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1. Introduction

AH0801

The fault-tolerant CAN transceiver TJA1055T from NXP Semiconductors provides the
physical link between the protocol controller and the physical bus wires in a Controller
Area Network (CAN). Additionally the transceiver is able to control one or more external
voltage regulators within an Electronic Control Unit (ECU) and supports an advanced low
power management to reduce the current consumption significantly. This allows the
TJA1055T to enter Sleep Mode and as a result to switch off the external voltage
regulators in order to deactivate the VCC supply of the transceiver and the host
microcontroller. The TJA1055T has been developed mainly for low-speed CAN
applications (up to 125 kBd) in passenger cars; especially for comfort electronics (see
Fig 1). The device operates in differential mode but will switch to a single-wire transmitter
and/or receiver in error conditions. The bus is continuously monitored to switch back to
normal operating mode when faults disappear. In the supported failure cases all nodes
continue to communicate.

Climate Roof

Trunk

Steering Wheel ﬁ

Door

Seat

Fig 1. Target Applications for Fault-tolerant CAN Network

The TJA1055T is offered in two versions with different voltage interfaces towards the
microcontroller. The TJA1055T is dedicated for microcontrollers with a 5V interface and
the TJA1055T/3 is dedicated for microcontrollers with a 3V or 3.3V interface.

Compared to the TJA1054T(A) the TJA1055T is improved with respect to current
consumption and EMC capability. Furthermore the TJA1055T is suitable to replace the
TJA1054T(A) one-to-one in existing applications, if desired. The TJA1055T is the
successor of the so-called -golden device” TJA1054T and thus, fully compatible with the
ISO 11898-3 standard [1].
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2. Overview and General Description

AH0801

2.1 Pinning

INH| 1 14 | BAT

TXD | 2 13 | GND

RXD | 3 12 | CANL

— TJA1055T

ERR[ 4 [ | TuatossTz | 11| CANH

STB| 5 10 | Vg

EN| 6 9 | RTL
WAKE | 7 8 | RTH
Fig 2. Pinning diagram of the TJA1055T

Pin INH

The intention of the output pin inhibit (INH) is to control one or more voltage regulators
within the ECU. Details can be found in chapter 4.2.1.

In Sleep Mode the INH pin gets floating. Due to the typical pull-down behaviour of inhibit
input pins of common voltage regulators, this results in disabling the according voltage
regulator and thus in disabling the VCC supply voltage of the microcontroller and the
transceiver.

On any wake-up request to the TJA1055T or after a battery power-on the INH pin is
pulled to the battery voltage, thus enabling the external voltage regulator. In case the INH
pin is not of use, it can be left open.

Pin TXD

The TXD pin is the transmit data input pin. The transceiver receives the digital bit stream
from the CAN controller to be transmitted to the CAN bus lines via pin TXD. A logical
LOW level represents the dominant bus stage while a HIGH level represents the
recessive bus state.

Pin RXD

The RXD pin is the receive data output for reading out the data from the bus lines. The
analog bit stream received from the bus is transferred via RXD to the CAN-controller for
further processing. When using a 5V microcontroller interface and a 5V transceiver this
pin could be connected to the microcontroller directly. When using a 3V interface and the
3V version of the TJIA1055T (TJA1055T/3) the RXD pin has additionally to be connected
to VCC of the microcontroller via pull-up resistor.

© NXP B.V. 2007. All rights reserved.
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Pin ERR_N

The ERR_N (Error Not) pin is used to indicate an error, a wake-up or a power-on flag.
When using a 5V microcontroller interface and a 5V transceiver this pin could be
connected to the microcontroller directly. When using a 3V interface and the 3V version
of the TJA1055T (TJA1055T/3) the ERR_N pin has additionally to be connected to VCC
of the microcontroller via pull-up resistor.

Depending on the operating mode, different flags are reflected at pin ERR_N. These
flags are signals with an active LOW behaviour. In standby mode (EN = 0, STB_N = 0)
the pin reflects the wake-up flag. In power-on standby mode (EN = 0, STB_N = 1) the
power-on flag is signalled and in normal mode (EN = 1, STB_N = 1) the pin ERR_N
indicates a bus failure condition.

Pin STB_N

STB_N (STB Not) is one of the two mode control pins of the transceiver. STB_N is the
standby digital control signal. This active-low input pin is used together with the signal on
pin EN to define the operation mode of the transceiver. This pin should directly connect
to an output port pin of a microcontroller and provides an internal pull-down current
source.

Pins EN

EN is the enable digital control signal. This input pin is used together with the signal on
pin STB_N to define the operation mode of the transceiver. This pin should directly
connect to an output port pin of a microcontroller and provides an internal pull-down
current source.

Pin WAKE_N

The local wake-up pin (WAKE_N) is an input pin with internal pull-up to battery voltage.
This pin is used for local wake-up. If WAKE_N detects a rising or falling edge, a wake-up
condition is detected after a defined filter time (twake)- The wake-up event has higher
priority than the go-to-sleep command.

