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1. Introduction

This report describes the technical implementation of the LIN transceiver TJIA1021 [3],
TJA1022 [5], TIA1024 [24], TIA1027 [4] and TJA1029 [22] as Physical Medium
Attachment within LIN. Its focus is to provide application hints / recommendations for the
design of LIN electronic control units (ECUs) using the LIN transceiver TJIA1021,
TJA1022, TIA1024, TIA1027 and TIA1029 from NXP Semiconductors.

1.1 LIN basics

The Local Interconnect Network (LIN) is a low speed (max. 20 kBd) Class-A, serial bus
protocol. A LIN sub-bus is primarily intended for modules like seat, door, roof, switch
panel, steering wheel, etc. Its task is to connect switches, actuators and sensors into a
sub-bus that links to the main bus e.g. a CAN bus.

MASTER
CONTROL UNIT

LIN BUS LINE
SLAVE SLAVE SLAVE
CONTROL UNIT CONTROL UNIT —_—— == CONTROL UNIT
1 2 n

Fig 1. Single-master / multiple-slave concept

The LIN protocol [6] is based on the UART/SCI serial data link format using 8N1-coded
byte fields. A LIN network consists of one master node and one or more slave nodes; the
medium access is controlled by the master node. Such a single-master/multiple-slave
concept is shown in Fig 1.
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Fig 2. Voltage levels on the LIN bus line
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The LIN physical layer has been derived from the 1ISO 9141 [11] standard but has some
enhancements to meet the particular operation requirements in automotive environments
such as EMC, ESD, etc. The LIN bus is a single-wire, wired AND bus with a 12V-battery
related recessive level. Beside the LIN [6] and SAE J2602-1 [10] specifications the LIN
physical layer is specified in the ISO 17987 standard [26]. The voltage levels on the LIN
bus line are shown in Fig 2.

Fig 3 illustrates a block diagram of a typical LIN ECU.

ECU
e.g. H-BRIDGE
VOLTAGE
MICROCONTROLLER |«—— REGULATOR
3.0...50V
SCl/

UART AI

I

|

I

|

|

:

LIN TRANSCEIVER }—--—-—————- 4

LIN BUS LINE
L 4
Fig 3. Block diagram of a typical LIN ECU

1.2 Standalone LIN transceiver overview

Table 1 lists a feature overview of the LIN transceiver TJA1020 [1], TJA1021 [3],
TJA1022 [5], TIA1024 [24], TIA1027 [4] and TIA1029 [22].

Table 1. Feature overview

Feature TJA1020 TJA1021 TJA1027 TJA1029 TJA1022 TJA1024
General

LIN transceiver channels 1 1 1 1 2 4
ISO 17987 compliant v v v v v
LIN 2.x compliant (LIN 2.0, LIN 2.1, LIN 2.2, LIN 2.2A) 4 4 v v v
LIN 1.3 compatible v v v v v v
SAE J2602 compliant v v v v v v
DOC-178856, DOC-197731, DOC-236234 Al information provided in this document s subject to legal disclaimers. © NXP B.V. 2015. Al rights reserved.
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Feature
K-Line compatible
Baud rate up to 20 kBd

Sleep mode with very low power consumption
(max 10 pA)

¢ LIN bus remote wake-up
¢ Local wake-up
e Wake-up source recognition
Input levels compatible with 3.0 V, 3.3 V and 5.0V

Integrated termination resistor for LIN slave
applications

Passive behavior in unpowered state
Operational during cranking pulse: full operation
Undervoltage detection

Very low ElectroMagnetic Emission (EME)

Low slope mode / variant

Protection

Very high ElectroMagnetic Immunity (EMI)

Very high ESD robustness according to IEC 61000-4-2
for pins LIN, Veatr and WAKE_N (if pin is available)

Bus terminal and battery pin protected against
transients in the automotive environment (ISO 7637)

Very high load dump robustness according to IEC
16750-2 for pins LIN, Vear and WAKE_N (if pin is
available)

Bus terminal short-circuit proof to battery and ground
Thermally protected

Initial transmit data (TXD) dominant check

Transmit data (TXD) dominant time-out function
Packages

S08 (SOT96-1)

HVSONS (SOT782-1); leadless package (3.0 mm x 3.0
mm) with improved Automated Optical Inspection (AOI)
capability

S014 (SOT108-1)

HVSON14 (SOT1086-2); leadless package (3.0 mm x
4.5 mm) with improved Automated Optical Inspection

(AQI) capability

HVQFN24 (SOT815-1); leadless package (3.5 mm x

5.5 mm) with improved Automated Optical Inspection
(AQI) capability

TJA1020 TJA1021 TJA1027 TJA1029 TJA1022 TJA1024

v v v v v v
v v v v v v
(max
v v v v v 20 A
v v v v v v
v v
v v
v v v v v v
v v v v v v
v v v v v v
>50vVHl >55V >50V >50V >50V >50V
v v v v v
v v v v v v
v v
v v v v v v
(6 kV) 2 6 kV +8 kV +8 kV +8 kV +8 kV
v v v v v v
40V 40V 42V 42V 42V 42V
v v v v v v
v v v v v v
v v v v v v
v v v v v
v v v v
v v v
v
v
v

(1]
(2]

DOC-178856, DOC-197731, DOC-236234

All information provided in this document is subject to legal disclaimers.

In the supply voltage operation range between 5.0 V and 7.3 V are parameter deviations possible.
With additional external LIN-bus ESD protection diode PESD1LIN.
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TJA1020

The TJA1020 [1] is the first LIN transceiver released from NXP Semiconductors.
Application hints for the TIA1020 are covered in the Application Note ANO0093 [2].

RXD [1] [ 8] INH
NSLP [2] [ 7] BAT
TJA1020T
NWAKE [ 3] [ 6] LIN
TXD [4] [ 5] GND

Fig 4. TJA1020 pinning diagram

TJA1021

The TJA1021 [3] was the first LIN 2.1 compliant LIN transceiver worldwide. The pinning
(see Fig 5) is compatible to the TJIA1020 and the feature set (see Table 1) is similar to
the TJA1020. Details on the transceiver differences are described in section 2.

terminal 1
index area
RxD [ 1 8 | INH
RXD [1 ] [ 8] INH ) E]
sLP_N [2] (7] Vear SLP_N [2) @] Vewr
TJA1021T TJA1021TK
WAKE_N [3 ] [ 6] LIN WAKE_N E) @ LN
TXD [4] [ 5] GND
™D [4) (5] enp
Transparent top view
(1) sos8 (2) HVSONS
Fig 5. TJA1021 pinning diagram

1.2.3 TJA1027 and TJA1029

DOC-178856, DOC-197731, DOC-236234

The LIN transceivers TJA1027 [4] and TJA1029 [22] are system efficient transceivers for
LIN applications, where neither switch event detection via WAKE pin nor voltage
regulator control via INH pin is required. With these transceivers the functional overhead
and the hardware and software complexity is reduced to a minimum. Beside the SO8
package both transceivers are also provided in a very small leadless HYSON8 package,
which supports automated optical inspection (see Fig 6).

Only difference between TJA1027 and TJA1029 is the TXD dominant time-out function,
which is not provided by the TIA1027.

The differences to the TJIA1021 are described in section 2.

