wake-Up Pattern (WUP) on the HS CAN Bus OR a Local Wake-
Up event on the WAKE pin. The following conditions are valid for the Sleep Mode:

« The transmitter is disabled and the data available on the TxD input is blocked.
« The low power receiver is enabled and monitors the HS CAN bus for a valid Wake-Up Pattern.

+ Thedefault value of the RxD and NERR output pin are logical “high” if no wake-up event is pending AND V|,
is in the functional range (see Chapter 8).

« The Local Wake-Up pin is active.

+ The bus biasing is connected to GND. The conditions for the bus biasing are defined in Chapter 6.7.
+ The TxD time-out function is disabled.

« The RxD Recessive Clamping detection is disabled.

« The overtemperature protection is disabled.

+ Theundervoltage detection on Vg, is disabled.

« Theundervoltage detection on V. is disabled.

+ Theundervoltage detection on V,q is enabled (see Chapter 7.2.3).

« The INH output pin is High-Z.

Conditions for entering the Sleep Mode:

+ TheSleep Mode will be entered if Vi <V, ,, AND t;o yy 7AND tg;ence has been expired in Normal-operating
Mode, Receive-only Mode, Stand-by Mode and Go-to-Sleep command.

+ The Sleep Mode will be entered if V. < Ve yy AND tycc yy 1 AND tgjence has been expired in Normal-
operating Mode, Receive-only Mode, Stand-by Mode and Go-to-Sleep command.

+ The Sleep Mode can be entered through Go-to-Sleep command if NSTB is set to logical “low” AND tg g¢p is
expired AND no wake-up is pending AND the POR flag is reset.

Vce undervoltage EN=1
. Normal-
Any Mode — —— AND NSTB->1 — !
tVCX:lvﬁTteXP'red Vio > Vio_uv operating Mode
Silence
Vio undervoltage Sleep Mode EN <0
AND EN =X = Receive-only
Any Mode — : NSTB->1 ———p»
tvio_uv_T expired NSTB = 0 Mode
AND tsilence “« Vio > VIO*UV
INH =, OFF
t > tsieep
Go-to-Sleep NSTB =0 WUP OR LWU Stand-by
Command No Wake-up pending detected Mode
POR Flag reset

Figure9 Mode changesin Sleep Mode

6.5.1 Mode change to Sleep Mode or Stand-by Mode

If the logical signal on the EN pin goes “low” before the transition time t < t ¢ has been reached, the
TLE9252V enters Stand-by Mode and the INH pin remains connected to V7. In the case the logical signal on
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the EN pin goes “low” after the transition time t > t¢ ¢p, the TLE9252V enters Sleep Mode with the expiration
of tg gep- The signal on the HS CAN bus has no impact to the mode change. The mode of operation can be
changed regardless if the CAN bus is dominant or recessive.

NSTB, tsLeep
EN ,
t <tsLeep tMode
INH ,
Normal-
Mode : Go-To-Sleep command Stand-by Mode
operating Mode
NSTB, tsLeep
EN ,
tMode
INH ,
Normal-
Mode . Go-To-Sleep command Sleep Mode
operating Mode
Assuming VIO and VCC in functional range AND no wake-up is pending AND POR flag is reset

Figure 10 Mode change to Stand-by Mode or Sleep Mode
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6.5.2 Mode Change via EN and NSTB pin

Besides a mode change from Sleep Mode to Stand-by Mode issued by a wake-up event, the mode of operation
can be changed by changing the signals on the EN and NSTB input pins. Therefore the reference voltage V,o
has to be in the functional range. According to the mode diagram (see Figure 4) the mode of operation can be
changed directly from Sleep Mode to Receive-only Mode or Normal-operating Mode. In Sleep Mode once a
rising edge on the pin NSTB is detected (V| > V|, ) either Normal-operating Mode or Receive-only Mode will
be entered, depending on the signal on the EN pin. The device will stay in Sleep Mode regardless of the signal
on the EN input pin if NSTB is statically logical “low”. A mode change to from Sleep Mode to Stand-by Mode is
only possible via a wake-up event.

NSTB, tsLe
VLogiH - [—
/ VLog_L - '\ -
EN ,
I
VLog_H - = \
- VLogiL
\
INH twu_INH
— '/0,7 Veat
—> —tvode —>  i—tyode
Normal- Go-To-Slee
Mode Sleep Mode . P Sleep Mode
operating Mode command
Assuming VIO and VCC in functional range AND no wake-up is pending AND POR flag is reset

Figure1l Mode change via EN and NSTB in Sleep Mode
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6.6 Power On Reset

In Power On Reset all functions of the TLE9252V are disabled and the device is switched off.
+ The transmitter and receiver are disabled.

+ The bus biasing is connected to High impedance.

+ The RxD Recessive Clamping detection is disabled

« The TxD time-out function is disabled.

« The overtemperature protection is disabled.

+ Theundervoltage detection on Vg1, Vc and V is disabled.

« Thelogical input pins are blocked.

+ RxD and NERR output pins are high impedance.

+ Local Wake-Up is disabled.

+ TheINH output pin is connected to Vgar if Vg > Vaar pop OR Ve > Ve yy-
Conditions for entering the Power On Reset:

+  Vgaris below the Vigar pop AND Vi is below Vi, threshold.

Conditions for leaving the Power On Reset:

+ Once the power supply voltage Vg, OR V. is within the functional range the transceiver enters Stand-by
Mode within tpgy.

The internal Power On Reset flag will be set. After Power On Reset the TLE9252V enters Stand-by Mode.
Power-up and power-down transition is described in Figure 12:

/ Power on Reset Stand-by Mode

VBAT < VBAT_POD "' INH = ,,OFF“ _ VBAT > VBAT_UV EN=0
Any Mode AND —» — OR NSTB = 0
Vce < Vee_uv 4 For Vgar > Vaar pop i Vee > Vec_uv =
‘ INH = ,ON“ i INH =, 0N

Figure12 Power-down and power-up behavior
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6.7 Autonomous bus voltage biasing

The autonomous bus voltage biasing was introduced for improving complete network EMC performance and
increasing the reliability of communication performance in networks using CAN networks. The autonomous
bus voltage biasing is enabled in all modes of Operation. The biasing unit will work independently from other
transceiver functions and depends only on the status of detected network activity (tgence)- Figure 13
describes the behavior for active and for low power modes in Detail as well as the status after a power-on reset
event.

