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		  Datasheet File OCR Text:


		  data sheet 1 rev. 1.0 www.infineon.com/automotive-transceiver  2017-08-09 TLE9251V high speed can transceiver 1 overview  qualified for automotive applic ations according to aec-q100 features ? fully compliant to iso 11898-2 (2016) and sae j2284-4/-5 ? reference device and part of intero perability test specification for can  transceiver ? guaranteed loop delay symmetry for  can fd data frames up to 5 mbit/s ? very low electromagnetic emission  (eme) allows the use without  additional common mode choke ? v io  input for voltage adaption to  the c interface (3.3v & 5v) ? bus wake-up pattern (w up) function with optimized filter time for  worldwide oem usage ? stand-by mode with minimized quiescent current ? transmitter supply  v cc  can be turned off in stand-by mode  for additional quiesc ent current savings ? wake-up indication on the rxd output ? wide common mode range for el ectromagnetic immunity (emi) ? excellent esd robustness +/-8kv  (hbm) and +/-11kv (iec 61000-4-2) ? extended supply range on the  v cc  and  v io  supply ? can short circuit proof  to ground, battery,  v cc  and  v io ? txd time-out function ? very low can bus leakage current in power-down state ? overtemperature protection ? protected against automotive transients  according iso 7637 and sae j2962-2 standards ? green product (rohs compliant) ? small, leadless tson8 package designed  for automated optica l inspection (aoi) ? aec qualified potential applications ? gateway modules ? body control modules (bcm) ? engine control unit (ecus) pg-tson-8 pg-dso-8

 data sheet 2 rev. 1.0  2017-08-09 hs can transceiver high speed can transceiver overview description the TLE9251V is the latest infineon  high-speed can transceiver generation , used inside hs can networks for automotive and also for industrial a pplications. it is designed to fulf ill the requirements of iso 11898-2 (2016) physical layer specification and respecti vely also the sae standards j1939 and j2284. the TLE9251V is available in a pg-dso -8 package and in a small, leadless  pg-tson-8 package. both packages are rohs compliant and halogen fr ee. additionally the pg-tson-8 pa ckage supports the solder joint requirements for automated optical inspection (aoi). as an interface between the physical  bus layer and the hs can protocol co ntroller, the TLE9251V protects the microcontroller against interferences generated inside  the network. a very high esd robustness and the perfect rf immunity allows the use in  automotive application without addi ng additional protection devices, like suppressor diodes for example. while the transceiver TLE9251V is not s upplied the bus is switched off and  illustrate an ideal passive behavior with the lowest possible load to all  other subscribers of the hs can network. based on the high symmetry of the ca nh and canl output signals, the tl e9251v provides a  very low level of electromagnetic emission (e me) within a wide frequency range. the  TLE9251V fulfills even stringent emc test limits without additional ex ternal circuit, like a common mode choke for example. the perfect transmitter symmetry comb ined with the optimized delay symm etry of the receiver enables the TLE9251V to support can fd data frames. depending  on the size of the network and the along coming parasitic effects the device su pports bit rates up to 5 mbit/s. dedicated low-power modes, like stand-by mode prov ide very low quiescent curr ents while the device is powered up. in stand-by mode the typical quiescent current on  v io  is below 10 a while the device can still be waked up by a bus signal on the hs can bus. fail-safe features like overtemperat ure protection, output current limita tion or the txd time-out feature protect the TLE9251V and the external  circuitry from ir reparable damage.  type package marking TLE9251Vle pg-tson-8 9251v TLE9251Vsj pg-dso-8 9251v

 data sheet 3 rev. 1.0  2017-08-09 hs can transceiver high speed can transceiver 1 overview    . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  1 table of contents  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  3 2 block diagram   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . .  4 3 pin configuration  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . .  5 3.1 pin assignment  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .   5 3.2 pin definitions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .   5 4 high-speed can functional description  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  6 4.1 high-speed can physical layer  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .   6 5 modes of operation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  8 5.1 normal-operating mode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .   9 5.2 forced-receive-only mode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .   9 5.3 stand-by mode  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  10 5.4 power-down state  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  10 6 changing the mode of operation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . .  11 6.1 power-up and power-down . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  11 6.2 mode change by the stb pin  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  12 6.3 mode changes by  v cc  undervoltage  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   13 6.4 remote wake-up   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  14 7 fail safe functions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  16 7.1 short circuit protection   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  16 7.2 unconnected logic pins   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  16 7.3 txd time-out function . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  16 7.4 overtemperature protection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  17 7.5 delay time for mode change  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  17 8 general product characteristics   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . .  18 8.1 absolute maximum ratings  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  18 8.2 functional range   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  19 8.3 thermal resistance   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  19 9 electrical characteristics   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . .  20 9.1 functional device characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  20 9.2 diagrams   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  25 10 application information  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . .  26 10.1 esd robustness according to  iec61000-4-2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . .  26 10.2 application example  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  26 10.3 voltage adaption to the microcontroller supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . .  27 10.4 further application information . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  27 11 package outline  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . .  28 12 revision history  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . .  29 table of contents

 data sheet 4 rev. 1.0  2017-08-09 hs can transceiver high speed can transceiver block diagram 2 block diagram figure 1    functional block diagram driver temp- protection mode control 7 canh 6 canl 2 gnd txd 3 v cc stb v io rxd timeout transmitter receiver = v cc /2 wake-logic  & filter mux normal-mode receiver low-power receiver 5 1 8 4 v io bus-biasing gnd n.c.

