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2 Description

The TLE 6260 is a monolithic integrated circuit which is available in both, the enhanced
power package P-DSO-28-6 and the power package P-DSO-36-12. It incorporates a
failure tolerant low speed CAN-transceiver for differential mode data transmission, a
triple low dropout voltage regulator as well as a serial peripheral interface (SPI) to control
and monitor the IC. Further there are integrated  wake-up inputs for monitoring of
external contacts, a high side switch to supply e.g. external wake-up contacts, a ground
shift detection system, a window watchdog circuit and a bidirectional reset circuit as well
as a fail safe output. 

The IC is designed to withstand the severe conditions of automotive applications.

Type Ordering Code Package

TLE 6260-1 G Q67007-A9463 P-DSO-28-6

TLE 6260-2 G on request P-DSO-28-6

TLE 6260 GP Q67007-A9464 P-DSO-36-12

1 Overview

1.1 Features

• Fault tolerant differential CAN-transceiver
• CAN data transmission rate up to 125 kBaud
• Bus failure management
• Fail-safe management and output
• Low power mode management
• Very low power consumption in sleep mode
• Dual low-dropout 5V regulator
• Independent CAN-transceiver supply
• Power on and under-voltage reset generator
• Window watchdog
• Programable time base
• 32/8 bit SPI-Interface
• Three wake-up inputs
• High side switch
• Ground-shift detection
• Wide input voltage and temperature range
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3 Pin Configurations

(top view)
            

Figure 1 
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(top view)          

Figure 2 
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4 Pin Definitions and Functions: P-DSO-28-6

Pin No. Symbol Function

1 TxD CAN Transmit data input; integrated pull up

2 VCC1 Output voltage regulator 1; 5V logic supply, block to GND with 
an external capacitor CQ ≥ 6 µF, ESR < 10 Ω

3 RxD CAN Receive data output; integrated pull up 

4 RO Reset output / input; open drain output, integrated pull up, active 
low

5 INT Interrupt output; monitors failures and events in parallel to the 
SPI diagnosis word, reseted via SPI

6, 7, 8, 9,
20, 21, 
22, 23

GND Ground; to reduce thermal resistance place cooling areas on 
PCB close to these pins.

10 DO SPI interface data out; this tristate output transfers diagnosis 
data to the control device; the output will remain 3-stated unless 
the device is selected by a low on Chip-Select-Not (CSN); see 
table 6 for Diagnosis protocol

11 DI SPI interface data in; receives serial data from the control 
device; serial data transmitted to DI is a 32 / 8 bit control word with 
the Least Significant Bit (LSB) being transfered first: the input has 
an active pull down and requires CMOS logic level inputs; DI will 
accept data on the falling edge of CLK-signal; see table 5 for 
input data protocol 

12 CLK SPI interface clock input; clocks the shiftregister; CLK has an 
internal active pull down and requires CMOS logic level inputs, 
works as wake-up input when device is in sleep mode

13 CSN SPI interface chip select not; CSN is an active low input; serial 
communication is enabled by pulling the CSN terminal low; CSN 
input should only be transitioned when CLK is low; CSN has an 
internal active pull up and requires CMOS logic level inputs

14 WK3 Wake-Up input 3; for detection of external wake-up events, 
wake-up monitored at INT, RxD and SPI, in sleep mode 
controlled by cyclic sense function when selected

15 WK2 Wake-Up input 2; for detection of external wake-up events, 
wake-up monitored at INT, RxD and SPI, in sleep mode 
controlled by cyclic sense function when selected
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16 WK1 Wake-Up input 1 or Battery voltage monitoring input; for 
detection of external wake-up events, wake-up monitored at INT, 
RxD and SPI, in sleep mode controlled by cyclic sense function 
when selected ; or (selectable via SPI) for monitoring the battery 
voltage

17 VCC2

FS

Output voltage regulator 2; 5V supply, block to GND with an 
external capacitor CQ ≥ 10 µF, ESR < 10 Ω (version TLE 6260-1)
Fail Safe output; open collector output, internal pull up, to control 
external safety critical applications (version TLE 6260-2)

18 RTH Termination input; for CANH

19 CANL L bus line; LOW in dominant state

24 CANH H bus line; HIGH in dominant state

25 VCCI Internal voltage regulator; for stabilisation of CAN circuitry 
supply, block to GND with an external capacitor CQ ≥ 6 µF,
ESR < 10 Ω

26 RTL Termination input; for CANL

27 +VS Power supply; block to GND directly at the IC with ceramic 
capacitor

28 OUTHS High side output; controlled via SPI, in sleep mode controlled by 
cyclic sense function when selected

Pin No. Symbol Function
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5 Pin Definitions and Functions:  P-DSO-36-12

Pin No. Symbol Function

1,9,18, 
19,27,36

GND Ground

3,8,10, 
15,17, 
22,28, 
29,34

n.c. not connected

2 TxD CAN Transmit data input; integrated pull up

4 VCC1 Output voltage regulator 1; 5V logic supply, block to GND with 
an external capacitor CQ ≥ 6 µF, ESR < 10 Ω

5 RxD CAN Receive data output; integrated pull up 

6 RO Reset output / input; open drain output, integrated pull up, active 
low

7 INT Interrupt output; monitors failures and events in parallel to the 
SPI diagnosis word, reseted via SPI

11 DO SPI interface data out; this tristate output transfers diagnosis 
data to the control device; the output will remain 3-stated unless 
the device is selected by a low on Chip-Select-Not (CSN); see 
table 6 for Diagnosis protocol

12 DI SPI interface data in; receives serial data from the control 
device; serial data transmitted to DI is a 32 / 8 bit control word with 
the Least Significant Bit (LSB) being transfered first: the input has 
an active pull down and requires CMOS logic level inputs; DI will 
accept data on the falling edge of CLK-signal; see table 5 for 
input data protocol 

13 CLK SPI interface clock input; clocks the shiftregister; CLK has an 
internal active pull down and requires CMOS logic level inputs, 
works as wake-up input when device is in sleep mode

14 CSN SPI interface chip select not; CSN is an active low input; serial 
communication is enabled by pulling the CSN terminal low; CSN 
input should only be transitioned when CLK is low; CSN has an 
internal active pull up and requires CMOS logic level inputs

16 WK3 Wake-Up input 3; for detection of external wake-up events, 
wake-up monitored at INT, RxD and SPI, in sleep mode 
controlled by cyclic sense function when seleced
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20 WK2 Wake-Up input 2; for detection of external wake-up events, 
wake-up monitored at INT, RxD and SPI, in sleep mode 
controlled by cyclic sense function when selected

21 WK1 Wake-Up input 1 or Battery voltage monitoring input; for 
detection of external wake-up events, wake-up monitored at INT, 
RxD and SPI, in sleep mode controlled by cyclic sense function 
when selected; or (selectable via SPI) for monitoring the battery 
voltage

23 FS Fail Safe output; open collector output, internal pull up, to control 
external safety critical applications

24 VCC2 Output voltage regulator 2; 5V supply, block to GND with an 
external capacitor CQ ≥ 10 µF, ESR < 10 Ω

25 RTH Termination input; for CANH

26 CANL L bus line; LOW in dominant state

30 CANH H bus line; HIGH in dominant state

31 VCCI Internal voltage regulator; for stabilisation of CAN cricuitry 
supply, block to GND with an external capacitor CQ ≥ 6 µF,
ESR < 10 Ω

32 RTL Termination input; for CANL

33 +VS Power supply; block to GND directly at the IC with ceramic 
capacitor

35 OUTHS High side output; controlled via SPI, in sleep mode controlled by 
cyclic sense function when selected

Pin No. Symbol Function
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6 Functional Block Diagram (P-DSO-36-12 version)
   

Figure 3
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7 Circuit Description

The TLE 6260 which is also called SBC (System Basis Chip) in the following, is a
monolithic IC, that incorporates a failure tolerant low speed CAN-transceiver for
differential mode data transmission, a triple low dropout voltage regulator for internal and
external 5V supply as well as a SPI to control and monitor the IC. Further there are
integrated three wake-up monitors, a high side switch, a ground shift detection function,
a window watchdog circuit and a reset and fail safe generator.