Ini
Bus Bias |«
off

After Power On Reset Bus recessive > trier

Wait

Bus dominant > tgjier

1 twake €Xpired
Bus Bias
off

Bus recessive > trter

2 twake expired
Bus Bias
off

Bus dominant
1
> teier

tSilence expired

AND
Tranceiver in: 3 Tranceiver in:
- Normal Operation Mode Bus Bias - Sleep Mode -
- Receive Only Mode on - Stand-by Mode
- Go-to-Sleep
Command

Bus dominant Bus recessive
> triter ) > trier )
tsilence €Xpired
4 AND
Bus Bias Tranceiver in:
on - Sleep Mode
- Stand-by Mode
- Go-to-Sleep
1) Restart of tsjience Command

Figure 13 Autonomous Bus Voltage Biasing

In low power modes, in case there has been no activity on the bus for longer than tg;. .., the bus pins are
biased towards GND via the internal resistors. With the detection of a valid Wake-Up Pattern (WUP), the
internal biasing gets enabled and the biasing is stabilized via internal resistors towards 2.5V . This activation
is being performed within the time t >t g;,s after the WUP detection.
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6.8 Wake-Up functions

There are several possibilities for a mode change from Sleep Mode to another operation mode:
+  Wake-Up Pattern (WUP)

+ Local Wake-Up (LWU)

In typical applications the power supplies V.. and V,; are turned off in Sleep Mode. This means a mode change
canonly be caused by an external event as WUP OR LWU. The detection of a valid WUP or LWU triggers a mode
change from Sleep Mode to Stand-by Mode.

6.8.1 Wake-up Pattern (WUP)

Within the maximum wake-up time t,,,«, the Wake-Up Pattern consists of a dominant signal with the pulse
width t > t..,, followed by a recessive signal with the pulse width t > t,.. and another dominant signal with
the pulse width t > t,, (see Figure 14).

3 et < twake -

Vot | \ ! \

Vbift_LP_D
r—t > trier et > trijer \

Vo
o u [t > triter| / ety > \

A

|
|
RxD [ Vio :
A
| Y- 30% of Vio
; v
NERR [ Vio E
-\
| —%-—-- 30% of V|0
Stand-by Mode * |
wake-up
detected

Figure 14 Wake-Up Pattern (WUP)

The diagnostic output NERR and RxD will indicate a valid Wake-Up Pattern on the HS CAN bus.
A Wake-Up Pattern is not valid under the following conditions:

+ A mode change to Normal-operating Mode OR Receive-only Mode is performed during the Wake-Up
Pattern.

+ The maximum wake-up time t,,,« expires before a valid WUP has been detected.
+ Thetransceiver is powered down (Vgar < Vgar pop AND Ve < Ve pop)-

In Stand-by Mode the RxD output pin and the NERR diagnostic pin display the WUP detection (Details see
Chapter 8).
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6.8.2 Local Wake-Up (LWU)

The WAKE input pin works bi-sensitive, meaningitis able to detect a rising and falling edge as a wake-up event.
Designed to withstand up to 40 Vthe WAKE pin can be directly connected to Vg,;. The Local Wake-Up detection
works for Vgar > Vgar yy- The Local Wake-Up timings and behavior is described in Figure 15.

t < twake_fitter t > twake_fiter
VWAKE A (—> '<—>
- — — - VWwAKE_TH
v
LWU detected
t < twake._fiiter t > twake._fiiter
VWAKE A < > < >
__________ - — — — — — W T T T/ T/ —F T 7 T~ Vwake_tH
\
LWU detected

Figure 15 Local Wake-Up

The filter time tyae fier IS iMplemented to protect the TLE9252V against unintended Wake-Ups, caused by
spikes on the WAKE pin. The wake-up thresholds Vjy,. 14 depend on the level of the Vg, power supply. In
Stand-by Mode the RxD output pin and the NERR diagnostic pin display the wake-up event (Details see
Chapter 8). Once a LWU has been recognized in Sleep Mode the device goes to Stand-by mode and the INH
output pin is connected to Vg1
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6.9 Wake-up: RxD and NERR behavior

The RxD and NERR output pin will signal a wake up event to the microcontroller (see Chapter 8). In Sleep
Mode, Stand-by Mode and Go-to-Sleep command by default values of RxD and NERR are logical “high” when
no wake-up event has been detected. If a valid wake up pattern (WUP) is detected, RxD and NERR will be
logical “low”. If a Local Wake-Up (LWU) is detected the RXD will be logical “low” and NERR will be logical
“high”.If both, LWU and WUP have been detected, then the WUP detection has higher priority and RxD and
NERR pin are set to logical “low”, regardless if a LWU event is pending.

WUP getected

Mode Sleep Mode Stand-by Mode

tMode

»i »
) Ll

RxD 4

RxD remains logical ,low*

\ 4

NERR4 t

NERR remains logical ,low*

\4

Assuming Vcc OR VBAT is in the functional range t

Figure 16 RxD and NERR: WUP detection (V,, not supplied)

WUP detected
Mode Sleep Mode Stand-by Mode
tMode
RxD 4
30% Vi~ RxD remains logical ,low*
NERRA t
30% Vio N~ NERR remains logical ,low*
Assuming Vcc OR VBAT is in the functional range Vt

Figure 17 RxD and NERR: WUP detection (permanently supplied V,;)
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LWU getected

Mode Sleep Mode Stand-by Mode

tMode
RxD 4 < >

/ RxD remains logical ,low*

v

INH 4 t
0.7 X Vear - £ —
VIO 4 t
//Vlo_uv
't
NERR#
/ NERR goes logical ,high*

v

Assuming VCC OR VBAT is in the functional range t
NERR goes logical ,high when VIO > VIO_UV

Figure 18 RxD and NERR: LWU detection (V,, not supplied)

LWU detected
Mode Sleep Mode Stand-by Mode
tMode
RxD 4
30% Vio~ N\ RxD goes logical ,low*
NERR4 t
NERR remains logical ,high“
Assuming Vcc OR VBAT is in the functional range i t
Figure 19 RxD and NERR: LWU detection (permanently supplied V,;)
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7 Fail safe functions
7.1 Short Circuit Protection

The CANH and CANL bus pins are proven to withstand a short circuit fault against GND and against the supply
voltages. A current limiting circuit protects the transceiver against damages.