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2015. All rights reserved.
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terminal 1
index area
RXD | 1 8 | n
RXD [1] 8] n.c. B (8] ne
SLP N [2] | 13a1027T [ Vear SLP_N [ 2) TIAL027TK @] Vear
ne [3] | TIAL029T 6] uin ne. [ TJAL1029TK al
TXD [4] [ 5] GND
™D [4) (5] enp
Transparent top view
(1) sos (2) HVSONS
Fig 6. TJA1027 and TJA1029 pinning diagram

1.2.4 TJA1022

The TJA1022 is a so-called dual LIN transceiver, i.e. this transceiver has two LIN
transceiver channels. In order to support LIN channel scalability on the board the lower
part of the TIA1022 pinning (see Fig 7) is compatible to single channel LIN transceivers
such as TJA1020, TJIA1021, TJA1027 and TJA1029. The state diagram per LIN channel
is equal to TJIA1027, TJIA1024 and TJA1029, which enables LIN software driver reuse.

terminal 1
index area
RXD1 [ 1) wa] ne.
RxD1 [1] [14] n.c. SLPiN|[2) (3] LNz
SLP1N [2] 13] LIN
D1 | 3 12 | nc.
TXD1 [3] 12] n.c. EX zfne
RxD2 [4] | TIA1022T [11] nec. RXD2 [ 4] |TJA1022TK| (1] nec.
SLP2_N [5 | [10] Vear stz N [5) (0] Veur
nc. [ 6 9 | LIN
[ - nec. [ 6] (o] unz
TXD2 [7 ] | 8] GND
™D2 [ 7] (8] oD
Transparent top view
(1) so14 (2) HVSON14
Fig 7. TJA1022 pinning diagram

1.2.5 TJA1024

DOC-178856, DOC-197731, DOC-236234

The TJA1024 is a LIN device with four LIN transceiver channels. It provides independent
mode control for each channel respectively. The state diagram per LIN channel is equal
to TJA1027, TJIA1022 and TJA1029, which enables LIN software driver reuse. The
TJAL1024 is available in a DHVQFN24 package (3.5 mm x 5.5 mm). This package is a
leadless package, which supports automated optical inspection. In Fig 8 the TJA1024
pinning is illustrated.

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2015. All rights reserved.
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Fig 8.
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DOC-178856, DOC-197731, DOC-236234

All information provided in this document is subject to legal disclaimers.
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An overview of the functional differences between TJA1021, TJIA1022, TIA1024

TJA1027 and TJA1029 is listed in Table 2.

Table 2.  Overview of functional differences
Feature TJA1021 TJA1022 TJA1024 TJA1027 TJA1029 Description
LIN channels 1 2 4 1 1
EMC approved at further further further further
automotive improved EMC  improved EMC improved EMC improved EMC
manufacturers  performance performance performance performance
ESD + 6kV 1171 +12kv 19 +11kv 3] + 12kvV 8l + 12kv 3 Table 9
(150pF/330Q)  (150pF/330Q)  (150pF/330Q)  (150pF/330Q)  (150pF/330Q)
Low slope variant yes no no no no Section 4.3.2
(/10)
Mode after Power-on mode Sleep mode Sleep mode Sleep mode Sleep mode
power-on
Operation during  LIN operation LIN operation LIN operation LIN operation LIN operation
cranking pulse downto55V downto50V downto50V downto5.0V downto5.0V
(for e.g. Start- (fully specified  (fully specified  (fully specified  (fully specified  (fully specified
Stop, RKE, ...) in data sheet) in data sheet)  in data sheet) in data sheet) in data sheet)
LIN speed 1...20kBd 24..20kBd 24..20kBd 0...20kBd 2.4 ...20kBd
TXD dominant yes yes yes no yes
time-out
INH yes no no no no Section 4.1.7
(High-side switch
for VReg, master
termination,
battery
monitoring, etc)
WAKE_N yes no no no no Section 4.1.6

(local wake-up
input)

DOC-178856, DOC-197731, DOC-236234

All information provided in this document is subject to legal disclaimers.
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3. Upgrading hints

3.1 TJA1020 upgrading guidance

Motivations for an upgrade of existing TIA1020 applications towards the newer products
TJA1021 or TIA1027 or TJA1029 are

e Compliance to LIN 2.x

e Enhanced ESD performance

e System cost optimization, if not all features of the TJA1020 are used
e Board space reduction

Depending on the application the TJA1021, the TJA1027 or the TJA1029 is the optimum
choice to upgrade a TJA1020 ECU. If in the application pin NWAKE and/or pin INH of the
TJA1020 are used, the TIA1021 should be applied as replacement. Else if a TXD
dominant time-out function is required the TJA1029 is recommended to replace the
TJA1020. Otherwise the TJA1027 could be the optimum choice to upgrade a TJA1020
ECU. In Fig 9 this is illustrated.

TJA1020

NWAKE and/or
INH used?

A

TXD dominant
time-out timer
needed?

TJIAL021 YES

/ /

TJA1027 TJA1029

Fig 9. TJA1020 upgrading guidance

3.2 TJA1020 - TJA1021

Table 3 lists the differences between the TJIA1021 and TJA1020. In the following
chapters the details are described

DOC-178856, DOC-197731, DOC-236234 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2015. All rights reserved.

Application Hints Rev. 3.0 — 13 January 2015 10 of 44




NXP Semiconductors

3.21

3.2.2

3.2.3

DOC-178856, DOC-197731, DOC-236234

AH1103

Systems & Applications

Table 3.  Overview of functional improvements compared to the TJA1020

No. Functional improvement TJA1021 Descriptionin ...
1 LIN 2.x / SAE J2602 / ISO 17987 Physical Layer Section 3.2.1
2 ESD robustness Section 3.2.2
3 Normal Slope mode only (no Low Slope mode provided) Section 3.2.3
4 15t state after BAT power-on enables INH switch Section 3.2.4
5 TxD dominant time-out has been made longer Section 3.2.5
6 Start-up time entering Normal mode Section 3.2.6
7 Transmitter and Receiver Operation Range Section 3.2.7

LIN 2.x / SAE J2602 / ISO 17987 physical layer

The physical layer of the TJIA1021 [3] is compliant to LIN 2.0 [8], LIN 2.1 [7], LIN 2.2A [6]
SAE J2602-1 [10] and ISO 17987-4 [26]. Hence, compared to the TIA1020 [1] the
TJA1021 provides improved transmission reliability.

TJA1021 drop-in compatibility impact to TJA1020 applications:

¢ No impact to software.
¢ No impact to hardware (Note: The LIN driver is specified for the supply range from
5.5V to 18 V).
ESD robustness

The robustness of the TJIA1021 against ESD has been increased compared to the
TJA1020. The TJA1021 withstands ESD voltages up to +8 kV according to
JESD22-A114-B (100 pF / 1.5 k) and up to +6 kV according to IEC 61000-4-2 [21]
(150 pF / 330 Q). Hence, it can be considered to omit external ESD protection devices.

TJA1021 drop-in compatibility impact to TJA1020 applications:

¢ No impact to software.
e No impact to hardware.

Normal Slope mode only

The TJA1021 provides one transmission mode only. Thus the Low Slope mode control
function from the TJA1020 is not implemented into the TJA1021. Instead a low slope
variant of TJA1021 for 10.4 kBd is provided (see also Section 4.3.2). This has the
advantage that the mode pin SLP_N might be connected to the microcontroller supply
directly, if no dedicated low power mode control is required. For the TJIA1020 it is
recommended to connect the SLP_N to a microcontroller port pin in order to enter a
defined transmission mode (Normal Slope or Low Slope).

Regardless whether a TJIA1020 software driver was used to enter the Normal Slope
mode or Low Slope mode, such a software driver, when applied to the TJA1021, would
enter the Normal mode of the TJA1021.

TJA1021 drop-in compatibility impact to TJA1020 applications:

¢ No impact to software.
e No impact to hardware.

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2015. All rights reserved.
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Power-on behavior

After power-on (supply voltage on Vear is switched on) the TJA1021 enables the INH
switch. This 1%t state is called the Power-on mode [3]. The 1%t state after power-on of the
TJAL1020 is the Sleep mode [1], where the INH switch is disabled. Thus, for TJA1020
applications using the INH to control the microcontroller supply the application stays in
low power mode when being powered the first time on BAT while TJA1021 applications
start to power up.

With this change of the power-on behavior it is possible to distinguish between a power-
on event on Vear and a local or remote wake-up event. In the Power-on mode the RXD
output remains floating, while in the Standby mode the RXD output goes LOW signaling
a wake-up event. During Power-on mode the TJA1021 will not detect and signal local
and remote wake-up events.