Figure 3 shows a block schematic diagram of the TLE 6260.

7.1 SBC and CAN Operation Mode

The TLE 6260 offers three different operation modes: SBC-normal mode, SBC-stand-by
mode and SBC-sleep mode. Further there is a so called Emergency mode. In SBC-
normal mode three additional sub-modes are possible: CAN-normal, CAN-RxD mode,
CAN-sleep. These modes are selected via the SPI input bits 4, 5 and 6. Please refer to
table 1, truth table and table 8, SBC  modes. 

When switching the TLE 6260 from SBC-normal mode in SBC-stand-by mode or SBC-
sleep mode the CAN-transceiver is automatically switched to a dynamic mode called
RxD-256ms mode. In this mode the transceiver will still transmit messages to the RxD
pin and leave the CANL termination at 5V level. If there is no longer any data
transmission on the CAN-bus for typ. 256 ms the CAN-transceiver is automatically set to
CAN-sleep mode.

Figure 4 shows the mode state diagram of the TLE 6260. It is recommended not to
switch directly from SBC-normal to SBC-sleep but to use the SBC-stand-by mode until
the CAN-transceiver is set to CAN-sleep. Otherwise a wake-up via the CAN-bus that
occurs within typ. 256 ms can not be detected and the TLE 6260 will remain in the SBC-
sleep mode.

VCC2 can be switched off in the SBC-normal mode whereas it is automatically disabled
in the SBC-stand-by and SBC-sleep mode. 

When the TLE 6260 is connected to battery voltage the first time (or the +VS fail condition
was met: +VS fail diagnosis bit 6 = LOW) the TLE 6260 is automatically set to SBC-
normal / CAN-sleep. Then it has to be initialised by the microcontroller according to the
application specific timing and function requirements. For correct initialisation the SPI
input bit 20 (Initialise) has to be set high, otherwise the input bits 21 to 31 are not
accepted by the SBC.

Changing of the application specific data is possible at any time in SBC-normal and
SBC-stand-by mode. To be sure that the information is not damaged by low input voltage
the initialisation has to be repeated after each reset (under-voltage reset, watchdog
reset, external reset, power on reset). Also the initialisation has to be refreshed after
each wake-up from SBC-sleep mode.



Target Data TLE 6260
confidential

10 version: 2.05 date: 21.12.00

Figure 4: Mode State Diagram
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the bus termination is automatically set to 5V level immediately. The message can now
be received by either changing the mode or releasing the RxD-output by setting bit 12 of
the SPI input word high. 

The Emergency mode shall only be selected when a fatal error has been recognised that
would disturb the whole CAN system. To select this mode, the input bits Initialise (bit 20)
and Emergency mode (bit 24) have to be selected in addition to the bits Mode1, Mode2,
Mode3 (bit 4 to 6). The Emergency mode can only be left by switching off the power
supply.

 

1) approx. 65 times longer watchdog periode than in SBC-normal mode
2) automatically activated when cyclic sense wake-up feature is selected
3) only ON when CAN-transceiver is in CAN-normal mode
4) only active when selected via SPI by stetting the VBat Flag
5) when both time controlled wake-up features selected, then the cyclic wake-up time is quadrupled
6) no bus wake-up capability while RxD-256ms mode is active
7) only on when the fail safe requirements are met

Table 1   Truth Table for SBC Modes

Feature SBC-Normal SBC-Stand-By SBC-Sleep

VCC1 ON ON OFF

Reset Output / Input ON ON OFF

VCC2 OFF / ON OFF OFF

CAN-Transceiver / VCCI normal / RxD 256ms 
/ RxD-mode / sleep

RxD-256ms / sleep RxD-256ms /sleep

Window Watchdog ON ON 1) OFF

SPI ON ON OFF

HS-Switch ON / OFF ON / OFF OFF2)

Wake-Up Inputs ON ON ON

GND-Shift Monitor ON 3) OFF OFF

VBat Monitor ON4) ON4) OFF

+VS Monitor ON ON ON

Cyclic Wake-Up OFF OFF ON 5)

Cyclic Sense OFF OFF ON 5)

CAN-bus Wake-Up ON ON ON6)

SPI Wake-Up OFF OFF ON

Fail Safe Output ON7) OFF OFF
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7.2 CAN Transceiver

The TLE 6260 is optimised for low speed data transmission up to 125 kbaud in
automotive applications. Normally a differential signal is transmitted or received
respectively. When a bus wiring failure (see table7) is detected the device automatically
switches to a dedicated CANH or CANL single-wire mode to maintain the communication
if necessary. Therefore it is equipped with one differential receiver and four single ended
comparators (two for each bus line). To avoid false triggering by external RF influences
the single wire modes are only activated after a certain delay time. As soon as the bus
failure disappears the transceiver switches back to differential mode after another time
delay. The CAN failures are monitored via SPI diagnosis bits 22 to 31 (see table 6). It is
possible to distinguish 9 CAN bus failures, the TxD-time-out error as well as thermal
shutdown of the CANH / CANL output stage.  In addition a bus failure is monitored at pin
INT until the next SPI transmission. Bit 6 indicates a common CAN failure. By this a
prewarning in parallel to the interrupt at pin INT is possible when the SPI is in 8 bit mode.

The CAN-Failures are stored in the SPI latches until they are reseted by the input bit 12.

To reduce EMI the dynamic slopes of the CANL and CANH signals are both limited and
symmetric. This allows the use of an unshielded twisted or parallel pair of wires for the
bus. During single-wire transmission (bus-failure) the EMI performance of the system is
degraded from the differential mode.

The differential receiver threshold is set to typ. -2.8 V. This ensures correct reception in
the normal operation mode as well as in the failure cases 1, 2, 3a and 4 with a noise
margin as high as possible. For these failures further failure management is not
necessary. Detection of the failure cases 1, 2, 3a and 4 is only possible when the bus is
dominant. 

When one of the bus failures 3, 5, 6, 6a, and 7 is detected, the defective bus wire is
disabled by switching off the affected bus termination and output stage.

Should the TxD input be dominant for a period of typ. 1 ms the TxD time-out feature
becomes active and disables the CANH and CANL output driver in order to prevent the
bus from being blocked by a permanent TxD signal. A TxD timeout is monitored via the
SPI bit 31 and the common CAN-failure bit 6. To check whether the failure condition is
still valid, the diagnosis bits have to be frequently reseted via input bit 12. For activation
of the output stages when the TxD input becomes recessive again, the SBC has to be
set in SBC-normal / CAN-normal via the SPI.

The CAN-transceiver offers three different modes which are controlled via the SPI in
SBC-normal mode respectively by the SBC itself in SBC-stand-by and SBC-sleep mode.
Further there is the dynamic mode RxD-256ms. Whereas the CAN-normal mode and the
CAN-sleep mode correspond to the modes of the stand alone CAN-transceiver
TLE6252, the CAN-receive-only mode (RxD-only mode) is similar to the CAN-normal
mode but do not allow to transmit any messages to the bus. In SBC-normal mode the
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CAN-transceiver mode is selected via the SPI mode control bits 4, 5 and 6. In the SBC-
stand-by and SBC-sleep mode the transceiver is automatically set to CAN-RxD-only
mode until there is no longer communication on the bus for a period of typ. 256 ms. Then
the transceiver is set to CAN-sleep mode.

The transceiver is supplied via +VS and the internal voltage regulator output VCCI. 

In CAN-sleep mode a wake-up via one or both bus lines, CANH or CANL sets the
TLE 6260 in SBC-normal mode, CAN-RxD-256ms mode, VCC2 OFF. The wake-up is
flagged by setting the outputs RxD and INT low. In parallel a CAN-wake-up is monitored
via the SPI diagnosis bit 15. The RxD remains low until the CAN-mode is changed or
input bit 12 is set high. After or in parallel to  the initialisation the CAN-mode has to be
changed to SBC-normal / CAN-normal to allow the microcontroller to send a message,
or an acknowledgement respectively.

7.3 Low Dropout Voltage Regulator VCC1

The output VCC1 is intended for 5V logic supply. It is able to drive external  loads up to
100 mA  with an output voltage tolerance better than ± 2%.

An external reverse current protection at +VS is recommended to prevent the output
capacitor from being discharged by negative transients or low input voltage. 