RTH and RTL pin description

The pins RTH and RTL are the termination resistor connections of CANH and CANL. In
case of a CANH bus wire error the CANH line is terminated via RTH with higher
impedance compared to failure-free operation. In case of a CANL bus wire error the
CANL line is terminated via RTL with higher impedance compared to the failure-free
operation. The value of the external termination resistors should be between 5000hm
and 6kOhm. The overall resistor in the whole CAN network should be about 1000hm per
line. For further information and calculation of this resistor see chapter 9.1.

CANH and CANL pin description

The transceiver is connected to the bus via pins CANH and CANL. CANL is the LOW-
level CAN bus line. In normal operating mode, the value of dominant state is about 1,4V
and the value of recessive state is 5V. In low-power modes, the voltage of CANL is equal
to battery voltage (see also Fig 7).

CANH is the HIGH-level CAN bus line. In normal operating mode, the value of dominant
state is about 3,6V and the value of recessive state as well as in low-power modes is
about OV. These pins have a high robustness with a maximum voltage of +58V and an
ESD protection of £8kV human body model.

© NXP B.V. 2007. All rights reserved.
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Pin VCC

The VCC supply provides the current needed for the transmitter and receiver of the
TJA1055T during normal operation. The VCC supply must be designed with respect to
the worst-case current consumption requirements (see chapter 4.2.7).

Pin GND

The pin GND is the ground pin and the reference value of all voltage in the transceiver. It
is important to guarantee a well-defined GND connection between all ground pins within
the ECU. This is important to guarantee optimum EMC behaviour of the overall system.
Besides the GND connection to the outside world (cable tree) it is important to provide a
good GND connection between the transceiver and the microcontroller. This is needed to
keep the communication interface between microcontroller and transceiver unaffected by
strong EMC injections into the bus cables.

Pin BAT

BAT is the battery supply pin of the transceiver. The battery supply ensures the local and
remote wake-up capability of the TJA1055T when the VCC supply is switched off during
Sleep Mode. The current consumption at pin BAT is very low and mainly supplying the
digital circuitry as well as the wake-up components.

2.2 Fail Safe

The TJA1055T provides several fail-safe features to protect the local hardware and the
external bus system from being disturbed. This guarantees that the vehicles CAN
communication keeps ongoing in case of local ECU faults. The main safety features are

shown in Fig 3.
High impedance in case: TXD input monitoring
Loss of Power BAT
GND XD
Bus system keeps unaffected in Continuous dominant clamping
case of interrupted power supply by CAN controller is interrupted
TJA1055
Over temperature protection Fail-safe encoded control ports
CANH STB
Gl = Passive behaviour on port
Destruction of bus pins avoided VCC disconnection

XN

Input port mask out

Low VCC forces passive
behaviour of the transceiver

Fig 3. Overview of TJA1055T Fail-Safe features
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The transceiver becomes passive and keeps the bus unaffected if the transceiver loses
the power connection. This is achieved by switching the pins CANH, CANL, RTH and
RTL to a high impedance state.

In case the connections to the mode control pins STB_N and/or EN are interrupted an
internal pull-down source sets these input pins to LOW. This makes sure that the
transceiver enters a low-power mode. Besides this, the mode control of the transceiver is
coded digitally in a such way that glitches on pins STB_N and/or EN during any mode
change do not lead to an unwanted operation mode change. Upon loss of the VCC
supply the TJA1055T enters standby mode.

To avoid a continuous dominant clamped bus due to a clamped TXD pin a dedicated
TXD dominant timeout function is provided. So, the bus cannot be permanently blocked
by a single local failure.

In order to protect the transceiver from being damaged by over temperature, an
according monitoring circuitry shuts down the CAN drivers until the temperature of the IC
has cooled down again. Besides this, the voltage robustness on the bus pins is further
increased to 58V for the TJA1055T compared to the TJA1054T (-27V up to +40V).

© NXP B.V. 2007. All rights reserved.
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BAT

CcC

14

10

* RTL
1 CANH
12 CANL
8
RTL

Filter

Wake-Up
Standby | Temperature
Control protection
¢ \ 4
_/_\_ Driver
_ 4 |—l Failure Detector
ERR — + Wake-Up
|J + Time-Out <
Vcc(z)
RXD — 3 :}—0/ < Receiver
GND — 13

Filter

(1) For TJA1055T/3 current source to GND; for TUA1055T pull-up resistor to Vcc.

(2) Not within TUA1055T/3.

Fig 4. Block diagram of the TJA1055T and TJA1055T/3

AH0801
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2.4 Typical Application

L
T Note 2 T e.g. 10n
Note 1 ®
VCC optional VCC DDJ
INH RXD RXD =
= ¢
2 TXD i XD  MC S
BAT o J— +
E ERR 110 CAN
l—_; EN /o Controller
= STB 110
WAKE k= STB GND
g RRTH Note 3
o RTH J_
-
Wake-up < cANH -l =1
GND = CANL . i -
RTL 4|Z|J — optional  gptional
I ¥150pF  Common

RRTL Note 3
Mode Choke

(1) For further EMC optimization a series resistor could be applied in case the bus timing parameters allow this additional
delay caused by the additional R/C time constant.

(2) Size of capacitor depends on regulator.

line.