7.2 Undervoltage detection

The TLE9252V has three independent undervoltage detections: V.1, Vc and V,q. Undervoltage events may
have impact on the functionality of the device and also may change the mode of operation (see Chapter 6).

7.2.1 Undervoltage and power-down detection on Vg,

The power-down is detected if the power supply Vg,r is below Vgyr pop for more than the glitch filter time
tuear fiter- This glitch filter is implemented in order to prevent an undervoltage detection due to short voltage
transients on Vg,r. In case of an power-down detection on Vg, the TLE9252V is switched off (Power On Reset).
If Vgar recovers (Vgar > Vgar yy) the TLE9252V enters by default Stand-by Mode. If Vgar > Vgar pop the INH output
pin is connected to Vg,;. Figure 20 shows the undervoltage scenario.

A
Vear
VBAT Uy [r=m==m===mmmmmpmnfmmmmmmmmmm oo bommmmmnmmneemeeneenfoan
VeaT pop [=============mmi-{------ bl ELELLELD RRRREEELECLELY SR :
1{VBAT fiter ¢ § tVBAT fter } teon |
: : ’t
Mode Any Mode Power On Reset Stand-by Mode 1)
1) Assuming EN = NSTB = 0" VCC =0V

Figure 20 Vg,; power-down undervoltage detection (V. not available)

If an undervoltage is detected Vg < Var yy fOr t>typar fier the Local Wake-Up function is disabled (Figure 21).

A n Stand-by Mode, Go-to-Sleep Mode and Sleep Mode

Vear

VBAT Uy frmmmmmmmmmmmmm g oo o oo b e f e

VBaT pop [m=======mmmmnn-

——p

tveaT fiter | tvBAT_Recovery
L] L]
: >

i

:
tveAT fiter ! 1 tvBAT fiter
1

Local
Wake Enabled Disabled Enabled
Evaluation

Figure 21 V,;undervoltage detection
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7.2.2 Undervoltage detection on V.

An undervoltage on V. is detected if the V. supply is below V. ,, for more than the glitch filter time tcc fier-
This glitch filter is implemented in order to prevent an undervoltage detection due to short voltage transients
on V.. The following actions will be performed if a undervoltage has been detected:

« The NERR pin switches from logical “high” to “low” (In Normal-operating Mode and Receive-only Mode).
« Thetransmitter is disabled (Normal-operating Mode).

The transmitter will be re-enabled if the V.. >V , for more than the glitch filter time t > t ¢ fier + tucc_recovery
in Normal-operating Mode.

Normal-operating Mode
Vio and Vgar are within the functional range
A
VCC | T
J T i ey B S E
> ! >
tvoc.fiter tvec. fiter} tvoc_iter} tvoc_RECAVERY
: i : >
i i t
Transmitter: enabled disabled enabled
NERR _h ,0" "
Figure 22 V.. short-term undervoltage detection (Vg,; in functional range)
Vio and Vear are within the functional range
Vee :
Veewy - ettt ittt ettt it ittt
-4—)-4—)- :
tvec.fitte tvec_uv.T tvee_fiter ©
g
t
Transmitter enabled disabled
NERR 1" ,0" A
Mode Normal-operating Mode Sleep Mode"
1) Assuming no bus communication monitored and tsjence has expired
Figure 23 V.. long-term undervoltage detection
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The V. long-term undervoltage timer t,c , 1 is armed once Vg, is in the functional range. If the V. voltage
drops below V¢ , for longer than t>t,.. \,,  AND no communication is monitored on the HS CAN Bus (tg;ence
is expired), this will trigger a mode change from any mode to Sleep Mode. If during the undervoltage event,
communication is monitored and tg;,.,.. does not expire, the device remains in the current mode of operation.

7.2.3 Undervoltage detectionon V,,

An undervoltage on V|, is detected if the power supply V|, is below V|q . As long as V5 <V, any signal on
the logic input pins EN, NSTB and TxD will be blocked (see Figure 24). The default value of NERR and RxD if V
> Vo _yyis logical “high”.

AVBAT OR Vcec is within the functional range

N \ /

Vio_uv

| :
ﬂ—); <> <—>
tvio_fiter * tvio_fitter tvio_fitter
>
t
Enabled Blocked Enabled

Figure 24 V|, short-term undervoltage detection

The V|, long-term undervoltage timer t,, ,y 7 is armed once Vg, is in the functional range. If the V4 voltage
drops below V,, , for longer than t> t,, ,, 1 AND no communication is monitored on the HS CAN bus (tsjence
is expired), this will trigger a mode change to Sleep Mode (see Figure 25). If during the undervoltage event,
communication is monitored and t;.,.. does not expire, the device does not enter Sleep Mode.

A Normal-operating Mode: Vear OR Vcc is within the functional range

Vio_uv

<CPC————)

tvio_fiter tvio_uv.T

Logic

. enabled blocked
Input pin

Mode Any Mode Sleep Mode 1)

1) Assuming no bus communication monitored and tSilence expired

Figure 25 V,, long-term undervoltage detection
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In Low-power Mode (Stand-by Mode, Sleep Mode, Go-to-Sleep Command) bus communication requires at
valid WUP detection (see Chapter 6.8.1). In Normal-operating Mode or Receive-only mode a single dominant
period of t > ty,., is reflecting bus communication.

7.3 Dual Power Supply Solution

The integrated Dual Power Supply Concept of TLE9252VSK offers the possibility to supply the device with Vg, r
OR/AND V. pin. During Vg, battery supply cranking, the TLE9252VSK remains functional if V. stays in the
functional range. For further information please refer to TLE9252V Application Note.

7.4 Unconnected logic pins

The integrated pull-up and pull-down resistors at the digital input pins force the TLE9252V into fail safe
behavior if the input pins are not connected and floating (see Table 6).