Stability of the output voltage is guaranteed for output capacitors CQ1 ≥ 6 µF,
ESR < 10 Ω. Nevertheless some applications require a much larger output capacitance
to buffer the output voltage in case of low input voltage or negative transients. 

Bit 0 of the SPI diagnosis word monitors a thermal prewarning of the voltage regulator
block. By this the microcontroller is able to reduce the power dissipation of the TLE 6260
by switching off functions of minor priority (e.g. VCC2) before the threshold of the thermal
shutdown is reached. 

Should a temperature shutdown of VCC1 occur, the TLE6260 is automatically set in SBC-
sleep mode. 

The voltage regulator output VCC1 is protected against overload and over-temperature.
In case of a VCC1 short to GND condition the SBC is automatically switched to SBC-
sleep mode after a delay of typ. 128 ms.

7.4 Low Dropout Voltage Regulator VCC2

The VCC2 is intended for the internal supply of the CAN power stages and additional
external loads (e.g. sensors) up to 150 mA. It’s output voltage tracking accuracy is better
than ±0.01*VCC1.

An external reverse current protection at the supply input Vs is recommended to prevent
the output capacitor from being discharged by negative transients or low input voltage. 
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Stability of the output voltage is guaranteed for output capacitors CQ2 ≥ 10 µF,
ESR < 10 Ω. Nevertheless a lot of applications require a much larger output capacitance
to buffer the output voltage in case of low input voltage or transients. 

The SPI diagnosis bit 0 monitors a thermal prewarning of the voltage regulator block
whereas bit 8 flags a thermal shutdown of VCC2. Due to the prewarning function the
microcontroller is able to reduce the power dissipation of the TLE 6260 by switching off
functions of minor priority (e.g. VCC2) before the threshold of the thermal shutdown is
reached. After the thermal shutdown condition disapeares VCC2 has to be enabled via
the SPI input bit 3.

VCC2 can be enabled via the SPI input bit 3 in SBC-normal mode. As soon as VCC2 is
switched off, the Interrupt output as well as the SPI diagnosis bit 11, VCC2 under-voltage
are monitoring this. In SBC-stand-by mode, SBC-sleep mode, thermal shut-down
condition or any reset condition VCC2 is automatically disabled by the SBC itself. When
the chip has cooled down after a thermal shutdown condition the SPI input bit 3 has to
be set low and then high to activate VCC2 again.

The voltage regulator output VCC2 is protected against overload and over-temperature
as well as shorts to ground or battery voltage.

7.5 Low Dropout Voltage Regulator VCCI

The VCCI is an independent voltage regulator for the internal supply of the CAN-
transceiver. It is automatically enabled when its output voltage is higher than typ. 4.5V.
Below this threshold it is enabled by the TLE 6260 itself. To stabilise the internal supply
an external capacitor CQI ≥ 6 µF, ESR < 10 Ω is necessary at the pin VCCI. The internal
supply is separated from VCC2 to ensure save operating of the CAN-transceiver even at
a short circuit of VCC2 or when the TLE 6260 is set to SBC-stand-by or SBC-sleep mode
and the bus has to be terminated to 5V. In addition there is no influence to the VCC1 and
VCC2 output voltage due to load regulation  when the CAN-transceiver output stages are
in operation. 

VCCI  is disabled when the CAN transceiver is in CAN-sleep mode. In the CAN RxD-
256ms mode VCCI remains activ in order to supply the CAN circuitry.

7.6 Window Watchdog and Reset 

When the output voltage VCC1 exceeds the reset threshold voltage the reset output RO
is switched HIGH after a fixed reset delay time of typ. 2 ms (no delay capacitor at pin
RO). A long open window for the  initialisation of the TLE 6260 and synchronisation of
the watchdog trigger is started. As soon as an under-voltage condition of the output
voltage (VCC1 < VRT) arises, the reset output RO is switched LOW again. This
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automatically causes VCC2 to be disabled and the CAN-Transceiver to be set to RxD-
256ms mode (or sleep mode respectively after typ. 256 ms). The LOW signal of the reset
output is guaranteed down to an output voltage VCC1 ≥ 1V. Please refer to figure 11,
watchdog start-up and reset timing diagram. In order to enhance the reset delay time it
is allowed to connect a ceramic capacitor from the RO ouput to ground. Up to the
threshold VROCTh there is only a small pull up current, above that threshold the pull up
current is typ. 1mA.

After the above described delayed power on reset (LOW to HIGH transition of RO) the
window watchdog circuit is started. Now the microcontroller has to initialise the TLE 6260
(programming of wake-up feature, wake-up timing, watchdog timing, ground-shift
threshold) and to service a watchdog trigger signal via the SPI interface (input bit 0)
within a fixed long open window of typ. 64 ms. 

During the long open window period a change of the SBC mode via the SPI is not
accepted. 

Within the long open window the watchdog trigger is detected as a “rising edge” of the
input bit 0 by sampling a High signal when the CSN becomes HIGH. Default value of bit
0 after each reset is Low. If the trigger signal does not meet the long open window the
TLE 6260 is automatically set into SBC-sleep mode. 

A correct watchdog service immediately results in starting a closed window followed by
an open window. From now on the open window of the watchdog circuit has to be
serviced alternating with a Low signal and a High signal. Please refer to figure 5,
watchdog state diagram and figure 14, watchdog timing diagram.

Should a watchdog trigger (in either SBC-normal mode or SBC-stand-by mode) not meet
the open window, the reset output RO is set LOW for a fixed period of typ. 2 ms. A
watchdog reset automatically results in FS (Fail Safe output) low, OUTHS and VCC2
being disabled and the CAN-transceiver being set to CAN-sleep mode or CAN-RxD-
256ms mode respectively. In addition, the SPI diagnosis bit 16 is set HIGH to monitor a
watchdog reset. Like after any reset condition a long open window is started after the
watchdog reset and the TLE 6260 has to be initialised again. A correct watchdog service
again results in starting the next closed window and in parallel setting the watchdog reset
diagnosis bit 16 LOW. Please refer to figure 13, watchdog start-up and reset timing
diagram and figure 14, watchdog timing. The watchdog timing is selected via the SPI by
the input bits 30 and 31 when initialising the SBC (see table 2). When changing the SBC
mode from normal to stand-by or the other way round, a long open window for
synchronisation of the watchdog trigger is started. In SBC-sleep mode the watchdog
feature is automatically disabled.
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Figure 5: Watchdog State Diagram

Table 2, Watchdog Timing 

typ. trigger 
time tWT
SBC-normal 

typ. closed 
window time tCW
SBC-normal 

typ. trigger 
time tWT
SBC-stand-by

typ. closed
window time tCW
SBC-stand-by 

Input bit 31 Input bit 30

   5.3 ms    4 ms   340.5 ms    256 ms 0 0

 10.6 ms    8 ms   681.0 ms    512 ms 0 1

 20.8 ms  16 ms 1361.9 ms  1024 ms 1 0

 42.6 ms  32 ms 2723.8 ms  2048 ms 1 1
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WD = watchdog
tCW = closed window perode
tOW = open window periode

WD-
Trigger

mode
change  via

SPI

t > 64 ms
(WD trigger

failure)

SBC-stand-by

WD long open
window

SBC-normal

WD long open
window

SBC-sleep

WD disabled

SBC-stand-by

WD stand-by
timing

SBC-normal

WD normal timing

WD-Reset 2)
t > 2 ms

(WD-Reset-
delay time)

WD-Trigger
Failure 1)

WD-Trigger
Failure 1)

1) WD-Trigger Failure:
   trigger at t < tCW   or
   no trigger for t > tCW + tOW

2) WD-Reset results in:
   VCC2 and OUTHS disabled
   CAN-sleep mode (or CAN-RxD-256ms)

mode
change  via

SPI

mode
change  via

SPI

mode
change  via

SPI

t > 64 ms
(WD trigger

failure)

Start UP: VCC1 > VRT
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7.7 External Reset 

The reset output RO can also be used as reset input pin to set the SBC in its default
conditions and to restart it. Therefore the voltage at RO has to be set below the threshold
VRTI. When the external reset condition is removed the SBC is set to SBC-normal / CAN
sleep or CAN-RxD-256ms respectively and expects to initialised during the long open
window. The external reset condition is flagged by the SPI diagnosis bit 19 after the start
up. 