TJA1021 drop-in compatibility impact to TJA1020 applications:

e Software impact: From the system point of view it has to be checked whether the
different power-on behavior of the TJA1021 has an impact or not. After power-on the
TJA1021 switches via INH an external voltage regulator on whereas the TJIA1020
keeps it off.

o Hardware impact: If the INH output is used to control the microcontroller supply, then
no hardware change is required. Otherwise the INH output state of the TJA1021
should be read by the microcontroller. See Section 4.1.7.3 for further details.
Basically it should be considered to use the TJA1027 instead, if INH is not used to
control the supply.

TxD dominant time-out

The TxD dominant time-out of the TJA1021 has been lengthened (see parameter
to@@om)Txp [3]). It supports LIN master transmission down to 1 kBd and K-Line master
transmission. Thus the supported bit rate range has extended.

TJA1021 drop-in compatibility impact to TJA1020 applications:

¢ No impact to software.
e No impact to hardware.

Start-up time of the Normal mode

After the Normal mode of the TJA1021 is entered the transmitter block and the receiver
block require a short initialization time tininorm) [3] before they are enabled. This
initialization time prevents spikes on LIN and RXD during the mode transition to Normal.
This means once the Normal mode is entered (SLP_N = HIGH for t > tgotonorm [3]) the
transmitter and the receiver remain disabled until the initialization time tinitnorm) [3] has
passed.

TJA1021 drop-in compatibility impact to TJA1020 applications:

o Software impact: The LIN transmitter of the TJIA1020 needs also a short initialization
time (max 11.5 ps). Nevertheless, the time period from putting SLP_N to HIGH until
the start of transmission (and reception) has to be checked. As a rule of thumb this
time period should be longer than 30 pys (maximum of tgotonorm + tinittnorm)). Otherwise
the 1st dominant pulse (one or more bits) is not transmitted.

e No impact to hardware.

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2015. All rights reserved.
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Transmitter and receiver operating supply range

For the TJIA1021 the operating supply range of the LIN transmitter and the LIN receiver is
fully specified from 5.5 V to 18 V. The operating supply range of the TJA1020 is between
7.3V and 27 V.

TJA1021 drop-in compatibility impact to TJA1020 applications:

e No impact to software.
e No impact to hardware.

e System impact: LIN transmission during Jump Start (Veatgump) = 27 V) might be
disturbed, but in return LIN transmission during energizing of the starter motor
(Vecu(puise_s) = 6 V) is supported.

Checklist for ECU upgrade from TJA1020 to TJA1021
For ECUs where currently the TJA1020 is applied the checklist in Table 4 provides all
issues, which should be considered for an upgrade with the TIA1021.

Table 4. Checklist for ECU upgrade from TJA1020 to TJA1021
Subject Item Check

System Operating supply range for LIN transmitter and receiver of
TJA1021 differs from TIA1020. Check whether LIN
communication during jump start is required.

Hardware The power-on behavior of the TJA1021 differs from the
TJA1020 (see Section 3.2.4). It has to be checked whether the
INH output is used to control the microcontroller supply.

Software The power-on behavior of the TJA1021 differs from the
TJA1020 (see Section 3.2.4). It has to be checked whether the
different power-on behavior has an impact to application and
system environment.

After transition to Normal mode the TJA1021 needs additional
start-up time (see Section 3.2.6). The time period from putting
SLP_N to HIGH until start of transmission (and reception)
should be longer than 30 ps

TJA1020 — TJA1027 and TJA1029

Table 5 lists the differences of the TJA1020 to the TIA1027 and the TIA1029. In the
following chapters the details are described.

Table 5. Overview of functional improvements and differences compared to the TIA1020

No. Functional improvement TJIA1027 / TJA1029 Description in ...
1 No local wake-up input pin (NWAKE) Section 3.3.1
2 No microcontroller supply control output pin (INH) Section 3.3.2
3 LIN 2.x / SAE J2602 / ISO 17987 Physical Layer Section 3.3.3
4 ESD robustness Section 3.3.4
5 Normal Slope mode only (no Low Slope mode provided) Section 3.3.5
6 No TxD dominant time-out (TJA1027 only) Section 3.3.6
7 Start-up time entering Normal mode Section 3.3.7
8 Transmitter and Receiver Operation Range Section 3.3.8

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2015. All rights reserved.
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No local wake-up input pin (NWAKE)

The TJA1020 has a local wake-up input (NWAKE) at pin 3. This function is not available
at the TJIA1027 and TJA1029. Pin 3 of the TJA1027 and TJA1029 is a real ‘not
connected’ pin, i.e. without bond wire and lead frame connection to the transceiver die.

TJA1027 and TJA1029 drop-in compatibility impact to TJA1020 applications:
¢ No impact to software.

e Hardware impact: If no local wake-up input is needed, then no hardware change is
necessary. Otherwise the TJA1021 should be used.

No microcontroller supply control output pin (INH)

The TJA1020 has a microcontroller supply control output (INH) at pin 8. This function is
not available for the TJA1027 and TJA1029. Pin 8 of the TJA1027 and TJA1029 is a real
‘not connected’ pin, i.e. without bond wire and lead frame connection to the transceiver
die.
TJA1027 and TJA1029 drop-in compatibility impact to TJA1020 applications:

¢ No impact to software.

e Hardware impact: If no microcontroller supply control output is needed, then no
hardware change is necessary. Otherwise the TJA1021 should be used.

LIN 2.x / SAE J2602 / ISO 17987 physical layer

The physical layer of the TJA1027 [4] and TJA1029 [22] is compliant to LIN 2.0 [8], LIN
2.1 [7], LIN 2.2A [6], SAE J2602-1 [10] and ISO 17987-4 [26]. Hence, compared to the
TJA1020 [1] the TJAL1027 and the TJA1029 provides improved transmission reliability.

TJA1027 and TJA1029 drop-in compatibility impact to TJA1020 applications:
¢ No impact to software.

¢ No impact to hardware (Note: The LIN driver is specified for the supply range from
5.0V to 18 V).

ESD robustness

The robustness of the TJIA1027 and TJA1029 against ESD has been increased
compared to the TJA1020. The TJA1027 and TJA1029 withstands ESD voltages up to
+8 kV according to JESD22-A114-B (100 pF / 1.5 kQ) and up to £12 kV [18] [23]
according to IEC 61000-4-2 [21] (150 pF / 330 Q). Hence, it can be considered to omit
external ESD protection devices.

TJA1027 and TJA1029 drop-in compatibility impact to TJA1020 applications:
e No impact to software.

e No impact to hardware.
Normal Slope mode only

TJA1027 and TJA1029 provide one transmission mode only. Thus the Low Slope mode
control function from the TIA1020 is not implemented into TJA1027 and TJA1029. This
has the advantage that the mode pin SLP_N might be connected to the microcontroller
supply directly, if no dedicated low power mode control is required. For the TIA1020 it is
recommended to connect the SLP_N to a microcontroller port pin in order to enter a
defined transmission mode (Normal Slope or Low Slope).

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2015. All rights reserved.
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Regardless whether a TJA1020 software driver was used to enter the Normal Slope
mode or Low Slope mode, such a software driver, when applied to TIA1027 or TJIA1029,
would enter the Normal mode of the TJA1027 respectively TJA1029.

TJA1027 and TJA1029 drop-in compatibility impact to TJA1020 applications:
e No impact to software.

e No impact to hardware.
No TxD dominant time-out (TJA1027 only)

The TJA1027 has no TxD dominant time-out function (disables LIN transmitter if TXD
dominant time exceeds time-out), but it has an initial TXD dominant check function. The
TXD input level is checked after a transition to Normal mode. If TXD is LOW, the transmit
path will remain disabled and will only be enabled when TXD goes HIGH. This check
prevents the bus line from being driven to a permanent dominant state (blocking all
network communications) if pin TXD is forced permanently LOW by a hardware and/or
software application failure.