 data sheet 5 rev. 1.0  2017-08-09 hs can transceiver high speed can transceiver pin configuration 3 pin configuration 3.1 pin assignment figure 2    pin configuration 3.2 pin definitions table 1    pin defini tions and functions pin no. symbol function 1txd transmit data input;   internal pull-up to  v io , ?low? for ?dominant? state. 2gnd ground 3 v cc transmitter supply voltage; 100 nf decoupling capaci tor to gnd required, v cc  can be turned off in stand-by mode. 4rxd receive data output;   ?low? in ?dominant? state. 5 v io digital supply voltage;   supply voltage input to adapt the logica l input and output voltage levels of the  transceiver to the mi crocontroller supply.  supply for the low-power receiver. 100 nf decoupling capaci tor to gnd required. 6canl can bus low level i/o;   ?low? in ?dominant? state. 7canh can bus high level i/o;   ?high? in ?dominant? state. 8stb stand-by input;   internal pull-up to  v io , ?low? for normal-operating mode. pad ? connect to pcb heat sink area.  do not connect to other potential than gnd. txd stb v io 1 2 3 4 8 7 6 5 gnd v cc rxd canh canl 1 2 3 4 8 7 6 5 txd gnd v cc rxd stb v io canh canl (top-side x-ray view) pad

 data sheet 6 rev. 1.0  2017-08-09 hs can transceiver high speed can transceiver high-speed can functional description 4 high-speed can functional description hs can is a serial bus system that connects microcon trollers, 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 iso 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 specificatio n. several different physical layer standards of can networks  have been developed in  recent years. the tle 9251v is a high-speed can transceiver with a dedicated bus wa ke-up function as defined in th e latest iso 11898-2 hs can standard. 4.1 high-speed can physical layer figure 3    high-speed can bu s signals and logic signals txd v io t t v cc canh canl t v cc v diff rxd v io t v io       =  digital supply voltage  v cc         =   transmitter supply voltage  txd     =  transmit data input from   the microcontroller  rxd    =  receive data output to    the microcontroller canh =  bus level on the canh   input/output  canl  =  bus level on the canl   input/output  v diff  =  differential voltage    between canh and canl  v diff  =  v canh   C  v canl dominant receiver threshold recessive receiver threshold t loop(h,l) t loop(l,h)

 data sheet 7 rev. 1.0  2017-08-09 hs can transceiver high speed can transceiver high-speed can functional description the TLE9251V is a high-speed can tran sceiver, 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 ca n 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 bu s and both pins operate as an input and output. the rxd and txd pins are the interface to  the microcontroller. the pin txd is  the serial data input from the can controller, the rxd pin is the serial data  output to the can cont roller. as shown in  figure 1 , the hs can transceiver TLE9251V includes  a receiver and a transmitter unit, allowing  the transceiver to send data to the bus medium and monitor the data fr om the bus medium at the same  time. the hs can transceiver TLE9251V 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 TLE9251V monitors the data on the can bus and conv erts them to a serial, single-ended signal  on the rxd output pin. a logical ?low? signal on the txd pin creates a ?dominant? signal on th e can bus, followed by a logical ?low? signal on the rxd pin (see  figure 3 ). the feature, broadcasting da ta to the can bus and listenin g 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 transc eivers are defined in iso 11898-2. whether a data bit is ?dominant? or ?recessive? depends on the voltage differ ence between the canh and canl pins: v diff = v canh - v canl . to transmit a ?dominant? signal to the can b us the amplitude of the differential signal  v diff  is higher than or equal to 1.5 v. to receive a ?rec essive? signal from the can bus  the amplitude of the differential  v diff  is lower than or equal to 0.5 v. ?partially-supplied? high-speed can networks are th ose where the can bus nodes of one common network have different power supply conditions. some nodes  are connected to the common  power supply, while other nodes are disconnected from the powe r supply and in power-down state.  regardless of whether the can bus subscriber is supplied or not, each subscriber co nnected to the common bus media must not interfere with the communication. the TLE9251V is designed to su pport ?partially-s upplied? networks. in power-down state, the receiver input resistors are switched of f and the transceiver input has a high resistance. for permanently supplied ec u's, the hs can transceiver TLE9251V pr ovides a stand-by mode. in stand-by mode, the power consumption of the TLE9251V is optimize d to a minimum, while the device is still able to recognize wake-up patterns on the can bus and signal  the wake-up event to the  external microcontroller. the voltage level on the digital input txd and the digita l output rxd is determined by the power supply level at the  v io  pin. depending on the voltage level at the  v io  pin, the signal levels on the logic pins (stb, txd and rxd) are compatible with microcontrollers having a 5 v  or 3.3 v i/o supply. usually  the digital power supply  v io of the transceiver is connected to the i/ o power supply of the microcontroller (see  figure 18 ).