7.8 Fail Safe 

The Fail Safe output is high as soon as the watchdog is correctly triggered for the fourth
time. Therefore the IC has to be in SBC-normal mode. FS is set low immediately as soon
as any reset condition arises or the mode is changed from SBC-normal to either SBC-
stand-by or SBC-sleep. 

7.9 High Side Switch

The high side output OUTHS is able to switch loads up to 100 mA. Its on-resistance is
typ. 2 Ω @ 25°C. This switch is controlled either via the wake-up timing function in SBC-
sleep mode (cyclic sense feature selected) or the SPI input bit 2 in SBC-stand-by and
SBC-normal mode. The time base of the wake-up timing is programmed via SPI (see
table 3). 

OUTHS is protected against short circuit and overload. This failure is monitored via the
interrupt output INT and by the SPI diagnosis bit 9. The interrupt output can be masked
for this failure. When the SBC is in sleep mode a short or overload condition at OUTHS
causes a wake-up. To enable the high side switch after the overload condition
disappeared it has to be disabled via the SPI input bit 2 before it can be switched on
again.

As soon as the under-voltage condition of the supply voltage is met (VS < VUVOFF), the
switch is automatically disabled by the under-voltage lockout circuitry. Above the VUVON
threshold the HS-switch is enabled again. Moreover OUTHS is disabled when a VCC1
reset or watchdog reset occurs. 

7.10 Wake-Up Mode and VBAT-Monitor

Further to a wake-up via one or both the CAN-bus lines three additional wake-up modes
are available. The wake-up mode is selected via the SPI input bits 21 and 22 when
initialising the SBC (see table 5). 

When no wake-up mode is selected (bit 21 = low and bit 22 = low) a change of the
voltage level at WK1, WK2 WK3 creates a wake-up from SBC sleep mode.  The TLE
6260 is set to SBC normal, CAN sleep.
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In cyclic wake-up mode (bit 22 = HIGH) the TLE 6260 is automatically set into SBC-
normal mode, CAN-sleep, after a predefined delay time (figure 4). The wake-up timing
is programmed via the SPI (see table 3) when initialising the TLE 6260. In this mode the
WK inputs are aktive, too.

In cyclic sense mode (bit 21= HIGH) the high side output OUTHS is periodically
activated. As soon as a wake-up request (positive or negative edge of an external
contact) is detected for two activation cycles at the wake-up inputs WK1 / WK2 / WK3,
the ASIC is set in SBC-normal mode, CAN-sleep, (see figure 4 and 11).  Application
hint: When the cyclic sense feature is used (like shown in figure 17 for WK2 and WK3)
and the high side switch is activated in either SBC-normal mode or SBC stand-by mode
a positive edge is created at the wake-up inputs that results in monitoring a “faulty” wake-
up request via the SPI diagnosis word and the interrupt output.

It is also possible to select the cyclic sense mode and the cyclic wake-up mode
simultaneously. Then the timing for the cyclic wake-up is automatically multiplied by 4. 

The wake-up diagnosis bits always show the logic level that has caused a wake-up. In
SBC stand-by or SBC-normal mode the WK inputs can be used as digital port
expanders. When the CSN becomes high after each SPI transmission the diagnosis bits
are set again according to the current voltage level at the inputs WK1 to WK3.

In SBC sleep mode also the SPI input CLK can be used to wake-up the SBC. Therefore
a positive edge has to be created at this input.

Each wake-up is monitored via the SPI diagnosis bits 3, 4, 5, 15 and 20 (see table 6 and
9) as well as at the interrupt outputs RxD and INT (not SPI wake-up).

The wake-up timing is programmed via the SPI (see table 3) when initialising the
TLE6260.

Table 3, Wake-Up timing 

typ. wake-up periode Control bit 29 Control bit 28 Control bit 27

     64 ms 0  0  0

   128 ms 0  0 1

   256 ms 0  1  0

   512 ms 0  1  1

 1024 ms 1  0 0

 2048 ms 1  0  1

 4096 ms 1  1  0

 8192 ms 1  1  1
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In case not all wake-up inputs are necessary in the application, the pin WK1 can be used
as a battery voltage monitor. As soon as the battery voltage drops below the VBAT-
threshold for longer than 20 µs an internal flip-flop is set LOW. Both, the SPI diagnosis
bit 1 and the interrupt output INT are monitoring this. In normal operation the flip-flop has
to be activated via the SPI control bit 9 by setting it HIGH. This function can be used as
an early warning to store data before a VCC1 reset occurs.

The wake-up inputs WK1, WK2, WK3 are active also in SBC stand-by and SBC normal
mode. If they are not used in combination with the cyclic sense feature each positive or
negative edge results in setting the interrupt output LOW as well as monitoring the wake-
up source  via the SPI diagnosis bits. 

7.11 Ground Shift Monitor

In CAN-normal mode this circuit compares the local ground (pin GND) to the recessive
state of the CANH line that represents an overall ground level. The ground shift detection
threshold has to be programmed via the SPI (see table 4) when initialising the TLE6260.
As soon as a GND-shift is sampled for two times (see fig.15) the interrupt output INT is
set low and the SPI diagnosis bit 10 is set. To start the GND-shift detection circuit again,
it has to be reseted by the input bit 8.

Table 4, GND-Shift detection threshold 

7.12 Interrupt Output INT and Diagnosis

The following failures and events are monitored by a LOW signal at the pin INT. Most of
the failures/events can be masked via the SPI input bits 13 to 19 so that unused features
do not disturbe the system. Also each failure/event is monitored at INT only until the next
SPI transmission (first negative edge at CLK with CSN = low). Then INT becomes high
again to monitor new/additional failures/events.

 Detection Threshold
 VGND,th = VCANH,rec. - VGND

Control bit 26 Control bit 25

  -2.0 V  0  0

  -1.5 V  0  1

  -1.0 V  1  0

  -0.5 V  1  1
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Monitored failures / events: 
thermal shutdown VCC2, thermal prewarning VCC, ground shift, short circuit HS-switch,
CAN-bus failure, VCC2-undervoltage, wake-up at Wake-Up inputs  WK1, WK2, WK3,
+VS-Fail, VBAT-Fail and SPI transmission failure.

7.13 SPI (Serial peripheral interface)

The 32-bit wide control word or input word (see table 5) is read in via the data input DI,
and this is synchronised with the clock input CLK supplied by the µC. The diagnosis word
appears synchronously at the data output DO (see table 6).

The transmission cycle begins when the chip is selected by the chip select not input CSN
(H to L). After the CSN input returns from L to H, the word that has been read in becomes
the new control word. The DO output switches to tristate status at this point, thereby
releasing the DO bus circuit for other uses.

For details of the SPI timing please refer to figure 6 to 10.

For each SPI transmission a parity bit (bit 7) has to be calculated. When the parity bit is
correct or rather the SPI transmission is faultless the new control word (input word) is
accepted by the SBC. The parity bit has to be set in a way that the number of “1” in the
control word  is odd. By this one bit error can be detected (hamming distance 2). A
transmission failure is monitored by setting the diagnosis bit 7 high. The new control
word is not accepted then and the failure is monitored at the INT-output as well as via
the SPI diagnosis word (bit 7) of the next SPI transmission.