TJA1027 drop-in compatibility impact to TJA1020 applications:

¢ No impact to software.
¢ No impact to hardware.

Start-up time of the Normal mode

After the Normal mode of TJIA1027 or TJA1029 is entered the transmitter block and the
receiver block require a short initialization time tinitnorm) [4][22] before they are enabled.
This initialization time prevents spikes on LIN and RXD during the mode transition to
Normal. This means once the Normal mode is entered (SLP_N = HIGH for t > tgotonorm [4])
the transmitter and receiver path remains disabled until the initialization time tinittorm) [4]
has passed.

TJA1027 and TJA1029 drop-in compatibility impact to TJA1020 applications:

o Software impact: The LIN transmitter of the TJIA1020 needs also a short initialization
time (max 11.5 ps). Nevertheless, the time period from putting SLP_N to HIGH until
the start of transmission (and reception) has to be checked. As a rule of thumb this
time period should be longer than 30 pus (maximum of tgotonorm + tinittnorm)). Otherwise
the 15t dominant pulse (one or more bits) is not transmitted.

e No impact to hardware.

Transmitter and receiver operating supply range

For TJA1027 and TJA1029 the operating supply range of the LIN transmitter and the LIN
receiver is fully specified from 5.0 V to 18 V. For higher supply voltages with up to 27 V
(e.g. during an automotive jump start), the total LIN network pull-up resistance should be
higher than 680 Q and the total LIN network capacitance should be less than 6.8 nF to
ensure reliable LIN data transfer. The operating supply range of the TJA1020 is between
7.3V and 27 V.

TJA1027 and TJA1029 drop-in compatibility impact to TJA1020 applications:
e No impact to software.

e No hardware impact.

e System impact: LIN transmission during Jump Start (Veatgump) = 27 V) might be
disturbed at big networks, but in return LIN transmission during energizing of the
starter motor (Vecu(puise_4) = 5.5 V) is supported.
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3.3.9 Checklist for ECU upgrade from TJA1020 to TJA1027 and TJA1029

For ECUs where currently the TJA1020 is applied the checklist in Table 6 provides all
issues, which should be considered for an upgrade with TJIA1027 and TJA1029.

Table 6.  Checklist for ECU upgrade from TJA1020 to TJA1027 and TJA1029
Subject Item Check

System Operating supply range for LIN transmitter and receiver of
TJA1027 differs from TJA1020. Check whether LIN
communication during jump start is required. If yes, check
whether the total LIN network pull-up is 2680 Q and the total
LIN network capacitance <6.8 nF.

Hardware It has to be checked whether INH output and WAKE input
function are needed.

Software After transition to Normal mode the TIA1027 needs additional
start-up time (see Section 3.3.7). The time period from putting
SLP_N to HIGH until start of transmission (and reception)
should be longer than 30 ps

3.4 TJA1021 changeover guidance

In case that not all features of the TJA1021 are used, a changeover from existing
applications with TJA1021 (or LIN transceiver from competition) towards the newer
products TIA1027 or TJA1029 can help to optimize the system costs. If in the application
neither pin NWAKE nor pin INH of the TJA1021 are used, the TJA1029 should be
applied as replacement. Furthermore, if a TXD dominant time-out function is not
required, the TJA1027 is a good choice.

In addition for applications with multiple LIN channels (typically LIN master applications)
the system costs and the board space can be further optimized with the dual LIN
transceiver TJA1022 or the quad LIN transceiver TJIA1024.

In Fig 10 the TJA1021 changeover options are illustrated.
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Fig 10. TJA1021 changeover guidance

Table 7 lists the differences of the TJA1021 to the TIJA1027 and the TJA1029. In the

following chapters the details are described.

Table 7.  Overview of functional improvements and differences compared to the TJA1021

No. Functional improvement TJA1027 / TJA1029
No local wake-up input pin (WAKE_N)

ESD robustness

a b W N -

Initial state after BAT power-on is Sleep mode
No TxD dominant time-out (TJA1027 only)

No microcontroller supply control output pin (INH)

Description in ...
Section 3.5.1
Section 3.5.2
Section 3.5.3
Section 3.5.4
Section 3.5.5

No local wake-up input pin (WAKE_N)

The TJA1021 has a local wake-up input (WAKE_N) at pin 3. This function is not available
at the TJIA1027 and TJA1029. Pin 3 of the TJA1027 and TJA1029 is a real ‘not
connected’ pin, i.e. without bond wire and lead frame connection to the transceiver die.
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TJA1027 and TJA1029 drop-in compatibility impact to TJA1021 applications:
e No impact to software.

e Hardware impact: If no local wake-up input is needed, then no hardware change is
necessary. Otherwise keep using the TJA1021.

No microcontroller supply control output pin (INH)

The TJA1021 has a microcontroller supply control output (INH) at pin 8. This function is
not available at the TJA1027 and TJA1029. Pin 8 of the TJA1027 and TJA1029 is a real
‘not connected’ pin, i.e. without bond wire and lead frame connection to the transceiver
die.
TJA1027 and TJA1029 drop-in compatibility impact to TJA1021 applications:

¢ No impact to software.

e Hardware impact: If no microcontroller supply control output is needed, then no
hardware change is necessary. Otherwise keep using the TJIA1021.

ESD robustness

The robustness of the TIA1027 and TJA1029 against ESD has been further improved
compared to the TJA1021. The TJA1027 and TJA1029 withstands ESD voltages up to
+8 kV according to JESD22-A114-B (100 pF / 1.5 kQ2) and up to +12 kV [18] [23]
according to IEC 61000-4-2 [21] (150 pF / 330 Q).

TJA1027 and TJA1029 drop-in compatibility impact to TJA1021 applications:
¢ No impact to software.

e No impact to hardware.
Power-on behavior

The 1t state after power-on (supply voltage on Vear is switched on) of the TJIA1021 is the
Power-on mode [3], where the INH switch is enabled. Depending on the application
software the next TJA1021 mode will be set to either Normal mode or Sleep mode. In the
TJA1021 Power-on mode the RXD output remains floating, while in the Standby mode
the RXD output goes LOW signaling a wake-up event. During Power-on mode the
TJA1021 will not detect and signal local and remote wake-up events.

TJA1027 and TJA1029 have neither a Power-on mode nor an INH switch output. After
power-on TJA1027 and TJA1029 switch to Sleep mode [4][22].

TJA1027 and TJA1029 drop-in compatibility impact to TJA1021 applications:

e Software impact: From the system point of view it has to be checked whether the
different power-on behavior of TJA1027 and TJA1029 has an impact or not. After
power-on the application software might read the state of the TJIA1021 INH switch
output. As TJA1027 and TJA1029 has no INH such read trial of the application
software could cause incorrect application behavior.

e No impact to hardware.
No TxD dominant time-out (TJA1027 only)

The TJA1027 has no TxD dominant time-out function (disables LIN transmitter if TXD
dominant time exceeds time-out), but it has an initial TXD dominant check function. The
TXD input level is checked after a transition to Normal mode. If TXD is LOW, the transmit
path will remain disabled and will only be enabled when TXD goes HIGH. This check
prevents the bus line from being driven to a permanent dominant state (blocking all
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network communications) if pin TXD is forced permanently LOW by a hardware and/or
software application failure.

TJA1027 drop-in compatibility impact to TJIA1021 applications:

e No impact to software.
e No impact to hardware.

3.5.6 Checklist for ECU upgrade from TJA1021 to TJA1027 and TJA1029

For ECUs where currently the TJA1021 is applied the checklist in Table 8 provides all
issues, which should be considered for an upgrade with TJA1027 and TJA1029.

Table 8. Checklist for ECU upgrade from TJA1021 to TJA1027 and TJA1029
Subject Item Check

Hardware It has to be checked whether INH output and WAKE input
function are needed.