Fig 5. Typical circuit of the TJA1054T / TJA1055T for 5V applications

(3) Size of termination resistors depends on system size. The overall system termination should be about 100 Ohms per CAN
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2.5 Main Differences between TJA1054T and TJA1055T

The TJA1054(A)T is one to one replaceable by the TJA1055T. This chapter gives an
overview to the main differences between the TJA1055T and the TJA1054AT. The

limiting values and the static values are summarized in the following tables.

Please note that the data sheet values are valid in case of mismatches between data

sheet values and values listed below.

Table 1 Limiting values

Symbol Parameter Condition TJA1054AT TJA1055T Unit
Min Max Min MAXx
VCANH (?ANH bus Wlth respect to any other 27 +40 58 +58 Vv
line voltage pin
Veant CANL bus line Wlth respect to any other 27 +40 58 +58 Vv
voltage pin
Viwake) Input voltage  With respect to any other
on pin pin -0,3 Vgar+0,3 -0,3 +58 \Y,
WAKE_N
VRTH Voltage on pin  With respect to any other
RTH pin -0,3 Vpar+1,2 -58 +58 \Y,
VRTL Voltage on pin Wlth respect to any other 0,3 Veart12 -58 +58 Vv
RTL pin
VEesp Electrostatic = HBM (human body model)
discharge
voltage Pins RTL, RTH, CANL and )
CANH 4 +4 8 +8 kV
All other pins -2 +2 -2 +2 kV
IEC 61000-4-2
(150 Ohm and 330 pF)
Pins RTL, RTH, CANL and
CANH -1,5 +1,5 -6 +6 kV
Table 2 Static characteristics of power supply pins VCC and BAT
Symbol Parameter Condition TJA1054T TJA1055T Unit
Min Typ Max Min Typ Max
Veeiste)y  Supply voltage 2,75 - 4.5 3,2 45 V
for forced
standby mode
(fail safe)
lcc Supply current  Normal operating mode; 4 11 2,5 10 mA

Vxp=Vcc (recessive)
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Symbol Parameter

VBAT Battery voltage

IaT

on pin BAT

Battery current
on pin BAT

Condition

Normal operating mode;
V1xp=0V; (dominant); no
load

Low power modes;
Vrxp=Vcc

No time limit
Operating mode
Load dump

All modes and in low
power modes at:

VRrTL=Vwake=Vinv=VBaT
VBAT =14V

Vgar = 5V to 40V

TJA1054T
Min Typ Max
10 17 27
0 0 10
-03 - +40
50 - 27
- - 40
10 30 50
5 30 125

TJA1055T Unit

Min

3

-0,3

5,0

10

10

Typ Max

13 21 mA
0o 5 A
- +40 V

- 40 VvV

- 58 V
25 40 A
25  100° pA

Table 3 Static characteristics of input pins STB_N, EN and TXD

Symbol Parameter

VIH

VIL

IH

IIH

HIGH-level input
voltage

LOW-level input
voltage

HIGH-level input
current

Pins STB_N, EN
Pin TXD (54/55)

HIGH-level input
current

Pins STB_N, EN

Pin TXD (54/55)

Condition
V) =4V
V) =4V
V, =1V
V=1V

TJA1054T
Min Typ Max
0.7x - VCC
Vce +0.3
-0.3 - 0.3x

Vce
- 9 20
-200 -80 -25
4 8 -
-800 -320 -100

TJA1055T Unit

Min

2.2

-0.3

-160

-400

Typ Max

- 6 \Y
- 08 Vv
11 21 pA
-80 -40 pA
11 - uA
-240 -100 pA

w

AH0801

This parameter is specified up to Tam, =-40°C to +85°C
This parameter is specified up to T,mp, =-40°C to +125°C

This parameter adapted to support 3V interfaces
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3. Fault-tolerant Physical Layer

AH0801

3.1 The FT-CAN Principe

The raising count of ECU in vehicles, especially in comfort electronics, resulted in new
and advanced requirements for car bus physical layer. The CAN bus protocol provides a
high robustness against communication errors, but the physical layer was the weak point
(wires, connectors, etc) in a standard CAN network.

For that reason the fault-tolerant CAN (FT-CAN) was specified. It uses the redundancy
two-wire communication to switch into a single wire communication in case of bus fault.
This requires an enhanced termination concept. Each transceiver in a FT-CAN network
must have a termination resistor for CANL and CANH. That allows developing distributed
non-linear network topologies with multiple stars. For further information about the
termination concept see chapter 9.1.

Additional a FT-CAN transceiver has integrated an autonomous bus failure management
(BFM) in order to provide reliable failure detection with well-defined and consistent
fallback behaviour. The BFM provides fault tolerance regarding all single failures like
shorts to ground or power supply or wire interruption. Switching into single wire
communication in case of an error takes no longer than some milliseconds. For
information about the BFM and the transceiver behaviour see chapter 9.2.