To reduce the load of the microcontroller the SPI can be switched from 32 bit mode to 8
bit mode by setting bit 1 of the input word high. To get the full diagnosis report or to reset
diagnosis bits the input bit 1 has to be set low again. After each reset condition the SPI
is automatically switched back to 32 bit to to allow full diagnosis and the required new
initialisation. In principal the functionality and behaviour for 8 bit mode is the same as in
32 bit mode. The parity bit in 8 bit mode has to be calculated for the 8 bit SPI input word.
The default condition is 32 bit mode.
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Table 5                                                                      Table 6

Input Data Protocol  Diagnosis Data Protocol

BIT BIT

31 Watchdog Timing 31 Failure 8 (TxD Timeout)

30 Watchdog Timing 30 CAN Failure 7 (CANL short CANH)

29 Wake-Up Timing 29 CAN Failure 6a (CANH short VCC)

28 Wake-Up Timing 28 CAN Failure 6 (CANH short VBAT)

27 Wake-Up Timing 27 CAN Failure 5 (CANL short GND)

26 GND-Threshold 26 CAN Failure 4 (CANH short GND)

25 GND-Threshold 25 CAN Failure 3a (CANL short VCC)

24 Emergency Mode 24 CAN Failure 3 (CANL short VBAT)

23 not used 23 CAN Failure 2 (CANH open)

22 Cycle Wake-Up 22 CAN Failure 1 (CANL open)

21 Cyclic Sense 21 Thermal Shutdown CAN

20 Initialise 20 Wake-Up SPI

19 Mask WK1/3 19 External Reset

18 Mask Thermal Prewarning 18 VCC1 low voltage

17 Mask Ground-Shift 17 Thermal Shutdown VCC1

16 Mask CAN-Failure 16 Watchdog Reset

15 Mask VCC2 Undervoltage 15 Wake-Up CAN

14 Mask Thermal Shutdown VCC2 14 Mode Status 3

13 Mask Short Circuit OUTHS 13 Mode Status 2

12 Reset bits: CAN Failure + Wake-Up 
CAN + Common CAN-Bus Failure

12 Mode Status 1

11 not used 11 VCC2 Undervoltage

10 +VS Flag Set 10 Ground-Shift

9 VBAT Flag Set 9 Short Circuit OUTHS

8 GND-Shift-Detection Reset 8 Termal Shutdown VCC2

7 Parity Bit 7 SPI Transmission Error

6 Mode Control 3 6 Common CAN-Bus Failure

5 Mode Control 2 5 WK 3 level

4 Mode Control 1 4 WK 2 level

3 VCC2 Enable 3  WK 1 level

2 OUTHS Enable 2 +VS Fail Not

1 32 <--> 8 bit SPI (H = 8 bit mode) 1 VBAT Fail Not

0 Watchdog Trigger 0 Temperature Prewarning VCC

H = ON
L = OFF

H = ON
L = OFF
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Table 8, SBC mode input bits at pin DI

Table 9, SBC and CAN mode diagnosis bits at pin DO

Table 7, CAN bus line failure cases (according to ISO 11519-2)

failure
#

failure description

1 CANL line interrupted

2 CANH line interrupted

3 CANL shorted to VBAT, CANL > 7.2 V

3a (no ISO failure) CANL shorted to VCC; 2.2 V < CANL < 7.2 V

4 CANH shorted to GND

5 CANL shorted to GND

6 CANH shorted to VBAT; CANH > 7.2 V

6a (no ISO failure) CANH shorted to VCC; 2.2 V < CANH < 7.2 V

7 CANL shorted to CANH

8 (no ISO failure) TxD permanent LOW time out

SBC Mode CAN Mode VCC2 
(controled via bit 3)

DI bit 6 DI bit 5 DI bit 4

SBC-normal CAN-sleep (RxD-256ms) OFF (ON) 0 0 0

SBC-normal CAN-RxD-mode OFF (ON) 1 0 0

SBC-normal CAN-normal OFF (ON) 0 1 0

SBC-stand-by CAN-sleep (RxD-256ms) OFF 0 0 1

SBC-sleep CAN-sleep (RxD-256ms) OFF 1 1 1

Emergency all functions off 1 0 1

SBC Mode CAN Mode DO bit 14 DO bit 13 DO bit 12

SBC-normal CAN-sleep 0 0 0

SBC-normal CAN-RxD-only 1 0 0

SBC-normal CAN-RxD-256ms 0 1 1

SBC-normal CAN-normal 0 1 0

SBC-stand-by CAN-RxD-256ms 1 1 0

SBC-stand-by CAN-sleep 0 0 1
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8 Electrical Characteristics
  

8.1 Absolute Maximum Ratings

Parameter Symbol Limit Values Unit Remarks

min. max.

Voltages

Supply voltage VS – 0.3 28 V –

Supply voltage VS – 0.3 40 V tp< 0.5s; tp/T < 0.1

Regulator output voltage VCC1 – 0.3 6.0 V

Regulator output voltage VCC2 – 1.0 28 V

Regulator output voltage VCC2 – 1.0 40 V tp< 0.5s; tp/T < 0.1

CAN input voltage 

(CANH, CANL)
VCANH/L – 10 28 V

CAN input voltage
(CANH, CANL)

VCANH/L – 40 40 V VS >0 V
tp< 0.5s; tp/T < 0.1

Logic input voltages ( DI, CLK, 
CSN, TxD)

VI – 0.3 VCC1 

+0.3
V 0 V < VS < 24 V

0 V < VCC1 < 5.5 V

Logic output voltage 
(DO, INT, RO, RxD)

VDO/RO/RD – 0.3 VCC1 

+0.3
V 0 V < VS < 24 V

0 V < VCC1 < 5.5 V

Termination input voltage 
(RTH, RTL)

VTL /TH – 0.3 VS 

+0.3
V 0 V < VS < 24 V

0 V < VCC1 < 5.5 V

Input voltage at Wake Input 
WK1

VWK1 – 0.3 VS +1 V 0 V < VS < 24 V
0 V < VCC1 < 5.5 V

Input voltage at Wake Input 
WK1

VWK1 – 40 0 V 0 V < VS 

Input voltage at Wake Input 
WK1

VWK1 – 40 40 V VS >0 V
tp< 0.5s; tp/T < 0.1

Input voltage at Wake Inputs 
WK2, WK3

VWK2/3 – 0.3 VS +1 V 0 V < VS < 24 V
0 V < VCC1 < 5.5 V

Input voltage at Wake Inputs 
WK2, WK3

VWK2/3 – 40 40 V VS >0 V
tp< 0.5s; tp/T < 0.1

Internal regulator output VCCI – 0.3 6.0 V
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Note: Maximum ratings are absolute ratings; exceeding any one of these values may cause
irreversible damage to the integrated circuit.

Currents

Output current; Vcc ICC – – A internally limited

Output current; OUTHS IOUTHS * 0.3 A * internally limited

Temperatures

Junction temperature Tj – 40 150 °C –

Storage temperature Tstg – 50 150 °C –

8.1 Absolute Maximum Ratings (cont’d)

Parameter Symbol Limit Values Unit Remarks

min. max.
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8.2 Operating Range

Parameter Symbol Limit Values Unit Remarks

min. max.

Supply voltage VS 5.7 28 V

Logic input voltage (DI, CLK, 
CSN, TxD )

VI – 0.3 VCC1 V –

Output capacitor CV1 C1 6 µF

Output capacitor CV2 C2 10 µF

Output capacitor CVI CI 6 µF

C1-Series Resistor RESR1 10 Ω f = 10kHz

C2-Series Resistor RESR2 10 Ω f = 10kHz

CI-Series Resistor RESRI 10 Ω f = 10kHz

SPI clock frequency fCLK – 1 MHz –

Junction temperature Tj – 40 150 °C –

Thermal Resistances

Junction pin P-DSO-28-6 Rthj-pin – 25 K/W measured to pin 7

Junction ambient P-DSO-28-6 Rthj-a – 65 K/W –

Junction case P-DSO-36-10 Rthj-case – 4 K/W

Junction ambient 
P-DSO-36-10

Rthj-a – 65 K/W –
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8.3 Electrical Characteristics

VS = 13.5 V; SBC-normal-mode; – 40 °C < Tj < 140 °C; all voltages with respect to ground; positive
current defined flowing into pin; unless otherwise specified.

Parameter Symbol Limit Values Unit Test Condition

min. typ. max.