Software The power-on behavior of TIA1027 and TJA1029 differs from
the TJA1021 (see Section 3.5.4). It has to be checked whether
the different power-on behavior has an impact to application
and system environment.
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4. Application information

4.1
41.1

4.1.2

41.2.1
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Detailed pin description

Veat

Fig 11 shows the recommended circuitry for the supply pin Vear. The reverse polarity
protection diode is required, because the TJA102x have no internal reverse polarity
protection circuits. Moreover, some buffer capacitors should be applied to the Vear pin to
suppress spikes, noise and supply voltage drops, such as cranking pulse 4 [15].

VEecu

.Cli CZJ'
11

TJAL102x

Fig 11. Typical Veart circuitry

The buffer capacitor C1 in Fig 11 depends on the maximum supply current of the LIN
ECU, the minimum cranking pulse voltage and the maximum cranking pulse time. The
buffer capacitor C2 should be placed close to the Vsar pin. A typical value for C2 is 68nF.

LIN/LINL1/LIN2/LIN3/LINA

The pin LIN is used to transmit and receive data on the LIN bus line. A low side switch
with controlled wave shaping is used for bit transmission while an integrated receive
comparator (receiver) converts the LIN bus voltage back to a binary signal. The threshold
of the receiver is battery related and has a hysteresis.

TJA1021

The LIN pin of the TJA1021 has a high-resistance pull-up of Rpuwivy [3] and a slave
termination resistor of Rsiave [3] in parallel to pin Vear. The slave termination resistor and
the high-resistance pull-up as well as the low side switch are implemented with a reverse
current diode. Thus for a LIN slave application no external components are required.
Nevertheless, improvement of EME and EMI can be achieved by applying a capacitive
load Csiave [6] at the LIN bus line as shown in Fig 12a.

The high-resistance pull-up of Rpuwiny is used as an additional weak pull-up, because the
slave termination resistor Rsiave is switched off in sleep mode. Thus a transition into the
sleep mode minimizes the current consumption in case of LIN short-circuit to ground

For a LIN master application a reverse current diode in series with the LIN master
resistor Rwaster [6] is connected between LIN and Veat. In addition typically a
capacitance load Cwuaster [6] between LIN and ground is added. Fig 12b shows a typical
LIN master termination for the TJIA1021.
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VECU

¥

VBAT

TJA1021

LIN BUS LINE

“EHD

Vecu

VBAT

TJA1021

RMASTER

Rpu(LIN)

LIN

Rsiave

LIN BUS LINE

CMASTER
TR

FHD>

a. Typical LIN slave termination b. Typical LIN master termination

Fig 12. Typical LIN termination with TJA1021

4.1.2.2 TJA1022, TIA1024, TIA1027 and TJA1029

The LIN pins of the TJA1022 and TJA1024 and the LIN pin of TJA1027 and TJA1029 are
equal. A LIN slave pull-up Rsiave cOnnected to Vear in series with a reverse current
protection diode is integrated. The low side driver of the LIN transmitter is also
implemented in series with a reverse current protection diode.

In Fig 13a a typical LIN termination for a LIN slave application with the TIA1022,
TJA1024, TJIA1027 and TJA1029 is shown. Only a LIN slave capacitance load Csiave [6]
is typically added to improve EME and EMI.

LIN BUS LINE

VEecu

VBAT

Rsiave

LIN

TJA1022 / TIJA1024
TJA1027 / TIJA1029

CSLAVE
-

B>

L

Vecu

VBAT

Rsiave

LIN

TJA1022 / TJA1024
TJA1027 / TJA1029

I_

LIN BUS LINE
Ruvaster

Cwmaster
]

B>

L

a. Typical LIN slave termination b. Typical LIN master termination

Fig 13. Typical LIN termination with TJIA1022, TJIA1024, TJIA1027 and TJA1029
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4.1.3

For a LIN master termination with TJIA1022, TJA1024, TIA1027 and TJA1029 a LIN
master pull-up Rwaster [6] in series with a reverse current protection diode is required.
The master pull-up and the diode are connected between Vear and LIN. Typically a LIN
master capacitance load Cwaster [6] between LIN and ground is added.

SLP_N/SLP1 _N/SLP2_N/SLP3 _N/SLP4_N

The sleep control pin SLP_N provides an internal pull-down resistor RppsLp_n) to support
a defined input level in case of open circuit failures. A LOW-level results in Sleep mode
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and reduces the power dissipation to a minimum. The range of the input threshold is
chosen to support 5 V as well as 3.0 V/3.3 V supplied devices. A typical SLP_N pin
application is shown in Fig 14.

uc TJA102x

D Px.x SLP_N >

Rep(sie_n)

Fig 14. Typical SLP_N pin application

The minimum drive capability of the microcontroller port pin for the SLP_N pin should be
100 pA.

If the low power modes of the transceiver shall be used, it is recommended to connect
SLP_N to a microcontroller port pin. Otherwise if the low power modes are not applied,
SLP_N can be connected directly to a VCC supply source.

4.1.4 TXD/TXD1/TXD2/TXD3/TXD4

The TXD pin of the TIA1021 is a bi-directional pin whereas the TXD pin of TJA1022,
TJA1027 and TJA1029 is an input pin only. The input threshold of the TXD pin supports
3.0V, 3.3V and 5.0 V supplied devices.

All TXD pins provide an internal pull-down resistor Reoxp) [3][4][5][22] to support a
defined input level in case of open circuit failures.

Note: After the transceiver is switched to Normal mode the LOW-level on TXD results
not in a dominant LIN output. In order to enable the LIN transmit path the TXD input must
be one-time HIGH. This initial TXD dominant check prevents the bus line from being
driven to a permanent dominant state (blocking all network communications) if pin TXD is
forced permanently LOW by a hardware and/or software application failure.

4141 TJA1021

The TXD pin of the TIA1021 is a bi-directional pin. In Normal mode it is used as transmit
data input whereas in Standby mode the wake-up source is signaled. Here an active low
output of the TXD pin indicates a local wake-up event on the WAKE_N pin. If a local
wake-up source at the WAKE_N pin is used, a pull-up behavior at pin TXD is required.
This pull-up can be achieved in two ways:

1. The microcontroller port pin provides an integrated pull-up Rrxwuc) (see Fig 15a).
2. An external pull-up resistor Rrxexy towards the local Vcc is connected (see Fig 15b).

In case no local wake-up source is present (WAKE_N is unused), no external pull-up
resistor is required. Then TXD will never be pulled to a strong LOW-level by the
TJA1021.
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puc Vee
J V:cc
R TJA1021 | Rocen TJA1021
‘{> > ‘{> x| 1 TXD >
< I Repp( Txo)i’j < I Rpp(rxp) L
c. for uC with internal programmable pull-up d. for pC without internal pull-up
Fig 15. Typical TXD pin application of TJA1021

If the local wake-up feature (WAKE_N) of the TJA1021 is used, the required pull-up
strength of the external pull-up Rrx is defined by

1. the drive capability of the integrated wake-up source transistor pulling TXD to low in
case of a local wake-up event and

2. the integrated TXD pull-down resistor Rep(rxp) of the TJIA1021.

The required pull-up current of the microcontroller port pin as well as the external resistor
Rrx should be in the range from 100 YA to 1.5 mA.

Remark: For LIN the signal symmetry of the falling and rising transition on TXD has an
impact on the overall system tolerances. Hence, it is recommended to keep the RC-load
time constant on the TXD input as short as possible. A recommended value for the
external pull-up resistor Rrx is 4.7 kQ.

4.1.4.2 TJA1022, TIA1024, TIA1027 and TJA1029

The TXD pins of TJA1022 and TJA1024 as well as the TXD pin of TJA1027 and
TJA1029 are equal. Fig 16 illustrates the typical TXD pin application.

TJA1022 / TJIA1024
uc TJA1027 / TIA1029

> SN

Rpp(rxp)

Fig 16. Typical TXD pin application of TJIA1022, TJA1024, TJA1027 and TJA1029

The required pull-up current of the microcontroller port pin should be stronger than
200pA.