 data sheet 8 rev. 1.0  2017-08-09 hs can transceiver high speed can transceiver modes of operation 5 modes of operation the TLE9251V supports three diff erent modes of operation (see  figure 4  and  table 2 ):  ? normal-operating mode ?stand-by mode ?forced-receive-only mode mode changes are either triggered by the mode selectio n input pin stb or by an undervoltage event on the transmitter supply  v cc . wake-up events on the hs can bus are indicated on the rxd output pin in stand-by mode, but no mode change is triggered by a wake-up  event. an undervoltage event on the digital supply  v io powers down the TLE9251V. figure 4    mode state diagram table 2    modes of operation mode stb v io v cc bus bias transmitter normal-mode  receiver low-power  receiver normal-operating ?low? ?on? ?on? v cc /2 ?on? ?on? ?off? forced-receive-only ?low? ?on? ?off? gnd ?off? ?on? ?off? stand-by ?high? ?on? ?x? gnd ?off? ?off? ?on? power-down state ?x? ?off? ?x? floating ?off? ?off? ?off? stb v cc v io power-down  state  x x off normal-operating  mode  stb v cc v io 0 on on forced-  receive-only  mode  stb v cc v io 0 off on stand-by  mode  stb v cc v io 1 x on v io  on v cc  off  stb 0 v io  on v cc  on  stb 0 v io  on v cc  x  stb 1 v io  on v cc  off  stb 0 v io  on v cc  x  stb 1 v io  on v cc  on  stb 0 v io  on v cc  on  stb 0 v io  on v cc  x  stb 1

 data sheet 9 rev. 1.0  2017-08-09 hs can transceiver high speed can transceiver modes of operation 5.1 normal-operating mode in normal-operating mode the transceiver TLE9251V  sends and receives data from the hs can bus. all functions are active (see also  figure 4  and  table 2 ): ? the transmitter is active and drives the serial data  stream on the txd input pin to the bus pins canh and  canl. ? the normal-mode receiver is active  and converts the signals from the bus  to a serial data stream on the rxd  output. ? the low-power receiver is turned off. ? the rxd output pin indicates the data  received by the normal-mode receiver. ? the bus biasing is connected to  v cc /2. ? the stb input pin is active and changes the mode of operation. ? the txd time-out function is enabled and disconnect s the transmitter in case a time-out is detected. ? the overtemperature protection is enabled and discon nects the transmitter in ca se an overtemperature is  detected. ? the undervoltage detection on  v cc  is enabled  and triggers a mode ch ange to forced-receive-only in case  an undervoltage event is detected. ? the undervoltage detection on  v io  is enabled and powers down the device in case of detection. normal-operating mode is entered from stand-by mo de and forced-receive-only mode, when the stb input pin is set to logical ?low?. normal-operating mode can only be en tered when all supplies are available: ? the transmitter supply  v cc  is available ( v cc > v cc(uv,r) ). ? the digital supply  v io  is available ( v io > v io(uv,r) ). 5.2 forced-receive-only mode the forced-receive-only mode is a fa il-safe mode of the TLE9251V, which wi ll be entered when the transmitter supply  v cc  is not available and the stb pin is logical ?low ?. the following functions are available (see also figure 4  and  table 2 ):  ? the transmitter is disabled and the data  available on the txd input is blocked. ?the normal-mode re ceiver is enabled. ? the low-power receiver is turned off. ? the rxd output pin indicates the data  received by the normal-mode receiver. ? the bus biasing is connected to gnd. ? the stb input pin is active and changes the mode  of operation to stand-by mode, if logical ?high?. ? the txd time-out function is disabled. ? the overtemperature protection is disabled. ? the undervoltage detection on  v cc  is active. ? the undervoltage detection on  v io  is enabled and powers down the device in case of detection. ? forced-receive-only mode is entered from power-down  state if the stb input pin is set to logical ?low? and  the digital supply  v io  is available ( v io > v io(uv,r) ). ? forced-receive-only mode is ente red from normal-operating mode by an undervoltage event on the  transmitter supply  v cc .

 data sheet 10 rev. 1.0  2017-08-09 hs can transceiver high speed can transceiver modes of operation 5.3 stand-by mode the stand-by mode is the power save mode of the tl e9251v. in stand-by mode most of the functions are turned off and the TLE9251V is monito ring the bus for a valid  wake-up pattern (wup).  the following functions are available (see also  figure 4  and  table 2 ):  ? the transmitter is disabled and the data  available on the txd input is blocked. ? the normal-mode receiver is disabled. ? the low-power receiver is turned on and monitors the bus for a valid wake-up pattern (wup). ? the rxd output pin follows the  bus signal after wup detection. ? the bus biasing is connected to gnd. ? the stb input pin is active and changes the mode of operation. ? the txd time-out function is disabled. ? the overtemperature protection is disabled. ? the undervoltage detection on  v cc  is disabled. in stand-by mode the device can operate without the  transmitter supply  v cc . ? the undervoltage detection on  v io  is enabled and powers down the device in case of detection. the stand-by mode can be entered from normal-opera ting mode and forced-receive-only mode by setting the stb pin to logical ?high?. to enter stand-by mode the digital supply  v io  needs to be available ( v io > v cc(uv,r) ). 5.4 power-down state independent of the  transmitter supply  v cc  and stb input pin the TLE9251V is powered down if the supply voltage  v io  <  v io(uv,r)  (see  figure 4 ). in the power-down state the differential input resistor s of the receiver are switch ed off. the canh and canl bus interface of the TLE9251V is floati ng and acts as a high-impedance inpu t with a very small leakage current. the high-ohmic input does not influe nce the ?recessive? level of the ca n network and allows an optimized eme performance of the entire hs can  network. in power-down state the tr ansceiver is an  invisible node to the bus.