Table 6 Logical inputs when unconnected

Input signal Default state Comment

TxD “High” “Pull-up” current source to V,,

EN “Low” “Pull-down” current source to GND
NSTB “Low” “Pull-down” current source to GND
7.5 TxD time-out function

The TxD time-out feature protects the CAN bus against permanent blocking in case the logical signal on the
TxD pin is continuously “low”. A continuous “low” signal on the TxD pin might have its root cause in a locked-
up microcontroller or in a short circuit on the printed circuit board, for example. In Normal-operating Mode, a
logical “low” signal on the TxD pin for the time t > t;;, 1, enables the TxD time-out feature and the TLE9252V
disables the transmitter (see Figure 26) and sets the NERR output pin to logical “low”. The receiver is still
active and the data on the bus continues to be monitored by the RxD output pin.

Normal-operating Mode
L L L L
t:

—t>tno o — P TxD time-out / TxD time—out released

CANH
CANL

v

RxD

I:r’
I

|
I

|
I

|
I
|

v

NERR 1

v

Figure 26 TxD time-out function
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Figure 26 illustrates how the transmitter is deactivated and re-activated.To release the transmitter aftera TxD
time-out event, the TLE9252V requires a signal change on the TxD input pin from logical “low” to logical
((high”.

7.6 Overtemperature protection

The TLE9252V has an integrated overtemperature detection to protect the TLE9252V against thermal
overstress of the transmitter. The overtemperature protection is active in Normal-operating Mode and is
disabled in all other Modes. The temperature sensor provides one temperature threshold: T ,.When the
temperature exceeds the threshold T, the transmitter is disabled. This overtemperature event will be
signaled as logical “low” on the NERR output pinin Normal-operating Mode. After the device has cooled down,
the transmitter is re-enabled and NERR returns to logical “high”. A hysteresis is implemented within the
temperature sensor.

A TJSD (shut down temperature) cool down
T N

Y

switch-on transmitter

\ 4

CANH

iyt ipigiyiy
TXDT_ _— —

I t

RxD T —

I t

\ 4

\ 4

\ 4

Figure 27 Overtemperature protection

7.7 RxD Recessive Clamping detection

The RxD Recessive Clamping detection is only active in Normal-operating Mode. In Normal-operating mode a
permanent logical “high” signal on the RxD pin indicates the external microcontroller, there is no
communication on the HS CAN bus. The microcontroller then can transmit a message to the CAN bus, only if
the bus isin recessive state. In case the logical “high” signal on the RxD pin is caused by a a failure, like a short
circuit RxD to V|, the RxD signal does not reflect the signal on the HS CAN bus. In this case the microcontroller
is able to place a message on the CAN bus at any time and corrupts the CAN messages on the bus. If the
TLE9252V detects a logical “high” signal on the RxD pin while the bus is dominant for t > tzz. the RxD Recessive
Clamping flagis set along with disabling the transmitter in Normal-operating Mode. In order to avoid any data
collision on the CAN bus, the transmitter is disabled in Normal-operating Mode as long as the RxD-Recessive
Clamping is present. In Normal-operating Mode the TLE9252V indicates the RxD clamping by a logical “low”
signal on the NERR pin. On detection the transmitter is disabled immediately, so that the corrupted, non-
synchronized node is prevented from disturbing the remaining bus traffic. The corrupted node is then
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excluded from communication. The TLE9252V releases the failure flag and the output stage if the RxD
clamping failure disappears. Whenever the pin RXD becomes dominant while the bus signal is dominant for t
> tere the RxD Recessive Clamping flag is reset along with enabling the transmitter again in Normal-operating
Mode (see Figure 28).

Normal-operating Mode
A\/|o and Vear are within the functional range
RxD . 1
: == >
A > |l trre > i€ RRe
. L >
; I{—). tRRC_NERR ; P RRC_NERR
"1 n ”0" ”1 n
\ v !
RxD Recessive RxD Recessive
Clamping detected Clamping reset

Figure 28 RxD Recessive Clamping in Normal-operating Mode

7.8 Delay time for mode change

The HS CAN transceiver TLE9252V changes the modes of operation within the time window t, 4.. During mode
changes from low-power mode to Normal-operating Mode or low-power mode to Receive-only Mode, the RxD
output pinis set to logical “high” and does not reflect the status on the CANH and CANL input pins.
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8 Diagnosis-flags at NERR and RxD

Table7 Diagnosis-flags at NERR and RxD

NSTB |EN INH Mode Event NERRY |RxD"

1 1 Veat Normal-operating |No failure detected 1 “Low”: bus
« V. undervoltage 0 Dominant,
« Overtemperature “High”‘: bus
« TxD time-out recessive
+ RxD recessive clamping

1 0 Veat Receive-only No failure detected 1 “Low”: bus
. Power-Up-Flag? OR Dominant,
+ Ve undervoltage “High”‘: bus

recessive

0 0 Veat Stand-by WUP detected 0 0
LWU detected 1 0
No Wake-up event detected 1 1

0 0 High-Z |Sleep No Wake-up event detected 1 1
No Wake-up event detected® 0 0

1) Onlyvalid if Vg is in the functional range.

2) Power-Up-Flag only available if Vg or V¢ is in the functional range for at least tpqy. Power-Up-Flag will be cleared

once entering Normal-operating Mode.
3) VvalidifVg=0V.
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Whenever the pin RXD becomes dominant while The HS CAN Bus is
Dominant for t > tRRC, the RXD Recessive Clamping Flag is reset.
Whenever the pin TxD Is dominant for t > tTxD_TO the TxD Dominant
Flag is set. If VCC < VCC_UV for t > tVCC_filter the VCC undervoltage flag
is set. If VCC recovers for t > tVCC_filter + tVCC_Recovery in Normal-
operating Mode the NERR goes high and the VCC undervoltage flag is
reset. If an overtemperature is detected the overtemperature flag is set.
If no overtemperature is detected the Overtemperature Flag is reset. In
Normal-operating mode And Receive-only mode failure recovery is
reflected on the pin NERR going HIGH again.