4.1.5 RXD/RXD1/RXD2/RXD3/RXD4

The receive data output RXD provides an open drain output. The output HIGH-level can
be adapted with a pull-up resistor to the microcontroller supply voltage. Thus 3.0 V/3.3 V
microcontroller derivatives without 5 V tolerant ports can be used. In case the
microcontroller port pin does not provide an integrated pull-up, an external pull-up
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resistor connected to the microcontroller supply voltage Vcc is required. In Fig 17 typical
RXD applications are shown

puc Vee
J Vc::c
Rexuo) TJIA102x HC | Rexcen TJA102x
<} RX RXD <} R | T RXD
L L
a. for pC with internal programmable pull-up b. for uC without internal pull-up
Fig 17. Typical RXD pin application

Remark: For LIN the signal symmetry of the falling and rising transition on RXD has an
impact on the overall system tolerances. Hence, it is recommended to keep the RC-load
time constant on the RXD output as short as possible. A recommended value for the
external pull-up resistor Rrx is 2.4 kQ.

4.1.6 WAKE_N (TJA1021 only)

The local wake-up input WAKE_N is used to detect local wake-up events using a falling
edge. This falling edge has to be followed by a continuous LOW-level of at least
twake(domwake_N [3] in order to successfully pass the integrated EMI filter. The WAKE_N pin
provides an internal weak pull-up current source lpu) [3] towards battery, which results in
a HIGH-level in case of open circuit failures. It is recommended to connect an external
pull-up resistor Rwake1 to provide sufficient current for an external wake-up switch or
transistor. In case the wake-up source (switch or transistor) at WAKE_N has a different
ground path than the TJA1021, it is recommended to add a series resistor Rwakez
between the WAKE_N pin and the wake-up source. If the ECU has lost its ground while
the wake-up source is still connected to ground, the series resistor Rwaxez protects the
ECU against a reverse current supply through the internal protection diodes of WAKE_N.
Fig 18a shows a typical WAKE_N pin application for local wake-up via external switch.

TJA1021 TJA1021
Veat Vear
VBAT VBAT
Rwake1 ¢ Ipu(L) #‘ IPU(L)
}_ Rwakez | WAKEN WAKE_N >
a. for local wake-up via external switch b. for application without local wake-up
Fig 18. Typical WAKE_N pin application of TJA1021

The pull-up resistor Rwake1 depends only on the required current of the wake-up source
(switch or transistor), whereas the series resistor Rwakez is mainly defined by the
applications ground shift between the ECU and the external wake-up source.
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A typical value for the series resistor Rwakez is 3 kQ.
4.1.7 INH (TJA1021 only)
4.1.7.1 INH controlled voltage regulator

The output pin INH is a battery related open drain output to control an external voltage
regulator. Therefore an external pull-down resistor Rinn connected to ground is
necessary. This pull-down is typically integrated within the voltage regulator itself. A
typical INH pin application is shown in Fig 19a.

Veat Vear
Voltage TIA1021 Voltage TIA1021
Regulator Vineur | Vear ﬂ JAL0 Regulator |_ Vear JA10
< INH Vinput
INH _XTZ INH
RINH
a. for voltage regulators with inhibit input b. for voltage regulators without inhibit input
Fig 19. Typical INH pin application of TJA1021
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Direct Voltage Regulator Supply

The TJA1021 is able to supply a voltage regulator via the INH pin directly. Fig 19b shows
the typical INH pin application of such a slave application.

Remark: Independent from the following calculation the current through the INH pin linn
should not exceed 50 mA.

The maximum supply current through the INH pin linu,max for the voltage regulator and the
maximum voltage drop Vbrorp can be calculated by the equations below:
Max. voltage regulator supply current through INH:

Po — P —P
| = |mx_Qmx  TXmex with ooy mx SDOMA and

INH ,max R
sw(VBAT —INH ), max

ij, max Tamb, max

Pmax_

Rin(j-a)
Max. voltage drop at INH:

Vorop = st(VBAT—INH),rmx x|

O(INH),max
with
PQq,max maximum quiescence power dissipation (Normal mode, bus
recessive, Vini = Vear), see Fig 20
PTx,max maximum transmitter power dissipation (Normal mode,

transmission duty cycle = 50%, Vinu = Veat), see Fig 20
Rsw(vBaT-INH),max mMaximum switch-on resistance between BAT and INH [3]

and

Tvj,max maximum virtual junction temperature (K) [3]
Tamb,max maximum ambient temperature (K)

Rith(-a) thermal resistance (K/W) [3]

The power dissipation depends on the supply voltage Vsar and the bit rate. Fig 20 shows
the quiescence power dissipation Pg and the transmitter power dissipation Prx of the
TJA1021 as the function of the supply voltage Vear. A worst case duty cycle of 50% and
a worst case LIN bus load (R.=500 Q, C.=10 nF) are used for the transmitter power
dissipation Ptx in Fig 20.

The thermal resistance Rig-a) [3] is the ability of an IC package to conduct heat to its
environment and is typically specified for free air conditions. Within real applications the
use of large copper planes attached to pin GND can reduce the thermal resistance and
therefore increase the maximum INH current lin,max.
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P [mW]
140
Prx,mi @ 20 kbit/s
120 ~
100
g0 1 Pryxmax @ 10 kbit/s
501 PTX,nm( @5 kbit/s
PO,nm(
40 -
20 4
0 | | . |
5 10 15 50 95 20
VBAT [V]
Fig 20. TJA1021 power dissipation in Normal mode

4.1.7.3 No voltage regulator control

In some applications (e.g. with permanently supplied microcontroller) the voltage
regulator control via pin INH is not needed. In order to read the Power-on mode of the
TJA1021 it is recommended to connect the INH with a microcontroller input port or to
SLP_N pin.

Without reading the INH pin the software can miss a battery under-voltage event during
Sleep mode. After a battery under-voltage event the TJIA1021 switches to Power-on
mode. In Power-on mode the RXD output stays floating, the INH output becomes HIGH
and LIN bus traffic is ignored, because the battery power-on event is already regarded as
wake-up event. As a result after a battery under-voltage event LIN bus wake-up events
are detected from the software, if the INH output state is ignored. A HIGH-level on INH
output and a LOW-level on SLP_N output signals a battery under-voltage event, which
has forced the TJA1021 into Power-on mode.

Microcontroller reads INH output state

Fig 21a illustrates a typical connection between microcontroller port pin and INH output
of the TJA1021. In this example the series resistor R1 limits the pull-up current from the
INH output into the microcontroller port pin. The pull-down resistor R2 provides a defined
LOW-level when the INH output is floating.
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The series resistor R1 can be calculated with following equation:

R1> VBAT,max _VCC(,uC)
I Pxy (IN'), max
with
IPxy(IN),max maximum pC port pin input current through internal ESD diode
VBAT,max maximum battery voltage
Veeue) HC supply voltage
VBAT
Verr  TJAL021
VBAT
uc Vear  TJA1021 e
INH
R1
<} Px.y R1 Px.y R2 SLP_N
INH
R2 21 Reo(ste_n)
a. UC port pin reads INH output state b. INH output feeds back to SLP_N input
Fig 21. Typical INH pin application of the TJA1021 if pin is not used for voltage regulator control
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INH output feeds back to SLP_N input

In Fig 21b the INH output of the TJA1021 is connected to pin SLP_N. As precondition for
this circuitry the microcontroller port pin must provide a high-impedance state. During
Sleep mode of TJIA1021 the microcontroller port pin is put to high-impedance state.
When the TJA1021 has switched to Power-on mode, then the INH output drives the
SLP_N input to HIGH-level and forces the TJA1021 to the Normal mode. Thus the
microcontroller software can read on SLP_N pin the Power-on event and on RXD the LIN
bus messages.