Quiescent current Pin +VS

Current consumption
Iq = IS - IV1/2

Iq – 5 10 mA TxD recessive

Current consumption
Iq = IS - IV1/2

Iq – 8 15 mA TxD dominant

Current consumption
Iq = IS - IV1

Iq – 500 800 µA SBC-stand-by mode

Quiescent current
Iq = IS

Iq – 80 100 µA SBC-sleep mode;  
Tj<85°C

Quiescent current
Iq = IS

Iq – t.b.d µA SBC-sleep mode, 
cycle sense or cycle 
wake-up;  Tj<85°C

Quiescent current
Iq = IS - IOUTHS

Iq – 2 mA HS-switch + wake-up 
inputs active; SBC-
sleep mode, (cycle 
sense); Tj<85°C

Thermal Prewarning and Shutdown (junction temperatures)

Thermal prewarning 
ON temperature

TjPW 140 155 170 °C bit 0 of SPI 
diagnosis word

Thermal prewarning hyst. ∆T  – 10  – K –

Thermal shutdown temp. TjSD 160 175 190 °C –

Thermal shutdown hyst. ∆T  – 30  – K –

Ratio of SD to PW temp. TjSD / TjPW 1.13  –  – –
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Voltage Regulator Output VCC1 

Output voltage VCC1 4.9 5.0 5.1 V 6 V < VS < 28 V;

0.1mA< ICC1<100mA

Output voltage VCC1 4.8 5.0 5.2 V 6 V < VS  < 28 V;

ICC1< 0.1mA

Output voltage VCC1 4.8 5.0 5.2 V 6 V < VS  < 28 V;

SBC-stand-by mode

Line regulation ∆VCC1 -20 5 20 mV 6 V < VS < 16 V;
ICC = 1mA

Load regulation ∆VCC1 -20 -10 20 mV 1mA< ICC<100mA;

Power supply ripple rejection PSRR 40 dB VS < 1 Vss; 
CQ ≥ 6µF
100Hz< f <100kHz

Output current limt ICC1max -120 -100 mA note 1); VS = 6.5V

Output current limt ICC1max -200 -150 mA VCC1 = 0V; VS = 6.5V 

Dropvoltage
VDR = VS - VCC1

VDR 0.10 0.30 V ICC1 = 20 mA; note 1) 

Dropvoltage
VDR = VS - VCC1

VDR 0.30 0.50 V ICC1 =100 mA;  note 1) 

Output capacitance CV1 6 µF

ESR of output capacitance RESRV1 10 Ω at 10 kHz

Voltage Regulator Output VCC2 

Output voltage tracking 
accuracy
 ∆VCC2  = VCC1 - VCC2

∆VCC2 -50 50 mV 6 V < VS < 28 V;
1 mA < ICC2 < 100 mA

Output voltage tracking 
accuracy

∆VCC2 -100 100 mV 6 V < VS  < 28 V;

1 µA< ICC2< 50µA

Line regulation ∆VCC2 -20 -5 20 mV 6 V < VS < 16 V;
ICC2 = 1mA

Load regulation ∆VCC2 -20 -10 20 mV 1mA < ICC2 < 100mA;

8.3 Electrical Characteristics (cont’d)

VS = 13.5 V; SBC-normal-mode; – 40 °C < Tj < 140 °C; all voltages with respect to ground; positive
current defined flowing into pin; unless otherwise specified.

Parameter Symbol Limit Values Unit Test Condition

min. typ. max.
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Power supply ripple rejection PSRR 40 dB VS < 1 Vss; 
CQ ≥ 10µF
100Hz< f <100kHz

Output current limt ICC2max -170 -150 mA note 1); VS = 6.5V

Output current limt ICC2max -100 mA VCC2 = 0V; VS = 6.5V

Dropvoltage
VDR = VS - VCC2

VDR 0.3 0.7 V ICC2 = 100 mA; note 1) 

Output capacitance CV2 10 µF

ESR of output capacitance RESRV2 10 Ω at 10 kHz

Internal Voltage Regulator VCCI 

Output voltage VCCI 4.8 5.0 5.2 V 6 V < VS < 28 V;

0.1mA< ICCI<100mA

Line regulation ∆VCCI -40 -20 40 mV 6 V < VS < 16 V;
ICCI = 1mA

Load regulation ∆VCCI -40 -10 40 mV 1mA < ICCI < 50mA;

Power supply ripple rejection PSRR tbd 40 dB VS < 1 Vss; 
CQ ≥ 10µF
100Hz< f <100kHz

Dropvoltage
VDR = VS - VCCI

VDR 0.5 0.7 V ICCI = 50mA; note 1) 

note 1) measured when the output voltage VCC has dropped 100 mV from the nominal value obtained at 
      13.5 V input voltage VS

8.3 Electrical Characteristics (cont’d)

VS = 13.5 V; SBC-normal-mode; – 40 °C < Tj < 140 °C; all voltages with respect to ground; positive
current defined flowing into pin; unless otherwise specified.

Parameter Symbol Limit Values Unit Test Condition

min. typ. max.



Target Data TLE 6260
confidential

29 version: 2.05 date: 21.12.00

VCC1 Reset Generator; Pin RO

Reset threshold voltage VRT 4.0 4.2 4.4 V VCC1 decreasing

Reset threshold hysteresis ∆VRT 200 400 500 mV

Reset low output voltage VRO 0.2 0.4 V IRO = 2mA (VCC1 ≥VRT)
or VCC1 ≥ 1V:
IRO = 200 µA; VS = 0V

Reset high output voltage VRO 4.0 4.9 VCC1+ 
0.1

V

External Reset threshold 
voltage

VRTh,ext 0.3*
VCC1

2.5 0.7*
VCC1

V VRO decreasing

Reset pull up current IRO tbd -50 tbd µA VRO < VROCTh 

Reset pull up current IRO -1 tbd mA VRO > VROCTh 

Pull up current switching 
threshold voltage

VROCTh 1 V VRO increasing

Reset reaction time tRR 1 5 10 µs VCC1  < VRT  to RO = L;
no CRO 

Reset delay time tRD 1.5 3.5 ms VCC1 = 5V; no CRO 

Fail Safe Output; Pin FS

Fail Safe low output voltage VFS 0.2 0.4 V IFS = 2mA (VCC1 ≥VRT)
or VCC1 ≥ 1V:
IFS= 200 µA; VS = 0V

Fail Safe high output voltage VFS 4.0 4.9 VCC1+
0.1

V

Fail Safe pull up current IFS -200 µA VFS = 0V

Watch dog count difference 
for setting FS High

nFS 4 SBC-normal mode

Fail Safe reaction time tFSR 1 5 10 µs VCC1<VRT  or  VRO<VRIT 
or  WD-trigger failure 
to FS = L

8.3 Electrical Characteristics (cont’d)

VS = 13.5 V; SBC-normal-mode; – 40 °C < Tj < 140 °C; all voltages with respect to ground; positive
current defined flowing into pin; unless otherwise specified.

Parameter Symbol Limit Values Unit Test Condition

min. typ. max.
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VCC2 Undervoltage Supervisor; (bit 5 of SPI diagnosis word)

Tracking error
∆VCC2  = VCC1 - VCC2

∆VST 200 350 500 mV

Tracking error hysteresis ∆VRT 80 130 200 mV

Reaction time tSR 1 5 10 µs VCC1 - VCC2  > ∆VST  to 
INT = low

VCCI Undervoltage Supervisor

Switch ON voltage VI,on 4.35 4.55 4.75 V

Switch ON/Off hysteresis ∆VI,hys 1 100 mV  ∆VI,hys= VI,on - VI,off  

Interrupt Output; Pin INT

Interrupt low output voltage VINT 0.2 0.4 V IINT = 2mA; 
VCC1 = 5V 

Interrupt high output voltage VINT 4.0 4.8 VCC1+
0.1

V

Interrupt pull up current IINT -400 -200 -100 µA VINTO = 0V

+VS  Monitor; (bit 6 of SPI diagnosis word)

+VS fail threshold voltage VSFT 3.5 4.2 5.0 V

+VS fail reaction time tSFR 5 25 50 µs +VS  < VSFT  to 
bit  = L

VBAT Fail Monitor; (bit 4 of SPI diagnosis word)

Vbat fail threshold voltage VBFT 2.7 3.5 4.3 V

Vbat fail reaction time tBFR 5 25 50 µs Vbat  < VBFT  to 
INT  = low

8.3 Electrical Characteristics (cont’d)

VS = 13.5 V; SBC-normal-mode; – 40 °C < Tj < 140 °C; all voltages with respect to ground; positive
current defined flowing into pin; unless otherwise specified.