Local Failure Flags are: VCC Undervoltage, RxD Recessive Clamping, TxD
Dominant Timeout, Overtemperature

Normal-operating Mode:
(NERR = 0)
Transmitter blocked:
[1TxD Dom. Timeout
[J Overtemperature
[ RxD Recessive Clamping
[1VCC undervoltage

Normal-operating Mode

Local Failure Flags
cleared
NSTB=1

EN=1

Receive-only Mode

The POR Flag is signaled at the
pin NERR in Receive-only Mode
mode when coming from
Standby, Sleep or Go-to Sleep

Receive-only Mode: Go-to
Command mode. It is set if The

Receive-only Mode:

VCC undervoltage Flag is set in Receive-only (NERR =0) (NERR = 0) supply voltages VBAT OR VCC
Mode when VCC < VCC_UV for t > .

= i . - recover to functional range after
tVCC_filter and coming from Normal- Transmitter bIOCked' Power up Flag a Power On Reset Ev:\t. The
operating Mode. If VCC recovers for t > [1VCC undervoltage VBAT < VBAT_POD POR Flag is reset once the

tVCC_filter + tVCC_Recovery in Receive-only
Mode the NERR goes high and the
undervoltage flag is reset.

Normal-operating  mode is
entered.

Sleep Mode

= As long as the POR flag OR WUP

GO'TO'Sleep Sleep Mode/Stand-by EN=0 Flag OR LWU Flag is set a mode
change via Host Command to
command MOdE Mode: Default flag settings: Sleep Mode is not possible.
Stand-by Mode Wake-up Source Flag Power-Up Flag ,SET"
=0N- Bus Wake-up Flag ,RESET"
NERR = 0: WUP Local Wake-zp Flig ,RESET
NERR = 1: LWU VCC Undervoltage Flag ,RESET"

RxD Recessive Clamping ,RESET"
Overtemperature Flag ,RESET"
TxD Dominant Flag ,RESET”

Vear > Vear_uv

Figure 29 Diagnosis flowchart
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9 Electrical characteristics

9.1 General timing parameter

Table 8 General timing parameter

Parameter Symbol Values Unit | Note or Number

Min. | Typ. | Max. Test Condition

Power-up delay time tron - - 500 |us |SeeFigure 20 P_9.1.1

Delay time for mode change |ty04e - - 20 pus |- P_9.1.2

CAN bus silence time-out tsilence 06 |09 |12 |s - P_9.1.3

Min. hold time in Go-to-Sleep |ty 10 |25 |50 pus |SeeFigure 10 P_9.14

command

RxD Recessive Clamping trre - 12 |18 |ps |SeeFigure28 P_9.15

detection time

RxD Recessive Clamping tRRC_NERR - - 1 pus |SeeFigure 28 P_9.1.6

indication delay

9.2 Power supply interface

9.2.1 Current consumptions

Table9 Current consumptions

45V<V,<55V;3.0V<V,;<55V;55V<Vy<40V;R =600Q;-40°C< T, <150°C;

all voltages with respect to ground, positive current flowing into pin (unless otherwise specified)

Parameter Symbol Values Unit |Noteor Number

Min. ‘ Typ. ‘ Max. Test Condition

Normal-operating Mode

Vgar Supply current lgat NM - 0.8 1.2 mA INH = not P_9.21
connected

Ve supply current lec_nmp - 35 48 mA |- P_9.2.2

dominant bus signal

Vec supply current lec_nm_r - 1.0 4.0 mA |- P_9.2.3

recessive bus signal

Vio supply current ho nm - 2.0 8.0 HA steady state, P_9.2.4
TxD=Vq

Receive-only Mode

Vgar SUpply current Igat ROM - 0.8 1.2 mA INH = not P_9.25
connected

Ve supply current lec_rom - 33 50 HA TxD=V,q, P_9.2.6
Vgar > 12V

Vio supply current lo_rom - 2.0 8.0 MA steady state, P_9.2.7
TXD=V,,
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Table 9 Current consumptions (cont’d)
45V <V, <55V;3.0V<V,;<55V;55V<Vg<40V;R, =600;-40°C< T, <150°C;
all voltages with respect to ground, positive current flowing into pin (unless otherwise specified)

Parameter Symbol Values Unit |Noteor Number
Min. Typ. Max. Test Condition

Stand-by Mode

Vgar Supply current lent sT8 - 22 50 HA INH =n.c., P_9.2.8
tSilence expired,
WAKE = GND

Ve supply current lec ste - 2.0 8.0 HA TxD=V,q, P_9.2.11
Vgar > 12V

Vio supply current lo ste - 2.0 5.0 HA TxD=V,q P_9.2.12

Sleep Mode

Vgar Supply current lent sip - 12.0 |25.0 HA Vee=V,o=0V, P_9.2.13
Vgar <18V,
bus biasing = GND,
INH=n.c.

Vear supply current T, <85°C | Igar gip g5 | = - 18.0 HA Vee=V,o=0V, P_9.2.14
INH = n.c.,
bus biasing = GND,
Var <18V,
T,<85°CY,

Vec supply current lec sip - 0.5 5.0 HA TxD=V,,, P_9.2.16
Vgar > 12V

Vio supply current lio_sip - 2.0 5.0 HA TxD=V,; P_9.2.17

1) Not subject to production test, specified by design

9.2.2 Undervoltage detection

Table10 Undervoltage detection
45V<V<55V;3.0V<V,;<55V;55V<Vy <40V;R =600Q;-40°C< T, <150°C;
all voltages with respect to ground, positive current flowing into pin (unless otherwise specified)

Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition

Undervoltage detection V;,;

Undervoltage detection Veat uv 4.8 5.1 5.5 % - P_9.2.18

threshold

Power-down threshold Veat pop 3.0 4.0 4.5 % Falling edge, P_9.2.20

Vee =0V
Vgar undervoltage glitch tyBaT filter - - 50 us See Figure 20 P_9.2.22
filter

Undervoltage detection V.
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Table10 Undervoltage detection (cont’d)

4.5V <V <55V;3.0V<V,;<55V;55V<Vg<40V;R, =600;-40°C< T, <150°C;
all voltages with respect to ground, positive current flowing into pin (unless otherwise specified)