 data sheet 11 rev. 1.0  2017-08-09 hs can transceiver high speed can transceiver changing the mode of operation 6 changing the mode of operation 6.1 power-up and power-down the hs can transceiver tle 9251v powers up by appl ying the digital supply  v io  to the device ( v io > v io(u,r) ). . after powering up, the device enters  one out of three operating modes (see  figure 5  and  figure 6 ).  depending on the condition of  the transmitter supply voltage  v cc  and the mode selection pin stb the device can enter every mode of operation after the power-up: ? v cc  is available and stb input is se t to ?low? - normal-operating mode ? v cc  is disabled and the stb input is  set to ?low? - forced -receive-only mode ? stb input is set to ?high? - stand-by mode the device TLE9251V powers down when the  v io  supply falls below the undervoltage detection threshold ( v io < v io(u,f) ), regardless if the  transmitter supply  v cc  is available or not. the powe r-down detection is active in every mode of operation. figure 5    power-up and power-down  figure 6    power-up an d power-down timings stb v cc v io power-down  state  x x off normal-operating  mode  stb v cc v io 0 on on forced-  receive-only  mode  stb v cc v io 0 off on stand-by  mode  stb v cc v io 1 x on v io  on v cc  off  stb 0 v io  on v cc  on  stb 0 v io  on stb 1 v io  off v io  off v io  off v io  off blue -> indicates the event triggering the  power-up or power-down red   -> indicates the condition which is  required to reach a certain operating mode t stb x = dont care high due the internal pull-up resistor 1) v io t v io  undervoltage monitor   v io(uv,f) v io  undervoltage monitor   v io(uv,r) transmitter supply voltage v cc  = dont care  power-down state any mode of operation stand-by mode t pon hysteresis  v io(uv,h) t poff 1)  assuming no external signal applied "0" for normal-operating mode  "1" for stand-by mode

 data sheet 12 rev. 1.0  2017-08-09 hs can transceiver high speed can transceiver changing the mode of operation 6.2 mode change by the stb pin when the TLE9251V is supplied  with the digital voltage  v io  the internal logic works and mode change by the mode selection pin stb is possible. by default the stb input pin is  logical ?high? due to the intern al pull-up current source to  v io . changing the stb input pin to logical ?low? in stand-by mode trigge rs a mode change to normal-operating mode (see  figure 7 ). to enter normal-operating mo de the transmitter supply  v cc  needs to be available. stand-by mode can be entered from normal-operating  mode and forced-receive-o nly mode by setting the stb pin to logical ?high?. while changing the mode of  operation from normal-ope rating mode or forced- receive-only mode to stand-by mo de, the transceiver TLE9251V turns of f the transmitter and switches from the normal-mode receiver to the low-power receiver . entering forced-receive -only mode from stand-by mode is not possible by the stb pin. the device  remains in stand-by mode independently of the  v cc  supply voltage.  figure 7    mode selection by the stb pin stb v cc v io power-down  state  x x off normal-operating  mode  stb v cc v io 0 on on forced-  receive-only  mode  stb v cc v io 0 off on stand-by  mode  stb v cc v io 1 x on v io  on  stb 1 v io  on  stb 1 v io  on v cc  on  stb 0

 data sheet 13 rev. 1.0  2017-08-09 hs can transceiver high speed can transceiver changing the mode of operation 6.3 mode changes by  v cc  undervoltage when the transmitter supply  v cc  ( v cc < v cc(u/f) ) is in undervoltage condition,  the TLE9251V might not be able to provide the correct bus levels on the  canh and canl output pins. to avoi d any interference  with the network the TLE9251V blocks the transmitter  and changes the mode of operatio n when an undervoltage event is detected (see  figure 8  and  figure 9 ). in normal-operating mode an underv oltage event on transmitter supply  v cc  ( v cc < v cc(u/f) ) triggers a mode change to forced-receive-only mode. in forced-receive-only mode the undervoltage detection  v cc  ( v cc < v cc(u/f) ) is enabled. in stand-by mode the undervoltage detection is  disabled. in these modes th e TLE9251V can operate without the transmitter supply v cc . figure 8    mode changes by undervoltage events on  v cc figure 9    undervoltage on the transmitter supply  v cc stb v cc v io power-down  state  x x off normal-operating  mode  stb v cc v io 0 on on forced-  receive-only  mode  stb v cc v io 0 off on stand-by  mode  stb v cc v io 1 x on v io  on v cc  off  stb 0 v io  on v cc  on  stb 0 forced-receive only mode normal-operating mode normal-operating mode t stb digital supply voltage v io  = on  t delay(uv) v cc hysteresis  v cc(uv,h) t v cc  undervoltage monitor   v cc(uv,f) v cc  undervoltage monitor   v cc(uv,r) t delay(uv) assuming the stb remains low, for example the stb pin is  connected to gnd.