The FT-CAN transceivers TJA1054T and TJA1055T provide following features:

¢ Differential two-wire communication
¢ Autonomous single wire communication in case of bus fault

o Flexible topologies
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3.2 Network Architectures

An example of a typical fault-tolerant CAN network is illustrated in Fig 6. Each ECU is
connected to the network via a stub line. The networks architecture itself may be in star
and/or linear topology. Fig 6 describes the basic structure of an ECU. Usually it consists
of a microcontroller with integrated CAN controller and a transceiver for the physical
connection to the bus. A voltage regulator supplies both, the microcontroller and the
transceiver, with the Vcc voltage. Via the transceivers INH pin the voltage regulator is
controlled. Switching off the INH pin deactivates the V¢ supply of the transceiver and the
microcontroller. This reduces the current consumption of the ECU and helps to prevent
the battery being discharged. For more information about the INH pin and its functionality
please refer to chapter 4.2.1.

BAT
i 1 1 |
GND ECU ECU ECU
Sensor Sensor Sensor
Actuator Actuator Actuator
T T T T T T
~| TJA1055 ~| TJA1055 ~| TJA1055

g g ] |

PR R DO X XXX

Fig 6. Application of Fault-tolerant CAN

3.3 Bus Level Scheme

During normal CAN communication the CAN controller transmits a serial data stream to
the TXD input pin of the transceiver. An internal logic converts this data stream to the
differential bus signals on CANH and CANL. In fault-tolerant CAN networks different bus
voltage levels are provided depending on the actual operation mode.

When the transceiver is in Normal Mode and additionally the bus is idle, the CANL line is
terminated to VCC and the CANH line is terminated to GND. RXD and TXD are on HIGH
level. This is the so-called recessive state. When logic LOW-level is applied to TXD the
output drivers of CANH and CANL change their states, thus generating the so-called
dominant state on CAN bus lines. CANL will be driven towards GND level and CANH
towards VCC level. The RXD pin becomes LOW by receiving the dominant bus level.
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Besides the Normal Mode the transceiver provides three Low-power Modes. In these
modes the CANL line is terminated to BAT while the CANH line is terminated to GND. An
overview of bus voltage levels is shown in Fig 7. To distinguish between dominant and
recessive states the differential voltage Vi is determined:

Vit = Veann — Veant

A
12V —
Single ended
bus voltage
5V —
3.6V —|
1.4V — : |
oV — | |
CANH | |
| |
Recessive | Dominant | Recessive Recessive
AV
2.2V Differential input
Differential voltage range for
Bus Voltage dominant state
-2.9V -
-3.5V
-5.0V
Differential input
voltage range for
recessive state
A2V e --
«——— Normal Mode ———»<«—— Low-Power Mode » fme
Fig 7. Nominal bus levels according to 1ISO11989-3

The receiver converts the differential bus signal to a logic level, which is signaled at the
RXD output. The serial receive data stream is provided to the CAN protocol controller for
decoding. The receivers input comparator is always active and consequently monitors
the bus also while the bus node is transmitting a message itself. This is required to
support the bit-by-bit arbitration scheme of CAN.
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4. Hardware Design

AH0801

4.1 Application Diagram 3V and 5V

Fig 8 shows a typical circuit diagram for the fault-tolerant CAN transceivers TJA1054(A)T
and TJA1055T. For the 3V version of the TJA1055T a typical circuit is given in Fig 9 to
support microcontrollers with a 3V or 3.3V interface.

The only differences between the 5V and the 3V version of the TJA1055T are the
additional required pull-up resistors on RXD and ERR_N for the TJA1055T/3 to get
independent from the 5V supply of the transceiver. The INH circuit, the power supply
circuit, the wake pin circuit and the CAN bus circuit are equal for the 5V and the 3V
version. Layout differences can only be found in the microcontroller and transceiver
interface. As shown in the block diagram of the TJA1055T the pins RXD and ERR_N of
the 3V version do not provide a high side driver. Thus, the transceiver is not able to pull
these pins to 3V. In Fig 9 the external required pull-up resistors for RXD and ERR_N are
depicted. The size of these resistors should be e.g. 3,3kOhm to get an acceptable
throughput time.

The circuit diagram is split into five main sections in order to give an example layout for
the TJA1054(A)T and TJA1055T. These examples are:

e INH Circuit Example

e Wake Pin Circuit

e CAN bus circuit

e MC- Transceiver Interface

e BAT and VCC Supply Circuit
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M

)
©)

CAN Bus

TJA1054T / TUA1055T

L
I Note 2 T e.g. 10n
VCC optional VCC
INH RXD 4- I RXD
- TXD r+{1xp  HC
BAT — +
ERR 110 CAN
EN /o Controller
- STB 1/0
WAKE STB GND
RRTH Note 3 J_
: RTH ﬂT
Wake-up CANH e
GND CANL .
L optional
RTL 1 = optlonal
"L "L %150pF  Common

RRTL Note 3
Mode Choke

For further EMC optimization a series resistor could be applied in case the bus timing parameters allow this additional
delay caused by the additional R/C time constant.

Size of capacitor depends on regulator.