Parameter Symbol Limit Values Unit Test Condition

min. typ. max.
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Watchdog Generator

Closed window time  tCW -15 15 % timing see table 2

Open window time 
tOW =  tCW

tOW -15 15 % timing see table 2

Watchdog reset low time  tWR 1.5 2.5 3.5 ms

Long open window tLW 64 ms

GND-Shift Detection

Detection threshold accuracy
∆VGND,th = VCANH,rec − VGND

∆VGND,th -20 20 % VGND,th adjustable
(see table 4)

Sample periodes to set INT nGND 2

Wake-Up Inputs WK1, WK2, WK3

Wake-up threshold VWAKE 2.7 3.5 4.3 V

Sample periodes to set INT nWAKE 1

Sample periodes to set INT nWAKE 2 cyclic sense selected

Auto timing periode accuracy ∆tWAKE -50% 50% tWAKE adjustable;
(see table 3);
cyclic sense mode

Sense time tWK,ON 188 375 562 µs in cyclic sense mode

Sample point SP 83% refering to tWK,ON

Interrupt reaction time tWK-INT 80 ms Wake-Up = TRUE  to 
INT = LOW; 
CV1 = 10µF

Detection delay time tdWK 8 20 35 µs

8.3 Electrical Characteristics (cont’d)

VS = 13.5 V; SBC-normal-mode; – 40 °C < Tj < 140 °C; all voltages with respect to ground; positive
current defined flowing into pin; unless otherwise specified.

Parameter Symbol Limit Values Unit Test Condition

min. typ. max.
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High Side Output OUTHS; (controlled by cyclic sense feature or bit 2 of SPI input 
word)

Static 
Drain-Source
ON-Resistance;
 IOUTHS = – 0.1 A

RDSON HS – 0.8 1.5 Ω 9 V ≤ VS ≤ 28 V
Tj = 25 °C

2.0 Ω 9 V ≤ VS ≤ 28 V

1.0 3.0 Ω 5.2 V ≤ VS ≤ 9 V
Tj = 25 °C

4.0 Ω 5.2 V ≤ VS ≤ 9 V

Active zener voltage VOUTHS -4.0 -2.5 -1.0 V IOUTHS = – 0.1 A

Clamp diode forward voltage VOUTHS 0.7 1.0 V IOUTHS = 0.1 A

Leakage current IQLHS -50 µA VOUTHS = 0 V

Reverse current IQRHS 0 3 µA OUTHS low

Switch ON delay time tdONHS 2 20 µs CSN high to OUTHS
high, RL = 100Ω

Switch OFF delay time tdOFFHS 10 50 µs CSN low to OUTHS
low, RL = 100Ω

Overcurrent shutdown 
threshold

ISDHS -200 -400 -800 mA

Shutdown delay time tdSDHS 10 25 40 µs

UV-Switch-ON voltage VUV ON – 5.35 6.00 V VS increasing

UV-Switch-OFF voltage VUV OFF 4.50 4.85 5.20 V VS decreasing

UV-ON/OFF-Hysteresis VUV HY – 0.5 – V VUV ON – VUV OFF

HS on time tHSON 0.1 0.5 0.8 ms in cyclic sense mode

Receiver Output R×D 

HIGH level output voltage VRD,H VCCI
 - 0.9

4.8 VCCI V IRD = -250 mA

LOW level output voltage VRD,L 0.4 0.9 V IxD = -1.25 mA

8.3 Electrical Characteristics (cont’d)

VS = 13.5 V; SBC-normal-mode; – 40 °C < Tj < 140 °C; all voltages with respect to ground; positive
current defined flowing into pin; unless otherwise specified.

Parameter Symbol Limit Values Unit Test Condition

min. typ. max.
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Transmission Input T×D

HIGH level input voltage 
threshold

VTD,H 2.0 2.6 3.0 V VTD rising

LOW level input voltage 
threshold

VTD,L 1.8 2.4 3.0 V VTD falling

HIGH level input current ITD -200 -50 -25 µA VTD = 4 V

LOW level input current ITD -800 -200 -100 µA VTD = 1 V

TxD threshold hysteresis VTDhys 0.2 V VTD,H - VTD,L

Bus Lines CANL, CANH

Differential receiver 
recessive-to-dominant 
threshold voltage

VdRD(rd) -2.8 -2.5 -2.2 V

Differential receiver 
dominant-to-recessive 
threshold voltage

VdRD(dr) -3.2 -2.9 -2.6 V

CANH recessive output 
voltage

VCANHr 0.1 0.2 0.3 V TxD = VCC;
RRTH < 4 kΩ

CANL recessive output 
voltage

VCANLr VCCI
 -0.2 

– VCCI V TxD = VCC;
RRTL < 4 kΩ

CANH dominant output 
voltage

VCANHd VCCI

 -1.4
VCCI

 -1.0
VCCI V TxD = 0 V;

normal mode;
ICANH = – 40 mA

CANL dominant output 
voltage

VCANLd – 1.0 1.4 V TxD = 0 V;
normal mode;
ICANL = 40 mA

CANH output current ICANH -110 -70 -50 mA VCANH = 0 V;
TxD = 0 V

– 0 – µA sleep operation mode;
VCANH = 12 V

8.3 Electrical Characteristics (cont’d)

VS = 13.5 V; SBC-normal-mode; – 40 °C < Tj < 140 °C; all voltages with respect to ground; positive
current defined flowing into pin; unless otherwise specified.

Parameter Symbol Limit Values Unit Test Condition

min. typ. max.
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CANL output current ICANL 50 70 110 mA VCANL = 5 V;
TxD = 0 V

– 0 – µA sleep operation mode;
VCANL = 0 V

Voltage detection threshold 
for short-circuit to battery 
voltage on CANH and CANL

Vdet(th) 6.5 7.3 8.0 V normal operation 
mode

Voltage detection threshold 
for short-circuit to battery 
voltage on CANH

Vdet(th) VBAT
 -2.5

VBAT
-2.0

VBAT 
 -1.0

V sleep operation mode

CANH wake-up voltage 
threshold

VWAKEH 1.2 2.0 2.7 V –

CANL wake-up voltage 
threshold

VWAKEL 2.4 3.1 3.8 V –

Wake-up voltage threshold 
difference

∆VWAKE 0.2 – – V DVWAKE = VWAKEL – 
VWAKEH

CANH single-ended receiver 
threshold, dom. to rec. edge

VCANH 1.1 1.7 2.0 V failure cases 3, 5 and 
7

CANH single-ended receiver 
threshold, rec. to dom. edge

VCANH 1.5 2.1 2.5 V failure cases 3, 5 and 
7

CANL single-ended receiver 
threshold, dom. to rec. edge

VCANL 2.8 3.3 3.8 V failure case 6 and 6a

CANL single-ended receiver 
threshold, rec. to dom. edge

VCANL 2.4 2.9 3.4 V failure case 6 and 6a

CANL leakage current ICANLl -5 0 5 µA VCC = 0 V, VS = 0 V, 
VCANL = 13.5 V,  
Tj < 85 °C

CANH leakage current ICANHl -5 0 5 µA VCC = 0 V, VS = 0 V, 
VCANH = 5 V, 
Tj < 85 °C

8.3 Electrical Characteristics (cont’d)

VS = 13.5 V; SBC-normal-mode; – 40 °C < Tj < 140 °C; all voltages with respect to ground; positive
current defined flowing into pin; unless otherwise specified.