 data sheet 14 rev. 1.0  2017-08-09 hs can transceiver high speed can transceiver changing the mode of operation 6.4 remote wake-up the TLE9251V has a remote wake-up feature also call ed bus wake-up feature ac cording to the iso 11898-2 (2016). in stand-by mode the low-power  receiver monitors the activity on th e can bus and in case it detects a wake-up pattern it indicates the wake -up signal on the rxd output pin.  the low-power receiver is supp lied by the digital supply  v io  and therefore in stand-by mode the transmitter supply  v cc  can be turned off. in stand-by mode a wake-up event on the hs can is flagged on the rxd output pin (see  figure 11 ). the transceiver remains in the currently selected mode of op eration. no mode change is applied due to the wake- up event (see  figure 10 ). figure 10    remote wake-up a bus wake-up is triggered by a dedicated valid wake -up pattern. the defined wake-up pattern avoids any false wake-up by spikes which might be on th e hs can bus or by a permanent bus shortage. the internal wake-up flag will be reset when: ? a mode change to normal-operating mode is applied during the wake-up pattern. ? a power-down event occurs on the digital supply  v io . within the maximum wake-up time  t wake , the wake-up pattern contents a ?d ominant? signal with the pulse width  t filter , followed by a ?recessive?  signal with the pulse width  t filter  and another ?dominant? signal with the pulse width  t filter  (see  figure 11 ). the rxd output remains logical ?hig h? as long no wake-up event has been detected. stand-by  mode  stb v cc v io 1 x on v io  on stb 1  bus wake-up  pattern indication on  rxd if wake- up pattern  detected

 data sheet 15 rev. 1.0  2017-08-09 hs can transceiver high speed can transceiver changing the mode of operation figure 11    remote wake-up signal after a wake-up event has been detected the rxd outp ut follows the canh/canl input pins. ?dominant? and ?recessive? signals are indicated on the rxd output as logical ?high? and ?low? with the delay of  t wu  as long their pulse width exceeds the filter time  t filter  (see also  figure 12 ). figure 12    rxd signal after wake-up detection t v diff rxd t > t filter t v io 30% of v io v diff_lp_d v diff_lp_r t < t wake wake-up  detected t > t filter t > t filter t wu t v diff rxd t wake-up  detected t wu t wu t wu v diff_lp_d v diff_lp_r

 data sheet 16 rev. 1.0  2017-08-09 hs can transceiver high speed can transceiver fail safe functions 7 fail safe functions 7.1 short circuit protection the canh and canl bus pins are prov en to cope with a short circuit fa ult against gnd and against the supply voltages. a current limiting circuit pr otects the transceiver against damages.  if the device is heating up due to a continuous short on the canh or  canl, the internal ov ertemperature protection  switches off the bus transmitter. 7.2 unconnected logic pins all  logic input pins have an internal pull-up current source to  v io . in case the  v io  and  v cc  supply is activated and the logical pins are open, th e TLE9251V enters in to the stand-by mode by default. 7.3 txd time-out function the txd time-out feature protects th e 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 txd  enables the txd time-out feature and the TLE9251V disa bles the transmitter (see  figure 13 ). the receiver is still active and the data on the bus continues to be monitored by the rxd output pin. figure 13    txd time-out function figure 13  illustrates how the transmitter is  deactivated and activa ted again. a permanent ?low? signal on the txd input pin activates the txd time-out function and de activates the transmitter. to release the transmitter after a txd time-out event, the TLE9251V requires a sign al change on the txd input pin from logical ?low? to logical ?high?. txd t t canh  canl rxd t txd time-out txd timeCout released t > t txd

 data sheet 17 rev. 1.0  2017-08-09 hs can transceiver high speed can transceiver fail safe functions 7.4 overtemperature protection the TLE9251V has an integrated overtemperature  detection to protect the TLE9251V against thermal overstress of the transmitter. the overtemperature prot ection is only active in normal-operating mode. in case of an overtemperature condition, the temper ature sensor will disable  the transmitter while the transceiver remains in normal-operati ng mode. after the device has cooled  down the transmitter is activated again (see  figure 14 ). a hysteresis is implemented within the temperature sensor. figure 14    overtemperature protection 7.5 delay time for mode change the hs can transceiver TLE9251V changes the mo de of operation within the time window  t mode . during the mode change from stand-by  mode to non-low power mo de the rxd output pin is permanently set to logical ?high? and does not reflect the status  on the canh and canl input pins.  after the mode change is completed, the tran sceiver TLE9251V releases the rxd output pin. txd t t canh canl rxd t t j t t jsd (shut down temperature) switch-on transmitter a t cool down