Size of termination resistors depends on system size. The overall system termination should be about 100 Ohms per CAN
line

Fig 8. Typical circuit of the TJA1054T / TJA1055T for 5V applications
M . .
BAT [ % c, ! |
1 . 5V 3V *—o *—o @
¢, L L &
Note 2 "I~ L LT L e.g. - I zZ
3k3 S
INH VCC
i VCC RXD . RXD
C - C
g, fon L TXD : TXD "+
. —
) BAT B ERR 11O CAN
k-2« Gy X N EN /o Controller
R eg. 10nT o N
Pull - STB 110
<180k GND
_ < Rgry Note 3
WAKE 2  RTH —:l—l J—
Rq CANH
Wake-up j,_ 218 l— GND CANL 1 o
RTL ] —— optiona optlonal
%
Rer Note 3 T 150pF  Common
Mode Choke
(1) For further EMC optimization a series resistor could be applied in case the bus timing parameters allow this additional
delay caused by the additional R/C time constant.
(2) Size of capacitor depends on regulator.
(3) Size of termination resistors depends on system size. The overall system termination should be about 100 Ohms per CAN
line
Fig 9. Typical circuit of the TJA1055T/3 for 3V applications
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4.2 Application Details
4.2.1 INH Circuit Example

The INH pin is used to control one or more external voltage regulator(s). The transceiver
INH output pin is usually directly connected to the INH input pin of the voltage
regulator(s). An example schematic is illustrated in Fig 10.

Please note, that a pull-down load is required due to the possible leakage current to

battery.
VBAT VBAT
'] BAT VO[] 4 H]
3V/5V BAT
GND INH
RVoltlagge a o
egulators _ AN
Vgar . TJA1055T
R*nH TJA1055T/3
'] BAT VO[]
GND INH ] GND
(7
* Optional — See text below when using the INH pull-down resistor
Fig 10. Example: How to connect the INH pin

Maximum pull-down resistor Rjny

In Sleep Mode INH is floating and in all other Modes the pin provides VBAT level. The
most voltage regulators have an pull-down behaviour at their INH input pins, so a floating
INH pin on the transceiver switches off the voltage regulator. If there is no pull-down
integrated an external pull-down resistor has to be connected. To dimension the
maximum value of the pull-down resistor the leakage current of INH pin (see TJA1055T
datasheet [2]) and the shut down threshold of a voltage regulator have to be taken into
account.

Table 4 Example values for resistor calculation

Symbol Parameter Value Unit
|1 Leakage current of INH pin 5 MA
\% Shut down threshold of a voltage regulator 1,5 \%

The maximum size of the external resistor calculates to
RINHMAX =1,5V / 5}JA = 300kOhm.

Maximum ON resistance of INH

The INH driver of the TJA1055T is designed with a self-protected high-side switch
towards BAT. The maximum ON resistance calculates to
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0.8V / 180uA = 4k4 (MAX) (see also datasheet, AVy, HIGH-level voltage drop)

So, within a certain range of output current, this worst-case pull-up resistance of
4,4kOhm is present at the INH output stage, in case it is switched on. Since the MOS
transistor has a certain channel size, it can deliver a limited amount of output current
within the linear operating area. Starting at about 4mA output current the linear range is
left and the resistance will increase. Thus, the output will limit the short circuit current
implicitly.

For applications it is recommended not to drive more than about 1mA out of the INH pin.
Nevertheless the device will not be destroyed, even if the INH is shorted to GND. Due to
lifetime issues it is recommended not to exceed 1mA permanently.

Wake_N Pin Circuit

The WAKE_N pin is used for local wake-up and is both edges sensitive. It has an internal
weak pull-up current source toward VBAT in order to prevent an unwanted local wake-up
during an open wire at pin WAKE_N. If the WAKE_N pin is not needed it should directly
connect to the BAT pin without any additional components (Fig 11b). This prevents
leakage current from battery to ground.

If the local wake-up feature shall be implemented a wake-up circuit as shown in Fig 11a
should be used. The WAKE_N pin is connected to VBAT via pull-up resistor. A series
resistor Rg is added in order to limit the current in case of lost of ground. For detailed
description see below:

VBAT

Rpull
<180k

Rs
>1k8 Note1
22k7 Note2
Wake-up GND
TJA1055T TJA1055T
TJA1055T/3 TJA1055T/3
a With local wake-up switch b. No local wake-up implemented
(1) The resistor value Rs=1,8kOhm is necessary with a (1) If the WAKE_N pin is not needed it should direct
maximum battery voltage of 27V (max. battery connect to battery to prevent unwanted local wake-
supply for the TJA1054(A)T) up events due to noise injection

(2) The resistor value Rs=2,7kOhm is necessary with a
maximum battery voltage of 40V (max. battery
supply for the TUA1055T)

Fig 11. Example wake-up circuit; valid for both devices (TJA1055T and TJA1055T/3)

VBAT

AH0801
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Remark:

Current limitation resistor Rs for WAKE_N pin

As shown within the application diagram (Fig 8) of the fault-tolerant transceivers and in
the figure above, a series resistor Rg in front of the pin WAKE_N is recommended in
case an external switch to GND should be applied. Purpose of this resistor is to limit the
current, if the control unit has lost its GND connection. This resistor is needed only in
case the ECU might lose its GND connection (due to a contact failure) while the external
wake-up source connected to the pin WAKE_N still is connected to GND.

In case of a GND loss on ECU level there is the possibility that the entire control unit
becomes connected to GND via the external wake-up switch to an independent GND

source (see also Fig 12). In order to limit the current in this special failure case a series
resistor is required to protect the transceiver.