Parameter Symbol Values Unit |Noteor Number
Min. Typ. Max. Test Condition

Undervoltage detection Vee uy 4.0 425 |45 % See Figure 22 P_9.2.24

threshold

Undervoltage glitch filter tucc filter - - 10 s See Figure 22 P_9.2.27

Undervoltage recovery time |tcc recovery | 15 25 35 s See Figure 22 P_9.2.28

Response time V¢ forlong- | tycc yy 7 300 380 450 ms  |See Figure 23 P_9.2.29
term undervoltage
detection

Undervoltage detection V,,

Undervoltage detection Vio uv 2.4 265 3.0 % See Figure 24 P_9.2.30
threshold
Undervoltage glitch filter tvio filter - 10 Hs See Figure 24 P_9.2.32

Response time V|, for long- | ty,o yy 1 300 380 450 ms  |See Figure 25 P_9.2.33
term undervoltage
detection

9.2.3 INH output

Table11 INH output
45V<V,<55V;3.0V<V,;<55V;55V<Vy <40V;R =600Q;-40°C< T, <150°C;
all voltages with respect to ground, positive current flowing into pin (unless otherwise specified)

Parameter Symbol Values Unit | Note or Number
Min. Typ. Max. Test Condition

Analog output INH

Output voltage INH enabled |V}, Vga7r 0.8 | - - v Iy =-0.2mA, P_9.2.34
Normal-operating
Mode,
Receive-only
Mode,

Stand-by Mode,
Go-to-Sleep
command

Absolute leakage current IH. Leak -5.0 - - HA [V =0V, P_9.2.35
Sleep Mode
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9.3 EN, NSTB and NERR

Table12 EN, NSTB and NERR
45V<V<55V;3.0V<V,;<55V;55V<Vy<40V;R =600Q;-40°C< T, <150°C;
all voltages with respect to ground, positive current flowing into pin (unless otherwise specified)

Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition

Mode control inputs EN, NSTB

“High” level input range VnMobe 0.7x |- Vot |V P_9.3.1
Vio 0.3V

“Low” level input range Vmobe L -0.3V |- 03x |V P_9.3.2

Vio

“High” levelinput current | lyope 20 - 220 HA Vitode = V1o P_9.3.3

“Low” level input current Iiope L -2.0 - 2.0 HA Vmope =0V P_9.3.4

Diagnosis output NERR

“High” level output current | /ygpr - -4.0 -1.0 mA | Vygrr=Vio-0.4V  |P_9.35

“Low” level output current | /yggg | 1.0 4.0 - mA | Vyerg=0.4V P_9.3.6

9.4 CAN controller interface

Table 13  CAN controller interface
45V<V,<55V;3.0V<V,;<55V;55V<Vy <40V;R =600Q;-40°C< T, <150°C;
all voltages with respect to ground, positive current flowing into pin (unless otherwise specified)

Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition

Receiver output RxD

“High” level output current | /g, 4 - -4.0 -1.0 mA | Vpep=Vo-0.4V, P_9.4.1
Vi <0.5V

“Low” level output current | /g, | 1.0 4.0 - mA | Vpp=0.4V, P_9.4.2
Vpigg>0.9V

Transmitter input TxD

“High” levelinput voltage | Vq4,p 4 - 0.5x |0.7x |V Recessive state P_9.4.4

threshold Vio Vio

“Low” level input voltage Vieo_ L 03x [04x |- v Dominant state P_9.4.5

threshold Vio Vio

“High” levelinput current | /5,5 4 -2.0 - 2.0 HA Vivo = Vo P_9.4.7

“Low” level input current Iryp 1 -200 |- -20.0 |pA Vo =0V P_9.4.8

TxD permanent dominant |1, 1o 1 2.45 4 ms Normal-operating |P_9.4.9

time-out Mode, see
Figure 26

Input capacitance Croo - - 10 pF 2 P_9.4.10

1) Not subject to production test, specified by design.
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9.5 Transmitter

Table14 Transmitter

45V<V<55V;3.0V<V,;<55V;55V<Vy<40V;R =600Q;-40°C< T, <150°C;
all voltages with respect to ground, positive current flowing into pin (unless otherwise specified)

Parameter Symbol Values Unit | Note or Test Condition | Number

Min. | Typ. |Max.

Bus transmitter

CANH, CANL recessive output | Veay sy 20 |25 (3.0 |V Normal-operating P_9.5.1
voltage Mode,

Receive-only Mode,

Vo = Vios

No load
CANH, CANL recessive output | Vs g yu= [-50 |- 50 mV | Vip =V, P_9.5.2
voltage difference Veann - Veant No load
CANH dominant output Veann 275 |- 45 |V Vi,p =0V, P_9.5.3
voltage 50Q<R <650,
Normal-operating Mode 4.75V < V.. <5.25
CANL dominant output Veant 05 |- 225 |V Vio=0V, P_9.5.4
voltage 50 Q<R <65Q,
Normal-operating Mode 4,75V <V <5.25
CANH, CANL dominant output | Vi 15 |20 |25 |V Viep =0V, P_9.5.5
voltage difference: 50Q<R <650,
Voirt_o = Veann - Veant 4.75V <V <5.25
Normal-operating Mode
CANH, CANL dominant output |Vpi p gxr g |14 |- 33 |V Vip =0V, P_9.5.6
voltage difference R =45Q<R <70Q,
extended bus load 4.75V < V.. <5.25

Voitt o = Veann - Veant
Normal-operating Mode

CANH, CANL dominant Vot o mexr gL |15 | = 15.0 |V |[Vpp=0V, P_9.5.7
output voltage difference high - R, =2240QY,

extended bus load 4,75V <V <5.25,
Normal-operating mode static behavior

Vot = Veann - Veane

CANH, CANL recessive Veant -0.1 |- 01 |V No load P_9.5.8
output voltage )

Sleep Mode

CANH, CANL recessive Voitf sip -0.2 |- 02 |V No load P_9.5.9
output voltage difference )