 data sheet 18 rev. 1.0  2017-08-09 hs can transceiver high speed can transceiver general product characteristics 8 general product characteristics 8.1 absolute maximum ratings note:  stresses above the ones listed here may ca use permanent damage to the device. exposure to  absolute maximum rating conditions for extended pe riods may affect device reliability. integrated  protection functions are designed  to prevent ic destruction under fa ult conditions described in the  data sheet. fault conditions are  considered as ?outside? normal -operating rang e. protection  functions are not designed for continuos repetitive operation. table 3    absolute maximum ratings  voltages, currents and temperatures 1) all voltages with respect to ground ; positive current flowing into pin; (unless otherwise specified) 1) not subject to production test, specified by design parameter symbol values unit note or  test condition number min. typ. max. voltages transmitter supply voltage v cc -0.3 ? 6.0 v ?  p_8.1.1 digital supply voltage v io -0.3 ? 6.0 v ?  p_8.1.2 canh and canl dc voltage  versus gnd v canh -40 ? 40 v ?  p_8.1.3 differential voltage between  canh and canl v can_diff -40 ? 40  v ? p_8.1.4 voltages at the digital i/o pins: stb, rxd, txd v max_io1 -0.3 ? 6.0 v ? p_8.1.5 voltages at the digital i/o pins: stb, rxd, txd v max_io2 -0.3 ? v io  +0.3 v ? p_8.1.6 currents rxd output current i rxd -5 ? 5 ma ? p_8.1.7 temperatures junction temperature t j -40 ? 150 c ? p_8.1.8 storage temperature t s -55 ? 150 c ? p_8.1.9 esd resistivity esd immunity at canh, canl  versus gnd v esd_hbm_can -8 ? 8 kv hbm (100 pf via 1.5 k ? ) 2) 2) esd susceptibility, human body model ?hbm? according to ansi/esda/jedec js-001 p_8.1.11 esd immunity at all other pins v esd_hbm_all -2 ? 2 kv hbm (100 pf via 1.5 k ? ) 2) p_8.1.12 esd immunity all pins v esd_cdm -750 ? 750 v cdm 3) 3) esd susceptibility, charge device model ?cdm ? according to eia/jesd22-c101 or esda stm5.3.1 p_8.1.13

 data sheet 19 rev. 1.0  2017-08-09 hs can transceiver high speed can transceiver general product characteristics 8.2 functional range note: within the functional range the ic operates as  described in the circuit de scription. the electrical  characteristics are specified within the conditions  given in the related electrical characteristics  table.  8.3 thermal resistance note: this thermal data was generated in accord ance with jedec jesd51 standards. for more  information, please visit  www.jedec.org .  table 4    functional range parameter symbol values unit note or  test condition number min. typ. max. supply voltages transmitter supply voltage v cc 4.5 ? 5.5 v ? p_8.2.1 digital supply voltage v io 3.0 ? 5.5 v ? p_8.2.2 thermal parameters junction temperature t j -40 ? 150 c 1) 1) not subject to production test, specified by design. p_8.2.3 table 5    thermal resistance 1) 1) not subject to production test, specified by design parameter symbol values unit note or  test condition number min. typ. max. thermal resistances junction to ambient  pg-tson-8 r thja_tson8 ?65   ?k/w 2) 2) specified  r thja  value is according to jedec jesd51-2,-7 at natu ral convection on fr4 2s2p board. the product  (TLE9251V) was simulated on a 76.2 x 114.3 x 1.5 mm boar d with 2 inner copper layers (2 x 70m cu, 2 x 35m cu) p_8.3.1 junction to ambient  pg-dso-8 r thja_dso8 ? 120 ? k/w 2) p_8.3.2 thermal shutdown (j unction temperature) thermal shutdown temperature,  rising t jsd 170 180 190 c temperature  falling: min. 150c p_8.3.3 thermal shutdown hysteresis ? t 51020k p_8.3.4