— i BAT
BAT »[ 1o 7
Application specific
RPuII + ECU Load D1 Z
Rs WAKE
™ (| (!
LJ — LJ
-+ <+
(Limits critical current)
+ FAN *I515mA
—> GND
GND /L>|::|—0 1 4
Interruption Transceiver %

ECU

— = critical current path

Fig 12. Motivation of series resistor in WAKE_N line

The pull-up resistor Rpy . shown within Fig 12 is used to guarantee a defined current
within the external wake-up switch to GND in case it is closed. This current is needed to
provide a good contact within the mechanical switch itself (wetting current etc.). The
transceiver‘s integrated pull-up current source to BAT is not suitable to provide sufficient

current for the application and is used only to get a defined level at the pin WAKE in case
of an open circuit condition.

Following the range of Rs is shown. The value of the series resistor Rg connected to the

pin WAKE_N is limited by parameters summarised in Table 5. The maximum allowed
current for the pin WAKE_N could be found within the -HHMITING VALUES” of the
corresponding transceivers data sheet. The input threshold voltage and pull-up current
for the pin WAKE_N can be found within the -BC Characteristics” section of the

corresponding transceivers data sheet. The relevant values are also collected within the
following table.
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Table 5 Parameters defining the range of Rs

Symbol Description TJA1054(A)T TJA1055T

lwake The maximum allowed current for the pin WAKE_N -15mA -15mA

Vih(wake) The input wake-up threshold voltage of the pin 2,5V 2,5V
WAKE_N

I The maximum internal pull-up current of the pin 10uA 10uA
WAKE_N

VGNDMAX The maximum system GND offset between ECU and 0,5V 0,5V
the external wake-up switch, which should be tolerated
(e.9.)

VBATMAX The maximum battery supply voltage 27V 40V

Calculating the limits of Rg

The maximum possible series resistor Rs is defined by the wake-up threshold of the pin
WAKE, the GND shift between the ECU and the transceiver and the integrated pull-up
current source of the pin WAKE. Following formula allows calculation of the maximum
allowed series resistor:

VRSMAX :Vth(WAKE)MIN _VGNDMAX

_ VRSMAX — (Vth(WAKE)MlN _VGNDMAX)

RSMAX I I
IL IL

withVg,, = GND shiftbetweenTransceiver and wake —up switch

The minimum allowable series resistor Rg is defined by the maximum allowable input
current for the pin WAKE. This maximum current must not be exceeded, even if VBAT
reaches its maximum voltage level. Thus the minimum series resistor Rg calculates as
follows

R _ VBatMAX
SMIN I
WAKE

Example calculation

Assuming proper wake-up with 0,5V GND shift between the wake-up switch and the
transceiver chip the maximum possible series resistor is calculated as follows
(TJA1055T).

_ (Vth<WAKE>MIN _VGNDMAX) (2'5\/ _0'5\/) =200kOhm

R - =
SMAX
l, 10uA
Vv 40v
Rgyny = 22X = =2.7kOhm
| 15mA
WAKE
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Table 6 Maximum and minimum values of Rs
Conditions: GND shift Venomax=0,5V; batteiy supply Veatmax1054=27V and Veatmax10s5=40V

Symbol Description TJA1054(A)T TJA1055T
Rsmax Maximum series resistor 200kOhm 200kOhm
Rswmin Minimum series resistor 1,8kOhm 2,7kOhm

Note: The minimum value Rs=2,7kOhm for the series resistor is only necessary in
application with a maximum battery voltage of 40V. In normal passenger car applications
the battery voltage is 12V and in truck applications 24V. So, there are no changes
required if the TJA1054T is replaced by the TJA1055T since there is no difference in the
device specification regarding this topic.

CAN Bus Circuit

The communication in a CAN network takes place via CANH and CANL. The device pins
CANH and CANL are directly connected to according bus lines. In low-power modes and
in case of bus fault the CAN transmitter of the transceiver are disabled. Hence the bus
pins are connected via termination resistor to RTH (CANH) and RTL (CANL) to achieve a
defined output state with predefined impedance. A schematic is illustrated in Fig 13.

R A A
RTL | |
Common
CANL | A Mode Choke A
LT [ I I [
0 '
CANH r
ESD
Protection
RTH 3‘|Z|‘ I I PESD1CAN* |
TJA1055T
TJA1055T/3 Rerh - \ A/
* Optional
Fig 13. CAN Bus Line Application Circuit

The value of the resistors Rgrry and Rgy. should be between 5000hm and 6kOhm. The
overall resistor in the whole CAN network should be about 1000hm. For further
information and calculation of this resistor see 9.1. To improve the EMC behaviour of a
FT-CAN network an optional common mode choke and capacitors could be added. The
TJA1055T provides already a high ESD robustness. Further increase in ESD capability is
possible with adding the PESD1CAN, if required. For further details see chapter 6.
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4.2.4 uC- Transceiver Interface
4.2.41 Mode Pins EN and STB_N

The mode pins EN and STB_N control the operating modes of the TJA1055T. The
transceiver provides four different modes. All modes different from normal mode are low-
power modes. In these modes the current consumption is reduced significantly. The pins
STB_N and EN are needed to change the transceiver operating modes as described in
chapter 5.1. They are connected to a microcontroller port independently of using 3V or
5V version.