The resistor R1 limits the pull-up current from the INH output. The resistor R2 limits cross
currents between microcontroller port pin and Zener diode. The Zener diode Z1 limits the
voltage on the microcontroller port pin and SLP_N pin of TJA1021 and shall have a
maximum Zener voltage, which is smaller than the maximum limiting values of the pins.

Depending on the microcontroller port pin clamping voltage the Zener diode Z1 and the
resistor R2 might be obsolete. In order to omit the Z1 and R2 the maximum
microcontroller port pin clamping voltage must be smaller than the maximum limiting
value for SLP_N pin. Further the microcontroller pin must be capable to sink the pull-up
of R1.
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The series resistor R1 can be calculated with following equation:

VBAT ,max -V

R1> CC(uC)
I Pxy (IN'), max
with
IPxy(IN),max maximum pC port pin input current through internal ESD diode
VBAT,max maximum battery voltage
Veeue) HC supply voltage

4.1.7.4 Pull-up current switch

The INH pin can be used to switch off a pull-up current in Sleep mode. Current
consumption of application functions, not required in Sleep mode, can be saved. For
instance if the function for a switch array is not needed in Sleep mode, the INH pin can
be used as switch for the pull-up current as illustrated in Fig 22.

VBAT

uc Vear TJA1021

PX.
— ADC il

Ty

Fig 22. INH pin as pull-up current switch for switch array

The current for a battery monitor function can also be controlled with the INH pin. During
Sleep mode the battery monitoring function is often not needed. As shown in Fig 23 the
supply current for the voltage divider of the battery monitor can be controlled with the INH
pin.

VBAT

Mo Vear TJA1021

I
Q INH

Fig 23. INH pin for battery monitoring function

Px.
—| ADC Y

The calculation of the maximum supply current through the INH pin linnmax and the
maximum voltage drop Vborop of the INH pin is described in Section 4.1.7.2.
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4.1.7.5 LIN master switch
Master termination towards INH

For fail-safe reasons the TJIA1021 supports an advanced master application solution
using the INH pin to drive the master termination resistor Rmaster [6]. As shown in Fig 24
the master termination resistor in series with a reverse current diode is connected to the
INH pin instead of the BAT pin. The advantage of this application solution is the ability to
switch off the master termination by a transition into the Sleep mode, thus solving the
above mentioned short-circuit condition of LIN and ground.

Whenever the application microcontroller detects a permanent dominant level on the LIN
bus line caused by a ground short-circuit, the microcontroller is able to minimize the
power dissipation by selecting the Sleep mode. Hence, a transition into the Sleep mode
switches off the external voltage regulator, the master termination Rvaster [6] as well as
the internal slave termination Rsiave [3]. Only the internal high-resistance pull-up Rpuwny [3]
and the internal current consumption of the TJA1021 determine the remaining current
consumption of a LIN node in such a failure case.

VEecu
Voltage Vear TJA1021
Regulator ) ::l
I
INH
< INH I—]

RINH

Rpu(LIN)
Rs\ave

o PEEHD

LIN BUS LINE
Rwvaster

CMASTER
i

Fig 24. Advanced master termination via the INH pin

Master termination split between INH and Vgar

Since the advanced master termination above provides a fail-safe system behavior but
high LIN bus impedance in Sleep mode, a combination of the termination concepts
above and Section 4.1.2.1 can be an option, if a higher short-circuit current at the LIN
bus can be tolerated (see Fig 25).
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VECU
Voltage #Z Vear TJA1021
Regulator ) ":ll
INH
< INH I—]
R AVAE
g ¢ Shl o
-
R
2
2 5l
Z| z
- =
oI L

Fig 25. Trimmed master termination

The resistors Rmaster-sat and RuasTer-inH in parallel determine the master termination
while the TJA1021 is in the modes: Power-on, Standby and Normal. In Sleep mode the
master termination is determined by Rvaster-sat. Therefore the maximum LIN bus short-
circuit current Isc,max can be trimmed by Rmaster-BaT:

R _ VBAT,max
MASTER-BAT = —
SC,max
RmasTer-BAT X RmasTER
RMASTER-INH = with Rmaster=1KQ

RmasTER-BAT — RMASTER

4.2 Compatibility to 3V and 5V microcontroller devices

The TJA102x are designed to support the increasing demand for lower supply voltages
than 5 V within automotive applications. They provide reduced input thresholds at the
input pins TXD and SLP_N and open drains at the output pins RXD and TXD (TJA1021
only). So the LIN transceivers are compatible to 3.0 V and 3.3 V supplied microcontroller
as well as to 5 V supplied devices. Between TJA102x and host microcontroller no 5 V
tolerant behavior for the interface pins is required. Furthermore no extra VCC supply for
the transceiver itself is needed.

To achieve a suitable HIGH-level at RXD and TXD (TJA1021 only) an external pull-up
resistor might be required in case such a pull-up resistor is not part of the microcontroller
port pins.

Further details about the TJA102x interface to microcontroller devices are described in
Section 4.1.3, 4.1.4 and 4.1.5.
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4.3 EMC aspects
4.3.1 EME - network design hints

The LIN physical layer is a single-wire, wired AND bus with a battery related recessive
level. Here, no compensation effect of the electromagnetic field is present as known from
dual-wire concepts making use of differential signals (e.g. High-Speed CAN). Thus a
smooth output wave shaping becomes more important. The ElectroMagnetic Emission
EME depends mainly on the falling and rising slope of the LIN bus waveform. The
smoother these slopes are the more EME reduction can be achieved.

The LIN slope of the TIA102x can be adjusted by modifying the capacitive load

(Cwmaster [6] or CsLave [6]) on the LIN bus. The slope decreases with increasing capacitive
load. Therefore increasing the total network capacitance (Csus = CmasTter + N * CsLave +
Cune [6]) can further reduce the EME. On the other hand for high bit rates close to 20 kBd
the LIN bus slope times have also impacts to system tolerances such as bitrate deviation
and ground shift. Thus the time constant t of the overall system shall not exceed its
specified maximum tmax [6].

R L e S —————
Master SZ y Slavel y SlaveN
TIALO2X . _ TIAL02x _ TIAL02x
o é o o

< I T
J i ~[> ] <[>

CMASTER
i

CSLAVE
i

CSLAVE
i

Fig 26. LIN network load

In a LIN network the master resistor Ruwaster [6] and the slave resistors Rsiave [6] are
accurately defined by the LIN specification [6]. There no variation is allowed. Also the
specified slave capacitance Csiave provides almost no room for network optimizations.
Only the master capacitor Cuaster can be used to tune the LIN bus signal in either way.

For EME as well as for EMI a big network capacitance is of advantage. Hence, the
maximum master capacitance Cmastermax IS Of interest. Cmaster,max can be calculated
with following equations:
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T , .
CMASTERmax = - M8X _ —N-Cg ave —LENgys-C'lng  With
BUS,max

R - R Rslave,rnax
BUS,max ~— ' *MASTER,max ” N +l

with

Tmax maximum time constant of overall LIN network [6]
Rwmastermax  maximum LIN master termination resistor [6]
Rsiave max maximum LIN slave termination resistor [3][4][5]
CsLAvE LIN slave capacitance [6]

C’une LIN bus line capacitance [6]

LENBus overall bus line length [6]

N number of slaves nodes

Example: Assuming a 6-node LIN network with a capacitance of 220 pF per slave and an
overall network length of 8 m with a line capacitance of 80 pF/m. It results in a maximum
master capacitance of

R
R =R —SREME — 9650
BUS ,max MASTER, max ” N +1

z- 1
CMASTERmax= R& —N-Cg ave — LENgys - C' ine =3.44nF
BUS,max

In this example a master capacitor of Cvaster = 3.3 nF is recommended.

EME - low slope variant (TJA1021 only)

The TJA1021 is provided in two variants: normal slope (TJA1021T(K)/20 [3]) and low
slope (TJA1021T(K)/10 [3]). The curve shaping of the LIN bus signal of normal slope
variant is optimized for the maximum specified LIN transmission speed of 20 kBd. For
low speed LIN applications (e.g. 10.4 kBd) the curve shaping of the normal slope variant
has unnecessary steep slopes. Therefore the low slope variant of the TJIA1021 results in
a further reduction of EME.