Sleep Mode

Driver symmetry Veyu 09 [1.0 |11 |- R =60Q,C,=4.7nFY? |P_9.5.10

Voym = Veann + Vean)/Vee
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Table14 Transmitter (cont’d)
4.5V <V <55V;3.0V<V,;<55V;55V<Vg<40V;R =600;-40°C< T, <150°C;
all voltages with respect to ground, positive current flowing into pin (unless otherwise specified)

Parameter Symbol Values Unit | Note or Test Condition | Number

Min. | Typ. | Max.
CANH short circuit current leannsc -115 |-75 |40 | mA | Veannshore = -3V, P_9.5.11
t<trxp_tor
Vo =0V,
Vee=5V
CANL short circuit current leantsc 40 |75 (115 |mA | Vcanishort = 18V, P_9.5.12
t<trxp_tos
Vo =0V,
Vee=5V
Leakage current CANH leann Ik 5 |- |5 MA |V =Vgar=Vo=0V¥, |P_9.5.14
) OV<Vean<5V,
Veann = Veant
Leakage current CANL leant ik 5 |- 5 MA Ve =Vgar=V,o=0V¥, |P_9.5.15
OV <V <5V,
Veann = Veant
CANH, CANL outputvoltage | Vyigt siope rd |~ - 70 V/us | Y30% to 70% of P_9.5.16
difference slope, recessive to measured differential
dominant bus voltage,

C2=100 pF,RL=60 Q,
475V<VCC<5.25V
CANH, CANL outputvoltage | Vyigr siope ar |~ - 70 V/us |Y30% to 70% of P_9.5.17
difference slope, dominant to measured differential
recessive bus voltage,
C2=100pF,RL=60Q,
4.75V<VCC<5.25V

1) Not subject to production test, specified by design.

2) Vgywshallbe observed during dominant and recessive state and also during the transition from dominant to recessive
and vice versa, while TxD is stimulated by a square wave signal with a frequency of 1 MHz.

3) Additional requirement V4 = V. connected via 47 kQ to GND.

9.6 Receiver

Table15 Receiver

4.5V <V <5.5V;3.0V<V,g<5.5V;5.5V < Vgur <40 V; R =60 Q; tgiymin = 500 NS; tgig(riash) = 200 NS;
-40°C < T, <150°C;

all voltages with respect to ground, positive current flowing into pin (unless otherwise specified)

Parameter Symbol Values Unit | Note or Number
Min. ‘ Typ. ‘ Max. Test Condition

Bus receiver

Common mode range Vemr -12 - 12 \ - P_9.6.1
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Table 15 Receiver (cont’d)

4.5V <V <55V;3.0V<V,;<55V;5.5V< Vg <40V; R =60 Q; tii(min) = 500 NS; iy riash) = 200 Ns;
-40°C< T, <150°C;

all voltages with respect to ground, positive current flowing into pin (unless otherwise specified)

Parameter Symbol Values Unit | Note or Number
Min. |Typ. |Max. Test Condition
Differential receiver Voits o - - 0.9 v Vewr P_9.6.2

threshold dominant
Normal-operating Mode
Receive-only Mode

Differential range dominant | Vpi p gange |0-9 - 8.0 v Vewr" P_9.6.3
Normal-operating Mode
Receive-only Mode

Differential receiver Voit r 0.5 - - \Y Vemr P_9.6.4
threshold recessive
Normal-operating Mode
Receive-only Mode

Differential range recessive | Vpigt g gange |-3:0 - 0.5 v Veur” P_9.6.5
Normal-operating Mode,

Receive-only Mode

Differential receiver Voitt_nys - 30 - mV | Veys? P_9.6.6
hysteresis

Normal-operating Mode,

Receive-only Mode

Single ended internal Rean h, 6 - 50 kQ |Recessive state P_9.6.7
resistance Rean_t 2V <V <7V

Input resistance deviation | AR, -3.0 - 3.0 % |Recessive state P_9.6.8
between CANH and CANL Veann = Veane =Vec =5V
Differential internal R 12 - 100 kQ |Recessive state P_9.6.9
resistance 2V <Veagu <7V

Input capacitance CANH, Cin - 20 40 pF | ?Recessive state P_9.6.10
CANL versus GND

Differential input Cinpiff - 10 20 pF | ?Recessive state P_9.6.11

capacitance
1) Not subject to production test, specified by design.
2) Notsubject to production test, specified by design, S2P-Method, f = 10 MHz.
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9.7 Dynamic transceiver parameter

Table16 Propagation delay and CAN FD parameters

4.5V <V <5.5V;3.0V<V,5<5.5V;5.5V < Vgur <40 V; R =60 Q; tgiymin = 500 NS; tgig(riash) = 200 NS;
-40°C < T, <150°C;

all voltages with respect to ground, positive current flowing into pin (unless otherwise specified)

Parameter Symbol Values Unit | Note or Number
Min. ‘ Typ. ‘ Max. Test Condition

Propagation delay characteristic
Propagation delay, tLoop 80 175 215 ns |C_ =100 pF, P_9.7.1
TxD to RxD Crup = 15 pF, see

Figure 31
Received recessive bit width | tgiyrep) ov 400 500 550 ns |C_ =100 pF, P_9.7.6
at 2 MBit/s Cryep = 15 pF,

tgir =500 ns,

see Figure 32
Received recessive bit width | tg;ryp) sy | 120 200 220 ns |C_ =100 pF, P_9.7.7
at 5 MBit/s Crep = 15 pF,

tgir =200 ns,

see Figure 32
Transmitted recessive bit | tgypug ou | 435 500 530 ns |C_ =100 pF, P_9.7.8
width at 2 MBit/s Cryep = 15 pF,

tgir =500 ns

(see Figure 32)
Transmitted recessive bit | tgypuq su | 155 200 210 ns |C_ =100 pF, P_9.7.9
width at 5 MBit/s Crep = 15 pF,

tgit =200 ns;

(see Figure 32)
Receivertiming symmetry at | Atge. oy -65 40 ns |C, =100 pF, P_9.7.10
2 MBit/s Caxp = 15 PF,
Dtrec_om = tait(rep) 2m = tg;r =500 ns,
tait(Bus)_2M see Figure 32
Receivertiming symmetry at | Atge. sy -45 15 ns |C, =100 pF, P_9.7.11
5 MBit/s Cayp = 15 pF,
Atrec_sm = tait(rep)_sm - tgir = 200 ns,
tait(Bus)_5M see Figure 32
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Figure 30 Test circuit for dynamic characteristics
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9.8 Wake-up