 data sheet 20 rev. 1.0  2017-08-09 hs can transceiver high speed can transceiver electrical characteristics 9 electrical characteristics 9.1 functional device characteristics table 6    electrical characteristics 4.5 v < v cc  data sheet 21 rev. 1.0  2017-08-09 hs can transceiver high speed can transceiver electrical characteristics v io  delay time power-up t pon ? ? 280 s 1)  (see  figure 6 ); p_9.1.19 v io  delay time power-down t poff ? ? 100 s 1)  (see  figure 6 ); p_9.1.20 receiver output rxd ?high? level output current i rxd,h ?-4-1 ma v rxd = v io -0,4v;  v diff  <  0,5v p_9.1.21 ?low? level output current i rxd,l 1 4 ? ma v rxd =0.4v;  v diff  > 0,9v  p_9.1.22 transmission input txd ?high? level input voltage  threshold v txd,h ?0.5   v io 0.7   v io v?recessive? state;  p_9.1.26 ?low? level input voltage  threshold v txd,l 0.3   v io 0.4   v io ?v?dominant? state;  p_9.1.27 input hysteresis v hys(txd) ? 200 ? mv 1) p_9.1.28 ?high? level input current i txd,h -2 ? 2 a v txd = v io ;  p_9.1.29 ?low? level input current i txd,l -200 ? -20 a v txd =0v;  p_9.1.30 input capacitance c txd ??10pf 1) p_9.1.31 txd permanent ?dominant?  time-out, optional t txd 1?4msnormal-operating  mode;  p_9.1.32  stand-by input stb ?high? level input voltage  threshold v stb,h ?0.5   v io 0.7   v io vstand-by mode;  p_9.1.36 ?low? level input voltage  threshold v stb,l 0.3   v io 0.4   v io ? v normal-operating  mode;  p_9.1.37 ?high? level input current i stb,h -2 ? 2 a v stb = v io ;  p_9.1.38 ?low? level input current i stb,l -200 ? -20 a v stb =0v;  p_9.1.39 input hysteresis v hys(stb) ? 200 ? mv 1) p_9.1.42 input capacitance c (stb) ??10pf 1) p_9.1.43 table 6    electrical characteristics  (cont?d) 4.5 v < v cc  data sheet 22 rev. 1.0  2017-08-09 hs can transceiver high speed can transceiver electrical characteristics bus receiver differential range ?dominant?  normal-operating mode v diff_d_range 0.9 ? 8.0 v -12v  v cmr  12 v;  p_9.1.46 differential range ?recessive?  normal-operating mode v diff_r_range -3.0 ? 0.5 v -12v  v cmr   12 v;  p_9.1.48 differential receiver hysteresis normal-operating mode v diff,hys 30 mv  1)    p_9.1.49 differential range threshold  ?dominant?  stand-by mode v diff_d_stb_r ange 1.15 ? 8.0 v -12v  v cmr  12 v;  p_9.1.50 differential range ?recessive?  stand-by mode v diff_r_stb_r ange -3.0 ? 0.4 v  -12v  v cmr  12 v;  p_9.1.51 common mode range cmr -12 ? 12 v ?  p_9.1.52 single ended internal  resistance r can_h ,   r can_l 6?50k ? ?recessive? state?, -2v     v canh     7v;  -2v     v canl     7v; p_9.1.53 differential internal resistance r diff 12 ? 100 k ? ?recessive? state?, -2v     v canh     7v; -2v     v canl     7v;  p_9.1.54 input resistance deviation  between canh and canl ? r i -3 ? 3 % 1)  ?recessive? state?, v canh  =  v canl  = 5v;  p_9.1.55 input capacitance canh,  canl versus gnd c in ? 2040pf 1)   p_9.1.56 differential input capacitance c indiff ? 1020pf 1)   p_9.1.57 bus transmitter canl, canh ?recessive?  output voltage normal-operating mode v canl,h 2.0 2.5 3.0 v v txd = v io,  no load; p_9.1.58 canh, canl ?recessive?  output voltage difference normal-operating mode v diff_r_nm  =  v canh  - v canl   -500 ? 50 mv v txd  =  v io ,  no load;  p_9.1.59 canl ?dominant?  output voltage normal-operating mode v canl 0.5 ? 2.25 v v txd =0v;  50 ? < r l  data sheet 23 rev. 1.0  2017-08-09 hs can transceiver high speed can transceiver electrical characteristics differential voltage  ?dominant? normal-operating mode v diff  =  v canh  -  v canl v diff_d_nm 1.5 2.0 3.0 v v txd =0v,  50 ? < r l  data sheet 24 rev. 1.0  2017-08-09 hs can transceiver high speed can transceiver electrical characteristics delay times delay time for mode change t mode ? ? 20 s 1)   p_9.1.79 can activity filter time t filter 0.5 ? 1.8 s 1)  (see  figure 11 );  p_9.1.81 bus wake-up time-out t wake 0.8 ? 10 ms 1)  (see  figure 11 );  p_9.1.82 bus wake-up delay time t wu ??5s (see  figure 11 );  p_9.1.83 can fd characteristics received recessive bit width at 2 mbit/s t bit(rxd)_2m 400 500 550 ns c 2 = 100 pf, c rxd =15pf,  t bit = 500 ns,  (see  figure 17 );  p_9.1.84 received recessive bit width at 5 mbit/s t bit(rxd)_5m 120 200 220 ns c 2 = 100 pf, c rxd =15pf,  t bit = 200 ns,  (see  figure 17 );  p_9.1.85 transmitted recessive bit  width at 2 mbit/s t bit(bus)_2m 435 500 530 ns c 2 = 100 pf, c rxd =15pf,  t bit = 500 ns,  (see  figure 17 );  p_9.1.86 transmitted recessive bit  width at 5 mbit/s t bit(bus)_5m 155 200 210 ns c 2 = 100 pf, c rxd =15pf,  t bit = 200 ns,  (see  figure 17 );  p_9.1.87 receiver timing symmetry at  2mbit/s ? t rec_2m  =  t bit(rxd)_2m  -  t bit(bus)_2m ? t rec_2m -65 ? 40 ns c 2 = 100 pf, c rxd =15pf,  t bit = 500 ns,  (see  figure 17 );  p_9.1.88 receiver timing symmetry at  5mbit/s ? t rec_5m  =  t bit(rxd)_5m  -  t bit(bus)_5m ? t rec_5m -45 ? 15 ns c 2 = 100 pf, c rxd =15pf,  t bit = 200 ns,  (see  figure 17 );  p_9.1.89 1) not subject to production test, specified by design. 2) vsym shall be observed during domi nant and recessive state and also duri ng the transition from dominant to  recessive and vice versa, while txd  is stimulated by a sq uare wave signal with a frequency of 1 mhz. table 6    electrical characteristics  (cont?d) 4.5 v < v cc  data sheet 25 rev. 1.0  2017-08-09 hs can transceiver high speed can transceiver electrical characteristics 9.2 diagrams figure 15    test circuit  for dynamic characteristics figure 16    timing diagrams  for dynamic characteristics figure 17    recessive bit time for five ?dom inant? bits followed by one ?recessive? bit TLE9251V 3 gnd 2 4 5 1 8 100 nf 6 canl 7 canh r l /2 v cc v io txd stb rxd c 2 c rxd 100 nf r l /2 c 1 v diff txd t t rxd 0.9 v t loop(h,l)   t d(l),t t d(l),r   0.5 v t loop(l,h) t d(h),t t d(h),r 0.3 x v io 0.3 x v io 0.7 x v io 0.7 x v io t v diff txd t t rxd 0.9 v 5 x t bit 0.5 v t loop(h,l) t t bit t bit(bus) t loop(l,h) t bit(rxd) 0.3 x v io 0.7 x v io 0.7 x v io 0.3 x v io 0.3 x v io v diff  = v canh  - v canl