EMI — capacitive load

A capacitor on the LIN bus pin reduces the impact of RF-interferences. Thus it is
recommended to provide a capacitor (e.9. CmasterisLave = 220 pF) from LIN to ground at
each node.
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4.4 LIN ESD protection

The on-chip ESD protection of pin LIN of the TIA102x is designed to withstand high
ESD. In Table 9 an overview of the TJA102x ESD robustness on pin LIN is listed.

Table9. TJA102x ESD robustness on pin LIN

LIN transceiver ESD model Value Unit
TJA1021 Human Body Model JESD22-A114-B (100 pF /1.5 kQ) +8 kv
IEC 61000-4-2 (150 pF / 300 Q) (x6) 17 kv
TJA1022 Human Body Model JESD22-A114-B (100 pF /1.5 kQ) +8 kv
IEC 61000-4-2 (150 pF / 300 Q) 8 (x12)19 kv
TJA1024 Human Body Model JESD22-A114-B (100 pF /1.5 kQ) +8 kv
IEC 61000-4-2 (150 pF / 300 Q) 8 (x11) P8 kv
TJA1027 Human Body Model JESD22-A114-B (100 pF /1.5 kQ) +8 kv
IEC 61000-4-2 (150 pF / 300 Q) 8 (x12) 18 kv
TJA1029 Human Body Model JESD22-A114-B (100 pF /1.5 kQ) +8 kv
IEC 61000-4-2 (150 pF / 300 Q) 8 (x12) 231 kv

External ESD protection on the LIN bus connection is recommended if the LIN
transceiver is subjected to higher ESD-pulses than listed in Table 9. Fig 27 shows a set-
up for such external ESD protection.

The clamping voltage Vciavwp of the ESD protection diodes should be chosen above the
maximum battery voltage condition (e.g. jump start) in order not to be damaged, in case
the LIN bus line is shorted to the battery line. Furthermore, the positive clamping voltage
VcLamp-pos should be below the maximum LIN bus voltage Vun,max [3][4][5][22][24] and the
negative clamping voltage Vciamp-nec Should be above the minimal LIN bus voltage
Vunmin [3][4][5][22][24].

According to the LIN Specification [6], the LIN slave node capacitance shall be less than
Csiavemax = 250 pF to ground. Together with the inherent capacitance of an ESD-
protection device (e.g. suppressor diode PESD1LIN [20]) this requirement (< 250 pF)
must be fulfilled.

*k
DE;SIZ Power application (e.g. electromotor, inductive loads, etc)
1% I e et nd
Application (e.g. voltage regulator + microcontroller)
___________________ g
v Dears TJA102x
ECU \V
g | BAT
+] Ceatt | Ceame
. I I
3]
Q
g
S |©
Olp ’ LIN
5 |of
-8 lCSLAVE
z Dpos*
: 1
- DNEG*
e.g. PESD1LIN i GND
* optional
** recommended
Fig 27. External ESD protection set-up
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The suppressor diodes Dros and Dnec and the LIN node capacitor Cun should be placed
as close as possible to the connectors.

5. Physical layer conformance

5.1

5.2

5.3

5.4

DOC-178856, DOC-197731, DOC-236234

LIN 2.x conformance

The TJA102x LIN transceivers are fully compliant to LIN 2.0 [8], LIN 2.1 [7], LIN 2.2 and
LIN 2.2A [6]. The LIN conformance was tested by an external test house.

Since the LIN physical layer is independent on higher OSI model layers (e.g. the LIN
protocol), nodes containing a TJA102x LIN transceiver can be combined, without
restriction, with LIN physical layer nodes that comply with other LIN revisions (i.e. LIN
1.0, LIN 1.1, LIN 1.2, LIN 1.3, LIN 2.0, LIN 2.1, LIN 2.2 and LIN 2.2A).

LIN 1.3 compatibility

LIN 2.x transceivers are per definition compatible to LIN 1.3 [9] and older revisions,
because the LIN 2.0 specification [8] has been maodified in order to provide higher
transmission reliability compared to older LIN physical layer specification versions (e.g.
LIN 1.3). In the TJA102x data sheets LIN 1.3 parameters are not specified, because they
are redundant and replaced with LIN 2.x parameters.

SAE J2602 conformance

The TJAL102x LIN transceivers are fully compliant to SAE J2602 [10]. The LIN
conformance was tested from an external test house.

ISO 9141 (K-Line) compatibility

The Standard ISO 9141-2 “Road Vehicles — Diagnostic Systems — Part 2” [11] specifies
the interchange of digital (diagnostic) information between on-board ECUs of road
vehicles and a scan/test tool. The appropriate bus is the so-called “K-Line Bus”.

Although the LIN physical layer [6] has been derived from the 1ISO 9141 [11] standard
there are some differences such as shown in Table 10.

Table 10. Comparison ISO 9141 with LIN and TJA102x

Description ISO 9141 [11] LIN [6] TJA102x
Operating Voltage 8Vtol6V 7Vto18V v

Range Vs

Receiver High State > 70% Vs > 60% Vs v
Receiver Low State < 30% Vs < 40% Vs v
Temperature Range 0°Cto50°C -40 °Cto 125 °C v

Capacitance

Diagnose Tester / LIN <2 nF - v
Master
ECU / LIN Slave <500 pF < 250 pF v
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Description
Wiring

Total
Resistance

Diagnose Tester / LIN
Master

ECU/ LIN Slave

Timings
Transmission Rate

Slew Rate / Slope
Time

1ISO 9141 [11]
<2nF

<9.6 nF

510 Q

> 100 kQ

10.4 kBd

<10 % Teir = 9.6 ps

LIN [6]
<6nF

< 10nF

0.9kQto1.1kQ

20 kQ to 60 kQ

1 kBd to 20 kBd

duty cycle
specification

AH1103

Systems & Applications

TJA102x

v

v

The LIN Slave pull-up
is integrated in the
TJA102x. For reliable
operation the overall
pull-up of the network
shall be above 450 Q.

v

The timing of the
TJA102x is according
to the duty cycle
specification of LIN,
which is designed for
communication speed
of up to 20 kBd and
results in better EMC
compared to

ISO 9141.

Although the LIN physical layer is not fully compliant to the ISO 9141 standard, the
TJA102x LIN transceiver will work in K-Line networks. Only the number of K-Line nodes
could be limited, if LIN transceivers are applied. In a K-Line bus the overall network load
is mainly caused by the Diagnose Tester (the master in a K-Line bus [11]), which is

terminated with a pull-up of Rrester = 510 Q. But each LIN transceiver with integrated
LIN slave resistor Rsiave, like the TIA102x, will cause a decrease of the K-Line network
resistance. The K-Line network resistance reduction can be calculated with following

equation:

Minimum K-Line network load:

R K (BUS — BAT) min

R

TESTER, min %

R SLAVE, min

R

RTESTER, min +

SLAVE, min

with

RTESTER,min minimum Diagnose Tester pull-up resistor

RsLAVE,min minimum LIN slave pull-up resistor

N number of transceivers with integrated LIN slave resistor
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Thus the maximum number of LIN transceivers in a K-Line bus is limited by the strength
of the weakest bus driver. The TJA102x are specified for the minimum network
resistance of Riwin-sam= 500 Q [3][4][5][22]. Nevertheless the bus driver of the TJA102x
can drive a lower network resistance. The minimum bus resistance is Rkus-aT),min = 450
Q, which is derived from the minimum current limitation lsus_Lim [3][4][5][22] of the bus
driver.

Summary:

Though there are some deviations between the LIN and the ISO 9141 specification, the
TJA102x are able to support the K-Line bus from functional point of view. From a formal
specification point of view, no LIN transceiver supports by 100% the original ISO 9141-2
specification [11].
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changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
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