9.8.1 General wake-up timings

Table17 General wake-up timings
45V<V<55V;3.0V<V,<55V;55V<Vy <40V;R =600Q;-40°C< T, <150°C;
all voltages with respect to ground, positive current flowing into pin (unless otherwise specified)

Parameter Symbol Values Unit | Note or Number
Min. |Typ. | Max. Test Condition
INH wake-up delay time twu_INH - - 30.0 pus | Vgar=14.0V, P_9.8.1
Rin = 100 kQ,
see Figure 33
Bias reaction time twu_pias - - 100 us |SeeFigure 33 P_9.8.2
LWU, WUP detected
Vear |
A I
INH pin I
I 70% of VBAT
I
I
a > t
| twu_INH
I
I
| tMode
l
Mode Sleep Mode Stand-by Mode
I
I
| twu_Bias
Bus Biasing Connected to GND 2,5V
Figure 33 Wake-up detection
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9.8.2 WUP detection characteristics

Table18 WUP detection
475V <V <5.25V;3.0V<V,;<5.5V;5.5V <V, <40 V;R =60 Q;-40°C< T, <150°C;
all voltages with respect to ground, positive current flowing into pin (unless otherwise specified)

Parameter Symbol Values Unit | Note or Number
Min. Typ. Max. Test Condition

Differential range dominant | Vpi p sip_ange |1-15 - 8.0 v Ver ¥ P_9.8.4

low power modes

Differential input threshold | Vi  51p - - 1.15 v Vewr P_9.8.5

dominant low power modes

+Differential range recessive |Vpig g sip Range |-3-0 - 0.4 v Veur ? P_9.8.6

low power modes

Differential input threshold | Vi ¢ sp 0.4 - - v Vewr P_9.8.7

recessive low power modes

CAN activity filter time trilter 0.5 - 1.8 pus |Figure 14 P_9.8.9

Bus wake-up time-out twaKEe 0.8 - 10.0 ms | Figure 14 P_9.8.10

Bus wake-up delay time twu - - 5.0 pus | Stand-by Mode, |P_9.8.11

Figure 14

1) Not subject to production test, specified by design.

9.8.3 Local Wake-Up

Table19 Local Wake-Up

475V <V <5.5V;3.0V<V<55V;5.5V<Vg <40V;R =600;-40°C< T, <150°C;
all voltages with respect to ground, positive current flowing into pin (unless otherwise specified)

Parameter Symbol Values Unit |Noteor Number
Min. |Typ. |Max. Test Condition

Local Wake-Up detection Viwake TH 0.35x |0.5x |0.65x |V 55V <Vgr<32V |P_9.8.12

threshold Veat Veat Vaat

Local Wake-Up detection Viwake TH 0.25x |0.5x |0.75x |V 32V<Vgr<40V |P_9.8.13

threshold Vear Vet Vear

“High” levelinput current | hyae -20 -9 -2 HA P_9.8.15

(pull-up)

“Low” level input current hwake L 2 9 20 HA P_9.8.16

(pull-down)

Wake pulse filter time twake Fitter | 10 25 70 us Figure 15 P_9.8.17
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10 Application information

10.1 ESD robustness according to IEC61000-4-2

Tests for ESD robustness according to IEC61000-4-2 “Gun test” (150 pF, 330 Q) have been performed. The
results and test conditions are available in a separate test report.

Table20 ESD robustness according to IEC61000-4-2

Performed Test Result |Unit Remarks
Electrostaticdischarge voltage at pin CANHand | = +9 kv Ypositive pulse
CANL, Vg1, WAKE versus GND

Electrostaticdischarge voltage at pin CANHand |<-9 kv UNegative pulse
CANL, Vgar, WAKE versus GND

1) ESD susceptibility “ESD GUN” according to GIFT / ICT paper: “EMC Evaluation of CAN Transceivers, version 03/02/IEC
TS62228”, section 4.3. (DIN EN61000-4-2).
Tested by external test facility (IBEE Zwickau, EMC test report Nr. 02-07-17, Nr. 11-08-17).

10.2 Voltage adaption to the microcontroller supply

To adapt the digital input and output levels of the TLE9252V to the I/0 levels of the microcontroller, connect
the power supply pin V|, to the microcontroller voltage supply (see Figure 34).

Note: In case the digital supply voltage V,, is not required in the application, connect the digital supply
voltage V,, to the transmitter supply V.
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10.3

Application example

infineon
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Figure 34 Application circuit

10.4

Further application information

+ Please contact us for information regarding the pin FMEA.

+ Existing application note of TLE9252V: www.infineon.com/TLE9252V-AN.

+ For further information you may visit: http://www.infineon.com/
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11 Package outline

0.33 x 45° OPTIONAL
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Figure 36 PG-TSON-14

Green product (RoHS compliant)

To meet the world-wide customer requirements for environmentally friendly products and to be compliant
with government regulations the device is available as a green product. Green products are RoHS-Compliant
(i.e Pb-free finish on leads and suitable for Pb-free soldering according to IPC/JEDEC J-STD-020).

For further information on alternative packages, please visit our website:
http://www.infineon.com/packages. Dimensions in mm
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12 Revision history
Revision |Date Changes
1.11 2019-10-17 |Datasheet updated:

+ Editorial changes
+ Updated bus transmitter table
- added P_9.5.16 and P_9.5.17 (no product change)
- tightened P_9.5.5and P_9.5.2
- tightened P_9.6.10 and P_9.6.11 by additional footnote
« Updated dynamic transceiver table
- tightened P_9.7.1
« Updated package outline (no product change)
1.1 2018-10-04 |Data Sheet updated:
+ Editorial changes

*  Ivope 4 Max. value lowered from 250uA to 220uA see P_9.3.3
1.01 2018-01-09 |Datasheet updated:
+ Figure 33 corrected;

+ Figure 23 corrected and added description for NERR output pin;
+ Added Application Note Link in Chapter 10.4
1.0 2017-12-21 | Datasheet created
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