 data sheet 26 rev. 1.0  2017-08-09 hs can transceiver high speed can transceiver application information 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 ? ) have been performed. the results and test conditions are available in a separate test report. 10.2 application example figure 18    application circuit table 7    esd robustness according to iec61000-4-2 performed test result unit remarks electrostatic discharge voltage at pin canh and  canl versus gnd   +11 kv 1) positive pulse 1) not subject to production test. esd susc eptibility ?esd gun? according to gift / ict paper: ?emc evaluation of can  transceivers, version iec ts62228?, section 4.3. (din en61000-4-2) tested by external test facility (ibee zwickau,  emc test report nr. 01-07-2017 and nr. 06-08-17) electrostatic discharge voltage at pin canh and  canl versus gnd   -11 kv 1) negative pulse example ecu design canh canl v bat TLE9251V v cc canh canl gnd stb txd rxd 7 6 1 4 8 2 3 microcontroller  e.g. xc22xx v cc gnd out out in tle4476d gnd iq1 100 nf 100 nf 22   f en q2 v io 22   f 100 nf TLE9251V v cc canh canl gnd stb txd rxd 7 6 1 4 8 2 3 microcontroller  e.g. xc22xx v cc gnd out out in tle4476d gnd iq1 100 nf 100 nf 22   f en q2 v io 22   f 100 nf 5 5 canh canl 120  ohm 120  ohm

 data sheet 27 rev. 1.0  2017-08-09 hs can transceiver high speed can transceiver application information 10.3 voltage adaption to  the microcontroller supply to adapt the digital input and output  levels of the TLE9251V to the i/o  levels of the microcontroller, connect the power supply pin  v io  to the microcontroller voltage supply (see  figure 18 ). note: in case no dedicated digital supply voltage v io  is required in the application, connect the digital  supply voltage v io  to the transmitter supply v cc . 10.4 further application information ? existing application note of TLE9251V:  www.infineon.com/TLE9251V-an ? for further information you may visit:  http://www.infineon.com/a utomotive-transceiver

 data sheet 28 rev. 1.0  2017-08-09 hs can transceiver high speed can transceiver package outline 11 package outline figure 19    pg-tson-8 (plastic thin small outline nonleaded) figure 20    pg-dso-8 (pla stic dual small outline) green product (rohs compliant) to meet the world-wide customer requirements for en vironmentally friendly products and to be compliant with government regulations the device is available as  a green product. green pr oducts 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 info rmation on alternative pa ckages, please visit our website: http://www.infineon.com/packages . dimensions in mm

 data sheet 29 rev. 1.0  2017-08-09 hs can transceiver high speed can transceiver revision history 12 revision history revision date changes 1.0 2017-08-09 data sheet created

 trademarks all referenced product or service  names and trademarks are the proper ty of their respective owners. edition 2017-08-09 published by  infineon technologies ag 81726 munich, germany ? 2017 infineon technologies ag. all rights reserved. do you have a question about any  aspect of this document? email:  erratum@infineon.com important notice the information given in  this document shall in no event be regarded as a guarantee of conditions or characteristics ("beschaffenheitsgarantie").  with respect to any examples, hints or any typical values stated herein and/or any information regarding the application of the product, infineon technologies hereby disclaims any and all warranties and liabilities of any kind, including without limitation warranties of non-infringement of intellectual property rights of any third party.  in addition, any information given in this document is subject to customer's comp liance with its obligations stated in this document and any applicable legal requirements, norms and standards concerning customer's products and any use of the product of infineon technologies in customer's applications.  the data contained in this document is exclusively intended for technically trained staff. it is the responsibility of customer's technical departments to evaluate the suitability of the product for the intended application and the completeness of the product information given in this document with respect to such application.   for further information on technology, delivery terms and conditions and prices, please contact the nearest infineon technologies office ( www.infineon.com ). warnings due to technical requirements products may contain dangerous substances. for  information on the types in question please contact your nearest infineon technologies office. except as otherwise explicitly approved by infineon technologies in a written document signed by authorized representatives  of infineon technologies, infineon technologies? products may not be used in any applications where a failure of the product or any consequences of the use thereof can reasonably be expected to result  in personal injury.
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