4.2.4.2 Pins TXD, RXD and ERR_N

The pins RXD and TXD are the input / output pins of the CAN controller. Data that shall
be transmitted is send to the transceiver via TXD. The CAN controller listens to RXD
simultaneously and evaluates the received data from the transceiver. The TXD pin can
be connected directly to the dedicated 3V or 5V microcontroller interface pin.

Pin ERR_N is connected to a microcontroller port to readout an error state or one of the
transceiver flags. The pins RXD and ERR_N of the 5V version provide a high-side and
low-side driver, so no external pull-up resistors are needed. For the 3V version of the
TJA1055T the pins RXD and ERR_N need additional external pull-up resistors (see
below for the calculation of the minimum pull-up resistor). That is the only difference
between these two devices. The example schematic is shown in Fig 14a and for the 5V
transceiver and in Fig 14b for the 3V version.

3V
EN
P_x.x P_x.x
NSTB
P_x.x P_x.x
RxD
RxD RxD {}
*
R EMC
NERR NERR
Pxx €] ] 0] Pxxi e} 03
* *
R EMC vee R EMC
pC + CAN L 1 TxD pC + CAN L 1 TxD
Controller P [ T Controller P [ y
with with
5V interface TJA1055T 3V interface TJA1055T/3
a) Example circuit if using a 5V microcontroller b)  Example circuit if using a 3V microcontroller
* Rewc is optional * Rewmc is optional

Fig 14. RXD / TXD / ERR_N Application Circuitry

4.2.4.3 Example Calculation of Minimum Pull-up Resistor for RXD and ERR_N

In the TJA1055T/3 is no internal pull-up path to VCC therefore an external pull-up
resistor is needed. In order to guarantee a voltage threshold for dominant and recessive
states a minimum value for the pull-up resistor is required. The RXD and ERR_N pins
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must be able to pull-down the voltage level on the microcontroller input pin below the
minimum dominant threshold. In active state there is a voltage divider consisting of the
pull-up resistor Rpui.up @and the internal transistor resistance RDSon (see Fig 15).

VCC

Rpull-up_min

RXD RXD

. ]

LT

l Vi_uC(dom)

1

TJA1055T/3 uC

RDSon

Fig 15. Simple circuitry example of RXD and ERR_N

The transistor resistance RDSon can be calculated using the data sheet parameter Io_
(LOW-level output current) [2]. On order to calculate the maximum RDSon the minimum
output current must be taken into account, which is specified with 1.3mA at an output
voltage of 0.4V.

Vo 0.4V

Repsor = —> = ——— = 3080
o . 1.3mA

Based on this maximum RDSon resistance the pull-down current can be calculated,
which is needed to achieve the minimum input threshold for dominant state for the
microcontroller pins. For this example the minimum input voltage of the microcontroller
for dominant state is assumed to be 0.3xVCC with VCC = 3V.

VI_uC(dom)_min _ 0.3vCC _

pull-down

2.9mA

RRDSon RRDSon

With this values the minimum pull-up resistor calculates to:
Rpull—up_min = (VCC - Vl_uc(dom)_min)/ IpuII—down = 7250hm

Conclusion: The pull-up resistor for ERR_N and RXD should be higher than 7250hm for
a 3V application. The calculation above is an example only. It has to be re-calculated
with the real values of the microcontroller interface specification and the tolerances of
VCC as well as a possible microcontroller-internal pull-up resistance.

4.2.4.4 Usage of Series Resistors Regyc

In Fig 14 two optional series resistor Rgyc in RXD and TXD wires between the uC and
the transceiver may be included to further improve the EMC performance of the ECU. In
case signals at TXD show fast slopes, this may cause a degradation of the system EMC
performance. Here it is recommended to place a series resistor of about 1kQ into the
TXD line between transceiver and microcontroller. Along with pin capacitance this would
help to smooth the edges to some degree. For high bus speeds (close to max. 125kbit/s)
the additional delay within TXD has to be taken into account, especially within big
networks. Also for RXD a series resistor of about 1kQ can be used to smooth the edges
at bit transitions. Again the additional delay within RXD has to be taken into account, if
high bus speeds close to 125kbit/s are used within big networks.
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4.2.5 BAT and VCC Supply Circuit

AH0801

The following considerations are recommended for the power supply of the transceiver.
An example circuit is illustrated in Fig 16. The battery wire contains a blocking diode (D1)
to protect the ECU components against wrong supply polarity. The capacitor C4 is
needed to stabilise the battery voltage. After the capacitor the wire is split into voltage
regulator and transceiver supply. The latter contains a series resistor Rgar for extra
protection against automotive transients. The recommended range for the series resistor
being attached to the supply pin BAT is 1 kQ to 2 kQ. The series resistance implies
voltage drop on the battery supply and therefore lowers the minimum operating voltage.
This voltage drop must be taken into account when determining the minimum battery
operating voltage.

An additional capacitor C3 of about 10nF can be used for enhanced transient protection
and for stabilising the battery voltage. It is recommended that this capacitor is connected
to the BAT pin as close as possible.