Parameter Symbol Limit Values Unit Test Condition

min. typ. max.
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Termination Outputs RTL, RTH

RTL to VCC switch-on 
resistance

RRTL – 43 95 Ω Io = -10 mA;
normal operating 
mode

RTL to BAT switch series 
resistance

RoRTL 5 16 35 kΩ sleep operation mode

RTH to ground switch-on 
resistance

RRTH – 43 95 Ω Io = 10 mA; normal 
operating mode

RTH output voltage VoRTH – 0.7 1.0 V Io = 1 mA;
sleep operating mode

RTH pull-down current IRTHpd 40 75 100 µA normal operating 
mode, failure cases 6 
and 6a

RTL pull-up current IRTLpu -100 -75 -40 µA normal operating 
mode, failure cases 3, 
3a, 5 and 7

RTH leakage current IRTHl -5 0 5 µA VCC = 0 V, VS = 0 V, 
VRTH = 5 V,  
Tj < 85 °C

RTL leakage current IRTLl -5 0 5 µA VCC = 0 V, VS = 0 V, 
VRTL = 13.5 V,  
Tj < 85 °C

Dynamic CAN-Transceiver Characteristics

CANH and CANL bus output 
transition time recessive-to-
dominant

trd 0.6 1.2 2.1 µs 10% to 90%;
C1 = 10 nF;
C2 = 0; R1 = 100 Ω

CANH and CANL bus output 
transition time dominant-to-
recessive

tdr 0.3 0.6 1.3 µs 10% to 90%;
C1 = 1 nF; C2 = 0; R1 = 
100 Ω

Minimum dominant time for 
wake-up on CANL or CANH

twu(min) 15 25 40 µs stand-by mode

8.3 Electrical Characteristics (cont’d)

VS = 13.5 V; SBC-normal-mode; – 40 °C < Tj < 140 °C; all voltages with respect to ground; positive
current defined flowing into pin; unless otherwise specified.

Parameter Symbol Limit Values Unit Test Condition

min. typ. max.
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Failure cases 3 and 6 
detection time

tfail 30 45 80 µs normal operating 
mode

Failure case 6a detection 
time

2.0 4.8 8.0 ms normal operating 
mode

Failure cases 5, 6, 6a and 7 
recovery time

30 45 80 µs normal operating 
mode

Failure cases 3 recovery time 250 500 750 µs normal operating 
mode

Failure cases 5 and 7 
detection time

1.0 2.0 4.0 ms normal operating 
mode

Failure cases 5 detection 
time

tfail 0.4 1.0 4.0 ms stand-by mode

Failure cases 6, 6a and 7 
detection time

0.8 4.0 8.0 ms stand-by mode

Failure cases 5, 6, 6a and 7 
recovery time

0.4 1.0 2.4 µs stand-by mode

Propagation delay
TxD-to-RxD LOW (recessive 
to dominant)

tPD(L) – 1.5 2.1 µs C1 = 100 pF;
C2 = 0; R1 = 100 Ω; no 
failures and bus failure 
cases 1, 2, 3a and 4

– 1.7 2.4 µs C1 = C2 = 3.3 nF;
R1 = 100 Ω; no bus 
failure and failure 
cases 1, 2, 3a and 4

– 1.8 2.5 µs C1 100 pF; C2 = 0;
R1 = 100 Ω; bus failure 
cases 3, 5, 6, 6a and 7

– 2.0 2.6 µs C1 = C2 = 3.3 nF;
R1 =100 Ω; bus failure 
cases 3, 5, 6, 6a and 7

8.3 Electrical Characteristics (cont’d)

VS = 13.5 V; SBC-normal-mode; – 40 °C < Tj < 140 °C; all voltages with respect to ground; positive
current defined flowing into pin; unless otherwise specified.

Parameter Symbol Limit Values Unit Test Condition

min. typ. max.
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Propagation delay
TxD-to-RxD HIGH 
(dominanat to recessive)

tPD(H) – 1.5 2.0 µs C1 = 100 pF;
C2 = 0; R1 =100 Ω; no 
failures and bus failure 
cases 1, 2, 3a and 4

– 2.5 3.5 µs C1 = C2 = 3.3 nF;
R1 = 100 Ω; no bus 
failure and failure 
cases 1, 2, 3a and 4

– 1.0 2.1 µs C1 100 pF; C2 = 0;
R1 = 100 Ω; bus failure 
cases 3, 5, 6, 6a and 7

– 1.5 2.6 µs C1 = C2 = 3.3 nF;
R1 = 100 Ω; bus failure 
cases 3, 5, 6, 6a and 7

Edge-count difference 
(falling edge) between CANH 
and CANL for failure cases 1, 
2, 3a and 4 detection 

ne – 4 – – normal operating 
mode

Edge-count difference (rising 
edge) between CANH and 
CANL for failure cases 1, 2, 
3a and 4 recovery

– 2 – –

Edge-count difference (rising 
edge) at TxD for 
differentiation of failure cases 
2/4, 1/ 3a and 5/7 

ne – 2 – – normal operating 
mode (data 
transmitting)

TxD permanent dominant 
disable time

tTxD 0.8 1 1.3 ms normal mode

CAN-RxD-256ms transitition 
time

tRD-256 130 256 380 ms

8.3 Electrical Characteristics (cont’d)

VS = 13.5 V; SBC-normal-mode; – 40 °C < Tj < 140 °C; all voltages with respect to ground; positive
current defined flowing into pin; unless otherwise specified.

Parameter Symbol Limit Values Unit Test Condition

min. typ. max.
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SPI-Interface

Logic Inputs DI, CLK and CSN

H-input voltage threshold VIH – – 0.7 *
VCC1 

V –

L-input voltage threshold VIL 0.2 *
VCC1 

– – V –

Hysteresis of input voltage VIHY 50 200 500 mV –

Pull up current at pin CSN IICSN -100 -25 -5 µA VCSN = 0.7 × VCC1

Pull down current at pin DI 
and CLK

IICLK/DI 5 25 100 µA VCLK/DI = 0.2 × VCC1

Input capacitance 
at pin CSN, DI or CLK

CI – 10 15 pF 0 V < VCC1 < 5.25 V

Logic Output DO

H-output voltage level VDOH VCC1 
-1.0

VCC1 
- 0.3

– V IDOH = 1 mA

L-output voltage level VDOL  – 0.2 0.4 V IDOL = – 1.6 mA

Tri-state leakage current IDOLK -10  – 10 µA VCSN = VCC1

0 V < VDO < VCC1

Tri-state input capacitance CDO – 10 15 pF VCSN = VCC1

0 V < VCC1 < 5.25 V

Data Input Timing

Clock period tpCLK 1000  –  – ns –

Clock high time tCLKH 500  –  – ns –

Clock low time tCLKL 500  –  – ns –

Clock low before CSN low tbef 500  –  – ns –

CSN setup time tlead 500  –  – ns

8.3 Electrical Characteristics (cont’d)

VS = 13.5 V; SBC-normal-mode; – 40 °C < Tj < 140 °C; all voltages with respect to ground; positive
current defined flowing into pin; unless otherwise specified.

Parameter Symbol Limit Values Unit Test Condition

min. typ. max.
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CLK setup time tlag 500  –  – ns

Clock low after CSN high tbeh 500  –  – ns

DI setup time tDISU 250  –  – ns

DI hold time tDIHO 250  –  – ns

Input signal rise time
at pin DI, CLK and CSN

trIN  –  – 200 ns

Input signal fall time
at pin DI, CLK and CSN

tfIN  –  – 200 ns

Data Output Timing

DO rise time trDO  – 50 100 ns CL = 100 pF 

DO fall time tfDO  – 50 100 ns CL = 100 pF 

DO enable time tENDO  –  – 250 ns low impedance 

DO disable time tDISDO  –  – 250 ns high impedance 

DO valid time tVADO  – 100 250 ns VDO < 0.1 VCC1; 
VDO > 0.9 VCC1; 
CL = 100 pF

8.3 Electrical Characteristics (cont’d)

VS = 13.5 V; SBC-normal-mode; – 40 °C < Tj < 140 °C; all voltages with respect to ground; positive
current defined flowing into pin; unless otherwise specified.

Parameter Symbol Limit Values Unit Test Condition

min. typ. max.
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9 Timing Diagrams
 

Figure 6
Data Transfer Timing for 32 bit mode (8 bit mode accordingly)
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Figure 7
SPI-Input Timing

Figure 8
Turn OFF/ON Time
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Figure 9
DO Valid Data Delay Time and Valid Time

Figure 10 
DO Enable and Disable Time
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Figure 11: Cyclic sense timing
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Figure 12: Watchdog Time Definition 

Figure 13:  Watchdog Start-Up and Reset Timing Diagram
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Figure 14:  Watchdog Timing Diagram

Figure 15:  GND-Shift Timing Diagram
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Figure 16:  Test circuit
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Figure 177:  Application Circuit
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Package Outlines   
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(Plastic Dual Small Outline Package)
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P-DSO-36-12
(Plastic Dual Small Outline Package)
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