BAT Voltage uC
— = regulator . T =
1
D C, ‘Leg. 20p
optional 4&7
Rin INH
c +—{ |vece
2
e.g. 10n
1 .| BAT
| | T L
Rgar C, TJA1055
W eg.ion L TJA1055/3

Fig 16. Example of power supply circuit for the 5V device

D, Tc L] [ ] .
! 5VVoItage H
C, regulator regulator
e.g.20u L 1P T

optional

RINH

BAT
TJA1055

TJA1055/3

C
e.g. %OnT

Fig 17. Example of power supply circuit for the 3V device with two voltage regulators
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The voltage regulator delivers the operation current to the VCC pin of the transceiver.
The VCC supply of the TJA1055T must be able to deliver current of 100mA in average
for the transceiver output transmitter (Icc norm_ave, See chapter 4.2.6). Using a linear
voltage regulator and to actuate the device in all conditions, it is recommended to
stabilize the output voltage with a bypass capacitor C1 of about 20puF. Its purpose is to
buffer disturbances on the battery line and to buffer extra supply current demand in case
of bus failures. It is usually placed at the output of the voltage regulator. Typically, a
second capacitor C2 is integrated close to the transceiver. The size of this capacitor
should be between 10-47nF and should also be placed as close as possible to the VCC
pin of the transceiver. For reliability reasons it might be useful to apply two capacitors in
series connection between VCC and GND. Thus, a single shorted capacitor (e.g.
damaged device) cannot short-circuit the VCC supply.

4.2.6 Current Consumption on BAT Pin
Battery Supply Current

The battery current consumption of the TJA1055T in low power mode is typical 25uA with
an applied battery voltage of 14V. If there is a low battery voltage of 7V-8V the
undervoltage detector of the transceiver becomes active requiring extra current to
generate more accurate voltage thresholds. This improves the undervoltage detection of
the TJA1055T compared to the TJA1054T. For the TJA1055T the power-on flag is set
earliest at 5V and latest at 4V battery voltage. For the TJA1054T this is guaranteed
between 3,5V down to 1V.

Voltage drop on Series Resistor at BAT Pin

The following considerations are recommended for the determination of the series
resistor (Reat) being attached to the supply input BAT of the TJA1054T / TJA1055T
transceiver products. The minimum recommended series resistance is about 1kQ for
protection against automotive transients. On the other hand the series resistance implies
voltage drop on the battery supply and therefore lowers the minimum operating voltage.
The voltage drop across the Reat series resistance can be calculated with the following
consideration:

— *
Voropiem = Reat * (leatmaxe + lie + Iink + |rrL)

VprorLpv  Maximum voltage drop in low power mode

Rt Series resistor at BAT pin
IBATmaxt Maximum battery supply current in low power modes (Veat = 5V to 40V)
I WAKE input current, if Vwake n =0
lINH Maximum INH load, when used
IrRTL Maximum RTL current in low power modes (VrrL = 0)
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Table 7 Example calculation of worst-case voltage drop on battery series resistor
Example values according TJA1055T datasheet Rev.03 — 13 March 2007 [2]
Example values according TUA1054T datasheet 11th February 2002 [3]

Symbol Description Condition TJA1054T TJA1055T

Veat Operating voltage 5V -27V 5V - 40V

leaT Maximum battery supply TJA1054T: Vear = 12V 50uA 40 pA
current TJA1055T: Vear = 14V

IBATmaxL Maximum battery supply TJA1054T: Vear=5V to 27V 125pA 100pA

current (low-power-modes)  TJA1055T: Vear=5V to 40V

I WAKE input current Vwake_n = 0V 10pA 12pA
TJA1054T: Vear=5V to 27V
TJA1055T: Vear=5V to 40V

liNH Maximum recommended INH TmA TmA
load (when used)

IrTL Maximum RTL currentin low Dominant: VgL =0 1.25mA 1.50mA
power modes

R Series resistor at BAT pin 1kQ 1kQ

IBATTLPM Maximum total battery Standby Mode 2.38mA 2.61mA
current in low power mode T<1.6ms

Dominant bus

Vwake_n = 0V
VpropLpmt  Maximum voltage drop in low  Standby Mode 2.38V 2.61V
power mode T<16ms

Dominant bus
Vwake_n = 0V
Rt = 1kOhm

VpropLpvz  Maximum voltage drop in low  Standby Mode 1.38V 1.61V
power mode without INH load T < 1.6 ms

Dominant bus
INH not used
Rt = 1kOhm

Current Consumption on VCC Pin

Summary

In order to properly dimension the VCC supply of the fault-tolerant CAN transceivers two
parameters have to be taken into account:

1. The average supply current
2. The peak supply current

The average supply current is needed to calculate the thermal load of the required VCC
voltage regulator. The peak supply current may flow in case of certain bus failure
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conditions for a certain time and thus has an impact on the power supply buffering. The
VCC supply of the transceiver is recommended to support the characteristics as follows:

Table 8 Overview of supply currents:

Item Symbol TJA1054T TJA1055T
Average VCC supply current without bus failures  lcc2_ norm_ava 41 mA 37,5 mA
gxz:zgsu\s/%ﬁusr:zply current at presence of locs 1501 AV 26 mA 72.5 mA
e TSI s rcon